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Ynones are highly reactive Michael systems and can be

smoothly reacted with various mono- and binucleophiles in

addition and addition–cyclocondensation processes. Conse-

quently, they have received considerable attention as valuable

building blocks in heterocycle[1] and natural-product[2] syn-

thesis. Ynediones contain a 1,2-dione motif and are evenmore

densely functionalized electrophiles, thus enabling a more

multifaceted transformation profile towards heterocycles.[3,4]

Despite their auspicious synthetic potential, ynediones have

remained scarcely explored owing to a lack of a general and

practical preparative access.[5] Therefore, a direct, simple, and

efficient route to this class of compounds would be highly

desirable.

Aryl-substituted ynones can be easily prepared by stoi-

chiometric or catalytic acylation of organometallic reagents,

especially by Sonogashira coupling.[6, 7] However, an essential

limitation of this methodology to date is the lack of an

efficient method for the preparation of ynones with N-

heterocyclic substituents.[8, 9] N-Heteroarenes are pervasive in

numerous natural products[10] and in biologically active agents

in medicinal chemistry, and the quest for nitrogen-containing

building blocks is enormous. However, the often observed low

reactivity in cross-coupling reactions resulting from substrate

or product inhibition by coordination to transition metals[11]

has fostered the necessity to develop a convincing and robust

methodology for breaking this bottleneck. For instance,

pyridine or quinoline carboxylic acid chlorides, which are

highly interesting building blocks in medicinal chemistry, are

often not readily available and thus, their transformation to

ynones under modified Sonogashira coupling conditions[12]

was not considered to be practical. On the other hand, N-

heterocyclic carboxylic acids are the immediate precursors of

acid chlorides. Therefore, a one-pot access to ynones starting

directly from carboxylic acids could overcome the short-

comings of acid chloride preparation and isolation, and a

valuable, conceptually new synthetic tool for ynone prepara-

tion could evolve.

Aromatic carboxylic acids have received considerable

attention as aryl-nucleophile precursors in metal-catalyzed

cross-couplings,[13] which in most cases proceed under decar-

boxylation.[14,15] Cross-couplings of carboxylic acids using an

excess of anhydrides or carbonates for activation allow for the

carbonyl group to bemaintained but result in the formation of

simple alkyl and aryl ketones.[16]

At the same time, the activation of carboxylic acids with

oxalyl chloride is a widespread, mild, and clean method for

the preparation of acid chlorides, which produces only

gaseous by-products (carbon monoxide, carbon dioxide, and

hydrogen chloride).[17] Thus, an in situ conversion of carbox-

ylic acids to acid chlorides using oxalyl chloride followed by

alkyne coupling in a one-pot fashion can be considered as an

activation–alkynylation sequence to ynones and ynediones.

To our knowledge this straightforward alkynylation method-

ology is unprecedented to date.

Recently, we disclosed conceptually novel approaches to

ynones and ynediones initiated by glyoxylation of electron-

rich heteroaromatic p nucleophiles with oxalyl chloride and

subsequent alkyne coupling. The Pd/Cu-catalyzed decarbon-

ylative Sonogashira coupling gives rise to the formation of

ynones,[9] whereas the Cu-catalyzed Stephens–Castro cou-

pling maintains both carbonyl groups and results in the

generation of ynediones (Scheme 1).[4]

Inspired by the alkynylation of in situ generated glyoxylyl

chlorides, we set out to design one-pot activation–alkynyla-

tion sequences that either start from a-keto carboxylic acids 1

and apply Castro conditions for the synthesis of ynediones 3

or from carboxylic acids 4 using Sonogashira conditions for

the generation of ynones 5 (Scheme 2), especially addressing

notoriously difficult transformations of N-heterocyclic car-

boxylic acids.

For the optimization of the activation–alkynylation

sequence phenylglyoxylic acid (1a) and phenylacetylene

Scheme 1. One-pot three-component glyoxylation–alkynylation synthe-

ses of ynones and ynediones.
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(2a) were chosen as model substrates furnishing 1,4-diphe-

nylbut-3-yne-1,2-dione (3a ; Table 1). Different ethereal sol-

vents were examined and parameters such as temperature,

reaction time, order of reagent addition, and amount of CuI

were modified (for experimental details and full optimization,

see the Supporting Information).

The addition of triethylamine in the first step for

deprotonation of the carboxylic acid in the chlorination step

or scavenging the generated hydrogen chloride is not

necessary (Table 1, entries 1 and 2). The most significant

increase of the yield of isolated product from 43 to 65% was

observed upon changing the solvent from THF to 1,4-dioxane

(entry 3). It is known that 1,4-dioxane and oxalyl chloride

form oligomeric complex chains of alternating 1,4-dioxane

and oxalyl chloride molecules by coordination of the oxygen

atoms of 1,4-dioxane to the chlorine atoms of oxalyl

chloride.[18] Presumably, the enhanced reactivity is caused by

an activation of the reagent by destabilization of the chlorine–

carbon bond of oxalyl chloride. We also attempted to exploit

the known catalytic effect of DMF on the chlorination with

oxalyl chloride by addition of 2 mol% of DMF; however, the

obtained yield was lower (entry 4). The variation of the CuI

loading in the alkynylation step from 2 to 10 mol% revealed

an optimum with 5 mol% of the catalyst (entries 3, 5, and 6).

These optimized conditions were successfully applied to one-

pot syntheses of several ynediones 3, which were obtained in

moderate to good yields (Scheme 3).[19]

With this new and mild activation–Stephens–Castro

alkynylation sequence it was possible to prepare aryl (3a–

c), heteroaryl (3d,e), and alkenyl ynediones (3 f,g) in

moderate to good yields starting directly from a-keto

carboxylic acids 1 or their carboxylates. This novel, valuable

sequence convincingly complements the glyoxylation–Ste-

phen–Castro coupling sequence,[4] because electron-neutral

and even sterically hindered substrates (see formation of 3c)

can be transformed uneventfully.

Likewise, the one-pot in situ activation–alkynylation

scenario was transposed to carboxylic acids 4 in the presence

of 2 mol% [PdCl2(PPh3)2] and 4 mol% CuI as a catalyst

system, leading to the successful formation of ynones 5 in

moderate to excellent yields (Scheme 4).[19] Expectedly, the

reaction times under Sonogashira conditions are considerably

shorter, and complete conversion was achieved after only 1 h

at room temperature.

The activation–Sonogashira alkynylation sequence start-

ing from heterocyclic carboxylic acids and carboxylates 4

furnishes a broad variety of the corresponding ynones 5. Most

remarkably, Sonogashira coupling of commercially available

pyridine-3-carbonyl chloride hydrochloride (Merck KGaA)

to give ynone 5a under identical reaction conditions failed

completely, even if the reason for this strange observation is

yet unknown.

For sodium nicotinate (4a) it was demonstrated that the

variation of the alkyne 2 was feasible. Besides phenylacety-

lene, 1-hexyne, and TIPS-acetylene, also N-heterocyclic

alkynes can be efficiently coupled to yield highly functional-

ized building blocks (see formation of 5d,e). The example of

the ynone 5e shows that even the highly labile Boc protective

group on the 7-azaindolyl moiety is preserved.

Substituents in 2-, 5-, and 6- as well as in 2,6-positions of

the pyridine core are well tolerated (5 f–i and 5 l). Bromine in

3-position of pyridine (5g) remains untouched under these

gentle conditions, ready for addressing this ynone in further

functionalizations. It could also be shown that dinicotinic acid

can be activated and coupled to give a bis(ynone) (5j) in a

good yield. In addition to pyridine-containing carboxylic

acids, this method can be well applied to convert a whole

Scheme 2. Conceptual access to ynediones and ynones by sequential

activation–alkynylation.

Table 1: Selected optimization trials for the synthesis of ynedione 3a.

Entry First reaction step[a] Second reaction step Yield [%][b]

1 1.0 equiv NEt3, THF 5 mol% CuI, 2.0 equiv NEt3 39

2 THF 5 mol% CuI, 3.0 equiv NEt3 43

3 1,4-dioxane 5 mol% CuI, 3.0 equiv NEt3 65

4 1,4-dioxane/DMF[c] 5 mol% CuI, 3.0 equiv NEt3 51

5 1,4-dioxane 2 mol% CuI, 3.0 equiv NEt3 47

6 1,4-dioxane 10 mol% CuI, 3.0 equiv NEt3 64

[a] Reaction temperature: 50 8C, reaction time: 4 h. [b] Yield of isolated

product on a 2.0 mmol scale. [c] Addition of 2 mol% N,N-dimethylfor-

mamide.

Scheme 3.

One-pot synthesis of ynediones 3 by an activation–Stephens–Castro

alkynylation sequence. All reactions were carried out on a 2.00 mmol

scale [c(1)=0.2m] and yields refer to isolated and purified com-

pounds. [a] The potassium carboxylate was used as a substrate.

Ph=phenyl, TIPS= triisopropylsilyl, Me=methyl.
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variety of 6-membered N-heterocyclic carboxylic acids, such

as isonicotine, pyrimidine, quinoline, and cinnoline carboxylic

acid (see formation of 5k–q). Also azoles such as indole,

pyrazole, and indazole carboxylic acids can be successfully

carried through the sequence (see formation of 5r–t).

It is noteworthy that the indazole derivative 5t is

accessible neither by the carbonylative Sonogashira cou-

pling[2] nor by the glyoxylation–decarbonylative alkynylation

sequence.[9] Therefore, it is quite remarkable that there is no

limitation with respect to the electronic nature of the

substrates. Electron-poor (5a–q) as well as electron-rich

(5r–t) ynones are accessible. Interestingly, the antimicrobial

nalidixic acid[20] (4p) can also be functionalized (5u) as well as

a chromone carboxylic acid (4q) to give a chromenyl ynone

(5v), now opening access to heterocyclic derivatives of

flavones.

Both activation–alkynylation sequences for the prepara-

tion of ynediones 3 and ynones 5 are preparatively very

simple, mild, and straightforward to perform. In particular,

they open an entry to derivatives that are not accessible or

difficult or expensive to access with known methods. Carbox-

ylic acids are easily available, stable, and generally nontoxic

compounds. Moreover, oxalyl chloride is a liquid which can be

conveniently handled. Both sequences use simple standard

catalyst systems. Neither exotic ligands nor additives are

required, and the alkynylation steps proceed smoothly at

room temperature. Finally, all reactants and reagents are used

in strictly equimolar amounts without the need for excess

reagents.

As an illustration of the applicability of ynediones and

ynones as intermediates, one-pot three-component hetero-

cycle syntheses of N-Boc-5-acylpyrazoles 6 and 2-amino-

pyrimidines 8 were conceived. In a consecutive three-

component fashion the in situ generated ynediones 3 can be

selectively transformed to N-Boc-protected 5-acylpyrazoles 6

with N-Boc-hydrazine. After deprotection, the 5-acylpyra-

zoles 7a–c are isolated as analytically pure products

(Scheme 5).

Likewise, the cyclocondensation of o-tolyl guanidinium

nitrate with the in situ generated trimethylsilyl (TMS) ynones

concludes the one-pot three-component synthesis of 2-o-

tolylaminopyrimidines 8 (Scheme 6). 4-(3-Pyridyl)-2-o-toly-

laminopyrimidine (8a) is the pharmacophore of the block-

buster drugs imatinib (Gleevec)[21] and nilotinib (Tasigna),[22]

both acting as tyrosine kinase inhibitors in cancer chemo-

therapy. This new sequence allows the rapid assembly of the

phenylaminopyrimidine scaffold in a one-pot fashion using

simple and cheap starting materials, whereas other known

procedures take two or more steps and use more elaborate

precursors.[23] Most remarkably, the analogue 8b possesses

two activated chlorine atoms that have remained untouched,

again emphasizing the high compatibility with other function-

alities and the mild reaction conditions of the presented

methodology.

In conclusion, we have developed new one-pot activation–

alkynylation sequences starting from a-keto carboxylic acids

or carboxylic acids as versatile and efficient approaches to

ynediones and N-heterocyclic ynones, respectively. The one-

pot three-component syntheses of 5-acylpyrazoles and 2-o-

tolylaminopyrimidines illustrate the implementation of this

Scheme 4.

One-pot synthesis of ynones 5 by an activation–Sonogashira alkynyla-

tion sequence. All reactions were carried out on a 2.00 mmol scale

[c(4)=0.2m] and yields refer to isolated and purified compounds.

[a] The sodium carboxylate was used as a substrate. nBu=n-butyl,

Py=pyridyl, Boc= tert-butyloxycarbonyl.

Scheme 5. One-pot three-component access to 5-acylpyrazoles 6.
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highly efficient methodology in multicomponent syntheses of

pharmaceutically important heterocycles. Further methodo-

logical studies are currently underway.

Experimental Section
3a : Phenylglyoxylic acid (1a, 306 mg, 2.00 mmol) in dry 1,4-dioxane

(10 mL) was placed under argon atmosphere in a screw-cap Schlenk

vessel with septum. Argon was passed through the solution for 5 min.

Then, oxalyl chloride (0.18 mL, 2.00 mmol) was added dropwise to

the reaction mixture at room temperature (water bath). The mixture

was stirred for 4 h at 50 8C in a preheated oil bath and then cooled to

room temperature. CuI (20 mg, 0.10 mmol), phenylacetylene (2a,

0.23 mL, 2.00 mmol), and dry triethylamine (0.84 mL, 6.00 mmol)

were successively added to the mixture, and stirring at room

temperature was continued for 24 h. After complete conversion,

water (10 mL) was added and the mixture was extracted with

dichloromethane. The combined organic layers were dried with

anhydrous sodium sulfate. After removal of the solvents in vacuum

the residue was adsorbed on Celite and purified by flash chromatog-

raphy on silica gel (petroleum ether/ethyl acetate= 50:1; Rf= 0.14) to

give the analytically pure 1,4-diphenylbut-3-yne-1,2-dione (3a,

302 mg, 65%) as a yellow oil. 1H NMR (CDCl3, 500 MHz): d=

7.39–7.43 (m, 2H), 7.48–7.56 (m, 3H), 7.63–7.70 (m, 3H), 8.07–

8.10 ppm (m, 2H); 13C NMR (CDCl3, 125 MHz): d= 87.0 (Cquat), 99.1

(Cquat), 119.1 (Cquat), 128.7 (CH), 128.9 (CH), 130.5 (CH), 131.5 (Cquat),

131.7 (CH), 133.6 (CH), 134.9 (CH), 178.5 (Cquat), 188.4 ppm (Cquat);

elemental analysis calcd (%) for C16H10O2 (234.3): C 82.04, H 4.30;

found: C 82.13, H 4.31.

5o : Quinoline-4-carboxylic acid (4k, 357 mg, 2.00 mmol) in dry

1,4-dioxane (10 mL) was placed under argon atmosphere in a screw-

cap Schlenk vessel with septum. Argon was passed through the

solution for 5 min. Then, oxalyl chloride (0.18 mL, 2.00 mmol) was

added dropwise to the reaction mixture at room temperature (water

bath). The mixture was stirred for 4 h at 50 8C in a preheated oil bath

and was cooled to room temperature. [PdCl2(PPh3)2] (28 mg,

0.04 mmol), CuI (15 mg, 0.08 mmol), phenylacetylene (2a, 0.23 mL,

2.00 mmol), and dry triethylamine (0.84 mL, 6.00 mmol) were suc-

cessively added to the mixture and stirring at room temperature was

continued for 1 h. After complete conversion, water (10 mL) was

added, and the mixture was extracted with dichloromethane. The

combined organic layers were dried with anhydrous sodium sulfate.

After removal of the solvents in vacuum the residue was adsorbed on

Celite and purified by flash chromatography on silica gel (petroleum

ether/ethyl acetate= 6:1, Rf= 0.22) to give the analytically pure 3-

phenyl-1-(quinolin-4-yl)prop-2-yn-1-one (5o, 505 mg, 98%) as a pale

brown solid. M.p. 93 8C; 1H NMR (CDCl3, 300 MHz): d= 7.38–7.56

(m, 3H), 7.65–7.76 (m, 3H), 7.76–7.85 (m, 1H), 8.16–8.28 (m, 2H),

8.93–9.02 (m, 1H), 9.12–9.19 ppm (m, 1H); 13C NMR (CDCl3,

75 MHz): d= 88.4 (Cquat), 94.1 (Cquat), 119.9 (Cquat), 124.3 (Cquat),

124.4 (CH), 125.9 (CH), 129.1 (CH), 129.4 (CH), 130.3 (CH), 130.4

(CH), 131.6 (CH), 133.6 (CH), 139.9 (Cquat), 149.6 (Cquat), 150.3 (CH),

179.3 ppm (Cquat); elemental analysis calcd. (%) for C18H11NO

(257.3): C 84.03, H 4.31, N 5.44; found: C 83.86, H 4.40, N 5.51.
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1 General considerations 

All cross coupling reactions were carried out in oven-dried Schlenk glassware using 

septa and syringes under nitrogen or argon atmosphere. 1,4-Dioxane was dried  

using MBraun system MB-SPS-800 and triethylamine was refluxed under argon over 

ketyl sodium, distilled and stored in a Schlenk flask over potassium hydroxide pellets 

under argon atmosphere.  

Commercial grade reagents were used as supplied without further purification and 

were purchased from ABCR GmBH & Co. KG, Acros Organics, Alfa Aesar  

GmbH & Co. KG, Fluka AG, Maybridge, Merck KGaA, Darmstadt, and Sigma-Aldrich 

Chemie GmbH. 

The content of palladium (4 g/g) in copper(I) iodide was determined in the laboratory 

Elementaranalytik of Merck Serono, Darmstadt. 

The purification of pyrazoles was performed on silica gel 60 M (0.04-0.063 mm) from 

Fluka Analytical using flash technique and under pressure of 2 bar. The purification 

of alkynediones and alkynones was performed on Biotage SP-1 system using  

cartridges filled with ca. 340 g silica gel 60 (0.015-0.040 mm) from Merck KGaA,

Darmstadt. The crude mixtures were adsorbed on Celite® 545 (0.02-0.10 mm) from 

Merck Serono, Darmstadt before chromatographic purification. 

The reaction progress was monitored qualitatively using TLC Silica gel 60 F254  

20 x 20 cm aluminium sheets obtained from Merck KGaA, Darmstadt. The spots 

were detected with UV light at 254 nm and using aqueous potassium permanganate 

solution. 

1H-, 13C-, and 135-DEPT-13C-NMR spectra were recorded on Bruker Advanced DRX 

500, Bruker Advanced DRX 200 and Bruker AVIII-300. CDCl3 and DMSO-d6 were 

used as deuterated solvents. TMS was used as reference (  = 0.0) or the resonances 

of the solvents were locked as internal standards (CDCl3: 
1H  7.26, 13C 77.4; 

DMSO-d6: 
1H 2.50, 13C 39.5). The multiplicities of signals were abbreviated as 

follows:  

s: singlet; d: doublet; dd: doublet of doublets; dt: doublet of triplets; ddd: doublet of 

doublets of doublets; t: triplet; tt: triplet of triplets; q: quartet; quin: quintet; sext: 

sextet; m: multiplet and br: broad signal. The type of carbon atoms was determined 

on the basis of 135-DEPT-NMR spectra. For the description of the 13C-NMR spectra 
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primary carbon atoms are abbreviated with CH3, secondary carbon atoms with CH2, 

tertiary carbon atoms with CH and quaternary carbon atoms with Cquat. 

EI mass spectra were measured on Finnigan MAT 8200 spectrometer.  

IR spectra were obtained on Bruker Vector 22 FT-IR, where the solids were  

measured as potassium bromide pellets and oils as films on potassium bromide 

plates or on Shimadzu IRAffinity-1 which works with the attenuated total reflection 

(ATR) method. The intensity of signals is abbreviated as follows: s (strong),  

m (medium) and w (weak).  

The melting points (uncorrected) were measured on Reichert Thermovar. 

Combustion analyses were carried out on Perkin Elmer Series II Analyser 2400 in the 

micro analytical laboratory of Institut für Pharmazeutische und Medizinische Chemie 

der Heinrich-Heine-Universität Düsseldorf. 
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2 Optimization studies 

For optimization of the activation-alkynylation sequence the following model reaction 

has been chosen (Scheme 1). 

 

 

Scheme 1. Model reaction for the optimization. 

 

The reaction was carried out on a 2.00 mmol scale. The yields refer to the isolated 

and pure product 3a. The optimization steps are summarized (Table 1). 

 

Table 1. Optimization of the activation-alkynylation sequence. 

 

Entry 

1st Reaction step 2nd Reaction step Yield 

ynedione 

3a NEt3 Solvent T t NEt3 [CuI] 

1 1.0 equiv.[a] THF 0 °C  RT 4 h 2.0 equivs. 5 mol % 28 % 

2 1.0 equiv.[b] THF 0 °C  RT 4 h 2.0 equivs. 5 mol % 23 % 

3 1.0 equiv.[b] THF 0 °C  50 °C 4 h 2.0 equivs. 5 mol % 39 % 

4 - THF 0 °C  50 °C 4 h 3.0 equivs. 5 mol % 43 % 

5 - THF 0 °C  50 °C 4 h 3.0 equivs. 10 mol % 27 % 

6 - THF 0 °C  50 °C 1 h 3.0 equivs. 5 mol % 36 % 

7 - THF 0 °C  50 °C 4 h 3.0 equivs.[c] 5 mol % n. i. 

8 - 1,4-

dioxane 

RT  100 °C 4 h 3.0 equivs. 5 mol % 59 % 
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Table 1 (continuation). 

 

Entry 

1st Reaction step 2nd Reaction step Yield 

ynedione 

3a NEt3 Solvent T t NEt3 [CuI] 

9 - DMF 0 °C  80 °C 4 h 3.0 equivs. 5 mol % 39 % 

10 - diglyme[d] 0 °C   

120 °C 

4 h 3.0 equivs. 5 mol % n. i. 

11 - 1,4-dioxane RT  100 °C 4 h 3.0 equivs. 2 mol % 44 % 

12 - 1,4-dioxane RT  100 °C 1 h 3.0 equivs. 5 mol % 56 % 

13 - 1,4-dioxane RT  50 °C 4 h 3.0 equivs. 5 mol % 65 %[e] 

14 - 1,4-dioxane 

2 mol % 

DMF 

RT  50 °C 4 h 3.0 equivs. 5 mol % 51 % 

15 - 1,4-dioxane RT  50 °C 2 h 3.0 equivs. 5 mol % 59 % 

16 - 1,4-dioxane RT 4 h 3.0 equivs. 5 mol % 56 % 

17 - 1,4-dioxane RT 3 h 3.0 equivs. 5 mol % 63 % 

18 - 1,4-dioxane RT  50 °C 4 h 3.0 equivs. 2 mol % 47 % 

19 - 1,4-dioxane RT  50 °C 4 h 3.0 equivs. 10 mol % 64 % 

20 1.0 

equiv.[b] 

1,4-dioxane RT  50 °C 4 h 2.0 equivs. 5 mol % 59 % 

21 - 1,4-dioxane RT  50 °C 24 h 3.0 equivs. 5 mol % 49 % 

 

[a] Addition of oxalyl chloride, then addition of NEt3 

[b] Addition of NEt3, then addition of oxalyl chloride 

[c] Hünig’s base (N,N-diisopropylethylamine) was used instead of NEt3 

[d] 1-Methoxy-2-(2-methoxyethoxy)ethane 

[e] On a 5.00 mmol scale, 61 % yield was optained 

n. i.: not isolated 
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3 Preparation of ynediones 3 

3.1 General procedure 

 

 

 

2.00 mmol of glyoxylic acid 1 in dry 1,4-dioxane (10 mL) were placed under argon 

atmosphere in a screw-cap Schlenk vessel with septum and degassed with argon. 

Then, oxalyl chloride (0.18 mL, 2.00 mmol, 1.00 equiv.) was added dropwise to the 

reaction mixture at room temperature (water bath). The mixture was stirred for 4 h at 

50 °C in a preheated oil bath and was allowed to come to room temperature. CuI  

(20 mg, 0.10 mmol, 5 mol %), alkyne 2 (2.00 mmol, 1.00 equiv.) and dry triethylamine 

(0.84 mL, 6.00 mmol, 3.00 equivs.) were successively added to the mixture and 

stirring at room temperature was continued for 24 h. After complete conversion 

(product monitored by TLC) water (10 mL) was added and the mixture was extracted 

with dichloromethane (4 x 10 mL, monitored by TLC). The combined organic layers 

were dried with anhydrous sodium sulfate and the desiccant was removed by 

filtration. After removal of the solvents in vacuum the residue was adsorbed on 

Celite® and purified chromatographically (Biotage SP-1 apparatus, 100 g SNAP 

cartridge) on silica gel with petroleum ether (boiling range 40-60 °C)/ethyl acetate to 

give ynediones 3. 

 

The experimental details for the synthesis of ynediones 3 are given in Table 2. 
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Table 2. Experimental details for the synthesis of ynediones 3. 

 

Entry 

Glyoxylic acid 

1 

(2.00 mmol)

Alkyne 2 

(2.00 mmol) 

Ynedione 3 

(isolated yield) 

Chromatographic 

purification 

Rf (eluent) 

1 Phenylglyoxylic  

acid 

(Merck)

1a 

306 mg 

Phenyl- 

acetylene 2a 

(Merck) 

0.23 mL 

 

3a 

302 mg  

(1.29 mmol) 

65 % 

PE/EtOAc = 50:1 

Rf (PE/EtOAc = 

50:1) = 0.14 

2 1a 

306 mg

Tiisopropylsilyl-

acetylene 2b

(Fluka) 

0.45 mL 

O

O

TIPS

 

3b

396 mg  

(1.26 mmol) 

63 %

PE/EtOAc = 100:1

Rf (PE/EtOAc = 

100:1) = 0.19 

3 Mesiylglyoxylic 

acid (ABCR)

1b

388 mg 

2a 

0.23 mL 

O

O

Ph

 

3c

237 mg  

(0.86 mmol) 

43%

PE/EtOAc = 50:1 

Rf (PE/EtOAc = 

50:1) = 0.36 

4 2-Thiophenyl 

glyoxylic acid 

(Alpha Aesar)

1c 

319 mg 

2a 

0.23 mL 

O

O

Ph

S  

3d

293 mg  

(1.22 mmol) 

61 %

PE/EtOAc = 50:1 

Rf (PE/EtOAc = 

50:1) = 0.15 
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Table 2 (continuation). 

Entry 

Glyoxylic acid 

1 

(2.00 mmol)

Alkyne 2 

(2.00 mmol) 

Ynedione 3 

(isolated yield) 

Chromatographic 

purification 

Rf (eluent) 

5 2-Furanyl 

glyoxylic acid 

(Sigma Aldrich)

1d 

289 mg 

2a 

0.23 mL 

O

O

Ph

O  

3e 

244 mg 

(1.09 mmol) 

54 %

PE/EtOAc = 10:1 

Rf (PE/EtOAc = 

10:1) = 0.27 

6 (E)-Benzylidene 

glyoxylic acid

potassium salt

1e[a] 

429 mg 

2a 

0.23 mL 
 

3f 

175 mg (0.67 mmol) 

34 % 

PE/EtOAc = 50:1 

Rf (PE/EtOAc = 

50:1) = 0.14 

7 (E)-p-Chloro-

benzylidene 

glyoxylic acid 1f[b] 

421 mg 

2a 

0.23 mL 

3g 

228 mg (0.77 mmol) 

39 %

PE/EtOAc = 50:1 

Rf (PE/EtOAc = 

50:1) = 0.18 

 

[a] The potassium salt was prepared according to the literature procedure: C. Allais, T. Constantieux, 

J. Rodriguez, Synthesis 2009, 15, 2523-2530. 2.00 equivs. of triethylamine in the 2
nd

 reaction step 

were used. 

[b] The potassium salt was prepared according to the literature procedure: C. Allais, T. Constantieux, 

J. Rodriguez, Synthesis 2009, 15, 2523-2530. The free acid was obtained after acidifying with 

hydrochlorid acid.. 
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3.2 Spectroscopic data of compounds 3a-g 

3.2.1 1,4-Diphenylbut-3-yne-1,2-dione (3a) 

 

 

C16H10O2 

234.25 

 

302 mg (1.29 mmol, 65 % yield) as a yellow oil. 1H-NMR (CDCl3, 500 MHz):  7.33-

7.47 (m, 2 H), 7.47-7.59 (m, 3 H), 7.61-7.74 (m, 3 H), 8.00-8.21 (m, 2 H). 13C-NMR 

(CDCl3, 125 MHz):  87.4 (Cquat), 99.5 (Cquat), 119.5 (Cquat), 129.1 (CH), 129.3 (CH), 

130.9 (CH), 131.9 (Cquat), 132.1 (CH), 134.0 (CH), 135.3 (CH), 178.9 (Cquat), 188.8 

(Cquat). EI + MS (m/z (%)): 234 (M+, 0.4), 206 ((M-CO)+, 3), 178 ((M-C2O2)
+, 31), 129 

(C9H5O
+, 71), 106 (7), 105 (C7H5O

+, 100), 85 (11), 77 (C6H5
+, 38), 75 (11), 71 (15), 

57 (13). IR (film):  3065 (w) cm-1, 2927 (w), 2593 (w), 2361 (w), 2191 (s), 1656 (s), 

1595 (m), 1489 (w), 1449 (m), 1249 (m), 1182 (w), 1108 (s), 1025 (w), 1000 (w), 924 

(m), 816 (w), 778 (m), 759 (m), 738 (m), 685 (s), 611 (w), 538 (w). Anal. calcd. for 

C16H10O2 (234.3): C 82.04, H 4.30. Found: C 82.13, H 4.31. 

 

Data reported in the literature: Y. C.-T. Chen, J.-Q. Kao, S. B. Salunke, Y.-H. Lin, 

Org. Lett. 2011, 13, 26-29. 

 

1H NMR (CDCl3, 400 MHz): 7.41 (t, J = 7.74 Hz, 2 H), 7.46-7.55 (m, 3 H), 7.64-7.69 

(m, 3 H), 8.08 (d, J = 7.74 Hz, 2 H). 13C NMR (CDCl3, 100 MHz): 87.05, 99.14, 

119.24, 128.73, 128.92, 130.50, 131.66, 133.63, 134.86, 178.53, 188.43. MS (EI,  

70 eV): 234 (M+, 27), 129 (44), 105 (100). Rf(EtOAc/hexanes = 1:15) = 0.37. 
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3.2.2 1-Phenyl-4-[tris(propan-2-yl)silyl]but-3-yne-1,2-dione (3b) 

 

 

C19C26O2Si 

314.49 

 

396 mg (1.26 mmol, 63 % yield) as a yellow oil. 1H-NMR (CDCl3, 300 MHz): 1.06-

1.19 (m, 21 H), 7.44-7.54 (m, 2 H), 7.59-7.68 (m, 1 H), 7.98-8.06 (m, 2 H). 13C-NMR 

(CDCl3, 75 MHz):  11.2 (CH), 18.7 (CH3), 102.8 (Cquat), 106.5 (Cquat), 129.1 (CH), 

130.6 (CH), 131.8 (Cquat), 135.1 (CH), 178.4 (Cquat), 188.5 (Cquat). EI + MS (m/z (%)): 

286 ((M-CO)+, 0.1), 258 ((M-C2O2)
+, 0.4), 271 ((M-C3H7)

+, 3), 243 ((M-C3H7-CO)+, 3), 

106 (8), 106 (7), 105 (C7H5O
+, 100), 77 (C6H5

+, 16). IR (ATR):  2945 (w) cm-1, 2666 

(w), 2145 (w),1665 (s), 1597 (w), 1462 (w), 1450 (w), 1385 (w), 1319 (w), 1279 (w), 

1125 (s), 1072 (w),1018 (w), 999 (w), 916 (s), 881 (s), 812 (w), 756 (w), 733 (m), 681 

(s), 662 (s). Anal. calcd. for C19H26O2Si (314.5): C 72.56, H 8.33. Found: C 72.20,  

H 8.62. 
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3.2.3 4-Phenyl-1-(2,4,6-trimethylphenyl)but-3-yne-1,2-dione (3c) 

 

 

C19H16O2 

276.33 

 

237 mg (0.86 mmol, 43 % yield) as a yellow oil. 1H-NMR (CDCl3, 500 MHz): 2.26 

(s, 6 H), 2.32 (s, 3 H), 6.91 (s, 2 H), 7.39-7.48 (m, 2 H), 7.50-7.58 (m, 1 H), 7.60-7.73 

(m, 2 H). 13C-NMR (CDCl3, 125 MHz):  20.4 (CH3), 21.6 (CH3), 86.8 (Cquat), 99.8 

(Cquat), 119.6 (Cquat), 129.1 (CH), 129.3 (CH), 132.0 (CH), 132.6 (Cquat), 134.1 (CH), 

136.6 (Cquat), 141.4 (Cquat), 177.1 (Cquat), 194.8 (Cquat). EI + MS (m/z (%)): 276 (M+, 

0.2), 220 ((M-C2O2)
+, 1), 148 (12), 147 (C10H11O

+, 100), 129 (C9H5O
+, 6), 119 

(C9H11
+, 24), 57 (10). IR (film):  3299 (w) cm-1, 2923 (m), 2561 (w), 2181 (s), 1661 

(s), 1610 (m), 1489 (m), 1444 (m), 1379 (m), 1295 (w), 1234 (w), 1101 (m), 1027 (m), 

959 (m), 905 (s), 853 (m), 760 (m), 687 (m), 611 (m), 543 (m). Anal. calcd. for 

C19H16O2 (276.3): C 82.58, H 5.84. Found: C 82.60, H 5.98. 
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3.2.4 4-Phenyl-1-(thiophen-2-yl)but-3-yne-1,2-dione (3d) 

 

O

O

Ph

S  

C14H8O2S 

240.28 

 

293 mg (1.22 mmol, 61 % yield) as a yellow solid. Mp 84 °C. 1H-NMR (CDCl3,  

500 MHz): 7.15-7.25 (m, 1 H), 7.35-7.46 (m, 2 H), 7.47-7.58 (m, 1 H), 7.62-7.75 (m, 

2 H), 7.79-7.92 (m, 1 H), 8.13-8.25 (m, 1 H). 13C-NMR (CDCl3, 125 MHz):  87.2 

(Cquat), 99.6 (Cquat), 119.6 (Cquat), 129.1 (CH), 132.0 (CH), 134.1 (CH), 137.5 (Cquat), 

137.9 (CH), 138.2 (CH), 176.5 (Cquat), 178.9 (Cquat). EI + MS (m/z (%)): 240 (M+, 2), 

212 ((M-CO)+, 11), 184 ((M-C2O2)
+, 31), 130 (10), 129 (C9H5O

+, 100), 111 (C5H3OS+, 

97), 83 (C4H3S
+, 9), 75 (12). IR (KBr):  2181 (s) cm-1, 1650 (s), 1592 (m), 1501 (m), 

1487 (m), 1443 (w), 1405 (m), 1363 (m), 1298 (w), 1248 (m), 1111 (m), 1072 (w), 

1040 (m), 909 (m), 858 (m), 763 (m), 732 (s), 684 (m), 624 (w), 567 (w), 540 (w). 

Anal. calcd. for C14H8O2S (240.3): C 69.98, H 3.36. Found: C 69.79, H 3.34. 
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3.2.5 1-(Furan-2-yl)-4-phenylbut-3-yne-1,2-dione (3e) 

 

 

C14H8O3 

224.21 

 

244 mg (1.09 mmol, 54 % yield) as a yellow solid. Mp 84 °C. 1H-NMR (CDCl3,  

500 MHz): 6.59-6.69 (m, 1 H), 7.35-7.48 (m, 2 H), 7.49-7.54 (m, 1 H), 7.63-7.73 (m,  

2 H), 7.74-7.78 (m, 1 H), 7.78-7.82 (m, 1 H). 13C-NMR (CDCl3, 125 MHz):  87.1 

(Cquat), 99.5 (Cquat), 113.5 (CH), 119.6 (Cquat), 125.5 (CH), 129.1 (CH), 132.0 (CH), 

134.1 (CH), 148.1 (Cquat), 150.0 (CH), 173.8 (Cquat), 175.9 (Cquat). EI + MS (m/z (%)): 

224 (M+, 0.1), 196 ((M-CO)+, 7), 168 ((M-C2O2)
+, 15), 130 (10), 129 (C9H5O

+, 100), 95 

(C5H3O2
+, 15). IR (KBr):  3117 (m) cm-1, 2191 (s), 1654 (s), 1596 (m), 1552 (m), 

1489 (w), 1459 (s), 1367 (m), 1323 (m), 1272 (m), 1186 (w), 1129 (s), 1084 (m), 

1030 (s), 999 (w), 950 (s), 892 (s), 757 (s), 685 (s), 591 (m), 538 (m), 515 (w). Anal. 

calcd. for C14H8O3 (224.2): C 75.00, H 3.60. Found: C 74.82, H 3.68. 
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3.2.6 (1E)-1,6-Diphenylhex-1-en-5-yne-3,4-dione (3f) 

 

 

C18H12O2 

260.29 

 

170 mg (0.65 mmol, 34 % yield) as a yellow solid. Mp 104 °C. 1H-NMR (CDCl3, 300 

MHz): 7.37-7.57 (m, 7 H), 7.63-7.75 (m, 4 H), 7.93 (d, J = 16.1 Hz, 1 H). 13C-NMR 

(CDCl3, 75 MHz):  87.0 (Cquat), 99.4 (Cquat), 118.2 (CH), 119.8 (Cquat), 129.1 (CH), 

129.4 (CH), 131.9 (CH), 132.0 (CH), 134.1 (CH), 134.6 (Cquat), 148.9 (CH), 177.4 

(Cquat), 184.8 (Cquat). EI + MS (m/z (%)): 260 (M+, 2), 232 ((M-CO)+, 2), 204 ((M-

C2O2)
+, 3), 132 (10), 131 ((M-C9H5O)+, 100), 129 (C9H5O

+, 33), 103 (C8H7
+, 28), 77 

(C6H5
+, 12). IR (KBr):  2200 (m) cm-1, 1719 (w), 1701 (w), 1685 (m), 1654 (s), 1608 

(s), 1572 (m), 1561 (m), 1544 (m), 1509 (w), 1490 (w), 1459 (w), 1440 (m), 1273 (w), 

1180 (w), 1033 (m), 1011 (m), 993 (s), 736 (s), 681 (m), 566 (w), 540 (w). Anal. 

calcd. for C18H12O2 (260.3): C 83.06, H 4.65. Found: C 82.90, H 4.70. 

 

Data reported in the literature: A. R. Katritzky, Z. Wang, H. Lang, D. Feng, J. Org. 

Chem. 1997, 62, 4125-4130. 

 

Obtained as yellow needles, yield 85%, mp 103-105 °C; 1H NMR 7.41-7.60 (m, 7 

H), 7.62-7.82 (m, 4 H), 7.94 (d, 1 H, J 16.2 Hz); 13C NMR 86.6, 99.0, 118.0, 119.4, 

128.7, 129.0, 131.5, 131.6, 133.7, 134.2, 148.5, 177.1, 184.5. Anal. Calcd. for 

C18H12O2: C, 83.06; H, 4.65. Found: C, 83.20; H, 4.64. 
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3.2.7 (1E)-1-(4-Chlorophenyl)-6-phenylhex-1-en-5-yne-3,4-dione (3g) 

 

 

C18H11ClO2 

294.73 

 

170 mg (0.65 mmol, 39 % yield) as a yellow solid. Mp 144 °C. 1H-NMR (CDCl3,  

300 MHz): 7.34-7.55 (m, 6 H), 7.56-7.63 (m, 2 H), 7.66-7.73 (m, 2 H), 7.86 (d,  

J = 16.1 Hz, 1 H). 13C-NMR (CDCl3, 75 MHz):  86.9 (Cquat), 99.7 (Cquat), 118.6 (CH), 

119.7 (Cquat), 129.1 (CH), 129.8 (CH), 130.5 (CH), 132.0 (CH), 133.1 (Cquat), 134.1 

(CH), 138.0 (Cquat), 147.2 (CH), 177.2 (Cquat), 184.6 (Cquat). EI + MS (m/z (%)): 296 

(M(37Cl)+, 1), 294 (M(35Cl)+, 4), 265 ((M(35Cl)-CO-H)+, 5), 259 ((M-Cl)+, 7), 167 

((M(37Cl)-C9H5O+2H)+, 33), 166 (9), 165 ((M(35Cl)-C9H5O+2H)+, 100), 139 (C8H6
37Cl+, 

6), 137 (C8H6
35Cl+, 19), 129 (C9H5O

+, 77), 102 (C8H6
+, 17), 101 (18), 75 (13), 43 (24), 

40 (10). IR (ATR):  2195 (m) cm-1, 1682 (w), 1649 (w), 1630 (m), 1614 (m), 1595 

(m), 1568 (m), 1489 (m), 1443 (w), 1368 (w), 1290 (m), 1209 (w), 1175 (m), 1146 (w), 

1119 (w), 1026 (w), 1011 (m), 995 (w), 988 (w), 957 (m), 785 (m), 750 (s), 685 (s), 

658 (w). Anal. calcd. for C18H11ClO2 (294.7): C 73.35, H 3.76. Found: C 73.36, H 

3.81. 
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4 Preparation of heterocyclic ynones 5 

4.1 General procedure 

 

 

 

2.00 mmol of carboxylic acid 4 in dry 1,4-dioxane (10 mL) were placed under argon 

atmosphere in a dry screw-cap Schlenk vessel with septum and degassed with 

argon. Then, oxalyl chloride (0.18 mL, 2.00 mmol, 1.00 equiv.) was added dropwise 

to the reaction mixture at room temperature (water bath). The mixture was stirred for 

4 h at 50 °C in a preheated oil bath and was allowed to come to room temperature. 

PdCl2(PPh3)2 (28 mg, 0.04 mmol, 2 mol %), CuI (15 mg, 0.08 mmol, 4 mol %),  

alkyne 2 (2.00 mmol, 1.00 equiv.), and dry triethylamine (0.84 mL, 6.00 mmol, 3.00 

equivs.) were successively added to the mixture and stirring at room temperature 

was continued for 1 h. After complete conversion (product monitored by TLC) water 

(10 mL) was added and the mixture was extracted with dichloromethane (4 x 10 mL, 

monitored by TLC). The combined organic layers were dried with anhydrous sodium 

sulfate and the desiccant was removed by filtration. After removal of the solvents in 

vacuum the residue was adsorbed on Celite® and purified chromatographically 

(Biotage SP-1 apparatus, 100 g SNAP cartridge) on silica gel with petroleum ether 

(boiling range 40-60 °C)/ethyl acetate to give ynones 5. 

 

The experimental details for the synthesis of ynones 5 are given in Table 3. 
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Table 3. Experimental details for the synthesis of ynones 5. 

 

Entry 

Carboxylic 

acid 4

(2.00 mmol)

Alkyne 2 

(2.00 mmol) 

Ynone 5 

(isolated yield) 

Chromatographic

purification 

Rf (eluent) 

1 3-Pyridyl 

carboxylic 

acid sodium 

salt (ABCR) 

4a[a] 

296 mg 

Phenylacetylene 

(Merck) 

2a 

0.23 mL 
5a 

377 mg 

(1.82 mmol) 

91 % 

PE/EtOAc = 3:1 

Rf (PE/EtOAc = 

3:1) = 0.25 

2 4a[a] 

296 mg 

1-Hexyne (Acros

Organics) 

2c 

0.24 mL 

 

5b 

299 mg 

(1.60 mmol) 

80 % 

PE/EtOAc = 5:1 

Rf (PE/EtOAc = 

5:1) = 0.33 

3 4a[a] 

296 mg 

Ethynyltriiso-

propylsilane 

(Fluka) 

2b 

0.45 mL 

5c 

558 mg 

(1.94 mmol) 

97 %

PE/EtOAc = 15:1

Rf (PE/EtOAc = 

15:1) = 0.24 

4 4a[a] 

296 mg 

3-Ethynylpyridine

(Sigma Aldrich) 

2d 

210 mg 

N

O

N

5d 

238 mg 

(1.14 mmol) 

57 %

PE/EtOAc = 1:1 

Rf (PE/EtOAc = 

1:1) = 0.06 
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Table 3 (Continuation). 

 

Entry 

Carboxylic 

acid 4

(2.00 mmol)

Alkyne 2 

(2.00 mmol) 

Ynone 5 

(isolated yield) 

Chromatographic

purification 

Rf (eluent) 

5 4a[a] 

296 mg 

tert-Butyl 3-

ethynylpyrrolo[2,3-

b]pyridine-1- 

carboxylate[b] 

2e 

485 mg 

5e 

491 mg 

(1.41 mmol) 

71 %

PE/EtOAc= 1:1 

Rf (PE/EtOAc = 

1:1) = 0.06 

6 2-Chloro-

nicotinic 

acid[c]

4b 

315 mg 

2a 

0.23 mL 

5f 

297 mg 

(1.23 mmol) 

62 %

PE/EtOAc= 7:1 

Rf (PE/EtOAc = 

7:1) = 0.16 

7 5-Bromo-

nicotinic 

acid[c] 

4c  

404 mg 

2a  

0.23 mL 

5g 

349 mg 

(1.22 mmol) 

61 % 

PE/EtOAc = 20:1

Rf (PE/EtOAc = 

20:1) = 0.16 
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Table 3 (Continuation). 

 

Entry 

Carboxylic 

acid 4

(2.00 mmol)

Alkyne 2 

(2.00 mmol) 

Ynone 5 

(isolated yield) 

Chromatographic

purification 

Rf (eluent) 

8 5-(4-Fluoro-

phenyl)-

nicotinic 

acid[c] 

4d  

434 mg 

2a  

0.23 mL 

5h 

495 mg 

(1.64 mmol) 

82 % 

PE/EtOAc = 4:1 

Rf (PE/EtOAc = 

4:1) = 0.25 

9 6-Methoxy-

nicotinic acid 

(Matrix

Scientific)

4e

313 mg 

2a 

0.23 mL 

5i 

197 mg 

(0.83 mmol) 

41 %

PE/EtOAc = 25:1

Rf (PE/EtOAc = 

25:1) = 0.13 

10 Dinicotinic 

acid (Alfa

Aesar) 

4f

341 mg 

2a 

0.23 mL 

5j 

449 mg 

(1.34 mmol) 

67 %[d]

PE/EtOAc = 6:1 

Rf (PE/EtOAc = 

6:1) = 0.30 

11 Isonicotinic 

acid (Sigma 

Aldrich) 

4g 

249 mg 

2a 

0.23 mL 

5k 

143 mg 

(0.69 mmol) 

35 %

PE/EtOAc = 2:1 

Rf (PE/EtOAc = 

2:1) = 0.35 
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Table 3 (Continuation). 

 

Entry 

Carboxylic 

acid 4

(2.00 mmol)

Alkyne 2 

(2.00 mmol) 

Ynone 5 

(isolated yield) 

Chromatographic

purification 

Rf (eluent) 

12 2,6-Dichloro-

isonicotinic 

acid (ABCR) 

4h 

396 mg 

2a 

0.23 mL 
N

O

Ph

Cl

Cl  

5l 

379 mg 

(1.37 mmol) 

69 %

PE/EtOAc = 50:1

Rf (PE/EtOAc = 

50:1) = 0.19 

13 Pyrimidine-5-

carboxylic 

acid[c] 

4i 

248 mg 

2a 

0.23 mL N

N

O

Ph

5m 

242 mg 

(1.16 mmol) 

58 %

PE/EtOAc = 4:1 

Rf (PE/EtOAc = 

4:1) = 0.20 

14 Quinoline-3-

carboxylic 

acid (Alfa

Aesar) 

4j 

353 mg 

2a 

0.23 mL 

5n 

425 mg 

(1.65 mmol) 

83 % 

PE/EtOAc = 6:1 

Rf (PE/EtOAc = 

6:1) = 0.24 

15 Quinoline-4-

carboxylic 

acid

(Maybridge) 

4k  

357 mg 

2a 

0.23 mL 

5o 

505 mg 

(1.98 mmol) 

98 % 

PE/EtOAc = 6:1 

Rf (PE/EtOAc = 

6:1) = 0.22 
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Table 3 (Continuation). 

 

Entry 

Carboxylic 

acid 4

(2.00 mmol)

Alkyne 2 

(2.00 mmol) 

Ynone 5 

(isolated yield) 

Chromatographic

purification 

Rf (eluent) 

16 2-Phenyl-

quinoline-4-

carboxylic 

acid[c] 

4l  

499 mg 

2a 

0.23 mL 

5p 

584 mg 

(1.75 mmol) 

88 % 

PE/EtOAc = 25:1

Rf (PE/EtOAc = 

25:1) = 0.20 

17 Cinnoline-4-

carboxylic 

acid (Sigma 

Aldrich) 

4m 

359 mg 

2a 

0.23 mL 

 

5q 

134 mg 

(0.52 mmol) 

26 % 

PE/EtOAc = 4:1 

Rf (PE/EtOAc = 

4:1) = 0.21 

18 1-

Methylindole-

2-carboxylic 

acid (Acros

Organics) 

4n 

350 mg 

2a 

0.23 mL 

5r 

190 mg 

(0.73 mmol) 

37 % 

PE/EtOAc = 30:1

Rf (PE/EtOAc = 

30:1) = 0.19 

19 2-Methyl-

pyrazole-3-

carboxylic 

acid (ABCR) 

4o 

363 mg 

2a 

0.23 mL 

 

5s 

168 mg 

(0.80 mmol) 

40 % 

PE/EtOAc = 20:1

Rf (PE/EtOAc = 

20:1) = 0.09 
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Table 3 (Continuation). 

 

Entry 

Carboxylic 

acid 4

(2.00 mmol)

Alkyne 2 

(2.00 mmol) 

Ynone 5 

(isolated yield) 

Chromatographic

purification 

Rf (eluent) 

20 1-Methyl-

indazole-3-

carboxylic 

acid (Alfa

Aesar) 

4p 

363 mg 

2a 

0.23 mL 
N N

O

Ph

5t 

325 mg 

(1.25 mmol) 

62 % 

PE/EtOAc = 5:1 

Rf (PE/EtOAc = 

5:1) = 0.18 

21 Nalidixic acid 

(Sigma 

Aldrich) 

4q 

464 mg 

2a 

0.23 mL 

5u 

117 mg 

(0.37 mmol) 

18 % 

PE/EtOAc = 3:1 

Rf (PE/EtOAc = 

3:1) = 0.07 

22 4-Oxo-

chromene-2-

carboxylic 

acid (Acros

Organics) 

4r 

392 mg 

2a 

0.23 mL 

5v 

470 mg 

(1.06 mmol) 

53%

PE/EtOAc = 6:1 

Rf (PE/EtOAc = 

6:1) = 0.22 

[a] 2.00 equivs. of triethylamine in the 2
nd

 reaction step 

[b] The alkyne 2e was prepared by Sonogashira coupling of tert-butyl 3-iodopyrrolo[2,3-b]pyridine-1-

carboxylate with trimethylsilylacetylene. The trimethylsilyl group was removed by adding tetra-n-

butylammonium fluoride solution (1 M in THF, Aldrich). 

[c] The carboxylic acid was prepared in the laboratories of Merck Serono KGaA, Darmstadt. 

[d] Differing from the general procedure 0.36 mL (4.00 mmol, 2.00 equivs.) of (COCl)2, 56 mg 

PdCl2(PPh3)2 (0.08 mmol, 4 mol %), 30 mg CuI (0.16 mmol, 8 mol %), 0.46 mL (4.00 mmol, 2.00 

equivs.) of phenylacetylene 2a, and 1.65 mL (12.0 mmol, 6.00 equivs.) of triethylamine were used. 
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4.2 Spectroscopic data of compounds 5a-u 

4.2.1 3-Phenyl-1-(pyridin-3-yl)prop-2-yn-1-one (5a) 

 

 

C14H9NO 

207.23 

 

377 mg (1.82 mmol, 91 % yield) as a pale brown solid. Mp 73 °C. 1H-NMR (CDCl3, 

300 MHz): 7.40-7.60 (m, 4 H), 7.65-7.74 (m, 2 H), 8.34-8.48 (m, 1 H), 8.80-8.88 (m, 

1 H), 9.40-9.47 (m, 1 H). 13C-NMR (CDCl3, 75 MHz):  86.6 (Cquat), 95.1 (Cquat), 119.9 

(Cquat), 123.9 (CH), 129.1 (CH), 131.6 (CH), 132.5 (Cquat), 133.6 (CH), 136.6 (CH), 

151.7 (CH), 154.5 (CH), 176.7 (Cquat). EI + MS (m/z (%)): 208 ((M+H)+, 7), 207 (M+, 

46), 206 (12), 179 ((M-CO)+, 29), 178 ((M-CO-H)+, 14), 130 (10), 129 (C9H5O
+, 100), 

101 (C8H5
+, 8), 75 (12). IR (KBr):  3063 (w) cm-1, (w), 2200 (s), 1650 (s), 1584 (s), 

1488 (m), 1443 (m), 1421 (s), 1328 (s), 1304 (s), 1215 (s), 1193 (m), 1156 (w), 1115 

(m), 1080 (w), 1044 (s), 1030 (m), 1014 (m), 995 (s), 918 (w), 838 (w), 820 (w), 756 

(s), 719 (s), 694 (m), 684 (s), 636 (m), 616 (m), 533 (m). Anal. calcd. for C14H9NO 

(207.2): C 81.14, H 4.38, N 6.76. Found: C 80.94, H 4.53, N 6.59. 

 

Data reported in the literature: J. P. Waldo, R. C. Larock, J. Org. Chem. 2007, 72, 

9643-9647. 

 

Mp 73-75 °C. 1H-NMR (CDCl3, 400 MHz)  7.42-7.54 (m, 4 H), 7.69-7.71 (dd, J = 8.2, 

1.4 Hz, 2 H), 8.42-8.45 (m, 1 H), 8.84-8.86 (dd, J = 4.8, 1.6 Hz, 1 H), 9.45 (t, J = 0.8, 

1 H). 13C-NMR  86.4, 94.8, 119.6, 123.7, 128.9, 131.4, 132.3, 133.4, 136.3, 151.5, 

154.3, 176.5. HRMS Calcd. for C14H9NO: 207.0684; Found: 207.0689. 
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4.2.2 1-(Pyridin-3-yl)hept-2-yn-1-one (5b) 

 

 

C12H13NO 

187.24 

 

274 mg (1.46 mmol, 73 % yield) as an orange oil. 1H-NMR (CDCl3, 500 MHz): 0.93 

(t, J = 7.3 Hz, 3 H), 1.47 (sext, J = 7.6 Hz, 2 H), 1.64 (quin, J = 7.3 Hz, 2 H), 2.50  

(t, J = 7.3 Hz, 2 H), 7.40 (ddd, J = 8.2 Hz, J = 5.0 Hz, J = 0.5 Hz, 1 H), 8.31 (dt,  

J = 7.9 Hz, J = 1.9 Hz, 1 H), 8.77 (dd, J = 4.7 Hz, J = 1.6 Hz, 1 H), 9.30 (d, J =  

1.6 Hz, 1 H). 13C-NMR (CDCl3, 125 MHz):  13.8 (CH3), 19.2 (CH2), 22.4 (CH2), 30.0 

(CH2), 79.5 (Cquat), 99.0 (Cquat), 123.7 (CH), 132.5 (Cquat), 136.5 (CH), 151.8 (CH), 

154.3 (CH), 176.9 (Cquat). EI + MS (m/z (%)): 187 (M+, 5), 186 (20), 172 ((M-CH3)
+, 

10), 159 ((M-CO)+, 23), 158 ((M-CO-H)+, 49), 146 (29), 145 ((M-CO-CH3+H)+, 100), 

144 ((M-CO-CH3)
+, 14), 131 (14), 130 ((M-CO-C2H5)

+, 22), 117 (18), 116 ((M-CO-

C3H7)
+, 9), 109 ((M-C5H4N)+, 42), 106 (62), 90 (10), 89 (11), 79 (C5H5N

+, 50), 78 

(C5H4N
+, 40), 77 (11), 53 (16), 51 (19), 43 (10), 41 (13). IR (ATR):  2959 (w) cm-1, 

2934 (w), 2872 (w), 2251 (w), 2203 (m), 1645 (s), 1584 (s), 1572 (w), 1464 (w), 1416 

(m), 1327 (w), 1267 (s), 1234 (w), 1194 (w), 1125 (w), 1084 (w), 1024 (w), 984 (w), 

961 (w), 910 (m), 845 (w), 826 (w), 721 (s), 698 (m), 625 (w). Anal. calcd. for 

C12H13NO (187.2): C 76.98, H 7.00, N 7.48. Found: C 77.15, H 7.18, N 7.18. 
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4.2.3 1-(Pyridin-3-yl)-3-[tris(propan-2-yl)silyl]prop-2-yn-1-one (5c) 

 

O

SiiPr3
N  

C17H25NOSi 

287.47 

 

558 mg (1.94 mmol, 97 % yield) as a colorless oil. 1H-NMR (CDCl3, 500 MHz):  

1.11-1.22 (m, 21 H), 7.36-7.50 (m, 1 H), 8.36 (dt, J = 8.0 Hz, J = 2.0 Hz, 1 H), 8.80 

(dd, J = 4.8 Hz, J = 1.7 Hz, 1 H), 9.32-9.44 (m, 1 H). 13C-NMR (CDCl3, 125 MHz):  

 11.4 (CH), 18.9 (CH3), 100.5 (Cquat), 102.5 (Cquat), 123.8 (CH), 132.4 (Cquat), 136.5 

(CH), 151.7 (CH), 154.4 (CH), 176.2 (Cquat). EI + MS (m/z (%)): 287 (M+, 2), 245  

(21), 244 ((M-C3H7)
+, 100), 217 (9), 216 ((M-CO-C3H7)

+, 45), 202 ((M-C6H13)
+, 17), 

189 (13), 188 (77), 173 ((M-CO-C6H13)
+, 23), 160 ((M-C9H19)

+, 13), 158 (11), 156 

(11), 142 (10), 130 (M-Si(C3H7)3)
+, 9), 106 (24), 78 (C5H4N

+, 21), 75 (11). IR (ATR):  

2943 (w) cm-1, 2866 (w), 2149 (w), 1647 (s), 1584 (m), 1460 (w), 1418 (m), 1248 (s), 

1192 (w), 1107 (w), 1076 (w), 1051 (s), 1009 (s), 920 (w), 881 (m), 824 (w), 785 (m), 

715 (s), 677 (s), 660 (s), 602 (s). Anal. calcd. for C17H25NOSi (287.5): C 71.03, H 

8.77, N 4.87. Found: C 70.94, H 8.53, N 4.73. 
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4.2.4 Bis(pyridin-3-yl)prop-2-yn-1-one (5d) 

 

 

C13H8N2O 

208.22 

 

238 mg (1.14 mmol, 57 % yield) as a pale brown solid. Mp 131 °C. 1H-NMR (CDCl3, 

300 MHz): 7.35-7.42 (m, 1 H), 7.44-7.50 (m, 1 H), 7.96 (dt, J = 7.9 Hz, J = 1.9 Hz,  

1 H), 8.40 (dt, J = 8.0 Hz, J = 2.0 Hz, 1 H), 8.70 (dd, J = 4.9 Hz, J = 1.7 Hz, 1 H), 

8.84 (dd, J = 4.8 Hz, J = 1.7 Hz, 1 H), 8.87-8.93 (m, 1 H), 9.34-9.45 (m, 1 H). 13C-

NMR (CDCl3, 75 MHz):  89.0 (Cquat), 90.8 (Cquat), 117.3 (Cquat), 123.7 (CH), 124.0 

(CH), 132.2 (Cquat), 136.6 (CH), 140.4 (CH), 151.5 (CH), 151.8 (CH), 153.8 (CH), 

154.9 (CH), 176.3 (Cquat). EI + MS (m/z (%)): 208 (M+, 65), 207 (19), 180 ((M-CO)+, 

33), 179 (22), 131 (9), 130 ((M-C5H4N)+, 100), 102 (17), 77 (14), 75 (13), 74 (10), 51 

(11). IR (ATR):  2203 (m) cm-1, 1641 (s), 1582 (s), 1479 (m), 1422 (w), 1410 (m), 

1329 (m), 1302 (s), 1323 (m), 1192 (m), 1121 (m), 1080 (w), 1047 (w), 1026 (m), 

1007 (s), 826 (w), 802 (m), 719 (s), 694 (s), 642 (m). Anal. calcd. for C13H8N2O 

(208.2): C 74.99, H 3.87, N 13.45. Found: C 74.97, H 4.12, N 13.27. 
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4.2.5 tert-Butyl 3-[3-oxo-3-(pyridin-3-yl)prop-1-yn-1-yl]-1H-pyrrolo[2,3-b]-pyri-

dine-1-carboxylate (5e) 

 

N

O

N

N

O
O  

C20H17N3O3 

347.37 

 

491 mg (1.41 mmol, 71 % yield) as a pale brown solid. Mp 148 °C. 1H-NMR (CDCl3, 

300 MHz): 1.69 (s, 9 H), 7.35 (dd, J = 7.8 Hz, J = 4.8 Hz, 1 H), 7.49 (dd, J = 7.9 Hz, 

J = 4.8 Hz, 1 H), 8.13 (dd, J = 7.8 Hz, J = 1.5 Hz, 1 H), 8.19 (s, 1 H), 8.43 (dt,  

J = 8.0 Hz, J = 1.9 Hz, 1 H), 8.61 (dd, J = 4.8 Hz, J = 1.6 Hz, 1 H), 8.85 (dd,  

J = 4.8 Hz, J = 1.6 Hz, 1 H), 9.39-9.58 (m, 1 H). 13C-NMR (CDCl3, 75 MHz):  28.4 

(CH3), 86.2 (Cquat), 87.7 (Cquat), 91.1 (Cquat), 97.9 (Cquat), 120.1 (CH), 122.9 (Cquat), 

124.0 (CH), 129.1 (CH), 132.5 (CH), 134.6 (CH), 136.4 (Cquat), 147.0 (Cquat), 147.3 

(CH), 147.9 (Cquat), 151.8 (CH), 154.6 (CH), 176.2 (Cquat). EI + MS (m/z (%)): 347 

(M+, 2), 248 (17), 247 ((M-C5H9O2+H)+, 100), 246 ((M-C5H9O2)
+, 67), 219  

((M-C5H9O2-CO)+, 52), 218 (19), 19 (12), 191 (10), 170 (11), 169 ((M-C5H9O2-

C5H4N)+, 99), 164 (13), 141 (44), 114 (30), 110 (11), 88 (10), 87 (15), 78 (C5H4N
+, 

12), 57 (C4H9
+, 66), 56 (15), 51 (10), 44 (14), 41 (26), 39 (12). IR (ATR):  2195 (m) 

cm-1, 1765 (s), 1634 (s), 1584 (w), 1541 (m), 1477 (w), 1412 (m), 1365 (m), 1333 (m), 

1296 (s), 1246 (s), 1233 (m), 1182 (m), 1148 (s), 1140 (s), 1096 (m), 1057 (m), 1034 

(m), 980 (m), 854 (w), 775 (s), 748 (w), 719 (s), 696 (m), 646 (s), 629 (m), 617 (m). 

Anal. calcd. for C20H17N3O3 (347.4): C 69.15, H 4.93, N 12.10. Found: C 69.01,  

H 5.14, N 12.14. 
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4.2.6 1-(2-Chloropyridin-3-yl)-3-phenylprop-2-yn-1-one (5f) 

 

O

Ph
N Cl  

C14H8ClNO 

241.67 

 

297 mg (1.23 mmol, 62 % yield) as a pale brown solid. Mp 72 °C. 1H-NMR (CDCl3, 

300 MHz): 7.37-7.46 (m, 3 H), 7.47-7.55 (m, 1 H), 7.61-7.70 (m, 2 H), 8.34 (dd, J = 

7.1 Hz, J = 2.0 Hz, 1 H), 8.56 (dd, J = 4.8 Hz, J = 2.0 Hz, 1 H). 13C-NMR (CDCl3,  

75 MHz):  88.3 (Cquat), 96.1 (Cquat), 120.0 (Cquat), 122.8 (CH), 129.2 (CH), 131.7 

(CH), 133.0 (Cquat), 133.6 (CH), 141.1 (CH), 149.9 (Cquat), 152.7 (CH), 175.9 (Cquat). 

EI + MS (m/z (%)): 243 ((M(37Cl))+, 7), 241 ((M(35Cl))+, 21), 215 ((M(37Cl)-CO)+, 6), 

213 ((M(35Cl)-CO)+, 17), 178 ((M-CO-Cl)+, 6), 130 (10), 129 (C9H5O
+, 100), 75 (11). 

IR (ATR):  2195 (m) cm-1, 1634 (s), 1572 (m), 1489 (w), 1443 (w), 1400 (m), 1312 

(m), 1260 (w), 1088 (s), 1065 (m), 1028 (w), 1015 (m), 995 (m), 822 (m), 750 (s), 710 

(m), 681 (s), 658 (m), 627 (m), 619 (m). Anal. calcd. for C14H8ClNO (241.7): C 69.58, 

H 3.34, N 5.80. Found: C 69.33, H 3.55, N 5.54. 
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Data reported in the literature: F. C. Fuchs, G. A. Eller, W. Holzer, Molecules 2009, 

14, 3815-3832. 

 

Yellowish-brown crystals, mp 69–71 °C (MeOH); 1H-NMR (500 MHz, CDCl3):  8.56 

(dd, 3J(H5,H6) = 4.7 Hz, 4J = 1.9 Hz, 1H, H-6), 8.34 (dd, 3J = 7.7 Hz, 4J = 1.9 Hz, 1H, 

H-4), 7.65 (m, 2H, Ph H-2,6), 7.51 (m, 1H, Ph H-4), 7.42 (m, 3H, H-5, Ph H-3,5);  

13C-NMR (125 MHz, CDCl3):  175.5 (C=O, 3J(CO,H4) = 5.3 Hz), 152.3 (C-6, 

1J(C6,H6) = 183.7 Hz, 2J(C6,H5) = 3.8 Hz, 3J(C6,H4) = 8.2 Hz), 149.5 (C-2, 

3J(C2,H4) = 8.8 Hz, 3J(C2,H6) = 13.8 Hz, 4J(C2,H5) = 1.5Hz), 140.7 (C-4, 1J(C4,H4) 

= 166.2 Hz, 2J(C4,H5) = 1.9 Hz, 3J(C4,H6) = 6.7 Hz), 132.6 (C-3), 133.2 (Ph C-2,6), 

131.3 (Ph C-4), 128.8 (Ph C-3,5), 122.4 (C-5, 1J(C5,H5) = 168.2 Hz, 2J(C5,H6) = 8.2 

Hz), 119.5 (Ph C-1, 3J(Ph C1,Ph H3,5) = 8.6 Hz, 4J(Ph C1,Ph H4) = 1.4 Hz), 95.7 

(COC C, 3J(C,Ph H2,6) = 5.3 Hz), 87.9 (COC C); 15N-NMR (50 MHz):  70.3 (N-1); 

IR: 2199 (C C), 1636 (C=O) cm 1; MS m/z (%): 243/241 (M+, 6/15), 215/213  

([M  C=O]+, 6/21), 129 ([COC CC6H5]
+, 100), 101 ([C CC6H5]

+, 13). Calcd. for 

C14H8ClNO: C, 69.58; H, 3.34; N, 5.80. Found: C, 69.59; H, 3.16; N, 5.67. 
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4.2.7 1-(5-Bromopyridin-3-yl)-3-phenylprop-2-yn-1-one (5g) 

 

 

C14H8BrNO 

286.12 

 

349 mg (1.22 mmol, 61 % yield) as a pale brown solid. Mp 127 °C. 1H-NMR (CDCl3, 

300 MHz): 7.31-7.58 (m, 3 H), 7.59-7.86 (m, 2 H), 8.53 (t, J = 2.1 Hz, 1 H), 8.89 (d, 

J = 2.3 Hz, 1 H), 9.33 (d, J = 1.8 Hz, 1 H). 13C-NMR (CDCl3, 75 MHz):  86.4 (Cquat), 

96.0 (Cquat), 119.6 (Cquat), 121.5 (Cquat), 129.2 (CH), 131.9 (CH), 133.7 (CH), 138.9 

(CH), 149.6 (CH), 155.6 (CH), 175.3 (Cquat). EI + MS (m/z (%)): 287 (M(81Br)+, 40), 

286 (11), 285 (M(79Br)+, 40), 259 ((M(81Br)-CO)+, 16), 257 ((M(79Br)-CO)+, 15), 206 

((M-Br)+, 3), 130 (10), 129 (C9H5O
+, 100), 101 (C8H5

+, 6), 77 (C6H5
+, 3), 75 (11). IR 

(ATR):  2201 (m) cm-1, 1628 (m), 1570 (w), 1489 (w), 1416 (m), 1290 (m), 1213 (m), 

1153 (m), 1140 (w), 1092 (w), 1040 (m), 1013 (m), 964 (w), 928 (w), 905 (w), 839 

(m), 764 (s), 739 (s), 685 (s), 660 (m), 619 (m). Anal. calcd. for C14H8BrNO (286.1): C 

58.77, H 2.82, N 4.90. Found: C 58.99, H 2.95, N 4.69. 
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4.2.8 1-[5-(4-Fluorophenyl)pyridin-3-yl]-3-phenylprop-2-yn-1-one (5h) 

 

 

C20H12FNO 

301.31 

 

495 mg (1.64 mmol, 82 % yield) as a bright yellow solid. Mp 136 °C. 1H-NMR (CDCl3, 

300 MHz): 7.21-7.34 (m, 2 H), 7.45-7.61 (m, 3 H), 7.62-7.71 (m, 2 H), 7.72-7.84 (m, 

2 H), 8.59 (t, J = 2.1 Hz, 1 H), 9.03-9.12 (m, 1 H), 9.42-9.50 (m, 1 H). 13C-NMR 

(CDCl3, 75 MHz):  86.8 (Cquat), 95.4 (Cquat), 116.8 (d, J = 21.8 Hz, CH), 119.8 (Cquat), 

129.2 (CH), 129.4 (d, J = 8.3 Hz, CH), 131.7 (CH), 132.6 (Cquat), 133.0 (d, J = 3.3 Hz, 

Cquat), 133.7 (CH), 134.2 (CH), 136.2 (Cquat), 150.5 (CH), 152.8 (CH), 163.7 (d, J = 

249.1 Hz, Cquat), 176.6 (Cquat). EI + MS (m/z (%)): 302 (11), 301 (M+, 52), 300  

(6), 273 ((M-CO)+, 26), 272 (10), 130 (10), 129 (C9H5O
+, 100), 75 (8). IR (ATR):  

 2197 (m) cm-1, 1638 (m), 1605 (w), 1585 (w), 1566 (w), 1512 (m), 1489 (w), 1445 

(m), 1431 (m), 1329 (w), 1308 (m), 1271 (m), 1225 (m), 1198 (m), 1155 (m), 1099 

(w), 1072 (m), 1018 (m), 995 (m), 860 (w), 833 (s), 812 (m), 758 (s), 745 (s), 702 (m), 

685 (s), 673 (m), 617 (m). Anal. calcd. for C20H12FNO (301.3): C 79.72, H 4.01,  

N 4.65. Found: C 79.51, H 3.92, N 4.59. 
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4.2.9 1-(6-Methoxypyridin-3-yl)-3-phenylprop-2-yn-1-one (5i) 

 

 

C15H11NO2 

237.25 

 

197 mg (0.83 mmol, 41 % yield) as a colorless solid. Mp 86 °C. 1H-NMR (CDCl3,  

300 MHz): 4.04 (s, 3 H), 6.83 (d, J = 8.7 Hz, 1 H), 7.36-7.54 (m, 3 H), 7.63-7.72 (m, 

2 H), 8.29 (dd, J = 8.7 Hz, J = 2.4 Hz, 1 H), 9.09 (d, J = 2.3 Hz, 1 H). 13C-NMR 

(CDCl3, 75 MHz):  54.6 (CH3), 86.7 (Cquat), 93.6 (Cquat), 111.7 (CH), 120.3 (Cquat), 

127.5 (Cquat), 129.1 (CH), 131.3 (CH), 133.5 (CH), 138.8 (CH), 152.1 (CH), 167.8 

(Cquat), 175.8 (Cquat). EI + MS (m/z (%)): 238 (16), 237 (M+, 100), 236 (76), 209 (10), 

208 ((M-CO)+, 39), 207 (14), 180 (23), 178 ((M-C5H4N+H)+, 10), 139 (14), 130 (7), 

129 (C9H5O
+, 68), 75 (13). IR (ATR):  2195 (s) cm-1, 1632 (s), 1597 (s), 1560 (m), 

1495 (m), 1375 (s), 1300 (m), 1285 (s), 1213 (m), 1117 (m), 1032 (m), 1022 (m), 

1007 (s), 993 (m), 939 (w), 912 (w), 833 (s), 787 (w), 772 (s), 750 (s), 706 (m), 679 

(s), 625 (m), 615 (s). Anal. calcd. for C15H11NO2 (237.3): C 75.94, H 4.67,  

N 5.90. Found: C 76.00, H 4.83, N 5.81. 
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4.2.10 3-Phenyl-1-[5-(3-phenylprop-2-ynoyl)pyridin-3-yl]prop-2-yn-1-one (5j) 

 

 

C23H13NO2 

335.35 

 

449 mg (1.34 mmol, 67 % yield) as a yellow solid. Mp 153 °C. 1H-NMR (CDCl3,  

500 MHz): 7.35 (tt, J = 7.5 Hz, J = 1.1 Hz, 2 H), 7.39-7.44 (m, 4 H), 7.68-7.72 (m,  

4 H), 9.16 (t, J = 2.1 Hz, 1 H), 9.60 (d, J = 2.1 Hz, 2 H). 13C-NMR (CDCl3, 125 MHz): 

 86.5 (Cquat), 96.2 (Cquat), 119.6 (Cquat), 129.2 (CH), 131.9 (CH), 132.4 (Cquat), 133.7 

(CH), 137.4 (CH), 155.0 (CH), 175.6 (Cquat). EI + MS (m/z (%)): 336 (8), 335 (M+, 29), 

334 (3), 307 ((M-CO)+, 4), 280 ((M-C2O2+H)+, 1), 279 ((M-C2O2)
+, 6), 130 (9), 129 

(C9H5O
+, 100). IR (ATR):  3028 (w) cm-1, 2922 (w), 2851 (w), 2199 (m), 2174 (w), 

1732 (w), 1636 (s), 1582 (m), 1441 (w), 1423 (w), 1279 (m), 1240 (w), 1165 (m), 

1067 (m), 1018 (w), 918 (w), 872 (w), 791 (w), 752 (s), 729 (s), 700 (s), 632 (m), 617 

(m). Anal. calcd. for C23H13NO2 (335.4): C 82.37, H 3.91, N 4.18. Found: C 82.61,  

H 4.18, N 4.08. 
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4.2.11 3-Phenyl-1-(pyridin-4-yl)prop-2-yn-1-one (5k) 

 

 

C14H9NO 

207.23 

 

143 mg (0.69 mmol, 35 % yield) as a pale brown solid. Mp 81 °C. 1H-NMR (CDCl3, 

300 MHz): 7.40-7.56 (m, 3 H), 7.66-7.74 (m, 2 H), 7.95-8.02 (m, 2 H), 8.84-8.90 (m, 

2 H). 13C-NMR (CDCl3, 75 MHz):  86.7 (Cquat), 95.4 (Cquat), 119.7 (Cquat), 122.3 (CH), 

129.2 (CH), 131.7 (CH), 133.6 (CH), 142.8 (Cquat), 151.2 (CH), 177.2 (Cquat). EI + MS 

(m/z (%)): 207 (M+, 27), 179 ((M-CO)+, 10), 130 (10), 129 (C9H5O
+, 100), 101 (C8H5

+, 

6), 75 (8). IR (KBr):  2197 (s) cm-1, 1645 (s), 1555 (m), 1491 (w), 1449 (w), 1404 

(m), 1324 (m), 1290 (m), 1218 (m), 1200 (m), 1058 (w), 1035 (m), 995 (m), 839 (m), 

760 (s), 745 (m), 686 (s), 627 (m), 535 (m). Anal. calcd. for C14H9NO (207.2):  

C 81.14, H 4.38, N 6.76. Found: C 80.92, H 4.58, N 6.87. 

 

Data reported in the literature: R. Erenler, M. Uno, T. V. Goud, J.-F. Biellmann, J.

Chem. Res. 2009, 7, 459-464. 

 

UV (CH2Cl2): max ( ) 233 (9300), 301 (7200). IR (CH2Cl2): 1264, 1421, 1551, 1604, 

1650, 1961 cm-1. 1H NMR (400 MHz, CDCl3):  7.41 (m, 2H), 7.48 (m, 1H), 7.66 (m, 

2H), 7.96 (d, J = 5.8 Hz, 2H), 8.83 (d, J = 5.8 Hz, 2H), 13C NMR (100 MHz, CDCl3):  

86.2, 95.2, 119.3, 122.1, 128.8, 131.4, 133.3, 142.5, 150.6, 176.7. MS (FAB+): m/z 

208 [M + H]+. Anal. Calcd for C14H9NO (207.2): C, 81.14; H, 4.38; N, 6.76. Found: C, 

81.02; H, 4.42; N, 6.69%. 
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4.2.12 1-(2,6-Dichloropyridin-4-yl)-3-phenylprop-2-yn-1-one (5l) 

 

 

C14H7Cl2NO 

276.12 

 

379 mg (1.37 mmol, 69 % yield) as a pale yellow solid. Mp 121 °C. 1H-NMR (CDCl3, 

300 MHz): 7.43-7.51 (m, 2 H), 7.52-7.60 (m, 1 H), 7.67-7.74 (m, 2 H), 7.92 (s, 2 H). 

13C-NMR (CDCl3, 75 MHz):  86.3 (Cquat), 97.1 (Cquat), 119.2 (Cquat), 122.3 (CH), 

129.2 (CH), 132.3 (CH), 133.9 (CH), 147.8 (Cquat), 152.2 (Cquat), 174.0 (Cquat).  

EI + MS (m/z (%)): 279 (M(37Cl37Cl)+, 2), 277 (M(37Cl35Cl)+, 7), 275 (M(35Cl35Cl)+, 13), 

251 ((M(37Cl37Cl)-CO)+, 0.4), 249 ((M(37Cl35Cl)-CO)+, 3), 247 ((M(35Cl35Cl)-CO)+, 5), 

130 (10), 129 (C9H5O
+, 100), 101 (C8H5

+, 5), 75 (9). IR (ATR):  2197 (m) cm-1, 1643 

(s), 1578 (w), 1541 (m), 1489 (w), 1443 (w), 1406 (w), 1350 (m), 1296 (s), 1283 (m), 

1211 (s), 1175 (w), 1153 (m), 1105 (m), 1074 (w), 1053 (m), 1022 (w), 937 (w), 883 

(m), 858 (w), 806 (m), 762 (s), 735 (s), 691 (s), 637 (s). Anal. calcd. for C14H7Cl2NO 

(276.1): C 60.90, H 2.56, N 5.07. Found: C 61.07, H 2.84, N 4.96. 
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4.2.13 3-Phenyl-1-(pyrimidin-5-yl)prop-2-yn-1-one (5m) 

 

N N

O

Ph

 

C13H8N2O 

208.22 

 

242 mg (1.16 mmol, 58 % yield) as a pale yellow solid. Mp 99 °C. 1H-NMR (CDCl3, 

300 MHz): 7.40-7.49 (m, 2 H), 7.50-7.58 (m, 1 H), 7.66-7.74 (m, 2 H), 9.08-9.83 (m, 

3 H). 13C-NMR (CDCl3, 75 MHz):  86.1 (Cquat), 96.7 (Cquat), 119.4 (Cquat), 129.3 (CH), 

130.1 (Cquat), 132.1 (CH), 133.8 (CH), 158.1 (CH), 162.1 (CH), 174.8 (Cquat). EI + MS 

(m/z (%)): 208 (M+, 43), 207 (28), 181 ((M-CO+H)+, 12), 180 ((M-CO)+, 21), 153 (11), 

130 (10), 129 (C9H5O
+, 100), 126 (24), 101 (C8H5

+, 8), 75 (12). IR (ATR):  2197 (m) 

cm-1, 1632 (s), 1574 (s), 1557 (m), 1487 (w), 1433 (m), 1408 (m), 1348 (w), 1300 (m), 

1221 (m), 1196 (m), 1113 (m), 1043 (m), 1009 (m), 993 (m), 925 (w), 827 (w), 764 

(s), 731 (s), 712 (m), 689 (s), 632 (s), 621 (m). Anal. calcd. for C13H8N2O (208.2):  

C 74.99, H 3.87, N 13.45. Found: C 74.99, H 4.07, N 13.21. 
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4.2.14 3-Phenyl-1-(quinolin-3-yl)prop-2-yn-1-one (5n) 

 

 

C18H11NO 

257.29 

 

302 mg (1.18 mmol, 59 % yield) as a pale brown solid. Mp 125 °C. 1H-NMR (CDCl3, 

300 MHz): 7.40-7.58 (m, 3 H), 7.62-7.70 (m, 1 H), 7.70-7.78 (m, 2 H), 7.84-7.93 (m, 

1 H), 8.02 (d, J = 8.0 Hz, 1 H), 8.21 (d, J = 8.2 Hz, 1 H), 8.97 (s, 1 H), 9.62-9.68 (m, 1 

H). 13C-NMR (CDCl3, 75 MHz):  86.6 (Cquat), 95.1 (Cquat), 112.0 (Cquat), 127.1 (Cquat), 

128.2 (CH), 129.2 (CH), 129.7 (Cquat), 129.8 (CH), 130.0 (CH), 131.6 (CH), 133.0 

(CH), 133.6 (CH), 139.5 (CH), 149.9 (CH), 150.3 (Cquat), 176.6 (Cquat). EI + MS  

(m/z (%)): 258 (18), 257 (M+, 91), 256 (31), 229 ((M-CO)+, 41), 228 (26), 155 (10), 

130 (10), 129 (C9H5O
+, 100), 128 (C9H6N

+, 9), 127 (15), 114 (23), 101 (C8H5
+, 27), 75 

(18), 43 (13). IR (ATR):  2195 (w) cm-1, 1651 (m), 1609 (m), 1585 (m), 1568 (m), 

1487 (m), 1443 (w), 1410 (w), 1287 (w), 1271 (w), 1180 (w), 1086 (w), 1007 (m), 986 

(s), 951 (w), 897 (w), 822 (m), 772 (m), 750 (s), 687 (s), 646 (w). Anal. calcd. for 

C18H11NO (257.3): C 84.03, H 4.31, N 5.44. Found: C 83.94, H 4.28, N 5.41. 
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4.2.15 3-Phenyl-1-(quinolin-4-yl)prop-2-yn-1-one (5o) 

 

 

C18H11NO 

257.29 

 

354 mg (1.37 mmol, 69 % yield) as a pale brown solid. Mp 93 °C. 1H-NMR (CDCl3, 

300 MHz): 7.38-7.56 (m, 3 H), 7.65-7.76 (m, 3 H), 7.76-7.85 (m, 1 H), 8.16-8.28 (m, 

2 H), 8.98 (d, J = 9.0 Hz, 1 H), 9.16 (d, J = 9.2 Hz, 1 H). 13C-NMR (CDCl3, 75 MHz):  

 88.4 (Cquat), 94.1 (Cquat), 119.9 (Cquat), 124.3 (Cquat), 124.4 (CH), 125.9 (CH), 129.1 

(CH), 129.4 (CH), 130.3 (CH), 130.4 (CH), 131.6 (CH), 133.6 (CH), 139.9 (Cquat), 

149.6 (Cquat), 150.3 (CH), 179.3 (Cquat). EI + MS (m/z (%)): 258 (13), 257 (M+, 74), 

256 (49), 229 ((M-CO)+, 31), 228 (36), 202 (33), 201 (14), 200 (11), 130 (10), 129 

(C9H5O
+, 100), 114 (18), 101 (C8H5

+, 26), 100 (12), 75 (22). IR (KBr):  3045 (w)  

cm-1, 2199 (s), 1638 (s), 1578 (m), 1506 (m), 1492 (m), 1460 (m), 1443 (m), 1349 

(w), 1288 (s), 1210 (w), 1162 (m), 1141 (w), 1108 (s), 1069 (m), 963 (m), 930 (w), 

878 (w), 858 (m), 789 (m), 774 (s), 759 (s), 688 (s), 629 (m), 620 (m), 570 (w), 538 

(m), 514 (w). Anal. calcd. for C18H11NO (257.3): C 84.03, H 4.31, N 5.44. Found:  

C 83.86, H 4.40, N 5.51. 

 

Data reported in the literature: R. Erenler, M. Uno, T. V. Goud, J.-F. Biellmann, J.

Chem. Res. 2009, 7, 459-464. 

 

UV (CH2Cl2): max ( ) 230 (25200), 309 (13200). IR (CH2Cl2): 1605, 2354, 3679 cm-1. 

1H NMR (400 MHz, CDCl3):  7.43-7.47 (m, 2H), 7.50 (m, 1H), 7.69-7.74 (m, 3H), 

7.78-7.83 (m, 1H), 8.21 (d, J = 8.5 Hz, 1H), 8.25 (d, J = 4.4 Hz, 1H), 8.98 (d, J = 8.5 

Hz, 1H), 9.15 (d, J = 4.4 Hz, 1H), 13C NMR (100 MHz, CDCl3):  88.2, 93.8, 119.7, 

124.1, 125.7, 128.9, 129.1, 130.2, 131.4, 133.3, 139.7, 149.4, 150.1, 179.1. MS 

(FAB+): m/z 258 [M+H]+. Anal. Calcd for C18H11NO: C, 84.03; H, 4.31; N, 5.44. 

Found: C, 84.11; H, 4.23; N, 5.49%. 
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4.2.16 3-Phenyl-1-(2-phenylquinolin-4-yl)prop-2-yn-1-one (5p) 

 

N

O

Ph

Ph  

C24H15NO 

333.38 

 

584 mg (1.75 mmol, 88 % yield) as a yellow solid. Mp 101 °C. 1H-NMR (CDCl3, 300 

MHz): 7.41-7.63 (m, 6 H), 7.64-7.75 (m, 3 H), 7.77-7.84 (m, 1 H), 8.22-8.30 (m,  

3 H), 8.72 (s, 1 H), 8.95 (dd, J = 8.5 Hz, J = 0.9 Hz, 1 H). 13C-NMR (CDCl3, 75 MHz): 

 88.6 (Cquat), 94.2 (Cquat), 120.0 (Cquat), 122.6 (CH), 123.3 (Cquat), 125.7 (CH), 127.8 

(CH), 129.0 (CH), 129.2 (CH), 129.5 (CH), 130.2 (CH), 130.6 (CH), 130.7 (CH), 

131.7 (CH), 133.7 (CH), 139.2 (Cquat), 141.0 (Cquat), 149.8 (Cquat), 157.2 (Cquat), 179.6 

(Cquat). EI + MS (m/z (%)): 334 (29), 333 (M+, 100), 332 (38), 305 ((M-CO)+, 38), 304 

(89), 303 (11), 256 ((M-C6H5)
+, 5), 203 (12), 202 (47), 152 (11), 151 (11), 130 (5), 

129 (C9H5O
+, 47). IR (ATR):  2922 (w) cm-1, 2197 (m), 1645 (m), 1580 (w), 1543 

(w), 1491 (m), 1443 (w), 1333 (m), 1288 (m), 1269 (m), 1236 (m), 1219 (m), 1163 

(m), 1139 (m), 1101 (s), 1063 (w), 1026 (w), 999 (w), 951 (m), 887 (w), 757 (s), 756 

(s), 731 (m), 685 (s), 667 (m), 629 (m), 617 (m). Anal. calcd. for C24H15NO (333.4):  

C 86.46, H 4.54, N 4.20. Found: C 86.35, H 4.75, N 4.11. 
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4.2.17 1-(Cinnolin-4-yl)-3-phenylprop-2-yn-1-one (5q) 

 

 

C17H10N2O 

258.27 

 

134 mg (0.52 mmol, 26 % yield) as a yellow solid. Mp 131 °C. 1H-NMR (CDCl3,  

300 MHz): 7.41-7.60 (m, 3 H), 7.70-7.79 (m, 2 H), 7.91-8.01 (m, 2 H), 8.63-8.74 (m, 

1 H), 9.01-9.10 (m, 1 H), 10.04 (s, 1 H). 13C-NMR (CDCl3, 75 MHz):  87.9 (Cquat), 

95.6 (Cquat), 119.5 (Cquat), 121.9 (Cquat), 125.1 (CH), 126.0 (Cquat), 129.3 (CH), 131.1 

(CH), 131.5 (CH), 132.1 (CH), 133.9 (CH), 134.6 (CH), 145.5 (CH), 152.1 (Cquat), 

178.4 (Cquat). EI + MS (m/z (%)): 259 (7), 258 (M+, 39), 230 (M-CO)+, 2), 202 (12), 

130 (10), 129 (C9H5O
+, 100), 101 (10), 75 (11). IR (ATR):  3057 (w) cm-1, 2201 (m), 

1632 (m), 1522 (w), 1497 (w), 1443 (w), 1377 (w), 1302 (m), 1182 (w), 1163 (m), 

1115 (m), 1061 (m), 980 (w), 930 (w), 777 (s), 750 (s), 685 (s), 633 (m). Anal. calcd. 

for C17H10N2O (258.3): C 79.06, H 3.90, N 10.85. Found: C 78.92, H 4.00, N 10.83. 
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4.2.18 1-(1-Methyl-1H-indol-2-yl)-3-phenylprop-2-yn-1-one (5r) 

 

 

C18H13NO 

259.30 

 

190 mg (0.73 mmol, 37 % yield) as a yellow solid. Mp 97 °C. 1H-NMR (CDCl3,  

300 MHz): 4.13 (s, 3 H), 7.12-7.24 (m, 1 H), 7.32-7.56 (m, 5 H), 7.60-7.83 (m, 4 H). 

13C-NMR (CDCl3, 75 MHz):  32.5 (CH3), 88.3 (Cquat), 90.0 (Cquat), 110.8 (CH), 116.8 

(CH), 120.8 (Cquat), 121.4 (CH), 123.7 (CH), 126.3 (Cquat), 127.2 (CH), 129.0 (CH), 

130.9 (CH), 133.3 (CH), 136.5 (Cquat), 141.4 (Cquat), 170.0 (Cquat). EI + MS (m/z (%)): 

260 (19), 259 (M+, 100), 258 (47), 231 ((M-CO)+, 19), 230 (79), 201 (11), 182 (17), 

154 (20), 143 (18), 142 (18), 130 (6), 129 (C9H5O
+, 28), 128 (14), 116 (14), 115 ((M-

C9H5O-CH3)
+, 41), 102 (10), 101 (C8H5

+, 11), 89 (16). IR (ATR):  2197 (m) cm-1, 

1603 (s), 1506 (m), 1466 (m), 1423 (m), 1395 (m), 1273 (m), 1186 (m), 1146 (w), 

1128 (s), 1096 (w), 1028 (m), 1015 (m), 993 (s), 818 (w), 756 (s), 737 (s), 685 (s), 

644 (m). Anal. calcd. for C18H13NO (259.3): C 83.37, H 5.05, N 5.40. Found: C 83.38, 

H 5.28, N 5.30. 
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4.2.19 1-(1-Methyl-1H-pyrazol-5-yl)-3-phenylprop-2-yn-1-one (5s) 

 

 

C13H10N2O 

210.23 

 

168 mg (0.80 mmol, 40 % yield) as a pale yellow solid. Mp 107 °C. 1H-NMR (CDCl3, 

300 MHz): 4.21 (s, 3 H), 7.13 (d, J = 2.1 Hz, 1 H), 7.36-7.55 (m, 4 H), 7.60-7.68 (m, 

2 H). 13C-NMR (CDCl3, 75 MHz):  40.5 (CH3), 87.7 (Cquat), 91.8 (Cquat), 115.2 (CH), 

120.1 (Cquat), 129.1 (CH), 131.4 (CH), 133.4 (CH), 138.3 (CH), 139.9 (Cquat), 167.4 

(Cquat). EI + MS (m/z (%)): 211 (3), 210 (M+, 25), 209 (47), 182 ((M-CO)+, 6), 181 (8), 

154 (23), 130 (3), 129 (C9H5O
+, 25). IR (ATR):  2199 (m) cm-1, 1643 (s), 1503 (m), 

1489 (w), 1462 (m), 1441 (m), 1422 (m), 1395 (w), 1314 (m), 1296 (m), 1269 (m), 

1209 (m), 1157 (w), 1069 (m), 1024 (w), 982 (s), 926 (m), 806 (m), 791 (m), 762 (s), 

745 (3), 719 (m), 689 (s), 637 (m). Anal. calcd. for C13H10N2O (210.2): C 74.27,  

H 4.79, N 13.33. Found: C 74.00, H 4.94, N 13.33. 

 

Data reported in the literature: M. S. Shvartsberg, G. Fedenok, Russ. Chem. Bull. 

1991, 39, 1906-1910. 

 

Mp. 76.5-77.5 °C, Anal. calcd.: C 74.06, H 4.61, N 13.44. Found: C 74.27, H 4.79, N 

13.44. 1H NMR:  4.08 (s, 3H, CH3), 6.73 (d, 1H, C4H), 7.59 (d, 1H, C3H), 7.53-7.57 

and 8.12-8.22 (m, 5H, Ph). 
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4.2.20 1-(1-Methyl-1H-indazol-3-yl)-3-phenylprop-2-yn-1-one (5t) 

 

 

C17H12N2O 

260.29 

 

325 mg (1.25 mmol, 62 % yield) as a pale brown solid. Mp 83 °C. 1H-NMR (CDCl3, 

300 MHz): 4.22 (s, 3 H), 7.32-7.52 (m, 6 H), 7.70-7.78 (m, 2 H), 8.40 (dt, J =  

8.1 Hz, J = 1.0 Hz, 1 H). 13C-NMR (CDCl3, 75 MHz):  37.0 (CH3), 88.1 (Cquat), 92.1 

(Cquat), 109.8 (CH), 120.9 (Cquat), 122.9 (CH), 123.4 (Cquat), 124.4 (CH), 127.6 (CH), 

128.9 (CH), 130.9 (CH), 133.5 (CH), 141.6 (Cquat), 143.2 (Cquat), 172.6 (Cquat).  

EI + MS (m/z (%)): 261 (18), 260 (M+, 90), 233 ((M-CO+H)+, 14), 232 ((M-CO)+, 82), 

231 (48), 130 (11), 129 (C9H5O
+, 100), 116 (C7H4N2

+, 22), 101 (C8H5
+, 15), 94 (17), 

93 (29), 77 (10), 75 (18). IR (ATR):  2195 (w) cm-1, 1607 (m), 1474 (m), 1443 (w), 

1423 (m), 1391 (m), 1304 (m), 1275 (w), 1242 (m), 1150 (m), 1084 (s), 1042 (m), 

1005 (w), 961 (m), 799 (m), 777 (s), 746 (s), 691 (s), 644 (m), 629 (s). Anal. calcd. for 

C17H12N2O (260.3): C 78.44, H 4.65, N 10.76. Found: C 78.22, H 4.56, N 10.88. 
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4.2.21 1-Ethyl-7-methyl-3-(3-phenylprop-2-ynoyl)-1,4-dihydro-1,8-naphthyridin-

4-one (5u) 

 

 

C20H16N2O2 

316.35 

 

117 mg (0.37 mmol, 18 % yield) as a yellow-brown solid. Mp 169 °C. 1H-NMR 

(CDCl3, 300 MHz): 1.52 (t, J = 7.2 Hz, 3 H), 2.67 (s, 3 H), 4.52 (q, J = 7.2 Hz, 2 H), 

7.29 (s, 1 H), 7.34-7.48 (m, 3 H), 7.70-7.81 (m, 2 H), 8.66-8.72 (m, 1 H), 8.72-8.75 

(m, 1 H). 13C-NMR (CDCl3, 75 MHz):  15.6 (CH3), 25.7 (CH3), 47.3 (CH2), 90.0 

(Cquat), 94.2 (Cquat), 119.8 (Cquat), 121.3 (Cquat), 121.9 (CH), 122.5 (Cquat), 128.8 (CH), 

130.8 (CH), 133.7 (CH), 137.2 (CH), 149.1 (CH), 163.3 (Cquat), 174.3 (Cquat), 175.4 

(Cquat). EI + MS (m/z (%)): 317 (23), 316 (M+, 100), 315 (5), 288 ((M-CO)+, 25), 287 

(19), 273 ((M-CO-CH3)
+, 22), 261 (11), 260 (57), 259 (21), 245 (16), 232 (15), 231 

(11), 144 (14), 129 (C9H5O
+, 14). IR (ATR):  2193 (m) cm-1, 1641 (s), 1614 (m), 

1591 (s), 1568 (m), 1531 (s), 1489 (m), 1439 (s), 1369 (m), 1337 (s), 1300 (m), 1263 

(m), 1252 (m), 1221 (m), 1173 (s), 1157 (m), 1115 (s), 1061 (s), 1042 (s), 997 (m), 

930 (m), 791 (s), 770 (s), 748 (s), 691 (s), 656 (s), 619 (m). Anal. calcd. for 

C20H16N2O2 (316.4): C 75.93, H 5.10, N 8.86. Found: C 75.82, H 5.31, N 8.64. 
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4.2.22 2-(3-Phenylprop-2-ynoyl)-4H-chromen-4-one (5v) 

 

 

C18H10O3 

274.27 

 

470 mg (1.06 mmol, 53 % yield) as a yellow solid. Mp 153 °C. 1H-NMR (CDCl3,  

300 MHz): 7.34 (s, 1 H), 7.42-7.59 (m, 4 H), 7.62-7.81 (m, 4 H), 8.22 (dd, J =  

8.0 Hz, J = 1.7 Hz, 1 H). 13C-NMR (CDCl3, 75 MHz):  81.1 (Cquat), 97.0 (Cquat), 116.1 

(CH), 119.2 (Cquat), 119.3 (CH), 125.0 (Cquat), 126.2 (CH), 126.5 (CH), 129.3 (CH), 

132.3 (CH), 133.9 (CH), 135.5 (CH), 156.1 (Cquat), 156.8 (Cquat), 171.2 (Cquat), 179.1 

(Cquat). EI + MS (m/z (%)): 276 (2), 275 (4), 274 (M+, 15), 246 ((M-CO)+, 10), 130 (9), 

129 (C9H5O
+, 100), 75 (7). IR (ATR):  2922 (w) cm-1, 2851 (w), 2193 (m), 1641 (s), 

1614 (m), 1570 (w), 1462 (m), 1443 (w), 1396 (m), 1335 (w), 1308 (m), 1271 (m), 

1219 (w), 1180 (w), 1121 (s), 1049 (s), 997 (m), 961 (w), 930 (w), 856 (m), 777 (m), 

752 (s), 685 (s), 671 (m). Anal. calcd. for C18H10O3 (274.3): C 78.82, H 3.67. Found: 

C 78.71, H 3.76. 
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5 Preparation of 2-acylpyrazoles 7 

5.1 General procedure 

 

 

2.00 mmol of glyoxylic acid 1 in dry 1,4-dioxane (10 mL) were placed under argon 

atmosphere in a dry screw-cap Schlenk vessel with septum and degassed with 

argon. Then, oxalyl chloride (0.18 mL, 2.00 mmol, 1.00 equiv.) was added dropwise 

to the reaction mixture at room temperature (water bath). The mixture was stirred for 

4 h at 50 °C in a preheated oil bath and was allowed to come to room temperature. 

CuI (20 mg, 0.10 mmol, 5 mol %), phenylacetylene (2a) (0.23 mL, 2.00 mmol, 1.00 

equiv.), and dry triethylamine (0.84 mL, 6.00 mmol, 3.00 equivs.) were successively 

added to the mixture and stirring at room temperature was continued for 24 h. 

Afterwards, tert-butyl carbazate (267 mg, 2.00 mmol, 1.00 equiv.) and 2 mL of 2-

methoxyethanol were added. This mixture was stirred for 24 h at 100 °C (preheated 

oil bath). After complete conversion (product monitored by TLC) water (10 mL) was 

added and the mixture was extracted with dichloromethane (4 x 10 mL, monitored by 

TLC). The combined organic layers were dried with anhydrous sodium sulfate and 

the desiccant was removed by filtration. After removal of the solvents in vacuum the 

residue was adsorbed on Celite® and purified chromatographically on silica gel with 

petroleum ether (boiling range 40-60 °C)/ethyl acetate to give the N-Boc protected 

acylpyrazoles 6 as pale brown solids which were used as obtained in the subsequent 

step.  
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For deprotection the N-Boc protected acylpyrazoles 6 were dissolved in methanol 

(0.2 M), 2.5 equivs. of potassium carbonate were added, and the mixture was stirred 

for 2 h at 50 °C (preheated oil bath). After complete deprotection (monitored by TLC) 

the mixture was adsorbed on Celite® and chromatographed on silica gel with 

dichloromethane (DCM)/methanol/aqueous ammonia to give 2-acylpyrazoles 7. 

 

The experimental details for the synthesis of the 2-acylpyrazoles 7 are given in  

Table 4. 

Table 4. Experimental details for the synthesis of 2-acylpyrazoles 7. 

 

Entry 

Glyoxylic acid 

1

(2.00 mmol)

2-Acylpyrazole 7 

(isolated yield) 
Chromatographic purification 

1 Phenylglyoxylic 

acid (Merck) 

1a 

306 mg 
7a 

201 mg 

(0.81 mmol) 

41 % 

DCM/methanol/aqueous ammonia = 

100:1:1 

2 Mesiylglyoxylic 

acid (ABCR)

1b 

388 mg 7b 

232 mg 

(0.80 mmol) 

41 %

DCM/methanol/aqueous ammonia = 

100:1:1 
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Table 4 (Continuation). 

 

Entry Glyoxylic acid 

1 

(2.00 mmol) 

2-Acylpyrazole 7 

(isolated yield) 

Chromatographic purification 

3 2-Thiophenyl 

glyoxylic acid 

(Alpha Aesar)

1c 

319 mg 

7c 

256 mg 

(1.08 mmol) 

54 %

DCM/methanol/aqueous ammonia = 

100:1:1[a] 

 

[a] Additionally purified by dissolving in hydrogen chloride solution in ethanol (1.25 M, Fluka). 
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5.2 Spectroscopic data of compounds 7a-c 

5.2.1 5-Benzoyl-3-phenyl-1H-pyrazole (7a) 

 

NHN

Ph

O

 

C16H12N2O 

248.28 

 

201 mg (0.81 mmol, 41 % yield) as a colorless solid. Mp 167-170 °C. 1H-NMR 

(DMSO-d6, 200 MHz, 100 °C):  6.71-6.81 (m, 1 H), 6.85-7.25 (m, 6 H), 7.33-7.44 (m, 

2 H), 7.52-7.88 (m, 2 H), 13.2 (brs, NH). EI + MS (m/z (%)): 249 (19), 248 (M+, 100), 

247 (3), 220 (11), 219 (13), 191 (10), 171 ((M-C6H5)
+, 14), 149 (10), 114 (13), 105 

(C7H5O
+, 58), 77 (C6H5

+, 50), 71 (13), 57 (12). IR (KBr):  3223 (m) cm-1, 1719 (w), 

1636 (s), 1573 (m), 1492 (w), 1466 (m), 1397 (m), 1277 (m), 1257 (m), 1183 (m), 

1065 (w), 1025 (w), 960 (w), 901 (m), 831 (m), 798 (m), 764 (m), 729 (s), 686 (m), 

512 (w). Anal. calcd. for C16H12N2O (248.3): C 77.40, H 4.87, N 11.28. Found:  

C 77.20, H 5.04, N 11.06. 

 

Data reported in the literature: S. Ito, A. Kakehi, K. Okada, Heterocycles 1999, 51, 

2949-2960. 

 

Mp 174-175 °C. 1H NMR (CDCl3):  14.01 (bs, NH), multipletts near 7-8 ppm due to 

aromatic protons are omitted. IR (KBr):  3221 cm-1 (NH), 1636 (C=O), 1397, 1256 

(pyrazole ring). Anal. calcd.: C 77.40, H 4.87, N 11.28. Found: C 77.31, H 4.84,  

N 11.44. 
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5.2.2 3-Phenyl-5-[(2,4,6-trimethylphenyl)carbonyl]-1H-pyrazole (7b) 

 

NHN

Ph

O

 

C19H18N2O 

290.36 

 

232 mg (0.80 mmol, 41 % yield) as a colorless solid. Mp 71 °C. 1H-NMR (DMSO-d6,  

200 MHz, 100 °C):  1.65 (s, 6 H), 1.85 (s, 3 H), 6.47 (s, 2 H), 6.54 (s, 1 H), 6.80-7.12 

(m, 3 H), 7.27-7.41 (m, 2 H), 13.2 (brs, NH). EI + MS (m/z (%)): 291 (19), 290 (M+, 

100), 289 (30), 273 (21), 262 ((M-CO)+, 23), 261 (24), 247 (14), 187 (17), 172 (17), 

158 (22), 157 (15), 147 (C10H11O
+, 20), 146 (24), 145 (12), 144 (26), 119 (C9H11

+, 

26), 117 (18), 116 (15), 115 (24), 104 (16), 103 (13), 91 (36), 77 (C6H5
+, 25), 43 (14). 

IR (KBr):  1661 (m) cm-1, 1611 (w), 1462 (m), 1429 (m), 1398 (m), 1375 (m), 1273 

(w), 1242 (m), 1177 (m), 1142 (w), 1061 (w), 1032 (w), 1016 (w), 961 (w), 953 (w), 

883 (s), 849 (m), 829 (m), 762 (s), 739 (m), 691 (s), 627 (m). Anal. calcd. for 

C19H18N2O (290.4): C 78.59, H 6.25, N 9.65. Found: C 78.53, H 6.44, N 9.41. 
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5.2.3 3-Phenyl-5-[(thiophen-2-yl)carbonyl]-1H-pyrazole (7c) 

 

 

C14H10N2OS 

254.31 

 

256 mg (1.08 mmol, 54 % yield) as a colorless solid. Mp 187 °C. 1H-NMR (DMSO-d6, 

200 MHz, 100 °C):  6.63-6.87 (m, 2 H), 6.87-7.06 (m, 3 H), 7.27-7.42 (m, 2 H), 7.42-

7.58 (m, 1 H), 7.91 (brs, 1 H), 13.30 (brs, 1 H). EI + MS (m/z (%)): 256 (6), 255 (17), 

254 (M+, 100), 253 (8), 226 ((M-CO)+, 7), 225 (6), 171 (15), 123 (11), 115 (13), 114 

(49), 113 (10), 111 (C5H3OS+, 90), 83 (C4H3S
+, 12), 77 (C6H5

+, 10). IR (ATR):  3204 

(w) cm-1, 2980 (w), 2361 (w), 1603 (m), 1516 (w), 1472 (w), 1396 (w), 1258 (w), 1192 

(w), 1155 (w), 997 (w), 961 (w), 914 (w), 858 (w), 820 (s), 772 (m), 756 (s), 716 (s), 

680 (s), 673 (m), 642 (w), 617 (w). Anal. calcd. for C14H10N2OS (254.3): C 66.12,  

H 3.96, N 11.02. Found: C 65.89, H 4.13, N 11.27. 
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6 Preparation of 2-phenylaminopyrimidines 8 

6.1 General procedure 

 

 

2.00 mmol of carboxylic acid 1 in dry 1,4-dioxane (10 mL) were placed under argon 

atmosphere in a dry screw-cap Schlenk vessel with septum and degassed with 

argon. Then, oxalyl chloride (0.18 mL, 2.00 mmol, 1.00 equiv.) was added dropwise 

to the reaction mixture at room temperature (water bath). The mixture was stirred for 

4 h at 50 °C in a preheated oil bath and was allowed to come to room temperature. 

PdCl2(PPh3)2 (28 mg, 0.04 mmol, 2 mol %), CuI (15 mg, 0.08 mmol, 4 mol %), 

trimethylsilylacetylene (ABCR) (2f) (0.27 mL, 2.00 mmol, 1.00 equiv.), and dry 

triethylamine (0.84 mL, 6.00 mmol, 3.00 equivs.) were successively added to the 

mixture and stirring at room temperature was continued for 1 h. Afterwards,  

1-(2-methylphenyl)guanidinium nitrate[a] (424 mg, 2.00 mmol, 1.00 equiv.), potassium 

carbonate (698 mg, 5.00 mmol, 2.50 equivs.), and 2 mL of 2-methoxyethanol were 

added. This mixture was stirred for 24 h at 120 °C (preheated oil bath). After 

complete conversion the residue was adsorbed on Celite® and purified 

chromatographically on silica gel with dichloromethane/methanol/aqueous ammonia 

to give 2-phenylaminopyrimidines 8 as analytically pure compounds. 
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[a] 1-(2-Methylphenyl)guanidinium nitrate was prepared according to the literature 

procedure: F. X. Tavares, J. A. Boucheron, S. H. Dickerson, R. J. Griffin, F. 

Preugschat, S. A. Thomson, T. Y. Wang, H.-Q. Zhou, J. Med. Chem. 2004, 47, 4716-

4730. 

 

The experimental details for the synthesis of 2-phenylaminopyrimidines 8 are given in 

Table 5. 
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Table 5. Experimental details for the synthesis of 2-phenylaminopyrimidines 8. 

 

Entry 

Carboxylic acid 

4

(2.00 mmol)

2-Phenylamino-

pyrimidine 8 

(isolated yield) 

Chromatographic purification 

1 3-Pyridyl 

carboxylic acid 

sodium salt 

(ABCR) 

4a[a] 

296 mg 
8a 

279 mg 

(1.06 mmol) 

53 %[a] 

DCM/methanol/aqueous ammonia = 

100:1:1 

2 2,6-Dichloro-

isonicotinic 

acid (ABCR) 

4h 

396 mg 

8b 

282 mg 

(0.85 mmol) 

41 %

DCM/methanol/aqueous ammonia = 

100:1:1 

 

[a] 2.00 equivs. of triethylamine in the 2
nd

 reaction step 
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6.2 Spectroscopic data of compounds 8a-b 

6.2.1 N-(2-Methylphenyl)-4-(pyridin-3-yl)pyrimidin-2-amine (8a) 

N N

NH

N  

C16H14N4 

262.31 

 

279 mg (1.06 mmol, 53 % yield) as an orange solid. Mp 84 °C. 1H-NMR (CDCl3,  

300 MHz):  2.36 (s, 3 H), 7.01-7.12 (m, 2 H), 7.14 (d, J = 5.2 Hz, 1 H), 7.20-7.32 (m, 

2 H), 7.36-7.44 (m, 1 H), 8.07 (d, J = 8.1 Hz, 1 H), 8.29-8.37 (m, 1 H), 8.49 (d, J =  

5.2 Hz, 1 H), 8.67-8.74 (m, 1 H), 9.23-9.29 (m, 1 H). 13C-NMR (CDCl3, 75 MHz):  

 18.5 (CH3), 108.4 (CH), 122.3 (CH), 124.0 (CH), 124.2 (CH), 127.0 (CH), 129.2 

(Cquat), 130.9 (CH), 133.0 (Cquat), 134.8 (CH), 137.6 (Cquat), 148.9 (CH), 151.8 (CH), 

159.5 (CH), 161.2 (Cquat), 162.9 (Cquat). EI + MS (m/z (%)): 263 (12), 262 (M+, 66), 

261 (49), 248 (18), 247 ((M-CH3-H)+, 100), 246 (21), 130 (11). IR (ATR):  1591 (m) 

cm-1, 1557 (s), 1530 (m), 1483 (m), 1445 (s), 1373 (m), 1333 (m), 1319 (m), 1287 

(m), 1240 (m), 1196 (m), 1140 (w), 1120 (w), 1107 (w), 1080 (w), 1024 (m), 989 (w), 

935 (w), 853 (w), 791 (s), 748 (s), 718 (s), 702 (s), 642 (s), 613 (m). Anal. calcd. for 

C16H14N4 (262.3): C 73.26, H 5.38, N 21.36. Found: C 73.19, H 5.60, N 21.16. 

 

Data reported in the literature: M. G. Bursavich, S. Lombardi, A. M. Gilbert, Org. Lett. 

2005, 7, 4113-4116.  

1H NMR (400 MHz, DMSO-d6)  ppm 2.26 (s, 3 H), 7.19-7.26 (m, 2 H), 7.41 (d, J=5.2 

Hz, 1 H), 7.52-7.57 (m, 2 H), 8.38-8.42 (m, 1 H), 8.50 (d, J=5.0 Hz, 1 H), 8.70 (dd, 

J=4.8, 1.8 Hz, 1 H), 8.94 (s, 1 H), 9.25 (dd, J=2.3, 0.7 Hz, 1 H). MS (ESI) m/z 263.1. 



6. Preparation of 2-phenylaminopyrimidines 8  -55- 

6.2.2 4-(2,6-Dichloropyridin-4-yl)-N-(2-methylphenyl)pyrimidin-2-amine (8b) 

 

N N

NH

N

Cl

Cl  

C16H12Cl2N4 

331.20 

 

282 mg (0.85 mmol, 43 % yield) as a yellow solid. Mp 155 °C. 1H-NMR (DMSO-d6,  

300 MHz):  2.25 (s, 3 H), 7.05-7.15 (m, 1 H), 7.15-7.30 (m, 2 H), 7.45-7.60 (m, 2 H), 

8.13 (s, 2 H), 8.59 (m, 1 H), 9.12 (s, 1 H). 13C-NMR (DMSO, 75 MHz):  18.1 (CH3), 

108.3 (CH), 120.7 (CH), 124.8 (CH), 125.2 (CH), 125.9 (CH), 130.3 (CH), 132.5 

(Cquat), 137.5 (Cquat), 150.2 (Cquat), 150.5 (Cquat), 158.5 (Cquat), 160.4 (CH), 161.2 

(Cquat). EI + MS (m/z (%)): 333 ((M(37Cl37Cl)-H)+, 12), 332 (M(37Cl35Cl)+, 39), 331 

((M(37Cl35Cl)-H)+, 37), 330 (M(35Cl35Cl)+, 61), 329 ((M(35Cl35Cl)-H)+, 45), 319 

((M(37Cl37Cl)-CH3)
+, 11), 318 ((M(37Cl37Cl)-CH3-H)+, 14), 317 ((M(37Cl35Cl)-CH3)

+, 64), 

316 ((M(37Cl35Cl)-CH3-H)+, 33), 315 ((M(35Cl35Cl)-CH3)
+, 100), 314 ((M(35Cl35Cl)-CH3-

H)+, 24), 165 (10), 164 (11), 132 (14), 130 (10), 129 (15), 116 (16), 106 (C7H8N
+, 17), 

104 (12), 91 (C7H7
+, 16), 89 (12), 77 (C6H5

+, 17), 65 (C5H5
+, 13), 43 (13). IR (ATR):  

 2920 (w) cm-1, 1601 (w), 1570 (w), 1528 (w), 1487 (w), 1452 (s), 1400 (m), 1373 

(m), 1354 (m), 1321 (w), 1285 (w), 1271 (w), 1252 (m), 1238 (m), 1196 (w), 1171 (m), 

1146 (s), 1111 (w), 1049 (w), 1020 (w), 874 (m), 793 (s), 741 (s), 714 (m), 689 (m), 

652 (m), 615 (w). Anal. calcd. for C16H12Cl2N4 (331.2): C 58.02, H 3.65, N 16.92. 

Found: C 57.80, H 3.77, N 16.75. 

 



7. 1H- and 13C-NMR Spectra of compounds 3a-g  -56- 
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1H-NMR (500 MHz) of 3a (30 mg) in CDCl3 at 295 K (  in ppm). *Impurities from 

residual solvents. 
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13C-NMR (125 MHz) of 3a (30 mg) in CDCl3 at 295 K (  in ppm). 

0102030405060708090100110120130140150160170180190
f1 (ppm)

O

O

13C-DEPT 135-NMR (125 MHz) of 3a (30 mg) in CDCl3 at 295 K (  in ppm). 
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1H-NMR (300 MHz) of 3b (30 mg) in CDCl3 at 295 K (  in ppm).  
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13C-NMR (75 MHz) of 3b (30 mg) in CDCl3 at 295 K (  in ppm). 
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13C-DEPT 135-NMR (75 MHz) of 3b (30 mg) in CDCl3 at 295 K (  in ppm). 
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1H-NMR (500 MHz) of 3c (30 mg) in CDCl3 at 296 K (  in ppm). 
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13C-DEPT 135-NMR (125 MHz) of 3c (30 mg) in CDCl3 at 296 K (  in ppm). 
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1H-NMR (300 MHz) of 3d (30 mg) in CDCl3 at 294 K (  in ppm). *Impurities from 

residual solvents. 
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13C-NMR (75 MHz) of 3d (30 mg) in CDCl3 at 295 K (  in ppm). 
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13C-DEPT 135-NMR (75 MHz) of 3d (30 mg) in CDCl3 at 296 K (  in ppm). 
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1H-NMR (500 MHz) of 3e (30 mg) in CDCl3 at 297 K (  in ppm). *Impurities from 

residual solvents. 
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13C-NMR (125 MHz) of 3e (30 mg) in CDCl3 at 297 K (  in ppm). 
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13C-DEPT 135-NMR (125 MHz) of 3e (30 mg) in CDCl3 at 297 K (  in ppm). 
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1H-NMR (300 MHz) of 3f (30 mg) in CDCl3 at 295 K (  in ppm). *Impurities from 

residual solvents. 
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13C-NMR (75 MHz) of 3f (30 mg) in CDCl3 at 295 K (  in ppm). 
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13C-DEPT 135-NMR (75 MHz) of 3f (30 mg) in CDCl3 at 295 K (  in ppm). 
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1H-NMR (300 MHz) of 3g (30 mg) in CDCl3 at 295 K (  in ppm). *Impurities from 

residual solvents. 
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13C-NMR (75 MHz) of 3g (30 mg) in CDCl3 at 296 K (  in ppm). 
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13C-DEPT 135-NMR (75 MHz) of 3g (30 mg) in CDCl3 at 295 K (  in ppm). 



8. 1H- and 13C-NMR Spectra of compounds 5a-u  -70- 
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1H-NMR (500 MHz) of 5a (30 mg) in CDCl3 at 296 K (  in ppm). *Impurities from 

residual solvents. 
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13C-NMR (125 MHz) of 5a (30 mg) in CDCl3 at 296 K (  in ppm). 

0102030405060708090100110120130140150160170180
f1 (ppm)

N

O

 
13C-DEPT 135-NMR (125 MHz) of 5a (30 mg) in CDCl3 at 296 K (  in ppm). 
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1H-NMR (500 MHz) of 5b (30 mg) in CDCl3 at 299 K (  in ppm). *Impurities from 

residual solvents. 
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13C-DEPT 135-NMR (125 MHz) of 5b (30 mg) in CDCl3 at 299 K (  in ppm). 
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1H-NMR (300 MHz) of 5c (30 mg) in CDCl3 at 298 K (  in ppm).  
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13C-NMR (75 MHz) of 5c (30 mg) in CDCl3 at 298 K (  in ppm). 
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13C-DEPT 135-NMR (75 MHz) of 5c (30 mg) in CDCl3 at 298 K (  in ppm). 
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1H-NMR (300 MHz) of 5d (30 mg) in CDCl3 at 298 K (  in ppm). *Impurities from 

residual solvents. 
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13C-NMR (75 MHz) of 5d (30 mg) in CDCl3 at 298 K (  in ppm).  

1
2
3
.7

1
2
4
.0

1
3
6
.5

1
4
0
.3

1
5
1
.5

1
5
1
.7

1
5
3
.7

1
5
4
.9

 
13C-DEPT 135-NMR (75 MHz) of 5d (30 mg) in CDCl3 at 298 K (  in ppm). 
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1H-NMR (300 MHz) of 5e (30 mg) in CDCl3 at 298 K (  in ppm). *Impurities from 

residual solvents. 



8. 1H- and 13C-NMR Spectra of compounds 5a-u  -79- 
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13C-NMR (75 MHz) of 5e (30 mg) in CDCl3 at 298 K (  in ppm). 
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13C-DEPT 135-NMR (75 MHz) of 5e (30 mg) in CDCl3 at 298 K (  in ppm). 
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1H-NMR (300 MHz) of 5f (30 mg) in CDCl3 at 298 K (  in ppm). *Impurities from 

residual solvents. 
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13C-NMR (75 MHz) of 5f (30 mg) in CDCl3 at 298 K (  in ppm). 
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13C-DEPT 135-NMR (75 MHz) of 5f (30 mg) in CDCl3 at 298 K (  in ppm). 
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1H-NMR (300 MHz) of 5g (30 mg) in CDCl3 at 298 K (  in ppm). *Impurities from 

residual solvents. 
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13C-NMR (75 MHz) of 5g (30 mg) in CDCl3 at 298 K (  in ppm). 
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13C-DEPT 135-NMR (75 MHz) of 5g (30 mg) in CDCl3 at 298 K (  in ppm). 
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1H-NMR (300 MHz) of 5h (30 mg) in CDCl3 at 298 K (  in ppm). *Impurities from 

residual solvents. 
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13C-NMR (75 MHz) of 5h (30 mg) in CDCl3 at 298 K (  in ppm). 
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13C-DEPT 135-NMR (75 MHz) of 5h (30 mg) in CDCl3 at 298 K (  in ppm). 
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1H-NMR (300 MHz) of 5i (30 mg) in CDCl3 at 298 K (  in ppm).  



8. 1H- and 13C-NMR Spectra of compounds 5a-u  -87- 

0102030405060708090100110120130140150160170180
f1 (ppm)

N

O

O

13C-NMR (75 MHz) of 5i (30 mg) in CDCl3 at 298 K (  in ppm). 
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13C-DEPT 135-NMR (75 MHz) of 5i (30 mg) in CDCl3 at 298 K (  in ppm). 
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1H-NMR (500 MHz) of 5j (30 mg) in CDCl3 at 298 K (  in ppm). *Impurities from 

residual solvents. 
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13C-NMR (125 MHz) of 5j (30 mg) in CDCl3 at 298 K (  in ppm). 
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13C-DEPT 135-NMR (125 MHz) of 5j (30 mg) in CDCl3 at 298 K (  in ppm). 
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1H-NMR (300 MHz) of 5k (30 mg) in CDCl3 at 297 K (  in ppm). *Impurities from 

residual solvents. 
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13C-NMR (75 MHz) of 5k (30 mg) in CDCl3 at 297 K (  in ppm). 

0102030405060708090100110120130140150160170180
f1 (ppm)

1
2
2
.3

1
2
9
.1

1
3
1
.7

1
3
3
.6

1
5
1
.2

N

O
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1H-NMR (300 MHz) of 5m (30 mg) in CDCl3 at 298 K (  in ppm). *Impurities from 

residual solvents. 
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13C-DEPT 135-NMR (75 MHz) of 5m (30 mg) in CDCl3 at 298 K (  in ppm). 
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1H-NMR (300 MHz) of 5n (30 mg) in CDCl3 at 295 K (  in ppm). *Impurities from 

residual solvents. 
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13C-DEPT 135-NMR (75 MHz) of 5n (30 mg) in CDCl3 at 296 K (  in ppm). 
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1H-NMR (300 MHz) of 5o (30 mg) in CDCl3 at 296 K (  in ppm). *Impurities from 

residual solvents. 



8. 1H- and 13C-NMR Spectra of compounds 5a-u  -99- 

7
7
.0

7
7
.4

7
7
.8

8
8
.5

9
4
.1

1
1
9
.9

1
2
4
.3

1
2
9
.2

1
3
0
.4

1
3
9
.9

1
4
9
.6

1
5
0
.3

1
7
9
.4

13C-NMR (75 MHz) of 5o (30 mg) in CDCl3 at 297 K (  in ppm). 
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13C-DEPT 135-NMR (75 MHz) of 5o (30 mg) in CDCl3 at 297 K (  in ppm). 
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1H-NMR (300 MHz) of 5p (30 mg) in CDCl3 at 298 K (  in ppm). *Impurities from 

residual solvents. 
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1H-NMR (300 MHz) of 5q (30 mg) in CDCl3 at 298 K (  in ppm). *Impurities from 

residual solvents. 
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13C-NMR (75 MHz) of 5q (30 mg) in CDCl3 at 298 K (  in ppm). 
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13C-DEPT 135-NMR (75 MHz) of 5q (30 mg) in CDCl3 at 298 K (  in ppm). 
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1H-NMR (300 MHz) of 5r (30 mg) in CDCl3 at 298 K (  in ppm). *Impurities from 

residual solvents. 
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13C-DEPT 135-NMR (75 MHz) of 5r (30 mg) in CDCl3 at 298 K (  in ppm). 



8. 1H- and 13C-NMR Spectra of compounds 5a-u  -106- 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.5
f1 (ppm)

O

N

N

1H-NMR (300 MHz) of 5s (30 mg) in CDCl3 at 298 K (  in ppm).  

 



8. 1H- and 13C-NMR Spectra of compounds 5a-u  -107- 

4
0
.5

7
7
.0

7
7
.4

7
7
.8

8
7
.7

9
1
.8

1
1
5
.2

1
2
0
.1

1
2
9
.1

1
3
1
.4

1
3
3
.4

1
3
8
.3

1
3
9
.9

1
6
7
.4

13C-NMR (75 MHz) of 5s (30 mg) in CDCl3 at 298 K (  in ppm). 
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13C-DEPT 135-NMR (75 MHz) of 5s (30 mg) in CDCl3 at 298 K (  in ppm). 
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1H-NMR (300 MHz) of 5t (30 mg) in CDCl3 at 298 K (  in ppm). *Impurities from 

residual solvents. 
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13C-DEPT 135-NMR (75 MHz) of 5t (30 mg) in CDCl3 at 298 K (  in ppm). 
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1H-NMR (300 MHz) of 5u (30 mg) in CDCl3 at 298 K (  in ppm). *Impurities from 

residual solvents. 
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13C-NMR (75 MHz) of 5u (30 mg) in CDCl3 at 298 K (  in ppm). 
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13C-DEPT 135-NMR (75 MHz) of 5u (30 mg) in CDCl3 at 298 K (  in ppm). 
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1H-NMR (300 MHz) of 5v (30 mg) in CDCl3 at 298 K (  in ppm). *Impurities from 

residual solvents. 
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0102030405060708090100110120130140150160170180
f1 (ppm)

1
1
6
.1

1
1
9
.3

1
2
6
.2

1
2
6
.5

1
2
9
.3

1
3
2
.3

1
3
3
.9

1
3
5
.5

O

O

O

13C-DEPT 135-NMR (75 MHz) of 5v (30 mg) in CDCl3 at 298 K (  in ppm). 
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1H-NMR (200 MHz) of 7a (30 mg) in DMSO-d6 at 373 K (  in ppm). *Impurities from 

residual solvents. 
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1H-NMR (200 MHz) of 7b (30 mg) in DMSO-d6 at 373 K (  in ppm). *Impurities from 

residual solvents. 
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1H-NMR (200 MHz) of 7c (30 mg) in DMSO-d6 at 373 K (  in ppm).  
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1H-NMR (300 MHz) of 8a (30 mg) in CDCl3 at 295 K (  in ppm). *Impurities from 

residual solvents. 
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13C-DEPT 135-NMR (75 MHz) of 8a (30 mg) in CDCl3 at 296 K (  in ppm). 
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1H-NMR (300 MHz) of 8b (30 mg) in DMSO-d6 at 298 K (  in ppm). *Impurities from 

residual solvents. 
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Sonogashira coupling and the catalytic Glaser coupling are

both catalyzed by the Pd–Cu complex couple and can be con-

catenated to a consecutive sequentially Pd/Cu-catalyzed

process in a one-pot fashion, and air oxygen serves as the

only oxidant in the second step. In a pseudo-four-component

synthesis, a broad variety of symmetrically substituted 1,4-

bis(hetero)aryl-1,3-butadiynes are obtained in good to excel-

Introduction

1,4-Disubstituted 1,3-butadiynes are recurring building

blocks in natural products and analogues,[1] molecular elec-

tronic devices,[2] or optical materials[3] and serve as interme-

diates in the synthesis of a variety of heterocycles.[4] Tradi-

tionally, copper(I)- or copper(II)-catalyzed Glaser,[5] Eglin-

ton,[6] or Hay[7] coupling reactions and their numerous

modifications[8] utilizing terminal alkynes as substrates are

applied for the synthesis of symmetrical 1,3-diynes. Even

more efficient transformations rely on catalytic systems

consisting of combined palladium(0) or palladium(II) and

copper(I) sources.[9] Recently, a ligand-, palladium-, amine-

and even oxidant-free procedure, which uses copper nano-

particles as a catalyst, has been reported.[8a] Despite numer-

ous efficient strategies developed for Glaser-type acetylene

dimerizations,[10] the major drawback of utilizing terminal

alkynes as substrates is their sensitivity towards polymeriza-

tion and their occasionally tedious purification. Moreover,

some of the terminal alkynes proved to be quite unstable,

which limits their shelf life and complicates their synthesis.

Therefore, a synthetic route that avoids the isolation of

these compounds would be highly desirable.

In the past years some methodologies for the preparation

of 1,3-butadiynes starting from alkynyltrifluoroborates,[11a]

alkynylboronates,[11b] or alkynylsilanes[11c–11e] have been
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lent yields. Interestingly, the presence of iodide ions has been

found to be advantageous over other halides to trigger the

Pd/Cu-catalyzed Glaser step, and Pd and Cu species, as well

as triethylamine as a base, are prerequisite for both cou-

plings, which proceed with higher efficiency if performed in

a one-pot sequence.

published. Although these transformations avoid the use of

free terminal alkynes, they still require the application of

sophisticated organoboron or organosilicon substrates.

A reliable, quick and general approach to generate ter-

minal alkynes starting from easily available (hetero)aryl ha-

lides employs the Pd/Cu-cocatalyzed Sonogashira–Hagi-

hara cross coupling, followed by subsequent deprotec-

tion.[12] Since this catalytic system matches with the condi-

tions of the Glaser-type couplings mentioned above,[9] the

development of a sequentially catalyzed route for the syn-

thesis of 1,4-disubstituted 1,3-butadiynes utilizing the same

catalyst couple for alkynylation and oxidative coupling lies

at hand (Scheme 1). The isolation of intermediate terminal

alkynes becomes dispensable. To the best of our knowledge,

this obvious and straightforward concept has never been

realized.

Scheme 1. Concept of a Sonogashira–Glaser coupling sequence.

Concatenating the Sonogashira and the Glaser coupling

reactions into a one-pot sequence is especially advan-

tageous from an economical point of view but also because

of practical considerations. Herein, we report a sequence of

a Pd/Cu-cocatalyzed Sonogashira coupling of iodo arenes

with trimethylsilylacetylene (TMSA), followed by in-situ

cleavage of the silyl protective group and subsequent Gla-

ser-type homocoupling of the generated terminal alkynes
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to form symmetrical 1,4-disubstituted 1,3-butadiynes under

aerobic conditions in a one-pot fashion. This resulting se-

quence represents another unique showcase for sequentially

Pd/Cu-catalyzed processes.[13]

Results and Discussion

At the outset of our investigations, we reacted iodo-

benzene (1a) with TMSA (1.5 equiv.) under standard

Sonogashira conditions [PdCl2(PPh3)2, CuI, and NEt3 as a

base][14] to form trimethyl(phenylethynyl)silane in a smooth

reaction within 1 h at ambient temperature. After the reac-

tion vessel was opened, potassium fluoride and methanol

were added to cleave the TMS protective group. Simulta-

neously, upon subjecting to aerobic atmosphere and further

stirring at room temperature, the Glaser-type coupling pro-

ceeded smoothly. The desired 1,4-diphenylbuta-1,3-diyne

(2a) was isolated in 81% yield [Equation (1)].

(1)

To gain insight into the mode of action of the catalytic

system in the final Glaser coupling step, we subjected com-

mercially available phenylacetylene to different combina-

tions of precatalysts and additives used for the entire se-

quence to form the diyne 2a in a single step [Equation (2),

Table 1].

(2)

Table 1. Influence of precatalysts and additives in the Glaser-type
coupling step.[a]

Entry Conditions Time [h] Yield of 2a [%][b]

1 no additives 24 58

2 no PdCl2(PPh3)2, no additives 25 8

3 no CuI, no additives 25 36

4 1.0 equiv. KF 26 82

5 1.0 equiv. NH4Cl 26 86

6 1.0 equiv. NaBr 26 92

7 1.0 equiv. NaI 26 95

8 1.0 equiv. NaI, no NEt3 26 5

9 1.0 equiv. NaI, no CuI 26 41

10 1.0 equiv. NaI, no PdCl2(PPh3)2 26 7

[a] All reactions were carried out on a 2-mmol scale with 2 mol-%
PdCl2(PPh3)2, 4 mol-% CuI, and NEt3 (1.0 equiv.) in a mixture of
THF (5 mL) and methanol (5 mL). The mixture was stirred at
room temperature for the indicated time. The conditions were var-
ied or adjusted by additives as indicated. [b] Yield of isolated and
purified compound 2a.

Whilst use of CuI iodide as a single catalyst gave only

very low amounts of the desired compound 2a (Entry 2),

application of the palladium precatalyst led to the forma-

tion of an increased amount of diyne 2a (Entry 3). Upon
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combination of both precatalysts, a slight increase in the

isolated yield of product 2a could be observed (Entry 1).

Another experiment, which uses 2 mol-% PdCl2(PPh3)2,

4 mol-% CuI, and 1.5 equiv. KF starting from commercially

available trimethyl(phenylethynyl)silane, gave 55% of diyne

2a within 28 h of reaction time. This implies that no fluoro-

silanate complexes are involved in the transmetalation step.

Surprisingly, the yields of the Glaser coupling step alone

were much lower than those from the complete sequence,

which additionally includes Sonogashira and deprotection

steps. Bearing in mind that the apparent difference between

the conditions applied in the sequence and in the separated

Glaser coupling step is the generation of 1 equiv. trieth-

ylammonium iodide in the Sonogashira coupling step, we

scrutinized the influence of halide anions on the Glaser

coupling step. Thus, upon addition of 1.0 equiv. potassium

fluoride, the yield of the isolated diyne 2a increased dramat-

ically relative to the yield obtained without additives (En-

tries 1 and 4). Furthermore, the yield continuously in-

creased from fluoride (82%) through chloride (86%) and

bromide (92%) to iodide (95%) (Entries 4–7). To the best

of our knowledge, the effect of halide anions on the Glaser

coupling has neither been observed nor investigated. Al-

though the reason for this behavior is not clear at this stage,

the high yield obtained by the addition of iodide may ex-

plain the high efficiency of the developed sequence, since

ammonium iodide generated in the Sonogashira step could

promote the Glaser coupling step. Moreover, this prelimi-

nary investigation shows that the catalytic system

PdCl2(PPh3)2/CuI/NEt3 is essential for both Sonogashira

and Glaser coupling reactions to proceed efficiently, since

the absence of one of these components diminishes the yield

dramatically (Entries 8–10). These findings clearly emphas-

ize the benefits of combining Sonogashira and Glaser cou-

plings into a one-pot sequence.

The presented sequence is preparatively strikingly simple

and utilizes commercially available and stable reagents and

precatalysts without fancy ligands or additives. The use of

air as an oxidant additionally supports the sustainable as-

pect of the method (Scheme 2). With these mild conditions

for the sequence in hand, the substrate scope was examined

and a novel pseudo-four-component synthesis of symmetri-

cal 1,3-butadiynes 2 was established (Figure 1). All reac-

tions were carried out on a 2-mmol scale with respect to

(hetero)aryl iodide 1. The structures of compounds 2 were

unambiguously supported by combustion analysis, NMR

spectroscopy, and mass spectrometry.

Scheme 2. Optimized Sonogashira–Glaser coupling sequence for
the synthesis of 1,4-bis(hetero)aryl-1,3-butadiynes 2.
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Figure 1. Synthesized diynes 2 (isolated yields). Me = methyl, Boc = tert-butoxycarbonyl, Bn = benzyl, Et = ethyl.

The substituent pattern of the obtained 1,4-bis(hetero)-

aryl-1,3-butadiynes 2 (Figure 1) clearly supports that the

precursor (hetero)aryl halides 1 can be electroneutral, elec-

tron rich, as well as electron poor. Substituents in the ortho-,

meta- and para position, as well as the higher-substituted

trimethoxyphenyl group or the dimethyluracil derivative,

are tolerated. Overall, a large variety of functional groups

in the (hetero)aryl iodides 1, such as halides, nitro, cyano,

ester, amide, carbamate, urea, and, even unprotected hy-

droxy and amino groups, can be carried through the se-

quence without difficulties. The functional group tolerance

and the possibility to react different types of electronically

diverse six- and five-membered heterocyclic iodides are re-

markable for such a simple sequence. In most cases, the

isolated target compounds 2 are stable crystalline solids that

can be conveniently purified by column chromatography or

recrystallization. The crude reaction mixtures obtained by

Scheme 3. Mechanistic sketch of the consecutive one-pot Sonogashira–Glaser coupling sequence.
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the described sequence showed no notable amounts of by-

products in the TLC in nearly all examples mentioned

above. Thus, isolation of the desired 1,3-butadyines 2

turned out to be remarkably quick and easy. It should be

noted that the reaction times (see Supporting Information,

Table S2) are not optimized and might be considerably

shorter than indicated. The yields of the isolated diynes 2

are fair to excellent regardless of the electronic nature or

substituent pattern of the applied iodides. The whole se-

quence is performed at ambient temperature. Indeed, many

applications in medicinal chemistry and material science

can be envisioned.

By considering the results obtained from our preliminary

studies (vide supra), the mechanistic rationale of this Sono-

gashira–Glaser coupling sequence can be outlined as fol-

lows (Scheme 3). In the Sonogashira cycle, driven by the

catalytic Pd0/CuI pair, the cross-coupling of (hetero)aryl io-
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dide 1 and TMSA furnishes the TMS-protected (hetero)aryl

alkyne 3, which is deprotected with fluoride to give the cor-

responding terminal alkyne 4. Alkyne 4 (2 equiv.) now en-

ters the Glaser cycle, which is triggered by the catalytic PdII/

CuI pair. CuI ions are involved in transmetalation to PdII,

and thus a dialkynyl PdII complex is generated, which fur-

nishes the desired 1,3-butadiyne 2 upon reductive elimi-

nation. Moreover, CuI is readily oxidized to CuII by atmo-

spheric oxygen. In analogy to the Wacker oxidation,[15] an

intercepting CuI/CuII cycle fueled by oxygen is ultimately

responsible for reoxidizing Pd0 back to PdII. Interestingly,

the same mechanism that leads to the unwanted by-product

of the Sonogashira coupling in the initial activation step[16]

now becomes the modus operandi to form the desired di-

ynes 2.

Conclusions

In conclusion, we have disclosed a general, efficient and

economical sequentially Pd/Cu-catalyzed one-pot reaction

for transforming (hetero)aryl iodides into symmetrical 1,4-

disubstituted 1,3-butadiynes. The commercially available or

easily accessible starting materials,[17] the wide range of tol-

erated functional groups, and the simplicity of the described

sequence render it a practical method for routine applica-

tions. Methodological extension to aryl bromides and chlo-

rides as substrates and studies taking advantage of the ver-

satility of 1,3-butadiynes in a variety of catalytic and non-

catalytic conversions are currently under investigation.

Experimental Section

Synthesis of 2m: A mixture of methyl 2-iodobenzoate (1m) (535 mg,

2.00 mmol), PdCl2(PPh3)2 (28 mg, 0.04 mmol, 2 mol-%) and CuI

(16 mg, 0.08 mmol, 4 mol-%) was dissolved in dry degassed THF

(5.00 mL) in a screw-cap Schlenk vessel with septum. After ad-

dition of TMSA (0.43 mL, 3.00 mmol) and dry triethylamine

(0.55 mL, 4.00 mmol), the solution was stirred at room temperature

(water bath) for 1 h until complete conversion (monitored by TLC).

KF (236 mg, 4.00 mmol) and methanol (5.00 mL) were then added,

and the reaction mixture was stirred in air (the reaction vessel was

opened) for 22 h. After completion of the reaction, as indicated by

TLC, the mixture was filtered and adsorbed on Celite®, and after

removal of the solvents in vacuo, the residue was purified by col-

umn chromatography on silica gel by using petroleum ether (boil-

ing range 40–60 °C)/ethyl acetate = 10:1 (Rf = 0.15) to give, after

drying in vacuo, 1,4-bis(2-methylbenzoyl)buta-1,3-diyne (2m)

(296 mg; 93%) as a yellow oil. Upon suspension in n-pentane, son-

ication in ultrasound bath, filtration and drying in vacuo, an ana-

lytically pure yellow solid was obtained. M.p. 59–60 °C. 1H NMR

(500 MHz, CDCl3): δ = 3.97 (s, 6 H), 7.40–7.44 (m, 2 H), 7.48–

7.52 (m, 2 H), 7.65–7.69 (m, 2 H), 7.97–8.00 (m, 2 H) ppm. 13C

NMR (125 MHz, CDCl3): δ = 52.4 (CH3), 78.9 (Cquat), 81.5 (Cquat),

122.5 (Cquat), 128.8 (CH), 130.6 (CH), 131.8 (CH), 132.7 (Cquat),

135.2 (CH), 166.1 (Cquat) ppm. EI-MS (70 eV): m/z (%) = 318

[M]+ (46), 303 [M – CH3]
+ (32), 285 (61), 275 (25), 272 (28), 259

[M – C2H3O2]
+ (74), 258 (34), 257 (40), 204 (28), 202 [C16H10]

+

(49), 200 [C16H8]
+ (25), 189 (35), 188 (31), 187 (60), 176 (41), 144

(100), 133 (25), 127 (32), 114 (37), 105 (27), 101 (35), 100 (51), 88
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(48), 87 (35). C20H14O4 (318.3): C 75.46, H 4.43; found C 75.22, H

4.70.

Supporting Information (see footnote on the first page of this arti-

cle): Experimental procedures and spectroscopic data for the com-

pounds prepared are presented.
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1. General Considerations 

 

All cross coupling reactions were carried out in oven-dried Schlenk glassware using 

septa and syringes under nitrogen or argon atmosphere. THF was dried using MBraun 

system MB-SPS-800, and triethylamine was refluxed under argon over ketyl sodium, 

distilled and stored in a Schlenk flask over potassium hydroxide pellets under argon 

atmosphere.  

tert-Butyl 3-iodo-1H-indole-1-carboxylate (1u)[1] and tert-butyl 4-iodo-2-(4-methoxy-

phenyl)-1H-pyrrole-1-carboxylate (1v)[2], 1-benzyl-5-iodo-1H-imidazole (1x)[3] and 2-

ethyl-3-iodo-5-(thiophen-2-yl)furan (1z)[4] were prepared according to the literature 

procedures. Commercial grade reagents were used as supplied without further 

purification and were purchased from Sigma-Aldrich Chemie GmbH, Fluka AG, ABCR

GmBH & Co. KG, Alfa Aesar GmbH & Co. KG, Riedel-de Haën, EGA-Chemie-

Gesellschaft, and Merck Serono KGaA. Trimethylsilylacetylene (TMSA) and potassium 

fluoride were obtained from Merck Serono KGaA.  

The purification of products was performed on silica gel 60 (0.015-0.040 mm) from 

Merck Serono KGaA Darmstadt using flash technique and under pressure of 2 bar. The 

crude mixtures were adsorbed on Celite® 545 (0.02-0.10 mm) from Merck Serono KGaA 

Darmstadt before chromatographic purification. 

The reaction progress was monitored qualitatively using TLC Silica gel 60 F254 5 x 7.5 

cm aluminium sheets obtained by Merck Serono KGaA Darmstadt. The spots were 

detected with UV light at 254 nm and using aqueous potassium permanganate solution.  



5

 

1H, 13C, and 135-DEPT NMR spectra were recorded on Bruker DRX 500 spectrometer. 

CDCl3 and DMSO-d6 were used as deuterated solvents. TMS was used as reference (  

= 0.0) or the resonances of the solvents were locked as internal standards (CDCl3: 
1H  

7.24, 13C 77.2; DMSO-d6: 
1H 2.50, 13C 39.5). The multiplicities of signals were 

abbreviated as follows: s: singlet; d: doublet; t: triplet; dd: doublet of doublets, ddd: 

doublet of doublets of doublets, dt: doublet of triplets, td: triplet of doublets, q: quartet, m: 

multiplet and br: broad signal. The type of carbon atoms was determined on the basis of 

135-DEPT NMR spectra. EI mass spectra were measured on Finnigan MAT 8200 

spectrometer. IR spectra were obtained on Bruker Vector 22 FT-IR. The solids were 

measured as KBr pellets and oils as films on KBr plates. The intensity of signals is 

abbreviated as follows: s (strong), m (medium) and w (weak). The melting points 

(uncorrected) were measured on Reichert-Jung Thermovar. Combustion analyses were 

carried out on Perkin Elmer Series II Analyser 2400 in the microanalytical laboratory of 

Institut für Pharmazeutische und Medizinische Chemie der Heinrich-Heine-Universität 

Düsseldorf. 
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2. Preparation of Starting Materials 

 

2.1. Preparation of tert-butyl 4-iodo-2-(4-methoxyphenyl)-1H-pyrrole-1-carboxylate 

(1v)[2]

 

 

 

PdCl2(PPh3)2 (425 mg, 0.60 mmol, 2 mol %) and CuI (233 mg, 1.20 mmol, 4 mol %) 

were placed under argon atmosphere in a screw-cap vessel, which was then dried with 

a heat gun and cooled to the room temperature (water bath). Then, 150 mL of dry THF 

were added and the mixture was degassed with argon. Dry triethylamine (4.16 mL, 30.0 

mmol), 4-methoxybenzoyl chloride (5.28 g, 30.0 mmol), and tert-butyl prop-2-

ynylcarbamate (4.66 g, 30.0 mmol) were successively added to the mixture which was 

stirred at room temperature for 1 h (monitored by TLC). Then, sodium iodide (22.7 g, 

150 mmol), toluene-4-sulfonic acid monohydrate (11.6 g, 60.0 mmol) and 30 ml of tert-

butanol were successively added to the mixture which was stirred at room temperature 

for 1 h (monitored by TLC). The reaction mixture was diluted with 300 mL brine, the 

phases were separated and the aqueous phase was extracted with dichloromethane (3 

x 150 mL). The combined organic layers were dried with anhydrous sodium sulfate. After 

removal of the solvents in vacuo the residue was absorbed onto Celite® and 

chromatographed on silica gel with petrolether (boiling range 40-60 °C)/ethyl acetate 

(PE-EE = 100:1) to give 9.23 g (23.1 mmol, 77 % yield) of the desired product (1v) as a 

colorless solid. 

 

 

“Three-component synthesis of N-Boc-4-iodopyrroles and sequential one-pot 

alkynylation“ E. Merkul, C. Boersch, W. Frank, T. J. J. Müller, Org. Lett. 2009, 11, 2269-

2272. 
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2.2. Preparation of 2-ethyl-3-iodo-5-(thiophen-2-yl)furan (1z)[4]

 

 

 

PdCl2(PPh3)2 (142 mg, 0.20 mmol, 2 mol %) and CuI (78 mg, 0.40 mmol, 4 mol %) were 

placed under argon atmosphere in a screw-cap vessel, which was then dried with a heat 

gun and cooled to the room temperature (water bath). Then, 50 mL of dry THF were 

added and the mixture was degassed with argon. Dry triethylamine (1.39 mL, 10.0 

mmol), thiophene-2-carbonyl chloride (1.50 g, 10.0 mmol), and tetrahydro-2-(pent-1-yn-

3-yloxy)-2H-pyran (4.66 g, 10.0 mmol) were successively added to the mixture which 

was stirred at room temperature for 2 h (monitored by TLC). Then, sodium iodide (7.57 

g, 50.0 mmol), toluene-4-sulfonic acid monohydrate (2.14 g, 11.0 mmol) and 30 ml of 

methanol were successively added to the mixture which was stirred at room temperature 

for 2 h (monitored by TLC). After removal of the solvents in vacuo the residue was 

absorbed onto Celite® and chromatographed on silica gel with petrolether (boiling range 

40-60 °C)/ethyl acetate (PE-EE = 10:1) to give 2.72 g (8.93 mmol, 89 % yield) of the 

desired product (1z) as an orange oil. 

 

 

“A novel one-pot three-component synthesis of 3-halofurans and sequential Suzuki 

coupling“ A. S. Karpov, E. Merkul, T. Oeser, T. J. J. Müller, Chem. Commun. 2005, 

2581-2583. 

 

“One-pot three-component synthesis of 3-halofurans and 3-chloro-4-iodofurans” A. S. 

Karpov, E. Merkul, T. Oeser, T. J. J. Müller, Eur. J. Org. Chem. 2006, 2991-3000. 
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3. Sonogashira-Glaser Coupling Sequence 

 

3.1. General Procedure 

 

 

 

A mixture of (hetero)aryl iodide 1 (2.00 mmol), PdCl2(PPh3)2 (28 mg, 0.04 mmol, 2 mol 

%) and CuI (16 mg, 0.08 mmol, 4 mol %) was dissolved in degassed THF (5.00-10.0 

mL) in a dry screw-cap Schlenk vessel with septum. After addition of 

trimethylsilylacetylene (0.43 mL, 3.00 mmol) and dry triethylamine (0.55 mL, 4.00 mmol) 

the solution was stirred at room temperature (water bath) until the complete conversion 

(monitored by TLC). Then, KF (236 mg, 4.00 mmol) and methanol (5.00 mL) were added 

subsequently and the reaction mixture was stirred under air atmosphere (the reaction 

vessel was opened) overnight at room temperature (water bath) or 50 °C (for 

compounds 2v, 2w, 2x and 2z in a preheated oil bath). After completion of the reaction, 

as indicated by TLC, the mixture was filtered (for compounds purified 

chromatographically; scarcely soluble 2s was transferred directly into a flask and 

adsorbed onto Celite® for chromatographic purification) or diluted with THF and filtered 

through neutral aluminium oxide (for compounds purified by recrystallisation). After 

removal of the solvents in vacuo the residue was either absorbed onto Celite® and 

purified by column chromatography on silica gel using petrolether (boiling range 40-60 

°C)/ethyl acetate or it was purified by recrystallisation from the appropriate solvent to 

give the analytically pure diynes 2. 

 

The experimental details are depicted in Table 1. 
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Table 1. Experimental details for the synthesis of diynes 2.

 

Entry (Hetero)Aryl 
iodide 1 

Diyne 2 
(isolated yield %)[a] 

Chromatographic 
purification 
Rf (eluent) 

or recrystallisation 
(solvent) 

1 
 
 

412 mg 
(2.00 mmol) 

1-Iodo-
benzene 
(Merck) 

1a 

Pale yellow solid 
157 mg 

(0.78 mmol, 78 %) 

2a

PE (eluent) 
Rf (PE) : 0.44 

 
Recrystallisation 
from n-pentane 

 
 

 Pale brown needles 
163 mg 

(0.81 mmol, 81 %) 
 

2a

iPrOH/H2O 
(solvents) 

 

2 
 

468 mg 
(2.00 mmol) 

1-Iodo-4-
methoxy-
benzene 
(Merck) 

1b 

Yellow crystals 
191 mg 

(0.73 mmol, 73 %) 

2b

iPrOH (solvent) 

3 
 

600 mg 
(2.00 mmol) 
5-Iodo-1,2,3-
trimethoxy-
benzene 

(Alfa Aesar)  
1c 

Pale yellow solid 
259 mg 

(0.68 mmol, 68 %) 

MeO OMe

MeO

MeO

OMe

OMe

2c

DCM (eluent) 
Rf (DCM) : 0.24 

4 
 

477 mg 
(2.00 mmol) 

1-Iodo-4-
chloro-

benzene 
(ABCR)  

1d 

Colorless solid 
137 mg 

(0.51 mmol, 51 %) 

2d

EE (solvent) 

5 
 
 

444 mg 
(2.00 mmol) 
1-Fluoro-4-

iodobenzene 
(ABCR) 

1e

Colorless crystals 
212 mg 

(0.89 mmol, 89 %) 

 
2e

PE (eluent) 
Rf (PE) : 0.50 

 

[a] The yield refers to 1.00 mmol of (hetero)aryl iodide 1. 
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Table 1 (continuation). Experimental details for the synthesis of diynes 2.

 

Entry (Hetero)Aryl 
iodide 1 

Diyne 2 
(isolated yield %)[a] 

Chromatographic 
purification 
Rf (eluent) 

or recrystallisation 
(solvent) 

6 
 

544 mg 
(2.00 mmol) 
1-(Trifluoro-
methyl)-4-

iodobenzene 
(Alfa Aesar) 

1f 

Colorless solid 
241 mg 

(0.71 mmol, 71 %) 

2f

PE (eluent) 
Rf (PE) : 0.64 

7 
 
 

458 mg 
(2.00 mmol) 

4-Iodo-
benzonitrile 

(ABCR) 
1g 

Pale brown crystals 
141 mg 

(0.56 mmol, 56 %) 

2g

EE (solvent) 

8 
 

502 mg 
(2.00 mmol) 
1-(4-Iodo-
phenyl)-

ethanone 
(Alfa Aesar) 

1h 

Blue solid 
211 mg 

(0.74 mmol, 74 %) 
O O

2h

PE-EE = 5:1 
Rf (PE-EE = 5:1) : 

0.23 

9 
 

477 mg 
(2.00 mmol) 

1-Iodo-3-
chloro-

benzene 
(ABCR) 

1i 

Pale yellow crystals 
183 mg 

(0.67 mmol, 67 %) 

2i

PE (eluent) 
Rf (PE) : 0.61 

10 
 

449 mg 
(2.00 mmol) 
3-Iodophenol 
(Alfa Aesar) 

1j 

Pale beige solid 
189 mg 

(0.81 mmol, 81 %) 

2j

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1  
100:4:1  100:5:1 

 

 

[a] The yield refers to 1.00 mmol of (hetero)aryl iodide 1. 
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Table 1 (continuation). Experimental details for the synthesis of diynes 2.

 

Entry (Hetero)Aryl 
iodide 1 

Diyne 2 
(isolated yield %)[a] 

Chromatographic 
purification 
Rf (eluent) 

or recrystallisation 
(solvent) 

11 
 

447 mg 
(2.00 mmol) 

3-Iodo-
benzenamine 

(Merck) 
1k 

Pale yellow solid[b] 
204 mg 

(0.88 mmol, 88 %) 

2k

PE-EE = 2:1  1:1 
Rf (PE-EE = 2:1) : 

0.14 
 

Suspended in 1.25 
M HCl in EtOH[b] 

(Fluka) 
12 498 mg 

(2.00 mmol) 
1-Iodo-2-

nitrobenzene 
(ABCR) 

1l 

Yellow solid 
150 mg 

(0.51 mmol, 51 %) 

2l

DCM (solvent) 
 

13 
 

535 mg 
(2.00 mmol) 

Methyl 2-
iodobenzoate 

(ABCR) 
1m 

Yellow solid 
296 mg 

(0.93 mmol, 93 %) 

2m

PE-EE = 10:1 
Rf (PE-EE = 10:1) : 

0.16 

14 
 

658 mg 
(2.00 mmol) 
tert-Butyl 2-
iodophenyl-
carbamate 
(Aldrich) 

1n 

Yellow solid 
387 mg 

(0.90 mmol, 90 %) 

2n

PE-EE = 20:1 
Rf (PE-EE = 20:1) : 

0.32 

15 
 

519 mg 
(2.00 mmol) 

1-Iodo-
naphthalene 
(Alfa Aesar) 

1o 

Yellow solid 
235 mg 

(0.78 mmol, 78 %) 

2o

PE (eluent) 
Rf (PE) : 0.21 

 

[a] The yield refers to 1.00 mmol of (hetero)aryl iodide 1. 

[b] The solid was unstable as a free base. It was characterized as the corresponding dihydrochloride. 
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Table 1 (continuation). Experimental details for the synthesis of diynes 2.

 

Entry (Hetero)Aryl 
iodide 1 

Diyne 2 
(isolated yield %)[a] 

Chromatographic 
purification 
Rf (eluent) 

or recrystallisation 
(solvent) 

16 410 mg 
(2.00 mmol) 

2-
Iodopyridine 

(ABCR) 
1p 

Colorless solid 
124 mg 

(0.61 mmol, 61 %) 

2p

PE-EE = 1:1 
Rf (PE-EE = 1:1) : 

0.38 

17 
 

410 mg 
(2.00 mmol) 

3-
Iodopyridine 

(EGA) 
1q 

Colorless solid 
148 mg 

(0.72 mmol, 72 %) 

2q

PE-EE = 1:1 
Rf (PE-EE = 1:1) : 

0.31 

18 410 mg 
(2.00 mmol) 

4-
Iodopyridine 

(ABCR) 
1r 

Colorless solid 
139 mg 

(0.68 mmol, 68 %) 

N N

2r

DCM-MeOH-NH3 = 
100:2:1 

Rf (PE-EE = 1:1) : 
0.18 

19 
 

537 mg 
(2.00 mmol) 
5-Iodo-1,3-
dimethyl-

pyrimidine-
2,4(1H,3H)-

dione 
(5-Iodo-1,3-

dimethyl-
uracil) 

(Aldrich) 
1s 

Yellow solid 
170 mg 

(0.52 mmol, 52 %) 

2s

DCM-MeOH-NH3 = 
100:1:1 

 

20 
 

496 mg 
(2.00 mmol) 
5-Iodo-1H-

indole 
(ABCR) 

1t 

Brown solid 
238 mg 

(0.85 mmol, 85 %) 

2t

PE-EE = 3:1 
Rf (PE-EE = 2:1) : 

0.20 

 

[a] The yield refers to 1.00 mmol of (hetero)aryl iodide 1. 
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Table 1 (continuation). Experimental details for the synthesis of diynes 2.

 

Entry (Hetero)Aryl 
iodide 1 

Diyne 2 
(isolated yield %)[a] 

Chromatographic 
purification 
Rf (eluent) 

or recrystallisation 
(solvent) 

21 
 
 

686 mg 
(2.00 mmol) 
tert-Butyl 3-

iodo-1H-indole-
1-carboxylate[b] 

1u 

Pale yellow solid 
315 mg 

(0.66 mmol, 66 %) 

2u

PE-EE = 50:1 
Rf (PE-EE = 50:1) 

: 0.15 
 

Crystallisation in 
n-pentane 

22 
 
 

798 mg 
(2.00 mmol) 
tert-Butyl 4-
iodo-2-(4-
methoxy-

phenyl)-1H-
pyrrole-1-

carboxylate[c] 
1v 

Pale yellow solid 
341 mg 

(0.58 mmol, 58 %) 

2v

PE-EE = 10:1 
Rf (PE-EE = 10:1) 

: 0.15 

23 568 mg 
(2.00 mmol) 
1-Benzyl-4-

iodo-1H-
pyrazole 
(Aldrich) 

1w 

Yellow solid 
244 mg 

(0.67 mmol, 67 %) 

2w 

PE-EE = 3:1 
Rf (PE-EE = 3:1) : 

0.30 

 

[a] The yield refers to 1.00 mmol of (hetero)aryl iodide 1. 

[b] B. Witulski, N. Buschmann, U. Bergsträßer, Tetrahedron 2000, 56, 8473-8480. 

[c] E. Merkul, C. Boersch, W. Frank, T. J. J. Müller, Org. Lett. 2009, 11, 2269-2272. 
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Table 1 (continuation). Experimental details for the synthesis of diynes 2.

 

Entry (Hetero)Aryl 
iodide 1 

Diyne 2 
(isolated yield %)[a] 

Chromatographic 
purification 
Rf (eluent) 

or recrystallisation 
(solvent) 

24 568 mg 
(2.00 mmol) 
1-Benzyl-5-

iodo-1H-
imidazole[b] 

1x 

Colorless solid[c] 
183 mg 

(0.51 mmol, 51 %) 

2x

DCM-MeOH-NH3 
= 100:1:1 

 
Suspended in 
1.25 M HCl in 

EtOH[c] 
(Fluka) 

25 420 mg 
(2.00 mmol) 

2-
Iodothiophene 

(Aldrich) 
1y 

Pale brown solid 
151 mg 

(0.71 mmol, 71 %) 

2y 

PE (eluent) 
Rf (PE) : 0.48 

26 608 mg 
(2.00 mmol) 

2-Ethyl-3-iodo-
5-(thiophen-2-

yl)furan[d] 
1z

Yellow solid 
204 mg 

(0.51 mmol, 51 %) 

 
2z

PE � PE-EE = 
100:1 

Rf (PE) : 0.17 

 

[a] The yield refers to 1.00 mmol of (hetero)aryl iodide 1. 

[b] 1x was obtained along with isomeric 1-benzyl-4-iodo-1H-imidazole as a separable mixture from 4(5)-

iodo-1H-imidazole according to a procedure described for the synthesis of 1-benzyl 4-iodo-1H-pyrazole 

from 4-iodo-1H-pyrazole: W. Holzer, I. Pöcher, J. Het. Chem. 1995, 32, 189-194. For a similar procedure 

and characterisation of both isomers, see: C. J. Lovely, H. Du, R. Sivappa, M. R. Bhandari, Y. He, H. V. R. 

Dias, J. Org. Chem. 2007, 72, 3741-3749. 

[c] The compound was characterized as its dihydrochloride salt. 

[d] A. S. Karpov, E. Merkul, T. Oeser, T. J. J. Müller, Chem. Commun. 2005, 2581-2583; A. S. Karpov, E. 

Merkul, T. Oeser, T. J. J. Müller, Eur. J. Org. Chem. 2006, 2991-3000. 
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Table 2. Reaction times[a] in the synthesis of diynes 2.

 

Diyne 2 Sonogashira 

coupling step 

Deprotection/

Glaser 

coupling step

Diyne 2 Sonogashira 

coupling step 

Deprotection/

Glaser 

coupling step

2a 1 h 

1 h 

18 h 

17 h 

2o 1 h 16 h 

2b 3 h 16 h 2p 3 h 16 h 

2c 1 h 18 h 2q 3 h 16 h 

2d 2 h 17 h 2r 3 h 16 h 

2e 2 h 17 h 2s 1 h 15 h 

2f 2 h 17 h 2t 1 h 27 h 

2g 2 h 17 h 2u 1.5 h 73 h 

2h 1 h 19 h 2v 2 h 25 h[b] 

2i 2 h 17 h 2w 1 h 22 h[b] 

2j 1 h 16 h 2x 9 h 16 h[b] 

2k 1 h 24 h 2y 2 h 17 h 

2l 2 h 17 h 2z 1 h 52 h[b] 

2m 1 h 22 h    

2n 1 h 24 h    

 

[a] The reaction times for both steps are not optimized. The actual reaction times might be much shorter 

than indicated. 

[b] The deprotection-Glaser coupling step was performed at 50 °C. 
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3.2 Spectroscopic Data of Compounds 2a-2aa 

 

3.2.1. 1,4-Diphenylbuta-1,3-diyne (2a) 

 

 

C16H10 

202.25 

 

157 mg (0.78 mmol, 78 % yield) as a pale yellow solid. Mp 82-85 °C (n-pentane). 1H 

NMR (CDCl3, 500 MHz):  7.28-7.40 (m, 6 H), 7.46-7.56 (m, 4 H). 13C NMR (CDCl3, 125 

MHz):  74.1 (Cquat), 81.8 (Cquat), 122.0 (Cquat), 128.7 (CH), 129.4 (CH), 132.7 (CH). EI + 

MS (m/z (%)): 203 (17), 202 (M+, 100), 201 ((M-H)+, 11), 200 (23), 101 (C8H5
+, 19), 88 

(13). IR (KBr):  3049 (w) cm-1, 2148 (w), 1655 (w), 1638 (w), 1483 (w), 1439 (w), 1067 

(w), 1024 (w), 915 (w), 755 (s), 685 (s), 524 (m). Anal. calcd for C16H10 (202.3) : C 

95.02, H 4.98. Found: C 94.96, H 5.10. 

 

 

Alternatively, the product can be isolated by crystallisation from iPrOH/H2O as pale 

brown needles (163 mg; 0.81 mmol, 81 % yield). Mp 84-86 °C (iPrOH/H2O). 

 

Product from the studies concerning the influence of halide anions upon the Glaser 

coupling step (Table 1 in manuscript) was obtained as a colorless solid. Mp 83-86 °C. 

 

Data reported in the literature: S.-N. Chen, W.-Y. Wu, F.-Y. Tsai, Green Chem. 2009, 
11, 269-274. 
 

White solid. Mp 86-87 °C. 1H NMR (CDCl3, 200 MHz):  7.31-7.35 (m, 6 H), 7.53 (d, J = 

7.3 Hz, 4 H). 13C NMR (CDCl3, 50 MHz):  73.9, 81.0, 121.8, 128.4, 129.1, 132.5. 
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3.2.2. 1,4-Bis(4-methoxyphenyl)buta-1,3-diyne (2b) 

 

MeO OMe

 

C18H14O2 

262.30 

 

191 mg (0.73 mmol, 73 % yield) as yellow crystals. Mp 142 °C (iPrOH). 1H NMR (CDCl3, 

500 MHz):  3.80 (s, 6 H), 7.80-7.87 (m, 4 H), 7.41-7.47 (m, 4 H). 13C NMR (CDCl3, 125 

MHz):  55.6 (CH3), 73.2 (Cquat), 81.4 (Cquat), 114.3 (Cquat), 114.4 (CH), 134.3 (CH), 

160.4 (Cquat). EI + MS (m/z (%)): 263 (19), 262 (M+, 100), 248 (10), 247 ((M-CH3)
+, 51), 

219 (13), 176 (16), 149 (12), 131 (23), 111 (14), 109 (13), 99 (10), 97 (20), 95 (14), 85 

(18), 83 (17), 81 (13), 71 (25), 69 (15), 57 (27), 55 (14), 43 (12). IR (KBr):  3003 (w) 

cm-1, 2975 (w), 2936 (w), 2841 (w), 2138 (w), 1599 (s), 1561 (w), 1504 (s), 1461 (m), 

1439 (w), 1294 (s), 1256 (s), 1182 (w), 1168 (s), 1108 (w), 1028 (m), 842 (m), 821 (m), 

691 (w), 538 (w). Anal. calcd for C18H14O2 (262.3) : C 82.42, H 5.38. Found: C 82.58, H 

5.57. 

 

 

Data reported in the literature: S.-N. Chen, W.-Y. Wu, F.-Y. Tsai, Green Chem. 2009, 
11, 269-274. 
 

White solid. Mp 141-142 °C. 1H NMR (CDCl3, 200 MHz):  3.82 (s, 6 H), 6.85 (d, J = 8.7 

Hz, 4 H), 7.46 (d, J = 8.7 Hz, 4 H). 13C NMR (CDCl3, 50 MHz):  55.3, 73.0, 81.2, 113.9, 
114.1, 134.0, 160.2. 
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3.2.3. 1,4-Bis(3,4,5-trimethoxyphenyl)buta-1,3-diyne (2c) 

 

 

C22H22O6 

382.41 

 

259 mg (0.68 mmol, 68 % yield) as a pale yellow solid. Mp 199-201 °C. 1H NMR (CDCl3, 

500 MHz):  3.86 (s, 12 H), 3.87 (s, 6 H), 6.76 (s, 4 H). 13C NMR (CDCl3, 125 MHz):  

56.1 (CH3), 61.0 (CH3), 73.0 (Cquat), 81.6 (Cquat), 109.6 (CH), 116.5 (Cquat), 139.8 (Cquat), 

153.0 (Cquat). EI + MS (m/z (%)): 382 (M+, 5), 279 (7), 167 (34), 150 (12), 149 (C8H5O3
+, 

100), 113 (11), 95 (10), 94 (98), 84 (12), 83 (14), 71 (27), 70 (17), 69 (11), 57 (28), 55 

(15), 43 (14). IR (KBr):  3014 (w) cm-1, 2941 (w), 2838 (w), 2143 (w), 1573 (s), 1504 

(s), 1464 (m), 1436 (w), 1410 (s), 1331 (s), 1236 (s), 1186 (w), 1128 (s), 993 (s), 963 

(w), 887 (m), 821 (m), 774 (w), 739 (w), 675 (w), 624 (w), 564 (w), 526 (w). Anal. calcd 

for C22H22O6 (382.4) : C 69.10, H 5.80. Found: C 68.96, H 5.73. 
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3.2.4. 1,4-Bis(4-chlorophenyl)buta-1,3-diyne (2d) 

 

 

C16H8Cl2 

271.14 

 

137 mg (0.51 mmol, 51 % yield) as a colorless solid. Mp 253 °C (dec., ethyl acetate). EI 

+ MS (m/z (%)): 274 (M(37Cl37Cl)+, 11), 272 (M(37Cl35Cl)+, 64), 270 (M(35Cl35Cl)+, 100), 

236 (14), 200 (26), 71 (23). IR (KBr):  1890 (w) cm-1, 1639 (w), 1587 (w), 1544 (w), 

1509 (w), 1485 (s), 1466 (m), 1396 (m), 1095 (s), 1013 (m), 823 (s), 592 (w), 521 (m). 

Anal. calcd for C16H8Cl2 (271.1) : C 70.88, H 2.97. Found: C 71.09, H 2.85. 

 

After being dried, the substance was found to be insoluble in the usual deuterated 

solvents. No NMR spectra could be obtained. 

 

 

Data reported in the literature: W. Yin, C. He, M. Chen, H. Zhang, A. Lei, Org. Lett. 
2009, 11, 709-712. 
 
1H NMR (CDCl3, 300 MHz):  7.32 (d, J = 8.1 Hz, 4 H), 7.46 (d, J = 8.1 Hz, 4 H). Very 
insoluble in common organic solvents. 
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3.2.5. 1,4-Bis(4-fluorophenyl)buta-1,3-diyne (2e) 

 

 

C16H8F2 

238.23 

 

212 mg (0.89 mmol, 89 % yield) as colorless crystals. Mp 187-188 °C. 1H NMR (CDCl3, 

500 MHz):  7.00-7.06 (m, 4 H), 7.46-7.52 (m, 4 H). 13C NMR (CDCl3, 125 MHz):  73.7 

(Cquat), 80.6 (Cquat), 116.1 (d, J = 22.2 Hz, CH), 118.0 (d, J = 3.6 Hz, Cquat), 134.8 (d, J = 

8.6 Hz, CH), 163.3 (d, J = 251.7 Hz, Cquat). EI + MS (m/z (%)): 239 (26), 238 (M+, 100), 

236 (17), 119 (22). IR (KBr):  2143 (w) cm-1, 1888 (w), 1639 (w), 1596 (s), 1502 (s), 

1404 (w), 1275 (w), 1228 (s), 1159 (s), 1094 (m), 1013 (w), 829 (s), 697 (m), 525 (s). 

Anal. calcd for C16H8F2 (238.2) : C 80.67, H 3.38. Found: C 80.53, H 3.61. 

 

 

Data reported in the literature: S.-N. Chen, W.-Y. Wu, F.-Y. Tsai, Green Chem. 2009, 
11, 269-274. 
 

White solid. Mp 187-189 °C.  1H NMR (CDCl3, 200 MHz):  7.04 (dd, J = 8.6 Hz, J = 8.6 

Hz, 4 H), 7.51 (dd, J = 8.6 Hz, J = 2.2 Hz, 4 H). 13C NMR (CDCl3, 50 MHz):  73.6, 80.4, 
115.9 (d, J = 22.2 Hz), 117.9 (d, J = 3.8 Hz), 134.5 (d, J = 8.4 Hz), 163.0 (d, J = 250.3 
Hz). 
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3.2.6. 1,4-Bis(4-(trifluoromethyl)phenyl)buta-1,3-diyne (2f) 

 

 

C18H8F6 

338.25 

 

241 mg (0.71 mmol, 71 % yield) as a colorless solid. Mp 163 °C. 1H NMR (CDCl3, 500 

MHz):  7.56-7.66 (m, 8 H). 13C NMR (CDCl3, 125 MHz):  75.8 (Cquat), 81.2 (Cquat), 

123.9 (q, J = 272.3 Hz, Cquat), 125.4-125.5 (m, Cquat), 125.7 (q, J = 3.7 Hz, CH), 131.3 (q, 

J = 32.9 Hz, Cquat), 133.0 (CH). EI + MS (m/z (%)): 339 (19), 338 (M+, 100), 319 (14), 

143 (12), 119 (12). IR (KBr):  2219 (w) cm-1, 1925 (w), 1802 (w), 1611 (m), 1561 (w), 

1408 (m), 1318 (s), 1234 (w), 1177 (s), 1134 (s), 1107 (s), 1065 (s), 1015 (m), 841 (s), 

734 (m), 596 (m), 551 (w), 522 (w). Anal. calcd for C18H8F6 (338.3) : C 63.92, H 2.38. 

Found: C 63.70, H 2.56. 

 

 

Data reported in the literature: J.-H. Li, Y. Liang, X.-D. Zhang, Tetrahedron 2005, 61, 
1903-1907. 
 

White solid. Mp 166-168 °C. 1H NMR (CDCl3, 400 MHz):  7.62 (d, J = 8.4 Hz, 4 H), 7.65 

(d, J = 8.4 Hz, 4 H). 13C NMR (CDCl3, 100 MHz):  75.6, 81.0, 122.3, 125.0, 125.2, 
125.4, 125.5, 130.9, 131.2, 132.8. MS (m/z (%)): 338 (M+, 100). 
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3.2.7. 1,4-Bis(4-cyanophenyl)buta-1,3-diyne (2g) 

 

 

C18H8N2 

252.27 

 

141 mg (0.56 mmol, 56 % yield) as pale brown crystals. Mp 292 °C (dec., ethyl acetate). 

EI + MS (m/z (%)): 253 (20), 252 (M+, 100). IR (KBr):  3092 (w) cm-1, 2227 (s), 1689 

(w), 1599 (w), 1546 (w), 1493 (m), 1404 (m), 1269 (w), 1172 (w), 1104 (w), 1014 (w), 

840 (s), 826 (s), 652 (w), 553 (s). Anal. calcd for C18H8N2 (252.3) : C 85.70, H 3.20, N 

11.10. Found: C 85.64, H 3.28, N 11.15. 

 

 

After being dried, the substance was found to be insoluble in the usual deuterated 

solvents. No NMR spectra could be obtained. 

 

Data reported in the literature: V. Kumar, A. Chipeleme, K. Chibale, Eur. J. Org. Chem. 
2008, 1, 43-46. 
 

Light brown solid. Mp 183-185 °C. 1H NMR (CDCl3, 300 MHz):  7.48-7.51 (d, J = 8.6 

Hz, 4 H), 7.60-7.63 (d, J = 8.8 Hz, 4 H). 13C NMR (CDCl3, 100 MHz):  74.6, 76.9, 112.3, 
115.7, 127.0, 131.8, 133.0. MS (m/z (%)): 252 (M+). Anal. calcd for C18H8N2 (252.3) : C 
85.70, H 3.20, N 11.10. Found: C 85.89, H 2.98, N 11.13. 

 



23

 

3.2.8. 1,4-Bis(4-acetylphenyl)buta-1,3-diyne (2h) 

 

 

C20H14O2 

286.32 

 

211 mg (0.74 mmol, 74 % yield) as a blue solid. Mp 172-174 °C. EI + MS (m/z (%)): 287 

(14), 286 (M+, 64), 272 (21), 271 ((M-CH3)
+, 100), 243 ((M-C2H3O)+, 11), 228 ((M-

C3H6O)+, 24), 200 ((M-C4H6O2)
+, 23), 199 (10), 149 (12), 128 (C9H4O

+, 26), 114 (15), 

100 (12), 94 (11), 43 (C2H3O
+, 15). IR (KBr):  1668 (s) cm-1, 1598 (m), 1402 (w), 1364 

(w), 1285 (w), 1264 (m), 1180 (w), 962 (w), 835 (m), 652 (w), 595 (w). Anal. calcd for 

C20H14O2 (286.3) : C 83.90, H 4.93. Found: C 84.03, H 4.66. 

 

After being dried, the substance was found to be insoluble in the usual deuterated 

solvents. No NMR spectra could be obtained. 

 

 

Data reported in the literature: S.-N. Chen, W.-Y. Wu, F.-Y. Tsai, Green Chem. 2009, 
11, 269-274. 
 

Blue solid. Mp 178-180 °C. 1H NMR (CDCl3, 200 MHz):  2.62 (s, 6 H), 7.62 (d, J = 8.3 

Hz, 4 H), 7.94 (d, J = 8.3 Hz, 4 H). 13C NMR (CDCl3, 50 MHz):  26.6, 76.5, 81.9, 126.1, 
128.2, 132.6, 137.0, 196.8. HRMS calcd for C20H14O2, 286.0994; found, 286.0998. 
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3.2.9. 1,4-Bis(3-chlorophenyl)buta-1,3-diyne (2i) 

 

 

C16H8Cl2 

271.14 

 

183 mg (0.67 mmol, 67 % yield) as pale yellow crystals. Mp 73 °C. 1H NMR (CDCl3, 500 

MHz):  7.19-7.24 (m, 2 H), 7.29-7.33 (m, 2 H), 7.34-7.38 (m, 2 H), 7.44-7.47 (m, 2 H). 

13C NMR (CDCl3, 125 MHz):  74.9 (Cquat), 80.8 (Cquat), 123.5 (Cquat), 129.9 (CH), 130.9 

(CH), 132.5 (CH), 134.6 (Cquat). EI + MS (m/z (%)): 274 (M(37Cl37Cl)+, 10), 273 (11), 272 

(M(37Cl35Cl)+, 66), 271 (17), 270 (M(35Cl35Cl)+, 100), 243 (24), 217 (16), 200 (38), 199 

(11), 135 (14), 100 (17), 99 (12), 85 (12), 71 (13). IR (KBr):  1584 (m) cm-1, 1557 (m), 

1471 (m), 1454 (m), 1402 (m), 1202 (w), 1165 (w), 1094 (m), 1077 (m), 907 (w), 890 (s), 

854 (m), 793 (s), 683 (s), 523 (w). Anal. calcd for C16H8Cl2 (271.1) : C 70.88, H 2.97. 

Found: C 70.84, H 2.95. 

 

 

Data reported in the literature: K. Kamata, S. Yamaguchi, M. Kotani, K. Yamaguchi, N. 
Mizuno, Angew. Chem. Int. Ed. 2008, 47, 2407-2410. 
 
1H NMR (CDCl3, 270 MHz):  7.18-7.26 (m, 2 H), 7.28-7.36 (m, 4 H), 7.44-7.46 (m, 2 H). 
13C NMR (CDCl3, 67.8 MHz):  75.2, 81.0, 123.7, 130.2, 131.1, 132.7, 134.8. EI + MS 
(m/z (%)): 274 (11), 273 (12), 272 (64), 271 (M+, 18), 270 (100), 200 (31).  
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3.2.10. 3-(4-(3-Hydroxyphenyl)buta-1,3-diynyl)phenol (2j) 

 

OHHO

 

C16H10O2 

234.25 

 

189 mg (0.81 mmol, 81 % yield) as a pale beige solid. Mp 200 °C. 1H NMR (DMSO-d6, 

500 MHz):  6.90 (dd, J = 8.2 Hz, J = 1.9 Hz, 2 H), 6.94-6.96 (m, 2 H), 7.02-7.05 (m, 2 

H), 7.24 (t, J = 7.9 Hz, 2 H), 9.86 (s, 2 H, OH). 13C NMR (DMSO-d6, 125 MHz):  72.9 

(Cquat), 81.8 (Cquat), 117.6 (CH), 118.5 (CH), 121.2 (Cquat), 123.2 (CH), 130.1 (CH), 157.4 

(Cquat). EI + MS (m/z (%)): 235 (17), 234 (M+, 100), 176 (13), 149 (11), 117 (C8H5O
+, 9). 

IR (KBr):  3224 (s) cm-1, 1603 (w), 1590 (s), 1448 (s), 1364 (w), 1308 (w), 1262 (m), 

1244 (m), 1149 (m), 1081 (w), 997 (w), 932 (m), 856 (m), 785 (s), 721 (w), 680 (s), 563 

(w), 527 (w). Anal. calcd for C16H10O2 (234.3) : C 82.04, H 4.30. Found: C 82.15, H 4.33. 
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3.2.11. 3-(4-(3-Aminophenyl)buta-1,3-diynyl)benzenamine dihydrochloride (2k) 

 

 

C16H14Cl2N2 

305.20 

 

204 mg (0.88 mmol, 88 % yield) as a pale brown solid (free base). For characterisation, 

it was suspended in 1.25 M HCl in EtOH, stirred at the room temperature, filtered and 

washed with n-pentane. Pale brown solid. Mp 150-155 °C. EI + MS (m/z (%)): 233 (19), 

232 ((M-2 HCl)+, 100), 116 (C8H6N
+, 11). IR (KBr):  3054 (m) cm-1, 2878 (s), 2551 (m), 

1590 (w), 1561 (m), 1516 (m), 1481 (w), 1440 (w), 1098 (w), 1074 (w), 998 (w), 917 (w), 

889 (w), 795 (s), 681 (s), 531 (m). Anal. calcd for C16H14Cl2N2 (305.2) : C 62.97, H 4.62, 

N 9.18. Found: C 62.79, H 4.59, N 9.13. 

 

 

The dihydrochloride was found to be insoluble in the usual deuterated solvents. No NMR 

spectra could be obtained. 

 

 

Data reported in the literature for the free base: L. Yin, J. Liebscher, Synthesis 2005, 
131-135. 
 

Grey-green solid. Mp 124-125 °C. 1H NMR (CDCl3, 300 MHz):  3.70 (br s, 4 H), 6.69 
(m, 2 H), 6.81 (t, J = 1.9 Hz, 2 H), 6.93 (dt, J = 7.5 Hz, J = 1.2 Hz, 2 H), 7.11 (t, J = 7.9 

Hz, 2 H). 13C NMR (CDCl3, 75 MHz):  73.4, 81.7, 116.3, 118.4, 122.4, 123.0, 129.4, 
146.3. Anal. calcd for C16H12N2 (232.3) : C 82.73, H 5.21, N 12.06. Found: C 82.84, H 
5.40, N 12.01. 
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3.2.12. 1,4-Bis(2-nitrophenyl)buta-1,3-diyne (2l) 

 

NO2 O2N

 

C16H8N2O4 

292.25 

 

150 mg (0.51 mmol, 51 % yield) as a yellow solid. Mp 204 °C. 1H NMR (CDCl3, 500 

MHz):  7.53 (t, J = 7.8 Hz, 2 H), 7.63 (t, J = 7.6 Hz, 2 H), 7.76 (d, J = 7.7 Hz, 2 H), 8.13 

(d, J = 8.2 Hz, 2 H). 13C NMR (CDCl3, 125 MHz):  79.4 (Cquat), 81.1 (Cquat), 100.2 

(Cquat), 117.5 (Cquat), 125.3 (CH), 130.1 (CH), 133.4 (CH), 136.2 (CH). MALDI MS (m/z 

(%)): 292.4 (M+). IR (KBr):  3105 (w) cm-1, 2850 (w), 1836 (w), 1602 (m), 1564 (m), 

1518 (s), 1474 (m), 1437 (m), 1381 (w), 1340 (s), 1301 (m), 1254 (m), 1207 (w), 1143 

(m), 1080 (m), 991 (w), 957 (w), 858 (s), 781 (s), 739 (s), 687 (s), 660 (s). Anal. calcd for 

C16H8N2O4 (292.3) : C 65.76, H 2.76, N 9.59. Found: C 65.61, H 2.88, N 9.36. 

 

 

Data reported in the literature: V. Kumar, A. Chipeleme, K. Chibale, Eur. J. Org. Chem. 
2008, 1, 43-46. 
 

Dark brown solid. Mp 204-205 °C. 1H NMR (CDCl3, 300 MHz):  7.19-7.54 (m, 2 H), 
7.59-7.63 (dt, J = 7.7 Hz, J = 1.3 Hz, 2 H), 7.39-7.76 (dd, J = 7.7 Hz, J = 1.5 Hz, 2 H), 
8.10-8.13 (dd, J = 8.2 Hz, J = 1.2 Hz, 2 H). MS (m/z (%)): 292 (M+). Anal. calcd for 
C16H8N2O4 (292.3) : C 65.76, H 2.76, N 9.59. Found: C 65.55, H 2.65, N 9.03. 
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3.2.13. 1,4-Bis(2-methylbenzoyl)buta-1,3-diyne (2m) 

 

 

C20H14O4 

318.32 

 

296 mg (0.93 mmol, 93 % yield) as a yellow oil. Suspending in n-pentane, sonication in 

ultrasound bath, filtration and drying gave a yellow solid. Mp 59-60 °C. 1H NMR (CDCl3, 

500 MHz):  3.97 (s, 6 H), 7.40-7.44 (m, 2 H), 7.48-7.52 (m, 2 H), 7.65-7.69 (m, 2 H), 

7.97-8.00 (m, 2 H). 13C NMR (CDCl3, 125 MHz):  52.4 (CH3), 78.9 (Cquat), 81.5 (Cquat), 

122.5 (Cquat), 128.8 (CH), 130.6 (CH), 131.8 (CH), 132.7 (Cquat), 135.2 (CH), 166.1 

(Cquat). EI + MS (m/z (%)): 318 (M+, 46), 303 ((M-CH3)
+, 32), 285 (61), 275 (25), 272 

(28), 259 ((M-C2H3O2)
+, 74), 258 (34), 257 (40), 204 (28), 202 (C16H10

+, 49), 200 

(C16H8
+, 25), 189 (35), 188 (31), 187 (60), 176 (41), 144 (100), 133 (25), 127 (32), 114 

(37), 105 (27), 101 (35), 100 (51), 88 (48), 87 (35). IR (KBr):  3011 (w) cm-1, 2961 (w), 

1715 (s), 1593 (w), 1562 (w), 1479 (w), 1442 (m), 1426 (w), 1294 (s), 1251 (m), 1185 

(w), 1124 (m), 1088 (w), 1044 (w), 956 (w), 839 (w), 798 (w), 774 (w), 751 (s), 696 (m), 

656 (w), 573 (w), 539 (w). Anal. calcd for C20H14O4 (318.3) : C 75.46, H 4.43. Found: C 

75.22, H 4.70. 
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3.2.14. 1,4-Bis(2-tert-butyl carbamoylphenyl)buta-1,3-diyne (2n) 

 

 

C26H28N2O4 

432.51 

 

387 mg (0.90 mmol, 90 % yield) as a yellow solid (purification by suspending in n-

pentane and sonication in ultrasound bath). Mp 134 °C. 1H NMR (CDCl3, 500 MHz):  

1.56 (s, 18 H), 6.98 (td, J = 7.6 Hz, J = 0.9 Hz, 2 H), 7.20 (s, 2 H, NH), 7.33-7.38 (m, 2 

H), 7.48 (dd, J = 7.6 Hz, J = 1.3 Hz, 2 H), 8.17 (d, J = 8.5 Hz, 2 H). 13C NMR (CDCl3, 

125 MHz):  28.3 (CH3), 78.9 (Cquat), 79.7 (Cquat), 81.2 (Cquat), 109.4 (Cquat), 118.0 (CH), 

122.3 (CH), 130.9 (CH), 133.2 (CH), 141.1 (Cquat), 152.3 (Cquat). EI + MS (m/z (%)): 432 

(M+, 1), 332 ((M-C5H9O2)
+, 5), 302 (17), 285 (10), 284 (50), 276 (23), 259 (12), 258 (42), 

233 (16), 232 ((M-C10H18O4)
+, 92), 231 ((M-C10H19O4)

+, 100), 230 ((M-C10H20O4)
+, 16), 

229 (51), 228 (12), 204 (38), 203 (14), 201 (12), 146 (12), 102 (13), 101 (11), 89 (14), 88 

(14), 59 (27), 57 (C4H9
+, 50), 56 (13), 44 (CO2

+, 12), 41 (25). IR (KBr):  3408 (w) cm-1, 

2979 (w), 2933 (w), 2146 (w), 1735 (s), 1578 (m), 1516 (s), 1446 (m), 1393 (w), 1368 

(w), 1305 (m), 1280 (w), 1232 (m), 1155 (s), 1051 (w), 1024 (w), 945 (w), 899 (w), 836 

(w), 754 (m), 578 (w), 550 (w). Anal. calcd for C26H28N2O4 (432.5) : C 72.20, H 6.53, N 

6.48. Found: C 72.18, H 6.69, N 6.48. 
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3.2.15. 1,4-Di(naphthalen-1-yl)buta-1,3-diyne (2o) 

 

 

C24H14 

302.37 

 

235 mg (0.78 mmol, 78 % yield) as a yellow solid. Mp 175-177 °C. 1H NMR (CDCl3, 500 

MHz):  7.43-7.48 (m, 2 H), 7.52-7.57 (m, 2 H), 7.60-7.65 (m, 2 H), 7.81-7.84 (m, 2 H), 

7.85-7.90 (m, 4 H), 8.42 (d, J = 8.5 Hz, 2 H). 13C NMR (CDCl3, 125 MHz):  78.7 (Cquat), 

81.0 (Cquat), 119.5 (Cquat), 125.2 (CH), 126.1 (CH), 126.7 (CH), 127.2 (CH), 128.5 (CH), 

129.8 (CH), 132.1 (CH), 133.1 (Cquat), 133.9 (Cquat). EI + MS (m/z (%)): 303 (19), 302 

(M+, 74), 300 (30), 167 (28), 151 (C12H7
+, 17), 150 (32), 149 (100), 94 (21), 71 (19), 70 

(13), 57 (15). IR (KBr):  3055 (w) cm-1, 2137 (w), 1812 (w), 1638 (w), 1584 (w), 1504 

(w), 1390 (m), 1332 (w), 1267 (w), 1155 (w), 1012 (w), 905 (w), 862 (w), 796 (s), 769 (s), 

694 (w), 561 (w). Anal. calcd for C24H14 (302.4) : C 95.33, H 4.67. Found: C 95.22, H 

4.44. 

 

 

Data reported in the literature: S.-N. Chen, W.-Y. Wu, F.-Y. Tsai, Green Chem. 2009, 
11, 269-274. 
 

Yellow solid. Mp 177-180 °C. 1H NMR (CDCl3, 200 MHz):  7.43-7.68 (m, 6 H), 7.82-

7.92 (m, 6 H), 8.44 (d, J = 8.0 Hz, 2 H). 13C NMR (CDCl3, 50 MHz):  78.7, 81.0, 119.5, 
125.2, 126.1, 126.7, 127.2, 128.4, 129.7, 132.0, 133.1, 133.9. 
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3.2.16. 2-(4-(Pyridin-2-yl)buta-1,3-diynyl)pyridine (2p) 

 

 

C14H8N2 

204.23 

 

124 mg (0.61 mmol, 61 % yield) as a colorless solid. Mp 119 °C. 1H NMR (CDCl3, 500 

MHz):  7.25-7.30 (m, 2 H), 7.53 (d, J = 7.8 Hz, 2 H), 7.67 (td, J = 7.7 Hz, J = 1.6 Hz, 2 

H), 8.60 (d, J = 4.8 Hz, 2 H). 13C NMR (CDCl3, 125 MHz):  73.4 (Cquat), 81.1 (Cquat), 

124.0 (CH), 128.6 (CH), 136.4 (CH), 142.1 (Cquat), 150.6 (CH). EI + MS (m/z (%)): 205 

(18), 204 (M+, 100), 203 ((M-H)+, 21), 177 (10), 176 (10), 151 (12). IR (KBr):  1655 (m) 

cm-1, 1638 (m), 1577 (m), 1561 (m), 1544 (w), 1459 (m), 1425 (m), 1240 (w), 1047 (w), 

987 (w), 887 (w), 774 (s), 734 (m), 629 (w), 532 (w). Anal. calcd for C14H8N2 (204.2) : C 

82.33, H 3.95, N 13.72. Found: C 82.35, H 3.94, N 13.50. 

 

 

Data reported in the literature: S. Adimurthy, C. C. Malakar, U. Beifuss, J. Org. Chem. 
2009, 74, 5648-5651. 
 

Pale yellow crystalline solid. Mp 121-122 °C. 1H NMR (CDCl3):  8.63 (br d, J = 4.7 Hz, 2 
H), 7.70 (dt, J = 1.7 Hz, 7.7 2 H), 7.56 (br dt, J = 1.0 Hz, 7.9 Hz, 2 H), 7.31 (ddd, J = 1.2 

Hz, 4.8 Hz, 7.6 Hz, 2 H). 13C NMR (CDCl3):  150.3, 141.8, 136.2, 128.4, 123.8, 80.8, 
73.3. MS (EI, 70 eV): m/z (%): 204 (M+, 100), 176 (14), 152 (9), 99 (9), 50 (15). IR 
(ATR):  = 1560 cm-1, 1424, 1230, 990, 770, 733. Anal. calcd for C14H8N2 (204.2) : C 
82.33, H 3.95, N 13.72. Found: C 82.11, H 4.08, N 13.63. 
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3.2.17. 3-(4-(Pyridin-3-yl)buta-1,3-diynyl)pyridine (2q) 

 

N N

 

C14H8N2 

204.23 

 

148 mg (0.72 mmol, 72 % yield) as a colorless solid. Mp 153 °C. 1H NMR (CDCl3, 500 

MHz):  7.28 (dd, J = 7.9 Hz, J = 4.9 Hz, 2 H), 7.80 (dt, J = 7.9 Hz, J = 1.8 Hz, 2 H), 8.58 

(dd, J = 4.9 Hz, J = 1.5 Hz, 2 H), 8.75 (d, J = 1.6 Hz, 2 H). 13C NMR (CDCl3, 125 MHz):  

76.9 (Cquat), 79.3 (Cquat), 119.1 (Cquat), 123.3 (CH), 139.7 (CH), 149.6 (CH), 153.2 (CH). 

EI + MS (m/z (%)): 205 (17), 204 (M+, 100), 203 ((M-H)+, 12), 151 (17), 98 (12). IR (KBr): 

 3054 (w) cm-1, 3006 (w), 2150 (w), 1638 (w), 1579 (m), 1560 (m), 1474 (m), 1413 (s), 

1329 (m), 1189 (m), 1121 (w), 1065 (w), 1038 (m), 1022 (s), 957 (w), 804 (s), 699 (s), 

626 (m), 515 (m). Anal. calcd for C14H8N2 (204.2) : C 82.33, H 3.95, N 13.72. Found: C 

82.11, H 3.66, N 13.46. 

 

 

Data reported in the literature: F. Yang, X. Cui, Y.-n. Li, J. Zhang, G.-r. Ren, Y. Wu, 
Tetrahedron 2007, 63, 1963-1969. 
 

White solid. Mp 144-146 °C. 1H NMR (CDCl3, 400 MHz):  7.34 (t, J = 4.8 Hz, 2 H), 7.86 
(d, J = 8.0 Hz, 2 H), 8.62 (d, J = 4.0 Hz, 2 H), 8.79 (s, 2 H). 13C NMR (CDCl3, 100 MHz): 

 79.1, 119.1, 123.3, 139.9, 149.0, 152.7. 
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3.2.18. 4-(4-(Pyridin-4-yl)buta-1,3-diynyl)pyridine (2r) 

 

 

C14H8N2 

204.23 

 

139 mg (0.68 mmol, 68 % yield) as a colorless solid. Mp 206 °C. 1H NMR (CDCl3, 500 

MHz):  7.31 (dd, J = 4.5 Hz, J = 1.5 Hz, 4 H), 8.57 (dd, J = 4.5 Hz, J = 1.5 Hz, 4 H). 13C 

NMR (CDCl3, 125 MHz):  77.4 (Cquat), 80.4 (Cquat), 126.3 (CH), 129.6 (Cquat), 150.2 

(CH). EI + MS (m/z (%)): 205 (16), 204 (M+, 100), 203 ((M-H)+, 11), 177 (11), 151 (12). 

IR (KBr):  3026 (w) cm-1, 1671 (w), 1584 (s), 1538 (m), 1486 (w), 1398 (m), 1217 (w), 

1062 (w), 987 (w), 815 (s), 778 (s), 671 (w), 542 (m), 513 (w). Anal. calcd for C14H8N2 

(204.2) : C 82.33, H 3.95, N 13.72. Found: C 82.30, H 4.02, N 13.49. 

 

 

Data reported in the literature: J. Gonzalo Rodríguez, R. Martín-Villamil, F. H. Cano, I. 
Fonseca, J. Chem. Soc., Perkin Trans. 1 1997, 709-714. 
 

Brown solid. Mp 198-201 °C. 1H NMR (CDCl3, 200 MHz):  7.41 (d, J = 7.2 Hz, 4 H), 

8.67 (br s, 4 H). 13C NMR (CDCl3, 200 MHz):  76.9, 79.9, 125.7, 128.9, 149.6. MS (m/z 
(%)): 204 (M+, 100), 177 (13), 151 (14), 124 (6). IR (nujol):  1580 cm-1, 980, 810. 
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3.2.19. 5-(4-(1,2,3,4-Tetrahydro-1,3-dimethyl-2,4-dioxopyrimidin-5-yl)buta-1,3-

diynyl)-1,3-dimethylpyrimidine-2,4(1H,3H)-dione (2s) 

 

 

C16H14N4O4 

326.31 

 

170 mg (0.52 mmol, 52 % yield) as a yellow solid. Mp 319-321 °C. EI + MS (m/z (%)): 

327 (20), 326 (M+, 100), 228 (58), 212 (11), 200 (34), 156 (19), 155 (11), 143 (18), 115 

(22), 114 (14), 86 (13), 84 (13). IR (KBr):  3061 (w) cm-1, 2952 (w), 2152 (w), 1704 (s), 

1655 (s), 1620 (m), 1451 (m), 1392 (w), 1343 (m), 1263 (w), 1177 (w), 1077 (m), 930 

(w), 764 (w), 752 (m), 553 (w). Anal. calcd for C16H14N4O4 (326.3) : C 58.89, H 4.32, N 

17.17. Found: C 58.65, H 4.42, N 17.10. 

 

 

The compound was not sufficiently soluble in DMSO-d6 to obtain NMR spectra. 
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3.2.20. 5-(4-(1H-Indol-5-yl)buta-1,3-diynyl)-1H-indole (2t) 

 

 

C20H12O2 

280.32 

 

238 mg (0.85 mmol, 85 % yield) as a yellow solid. Suspending in dichloromethane, 

sonication in ultrasound bath, filtration and drying gave a brown solid. Mp 250 °C. 1H 

NMR (DMSO-d6, 500 MHz):  6.48-6.51 (m, 2 H), 7.29 (dd, J = 8.2 Hz, J = 1.6 Hz, 2 H), 

7.43-7.47 (m, 4 H), 7.85-7.86 (m, 2 H), 11.41 (s, 2 H, NH). 13C NMR (DMSO-d6, 125 

MHz):  71.8 (Cquat), 83.0 (Cquat), 101.5 (CH), 110.7 (Cquat), 112.0 (CH), 124.9 (CH), 

125.1 (CH), 127.0 (CH), 127.5 (Cquat), 136.0 (Cquat). EI + MS (m/z (%)): 281 (22), 280 

(M+, 100), 279 (10), 251 (6), 140 (C10H6N
+, 20), 125 (10). IR (KBr):  3399 (s) cm-1, 

2146 (w), 1719 (w), 1655 (w), 1609 (w), 1561 (w), 1543 (w), 1509 (w), 1460 (m), 1412 

(m), 1342 (w), 1310 (w), 1093 (w), 896 (w), 881 (w), 813 (m), 764 (w), 729 (m), 603 (m), 

506 (m). Anal. calcd for C20H12O2 (280.3) : C 85.69, H 4.31, N 9.99. Found: C 85.80, H 

4.07, N 10.00. 

 



36

 

3.2.21. tert-Butyl 3-(4-(1-(tert-butoxycarbonyl)-1H-indol-3-yl)buta-1,3-diynyl)-1H-

indole-1-carboxylate (2u) 

 

 

C30H28N2O4 

480.55 

 

315 mg (0.66 mmol, 66 % yield) as a yellow oil. Upon crystallisation in n-pentane, a pale 

yellow solid was obtained. Mp 120-121 °C. 1H NMR (CDCl3, 500 MHz):  1.68 (s, 18 H), 

7.30-7.35 (m, 2 H), 7.35-7.40 (m, 2 H), 7.73-7.76 (m, 2 H), 7.89 (s, 2 H), 8.15 (d, J = 7.9 

Hz, 2 H). 13C NMR (CDCl3, 125 MHz):  28.1 (CH3), 74.1 (Cquat), 77.4 (Cquat), 84.6 (Cquat), 

102.1 (Cquat), 115.3 (CH), 120.2 (CH), 123.4 (CH), 125.4 (CH), 130.4 (Cquat), 131.1 (CH), 

134.5 (Cquat), 148.8 (Cquat). EI + MS (m/z (%)): 480 (M+, 2), 368 (C22H12N2O4
+, 10), 324 

(C21H12N2O2
+, 7), 280 (C20H12N2

+, 40), 279 (10), 140 (C10H7N
+, 10), 57 (C4H9

+, 27), 56 

(64), 55 (28), 44 (CO2
+, 100), 43 (27), 42 (16), 41 (82). IR (KBr):  3158 (w) cm-1, 2974 

(w), 2149 (w), 1724 (s), 1616 (w), 1544 (m), 1475 (m), 1453 (s), 1369 (s), 1305 (m), 

1288 (m), 1260 (m), 1226 (s), 1156 (s), 1106 (m), 1087 (m), 1053 (m), 1014 (w), 938 

(w), 857 (w), 810 (w), 744 (m), 613 (w), 579 (w), 503 (w). Anal. calcd for C30H28N2O4 

(480.6) : C 74.98, H 5.87, N 5.83. Found: C 75.15, H 5.93, N 5.80. 
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3.2.22. tert-Butyl 2-(4-methoxyphenyl)-4-(4-(2-(4-methoxyphenyl))-1-(tert-

butoxycarbonyl)-1H-pyrrol-3-yl)buta-1,3-diynyl)-1H-pyrrole-1-carboxylate (2v) 

 

 

C36H36N2O6 

592.68 

 

341 mg (0.58 mmol, 58 % yield) as a pale yellow solid. Mp 143-145 °C. 1H NMR (CDCl3, 

500 MHz):  1.39 (s, 18 H), 3.82 (s, 6 H), 6.21 (d, J = 1.9 Hz, 2 H), 6.87-6.91 (m, 4 H), 

7.23-7.26 (m, 4 H), 7.57 (d, J = 1.9 Hz, 2 H). 13C NMR (CDCl3, 125 MHz):  27.6 (CH3), 

55.2 (CH3), 74.2 (Cquat), 75.2 (Cquat), 84.4 (Cquat), 105.5 (Cquat), 113.1 (CH), 116.3 (CH), 

125.5 (Cquat), 127.5 (CH), 130.5 (CH), 135.1 (Cquat), 148.3 (Cquat), 159.3 (Cquat). EI + MS 

(m/z (%)): 592 (M+, 0.2), 392 (C26H20N2O2
+, 6), 310 (3), 197 (4), 57 (C4H9

+, 14), 56 (77), 

55 (31), 44 (CO2
+, 94), 41 (100). IR (KBr):  3147 (w) cm-1, 2981 (w), 2836 (w), 2150 

(w), 1742 (s), 1614 (w), 1571 (w), 1524 (w), 1488 (s), 1361 (s), 1331 (s), 1287 (m), 1249 

(s), 1205 (w), 1177 (m), 1151 (s), 1108 (w), 1035 (w), 991 (w), 847 (m), 766 (w), 608 

(w). Anal. calcd for C36H36N2O6 (592.7) : C 72.95, H 6.12, N 4.73. Found: C 72.70, H 

6.05, N 4.75. 
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3.2.23. 1-Benzyl-4-(4-(1-benzyl-1H-pyrazol-4-yl)buta-1,3-diynyl)-1H-pyrazole (2w) 

 

 

C24H18N4 

362.43 

 

244 mg (0.67 mmol, 67 % yield) as a yellow solid. Mp 182-184 °C. 1H NMR (CDCl3, 500 

MHz):  5.26 (s, 4 H), 7.19-7.23 (m, 4 H), 7.29-7.37 (m, 6 H), 7.53 (s, 2 H), 7.66 (s, 2 H). 

13C NMR (CDCl3, 125 MHz):  56.3 (CH2), 72.5 (Cquat), 74.8 (Cquat), 102.4 (Cquat), 127.9 

(CH), 128.4 (CH), 129.0 (CH), 133.3 (CH), 135.4 (Cquat), 143.1 (CH). EI + MS (m/z (%)): 

363 (14), 362 (M+, 47), 271 ((M-C7H7)
+, 5), 91 (C7H7

+, 100), 65 (C5H5
+, 8). IR (KBr):  

3103 (w) cm-1, 2147 (m), 1638 (w), 1536 (s), 1493 (w), 1451 (m), 1435 (m), 1373 (s), 

1343 (m), 1200 (w), 1162 (m), 1076 (m), 1005 (m), 988 (m), 856 (s), 820 (w), 721 (s), 

695 (m), 656 (w), 632 (m), 586 (w). Anal. calcd for C24H18N4 (362.4) : C 79.54, H 5.01, N 

15.46. Found: C 79.40, H 4.94, N 15.27. 
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3.2.24. 1-Benzyl-5-(4-(1-benzyl-1H-imidazol-5-yl)buta-1,3-diynyl)-1H-imidazole

dihydrochloride (2x) 

 

N

N+ N+

N

H H Cl-Cl-

 

C24H20Cl2N4 

435.35 

 

183 mg (0.51 mmol, 51 % yield) as a colorless solid (free base). For characterisation, it 

was suspended in 1.25 M HCl in EtOH, stirred at the room temperature, filtered and 

washed with n-pentane. Colorless solid. Mp 160-162 °C. EI + MS (m/z (%)): 362 ((M-2 

HCl)+, 4), 277 (14), 158 (C10H10N2
+, 44), 91 (C7H7

+, 100), 65 (C5H5
+, 8). IR (KBr):  3445 

(w) cm-1, 3131 (m), 3088 (m), 3029 (w), 2974 (w), 2639 (w), 2332 (s), 1904 (m), 1638 

(w), 1572 (w), 1497 (w), 1458 (w), 1437 (w), 1395 (w), 1377 (w), 1306 (s), 1262 (w), 

1188 (m), 1098 (w), 971 (w), 898 (m), 866 (m), 819 (m), 727 (s), 695 (w), 625 (m), 520 

(w). Anal. calcd for C24H20Cl2N4 (435.4) : C 66.21, H 4.63, N 12.87. Found: C 65.95, H 

4.61, N 12.85. 

 

 

The dihydrochloride was found to be insoluble in the usual deuterated solvents. No NMR 

spectra could be obtained. 
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3.2.25. 2-(4-(Thiophen-2-yl)buta-1,3-diynyl)thiophene (2y) 

 

 

C12H6S2 

214.31 

 

151 mg (0.71 mmol, 71 % yield) as a pale brown solid. Mp 86-88 °C. 1H NMR (CDCl3, 

500 MHz):  6.98 (dd, J = 5.1 Hz, J = 3.7 Hz, 2 H), 7.31 (dd, J = 5.1 Hz, J = 1.1 Hz, 2 H), 

7.33 (dd, J = 3.7 Hz, J = 1.1 Hz, 2 H). 13C NMR (CDCl3, 125 MHz):  76.8 (Cquat), 78.0 

(Cquat), 122.1 (Cquat), 127.4 (CH), 129.1 (CH), 134.6 (CH). EI + MS (m/z (%)): 216 (10), 

215 (15), 214 (M+, 100), 170 (19). IR (KBr):  3104 (w) cm-1, 2140 (m), 1655 (w), 1544 

(w), 1408 (m), 1368 (w), 1226 (m), 1208 (w), 1148 (m), 1130 (m), 1080 (w), 1038 (w), 

836 (s), 711 (s), 569 (w), 508 (m). Anal. calcd for C12H6S2 (214.3) : C 67.25, H 2.82. 

Found: C 67.02, H 2.94. 

 

 

Data reported in the literature: Y. Nishihara, K. Ikegashira, K. Hirabayashi, J.-i. Ando, A. 
Mori, T. Hiyama, J. Org. Chem. 2000, 65, 1780-1787. 
 

Light sensitive pale yellow solid. Mp 92-93 °C. 1H NMR (CDCl3, 200 MHz):  7.00 (dd, J
= 5.1 Hz, J = 3.7 Hz, 2 H), 7.32 (dd, J = 5.1 Hz, J = 1.2 Hz, 2 H), 7.34 (dd, J = 3.7 Hz, J

= 1.2 Hz, 2 H). 13C NMR (CDCl3, 50.3 MHz):  76.6, 77.8, 122.0, 127.2, 128.9, 134.4. IR 
(neat):  3106 cm-1, 2141, 1408, 714. Anal. calcd for C12H6S2 (214.3) : C 67.25, H 2.82. 
Found: C 67.12, H 2.69. 
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3.2.26. 2-Ethyl-3-(4-(2-ethyl-5-(thiophen-2-yl)furan-3-yl)buta-1,3-diynyl)-5-

(thiophen-2-yl)furan (2z) 

 

 

C24H18O2S2 

402.53 

 

204 mg (0.51 mmol, 51 % yield) as a yellow solid. Mp 122 °C. 1H NMR (CDCl3, 500 

MHz):  1.32 (t, J = 7.6 Hz, 6 H), 2.84 (q, J = 7.6 Hz, 4 H), 6.46 (s, 2 H), 7.01-7.04 (m, 2 

H), 7.21-7.24 (m, 4 H). 13C NMR (CDCl3, 125 MHz):  12.4 (CH3), 21.1 (CH2), 73.7 

(Cquat), 76.8 (Cquat), 103.3 (Cquat), 107.4 (CH), 122.9 (CH), 124.4 (CH), 127.6 (CH), 132.8 

(Cquat), 147.3 (Cquat), 163.2 (Cquat). EI + MS (m/z (%)): 404 (14), 403 (28), 402 (M+, 100), 

389 (12), 388 (25), 387 ((M-CH3)
+, 98), 201 (C12H10OS+, 12), 193 (18), 187 (19), 186 

(C11H6OS+, 66), 135 (20), 111 (43), 43 (11). IR (KBr):  2973 (w) cm-1, 2933 (m), 2143 

(w), 1655 (m), 1638 (m), 1561 (m), 1543 (w), 1509 (w), 1450 (w), 1422 (w), 1376 (w), 

1251 (w), 1203 (m), 1114 (w), 1050 (s), 1037 (m), 996 (w), 895 (w), 849 (m), 819 (w), 

785 (s), 689 (s), 635 (w), 579 (m). Anal. calcd for C24H18O2S2 (402.5) : C 71.61, H 4.51. 

Found: C 71.65, H 4.46. 
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4. 1H and 13C NMR Spectra of Compounds 2a-2z 

 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.5  
1H NMR of 2a in CDCl3 at 298 K (  in ppm).  
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13C NMR of 2a in CDCl3 at 296 K (  in ppm). 
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13C DEPT 135-NMR of 2a in CDCl3 at 296 K (  in ppm). 
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1H NMR of 2b in CDCl3 at 296 K (  in ppm). 
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13C NMR of 2b in CDCl3 at 298 K (  in ppm). 
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13C DEPT 135-NMR of 2b in CDCl3 at 298 K (  in ppm). 
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1H NMR of 2c in CDCl3 at 296 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 2c in CDCl3 at 296 K (  in ppm). 

 

 

 
13C DEPT 135-NMR of 2c in CDCl3 at 296 K (  in ppm). 

 



48

 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.0  
1H NMR of 2e in CDCl3 at 298 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 2e in CDCl3 at 297 K (  in ppm). *Impurities from residual solvents. 

 

 
13C DEPT 135-NMR of 2e in CDCl3 at 297 K (  in ppm). *Impurities from residual 

solvents. 
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1H NMR of 2f in CDCl3 at 296 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 2f in CDCl3 at 296 K (  in ppm). 
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13C DEPT 135-NMR of 2f in CDCl3 at 297 K (  in ppm). 
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1H NMR of 2i in CDCl3 at 298 K (  in ppm). 



53

-505101520253035404550556065707580859095105115125135

7
4

.9

7
7

.0

7
7

.2

7
7

.5

8
0

.8

1
2

3
.5

1
2

9
.9

1
3

0
.9

1
3

2
.5

1
3

4
.6

 
13C NMR of 2i in CDCl3 at 298 K (  in ppm). 
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13C DEPT 135-NMR of 2i in CDCl3 at 298 K (  in ppm). 
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1H NMR of 2j in CDCl3 at 296 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 2j in CDCl3 at 296 K (  in ppm). 

 

 

 
13C DEPT 135-NMR of 2j in CDCl3 at 296 K (  in ppm). 
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1H NMR of 2l in CDCl3 at 295 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 2l in CDCl3 at 296 K (  in ppm). 
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13C DEPT 135-NMR of 2l in CDCl3 at 296 K (  in ppm). 
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1H NMR of 2m in CDCl3 at 296 K (  in ppm).  
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13C NMR of 2m in CDCl3 at 297 K (  in ppm). 

 

 

 
13C DEPT 135-NMR of 2m in CDCl3 at 296 K (  in ppm). 
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1H NMR of 2n in CDCl3 at 296 K (  in ppm).  
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13C NMR of 2n in CDCl3 at 296 K (  in ppm). 

 

 

 
13C DEPT 135-NMR of 2n in CDCl3 at 296 K (  in ppm). 
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1H NMR of 2o in CDCl3 at 298 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 2o in CDCl3 at 299 K (  in ppm). 

 

 

 
13C DEPT 135-NMR of 2o in CDCl3 at 298 K (  in ppm). 
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1H NMR of 2p in CDCl3 at 298 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 2p in CDCl3 at 298 K (  in ppm). 
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13C DEPT 135-NMR of 2p in CDCl3 at 298 K (  in ppm). 
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1H NMR of 2q in CDCl3 at 296 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 2q in CDCl3 at 296 K (  in ppm). 
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13C DEPT 135-NMR of 2q in CDCl3 at 296 K (  in ppm). 
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1H NMR of 2r in CDCl3 at 298 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 2r in CDCl3 at 298 K (  in ppm). 
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13C DEPT 135-NMR of 2r in CDCl3 at 298 K (  in ppm). 
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1H NMR of 2t in CDCl3 at 299 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 2t in CDCl3 at 299 K (  in ppm). 

 

 

 
13C DEPT 135-NMR of 2t in CDCl3 at 299 K (  in ppm). 
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1H NMR of 2u in CDCl3 at 296 K (  in ppm).  



73

 

 
13C NMR of 2u in CDCl3 at 296 K (  in ppm). 

 

 

 
13C DEPT 135-NMR of 2u in CDCl3 at 296 K (  in ppm). 
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1H NMR of 2v in CDCl3 at 297 K (  in ppm).  
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13C NMR of 2v in CDCl3 at 297 K (  in ppm). 

 

 

 
13C DEPT 135-NMR of 2v in CDCl3 at 297 K (  in ppm). 
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1H NMR of 2w in CDCl3 at 297 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 2w in CDCl3 at 297 K (  in ppm). 

 

 

 
13C DEPT 135-NMR of 2w in CDCl3 at 297 K (  in ppm). 
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1H NMR of 2y in CDCl3 at 298 K (  in ppm). *Impurities from residual solvents.
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13C NMR of 2y in CDCl3 at 297 K (  in ppm). 
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13C DEPT 135-NMR of 2y in CDCl3 at 297 K (  in ppm). 
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1H NMR of 2z in CDCl3 at 299 K (  in ppm). *Impurities from residual solvents.
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13C NMR of 2z in CDCl3 at 299 K (  in ppm). 

 

 
13C DEPT 135-NMR of 2z in CDCl3 at 299 K (  in ppm). 
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The one-pot, three-component Sonogashira coupling–TMS-deprotection–CuAAC (“click”) sequence is

the key reaction for the rapid synthesis of triazolyl substituted N-Boc protected NH-heterocycles, such

as indole, indazole, 4-, 5-, 6-, and 7-azaindoles, 4,7-diazaindole, 7-deazapurines, pyrrole, pyrazole, and

imidazole. Subsequently, the protective group was readily removed to give the corresponding triazolyl

derivatives of these tremendously important NH-heterocycles. All compounds have been tested in a

broad panel of kinase assays. Several compounds, 8f, 8h, 8k, and 8l, have been shown to inhibit the

kinase PDK1, a target with high oncology relevance, and thus they are promising lead structures for the

development of more active derivatives. The X-ray structure analysis of compound 8f in complex with

PDK1 has revealed the detailed binding mode of the molecule in the kinase.

Introduction

Indoles represent one of the most prominent privileged structures1

because they are widespread in nature2 and pharmaceutically

relevant compounds.3 Among them, indoles bearing 5- and 6-

membered heterocycles as substituents in the 3-position repre-

sent a conspicuously frequently occurring substitution pattern.

In particular, the heterocyclic ring found in natural products

or their bioactive analogues can be pyrimidine (meridianins,4

hyrtinadine A5), tetrahydropyrimidine (aplicyanins6), piper-

azine and (dihydro)pyrazine (dragmacidins,7 hamacanthins8),

oxazinone (oxazinins9), oxadiazinone (alboinon10), imida-

zole (nortopsentins,11 topsentins12), imidazolone,13,14 oxazole

(diazonamides,15 martefragin A,16 almazoles,17 pimprinine,18

and labradorins19), thiazole (camalexins,20 BE-1098821), imida-

zoline (spongotines,22 discodermindoles,23 trachycladindoles24),

oxazoline,25 maleimide (didemnimides26), isoquinolinequinone

(mensouramycin D27), b-carboline (eudistomin U,28 hyrtioerec-

tine A29), pyrrole (chromopyrrolic acid,30 lynamicins31), pyrroli-

none (violacein32), or another indole.33 Besides indoles, their

aza analogues, i.e. indazole and azaindoles, apparently play an

increasingly important role as scaffolds for biologically active
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molecules.34 In particular, 7-azaindoles are predestined to be

promising scaffolds for investigations as kinase inhibitors due to

their pronounced ability to bind to the hinge region of kinases.35

Again, heterocyclic substituents at the C-3 position are very

common. The most prominent examples are the marine natural

products variolins36 and the simplified synthetic analogues of

variolin B, i.e. the meriolins37 (Fig. 1).

Fig. 1 Biologically active (aza)indoles with 5- and 6-membered heterocy-

cles at C-3 (corresponds to C-5 in variolin B).

Recently, we reported a practical approach to indoles and

7-azaindoles substituted with azines via a one-pot Masuda

borylation–Suzuki coupling sequence.38 Using this approach,
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concise total syntheses of meridianins A and G could be realized.

Previously, we synthesized some members of the meridianin family

and a 7-azaindole analogue of variolin B (later called meriolin

1),37 using a carbonylative Sonogashira coupling as a key step.39

In these compounds, as well as in variolin B, the key structural

feature responsible for the observed biological activity is the 2-

aminopyrimidine ring at C-3, even though meridianins, meriolins,

and variolins bind differently to the hinge region of kinases.37,40

Notably, isomeridianins,41 possessing the 2-aminopyrimidine moi-

ety at C-2, and variolin D, lacking a heterocycle substituent at C-5,

are not biologically active.

Surprisingly, triazolyl substituted indoles have hardly been

explored,42 although the 1,2,3-triazole ring as an electron-poor

metabolically stable43 5-membered heterocyclic substituent has

attracted considerable attention in bioconjugate chemistry, medic-

inal chemistry, and drug discovery.44 In addition to its function

as a convenient linker,45 1,4-disubstituted 1,2,3-triazole is a

peptidomimetic,46 has a large dipole moment and is an H-acceptor

over N-2 and N-3 atoms. Here, we report a diversity-oriented

synthetic concept to access 3-triazolyl-substituted (aza)indole

scaffolds in a one-pot fashion. In addition, the potential of the title

compounds as kinase inhibitors47,48 and cytostatics is explored.

Results and discussion

The Sonogashira coupling–TMS-deprotection–CuAAC sequence

The Sonogashira–Hagihara cross-coupling49 is among the most

reliable C–C bond forming reactions and has become the method

of choice for the construction of internal alkynes from (het-

ero)aryl halides and terminal alkynes.50 Upon coupling halides

with trimethylsilylacetylene (TMSA), TMS-protected alkynes are

formed, which can be easily deprotected to give (hetero)aromatic

terminal alkynes.51 The latter are perfectly suited for the copper(I)-

catalyzed azide–alkyne cycloaddition (CuAAC),52,53 the most re-

markable Cu(I)-catalyzed process developed in the last decade. The

transformation belongs to click-type reactions,54 which proceed

with a high degree of atom economy.55 This process is also very

reliable, mild, general, and highly tolerant to diverse functional

groups. All these features render this reaction highly practical.56

In the past, many efforts have been made to develop one-

pot methodologies based upon the in situ generation of the

azide component,57 the in situ utilization of TMS-acetylenes,58

or the direct sequential Cu(I)-catalyzed C–H-bond arylation of

the obtained triazoles.59 Surprisingly, only little attention has been

paid to the in situ construction of terminal alkynes.60

As a continuation of our program directed to develop new

one-pot multi-component reactions initiated by metal-catalyzed

cross-coupling as an entry for the synthesis of heterocycles61,62

we envisioned the possibility of performing Sonogashira coupling

and CuAAC in a one-pot fashion. Coupling of N-Boc protected

3-iodo NH-heterocycles 1 with TMSA would furnish the inter-

mediate TMS-protected heterocyclic alkynes 3, which after in situ

deprotection would give terminal alkynes 4, the starting material

to accomplish CuAAC with an azide 5, resulting in another Cu(I)-

catalyzed reaction. It was hoped the strategy would give direct

access to triazoles 2 in the sense of sequential catalysis (Scheme 1).

Boc (tert-butoxycarbonyl) is one of the cheapest and most

frequently used nitrogen protective groups.63 Either it can be

Scheme 1 Synthetic concept for triazolyl N-Boc protected heterocycles

(X = CH or N; R = alkyl or aryl, may be generated in situ).

easily introduced on the nitrogen atoms of 5-membered NH-

heterocycles64 or it can be installed directly in the course of their

synthesis.65,66 If not further required, this group can be removed

easily and cleanly under various conditions.67 Previously, we have

demonstrated the enormous utility and versatility of 3-iodo N-Boc

protected indoles, 7-azaindoles, and pyrroles as easily accessible

synthetic building blocks.38,39,66

The Sonogashira coupling of iodo N-Boc NH-heterocycles68

1 with TMSA proceeded smoothly under standard Sonogashira

conditions (PdCl2(PPh3)2/CuI/NEt3).
69 The obtained TMS-

alkynes were not isolated but directly deprotected with TBAF

and subsequently reacted with one equivalent of the commercially

available and stable benzyl azide (5a) to furnish N-Boc 3-triazolyl

(aza)indoles 2a–l and azoles 2m–o in a one-pot fashion (Scheme 2).

The yields were very similar for (aza)indoles and pyrrole regardless

of the number and position of nitrogen atoms.

Scheme 2 Sonogashira coupling–TMS-deprotection–CuAAC sequence

for the synthesis of N-Boc 3-triazolyl (aza)indoles 2a–l and azoles 2m–o

(X = CH or N; R = Bn, Ph; R¢ = Me, OMe, O(CH2)2OMe, p-MeOC6H4).

No further addition of CuI was required in the CuAAC step.

The reaction progress can be conveniently monitored by TLC

and the steps cleanly proceed as “spot-to-spot” reactions without

noticeable amounts of byproducts. No Glaser-type homodimer-

ization products70 were detected because the CuAAC reaction was

performed under an argon atmosphere. It is worth mentioning

that the electron-withdrawing Boc protective group renders the

(aza)indolyl iodides 1 stable to storage,71 whereas the unprotected

iodides are frequently sensitive to light and temperature and

therefore inconvenient to handle.72 Moreover, the Sonogashira

coupling is greatly facilitated, or even becomes feasible, due to

the diminished electron density of these heterocycles.

For the synthesis of triazoles with different substituents on

the N-1 atom of the triazole moiety, the sequence was extended
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to a four-component reaction with N-Boc protected 3-iodo 7-

azaindole (1f) as a substrate. This sequence additionally includes

the in situ generation of the azide 5 via nucleophilic substitution

of a halide with caesium azide (Scheme 3). Hence, not only

electronically diverse benzyl substituents (2p and 2q), and even

a-phenylethyl substituents (2s), but also the homobenzyl group

can be introduced with a comparable yield (2r).

Scheme 3 Four-component Sonogashira coupling–TMS-deprotection–

Finkelstein-type reaction–CuAAC sequence for the synthesis of N-Boc

protected triazolyl 7-azaindoles 2p–s (R = alkyl; Hal = Br, Cl).

For 4- and 5-bromo 7-azaindoles (6a and 6b), which are

commercially available and stable compounds, a four-component

Boc-protection–Sonogashira coupling–TMS-deprotection–

CuAAC sequence was developed to give N-Boc protected 4- and

5-triazolyl azaindoles (7a and 7b) in very good yields (Scheme 4).

The Sonogashira coupling was performed at room temperature

using Fu’s catalytic system.73

Scheme 4 Boc-protection–Sonogashira coupling–TMS-deprotection–

CuAAC sequence for the synthesis of N-Boc 4- and 5-triazolyl 7-azaindoles

7a and 7b.

The possibility to easily adopt the whole synthesis to a

specific substrate and a flexible incorporation of additional steps

into the sequence is an additional advantage of this one-pot

methodology.

The obtained N-Boc protected triazolyl NH-heterocycles 2 and

7 were readily deprotected under extremely mild conditions using

potassium carbonate in methanol at room temperature or slightly

above (Scheme 5). It should be mentioned that although the Boc

protective group could be removed after the completed sequence in

a one-pot fashion, we preferred to perform the Boc-deprotection

in a separate step to ensure the high purity of the final products 8

and 9 (as determined by HT-LC-MS analysis, the UV purity was

99.9–100% for all presented compounds). The content of Pd and

Cu in compound 8f was determined to be < 1 mg g-1 (< 3 ppm)

and < 2 mg g-1 (< 9 ppm), respectively. Thus, no additional removal

of these heavy metals is required.74

The scope of the presented methodology includes indole (8a)

and its bioisosters75 such as indazole (8b), all azaindoles (8c–i, 8p–

s, and 9), diazaindole (8j), deazapurines (8k–l), as well as pyrrole

(8m), pyrazole (8n), and imidazole (8o) (Fig. 2).

Scheme 5 Deprotection of N-Boc 3-triazolyl heterocycles 2 and 7

to 3-triazolyl NH-heterocycles 8 and 9 (X = CH or N; R = Me,

OMe, O(CH2)2OMe, p-MeOC6H4; R¢ = Ph, homobenzyl, Bn, or benzyl

derivatives).

Fig. 2 Scope of the synthetic strategy towards triazolyl NH-heterocycles

8 and 9 (isolated yields over two steps).

The yields are fair to good and are very similar for all

indole analogues 8a–l. They are little affected by the position

and number of additional nitrogen atoms, which is not self-

evident (according to personal observations experienced with

other coupling reactions of these substrates) and emphasizes

the synthetic power gained from the combination of two very

general methods, Sonogashira coupling and CuAAC. Only the

azoles 8n and 8o gave poor yields due to the increased lability of

the Boc protective group in the corresponding starting materials.

Moreover, with tert-butyl 4-iodo-1H-imidazole-1-carboxylate (1n)

the Sonogashira coupling proceeded very sluggishly and required
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15 d reaction time. The structures of the obtained triazoles 8

and 9 were unambiguously supported by NMR spectroscopy,

mass spectrometry, and combustion analysis, and later by an

X-ray structure analysis of compound 8f, cocrystallized with

kinase PDK1 (vide infra).

The sequences are very straightforward and preparatively

extremely simple to perform. Generally, all steps proceed at room

temperature, which is especially important if less stable azides

are to be used. However, they can even be generated in situ with

comparable efficiency. It should be noted that while these studies

were in progress two reports appeared in the literature which

described the same synthetic approach with simple aryl iodides.76

However, we used this strategy to synthesize triazolyl NH-

heterocycles, which are more sophisticated chemical targets and

show promising biological activity, thus illustrating the synthetic

utility of this practical synthesis. Since a variety of diverse NH-

heterocycles, which are of paramount importance in many areas of

research, can be decorated with triazoles in a very straightforward

fashion, the sequence is quite general. Starting from these small

lead structures, more potent derivatives can be readily developed

using this synthetic approach.

Biological data

All compounds 8 and 9 were tested for inhibition of a broad panel

of kinases at the Division of Signal Transduction Therapy (DSTT)

at the University of Dundee, UK. The compounds were screened

against 95–121 kinases at a concentration of 1 mM. In addition, for

all compounds, IC50 values for the inhibition of the kinase PDK1,

a target of high relevance for oncology,77 were determined. The

results for compounds that showed submicromolar activity on at

least one kinase are summarized in Table 1.

For the compounds described here, a hydrogen donor/acceptor

pattern of the 7-azaindole core that can interact with the hinge

region of kinases, is a prerequisite for kinase inhibitory activity. All

compounds in this table possess such a pattern whereas the great

majority of the inactive compounds 8a, 8c, 8d, 8e, 8m, 8n, and

8o, lack this peculiar structural feature. In particular, compounds

with a benzyltriazole group in the 3-position of a 7-azaindole-

Table 1 Biological data of selected compounds 8 and 9

Number of kinases with >50% inhibition
@ 1 mM/number of kinases tested IC50[PDK1] (mM)

8b 4/121 >10
8f 22/121 0.8
8g 10/120 5.2
8h 48/95 0.1
8i 2/120 2.3
8j 11/95 4.9
8k 54/120 0.2
8l 60/102 0.3
8p 15/95 1.8
8q 3/121 >10
8r 17/121 >10
8s 11/120 1.1
9a 12/110 7.9
9b 4/110 >10

IC50: concentration inhibiting kinase activity or reducing cell proliferation
by 50%.

Table 2 Comparison of IC50 values of PDK1 inhibition between isomeric
3-triazolyl 7-azaindole compounds 8f and 10, as well as 3-pyrazolyl 7-
azaindole 11

PDK1 inhibition/IC50 (mM)

8f 10 11
0.8 >10 2.6

like template turned out to be broad kinase inhibitors with 8h,

8k, and 8l having the broadest activity. In contrast, compounds

9a and 9b, which possess a benzyltriazole substituent at C-4 and

C-5 of the 7-azaindole, are much less active, thus emphasizing

the importance of C-3 substitution. Furthermore, substitution

at C-2 or a nitrogen atom in the para-position to N-7 of the 7-

azaindole seem to reduce the biological activity of compounds 8i

and 8j.

For determining whether the triazole unit is merely a linker

or possesses an additional function, an analogue of compound 8f

was prepared via the recently reported Masuda borylation–Suzuki

coupling sequence.38 This compound bears a pyrazole moiety

instead of a triazole. Interestingly, the triazole unit seems to be

important for the biological activity, since the pyrazole compound

11 was significantly less active with an IC50 value of 2.6 mM

for PDK1 compared with 0.8 mM for the triazole 8f. Therefore,

triazole does not simply seem to be a linker, as in many applications

of this heterocycle, but rather displays a pharmacophore character.

However, even more exciting was the observation that the isomeric

compound 10,78 differing from 8f only in the permutation of

substituents on N-1 and C-4 of the triazole unit, showed no activity

on kinases, including PDK1 (Table 2).

X-ray structure of 8f in complex with PDK1

For further characterization of the binding mode, compound 8f

was soaked in crystals of the kinase domain of PDK1. Broad

kinase activity of triazole derivatives is related to PDK1 activity

(Table 1), which suggests that the binding mode in this kinase may

be representative for several other kinases. The crystal structure

was solved at 1.7 Å (Table 3) and reveals the detailed binding mode

of 8f within the ATP-binding site (Fig. 3).

Compound 8f shows two canonical hydrogen bonds to the hinge

region, an H-bond donor contact from azaindole N-1 to Ser160,

and an H-bond acceptor contact from azaindole N-7 to Ala162.

The triazole nitrogen atoms are also involved in hydrogen bonding

interactions: N-3 to the Thr222 side chain (which may explain the

lower activity of the pyrazole 11) and N-2 to a water molecule.

This water molecule is also in the H-bond distance to the catalytic

amino acids Lys111 and Asp223. The molecule binds in an overall

bent conformation with the benzyl group forming hydrophobic

interactions with the glycine-rich region (GC-loop). The reason for

the inactivity of compound 10, which is a bioisostere of compound

8f and differs only in the relative position of the substituents on N-1

and C-4 of the triazole unit and consequently in the dipole moment
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Table 3 Crystallographic data of compound 8f

PDB ID 3RCJ

Total number of reflections collected 110193
Number of unique reflections 33266
Space group C2
Cell dimensions a, b, c (Å) 148.87, 44.39, 47.10
Cell dimensions a, b, g (◦) 90, 101.01, 90
Rmerge overall, highest resolution shell (%) 55.4, 7.2
I/s overall, highest resolution shell 20.58, 2.81
Completeness (%) 99.0
Redundancy 3.31
Resolution range used in refinement (Å) 70–1.7
Number of unique reflections used in refinement 33266
Rfactor (%) 19.8
Rfree (%) 21.7
Number of molecules per asymmetric unit 1
Number of ligands per asymmetric unit 1
Number of protein atoms 2278
Number of ligand atoms 21
Number of water molecules 162

Fig. 3 X-ray structure of the complex of 8f with PDK1 at 1.7 Å resolution.

The 7-azaindole ring forms H-bonds to the hinge region (Ser160 &

Ala162); two of the triazole N-atoms form H-bonds to Thr222 and a

water molecule. The benzyl ring is oriented towards the GC-loop.

of the molecule, cannot be deduced from this X-ray structure and

still remains obscure.

Conclusions

A practical and preparatively simple one-pot three-component

Sonogashira coupling–TMS-deprotection–CuAAC sequence was

developed to synthetically access a variety of triazolyl NH-

heterocycles 8 and 9 in high purity and a very concise fashion. The

sequence works very reliably for substrates with nitrogen atoms

in different positions of various indole isosters, arising from the

robustness, the versatility, and the generality of both Sonogashira

coupling and CuAAC. The title compounds were tested for

inhibition of a broad panel of kinases to reveal their kinase

inhibitory activities. Compounds 8f, 8h, 8k, and 8l were found

to inhibit PDK1 kinase with IC50 values below 1 mM. The X-ray

structure analysis of compound 8f in complex with PDK1 reveals

the importance of the benzyl substituent for the binding. The

phenyl and homobenzyl derivatives 8g and 8r were considerably

less active, indicating a suboptimal position of their aromatic

rings for favorable interaction towards the GC-loop compared

with the benzyl substituent in 8f. Since all synthesized compounds

are small molecules, more potent analogues can be envisioned by

derivatization, which can be achieved easily with the presented

method.

Experimental

Synthesis of 3-(1-benzyl-1H-1,2,3-triazol-4-yl)-

1H-pyrrolo[2,3-b]pyridine (8f)

(Compound 2f): PdCl2(PPh3)2 (71 mg, 0.10 mmol, 2 mol%)

and CuI (39 mg, 0.20 mmol, 4 mol%) were placed in a dry

screw-cap Schlenk vessel with a septum. Then, tert-butyl 3-iodo-

1H-pyrrolo[2,3-b]pyridine-1-carboxylate (1f) (1.72 g, 5.00 mmol)

was added in 25 mL of dry tetrahydrofuran under an argon

atmosphere and the reaction mixture was degassed with argon.

After that, trimethylsilylacetylene (1.08 mL, 7.50 mmol, 1.50

equiv.) and dry triethylamine (1.39 mL, 10.0 mmol, 2.00 equiv.)

were added and the mixture was stirred at room temperature

(in a water bath) for 1 h until the complete consumption of

the starting material (monitored by TLC). Then, 1 M solution

of tetrabutylammonium fluoride in tetrahydrofuran (7.50 mL,

1.50 mmol, 1.50 equiv.) was added dropwise and the mixture

was stirred at room temperature for 0.5 h until the deprotection

was complete (monitored by TLC). After that, benzyl azide (5a)

(679 mg, 5.00 mmol, 1.00 equiv.) in 5 mL of dry methanol

was added and the mixture was stirred at room temperature for

40 h until the complete conversion to the product (monitored

by TLC). After removal of the solvents in vacuo the residue was

absorbed onto Celite R© and purified chromatographically on silica

gel with petroleum ether (boiling range 40–60 ◦C)–ethyl acetate

PE–EtOAc = 2 : 1 (Rf (PE–EtOAc = 2 : 1): 0.20) to give 1.56 g

(4.15 mmol, 83%) tert-butyl 3-(1-benzyl-1H-1,2,3-triazol-4-yl)-

1H-pyrrolo[2,3-b]pyridine-1-carboxylate (2f) as a yellow foam.

The obtained compound was deprotected without characteriza-

tion and further purification.

(Compound 8f): tert-Butyl 3-(1-benzyl-1H-1,2,3-triazol-4-yl)-

1H-pyrrolo[2,3-b]pyridine-1-carboxylate (2f) (1.56 g, 4.15 mmol)

was placed in 21 mL of methanol. Then, potassium carbonate

(1.45 g, 10.4 mmol, 2.50 equiv.) was added and the mixture was

stirred at room temperature (in a water bath) for 1 h (monitored

by TLC). A precipitate formed after a few min. The mixture was

adsorbed on Celite R© and purified chromatographically on silica

gel with dichloromethane–methanol–aqueous ammonia DCM–

MeOH–NH3 = 100 : 1 : 1 → 100 : 2 : 1 → 100 : 3 : 1 (stepwise

gradient). After drying in vacuo overnight, 930 mg (3.38 mmol,

81%) of a pale yellow solid were obtained. The product was

additionally purified by suspension in dichloromethane, sonica-

tion in ultrasonic bath for 0.5 h, filtration and drying in vacuo at

70 ◦C overnight to obtain the analytically pure 3-(1-benzyl-1H-

1,2,3-triazol-4-yl)-1H-pyrrolo[2,3-b]pyridine (8f) as a colorless

solid. UV purity (HT-LC-MS): 100%. M.p. 234–237 ◦C.1H NMR

(DMSO-d6, 500 MHz): d (ppm) 5.66 (s, 2 H), 7.17 (dd, J = 7.9 Hz,

J = 4.7 Hz, 1 H), 7.32–7.43 (m, 5 H), 7.92 (d, J = 2.5 Hz, 1 H), 8.29

(dd, J = 4.7 Hz, J = 1.6 Hz, 1 H), 8.44 (dd, J = 7.9 Hz, J = 1.6 Hz,

1 H), 8.54 (s, 1 H), 11.9 (br, 1 H, NH). 13C NMR (DMSO-d6,

125 MHz): d (ppm) 52.8 (CH2), 105.0 (Cquat), 115.9 (CH), 116.9

(Cquat), 119.8 (CH), 123.2 (CH), 127.8 (CH), 128.1 (CH), 128.3

(CH), 128.7 (CH), 136.1 (Cquat), 142.4 (Cquat), 143.1 (CH), 148.5

This journal is © The Royal Society of Chemistry 2011 Org. Biomol. Chem., 2011, 9, 5129–5136 | 5133



(Cquat). EI + MS (m/z (%)): 275 (M+, 100), 248 (13), 247 (74), 246

(87), 220 (11), 219 (35), 170 (15), 156 (24), 142 (10), 129 (17), 91

(C7H7
+, 19), 44 (19). IR (KBr): ñ 1584 (s) cm-1, 1458 (m), 1420

(m), 1220 (m), 941 (m), 799 (m), 771 (s), 722 (s). Anal. calcd for

C16H13N5 (275.3): C 69.80, H 4.76, N 25.44. Found: C 69.71, H

5.02, N 25.44.

PDK1 biochemical kinase assay

The PDK1 (3-phosphoinositide-dependent protein kinase-1)

assay was carried out in 384-well streptavidin-coated FlashPlates

(PerkinElmer). 3.4 nM His6-PDK1(D1-50), 400 nM biotinylated

PDKtide (Biotin-bA-bA-KTFCGTPEYLAPEVRREPRILS-

EEEQEMFRDFDYIADWC), and 4 mM ATP (spiked with

0.25 mCi 33P-ATP per well) were incubated in a total volume

of 50 mL (50 mM TRIS, 10 mM magnesium acetate, 0.1%

mercaptoethanol, 0.02% Brij35, 0.1% bovine serum albumin,

pH 7.5) with or without test compound (7–10 concentrations) for

60 min at 30 ◦C. The reaction was stopped by the addition of 25 mL

200 mM EDTA. After 30 min at room temperature the liquid

was removed and each well washed three times with 100 mL 0.9%

sodium chloride solution. Nonspecific reaction was determined

in the presence of 100 nM staurosporine. Radioactivity was

measured in a Topcount (PerkinElmer). Results (IC50 values) were

calculated with e.g. AssayExplorer (Symyx).

DSTT kinase assays

The kinase assays79 were carried out at room temperature.

Compounds were pre-incubated in the presence of the enzyme and

peptide/protein substrate for 5 min before initiation of the reaction

by adding ATP. Assays were incubated at room temperature before

termination by the addition of 5 mL orthophosphoric acid. The

assay plates were then harvested onto P81 Unifilter Plates (wash

buffer was 50 mM orthophosphoric acid) and dried in air. The dry

Unifilter plates were then sealed on the addition of MicroScint

O and were counted in Packard Topcount NXT scintillation

counters.

Cocrystallization of compound 8f with PDK1 and X-ray structure

determination

Crystallization of PDK1 was performed as previously described80

and crystals were used for soaking with compound 8f. X-Ray

diffraction data were collected at the PXIII beamline equipped

with a Pilatus detector at the Paul Scherrer Institut in Villingen,

Switzerland. With the detector set at 270 mm, data were collected

in 720 contiguous 0.25◦ oscillation images at 1 Å wavelength. The

data for compound 8f extends to 1.7 Å resolution, has an Rmerge

of 7.2% and 3.31-fold multiplicity. The structure was refined using

CNX (Accelrys Inc.) to an Rfactor of 19.8%.
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8473.

69 Although numerous efficient catalytic systems have been described for
the Sonogashira-type alkynylations, this standard catalytic system is
still by far the most widely used one: H. Plenio, Angew. Chem., Int.
Ed., 2008, 47, 6954; R. R. Tykwinski, Angew. Chem., Int. Ed., 2003, 42,
1566.

70 E. Merkul, D. Urselmann and T. J. J. Müller, Eur. J. Org. Chem., 2011,
238.

71 N-Boc protected 3-iodo (aza)indoles and 4-iodo pyrroles are storable
for years in the refrigerator under an argon atmosphere without
decomposition.

72 3-Iodo (aza)indoles can be prepared in large quantities without need
for argon atmosphere, but they should be promptly protected with Boc
to avoid decomposition and for convenient handling and storage.

73 M. R. Netherton and G. C. Fu, Org. Lett., 2001, 3, 4295; T.
Hundertmark, A. F. Littke, S. L. Buchwald and G. C. Fu, Org. Lett.,
2000, 2, 1729.

74 For some strategies developed to remove Pd from pharmaceutically
active ingredients, see a review: C. E. Garrett and K. Prasad, Adv.
Synth. Catal., 2004, 346, 889.

75 For a recent review on the role of bioisosterism in rational drug design,
see: L. M. Lima and E. J. Barreiro, Curr. Med. Chem., 2005, 12, 23.

76 F. Friscourt and G.-J. Boons, Org. Lett., 2010, 12, 4936; K. Lörincz, P.
Kele and Z. Novák, Synthesis, 2009, 3527.

77 J. R. Bayascas, Curr. Top. Microbiol. Immunol., 2010, 346, 9; A. Mora,
D. Komander, D. M. F. van Aalten and D. R. Alessi, Sem. Cell Dev.
Biol., 2004, 15, 161.

78 J. Andersen, S. Bolvig and X. Liang, Synlett, 2005, 2941.
79 J. Bain, L. Plater, M. Elliott, N. Shpiro, C. J. Hastie, H. McLauchlan, J.

Klevernic, J. S. C. Arthur, D. R. Alessi and P. Cohen, Biochem. J., 2007,
408, 297; J. Bain, H. McLauchlan, M. Elliott and P. Cohen, Biochem. J.,
2003, 371, 199.

80 V. Hindie, A. Stroba, H. Zhang, L. A. Lopez-Garcia, L. Idrissova, S.
Zeuzem, D. Hirschberg, F. Schaeffer, T. J. D. Jørgensen, M. Engel, P. M.
Alzari and R. M. Biondi, Nat. Chem. Biol., 2009, 5, 758.

5136 | Org. Biomol. Chem., 2011, 9, 5129–5136 This journal is © The Royal Society of Chemistry 2011



 

Rapid preparation of triazolyl substituted NH-

heterocyclic kinase inhibitors via one-pot 

Sonogashira coupling–TMS-deprotection–CuAAC 

sequence**

 

 

Eugen Merkul,[a] Fabian Klukas,[a] Dieter Dorsch,[b] Ulrich Grädler,[b] 

Hartmut E. Greiner,[b] and Thomas J. J. Müller[a]* 

 

 

 

 

[ ] [a] Dipl.-Chem. Eugen Merkul, Fabian Klukas, Prof. Dr. Thomas J. J. Müller 

Institut für Organische Chemie und Makromolekulare Chemie, Heinrich-Heine-

Universität Düsseldorf 

Universitätsstr. 1, D-40225 Düsseldorf 

Fax: (+)49 (0)211 81 14324  

E-mail: ThomasJJ.Mueller@uni-duesseldorf.de 

 

 [b] Dr. Dieter Dorsch, Dr. Ulrich Grädler, Dr. Hartmut E. Greiner 

Merck Serono Research and Development, Merck KGaA 

Frankfurter Str. 250, D-64293 Darmstadt 

 

[ ] This work was supported by Merck Serono, Darmstadt 

Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011



2

 

Supporting Information 

Table of Contents 

 

1. General Considerations 5 

2. Preparation of Starting Materials 1a-l and 1n 7 

2.1. Preparation of N-Boc 3-iodo (aza)indoles 1a, 1d-k, and 1n (shown for 

 tert-butyl 3-iodo-1H-pyrrolo[2,3-b]pyridine-1-carboxylate (1f))[1] 7 

2.2. Preparation of tert-butyl 3-iodo-1H-indazole-1-carboxylate (1b)  8 

2.3. Preparation of tert-butyl 3-iodo-1H-pyrrolo[3,2-b]pyridine-1- 

carboxylate (1c)[2]         9 

2.4. Spectroscopic data of compounds 1a-k and 1n    14 

2.4.1. tert-Butyl 3-iodo-1H-indole-1-carboxylate (1a)    14 

2.4.2. tert-Butyl 3-iodo-1H-indazole-1-carboxylate (1b)    15 

2.4.3. tert-Butyl 3-iodo-1H-pyrrolo[3,2-b]pyridine-1-carboxylate (1c)  16 

2.4.4. tert-Butyl 3-iodo-1H-pyrrolo[3,2-c]pyridine-1-carboxylate (1d)  17 

2.4.5. tert-Butyl 3-iodo-1H-pyrrolo[2,3-c]pyridine-1-carboxylate (1e)  18 

2.4.6. tert-Butyl 3-iodo-1H-pyrrolo[2,3-b]pyridine-1-carboxylate (1f)  19 

2.4.7. tert-Butyl 3-iodo-4-methoxy-1H-pyrrolo[2,3-b]pyridine- 

1-carboxylate (1g)         20 

2.4.8. tert-Butyl 3-iodo-2-methyl-1H-pyrrolo[2,3-b]pyridine- 

1-carboxylate (1h)         21 

2.4.9. tert-Butyl 7-iodo-5H-pyrrolo[2,3-b]pyrazine-5-carboxylate (1i)  22 

2.4.10. tert-Butyl 5-iodo-4-methoxy-7H-pyrrolo[2,3-d]pyrimidine-7- 

carboxylate (1j)         23 

2.4.11. tert-Butyl 4-(2-methoxyethoxy)-5-iodo-7H-pyrrolo[2,3-d]pyrimidine- 

7-carboxylate (1k)         24 

2.4.12. tert-Butyl 4-iodo-1H-imidazole-1-carboxylate (1n)    25 

2.5. Preparation of tert-butyl 4-iodo-2-(4-methoxy-phenyl)- 

1H-pyrrole-1-carboxylate (1l)[3]       26 

Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011



3

 

3 Multicomponent Syntheses of Triazolyl Substituted  

N-Boc Protected NH-Heterocycles 2a-s    28 

3.1. Three-component Sonogashira coupling – TMS-deprotection –  

CuAAC sequence         28 

3.1.1. General procedure for the preparation of compounds 2a-o  28 

3.2. Four-component Sonogashira coupling – TMS-deprotection –  

Azide-Halide exchange – CuAAC sequence     35 

3.2.1. General procedure for the preparation of compounds 2p-s  35 

3.3. Four-component Boc-protection – Sonogashira coupling –

TMS-deprotection – CuAAC sequence     38 

3.3.1. General procedure for the preparation of compounds 7a-b  38 

4. Deprotection of N-Boc Protected Triazolyl NH-Heterocycles 41 

4.1. General procedure for the preparation of compounds 8a-s and 9a-b 41 

4.2. Spectroscopic data of compounds 8a-s and 9a-b    50 

4.2.1. 3-(1-Benzyl-1H-1,2,3-triazol-4-yl)-1H-indole (8a)    50 

4.2.2. 3-(1-Benzyl-1H-1,2,3-triazol-4-yl)-1H-indazole (8b)    51 

4.2.3. 3-(1-Benzyl-1H-1,2,3-triazol-4-yl)-1H-pyrrolo[3,2-b]pyridine (8c)  52 

4.2.4. 3-(1-Benzyl-1H-1,2,3-triazol-4-yl)-1H-pyrrolo[3,2-c]pyridine (8d)  53 

4.2.5. 3-(1-Benzyl-1H-1,2,3-triazol-4-yl)-1H-pyrrolo[2,3-c]pyridine (8e)  54 

4.2.6. 3-(1-Benzyl-1H-1,2,3-triazol-4-yl)-1H-pyrrolo[2,3-b]pyridine (8f)  55 

4.2.7. 3-(1-Phenyl-1H-1,2,3-triazol-4-yl)-1H-pyrrolo[2,3-b]pyridine (8g)  56 

4.2.8. 3-(1-Benzyl-1H-1,2,3-triazol-4-yl)-4-methoxy- 

1H-pyrrolo[2,3-b]pyridine (8h)       57 

4.2.9. 3-(1-Benzyl-1H-1,2,3-triazol-4-yl)-2-methyl- 

1H-pyrrolo[2,3-b]pyridine (8i)       58 

4.2.10. 7-(1-Benzyl-1H-1,2,3-triazol-4-yl)-5H-pyrrolo[2,3-b]pyrazine (8j) 59 

4.2.11. 5-(1-Benzyl-1H-1,2,3-triazol-4-yl)-4-methoxy-7H-

pyrrolo[2,3-d]pyrimidine (8k)       60 

4.2.12. 4-(2-Methoxyethoxy)-5-(1-benzyl-1H-1,2,3-triazol-4-yl)- 

7H-pyrrolo[2,3-d]pyrimidine (8l)      61 

4.2.13. 1-Benzyl-4-(5-(4-methoxyphenyl)-1H-pyrrol-3-yl)- 

1H-1,2,3-triazole (8m)        62 

4.2.14. 1-Benzyl-4-(1H-pyrazol-4-yl)-1H-1,2,3-triazole (8n)   63 

Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011



4

 

4.2.15. 1-Benzyl-4-(1H-imidazol-4-yl)-1H-1,2,3-triazole (8o)   64 

4.2.16. 3-(1-(4-Chlorobenzyl)-1H-1,2,3-triazol-4-yl)- 

1H-pyrrolo[2,3-b]pyridine (8p)       65 

4.2.17. 3-(1-(4-Methoxybenzyl)-1H-1,2,3-triazol-4-yl)- 

1H-pyrrolo[2,3-b]pyridine (8q)       66 

4.2.18. 3-(1-Phenethyl-1H-1,2,3-triazol-4-yl)-1H-pyrrolo[2,3-b]pyridine (8r) 67 

4.2.19. 3-(1-(1-Phenylethyl)-1H-1,2,3-triazol-4-yl)- 

1H-pyrrolo[2,3-b]pyridin (8s)       68 

4.2.20. 4-(1-Benzyl-1H-1,2,3-triazol-4-yl)-1H-pyrrolo[2,3-b]pyridine (9a) 69 

4.2.21. 5-(1-Benzyl-1H-1,2,3-triazol-4-yl)-1H-pyrrolo[2,3-b]pyridine (9b) 70 

5. Preparation of 3-(4-Benzyl-1H-1,2,3-triazol-1-yl)-1H-pyrrolo[2,3-

b]pyridine (10) by the One-Pot Synthesis of 1-Aryl 1,2,3-Triazoles 

from Aryl Halides and Terminal Alkynes in the Presence of Sodium 

Azide[4]           71 

6. Preparation of 3-(1-Benzyl-1H-pyrazol-4-yl)-1H-pyrrolo[2,3-

b]pyridine (11) by the Masuda Borylation – Suzuki Coupling 

Sequence[5]          74 

7. 1H and 13C NMR Spectra of Compounds 8f, 8g, 8r, 9a, 10,

and 11          76 

8. Appendix          88 

8.1. HT-LC-MS Spectra and UV purity of the obtained compounds  

8a-s, 9a-b, 10, and 11        88 

8.2. HT-LC-MS Methods for the control of identity and purity of  

compounds 8a-s, 9a-b, 10, and 11      140 

8.3. Determination of Cu and Pd contents in compound 8f   142 

9. References          143 

 

Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011



5

 

1. General Considerations 

 

All cross coupling reactions were carried out in oven-dried Schlenk glassware using 

septa and syringes under nitrogen or argon atmosphere. THF and 1,4-dioxane were 

dried using MBraun system MB-SPS-800, and triethylamine was refluxed under 

argon atmosphere over ketyl sodium, distilled and stored in a Schlenk flask over 

potassium hydroxide pellets under argon atmosphere. Dry methanol was purchased 

from Sigma-Aldrich Chemie GmbH.  

7-, 6-, and 5-Azaindoles were obtained commercially from Biosynth. 4-Azaindole, 4-

chloro-7-azaindole, and 4-chloro-deazapurine were synthesized in laboratories of 

Merck Serono, Darmstadt. 4,7-Diazaindole and 2-methyl-7-azaindole were obtained 

from Ark Pharm, Inc. 4(5)-Iodo-1H-imidazole and tert-butyl 4-iodo-1H-pyrazole-1-

carboxylate (1m) were purchased from ABCR GmBH & Co. 4-Bromo-7-azaindole 

(6a) and 5-bromo-7-azaindole (6b) were obtained from Sigma-Aldrich Chemie 

GmbH. 

Trimethylsilylacetylene was obtained from Sigma-Aldrich Chemie GmbH. 

Tetrabutylammonium fluoride (1 M in THF) was obtained from Sigma-Aldrich Chemie 

GmbH. Benzyl azide (5a) was obtained from ABCR GmBH & Co. Azidobenzene 

solution (~ 0.5 M in tert-butylmethylether) was obtained from Sigma-Aldrich Chemie 

GmbH. Cesium azide was obtained from Sigma-Aldrich Chemie GmbH. 

Cp*RuCl(PPh3)2 was obtained from ABCR GmBH & Co.  

Commercial grade reagents were used as supplied without further purification and 

were purchased from Acros Organics, Sigma-Aldrich Chemie GmbH, Fluka AG, 

ABCR GmBH & Co. KG, AppliChem, and Merck KGaA.  

The purification of products was performed on silica gel 60 (0.015-0.040 mm) from 

Merck KGaA using flash technique and under pressure of 2 bar. The crude mixtures 

were adsorbed on Celite 545 (0.02-0.10 mm) from Merck KGaA before 

chromatographic purification. 

The reaction progress was monitored qualitatively using TLC Silica gel 60 F254 5 x 7.5 

cm aluminium sheets obtained by Merck KGaA. The spots were detected with UV 

light at 254 nm and using aqueous potassium permanganate solution.  
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1H, 13C, and 135-DEPT NMR spectra were recorded on Bruker DRX 500 

spectrometer. CDCl3 and DMSO-d6 were used as deuterated solvents. TMS was 

used as reference (  = 0.0) or the resonances of the solvents were locked as internal 

standards (CDCl3: 
1H  7.26, 13C 77.0; DMSO-d6: 

1H 2.50, 13C 39.4). The 

multiplicities of signals were abbreviated as follows: s: singlet; d: doublet; t: triplet; dd: 

doublet of doublets, q: quartet, m: multiplet and br: broad signal. The type of carbon 

atoms was determined on the basis of 135-DEPT NMR spectra.  

EI mass spectra were measured on Finnigan MAT 8200 spectrometer. IR spectra 

were obtained on Bruker Vector 22 FT-IR. The solids were measured as KBr pellets 

and oils as films on KBr plates. The intensity of signals is abbreviated as follows: s 

(strong), m (medium) and w (weak). The melting points (uncorrected) were measured 

on Reichert-Jung Thermovar. Combustion analyses were carried out on Perkin Elmer 

Series II Analyser 2400 in the microanalytical laboratory of Institut für 

Pharmazeutische und Medizinische Chemie der Heinrich-Heine-Universität 

Düsseldorf. HT-LC-MS spectra were measured in the Molecule Analytics laboratory 

of Central Analytical Services, Merck KGaA Darmstadt. The content of Pd and Cu in 

the compound 8f was determined in the Element Analytics laboratory of Central 

Analytical Services, Merck KGaA Darmstadt. 
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2. Preparation of Starting Materials 1a-l and 1n 

 

2.1. Preparation of N-Boc 3-iodo (aza)indoles 1a, 1d-k, and 1n (shown for tert-

butyl 3-iodo-1H-pyrrolo[2,3-b]pyridine-1-carboxylate (1f))[1]

 

 

 

A solution of iodine (25.7 g, 101 mmol, 1.01 equiv) in 180 mL of DMF was dropped to 

the solution of 7-azaindole (12.1 g, 100 mmol) and potassium hydroxide (16.5 g, 250 

mmol, 2.50 equiv) in 180 mL of DMF at room temperature and the mixture was stirred 

for 45 min. The reaction mixture was then poured on 1 L ice water containing 1 % 

ammonia and 0.2 % sodium disulfite. The precipitate was filtered, washed with ice 

water and dried in vacuo to obtain 23.7 g (97.2 mmol, 97 % yield) of a yellow solid. 

The obtained iodide was used without further purification in the next step. It was 

suspended in 180 mL of dichloromethane, 4-dimethylaminopyridine (1.21 g, 9.72 

mmol, 10 mol %) was added and di-tert-butyl dicarbonate (32.8 g, 146 mmol, 1.50 

equiv), dissolved in 180 mL of dichloromethane, was added dropwise over 30 min. 

The mixture was stirred for 30 min at room temperature, washed with 200 mL of 0.1 

N HCl, and the aqueous phase was extracted with dichloromethane (2 x 100 mL). 

The combined organic layers were dried with sodium sulphate, the solvents were 

removed under reduced pressure and the residue was adsorbed onto Celite® and 

purified chromatographically on silica gel with petroleum ether (boiling range 40-60 

°C)/ethyl acetate (PE-EtOAc = 20:1, Rf (PE-EtOAc = 20:1): 0.14) to give 31.6 g (91.8 

mmol, 94 % yield; 92 % total yield over two steps) of tert-butyl 3-iodo-1H-pyrrolo[2,3-

b]pyridine-1-carboxylate (1f) as an orange oil, which solidifies upon storage in 

refrigerator.  

 

Compounds 1a, 1d-e, 1g-k, and 1n were obtained analogously. 

 

The experimental details are depicted in Table 1.
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2.2. Preparation of tert-butyl 3-iodo-1H-indazole-1-carboxylate (1b) 

 

 

 

A solution of iodine (13.8 g, 54.3 mmol, 2.00 equiv) in 50 mL of DMF was dropped to 

the solution of 1H-indazole (3.34 g, 27.1 mmol) and potassium hydroxide (5.70 g, 102 

mmol, 3.76 equiv) in 50 mL of DMF at room temperature and the mixture was stirred 

for 4 h. The reaction mixture was then poured onto 200 mL of saturated sodium silfite 

solution and extracted with diethylether (2 x 50 mL). The combined organic layers 

were washed with water and brine and dried with sodium sulphate. After the solvents 

were removed under reduced pressure, 6.09 g (24.9 mmol, 92 % yield) of a yellow 

solid were obtained. 

The obtained iodide was used without further purification for the next step. 3-Iodo-1H-

indazole (5.09 g, 20.9 mmol) was dissolved in 100 mL of dichloromethane, then 

triethylamine (27.2 mL, 196 mmol, 9.39 equiv) and 4-dimethylaminopyridine (261 mg, 

2.09 mmol, 10 mol %) were added, and di-tert-butyl dicarbonate (14.1 g, 62.6 mmol, 

3.00 equiv), dissolved in 50 mL of dichloromethane, was slowly added dropwise. The 

mixture was stirred for 4 h at room temperature, washed with saturated sodium sulfite 

solution (3 x 20 mL), dried with sodium sulphate, and the solvents were removed 

under reduced pressure. The residue was adsorbed onto Celite® and purified 

chromatographically on basic Alox with petroleum ether (boiling range 40-60 

°C)/ethyl acetate (PE-EtOAc = 20:1, Rf (PE-EtOAc = 20:1): 0.31) to give 6.26 g (18.2 

mmol, 87 % yield; 80 % total yield over two steps) of tert-butyl 3-iodo-1H-indazole-1-

carboxylate (1b) as a pale yellow solid.  
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2.3. Preparation of tert-butyl 3-iodo-1H-pyrrolo[3,2-b]pyridine-1-carboxylate

(1c)[2]

 

 

 

4-Azaindole (11.8 g, 100 mmol) was dissolved in 200 mL of pyridine and the solution 

was cooled with an ice bath. Then, 220 mL of a 0.5 M solution of iodomonochloride 

(17.9 g, 110 mmol, 1.10 equiv) in dichloromethane was added over 5 min. After 15 

min the cooling bath was removed, and after another 30 min the solution was diluted 

with 2 L of ethyl acetate. The mixture was washed successively with 1 N HCL and 1 

N NaOH, dried with sodium sulphate, and the solvents were removed in vacuo. The 

residue was dried in vacuo to give 18.3 g (75.0 mmol, 75 %) of an orange solid.  

The obtained iodide was used without further purification for the next step. 3-Iodo-1H-

pyrrolo[3,2-b]pyridine (1.82 g, 7.45 mmol) was dissolved in 30 mL of 

dichloromethane, then triethylamine (6.62 mL, 47.8 mmol, 6.41 equiv) and 4-

dimethylaminopyridine (91 mg, 0.75 mmol, 10 mol %) were added, and di-tert-butyl 

dicarbonate (3.25 g, 14.9 mmol, 2.00 equiv), dissolved in 25 mL of dichloromethane, 

was slowly added dropwise. The mixture was stirred for 4 h at room temperature, 

washed with saturated sodium sulfite solution (2 x 20 mL), dried with sodium 

sulphate, and the solvents were removed under reduced pressure. The residue was 

adsorbed onto Celite® and purified chromatographically on neutral Alox with 

petroleum ether (boiling range 40-60 °C)/ethyl acetate (PE-EtOAc = 5:1, Rf (PE-

EtOAc = 5:1): 0.41) to give 1.88 g (5.45 mmol, 73 % yield; 55 % total yield over two 

steps) of tert-butyl 3-iodo-1H-pyrrolo[3,2-b]pyridine-1-carboxylate (1c) as a colorless 

solid. 
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Table 1. Experimental details for the synthesis of N-Boc 3-iodo (aza)indoles 1a-k and 
N-Boc 4-iodo imidazole 1n.

 

Entry (Aza)Indole 3-Iodo 
(aza)indole 

N-Boc 3-Iodo 
(aza)indole 1 

(isolated yield %) 

Chromatographic 
purification (eluent)

Rf (eluent) 
 

1 
 
 

20.0 g 
(171 mmol) 
1H-Indole 
(Acros) 

 

Yellow solid 
32.8 g 

(135 mmol,  
79 %) 

 
For Boc-

protection: 
10.0 g  

(41.1 mmol) 
 

Brown oil 
11.3 g 

(32.9 mmol, 80 %)
Total yield: 63 % 

1a
 

PE-EtOAc = 50:1 
Rf (PE-EtOAc = 

50:1): 0.38 

2 
 

3.34 g 
(27.1 mmol) 
1H-Indazole 

(ABCR) 
 

Yellow solid 
6.09 g 

(24.9 mmol,  
92 %) 

 
For Boc-

protection: 
5.09 g  

(20.9 mmol) 
 

Colorless solid 
6.26 g 

(18.2 mmol, 87 %)
Total yield: 80 % 

1b
 

PE-EtOAc = 20:1 
Rf (PE-EtOAc = 

20:1): 0.31 

3 
 
 

11.8 g 
(100 mmol) 

1H-
Pyrrolo[3,2-
b]pyridine 

(4-Azaindole) 
(Biosynth) 

 

Orange solid 
18.3 g 

(75.0 mmol,  
75 %) 

 
For Boc-

protection: 
1.82 g 

(7.45 mmol) 
 

Colorless solid 
1.88 g 

(5.45 mmol, 73 %)
Total yield: 55 % 

1c
 

PE-EtOAc = 5:1 
Rf (PE-EtOAc = 5:1): 

0.41 
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Table 1 (continuation). Experimental details for the synthesis of N-Boc 3-iodo 
(aza)indoles 1a-k and N-Boc 4-iodo imidazole 1n.

 

Entry Azaindole 3-Iodo 
azaindole 

N-Boc 3-Iodo 
azaindole 1 

(isolated yield %) 

Chromatographic 
purification (eluent)

Rf (eluent) 
 

4 
 

1.00 g 
(8.47 mmol) 

1H-
Pyrrolo[3,2-
c]pyridine 

(5-Azaindole) 
(Biosynth) 

 

Pale yellow 
solid 

1.50 g 
(6.14 mmol,  

73 %) 
 

Colorless solid 
1.85 g 

(5.36 mmol, 87 %)
Total yield: 64 % 

1d
 

PE-EtOAc = 2:1 
Rf (PE-EtOAc = 2:1): 

0.37 

5 
 

5.00 g 
(42.3 mmol) 

1H-
Pyrrolo[2,3-
c]pyridine 

(6-Azaindole) 
(Biosynth) 

 

Yellow solid 
8.10 g 

(33.2 mmol,  
78 %) 

 
For Boc-

protection: 
7.11 g  

(29.1 mmol) 
 

Pale yellow solid 
7.52 g 

(21.9 mmol, 75 %)
Total yield: 59 % 

1e
 

PE-EtOAc = 2:1 
Rf (PE-EtOAc = 2:1): 

0.36 

6 
 
 

12.1 g 
(100 mmol) 

1H-
Pyrrolo[2,3-
b]pyridine 

(7-Azaindole) 
(ABCR) 

 

Yellow solid 
23.7 g 

(97.2 mmol,  
97 %) 

 

Yellow-orange oil[a]

31.6 g 
(91.8 mmol, 94 %)
Total yield: 92 % 

1f
 

PE-EtOAc = 20:1 
Rf (PE-EtOAc = 

20:1): 0.14 

 
[a] Solidifies upon storage in refrigerator. 
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Table 1 (continuation). Experimental details for the synthesis of N-Boc 3-iodo 
(aza)indoles 1a-k and N-Boc 4-iodo imidazole 1n.

 

Entry Azaindole 3-Iodo 
azaindole 

N-Boc 3-Iodo 
azaindole 1 

(isolated yield %) 

Chromatographic 
purification (eluent)

Rf (eluent) 
 

7 
 

284 mg 
(1.92 mmol) 
4-Methoxy-

1H-
pyrrolo[2,3-
b]pyridine[a] 

 

Yellow solid 
420 mg 

(1.53 mmol,  
80 %) 

 
For Boc-

protection: 
385 mg 

(1.40 mmol) 
 

Colorless solid 
428 mg 

(1.14 mmol, 82 %)
Total yield: 65 % 

 
1g 

PE-EtOAc = 1:1 
Rf (PE-EtOAc = 1:1): 

0.51 

8 
 

2.50 g 
(18.0 mmol) 
2-Methyl-1H-
pyrrolo[2,3-
b]pyridine 

(Ark Pharm) 
 

Beige solid 
4.33 g  

(16.8 mmol,  
93 %) 

 
For Boc-

protection: 
4.25 g 

(16.5 mmol) 
 

Yellow oil[b] 
5.58 g 

(15.6 mmol, 95 %)
Total yield: 88 % 

1h
 

PE-EtOAc = 20:1  
15:1 

Rf (PE-EtOAc = 
15:1): 0.44 

9 
 
 

1.25 g 
(10.0 mmol) 

5H-
Pyrrolo[2,3-
b]pyrazine 
(4,7-Diaza-

indole) 
(Ark Pharm) 

 

Yellow solid 
2.00 g  

(8.18 mmol,  
82 %) 

 
For Boc-

protection: 
1.96 g 

(7.99 mmol) 
 

Pale yellow solid 
2.53 g 

(7.33 mmol, 92 %)
Total yield: 75 % 

1i
 

PE-EtOAc = 5:1 
Rf (PE-EtOAc = 5:1): 

0.31 

 
[a] Preparation from 4-chloro-1H-pyrrolo[2,3-b]pyridine is described in S. Benoit, S. Gingras, N. 
Soundararajan, PCT Int. Appl. 2003, WO 2003082289 A1 20031009. The beige solid was obtained in 
78 % yield. 
[b] Solidifies upon storage in refrigerator. 
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Table 1 (continuation). Experimental details for the synthesis of N-Boc 3-iodo 
(aza)indoles 1a-k and N-Boc 4-iodo imidazole 1n.

 

Entry Azaindole 3-Iodo 
azaindole 

N-Boc 3-Iodo 
azaindole 1 

(isolated yield %) 

Chromatographic 
purification (eluent)

Rf (eluent) 
 

10 
 
 

611 mg 
(4.10 mmol) 

4-Methoxy-7H-
pyrrolo[2,3-

d]pyrimidine[a] 
 

Pale yellow 
solid 

897 mg 
(3.26 mmol, 

80 %) 
 

Colorless solid 
1.12 g 

(2.98 mmol, 91 %)
Total yield: 73 % 

 
1j
 

PE-EtOAc = 5:1 
Rf (PE-EtOAc = 

5:1): 0.38 

11 
 
 

966 mg 
(5.00 mmol) 

4-(2-
Methoxyethoxy)-
7H-pyrrolo[2,3-
d]pyrimidine[b] 

 

Pale yellow 
solid 

1.33 g 
(4.15 mmol, 

83 %) 
 

For Boc-
protection: 

1.26 g 
(3.95 mmol) 

 

Pale yellow oil 
1.55 g 

(3.70 mmol, 94 %)
Total yield: 78 % 

 
1k
 

PE-EtOAc = 5:1  
4:1 

Rf (PE-EtOAc = 
5:1): 0.22 

12 
 
 

 
 

2.06 g 
(10.0 mmol) 

4(5)-Iodo-1H-
imidazole 
(ABCR) 

 
 

Yellow oil 
2.71 g 

(9.23 mmol,  
92 %)[c] 

1n
 

PE-EtOAc = 20:1 
Rf (PE-EtOAc = 

20:1): 0.16 

 
[a] Preparation from 4-chloro-7H-pyrrolo[2,3-d]pyrimidine as described for 4-methoxy-7-azaindole in S. 
Benoit, S. Gingras, N. Soundararajan, PCT Int. Appl. 2003, WO 2003082289 A1 20031009. The 
colorless solid was obtained in 76 % yield. 
[b] Preparation from 4-chloro-7H-pyrrolo[2,3-d]pyrimidine upon refluxing with 2.5 equivs of Cs2CO3 in 
2-methoxyethanol (c = 0.2 M) as a colorless solid in 85 % yield.  
[c] The isomer, tert-butyl 5-iodo-1H-imidazole-1-carboxylate, was obtained along with 1n as a yellow 
solid in 4 % yield (123 mg, 0.42 mmol).  
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2.4. Spectroscopic data of compounds 1a-k and 1n 

 

2.4.1. tert-Butyl 3-iodo-1H-indole-1-carboxylate (1a) 

 

 

C13H14INO2 

343.16 

 

11.3 g (32.9 mmol, 63 % yield over two steps) as a pale brown oil. 1H NMR (CDCl3, 

500 MHz):  1.66 (s, 9 H), 7.28-7.32 (m, 1 H), 7.33-7.36 (m, 1 H), 7.36-7.40 (m, 1 H), 

7.72 (s, 1 H), 8.12 (d, J = 7.3 Hz, 1 H). 13C NMR (CDCl3, 125 MHz):  28.1 (CH3), 

65.4 (Cquat), 84.2 (Cquat), 115.0 (CH), 121.4 (CH), 123.3 (CH), 125.3 (CH), 130.0 

(CH), 132.0 (Cquat), 134.8 (Cquat), 148.6 (Cquat). EI + MS (m/z (%)): 343 (M+, 14), 287 

((M-C4H9+H)+, 59), 270 ((M-C4H9O+H)+, 6), 243 ((M-C5H9O2+H)+, 79), 116 (C8H6N
+, 

30), 115 (C8H5N
+, 22), 88 (10), 57 (C4H9

+, 100), 41 (13). Anal. calcd for C13H14INO2 

(343.2): C 45.50, H 4.11, N 4.08. Found: C 45.24, H 4.30, N 3.89. 

 

 

Data reported in the literature:  
 
B. Witulski, N. Buschmann, U. Bergsträßer, Tetrahedron 2000, 56, 8473-8480. 
 

Colorless solid (n-pentane). Mp 36-40 °C. 1H NMR (400 MHz):  1.68 (s, 9 H), 7.29-

7.43 (m, 3 H), 7.73 (s, 1 H), 8.13 (d, J = 8.1 Hz, 1 H). 13C NMR (100 MHz):  28.1 (q), 
65.4 (s), 115.1 (d), 121.5 (d), 123.3 (d), 125.3 (d), 130.1 (d), 132.1 (s), 134.9 (s), 
148.7 (s). EI + MS (m/z (%)): 343 (M+, 69), 287 (100), 270 (13), 243 (98), 116 (28), 
57 (98). Anal. calcd for C13H14INO2 (343.2): C 45.50, H 4.11, N 4.08. Found: C 45.37, 
H 3.66, N 3.96. 
 
 
T. A. Kelly, D. W. McNeil, J. M. Rose, E. David, C.-K. Shih, P. M. Grob, J. Med. 
Chem. 1997, 40, 2430-2433. 
 
1H NMR (CDCl3):  1.69 (s, 9 H), 7.20-7.41 (m, 3 H), 7.72 (s, 1 H), 8.15 (d, J = 5.0 
Hz, 1 H). 
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2.4.2. tert-Butyl 3-iodo-1H-indazole-1-carboxylate (1b) 

 

 

C12H13IN2O2 

344.15 

 

6.26 g (18.2 mmol, 80 % yield over two steps) as a colorless solid. Mp 117 °C. 1H 

NMR (CDCl3, 500 MHz):  1.73 (s, 9 H), 7.34-7.39 (m, 1 H), 7.47-7.51 (m, 1 H), 7.56-

7.61 (m, 1 H), 8.11 (d, J = 8.5 Hz, 1 H). 13C NMR (CDCl3, 125 MHz):  28.1 (CH3), 

85.4 (Cquat), 102.9 (Cquat), 114.5 (CH), 121.9 (CH), 124.1 (CH), 129.9 (CH), 130.1 

(Cquat), 139.5 (Cquat), 148.3 (Cquat). EI + MS (m/z (%)): 344 (M+, 21), 244 ((M-C4H9+H-

CO2)
+, 100), 117 (C7H5N2

+, 13), 58 (11), 57 (C4H9
+, 61), 43 (14). Anal. calcd for 

C12H13IN2O2 (344.2): C 41.88, H 3.81, N 8.14. Found: C 42.11, H 4.03, N 8.01. 

 

 

Data reported in the literature: 
 
J. Vazquez, S. K. De, L.-H. Chen, M. Riel-Mehan, A. Emdadi, J. Cellitti, J. L. 
Stebbins, M. F. Rega, M. Pellecchia, J. Med. Chem. 2008, 51, 3460-3465. 
 
1H NMR (CDCl3, 300 MHz):  1.72 (s, 9 H), 7.37 (t, J = 8.1 Hz, 1 H), 7.49 (d, J = 8.1 
Hz, 1 H), 7.58 (t, J = 7.5 Hz, 1 H), 8.11 (d, J = 8.7 Hz, 1 H). MS (m/z): 367 (M+Na)+, 
345 (M+H)+, 310, 289, 244, 124, 74, 56. HRMS calcd for C12H14IN2O2 (M+H): 
345.0100. Found 345.0095. 
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2.4.3. tert-Butyl 3-iodo-1H-pyrrolo[3,2-b]pyridine-1-carboxylate (1c) 

 

 

C12H13IN2O2 

344.15 

 

1.88 g (5.45 mmol, 55 % yield over two steps) as a colorless solid. Mp 125 °C. 1H 

NMR (CDCl3, 500 MHz):  1.68 (s, 9 H), 7.30 (dd, J = 8.5 Hz, J = 4.7 Hz, 1 H), 7.98 

(s, 1 H), 8.4 (br, 1 H), 8.62 (dd, J = 4.7 Hz, J = 1.6 Hz, 1 H). 13C NMR (CDCl3, 125 

MHz):  28.1 (CH3), 67.7 (Cquat), 85.2 (Cquat), 119.9 (CH), 122.6 (CH), 128.3 (Cquat), 

132.8 (CH), 146.4 (CH), 147.9 (Cquat), 148.2 (Cquat). EI + MS (m/z (%)): 344 (M+, 33), 

288 ((M-C4H9+H)+, 85), 244 ((M-C4H9+H-CO2)
+, 81), 57 (C4H9

+, 100). Anal. calcd for 

C12H13IN2O2 (344.2): C 41.88, H 3.81, N 8.14. Found: C 42.04, H 4.06, N 8.04. 
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2.4.4. tert-Butyl 3-iodo-1H-pyrrolo[3,2-c]pyridine-1-carboxylate (1d) 

 

 

C12H13IN2O2 

344.15 

 

1.85 g (5.36 mmol, 64 % yield over two steps) as a colorless solid. Mp 119 °C. 1H 

NMR (CDCl3, 500 MHz):  1.68 (s, 9 H), 7.73 (s, 1 H), 7.95 (br, 1 H), 8.54 (d, J = 5.7 

Hz, 1 H), 8.71 (s, 1 H). 13C NMR (CDCl3, 125 MHz):  28.0 (CH3), 62.1 (Cquat), 85.5 

(Cquat), 109.5 (CH), 128.1 (Cquat), 130.8 (CH), 139.7 (Cquat), 144.5 (CH), 145.1 (CH), 

148.0 (Cquat). EI + MS (m/z (%)): 344 (M+, 11), 288 ((M-C4H9+H)+, 36), 244 ((M-

C4H9+H-CO2)
+, 65), 117 (C7H5N2

+, 15), 116 (C7H4N2
+, 7), 57 (C4H9

+, 100), 41 (13). 

Anal. calcd for C12H13IN2O2 (344.2): C 41.88, H 3.81, N 8.14. Found: C 42.13, H 3.82, 

N 8.13. 

 

 

Data reported in the literature:  
 
M. Lefoix, J.-P. Daillant, S. Routier, J.-Y. Mérour, I. Gillaizeau, G. Coudert, Synthesis 
2005, 3581-3588. 
 

White solid. Rf (PE-EtOAc = 6:4): 0.3. Mp 127-128 °C. 1H NMR (CDCl3, 250 MHz):  
1.68 (s, 9 H, C(CH3)3), 7.73 (s, 1 H, H-2), 7.95 (dd, J = 5.7 Hz, J = 0.9 Hz, 1 H, H-6), 
8.55 (d, J = 5.7 Hz, 1 H, H-7), 8.71 (d, J = 0.9 Hz, 1 H, H-4). 13C NMR (CDCl3, 62.5 

MHz):  28.2 (C(CH3)3), 62.2 (C-I), 85.7 (C(CH3)3), 109.7 (CH-6), 128.3 (Cquat), 131.0 
(CH-2), 139.8 (Cquat), 144.6 (CH-4), 145.1 (CH-7), 148.2 (t-BuOOC). EI + MS (m/z 
(%)): 345 (MH+, 92), 289 ((MH-t-Bu)+, 100), 245 ((MH-Boc)+, 29). IR (KBr):  2982 
cm-1, 1746, 1168. HRMS (EI) m/z calcd for C12H13IN2O2: 344.00218; found: 
344.0021. 
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2.4.5. tert-Butyl 3-iodo-1H-pyrrolo[2,3-c]pyridine-1-carboxylate (1e) 

 

 

C12H13IN2O2 

344.15 

 

7.52 g (21.9 mmol, 59 % yield over two steps) as a pale yellow solid. Mp 149-150 °C. 

1H NMR (CDCl3, 500 MHz):  1.70 (s, 9 H), 7.38 (d, J = 5.4 Hz, 1 H), 7.90 (s, 1 H), 

8.51 (d, J = 5.4 Hz, 1 H), 9.37 (s, 1 H). 13C NMR (CDCl3, 125 MHz):  28.0 (CH3), 

63.4 (Cquat), 85.9 (Cquat), 115.8 (CH), 131.8 (Cquat), 133.5 (CH), 136.8 (CH), 138.3 

(Cquat), 141.8 (CH), 147.7 (Cquat). EI + MS (m/z (%)): 344 (M+, 13), 288 ((M-C4H9+H)+, 

27), 244 ((M-C4H9+H-CO2)
+, 100), 117 (C7H5N2

+, 22), 116 (C7H4N2
+, 11), 90 (10), 57 

(C4H9
+, 100), 41 (13). Anal. calcd for C12H13IN2O2 (344.2): C 41.88, H 3.81, N 8.14. 

Found: C 42.13, H 3.93, N 8.01. 
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2.4.6. tert-Butyl 3-iodo-1H-pyrrolo[2,3-b]pyridine-1-carboxylate (1f) 

 

 

C12H13IN2O2 

344.15 

 

31.6 g (91.8 mmol, 92 % yield over two steps) as a yellow oil (solidified upon storage 

in refrigerator). Mp 79 °C. 1H NMR (CDCl3, 500 MHz):  1.66 (s, 9 H), 7.22 (dd, J = 

7.9 Hz, J = 4.7 Hz, 1 H), 7.61 (dd, J = 7.9 Hz, J = 1.6 Hz, 1 H), 7.78 (s, 1 H), 8.50 

(dd, J = 4.7 Hz, J = 1.6 Hz, 1 H). 13C NMR (CDCl3, 125 MHz):  27.4 (CH3), 61.3 

(Cquat), 83.8 (Cquat), 118.5 (CH), 124.3 (Cquat), 128.9 (CH), 129.9 (CH), 145.3 (CH), 

146.0 (Cquat), 146.6 (Cquat). EI + MS (m/z (%)): 344 (M+, 4), 245 (8), 244 ((M-

C5H9O2+H)+, 100), 117 (C7H5N2
+, 23), 116 (C7H4N2

+, 10), 90 (10), 57 (C4H9
+, 26). 

 

 
Data reported in the literature: 
 
T. A. Kelly, D. W. McNeil, J. M. Rose, E. David, C.-K. Shih, P. M. Grob, J. Med. 
Chem. 1997, 40, 2430-2433. 
 
1H NMR (CDCl3):  1.70 (s, 9 H), 7.28 (dd, J = 8.5 Hz, 1 H), 7.72 (dd, J = 8.1 Hz, 1 
H), 7.80 (s, 1 H), 8.49 (dd, J = 5.1 Hz, 1 H). 
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2.4.7. tert-Butyl 3-iodo-4-methoxy-1H-pyrrolo[2,3-b]pyridine-1-carboxylate (1g) 

 

 

C13H15IN2O3 

374.17 

 

428 mg (1.14 mmol, 65 % yield over two steps) as a colorless solid. Mp 122 °C. 1H 

NMR (CDCl3, 500 MHz):  1.65 (s, 9 H), 3.99 (s, 3 H), 6.67 (d, J = 5.7 Hz, 1 H), 7.63 

(s, 1 H), 8.40 (d, J = 5.7 Hz, 1 H). 13C NMR (CDCl3, 125 MHz):  28.0 (CH3), 54.6 

(Cquat), 55.5 (CH3), 84.6 (Cquat), 101.0 (CH), 112.8 (Cquat), 129.7 (CH), 146.8 (Cquat), 

147.8 (CH), 149.0 (Cquat), 160.1 (Cquat). EI + MS (m/z (%)): 374 (M+, 5), 301 ((M-

C4H9O)+, 2), 274 ((M-C5H9O2+H)+, 61), 273 ((M-C5H9O2)
+, 13), 259 ((M-C5H9O2+H-

CH3)
+, 9), 243 ((M-C5H9O2+H-OCH3)

+, 2), 231 ((M-I-CH3)
+, 8), 131 (C7H3N2O

+, 15), 

117 (C7H5N2
+, 18), 116 (C7H4N2

+, 21), 77 (11), 57 (C4H9
+, 100), 43 (C2H3O

+, 12), 41 

(C2H3N
+, 53), 39 (C3H3

+, 13). Anal. calcd for C13H15IN2O3 (374.2): C 41.73, H 4.04, N 

7.49. Found: C 41.89, H 3.91, N 7.23. 
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2.4.8. tert-Butyl 3-iodo-2-methyl-1H-pyrrolo[2,3-b]pyridine-1-carboxylate (1h) 

 

 

C13H15IN2O2 

358.17 

 

5.58 g (15.6 mmol, 88 % yield over two steps) as a yellow oil (solidified upon storage 

in refrigerator). Mp 47 °C. 1H NMR (CDCl3, 500 MHz):  1.69 (s, 9 H), 2.69 (s, 3 H), 

7.21 (dd, J = 7.9 Hz, J = 4.7 Hz, 1 H), 7.61 (dd, J = 7.9 Hz, J = 1.9 Hz, 1 H), 8.43 (dd, 

J = 5.0 Hz, J = 1.6 Hz, 1 H). 13C NMR (CDCl3, 125 MHz):  17.9 (CH3), 28.1 (CH3), 

67.1 (Cquat), 84.8 (Cquat), 119.1 (CH), 124.4 (Cquat), 128.7 (CH), 138.3 (Cquat), 145.0 

(CH), 148.1 (Cquat), 148.8 (Cquat). EI + MS (m/z (%)): 358 (M+, 19), 285 ((M-C4H9O)+, 

4), 258 ((M-C5H9O2+H)+, 100), 158 ((M-C4H9O-I)+, 2), 131 (C8H7N2
+, 13), 57 (C4H9

+, 

55), 41 (C2H3N
+, 11). Anal. calcd for C13H15IN2O2 (358.2): C 43.59, H 4.22, N 7.82. 

Found: C 43.59, H 4.45, N 7.63. 
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2.4.9. tert-Butyl 7-iodo-5H-pyrrolo[2,3-b]pyrazine-5-carboxylate (1i) 

 

 

C11H12IN3O2 

345.14 

 

2.53 g (7.33 mmol, 75 % yield over two steps) as a pale yellow solid. Mp 128 °C. 1H 

NMR (CDCl3, 500 MHz):  1.69 (s, 9 H), 8.12 (s, 1 H), 8.46 (d, J = 2.5 Hz, 1 H), 8.60 

(d, J = 2.5 Hz, 1 H). 13C NMR (CDCl3, 125 MHz):  28.0 (CH3), 64.2 (Cquat), 85.8 

(Cquat), 134.4 (CH), 139.8 (CH), 141.1 (Cquat), 141.3 (CH), 141.8 (Cquat), 146.4 (Cquat). 

EI + MS (m/z (%)): 345 (M+, 23), 245 ((M-C4H9+H-CO2)
+, 100), 57 (C4H9

+, 85), 41 

(13). Anal. calcd for C11H12IN3O2 (345.1): C 38.28, H 3.50, N 12.17. Found: C 38.31, 

H 3.62, N 12.11. 
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2.4.10. tert-Butyl 5-iodo-4-methoxy-7H-pyrrolo[2,3-d]pyrimidine-7-carboxylate 

(1j)

 

 

C12H14IN3O3 

375.16 

 

1.12 g (2.98 mmol, 73 % yield over two steps) as a colorless solid. Mp 98-99 °C. 1H 

NMR (CDCl3, 500 MHz):  1.67 (s, 9 H), 4.15 (s, 3 H), 7.63 (s, 1 H), 8.65 (s, 1 H). 13C 

NMR (CDCl3, 125 MHz):  27.9 (CH3), 53.9 (CH3), 54.9 (Cquat), 85.6 (Cquat), 109.1 

(Cquat), 129.4 (CH), 146.2 (Cquat), 152.4 (Cquat), 153.6 (CH), 163.1 (Cquat). EI + MS 

(m/z (%)): 375 (M+, 7), 276 (9), 275 ((M-C5H9O2+H)+, 100), 274 ((M-C5H9O2)
+, 15), 

246 (10), 234 (10), 148 (C7H6N3O
+, 7), 118 (C6H4N3

+, 8), 57 (C4H9
+, 50). Anal. calcd 

for C12H14IN3O3 (375.2): C 38.42, H 3.76, N 11.20. Found: C 38.46, H 3.85, N 11.32. 
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2.4.11. tert-Butyl 4-(2-methoxyethoxy)-5-iodo-7H-pyrrolo[2,3-d]pyrimidine-7-

carboxylate (1k) 

 

 

C14H18IN3O4 

419.21 

 

1.55 g (3.70 mmol, 78 % yield over two steps) as a pale yellow oil. 1H NMR (CDCl3, 

500 MHz):  1.67 (s, 9 H), 3.49 (s, 3 H), 3.84-3.88 (m, 2 H), 4.67-4.71 (m, 2 H), 7.62 

(s, 1 H), 8.62 (s, 1 H). 13C NMR (CDCl3, 125 MHz):  27.9 (CH3), 55.1 (Cquat), 59.3 

(CH3), 66.0 (CH2), 70.4 (CH2), 85.6 (Cquat), 109.0 (Cquat), 129.4 (CH), 146.2 (Cquat), 

152.5 (Cquat), 153.5 (CH), 162.6 (Cquat). EI + MS (m/z (%)): 419 (M+, 1), 319 ((M-

C5H9O2+H)+, 3), 261 (C6H4IN3O
+, 6), 88 (13), 70 (13), 61 (16), 45 (C2H5O

+, 15), 43 

(100). Anal. calcd for C14H18IN3O4 (419.2): C 40.11, H 4.33, N 10.02. Found: C 40.41, 

H 4.55, N 9.81. 
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2.4.12. tert-Butyl 4-iodo-1H-imidazole-1-carboxylate (1n) 

 

 

C8H11IN2O2 

294.09 

 

2.71 g (9.23 mmol, 92 % yield) as a yellow oil. 1H NMR (CDCl3, 500 MHz):  1.62 (s, 

9 H), 7.47 (d, J = 1.3 Hz, 1 H), 7.95 (d, J = 1.3 Hz, 1 H). 13C NMR (CDCl3, 125 MHz): 

 27.8 (CH3), 84.3 (Cquat), 86.5 (Cquat), 122.8 (CH), 138.1 (CH), 145.7 (Cquat). EI + MS 

(m/z (%)): 295 (8), 294 (M+, 62), 238 ((M-C4H9+H)+, 12), 221 ((M-C4H9O)+, 28), 194 

((M-C5H9O2+H)+, 64), 166 ((M-I+H)+, 18), 59 (10), 58 (19), 57 (C4H9
+, 100), 41 (64). 

Anal. calcd for C8H11IN2O2 (294.1): C 32.67, H 3.77, N 9.53. Found: C 32.95, H 4.07, 

N 9.35. 
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2.5. Preparation of tert-butyl 4-iodo-2-(4-methoxy-phenyl)-1H-pyrrole-1-

carboxylate (1l)[3]

 

 

 

PdCl2(PPh3)2 (425 mg, 0.60 mmol, 2 mol %) and CuI (233 mg, 1.20 mmol, 4 mol %) 

were placed under argon atmosphere in a dry screw-cap vessel. Then, 150 mL of dry 

THF were added and the mixture was degassed with argon. Dry triethylamine (4.16 

mL, 30.0 mmol, 1.00 equiv), 4-methoxybenzoyl chloride (5.28 g, 30.0 mmol), and tert-

butyl prop-2-ynylcarbamate (4.66 g, 30.0 mmol, 1.00 equiv) were successively added 

to the mixture which was stirred at room temperature for 1 h (monitored by TLC). 

Then, sodium iodide (22.7 g, 150 mmol, 5.00 equiv), toluene-4-sulfonic acid 

monohydrate (11.6 g, 60.0 mmol, 2.00 equiv) and 30 ml of tert-butanol were 

successively added to the mixture which was stirred at room temperature for 1 h 

(monitored by TLC). The reaction mixture was diluted with 300 mL brine, the phases 

were separated and the aqueous phase was extracted with dichloromethane (3 x 150 

mL). The combined organic layers were dried with anhydrous sodium sulfate. After 

removal of the solvents in vacuo the residue was absorbed onto Celite® and purified 

chromatographically on silica gel with petroleum ether (boiling range 40-60 °C)/ethyl 

acetate (PE-EtOAc = 100:1) to give 9.23 g (23.1 mmol, 77 % yield) of the desired 

product (1l) as a colorless solid. 
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tert-Butyl 4-iodo-2-(4-methoxyphenyl)-1H-pyrrole-1-carboxylate (1l) 

 

 

C16H18INO3 

399.22 

 

1.46 g (3.66 mmol, 73 % yield) as a colorless solid. Mp 71-72 °C. 1H NMR (CDCl3, 

500 MHz):  1.39 (s, 9 H), 3.82 (s, 3 H), 6.20 (d, J = 1.9 Hz, 1 H), 6.88 (d, J = 8.8 Hz, 

1 H), 7.24 (d, J = 8.8 Hz, 1 H), 7.39 (d, J = 1.9 Hz, 1 H). 13C NMR (CDCl3, 125 MHz): 

 27.6 (CH3), 55.3 (CH3), 64.4 (Cquat), 84.2 (Cquat), 113.1 (CH), 120.3 (CH), 125.3 

(Cquat), 126.7 (CH), 130.4 (CH), 136.5 (Cquat), 147.9 (Cquat), 159.3 (Cquat). EI + MS 

(m/z (%)): 399 (M+, 3), 343 ((M-C4H9+H)+, 11), 299 ((M-C5H9O2+H)+, 16), 298 ((M-

C5H9O2)
+, 13), 171 ((M-C5H9O2-I)

+, 6), 156 (12), 128 (11), 57 (C4H9
+, 100), 41 (34). IR 

(KBr): ~ 3145 (m) cm-1, 2986 (m), 2934 (w), 2832 (w), 1734 (s), 1609 (m), 1576 (w), 

1557 (w), 1511 (s), 1476 (m), 1460 (m), 1435 (w), 1370 (s), 1337 (s), 1293 (s), 1251 

(s), 1180 (s), 1151 (s), 1108 (m), 1032 (s), 985 (m), 904 (m), 847 (s), 833 (m), 808 

(s), 771 (m), 675 (w), 629 (w), 615 (w), 594 (m), 528 (w), 511 (w). Anal. calcd for 

C16H18INO3 (399.2): C 48.14, H 4.54, N 3.51. Found: C 48.36, H 4.37, N 3.34. 
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3 Multicomponent Syntheses of Triazolyl Substituted N-Boc

protected NH-Heterocycles 2a-s 

 

3.1. Three-component Sonogashira coupling – TMS-deprotection – CuAAC 

sequence

 

3.1.1. General procedure for the preparation of compounds 2a-o 

 

 

 

PdCl2(PPh3)2 (14 mg, 0.02 mmol, 2 mol %) and CuI (8 mg, 0.04 mmol, 4 mol %) were 

placed in a dry screw-cap Schlenk vessel with septum. Then, 1.00 mmol of N-Boc 

iodo NH-heterocycle 1 was added in 5 mL of dry tetrahydrofuran under argon 

atmosphere and the reaction mixture was degassed with argon. After that, 

trimethylsilylacetylene (0.21 mL, 1.50 mmol, 1.50 equiv) and dry triethylamine (0.28 

mL, 2.00 mmol, 2.00 equiv) were added and the mixture was stirred at room 

temperature (water bath) until the complete consumption of the starting material 

(monitored by TLC). Then, 1 M solution of tetrabutylammonium fluoride in 

tetrahydrofuran (1.50 mL, 1.50 mmol, 1.50 equiv) was added dropwise and the 

mixture was stirred at room temperature for 0.5 h until the deprotection was complete 

(monitored by TLC). After that, benzyl azide (5a) (136 mg, 1.00 mmol, 1.00 equiv) in 

1 mL of dry methanol* was added and the mixture was stirred at room temperature 

until the complete conversion to the product (monitored by TLC). After removal of the 

solvents in vacuo the residue was absorbed onto Celite® and purified 

chromatographically on silica gel with petroleum ether (boiling range 40-60 °C)/ethyl 
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acetate to give the N-Boc protected triazoles 2. The obtained compounds were not 

characterized but directly deprotected in the next step. 

 

* For the synthesis of compound 2g 2 mL of phenyl azide solution (~ 0.5 M in TBME) 

(5b) (1.00 mmol, 1.00 equiv) were added, followed by the addition of 1 mL of dry 

methanol. 

 

 

The experimental details are depicted in Table 1. 

 

 

Table 1. Experimental details of the three-component Sonogashira-CuAAC sequence 
for the synthesis of N-Boc protected (aza)indolyl triazoles 2a-b. 

 

Entry N-Boc iodo NH-
heterocycle 1

Reaction 
time[a] 

1st step 
2nd step 

 

N-Boc protected 
(aza)indolyl triazole 

2 

Chromatographic 
purification 

(eluent) 
Rf (eluent) 

1 
 

343 mg 
(1.00 mmol) 

 
1a 

1 h 
4 d  

Beige-yellow solid 
280 mg 

(0.75 mmol, 75 %)

 
2a
 

PE-EtOAc = 5:1 
 

2 
 

688 mg 
(2.00 mmol) 

 
1b 

2 h 
24 h 

Pale beige solid 
538 mg 

(1.43 mmol, 72 %)

 
2b

 

PE-EtOAc = 5:1 
Rf (PE-EtOAc = 

5:1) = 0.13 

 
[a] The reaction times are not optimized and might be shorter than indicated. 
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Table 1 (continuation). Experimental details of the three-component Sonogashira-
CuAAC sequence for the synthesis of N-Boc protected (aza)indolyl triazoles 2c-e. 

 

Entry N-Boc iodo NH-
heterocycle 1

Reaction 
time[a] 

1st step 
2nd step 

 

N-Boc protected 
(aza)indolyl triazole 

2 

Chromatographic 
purification 

(eluent) 
 

3 
 

344 mg 
(1.00 mmol) 

 
1c 

1 h 
3 d 

Pale yellow solid 
230 mg 

(0.61 mmol, 61 %)

 
2c
 

PE-EtOAc = 3:1 

4 
 

344 mg 
(1.00 mmol) 

 
1d 

1 h 
24 h 

Colorless solid 
207 mg 

(0.55 mmol, 55 %)

 
2d

 

PE-EtOAc = 1:1 

5 
 

344 mg 
(1.00 mmol) 

 
1e 

1 h 
24 h 

Pale yellow oil 
218 mg 

(0.58 mmol, 58 %)

 
2e
 

PE-EtOAc = 1:1 

 
[a] The reaction times are not optimized and might be shorter than indicated. 
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Table 1 (continuation). Experimental details of the three-component Sonogashira-
CuAAC sequence for the synthesis of N-Boc protected (aza)indolyl triazoles 2f-h. 

 

Entry N-Boc iodo NH-
heterocycle 1

Reaction 
time[a] 

1st step 
2nd step 

 

N-Boc protected 
(aza)indolyl triazole 

2 

Chromatographic 
purification 

(eluent) 
Rf (eluent) 

6 
 

1.72 g 
(5.00 mmol) 

 
1f 

1 h 
40 h 

Yellow foam 
1.56 g 

(4.15 mmol,  
83 %)[b] 

 
2f
 

PE-EtOAc = 2:1 
Rf (PE-EtOAc = 

2:1): 0.20 

7 
 

344 mg 
(1.00 mmol) 

 
1f 

1 h 
66 h 

Yellow foam 
254 mg 

(0.70 mmol, 70 %)

 
2g

 

PE-EtOAc = 3:1 

8 
 

374 mg 
(1.00 mmol) 

 
1g 

1 h 
64 h 

Pale yellow solid 
219 mg 

(0.54 mmol, 54 %)

 
2h

 

PE-EtOAc = 1:1 
 1:2 
 

 
[a] The reaction times are not optimized and might be shorter than indicated. 
[b] On a 1.00 mmol scale, 295 mg (0.79 mmol, 79 % yield) of a yellow foam were obtained. 
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Table 1 (continuation). Experimental details of the three-component Sonogashira-
CuAAC sequence for the synthesis of N-Boc protected (aza)indolyl triazoles 2i-k. 

 

Entry N-Boc iodo NH-
heterocycle 1

Reaction 
time[a] 

1st step 
2nd step 

 

N-Boc protected 
(aza)indolyl triazole 

2 

Chromatographic 
purification 

(eluent) 
 

9 
 

716 mg 
(2.00 mmol) 

 
1h 

23 h 
119 h 

Pale yellow solid 
462 mg 

(1.19 mmol, 59 %)

 
2i
 

PE-EtOAc = 3:1 
 

10 
 

345 mg 
(1.00 mmol) 

 
1i 

1 h 
48 h 

Colorless solid 
211 mg 

(0.56 mmol, 56 %)

 
2j
 

PE-EtOAc = 2:1 

11 
 

375 mg 
(1.00 mmol) 

 
1j 

1 h 
72 h 

Yellow solid 
297 mg 

(0.73 mmol, 73 %)

 
2k
 

PE-EtOAc = 1:1 

 
[a] The reaction times are not optimized and might be shorter than indicated. 
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Table 1 (continuation). Experimental details of the three-component Sonogashira-
CuAAC sequence for the synthesis of N-Boc protected (aza)indolyl triazole 2l and 
pyrrolyl triazole 2m. 

 

Entry N-Boc iodo NH-
heterocycle 1

Reaction 
time[a] 

1st step 
2nd step 

 

N-Boc protected 
(aza)indolyl or 

pyrrolyl triazole 2 

Chromatographic 
purification 

(eluent) 
 

12 
 
 

720 mg 
(1.72 mmol) 

 
1k 

1 h 
87 h 

Pale yellow foam 
341 mg 

(0.97 mmol, 57 %) 

 
2l
 

PE-EtOAc = 1:1 

13 
 

399 mg 
(1.00 mmol) 

 
1l 

2 h 
115 h 

Yellow oil 
224 mg 

(0.52 mmol, 52 %) 

 
2m

 

PE-EtOAc = 3:1 
 

 
[a] The reaction times are not optimized and might be shorter than indicated. 
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Table 1 (continuation). Experimental details of the three-component Sonogashira-
CuAAC sequence for the synthesis of N-Boc protected azolyl triazoles 2n-o. 

 

Entry N-Boc iodo NH-
heterocycle 1

Reaction 
time[a] 

1st step 
2nd step 

 

N-Boc protected 
azolyl triazole 2 

Chromatographic 
purification 

(eluent) 
 

14 
 

294 mg 
(1.00 mmol) 

tert-Butyl 4-iodo-1H-
pyrazole-1-
carboxylate 

(ABCR) 

1m
 

3 h 
63 h 

Yellow-orange oil 
208 mg 

(0.64 mmol, 64 %) 

 
2n

 

PE-EtOAc = 1:1 

15 
 

294 mg 
(1.00 mmol) 

 
1n 

15 d 
23 h 

Yellow oil 
99 mg 

(0.30 mmol, 30 %) 

 
2o

 

PE-EtOAc = 1:1 

 
[a] The reaction times are not optimized and might be shorter than indicated. 
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3.2. Four-component Sonogashira coupling – TMS-deprotection – Azide-Halide 

exchange – CuAAC sequence 

 

3.2.1. General procedure for the preparation of compounds 2p-s 

 

 

 

PdCl2(PPh3)2 (14 mg, 0.02 mmol, 2 mol %) and CuI (8 mg, 0.04 mmol, 4 mol %) were 

placed in a dry screw-cap Schlenk vessel with septum. Then, tert-butyl 3-iodo-1H-

pyrrolo[2,3-b]pyridine-1-carboxylate (1f) (344 mg, 1.00 mmol) was added in 5 mL of 

dry tetrahydrofuran under argon atmosphere and the reaction mixture was degassed 

with argon. After that, trimethylsilylacetylene (0.21 mL, 1.50 mmol, 1.50 equiv) and 

dry triethylamine (0.28 mL, 2.00 mmol, 2.00 equiv) were added and the mixture was 

stirred at room temperature (water bath) until the complete consumption of the 

starting material (monitored by TLC). Then, 1 M solution of tetrabutylammonium 

fluoride in tetrahydrofuran (1.50 mL, 1.50 mmol, 1.50 equiv) was added dropwise and 

the mixture was stirred at room temperature for 0.5 h until the deprotection was 

complete (monitored by TLC). After that, cesium azide (175 mg, 1.00 mmol, 1.00 

equiv) and an organic halide (1.00 mmol, 1.00 equiv) in 1 mL of dry methanol were 

added and the mixture was stirred at room temperature until the complete conversion 

to the product (monitored by TLC). After removal of the solvents in vacuo the residue 

was absorbed onto Celite® and purified chromatographically on silica gel with 

petroleum ether (boiling range 40-60 °C)/ethyl acetate to give the N-Boc protected 7-

azaindolyl triazoles 2p-s. The obtained compounds were not characterized but used 

as obtained in the subsequent deprotection step. 
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The experimental details are depicted in Table 3. 

 

 

Table 3. Experimental details of the four-component Sonogashira coupling – TMS-
deprotection – azide-halide exchange – CuAAC sequence for the synthesis of indolyl 
triazoles 2p-s. 

 

Entry N-Boc 3-iodo 7-
azaindole 1f 

In situ generated 
azide 5

Reaction 
time[a] 

1st step 
2nd step 

 

N-Boc protected 7-
azaindolyl triazole 2

Chromatographic 
purification (eluent) 

1 
 

688 mg 
(2.00 mmol) 

 
1f

350 mg (2.00 mmol) 
CsN3 (Aldrich) 

322 mg (2.00 mmol) 

(Merck) 
5c
 

1 h 
51 h  

Pale yellow solid 
444 mg 

(1.08 mmol, 54 %) 

 
2p

 

PE-EtOAc = 2:1 
 

2 
 

344 mg 
(1.00 mmol) 

1f
 

175 mg (1.00 mmol) 
CsN3 

163 mg (1.00 mmol) 

 
(ABCR) 

5d 

1 h 
72 h 

Yellow foam 
295 mg 

(0.73 mmol, 73 %) 

 
2q

 

PE-EtOAc = 2:1 
 

 
[a] The reaction times are not optimized and might be shorter than indicated. 
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Table 3. Experimental details of the three-component Sonogashira-CuAAC sequence 
for the synthesis of indolyl triazoles 2p-s. 

 

Entry N-Boc 3-iodo 7-
azaindole 1 

In situ generated 
azide 5

Reaction 
time[a] 

1st step 
2nd step 

 

N-Boc protected 7-
azaindolyl triazole 2

Chromatographic 
purification (eluent) 

3 
 

344 mg 
(1.00 mmol) 

 
1f

175 mg (1.00 mmol) 
CsN3 (Aldrich) 

189 mg (1.00 mmol) 

(Merck) 
5e
 

1 h 
111 h  

Yellow oil 
269 mg 

(0.69 mmol, 69 %) 

 
2r
 

PE-EtOAc = 2:1 
 

4 
 

344 mg 
(1.00 mmol) 

1f

175 mg (1.00 mmol) 
CsN3 (Aldrich) 

191 mg (1.00 mmol) 

(ABCR) 
5f
 

1 h 
64 h  

Yellow oil 
250 mg 

(0.64 mmol, 64 %) 

 
2s
 

PE-EtOAc = 2:1 
 

 
[a] The reaction times are not optimized and might be shorter than indicated. 
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3.3. Four-component Boc-protection – Sonogashira coupling – TMS-

deprotection – CuAAC sequence 

 

3.3.1. General procedure for the preparation of compounds 7a-b 
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1.00 mmol of a bromo-7-azaindole 6 was placed under argon atmosphere in a dry 

screw-cap Schlenk vessel with septum. Then, di-tert-butyl dicarbonate (338 mg, 1.50 

mmol, 1.50 equiv) in 1 mL of dry 1,4-dioxane and 4-dimethylaminopyridine (12 mg, 

0.10 mmol, 10 mol %) were added under argon atmosphere and the reaction mixture 

was stirred at room temperature (water bath) for 15 min until the complete 

consumption of the starting material (evolution of a gas ceased, monitored by TLC). 

After that, 1 mL of dry methanol was added and the mixture was degassed with 

argon. Then, PdCl2(PhCN)2 (8 mg, 0.02 mmol, 2 mol %), [tBu3PH]BF4 (12 mg, 0.04 

mmol, 4 mol %), CuI (8 mg, 0.04 mmol, 4 mol %), trimethylsilylacetylene (0.21 mL, 

1.50 mmol, 1.50 equiv), and dry triethylamine (0.28 mL, 2.00 mmol, 2.00 equiv) were 

added subsequently and the mixture was stirred at room temperature until the 

complete consumption of the starting material (monitored by TLC). Then, 1 M 

solution of tetrabutylammonium fluoride in tetrahydrofuran (1.50 mL, 1.50 mmol, 1.50 

equiv) was added dropwise and the mixture was stirred at room temperature for 0.5 h 

until the deprotection was complete (monitored by TLC). After that, benzyl azide (5a) 

(136 mg, 1.00 mmol, 1.00 equiv) in 1 mL of dry methanol was added and the mixture 

was stirred at room temperature until the complete conversion to the product 

(monitored by TLC). After removal of the solvents in vacuo the residue was absorbed 

onto Celite® and purified chromatographically on silica gel with petroleum ether 

(boiling range 40-60 °C)/ethyl acetate to give the N-Boc protected 7-azaindolyl 

triazole 7. The obtained compound was not characterized but used as obtained in the 

subsequent deprotection step. 

 

 

The experimental details are depicted in Table 4. 

 

Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011



40

 

Table 4. Experimental details for the four-component Boc-protection – Sonogashira 
coupling – TMS-deprotection – CuAAC sequence for the synthesis of N-Boc 
protected 7-azaindolyl triazoles 7a-b. 

 

Entry Bromo-7-
azaindole 6

Reaction 
time[a] 

2nd step[b]

3rd step[c]

 

N-Boc protected 7-
azaindolyl triazole 7 

(isolated yield %) 
 

Chromatographic 
purification 

(eluent) 

1 
 
 

205 mg  
(1.00 mmol) 

 
(4-Bromo-7-
azaindole) 
(Aldrich) 

6a
 

1 h 
18 h  

Yellow oil 
311 mg 

(0.83 mmol, 83 %) 

 
7a 
 

PE-EtOAc = 1:1 
 

2 
 
 

203 mg  
(1.00 mmol) 

 
(5-Bromo-7-
azaindole) 
(Aldrich) 

6b
 

5 h 
4 d 

Yellow oil 
373 mg 

(0.99 mmol, 99 %) 

 
7b 

 

PE-EtOAc = 2:1 
 

 
[a] The reaction times are not optimized and might be shorter than indicated. 
[b] 2

nd
 step: Sonogashira coupling with TMSA. 

[c] 3
rd

 step: CuAAC with benzyl azide (5a). 
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4. Deprotection of N-Boc Protected Triazolyl NH-Heterocycles 

 

4.1. General procedure for the preparation of compounds 8a-s and 9a-b 

 

 

 

N-Boc protected triazolyl heterocycle 2 or 7 was placed in methanol (c = 0.2 M). 

Then, 2.50 equiv of potassium carbonate were added and the mixture was stirred at 

room temperature (water bath) or 50 °C (for compounds 2a and 2i, preheated oil 

bath) for 1 h* (monitored by TLC). Frequently, a precipitate was formed. The mixture 

was adsorbed on Celite® and purified chromatographically on silica gel with 

dichloromethane-methanol-aqueous ammonia. After drying in vacuo at 70 °C 

overnight, analytically pure triazoles 8 or 9 were obtained. The products can be 

further purified by suspension in dichloromethane and sonication in ultrasound bath 

for 0.5-1 h, filtration and drying in vacuo at 70 °C overnight.  

 

* 5 h for compound 2m. 

 

The experimental details are given in Table 5, Table 6, and Table 7.
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Table 5. Experimental details for the deprotection of N-Boc (aza)indolyl triazoles 8a-
c. 

 

Entry N-Boc protected 
(aza)indolyl triazole 2

(Aza)indolyl triazole 8 
(isolated yield %) 

Chromatographic 
purification (eluent)

UV purity 
 

1 
 

280 mg 
(0.75 mmol) 

 
2a

Pale yellow solid[a] 
147 mg 

(0.54 mmol, 72 %) 
Total yield: 54 % 

 
8a
 

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1  
100:4:1 

 
HT-LC-MS: 100 % 

2 
 

404 mg 
(1.08 mmol) 

 
2b

Colorless solid 
264 mg 

(0.96 mmol, 89 %) 
Total yield: 64 % 

 
8b

 

DCM-MeOH-NH3 = 
100:1:1 

 
HT-LC-MS: 100 %[b]

 

3 
 

230 mg 
(0.61 mmol) 

 
2c 

Colorless solid 
137 mg 

(0.50 mmol, 81 %) 
Total yield: 50 % 

 
8c
 

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1  
100:4:1  100:5:1 

 
HT-LC-MS: 100 % 

 
[a] Deprotection was performed at 50 °C for 1 h. 
[b] Additionally purified by suspension in DCM and sonication in ultrasound bath. 
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Table 5 (continuation). Experimental details for the deprotection of N-Boc 
(aza)indolyl triazoles 8d-f. 

 

Entry N-Boc protected 
(aza)indolyl triazole 2

(Aza)indolyl triazole 8 
(isolated yield %) 

Chromatographic 
purification (eluent)

UV purity 
 

4 
 

149 mg 
(0.40 mmol) 

 
2d

Colorless solid 
95 mg 

(0.35 mmol, 86 %) 
Total yield: 48 % 

 
8d

 

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1  
100:4:1  100:5:1 

 100:6:1  
100:7:1 

 
HT-LC-MS: 100 %[a]

 

5 
 

149 mg 
(0.40 mmol) 

 
2e

Pale yellow solid 
93 mg 

(0.34 mmol, 85 %) 
Total yield: 50 % 

 
8e
 

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1  
100:4:1  100:5:1 

 100:6:1  
100:7:1 

 
HT-LC-MS:  

99.9 %[a] 

6 
 

1.56 g 
(4.15 mmol) 

 
2f

Colorless solid 
930 mg 

(3.38 mmol, 81 %) 
Total yield: 67 %[b] 

 
8f
 

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1
 

HT-LC-MS: 100 %[a]

 
[a] Additionally purified by suspension in DCM and sonication in ultrasound bath. 
[b] On a 1.00 mmol scale, 179 mg (0.65 mmol, 65 % yield over two steps) were obtained as a 
colorless solid.  
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Table 5 (continuation). Experimental details for the deprotection of N-Boc 
(aza)indolyl triazoles 8g-i. 

 

Entry N-Boc protected 
(aza)indolyl triazole 2

(Aza)indolyl triazole 8 
(isolated yield %) 

Chromatographic 
purification (eluent)

UV purity 
 

7 
 

254 mg 
(0.70 mmol) 

 
2g

Yellow solid 
143 mg 

(0.55 mmol, 78 %) 
Total yield: 55 % 

 
8g

 

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1 
 

HT-LC-MS: 100 % 

8 
 

162 mg 
(0.40 mmol) 

 
2h

Yellow solid 
109 mg 

(0.36 mmol, 89 %) 
Total yield: 48 % 

 
8h

 

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1  
100:4:1  100:5:1 

 100:6:1 
 

HT-LC-MS: 100 %[a]

9 
 

462 mg 
(1.19 mmol) 

 
2i

Colorless solid[b] 
300 mg 

(1.04 mmol, 87 %) 
Total yield: 52 % 

 
8i
 

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1  
100:4:1  100:5:1 

 
HT-LC-MS: 100 % 

 
[a] Additionally purified by suspension in DCM and sonication in ultrasound bath. 
[b] Deprotection was performed at 50 °C for 1 h. 
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Table 5 (continuation). Experimental details for the deprotection of N-Boc 
(aza)indolyl triazoles 8j-l. 

 

Entry N-Boc protected 
(aza)indolyl triazole 2

(Aza)ndolyl triazole 8 
(isolated yield %) 

Chromatographic 
purification (eluent)

UV purity 
 

10 
 

152 mg 
(0.40 mmol) 

 
2j

Colorless solid 
93 mg 

(0.34 mmol, 83 %) 
Total yield: 47 % 

 
8j
 

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1  
100:4:1  100:5:1  

100:6:1 
 

HT-LC-MS: 100 % 

11 
 

297 mg 
(0.73 mmol) 

 
2k

Colorless solid 
165 mg 

(0.54 mmol, 74 %) 
Total yield: 54 % 

 
8k
 

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1  
100:4:1 

 
HT-LC-MS: 100 % 

12 
 

197 mg 
(0.56 mmol) 

 
2l 

Colorless solid 
141 mg 

(0.40 mmol, 72 %) 
Total yield: 41 % 

 
8l 
 

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1  
100:4:1  100:5:1 

 
HT-LC-MS: 100 %[a]

 
[a] Additionally purified by suspension in DCM and sonication in ultrasound bath. 
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Table 5 (continuation). Experimental details for the deprotection of N-Boc azolyl 
triazoles 8m-o. 

 

Entry N-Boc protected azolyl 
triazole 2

Azolyl triazole 8 
(isolated yield %) 

Chromatographic 
purification (eluent)

UV purity 
 

13 
 

224 mg 
(0.52 mmol) 

 
2m

Pale yellow solid[a] 
147 mg 

(0.44 mmol, 85 %) 
Total yield: 44 % 

 
8m

 

DCM-MeOH-NH3 = 
100:1:1 

 
HT-LC-MS: 100 % 

14 
 

208 mg 
(0.64 mmol) 

 
2n

Colorless solid 
86 mg 

(0.38 mmol, 60 %) 
Total yield: 38 % 

 
8n

 

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1  
100:4:1  100:5:1 

 100:6:1  
100:7:1 

 
HT-LC-MS: 100 % 

15 
 

99 mg 
(0.30 mmol) 

 
2o 

Colorless solid 
46 mg 

(0.20 mmol, 68 %) 
Total yield: 20 % 

 
8o 

 

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1  
100:4:1  100:5:1 

 100:6:1  
100:7:1 

 
HT-LC-MS: 100 % 

 
[a] Deprotection was performed at room temperature for 5 h. 
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Table 6. Experimental details for the deprotection of N-Boc 7-azaindolyl triazoles 8p-
q. 

 

Entry N-Boc protected 7-
azaindolyl triazole 2

7-Azaindolyl triazole 8 
(isolated yield %) 

Chromatographic 
purification (eluent)

UV purity 
 

16 
 

347 mg 
(0.85 mmol) 

 
2p

Colorless solid 
218 mg 

(0.70 mmol, 83 %) 
Total yield: 45 % 

 
8p

 

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1  
100:4:1  100:5:1 

 100:6:1  
100:7:1 

 
HT-LC-MS: 100 %[a]

17 
 

295 mg 
(0.73 mmol) 

 
2q

Colorless solid 
179 mg 

(0.58 mmol, 80 %) 
Total yield: 58 % 

 
8q

 

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1  
100:4:1 

 
HT-LC-MS: 100 %[a]

 
[a] Additionally purified by suspension in DCM and sonication in ultrasound bath. 
 

Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011



48

 

Table 6 (continuation). Experimental details for the deprotection of N-Boc 7-
azaindolyl triazoles 8r-s. 

 

Entry N-Boc protected 7-
azaindolyl triazole 2

7-Azaindolyl triazole 8 
(isolated yield %) 

Chromatographic 
purification (eluent)

UV purity 
 

18 
 

269 mg 
(0.69 mmol) 

 
2r

Colorless solid 
179 mg 

(0.62 mmol, 90 %) 
Total yield: 62 % 

 
8r
 

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1  
100:4:1  100:5:1 

 100:6:1  
100:7:1 

 
HT-LC-MS: 100 %[a]

19 
 

250 mg 
(0.64 mmol) 

 
2s

Pale yellow solid 
160 mg 

(0.55 mmol, 86 %) 
Total yield: 55 % 

 
8s 
 

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1  
100:4:1 

 
HT-LC-MS: 100 %[a]

 
[a] Additionally purified by suspension in DCM and sonication in ultrasound bath. 
 

Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011



49

 

Table 7. Experimental details for the Boc-deprotection of 7-azaindolyl triazoles 9a-b. 

 

Entry N-Boc protected 7-
azaindolyl triazole 7

7-Azaindolyl triazole 9 
(isolated yield %) 

Chromatographic 
purification (eluent)

UV purity 
 

20 
 

311 mg 
(0.83 mmol) 

 
7a 
 

Colorless solid 
207 mg 

(0.75 mmol, 91 %) 
Total yield: 75 % 

 
9a
 

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1  
100:4:1  100:5:1 

 
HT-LC-MS: 100 % 

21 
 

373 mg 
(0.99 mmol) 

7b

Colorless solid 
182 mg 

(0.66 mmol, 66 %) 
Total yield: 66 % 

 
9b 

 

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1  
100:4:1 

 
HT-LC-MS: 100 % 
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4.2. Spectroscopic data of compounds 8a-s and 9a-b 

 

4.2.1. 3-(1-Benzyl-1H-1,2,3-triazol-4-yl)-1H-indole (8a)  

 

 

C17H14N4 

274.32 

 

147 mg (0.54 mmol, 54 % yield over two steps) as a pale yellow solid. Mp 171 °C. 1H 

NMR (DMSO-d6, 500 MHz):  5.64 (s, 2 H), 7.08-7.12 (m, 1 H), 7.13-7.18 (m, 1 H), 

7.31-7.36 (m, 1 H), 7.36-7.41 (m, 4 H), 7.42-7.45 (m, 1 H), 7.79 (d, J = 2.5 Hz, 1 H), 

8.03 (d, J = 7.9 Hz, 1 H), 8.49 (s, 1 H), 11.3 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 

MHz):  52.8 (CH2), 106.1 (Cquat), 111.8 (CH), 119.5 (CH), 119.6 (CH), 119.9 (CH), 

121.6 (CH), 123.1 (CH), 124.6 (Cquat), 127.9 (CH), 128.1 (CH), 128.8 (CH), 136.3 

(Cquat), 136.3 (Cquat), 142.9 (Cquat). EI + MS (m/z (%)): 275 (9), 274 (M+, 44), 246 (47), 

245 (100), 219 (11), 218 (50), 217 (16), 169 (C10H7N3
+, 31), 155 (46), 129 (10), 128 

(43), 127 (10), 117 (16), 115 (12), 101 (26), 91 (C7H7
+, 43), 77 (C6H5

+, 14), 65 (C5H5
+, 

12). IR (KBr):  3397 (s) cm-1, 1624 (w), 1601 (w), 1497 (w), 1456 (m), 1337 (w), 

1221 (m), 1099 (w), 1053 (w), 939 (w), 776 (w), 749 (m), 727 (m), 586 (w), 522 (w). 

Anal. calcd for C17H14N4 (274.3): C 74.43, H 5.14, N 20.42. Found: C 74.31, H 4.91, 

N 20.36. 
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4.2.2. 3-(1-Benzyl-1H-1,2,3-triazol-4-yl)-1H-indazole (8b)

 

 

C16H13N5 

275.31 

 

264 mg (0.96 mmol, 64 % yield over two steps) as a colorless solid. Further purified 

by suspension in DCM and sonication in ultrasound bath. Mp 164 °C. 1H NMR 

(DMSO-d6, 500 MHz):  5.70 (s, 2 H), 7.19-7.23 (m, 1 H), 7.31-7.43 (m, 6 H), 7.55-

7.59 (m, 1 H), 8.29 (d, J = 8.2 Hz, 1 H), 8.69 (d, J = 0.9 Hz, 1 H), 13.24 (s, 1 H, NH). 

13C NMR (DMSO-d6, 125 MHz):  52.9 (CH2), 110.2 (CH), 120.2 (Cquat), 120.9 (CH), 

121.4 (CH), 121.7 (CH), 126.4 (CH), 127.9 (CH), 128.1 (CH), 128.7 (CH), 136.0 

(Cquat), 136.1 (Cquat), 140.9 (Cquat), 142.2 (Cquat). EI + MS (m/z (%)): 275 (M+, 79), 246 

((M-HN2)
+, 84), 219 (16), 156 (C9H6N3

+, 79), 102 (21), 91 (C7H7
+, 100), 65 (C5H5

+, 

20). IR (KBr):  3181 (s) cm-1, 1624 (w), 1597 (w), 1497 (w), 1478 (w), 1457 (m), 

1431 (w), 1348 (m), 1299 (w), 1241 (m), 1228 (w), 1217 (w), 1152 (w), 1133 (w), 

1098 (w), 1062 (m), 1046 (w), 1003 (w), 965 (w), 904 (w), 819 (w), 773 (w), 750 (s), 

715 (s), 584 (w). Anal. calcd for C16H13N5 (275.3): C 69.80, H 4.76, N 25.44. Found: 

C 69.68, H 4.63, N 25.50. 
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4.2.3. 3-(1-Benzyl-1H-1,2,3-triazol-4-yl)-1H-pyrrolo[3,2-b]pyridine (8c)  

 

 

C16H13N5 

275.31 

 

137 mg (0.50 mmol, 50 % yield over two steps) as a colorless solid. Mp 246 °C. 1H 

NMR (DMSO-d6, 500 MHz):  5.69 (s, 2 H), 7.18 (dd, J = 8.2 Hz, J = 4.7 Hz, 1 H), 

7.30-7.36 (m, 1 H), 7.36-7.41 (m, 4 H), 7.83 (dd, J = 8.2 Hz, J = 1.3 Hz, 1 H), 8.1 (br, 

1 H), 8.40 (dd, J = 4.7 Hz, J = 1.3 Hz, 1 H), 8.61 (s, 1 H), 11.6 (br, 1 H, NH). 13C 

NMR (DMSO-d6, 125 MHz):  52.7 (CH2), 106.5 (Cquat), 116.9 (CH), 119.1 (CH), 

120.5 (CH), 125.6 (CH), 128.0 (CH), 128.1 (CH), 128.8 (CH), 129.0 (Cquat), 136.4 

(Cquat), 140.9 (Cquat), 142.5 (Cquat), 142.8 (CH). EI + MS (m/z (%)): 275 (M+, 21), 247 

(20), 246 ((M-HN2)
+, 100), 219 (19), 156 (C9H6N3

+, 76), 149 (23), 143 (20), 129 (26), 

102 (16), 97 (11), 91 (C7H7
+, 46), 89 (13), 85 (11), 84 (14), 83 (11), 77 (C6H5

+, 15), 71 

(14), 69 (10), 65 (C5H5
+, 11), 57 (18), 55 (11), 43 (13). IR (KBr):  3163 (s) cm-1, 

3047 (m), 1628 (s), 1561 (w), 1497 (w), 1457 (w), 1413 (s), 1362 (m), 1335 (w), 1314 

(w), 1277 (w), 1221 (w), 1200 (w), 1123 (w), 1106 (w), 1085 (w), 1051 (s), 943 (w), 

889 (w), 776 (s), 718 (s), 697 (w), 613 (w), 580 (w), 508 (w). Anal. calcd for C16H13N5 

(275.3): C 69.80, H 4.76, N 25.44. Found: C 69.85, H 4.94, N 25.34. 
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4.2.4. 3-(1-Benzyl-1H-1,2,3-triazol-4-yl)-1H-pyrrolo[3,2-c]pyridine (8d) 

 

 

C16H13N5 

275.31 

 

95 mg (0.35 mmol, 48 % yield over two steps) as a colorless solid. Mp 195 °C. 1H 

NMR (DMSO-d6, 500 MHz):  5.66 (s, 2 H), 7.31-7.37 (m, 1 H), 7.37-7.41 (m, 4 H), 

7.43 (d, J = 5.7 Hz, J = 0.6 Hz, 1 H), 7.89 (s, 1 H), 8.24 (d, J = 5.7 Hz, 1 H), 8.60 (s, 1 

H), 9.33 (s, 1 H), 11.7 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  52.9 (CH2), 

106.0 (Cquat), 107.0 (CH), 120.3 (CH), 121.7 (Cquat), 124.0 (CH), 127.9 (CH), 128.1 

(CH), 128.7 (CH), 136.1 (Cquat), 139.7 (Cquat), 140.5 (CH), 141.9 (Cquat), 143.0 (CH). 

EI + MS (m/z (%)): 276 (19), 275 (M+, 100), 248 (14), 247 (86), 246 ((M-HN2)
+, 87), 

220 (19), 219 (53), 170 (27), 156 (C9H6N3
+, 61), 129 (38), 102 (13), 91 (C7H7

+, 99), 

75 (13), 65 (C5H5
+, 22). IR (KBr):  3088 (s) cm-1, 2975 (s), 2694 (s), 1627 (s), 1597 

(s), 1578 (s), 1494 (w), 1464 (s), 1341 (m), 1299 (w), 1244 (m), 1212 (m), 1167 (w), 

1117 (w), 1053 (m), 1026 (m), 938 (w), 901 (w), 854 (w), 806 (m), 769 (w), 716 (s), 

693 (m), 650 (w), 631 (w), 596 (w), 505 (w). Anal. calcd for C16H13N5 (275.3): C 

69.80, H 4.76, N 25.44. Found: C 69.85, H 4.77, N 25.31. 
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4.2.5. 3-(1-Benzyl-1H-1,2,3-triazol-4-yl)-1H-pyrrolo[2,3-c]pyridine (8e)  

 

 

C16H13N5 

275.31 

 

93 mg (0.34 mmol, 50 % yield over two steps) as a pale yellow solid. Further purified 

by suspension in DCM and sonication in ultrasound bath. Mp 226 °C. 1H NMR 

(DMSO-d6, 500 MHz):  5.66 (s, 2 H), 7.31-7.42 (m, 5 H), 7.98 (d, J = 5.4 Hz, 1 H), 

8.03 (s, 1 H), 8.20 (d, J = 5.4 Hz, 1 H), 8.55 (s, 1 H), 8.80 (s, 1 H), 11.8 (br, 1 H, NH). 

13C NMR (DMSO-d6, 125 MHz):  52.9 (CH2), 105.9 (Cquat), 114.6 (CH), 120.0 (CH), 

126.9 (CH), 127.9 (CH), 128.1 (CH), 128.8 (CH), 128.8 (Cquat), 133.5 (Cquat), 134.8 

(CH), 136.2 (Cquat), 138.3 (CH), 142.0 (Cquat). EI + MS (m/z (%)): 276 (7), 275 (M+, 

34), 247 (47), 246 ((M-HN2)
+, 100), 220 (14), 219 (55), 170 (28), 156 (C9H6N3

+, 50), 

129 (39), 102 (21), 91 (C7H7
+, 68), 75 (13), 65 (C5H5

+, 18). IR (KBr):  3068 (m) cm-1, 

2901 (m), 1655 (w), 1628 (m), 1560 (w), 1543 (w), 1499 (m), 1459 (s), 1340 (w), 

1296 (w), 1225 (s), 1173 (w), 1125 (m), 1061 (m), 1041 (m), 1028 (m), 887 (w), 810 

(m), 722 (m), 711 (w), 670 (w), 596 (w). Anal. calcd for C16H13N5 (275.3): C 69.80, H 

4.76, N 25.44. Found: C 69.88, H 4.96, N 25.24. 
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4.2.6. 3-(1-Benzyl-1H-1,2,3-triazol-4-yl)-1H-pyrrolo[2,3-b]pyridine (8f)  

 

 

C16H13N5 

275.31 

 

930 mg (3.38 mmol, 67 % yield over two steps) as a pale yellow solid. After 

suspension in dichloromethane, sonication in ultrasonic bath, filtration, and drying, a 

colorless solid was obtained. Mp 234-237 °C. 1H NMR (DMSO-d6, 500 MHz):  5.66 

(s, 2 H), 7.17 (dd, J = 7.9 Hz, J = 4.7 Hz, 1 H), 7.32-7.43 (m, 5 H), 7.92 (d, J = 2.5 

Hz, 1 H), 8.29 (dd, J = 4.7 Hz, J = 1.6 Hz, 1 H), 8.44 (dd, J = 7.9 Hz, J = 1.6 Hz, 1 H), 

8.54 (s, 1 H), 11.9 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  52.8 (CH2), 105.0 

(Cquat), 115.9 (CH), 116.9 (Cquat), 119.8 (CH), 123.2 (CH), 127.8 (CH), 128.1 (CH), 

128.3 (CH), 128.7 (CH), 136.1 (Cquat), 142.4 (Cquat), 143.1 (CH), 148.5 (Cquat). EI + 

MS (m/z (%)): 275 (M+, 100), 248 (13), 247 (74), 246 (87), 220 (11), 219 (35), 170 

(15), 156 (24), 142 (10), 129 (17), 91 (C7H7
+, 19), 44 (19). IR (KBr):  3133 (w) cm-1, 

1655 (w), 1626 (w), 1584 (s), 1498 (w), 1458 (m), 1420 (m), 1327 (w), 1286 (w), 1220 

(m), 1130 (w), 1111 (w), 1058 (w), 941 (m), 897 (w), 799 (m), 771 (s), 722 (s), 587 

(w). Anal. calcd for C16H13N5 (275.3): C 69.80, H 4.76, N 25.44. Found: C 69.71, H 

5.02, N 25.44. 
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4.2.7. 3-(1-Phenyl-1H-1,2,3-triazol-4-yl)-1H-pyrrolo[2,3-b]pyridine (8g)  

 

 

C15H11N5 

261.28 

 

143 mg (0.55 mmol, 55 % yield over two steps) as a yellow solid. Mp 260 °C. 1H 

NMR (DMSO-d6, 500 MHz):  7.23 (dd, J = 7.9 Hz, J = 4.7 Hz, 1 H), 7.50-7.55 (m, 1 

H), 7.63-7.68 (m, 2 H), 8.01-8.04 (m, 3 H), 8.34 (dd, J = 4.4 Hz, J = 0.9 Hz, 1 H), 8.58 

(d, J = 7.9 Hz, 1 H), 9.18 (s, 1 H), 12.0 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz): 

 104.6 (Cquat), 116.1 (CH), 116.9 (Cquat), 117.5 (CH), 119.9 (CH), 123.6 (CH), 128.3 

(CH), 128.4 (CH), 129.8 (CH), 136.7 (Cquat), 142.9 (Cquat), 143.3 (CH), 148.6 (Cquat). 

EI + MS (m/z (%)): 261 (M+, 11), 234 (14), 233 (C5H11N3
+, 88), 232 (100), 205 (31), 

156 (43), 130 (15), 129 (15), 103 (29), 102 (19), 77 (C6H5
+, 13), 76 (11), 51 (C4H3

+, 

10). IR (KBr):  3440 (s) cm-1, 3080 (s), 2924 (w), 2852 (w), 1656 (w), 1623 (w), 

1585 (s), 1545 (w), 1495 (m), 1460 (w), 1423 (s), 1322 (m), 1281 (m), 1236 (w), 1215 

(m), 1157 (w), 1129 (w), 1113 (w), 1074 (w), 1044 (s), 993 (w), 933 (w), 895 (w), 832 

(w), 799 (m), 757 (s), 692 (s), 647 (w), 626 (w), 584 (s), 538 (w), 518 (w). Anal. calcd 

for C15H11N5 (261.3): C 68.95, H 4.24, N 26.80. Found: C 68.71, H 4.43, N 26.90. 
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4.2.8. 3-(1-Benzyl-1H-1,2,3-triazol-4-yl)-4-methoxy-1H-pyrrolo[2,3-b]pyridine (8h) 

 

 

C17H15N5O 

305.33 

 

109 mg (0.36 mmol, 48 % yield over two steps) as a yellow solid. Mp 253-258 °C 

(dec.). 1H NMR (DMSO-d6, 500 MHz):  3.92 (s, 3 H), 5.65 (s, 2 H), 6.68 (d, J = 5.4 

Hz, 1 H), 7.32-7.43 (m, 5 H), 7.74 (d, J = 2.2 Hz, 1 H), 8.12 (d, J = 5.4 Hz, 1 H), 8.24 

(s, 1 H), 11.8 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  52.6 (CH2), 55.3 (CH3), 

98.2 (CH), 104.7 (Cquat), 106.4 (Cquat), 121.5 (CH), 122.1 (CH), 127.9 (CH), 128.1 

(CH), 128.7 (CH), 136.4 (Cquat), 142.0 (Cquat), 145.2 (CH), 150.3 (Cquat), 159.6 (Cquat). 

EI + MS (m/z (%)): 306 (21), 305 (M+, 100), 278 (17), 277 (83), 276 (86), 262 (27), 

261 (11), 250 (12), 249 (38), 234 (10), 200 (16), 186 (31), 159 (14), 156 (18), 131 

(12), 129 (11), 91 (C7H7
+, 58), 65 (C5H5

+, 12). IR (KBr):  3091 (w) cm-1, 3007 (w), 

2940 (w), 2842 (w), 1578 (s), 1512 (w), 1498 (w), 1459 (w), 1430 (w), 1410 (w), 1321 

(m), 1308 (m), 1279 (m), 1222 (w), 1150 (w), 1098 (m), 1051 (w), 974 (w), 939 (w), 

852 (w), 801 (m), 726 (m), 653 (w). Anal. calcd for C17H15N5O (305.3): C 66.87, H 

4.95, N 22.94. Found: C 66.74, H 5.15, N 22.96. 
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4.2.9. 3-(1-Benzyl-1H-1,2,3-triazol-4-yl)-2-methyl-1H-pyrrolo[2,3-b]pyridine (8i)  

 

 

C17H15N5 

289.33 

 

300 mg (1.04 mmol, 52 % yield over two steps) as a colorless solid. Mp 263 °C. 1H 

NMR (DMSO-d6, 500 MHz):  2.63 (s, 3 H), 5.67 (s, 2 H), 7.10 (dd, J = 7.9 Hz, J = 

4.7 Hz, 1 H), 7.32-7.37 (m, 1 H), 7.38-7.41 (m, 4 H), 8.18 (dd, J = 4.7 Hz, J = 1.3 Hz, 

1 H), 8.28 (dd, J = 7.6 Hz, J = 0.9 Hz, 1 H), 8.51 (s, 1 H), 11.8 (br, 1 H, NH). 13C 

NMR (DMSO-d6, 125 MHz):  13.0 (CH3), 52.8 (CH2), 101.0 (Cquat), 115.7 (CH), 

118.5 (Cquat), 120.4 (CH), 126.9 (CH), 127.8 (CH), 128.0 (CH), 128.7 (CH), 134.1 

(Cquat), 136.2 (Cquat), 141.8 (CH), 142.2 (Cquat), 147.8 (Cquat). EI + MS (m/z (%)): 289 

(M+, 64), 262 (18), 261 ((M-N2)
+, 100), 260 (45), 246 (54), 233 (45), 232 (25), 231 

(18), 219 (35), 184 (54), 170 (71), 157 (17), 156 (38), 155 (37), 143 (23), 132 (24), 

131 (17), 130 (17), 129 (14), 116 (15), 103 (15), 102 (43), 91 (C7H7
+, 55), 65 (C5H5

+, 

17). IR (KBr):  3425 (m) cm-1, 3103 (w), 3035 (w), 2921 (w), 2850 (w), 1625 (w), 

1585 (s), 1527 (m), 1494 (w), 1457 (m), 1417 (s), 1390 (w), 1279 (s), 1217 (s), 1138 

(w), 1117 (w), 1070 (m), 1046 (w), 969 (w), 931 (s), 824 (w), 796 (m), 771 (s), 715 

(s), 693 (w), 673 (m), 650 (w), 582 (w). Anal. calcd for C17H15N5 (289.3): C 70.57, H 

5.23, N 24.21. Found: C 70.33, H 5.20, N 24.25. 
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4.2.10. 7-(1-Benzyl-1H-1,2,3-triazol-4-yl)-5H-pyrrolo[2,3-b]pyrazine (8j)  

 

 

C15H12N6 

276.30 

 

93 mg (0.34 mmol, 47 % yield over two steps) as a colorless solid. Mp 248-249 °C. 

1H NMR (DMSO-d6, 500 MHz):  5.70 (s, 2 H), 7.31-7.37 (m, 1 H), 7.37-7.41 (m, 4 

H), 8.31-8.35 (m, 2 H), 8.47 (d, J = 2.5 Hz, 1 H), 8.59 (s, 1 H), 12.3 (br, 1 H, NH). 13C 

NMR (DMSO-d6, 125 MHz):  52.7 (CH2), 105.4 (Cquat), 120.8 (CH), 127.1 (CH), 

127.9 (CH), 128.1 (CH), 128.7 (CH), 135.6 (Cquat), 136.2 (Cquat), 137.5 (CH), 138.3 

(CH), 139.8 (Cquat), 141.7 (Cquat). EI + MS (m/z (%)): 276 (M+, 50), 248 ((M-N2)
+, 44), 

247 ((M-HN2)
+, 100), 220 (14), 157 (C8H5N4

+, 48), 130 (12), 91 (C7H7
+, 39), 65 

(C5H5
+, 8). IR (KBr):  3151 (s) cm-1, 1632 (m), 1590 (m), 1544 (w), 1492 (m), 1456 

(s), 1409 (m), 1364 (m), 1336 (s), 1221 (s), 1180 (m), 1119 (m), 1054 (m), 1038 (m), 

944 (m), 908 (w), 849 (w), 799 (m), 721 (s), 694 (w), 673 (w), 628 (w), 586 (m), 540 

(w). Anal. calcd for C15H12N6 (276.3): C 65.21, H 4.38, N 30.42. Found: C 65.00, H 

4.68, N 30.35. 
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4.2.11. 5-(1-Benzyl-1H-1,2,3-triazol-4-yl)-4-methoxy-7H-pyrrolo[2,3-d]pyrimidine 

(8k)

 

 

C16H14N6O 

306.32 

 

165 mg (0.54 mmol, 54 % yield over two steps) as a colorless solid. Mp 249 °C. 1H 

NMR (DMSO-d6, 500 MHz):  4.07 (s, 3 H), 5.70 (s, 2 H), 7.34-7.45 (m, 5 H), 7.84 (s, 

1 H), 8.38 (s, 1 H), 8.42 (s, 1 H), 12.3 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz): 

 52.6 (CH2), 53.4 (CH3), 101.4 (Cquat), 105.1 (Cquat), 121.4 (CH), 122.1 (CH), 127.9 

(CH), 128.0 (CH), 128.7 (CH), 136.2 (Cquat), 141.0 (Cquat), 150.7 (CH), 152.7 (Cquat), 

162.3 (Cquat). EI + MS (m/z (%)): 307 (7), 306 (M+, 32), 278 ((M-N2)
+, 54), 277 (90), 

250 (26), 201 (13), 187 (46), 146 (14), 132 (12), 130 (22), 103 (14), 91 (C7H7
+, 100), 

65 (C5H5
+, 20), 42 (11). IR (KBr):  3449 (w) cm-1, 3084 (w), 2969 (w), 2923 (w), 

2851 (w), 1581 (s), 1566 (s), 1476 (m), 1455 (m), 1433 (m), 1406 (w), 1376 (w), 1312 

(s), 1219 (w), 1143 (w), 1091 (m), 1049 (m), 1031 (w), 962 (w), 936 (w), 880 (m), 851 

(w), 798 (w), 771 (w), 720 (w), 691 (w), 671 (w), 633 (w), 575 (w). Anal. calcd for 

C16H14N6O (306.3): C 62.74, H 4.61, N 27.44. Found: C 62.78, H 4.53, N 27.67. 
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4.2.12. 4-(2-Methoxyethoxy)-5-(1-benzyl-1H-1,2,3-triazol-4-yl)-7H-pyrrolo[2,3-

d]pyrimidine (8l)  

 

 

C18H18N6O2 

350.37 

 

141 mg (0.40 mmol, 41 % yield over two steps) as a colorless solid. Mp 240 °C. 1H 

NMR (DMSO-d6, 500 MHz):  3.23 (s, 3 H), 3.68-3.71 (m, 2 H), 4.57-4.60 (m, 2 H), 

5.65 (s, 2 H), 7.29-7.36 (m, 3 H), 7.37-7.42 (m, 2 H), 7.85 (s, 1 H), 8.37 (s, 1 H), 8.43 

(s, 1 H), 12.3 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  52.9 (CH2), 57.9 (CH3), 

64.7 (CH2), 69.8 (CH2), 101.3 (Cquat), 105.2 (Cquat), 121.5 (CH), 122.1 (CH), 127.4 

(CH), 128.0 (CH), 128.8 (CH), 136.2 (Cquat), 141.3 (Cquat), 150.7 (CH), 152.8 (Cquat), 

161.8 (Cquat). EI + MS (m/z (%)): 351 (24), 350 (M+, 97), 322 (18), 321 (46), 264 (39), 

263 (100), 236 (20), 231 (13), 201 (18), 173 (15), 161 (12), 148 (19), 146 (18), 111 

(15), 109 (10), 97 (21), 95 (14), 91 (C7H7
+, 97), 85 (17), 83 (20), 81 (12), 71 (24), 69 

(22), 65 (C5H5
+, 12), 59 (14), 57 (36), 55 (17), 43 (22). IR (KBr):  1578 (s) cm-1, 

1446 (m), 1321 (m), 1207 (w), 1143 (w), 1091 (m), 1028 (w), 905 (w), 721 (m), 629 

(w). Anal. calcd for C18H18N6O2 (350.4): C 61.70, H 5.18, N 23.99. Found: C 61.59, H 

5.22, N 24.10. 
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4.2.13. 1-Benzyl-4-(5-(4-methoxyphenyl)-1H-pyrrol-3-yl)-1H-1,2,3-triazole (8m) 

 

 

C20H18N4O 

330.38 

 

147 mg (0.44 mmol, 44 % yield over two steps) as a pale yellow solid. Mp 238 °C. 1H 

NMR (DMSO-d6, 500 MHz):  3.76 (s, 3 H), 5.60 (s, 2 H), 6.70-6.72 (m, 1 H), 6.93-

6.97 (m, 2 H), 7.18-7.20 (m, 1 H), 7.32-7.36 (m, 3 H), 7.37-7.41 (m, 2 H), 7.56-7.60 

(m, 2 H), 8.16 (s, 1 H), 11.3 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  52.7 

(CH2), 55.0 (CH3), 102.3 (CH), 114.1 (CH), 115.2 (Cquat), 115.8 (CH), 119.1 (CH), 

124.7 (CH), 125.4 (Cquat), 127.8 (CH), 128.0 (CH), 128.7 (CH), 131.9 (Cquat), 136.2 

(Cquat), 143.7 (Cquat), 157.5 (Cquat). EI + MS (m/z (%)): 331 (16), 330 (M+, 66), 302 

(40), 301 (100), 286 (11), 274 (34), 258 (12), 225 (11), 211 (36), 184 (21), 169 (13), 

168 (17), 167 (13), 141 (10), 140 (12), 134 (23), 91 (C7H7
+, 48), 65 (C5H5

+, 10). IR 

(KBr):  3429 (s) cm-1, 1655 (w), 1638 (w), 1560 (w), 1543 (w), 1501 (m), 1458 (w), 

1290 (w), 1256 (m), 1051 (m), 1022 (m), 835 (m), 798 (m), 718 (m), 548 (m). Anal. 

calcd for C20H18N4O (330.4): C 72.71, H 5.49, N 16.96. Found: C 72.45, H 5.68, N 

17.08. 
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4.2.14. 1-Benzyl-4-(1H-pyrazol-4-yl)-1H-1,2,3-triazole (8n)

 

 

C12H11N5 

225.25 

 

86 mg (0.38 mmol, 38 % yield over two steps) as a colorless solid. Mp 218 °C. 1H 

NMR (DMSO-d6, 500 MHz):  5.60 (s, 2 H), 7.31-7.35 (m, 3 H), 7.36-7.41 (m, 2 H), 

7.7-8.2 (br, 2 H), 8.25 (s, 1 H), 13.0 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  

52.8 (CH2), 111.8 (Cquat), 120.2 (CH), 127.9 (CH), 128.1 (CH), 128.8 (CH), 136.0 

(Cquat), 140.6 (Cquat). EI + MS (m/z (%)): 225 (M+, 18), 196 ((M-HN2)
+, 72), 169 (27), 

167 (10), 143 (16), 106 (C7H8N
+, 96), 104 (10), 91 (C7H7

+, 100), 79 (C4H3N2
+, 15), 65 

(C5H5
+, 24), 51 (C4H3

+, 10). IR (KBr):  3122 (s) cm-1, 3064 (m), 2952 (m), 2878 (m), 

1630 (m), 1544 (w), 1496 (w), 1458 (m), 1390 (w), 1360 (m), 1270 (w), 1215 (m), 

1142 (w), 1111 (w), 1077 (w), 1049 (m), 1018 (w), 965 (w), 934 (m), 885 (m), 830 (s), 

812 (s), 717 (s), 707 (s), 669 (w), 650 (w), 624 (m), 590 (w). Anal. calcd for C12H11N5 

(225.3): C 63.99, H 4.92, N 31.09. Found: C 63.75, H 5.05, N 31.10. 
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4.2.15. 1-Benzyl-4-(1H-imidazol-4-yl)-1H-1,2,3-triazole (8o)  

 

 

C12H11N5 

225.25 

 

46 mg (0.20 mmol, 20 % yield over two steps) as a colorless solid. Mp 188 °C. 1H 

NMR (DMSO-d6, 500 MHz):  5.62 (s, 2 H), 7.29-7.41 (m, 5 H), 7.5 (br, 1 H), 7.70 (s, 

1 H), 8.2 (br, 1 H), 12.2 & 12.7 (br, 1 H, NH). EI + MS (m/z (%)): 225 (M+, 30), 197 

((M-N2)
+, 18), 196 ((M-HN2)

+, 100), 169 (37), 149 (13), 143 (10), 142 (12), 120 (16), 

115 (11), 106 (C7H8N
+, 86), 105 (11), 93 (11), 92 (18), 91 (C7H7

+, 90), 85 (10), 77 

(C6H5
+, 18), 71 (12), 65 (C5H5

+, 25), 57 (13), 55 (10), 52 (C4H4
+, 11), 44 (10), 43 (10), 

41 (11). IR (KBr):  3113 (s) cm-1, 3032 (m), 2925 (m), 2832 (m), 1655 (w), 1625 (m), 

1535 (m), 1498 (w), 1458 (s), 1354 (w), 1215 (s), 1162 (w), 1121 (w), 1097 (w), 1054 

(w), 1016 (w), 945 (s), 833 (m), 787 (w), 715 (s), 693 (m), 660 (w), 627 (w), 583 (w). 

Anal. calcd for C12H11N5 (225.3): C 63.99, H 4.92, N 31.09. Found: C 64.08, H 5.08, 

N 30.85. 
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4.2.16. 3-(1-(4-Chlorobenzyl)-1H-1,2,3-triazol-4-yl)-1H-pyrrolo[2,3-b]pyridine (8p)  

 

 

C16H12ClN5 

309.75 

 

218 mg (0.70 mmol, 45 % yield over two steps) as a colorless solid. Mp 225 °C. 1H 

NMR (DMSO-d6, 500 MHz):  5.67 (s, 2 H), 7.18 (dd, J = 7.9 Hz, J = 4.7 Hz, 1 H), 

7.38-7.43 (m, 2 H), 7.45-7.50 (m, 2 H), 7.92 (d, J = 2.2 Hz, 1 H), 8.29 (d, J = 4.4 Hz, 

1 H), 8.44 (d, J = 7.9 Hz, 1 H), 8.53 (s, 1 H), 11.9 (br, 1 H, NH). 13C NMR (DMSO-d6, 

125 MHz):  52.0 (CH2), 104.9 (Cquat), 115.9 (CH), 116.9 (Cquat), 119.8 (CH), 123.3 

(CH), 128.2 (CH), 128.7 (CH), 129.8 (CH), 132.8 (Cquat), 135.1 (Cquat), 142.4 (Cquat), 

143.1 (CH), 148.5 (Cquat). EI + MS (m/z (%)): 311 (M(37Cl)+, 26), 310 (14), 309 

(M(35Cl)+, 80), 283 (27), 282 (44), 281 (75), 280 (100), 253 (20), 246 (20), 219 (16), 

218 (19), 170 (26), 156 (54), 129 (35), 127 (15), 125 (45), 118 (11), 102 (18), 89 (17), 

57 (12), 44 (24). IR (KBr):  3139 (m) cm-1, 2895 (w), 1625 (w), 1584 (s), 1493 (s), 

1418 (m), 1326 (w), 1286 (w), 1222 (w), 1130 (w), 1091 (w), 1054 (w), 1016 (w), 941 

(w), 897 (w), 801 (m), 771 (s), 653 (w), 619 (w), 586 (w). Anal. calcd for C16H12ClN5 

(309.8): C 62.04, H 3.90, N 22.61. Found: C 61.92, H 3.90, N 22.54. 
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4.2.17. 3-(1-(4-Methoxybenzyl)-1H-1,2,3-triazol-4-yl)-1H-pyrrolo[2,3-b]pyridine 

(8q)

 

 

C17H15N5O 

305.33 

 

179 mg (0.58 mmol, 58 % yield over two steps) as a pale yellow solid. After 

suspension in dichloromethane, sonication in ultrasonic bath, filtration, and drying, a 

colorless solid was obtained. Mp 185 °C. 1H NMR (DMSO-d6, 500 MHz):  3.74 (s, 3 

H), 5.57 (s, 2 H), 6.94-6.97 (m, 2 H), 7.17 (dd, J = 7.9 Hz, J = 4.7 Hz, 1 H), 7.34-7.38 

(m, 2 H), 7.90 (d, J = 2.5 Hz, 1 H), 8.28 (dd, J = 4.7 Hz, J = 1.6 Hz, 1 H), 8.44 (dd, J = 

7.9 Hz, J = 1.3 Hz, 1 H), 8.48 (s, 1 H), 11.9 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 

MHz):  52.4 (CH2), 55.0 (CH3), 105.0 (Cquat), 114.0 (CH), 115.9 (CH), 116.9 (Cquat), 

119.4 (CH), 123.2 (CH), 128.0 (Cquat), 128.2 (CH), 129.5 (CH), 142.3 (Cquat), 143.1 

(CH), 148.5 (Cquat), 159.0 (Cquat). EI + MS (m/z (%)): 306 (7), 305 (M+, 36), 277 ((M-

N2)
+, 43), 276 (72), 249 (19), 170 (18), 156 (40), 129 (36), 122 (11), 121 (C8H9O

+, 

100), 103 (10), 102 (13), 91 (C7H7
+, 13), 78 (C6H6

+, 19), 77 (C6H5
+, 20). IR (KBr):  

3447 (m) cm-1, 3424 (m), 3136 (w), 2903 (w), 1612 (w), 1584 (m), 1514 (s), 1462 (w), 

1419 (m), 1335 (w), 1281 (w), 1249 (s), 1211 (w), 1180 (w), 1127 (w), 1033 (m), 938 

(w), 896 (w), 827 (w), 798 (w), 764 (s), 697 (w), 618 (w), 588 (w), 552 (w). Anal. calcd 

for C17H15N5O (305.3): C 66.87, H 4.95, N 22.94. Found: C 66.68, H 5.20, N 23.03. 
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4.2.18. 3-(1-Phenethyl-1H-1,2,3-triazol-4-yl)-1H-pyrrolo[2,3-b]pyridine (8r)  

 

 

C17H15N5 

289.33 

 

179 mg (0.62 mmol, 62 % yield over two steps) as a colorless solid. Mp 228 °C. 1H 

NMR (DMSO-d6, 500 MHz):  3.26 (t, J = 7.3 Hz, 2 H), 4.68 (t, J = 7.3 Hz, 2 H), 7.18 

(dd, J = 7.9 Hz, J = 4.4 Hz, 1 H), 7.20-7.32 (m, 5 H), 7.89 (d, J = 2.2 Hz, 1 H), 8.30 

(dd, J = 4.4 Hz, J = 1.6 Hz, 1 H), 8.40 (dd, J = 7.9 Hz, J = 1.6 Hz, 1 H), 8.44 (s, 1 H), 

11.9 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  35.5 (CH2), 50.4 (CH2), 105.1 

(Cquat), 115.9 (CH), 116.9 (Cquat), 119.6 (CH), 123.0 (CH), 126.5 (CH), 128.1 (CH), 

128.3 (CH), 128.6 (CH), 137.6 (Cquat), 141.7 (Cquat), 143.1 (CH), 148.5 (Cquat). EI + 

MS (m/z (%)): 289 (M+, 40), 261 ((M-N2)
+, 13), 260 (13), 234 (16), 233 (36), 171 (12), 

170 (100), 157 (15), 156 (18), 144 (11), 143 (80), 142 (28), 132 (12), 131 (20), 130 

(14), 129 (13), 116 (20), 115 (18), 105 (C8H9
+, 24), 103 (17), 91 (C7H7

+, 12), 79 (15), 

77 (C6H5
+, 18). IR (KBr):  3449 (w) cm-1, 3089 (m), 3064 (m), 3028 (w), 2932 (w), 

2893 (w), 1624 (w), 1584 (s), 1495 (m), 1455 (m), 1416 (s), 1320 (w), 1283 (m), 1218 

(m), 1134 (w), 1112 (w), 1058 (w), 1030 (m), 942 (w), 898 (w), 842 (w), 793 (m), 770 

(s), 730 (s), 698 (s), 629 (w), 585 (w). Anal. calcd for C17H15N5 (289.3): C 70.57, H 

5.23, N 24.21. Found: C 70.47, H 5.40, N 24.25. 
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4.2.19. 3-(1-(1-Phenylethyl)-1H-1,2,3-triazol-4-yl)-1H-pyrrolo[2,3-b]pyridin (8s)  

 

 

C17H15N5 

289.33 

 

160 mg (0.55 mmol, 55 % yield over two steps) as a pale yellow solid. Mp 184 °C. 1H 

NMR (DMSO-d6, 500 MHz):  1.96 (d, J = 7.3 Hz, 3 H), 6.00 (q, J = 7.3 Hz, 1 H), 7.18 

(dd, J = 7.9 Hz, J = 4.7 Hz, 1 H), 7.30-7.35 (m, 1 H), 7.37-7.40 (m, 4 H), 7.91 (d, J = 

2.5 Hz, 1 H), 8.29 (dd, J = 4.4 Hz, J = 1.6 Hz, 1 H), 8.48 (dd, J = 7.9 Hz, J = 1.3 Hz, 1 

H), 8.62 (s, 1 H), 11.9 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  21.0 (CH3), 

59.2 (CH), 105.1 (Cquat), 115.9 (CH), 116.9 (Cquat), 118.3 (CH), 123.2 (CH), 126.2 

(CH), 127.9 (CH), 128.3 (CH), 128.7 (CH), 141.2 (Cquat), 142.1 (Cquat), 143.1 (CH), 

148.5 (Cquat). EI + MS (m/z (%)): 290 (6), 289 (M+, 30), 260 (13), 247 (19), 246 (100), 

219 (12), 156 (47), 143 (11), 129 (35), 105 (C8H9
+, 34), 103 (17), 102 (12), 79 (13), 

77 (C6H5
+, 17). IR (KBr):  3457 (w) cm-1, 3120 (m), 3080 (m), 2927 (m), 2874 (m), 

1623 (w), 1586 (s), 1495 (w), 1458 (m), 1420 (m), 1383 (w), 1333 (m), 1302 (w), 

1279 (m), 1234 (w), 1211 (m), 1196 (m), 1136 (m), 1109 (w), 1058 (w), 1040 (w), 

1023 (w), 982 (w), 937 (m), 896 (w), 824 (m), 793 (w), 770 (s), 722 (w), 694 (m), 648 

(w), 624 (w), 584 (m), 544 (w), 526 (w). Anal. calcd for C17H15N5 (289.3): C 70.57, H 

5.23, N 24.21. Found: C 70.30, H 5.42, N 24.01. 
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4.2.20. 4-(1-Benzyl-1H-1,2,3-triazol-4-yl)-1H-pyrrolo[2,3-b]pyridine (9a)  

 

 

C16H13N5 

275.31 

 

207 mg (0.75 mmol, 75 % yield over two steps) as a colorless solid. Mp 200 °C. 1H 

NMR (DMSO-d6, 500 MHz):  5.73 (s, 2 H), 7.00-7.03 (m, 1 H), 7.33-7.44 (m, 5 H), 

7.58-7.61 (m, 2 H), 8.29 (dd, J = 5.0 Hz, J = 0.6 Hz, 1 H), 9.03 (d, J = 0.9 Hz, 1 H), 

11.8 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  53.0 (CH2), 100.1 (CH), 111.6 

(CH), 115.5 (Cquat), 123.8 (CH), 126.5 (CH), 127.9 (CH), 128.1 (CH), 128.7 (CH), 

129.3 (Cquat), 135.9 (Cquat), 142.6 (CH), 144.8 (Cquat), 149.4 (Cquat). EI + MS (m/z (%)): 

276 (10), 275 (M+, 48), 247 (14), 246 (64), 219 (14), 170 (10), 157 (11), 156 (100), 

149 (20), 130 (14), 129 (30), 109 (10), 102 (10), 91 (C7H7
+, 98), 85 (11), 71 (13), 65 

(C5H5
+, 14), 57 (14). IR (KBr):  3128 (m) cm-1, 2869 (m), 1604 (s), 1543 (w), 1498 

(m), 1458 (m), 1391 (w), 1333 (s), 1226 (w), 1050 (m), 897 (w), 824 (s), 723 (m), 645 

(w), 601 (w). Anal. calcd for C16H13N5 (275.3): C 69.80, H 4.76, N 25.44. Found: C 

69.58, H 4.83, N 25.58. 
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4.2.21. 5-(1-Benzyl-1H-1,2,3-triazol-4-yl)-1H-pyrrolo[2,3-b]pyridine (9b)  

 

 

C16H13N5 

275.31 

 

182 mg (0.66 mmol, 66 % yield over two steps) as a colorless solid. Mp 210 °C. 1H 

NMR (DMSO-d6, 500 MHz):  5.65 (s, 2 H), 6.50 (dd, J = 3.5 Hz, J = 1.9 Hz, 1 H), 

7.32-7.43 (m, 5 H), 7.49-7.51 (m, 1 H), 8.38 (d, J = 1.9 Hz, 1 H), 8.64 (s, 1 H), 8.71 

(d, J = 1.9 Hz, 1 H), 11.7 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  53.1 (CH2), 

100.2 (CH), 118.9 (Cquat), 119.5 (Cquat), 120.8 (CH), 124.6 (CH), 127.0 (CH), 128.0 

(CH), 128.2 (CH), 128.8 (CH), 136.0 (Cquat), 140.4 (CH), 145.7 (Cquat), 148.2 (Cquat). 

EI + MS (m/z (%)): 276 (6), 275 (M+, 28), 247 (23), 246 (100), 219 (25), 170 (22), 156 

(68), 129 (39), 91 (C7H7
+, 58), 65 (C5H5

+, 11). IR (KBr):  3125 (m) cm-1, 1608 (w), 

1585 (w), 1497 (w), 1454 (w), 1435 (w), 1407 (m), 1340 (m), 1314 (w), 1298 (w), 

1228 (w), 1214 (w), 1069 (w), 1051 (w), 919 (w), 905 (w), 805 (m), 781 (w), 734 (s), 

693 (w), 621 (w), 505 (w). Anal. calcd for C16H13N5 (275.3): C 69.80, H 4.76, N 25.44. 

Found: C 69.95, H 4.64, N 25.48. 
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5. Preparation of 3-(4-Benzyl-1H-1,2,3-triazol-1-yl)-1H-pyrrolo[2,3-

b]pyridine (10) by the One-Pot Synthesis of 1-Aryl 1,2,3-Triazoles 

from Aryl Halides and Terminal Alkynes in the Presence of Sodium 

Azide[4]

 

 

 

Copper(I) iodide (39 mg, 0.20 mmol, 10 mol %) was placed under argon atmosphere 

in a dry screw-cap vessel with septum. Then, tert-butyl 3-iodo-1H-pyrrolo[2,3-

b]pyridine-1-carboxylate (1f) (688 mg, 2.00 mmol) in 5 mL of dimethylsulfoxide and 

1mL of water was added and the mixture was degassed with argon. Sodium azide 

(138 mg, 2.10 mmol, 1.05 equiv), sodium ascorbate (40 mg, 0.20 mmol, 10 mol %), 

benzylacetylene (0.26 mL, 2.00 mmol, 1.00 equiv), and 4,4,5,5-tetramethyl-1,3,2-

dioxaborolane (0.22 mL, 0.30 mmol, 0.15 equiv) were successively added to the 

mixture which was stirred at room temperature (water bath) for 112 h (monitored by 

TLC, but the reaction did not go to completion). Then, the mixture was diluted with 10 

mL of water, extracted with 10 mL of dichloromethane, the organic phase was 

washed with water (3 x 10 mL), dried with sodium sulphate, and filtered. The solvents 

were removed in vacuo and the residue was absorbed onto Celite® and purified 

chromatographically on silica gel with petroleum ether (boiling range 40-60 °C)/ethyl 

acetate (PE-EtOAc = 5:1). After drying in vacuo, 105 mg (0.28 mmol, 14 % yield) of a 

yellow oil were obtained. 
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The obtained oil was dissolved in 1.4 mL of methanol, potassium carbonate (98 mg, 

0.70 mmol, 2.50 equiv) was added, and the mixture was stirred at room temperature 

for 1 h. Then, the solvent was removed in vacuo and the residue was absorbed onto 

Celite® and purified chromatographically on silica gel with dichloromethane-methanol-

aqueous ammonia DCM-MeOH-NH3 = 100:1:1  100:2:1  100:3:1  100:4:1 

(stepwise gradient). After drying in vacuo at 70 °C overnight, 3-(1-benzyl-1H-pyrazol-

4-yl)-1H-pyrrolo[2,3-b]pyridine (10) (49 mg, 0.18 mmol, 64 % yield) was obtained as a 

colorless solid.  
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3-(4-Benzyl-1H-1,2,3-triazol-1-yl)-1H-pyrrolo[2,3-b]pyridine (10)  

 

 

C16H13N5 

275.31 

 

49 mg (9 % yield over two steps) as a colorless solid. Mp 177 °C. 1H NMR (DMSO-

d6, 500 MHz):  4.11 (s, 2 H), 7.21-7.26 (m, 2 H), 7.30-7.35 (m, 4 H), 8.11 (d, J = 2.8 

Hz, 1 H), 8.30 (dd, J = 7.9 Hz, J = 1.6 Hz, 1 H), 8.37 (dd, J = 4.4 Hz, J = 1.6 Hz, 1 H), 

8.46 (s, 1 H), 12.2 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  31.1 (CH2), 112.2 

(Cquat), 113.6 (Cquat), 116.7 (CH), 117.6 (CH), 121.4 (CH), 126.1 (CH), 127.5 (CH), 

128.4 (CH), 128.5 (CH), 139.3 (Cquat), 144.3 (CH), 146.1 (Cquat), 146.4 (Cquat). EI + 

MS (m/z (%)): 275 (M+, 1), 247 ((M-N2)
+, 37), 246 (100), 170 (27), 144 (32), 143 (44), 

132 (16), 128 (10), 117 (15), 116 (11), 115 (14), 104 (37), 103 (15), 91 (C7H7
+, 18), 

90 (15), 78 (10), 77 (C6H5
+, 14), 65 (C5H5

+, 5). IR (KBr):  3447 (s) cm-1, 3421 (s), 

3144 (w), 3108 (w), 3025 (w), 2920 (w), 2821 (w), 1655 (m), 1613 (s), 1586 (m), 1563 

(w), 1515 (w), 1494 (m), 1436 (m), 1409 (s), 1377 (m), 1341 (w), 1288 (s), 1206 (s), 

1136 (m), 1103 (m), 1073 (w), 1049 (s), 1021 (w), 947 (m), 895 (m), 830 (w), 790 

(m), 766 (s), 721 (s), 691 (m), 665 (w), 616 (w), 586 (m), 531 (w). Anal. calcd for 

C16H13N5 (275.3): C 69.80, H 4.76, N 25.44. Found: C 69.63, H 4.96, N 25.20. 
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6. Preparation of 3-(1-Benzyl-1H-pyrazol-4-yl)-1H-pyrrolo[2,3-

b]pyridine (11) by the Masuda Borylation – Suzuki Coupling 

Sequence[5]

 

 

 

Tetrakis(triphenylphosphane)-palladium(0) (35 mg, 0.03 mmol, 3 mol %) and tert-

butyl 3-iodo-1H-pyrrolo[2,3-b]pyridine-1-carboxylate (1f) (344 mg, 1.00 mmol) were 

placed under argon atmosphere in a dry screw-cap vessel with septum. Then, 5 mL 

of dry dioxane were added and the mixture was degassed with argon. Dry 

triethylamine (1.39 mL, 10.0 mmol, 10.0 equiv), and 4,4,5,5-tetramethyl-1,3,2-

dioxaborolane (0.22 mL, 1.50 mmol, 1.50 equiv) were successively added to the 

mixture which was stirred at 80 °C (preheated oil bath) for 3 h (monitored by TLC).

Then, after cooling to room temperature (water bath), 5 mL of dry methanol, 1-

benzyl-4-bromo-1H-pyrazole (237 mg 1.00 mmol, 1.00 equiv), and cesium carbonate 

(823 mg, 2.50 mmol, 2.50 equiv) were successively added and the mixture was 

stirred at 100 °C (preheated oil bath) for 24 h. Then, after cooling to room 

temperature (water bath) the solvents were removed in vacuo and the residue was 

absorbed onto Celite® and purified chromatographically on silica gel with 

dichloromethane-methanol-aqueous ammonia DCM-MeOH-NH3 = 100:1:1. After 

drying in vacuo at 70 °C overnight, 3-(1-benzyl-1H-pyrazol-4-yl)-1H-pyrrolo[2,3-

b]pyridine (11) was obtained as a yellow solid. Recrystallization from 

dichloromethane/n-pentane gave a colorless solid. 
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3-(1-Benzyl-1H-pyrazol-4-yl)-1H-pyrrolo[2,3-b]pyridine (11)  

 

 

C17H14N4 

274.32 

 

41 mg (0.15 mmol, 15 % yield) as a colorless solid (dichloromethane/n-pentane). Mp 

198 °C. 1H NMR (DMSO-d6, 500 MHz):  5.37 (s, 2 H), 7.12 (dd, J = 7.9 Hz, J = 4.4 

Hz, 1 H), 7.26-7.32 (m, 3 H), 7.33-7.38 (m, 2 H), 7.71 (d, J = 2.5 Hz, 1 H), 7.90 (s, 1 

H), 8.21 (dd, J = 7.9 Hz, J = 1.3 Hz, 1 H), 8.24 (dd, J = 4.4 Hz, J = 1.3 Hz, 1 H), 8.29 

(s, 1 H), 11.7 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  54.8 (CH2), 106.2 

(Cquat), 115.4 (CH), 115.6 (Cquat), 117.2 (Cquat), 121.9 (CH), 126.3 (CH), 127.4 (CH), 

127.5 (CH), 127.5 (CH), 128.5 (CH), 136.5 (CH), 137.7 (Cquat), 142.7 (CH), 148.6 

(Cquat). EI + MS (m/z (%)): 275 (26), 274 (M+, 100), 273 ((M-H)+, 10), 183 (C10H7N4
+, 

9), 142 (C9H6N2
+, 7), 91 (C7H7

+, 51), 65 (C5H5
+, 6). IR (KBr):  3449 (w) cm-1, 3103 

(m), 3027 (m), 2819 (m), 1655 (w), 1579 (m), 1492 (m), 1459 (w), 1421 (s), 1337 (w), 

1288 (m), 1229 (w), 1196 (w), 1149 (w), 1130 (w), 1110 (w), 989 (m), 918 (w), 897 

(w), 857 (m), 822 (w), 793 (w), 763 (s), 719 (s), 695 (w), 665 (w), 650 (w), 614 (w), 

587 (w), 532 (w). Anal. calcd for C17H14N4 (274.3): C 74.43, H 5.14, N 20.42. Found: 

C 74.41, H 5.22, N 20.27. 
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7. 1H and 13C NMR Spectra of Compounds 8f, 8g, 8r, 9a, 10, and 11 

 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.511.5
f1 (ppm)  

1H NMR of 8f (15 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm).  
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13C NMR of 8f (15 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm).  
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13C DEPT 135-NMR of 8f (15 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm).  
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1H NMR of 8g (20 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). *Impurities from 

residual solvents. 
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13C NMR of 8g (20 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm).  
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13C DEPT 135-NMR of 8g (20 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm).  
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1H NMR of 8r (20 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm).  
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13C NMR of 8r (20 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm).  
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13C DEPT 135-NMR of 8r (20 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm).  
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1H NMR of 9a (15 mg) in 0.7 mL DMSO-d6 at 295 K (  in ppm).  
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13C NMR of 9a (15 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm).  

 

 

 
13C DEPT 135-NMR of 9a (15 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm).  

Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011



84

 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.511.512.5
f1 (ppm)

2
.0

4

2
.1

5

4
.2

7

1
.0

1

1
.0

5

1
.0

5

1
.0

0

0
.9

8

-0
.0

0

4
.1

1

8
.4

6

1
2

.1
9

 
1H NMR of 10 (15 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm).  
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13C NMR of 10 (15 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm).  
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13C DEPT 135-NMR of 10 (15 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm).  
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1H NMR of 11 (15 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm).  
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13C NMR of 11 (15 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm).  
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13C DEPT 135-NMR of 11 (15 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm).  
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8. Appendix 

 

8.1. HT-LC-MS Spectra and UV purity of the obtained compounds 8a-s, 9a-b, 10, 

and 11 

 

HT-LC-MS Spectrum (SOP 2200) of 8a. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2200) of 8b. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2200) of 8c. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2200) of 8d. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2200) of 8e. UV purity: 99.9 %
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HT-LC-MS Spectrum (SOP 2222) of 8f. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2200) of 8g. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2222) of 8h. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2200) of 8i. UV purity: 100 % 
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HT-LC-MS Spectrum (SOP 2200) of 8j. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2200) of 8k. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2200) of 8l. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2200) of 8m. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2200) of 8n. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2200) of 8o. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2222) of 8p. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2200) of 8q. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2200) of 8r. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2200) of 8s. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2200) of 9a. UV purity: 100 %

 

 

Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011



133

 

 

Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011



134

 

HT-LC-MS Spectrum (SOP 2222) of 9b. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2200) of 10. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2222) of 11. UV purity: 100 %
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8.2. HT-LC-MS Methods for the control of identity and purity of compounds 

8a-s, 9a-b, 10, and 11 

 

Problem definition Identity and Purity 

SOP (Standard 

Operating Procedure) 

2200 

Methods HT-LC-MS 

System Waters Acquity UPLC® with PDA and ELSD 

Waters SQD (ESI+/- and APCI+/-) 

Software MassLynx with OpenLynx 

Column Waters XBridge™ C8 3.5 m 

4.6 x 50 mm Column 

Part No. 186003053 

Eluent A: 99.9 % acetonitrile + 0.1 % TFA 

B: 99.9 % water + 0.1 % TFA 

Gradient time (min) A % B % flow 

(mL/min) 

0 5 95 2.0 

8.00 100 0 2.0 

8.10 10 90 2.0 

8.50 5 95 2.0 

11.00 5 95 2.0 

Column temperature Room temperature 

Injection volume 3 L 

Sample preparation Approx. 0.1 mg were dissolved in acetonitrile + water 

50/50 in an ultrasonic bath, so that the concentration was 

0.5 mM. 

If necessary, the sample was additionally diluted: 100 L 

in 500 L acetonitrile + water 5/95. 
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Problem definition Identity and Purity 

SOP 2222 

Methods HT-LC-MS 

System 4 x Waters 1525 Binary HPLC Pump 

2 x Waters In-Line Degasser AF 

1 x Waters 2777 Sample Manager 

1 x Waters 2488 Mux-UV Detector 

4 x Waters 2420 ELS Detector 

1 x Waters ZQ-MUX 

Software MassLynx with OpenLynx 

Column Chromolith® Flash RP-18e (25-2mm) 

Eluent A: 99.9 % acetonitrile + 0.1 % formic acid 

B: 99.9 % water + 0.1 % formic acid 

Gradient time (min) A % B % flow 

(mL/min) 

0 5 95 0.8 

1.7 100 0 0.8 

3.0 100 0 0.8 

3.01 0 100 0.8 

6.25 5 95 0.8 

Column temperature Room temperature 

Throughput 416 samples: approx. 11 h 
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8.3. Determination of Cu and Pd contents in compound 8f 

 

Sample preparation: 4.8 mg of compound 8f dissolved in 4.8 mL of DMSO 

Measurement: ICP-MS 

Sample introduction: 50 L/min Meinhard sprayer, quartz cyclone spray 

chamber, syringe pump 

Internal standard: Rhodium 

Calibration: Addition of standard or additions calibration 

 

 

Additions [ g/g]: Cu Pd 

 5 5 

 10 10 

 15 15 

Analytical results: Cu Pd 

 < 2 g/g < 1 g/g 
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Copper-mediated reactions have been playing an outstanding

role in organic chemistry for over a century as manifested in

many important transformations and name reactions. Indeed,

Ullmann-type reactions can be considered as predecessors of

modern cross-couplings. However, copper-mediated trans-

formations have been completely overshadowed by the very

dramatic developments in palladium chemistry. Nevertheless,

many new remarkable copper-catalyzed processes have

appeared in the last decade, thus heralding a renaissance in

copper catalysis.[1–5]

In 1963, Stephens and Castro reported a synthesis of

diarylacetylenes by a stoichiometric coupling reaction of

copper acetylides with aryl iodides, which proceeded in

refluxing pyridine under a nitrogen atmosphere.[6] Later,

catalytic variants were also developed, some of which allowed

milder conditions more tolerant to functional groups.[7] With

the advent of the usually more efficient palladium-catalyzed

alkynylations[8] and finally the Pd/Cu-catalyzed Sonogashira–

Hagihara coupling,[9, 10] the Stephens–Castro reaction became

far less significant (Scheme 1).

Recently, we reported a newmulticomponent approach to

alkynones by glyoxylation of electron-rich heterocycles such

as indoles and pyrroles with oxalyl chloride under Lewis acid

free conditions followed by a novel decarbonylative Sonoga-

shira coupling procedure (Scheme 2).[11]

Obviously, if the decarbonylative elimination could be

suppressed or excluded, the reaction sequence would lead to

the formation of ynediones, highly electrophilic, yet scarcely

explored building blocks.[12] The synthesis of 2-oxo-3-buty-

noates and 2-oxo-3-butynoamides by the Cu-catalyzed cou-

pling of monooxalyl chlorides, described in 2003,[13] was the

sole implementation of this intriguing concept. However,

prior to our studies, this direct approach was neither extended

into a one-pot protocol nor applied to the functionalization of

heterocycles. We reasoned that ynediones could be obtained

by modifying the glyoxylation/decarbonylative Sonogashira

coupling sequence. Possibly, the decarbonylation could be

avoided by omitting the Pd precatalyst responsible for the

decarbonylative outcome in the coupling step, thus stepping

back to the Cu-catalyzed Stephens–Castro reaction

(Scheme 3).

In optimization studies[14] we found that the best results

were obtained with 1.0 equivalent of oxalyl chloride, 5 mol%

of CuI, 1.0 equivalent of a terminal alkyne, and 3.0 equiv-

alents of triethylamine. In comparison to the corresponding

decarbonylative Sonogashira reaction, the coupling step is

slower, but essentially complete within 24 h at room temper-

ature. Increasing the reaction temperature diminishes the

yield, and prolonged reaction time (48 h) does not increase

the yield. The sequence can be performed conveniently on a

5 mmol scale and is preparatively very straightforward

(Table 1). The CuI catalyst was obtained from Aldrich

(98%) and used as supplied. An ultrapure batch (Alfa

Aesar Puratronic, 99.999% (metals basis)) gave the same

yield, thus proving that copper is indeed the catalytically

Scheme 1. Sonogashira and catalytic Stephens–Castro alkynylations.

Scheme 2. Glyoxylation/decarbonylative Sonogashira coupling

sequence.

Scheme 3. Glyoxylation/Stephens–Castro coupling sequence.
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active metal. Neither chelating ligands nor phosphanes are

required.

The structures of the obtained ynediones 3, 4, and 5 were

unambiguously supported by NMR spectroscopy, mass spec-

trometry, and combustion analysis, and later by an X-ray

structure analysis of compound 3a (Figure 1).

The sequence proceeds smoothly in ethereal sol-

vents (THF, DME, or 1,4-dioxane), thus making it

possible to perform the glyoxylation step in a wide

temperature range. The reaction with electron-rich

indoles and 7-azaindoles gives derivatives functional-

ized in the 3-position exclusively (compounds 3a–k).

Generally, pyrroles give 2-substituted regioisomers

without noticeable amounts of the 3-substituted iso-

mers (compounds 4a–e). Expectedly, when the sub-

strate has a bulky substituent on the nitrogen atom of

the pyrrole ring, the 3-position is functionalized (com-

pound 4 f). To our great delight, other important

heterocycles like pyrazole (compound 5a), thiophene

(compounds 5b and 5c), and furan (compound 5d)

could be converted to ynediones, although the glyox-

ylation of these heterocycles to glyoxylyl chlorides has

never been described. Interestingly, there is a method

describing a direct carboxylation of 1,3,5-trisubstituted

pyrazoles with oxalyl chloride.[15] However, with 1-

methyl-1H-pyrazole we observed no decarbonylation

but instead formation of compound 5a. A further

advantage of the described Lewis acid free method is

the possibility of reacting substrates that are not

compatible with Lewis-acid-mediated Friedel–Crafts

conditions and (compound 5d). Surprising, however,

was the observation that thiophenes turned out to be

excellent substrates for the described sequence. The

more electron-rich 2-methylfuran gave a lower yield of

ynedione 5d along with a by-product resulting from the

condensation of two furan molecules with one molecule

of oxalyl chloride in 14% yield.

Furthermore, the electron-rich hydrocarbon azu-

lene could be functionalized as well (compound 5e).[16]

Aryl acetylenes bearing electron-neutral (compounds

3a, 3g,h, 3j,k, 4a–f, and 5a–e), electron-donating

(compound 3b), or electron-withdrawing (compounds

3c,d) substituents can be carried through the sequence

without difficulties. Also heteroaryl (compound 3e) as

well as TIPS-substituted acetylenes (compound 3 f) can

be coupled efficiently. However, an alkyl acetylene

gave a very poor yield (compound 3 i). In all cases, no

decarbonylative products were observed. The products

were easily isolated by flash chromatography and were

usually obtained in analytically pure form as stable

compounds.

The reactivity of the glyoxylation of p nucleophiles

can be estimated by considering the nucleophilicity

parameters N of the (hetero)aryl substrate as deter-

mined by Mayr et al. for some reference nucleo-

philes.[17] The nucleophilicity parameters of the

employed (hetero)arenes range from approximately

1.26 to 6.66, spanning five orders of magnitude (see

Table S8 in the Supporting Information).

Azoles, furans, and thiophenes are of paramount impor-

tance in the synthesis of products relevant for medicinal

chemistry and material science as well as in the synthesis of

natural products. Therefore, the described mild and easy-to-

perform one-pot functionalization of these prevalent classes

of heterocycles opens up remarkable possibilities for their

Table 1: Glyoxylation/Stephens–Castro synthesis of ynediones 3, 4, and 5.[a]

Product Yield [%][b]

(method[c])

Product Yield [%][b]

(method[c])

66 (A) 64 (A)

68 (A) 74 (A)

73 (A) 67 (A)

60 (A) 60 (A)

43 (A) 77[d] (C)

74 (A) 44 (C)

57 (A) 47 (D)

35 (A) 53 (E)

2 (A) 66 (E)

62 (B) 38 (F)

59 (B) 33 (A)

[a] Reactions were performed in ethereal solvents [c(1)=0.2m] using 5.00 mmol

of substrate 1. Abbreviations: Ph=phenyl, Me=methyl, TIPS= triisopropylsilyl,

Bu=butyl, Bn=benzyl, PMB=p-methoxybenzyl, Bzh=benzhydryl. [b] All yields

refer to isolated and purified compounds. [c] Method A: THF, 0 8C to RT, 4 h;

method B: DME, 0 8C to 100 8C, 2 h; method C: THF, 0 8C to 50 8C, 4 h;

method D: DME, 0 8C to 100 8C, 24 h; method E: 1,4-dioxane, RT to 100 8C, 4 h;

method F: 1,4-dioxane, RT to 100 8C, 24 h. [d] According to method A, 33% of 4e

could be obtained.
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derivatization. Moreover, the obtained ynediones are densely

functionalized, possessing a strongly activated Michael

system as well as a dione motif, both important structural

units in heterocycle synthesis.

As an illustration of the versatility of alkynediones as

building blocks, we extended the sequence to the four-

component syntheses of various products (Scheme 4). Simply

by adding 1.0 equiv of different mono- and dinucleophiles

after the glyoxylation/Stephens–Castro coupling sequence

furnishing ynedione 3a, we could achieve the one-pot

syntheses of enaminedione 6, quinoxaline 7, indoloyl pyrazole

8a, and indoloyl pyrimidine 9 ; the final step of this sequence

consists of Michael addition, double carbonyl condensation,

and Michael addition/cyclocondensation reactions, respec-

tively.

It is worth mentioning that tert-butoxycarbonyl(Boc)-

protected hydrazine can be used for the selective synthesis of

the 2-acyl pyrazole 8a without formation of the correspond-

ing pyridazinone, thus giving direct and very efficient access

to 2-acyl pyrazoles. So far, there has been no preparatively

useful approach to this class of compounds. This unprece-

dented strategy is currently under investigation.

In conclusion, we have developed a new three-component

approach to heterocyclic ynediones, which are very likely to

become important intermediates in the synthesis of diverse,

pharmaceutically interesting heterocycles. The use of catalytic

Stephens–Castro conditions is crucial for the success of the

reaction. The design of new diverse four-component synthe-

ses of heterocycles with the intermediacy of ynediones has

been highlighted successfully. It should be emphasized that all

reagents in these three- and four-component reactions are

required in equimolar ratios, rendering these sequences

highly atom economical. Further generalizations of this

strategy as well as diverse synthetic applications of ynediones

are currently under investigation and will be reported in due

course.

Experimental Section
3 f : In an oven-dried screw-cap Schlenk flask with a septum a solution

of 1-methyl indole (1a ; 669 mg, 5.00 mmol) in 25 mL of anhydrous

THF was placed under argon atmosphere. Argon was bubbled

through the solution for 5 min which was cooled to 0 8C. Then, oxalyl

chloride (0.44 mL, 5.00 mmol) was added dropwise to the reaction

mixture at 0 8C. The mixture was allowed to come to room temper-

ature and was stirred for 4 h. Then, CuI (49 mg, 0.25 mmol),

tris(isopropyl)silyl (2 f ; 1.13 mL, 5.00 mmol), and anhydrous triethyl-

amine (2.08 mL, 15.0 mmol) were successively added to the mixture,

and the reaction mixture

was stirred at room temper-

ature for 24 h. After com-

plete conversion, distilled

water (25 mL) was added,

the phases were separated,

and the aqueous phase was

extracted with dichlorome-

thane (3 � 25 mL). The com-

bined organic layers were

dried with anhydrous

sodium sulfate. After

removal of the solvents in

vacuo, the residue was ad-

sorbed onto Celite and puri-

fied by chromatography on

silica gel (petroleum ether/

ethyl acetate 7:1) to give the

analytically pure 3 f (1.35 g;

74%) as a yellow solid, Rf=

0.25. M.p. 127 8C. 1H NMR

(500 MHz, CDCl3): d=

1.13–1.17 (m, 21H), 3.86 (s,

3H), 7.33–7.38 (m, 3H),

8.25 (s, 1H), 8.42–8.46 ppm

(m, 1H). 13C NMR

(125 MHz, CDCl3): d= 11.1

(CH), 18.5 (CH3), 33.8

(CH3), 103.4 (Cquat.), 103.9

(Cquat.), 109.9 (CH), 110.9

(Cquat.), 122.8 (CH), 123.5

Figure 1. Molecular structure of 3a (ellipsoids at the 50% probability

level; hydrogen atoms were omitted for clarity).[18]

Scheme 4. Four-component syntheses of enaminedione 6, quinoxaline 7, indoloyl pyrazole 8a, and indoloyl

pyrimidine 9.
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(CH), 124.2 (CH), 127.2 (Cquat.), 137.3 (Cquat.), 140.0 (CH), 178.2

(Cquat.), 180.1 ppm (Cquat.). EIMS (70 eV) m/z (%): 367 [M]+ (3), 158

[MÿC12H21OSi]+ (100), 130 [C9H8N]+ (2). C,H,N analysis calcd (%)

for C22H29NO2Si (367.6): C 71.89, H 7.95, N 3.81; found: C 72.06, H

7.94, N 3.70.
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1. General Considerations 

All cross coupling reactions were carried out in oven-dried Schlenk glassware using 

septa and syringes under nitrogen or argon atmosphere. Tetrahydrofuran was dried 

using MBraun system MB-SPS-800, and triethylamine was refluxed under argon over 

ketyl sodium, distilled and stored in a Schlenk flask over potassium hydroxide pellets 

under argon atmosphere. Dry methanol was purchased by Sigma-Aldrich Chemie 

GmbH.

Compounds 1b-f were prepared according to the literature procedure.[1] Compound 1i

was prepared according to the literature procedure.[2] Commercial grade reagents were 

used as supplied without further purification and were purchased from Acros Organics,

Sigma-Aldrich Chemie GmbH, Fluka AG, ABCR GmBH & Co. KG, Alfa Aesar GmbH & 

Co. KG, Riedel-de Haën, Maybridge, and Merck Serono KGaA. Oxalyl chloride was 

obtained from Merck Serono KGaA and used neat without further purification. 

The content of Pd (4 g/g) in copper(I) iodide was determined in the laboratory 

Elementaranalytik of Merck Serono KGaA.

The purification of products was performed on silica gel 60 (0.015-0.040 mm) from 

Merck Serono KGaA Darmstadt using flash technique and under pressure of 2 bar. The 

purification of alkynediones was performed on Biotage SP-1 system using cartridges 

filled with ca. 340 g silica gel. The crude mixtures were adsorbed on Celite 545 (0.02-

0.10 mm) from Merck Serono KGaA Darmstadt before chromatographic purification. 

The reaction progress was monitored qualitatively using TLC Silica gel 60 F254 5 x 7.5 

cm aluminium sheets obtained by Merck Serono KGaA Darmstadt. The spots were 

detected with UV light at 254 nm and using aqueous potassium permanganate solution.
1H, 13C, and 135-DEPT NMR spectra were recorded on Bruker Advanced DRX 500 

spectrometer. CDCl3 and DMSO-d6 were used as deuterated solvents. TMS was used 

as reference (  = 0.0) or the resonances of the solvents were locked as internal 

standards (CDCl3:
1H  7.26, 13C 77.0; DMSO-d6:

1H 2.50, 13C 39.4). The 

multiplicities of signals were abbreviated as follows: s: singlet; d: doublet; t: triplet; dd: 

doublet of doublets; ddd: doublet of doublets of doublets; dt: doublet of triplets; td: triplet 

of doublets; tt: triplet of triplets; m: multiplet and br: broad signal. The type of carbon 

atoms was determined on the basis of 135-DEPT NMR spectra.

EI mass spectra were measured on Finnigan MAT 8200 spectrometer.
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IR spectra were obtained on Bruker Vector 22 FT-IR. The solids were measured as KBr 

pellets and oils as films on KBr plates. The intensity of signals is abbreviated as follows: 

s (strong), m (medium) and w (weak).  

The melting points (uncorrected) were measured on Büchi Melting Point B-540. 

Combustion analyses were carried out on Perkin Elmer Series II Analyser 2400 in the 

microanalytical laboratory of Institut für Pharmazeutische und Medizinische Chemie der 

Heinrich-Heine-Universität Düsseldorf. 

The X-ray structure analysis was performed on Bruker APEX at Ruprecht-Karls-

Universität Heidelberg. 
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2. Preparation of Ynediones 3a-k, 4a-f and 5a-e via Glyoxylation – Stephens-

Castro Coupling Sequence 

2.1. Optimization of the Synthetic Procedure with 1-Methyl-1H-indole (1a) 

N N N

O

O

X
O

O

Ph

Ph

1a 3a

2a
X

O
X

O

X = Cl, Br

The optimization of the procedure is depicted in Table 1.

Table 1. Optimization of the synthesis of indolyl alkynedione 3a.

 Glyoxylation step[a] Stephens-Castro coupling step[b]

Entry (COX)2

(1.00 equiv)
Solvent 

Reaction
temperature

and time 

Catalyst
Phenylacetylene 2a

Base

Reaction
temperature

and time 

Isolated
yield of 
3a (%) 

1 (COCl)2

THF
0 °C[c]  RT[d]

4 h 
5 mol % CuI 

1.00 equiv (2a)
5 mL NEt3

[e]

RT 
24 h 

63 % 

2 (COCl)2

THF
0 °C  RT 

4 h 
1 mol % CuI

1.00 equiv (2a)
3.00 equiv NEt3

RT 
24 h 

16 % 

3 (COCl)2

THF
0 °C  RT 

4 h 
5 mol % CuI 

1.00 equiv (2a) 
3.00 equiv NEt3

RT 
24 h 

66 % 

[a] The optimization reactions were performed on a 5.00 mmol scale (c (1a) = 0.2 M).

[b] The order in which the reagents appear in the table corresponds to the order in which they were added 

to the reaction mixture. 

[c] The reaction vessel was cooled for 15 min in a water/ice bath. 

[d] The reaction vessel was placed in a water bath. 

[e] Reaction parameters or reagents different from the optimal conditions (entry 3, in bold) are underlined. 
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Table 1 (continuation). Optimization of the synthesis of indolyl alkynedione 3a.

 Glyoxylation step Stephens-Castro coupling step

Entry (COX)2

(1.00 equiv)
Solvent 

Reaction
temperature

and time 

Catalyst
Phenylacetylene 2a

Base

Reaction
temperature

and time 

Isolated
yield of 
3a (%) 

4 (COCl)2

THF
0 °C  RT 

4 h 
5 mol % CuI

1.10 equiv (2a)
3.00 equiv NEt3

RT 
24 h 

66 % 

5 (COCl)2

THF
5 mol % CuI

0 °C  RT 
4 h 

-[f]

1.00 equiv (2a)
3.00 equiv NEt3

RT 
24 h 

58 % 

6 (COCl)2

THF
0 °C  RT 

4 h 
5 mol % CuI 

1.00 equiv (2a)
3.00 eq. NEt3

60 °C
2 h

34 % 

7 (COCl)2

(1.5 equiv)
THF

0 °C  RT 
4 h 

5 mol % CuI 
2.00 equiv (2a)
4.00 equiv NEt3

RT 
24 h 

41 % 

8 (COCl)2

THF
0 °C  60 °C

1 h
5 mol % CuI 

1.00 equiv (2a)
3.00 equiv NEt3

RT 
24 h 

67 % 

9 (COCl)2

THF
0 °C  RT 

4 h 
5 mol % CuI 

1.00 equiv (2a)
3.00 equiv NEt3

60 °C
24 h 

16 % 

10 (COCl)2

THF
0 °C  60 °C

1 h
5 mol % CuI 

1.00 equiv (2a)
3.00 equiv NEt3

60 °C
4 h

10 % 

11 (COCl)2

THF
0 °C  60 °C

1 h
5 mol % CuI 

1.00 equiv (2a)
3.00 equiv NEt3

RT 
21 h

59 % 

12 (COCl)2

THF
0 °C  60 °C

1 h
5 mol % CuI 

1.00 equiv (2a)
3.00 equiv NEt3

RT 
48 h

48 % 

13 (COCl)2

THF
0 °C  RT 

4 h 
5 mol % CuI 

1.00 equiv (2a)
2.00 equiv NEt3

RT 
24 h 

51 % 

[f] 5 mol % CuI were already added in the glyoxylation step. 
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Table 1 (continuation). Optimization of the synthesis of indolyl alkynedione 3a.

 Glyoxylation step Stephens-Castro coupling step

Entry (COX)2

(1.00 equiv)
Solvent 

Reaction
temperature

and time 

Catalyst
Phenylacetylene 2a

Base

Reaction
temperature

and time 

Isolated
yield of 
3a (%) 

14 (COCl)2

THF
0 °C  RT 

4 h 
5 mol % CuI 

1.00 equiv (2a)
3.00 equiv NEt3

RT 
48 h

65 % 

15 (COCl)2

THF
0 °C  RT 

4 h 
5 mol % AuI

1.00 equiv (2a)
3.00 equiv NEt3

RT 
24 h 

no
reaction

16 (COBr)2

THF
0 °C  RT 

4 h 
5 mol % CuI 

1.00 equiv (2a)
3.00 equiv NEt3

RT 
24 h 

no
reaction

17 (COCl)2

THF
0 °C  RT 

4 h 
5 mol % CuI 

1.00 equiv (2a)
3.00 equiv NEt3

40 °C
24 h 

64 % 

18 (COCl)2

THF
0 °C  RT 

4 h 
5 mol % CuI 

5 mol % 1,10-
phenanthroline
1.00 equiv (2a)
3.00 equiv NEt3

RT 
24 h 

42 % 

19 (COCl)2

THF
0 °C  RT 

4 h 
5 mol % CuI 

1.00 equiv (2a)
3.00 equiv NEtiPr2

[g]

RT 
24 h 

no
reaction

20 (COCl)2

THF
0 °C  RT 

4 h 
5 mol % CuI 

1.00 equiv (2a)
3.00 equiv TMEDA[h]

RT 
24 h 

no
reaction

21 (COCl)2

THF
0 °C  RT 

4 h 
5 mol % CuI 

1.00 equiv (2a)
3.00 equiv DMAP[i]

RT 
24 h 

no
reaction

[g] DIPEA, Hünig´s base. 

[h] N,N,N´,N´-Tetramethylethylenediamine. 

[i] 4-Dimethylaminopyridine. 
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Table 1 (continuation). Optimization of the synthesis of indolyl alkynedione 3a.

 Glyoxylation step Stephens-Castro coupling step

Entry (COX)2

(1.00 equiv)
Solvent 

Reaction
temperature

and time 

Catalyst
Phenylacetylene 2a

Base

Reaction
temperature

and time 

Isolated
yield of 
3a (%) 

22 (COCl)2

1,4-dioxane
RT  100 °C[j]

4 h 
5 mol % CuI 

1.00 equiv (2a)
3.00 equiv NEt3

RT 
24 h 

10 % 

23 (COCl)2

1,4-dioxane
RT  100 °C

1 h
5 mol % CuI 

1.00 equiv (2a)
3.00 equiv NEt3

RT 
24 h 

48 % 

24 (COCl)2

1,4-dioxane
RT
4 h 

5 mol % CuI 
1.00 equiv (2a)
3.00 equiv NEt3

RT 
24 h 

62 % 

25 (COCl)2

1,4-dioxane
RT
1 h

5 mol % CuI 
1.00 equiv (2a)
3.00 equiv NEt3

RT 
24 h 

61 % 

[j] The reaction vessel was placed in a preheated oil bath. 

The conditions shown in entry 3 were considered as optimized and were used in the 

general procedure for the preparation of compounds 3a-i, 4a-d and 5e (procedure A). 
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2.2. General Procedure for the Preparation of Compounds 3a-i, 4a-d, 5e and 4e-f 

(Procedures A and C) 
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5.00 mmol of N-substituted indole 1a-d or pyrrole 1g-l (or azulene 1q) in dry THF (25 

mL) were placed under argon atmosphere in a screw-cap Schlenk vessel with septum, 

degassed with argon and cooled to 0 °C (water/ice, for 15 min). Then, oxalyl chloride 

(0.44 mL, 5.00 mmol) was added dropwise to the reaction mixture at 0 °C. The mixture 

was allowed to come to room temperature (water bath) or 50 °C (for 1k-l, preheated oil 

bath) and was stirred for 4 h. Then, CuI (49 mg, 0.25 mmol), 5.00 mmol of terminal 

alkyne 2 and dry triethylamine (2.08 mL, 15.0 mmol) were successively added to the 

mixture and stirring at room temperature was continued for 24 h. After complete 

conversion (product monitored by TLC) water (25 mL) was added, the phases were 

separated and the aqueous phase was extracted with dichloromethane (3-5 x 25 mL, 

monitored by TLC). The combined organic layers were dried with anhydrous sodium 

sulfate. After removal of the solvents in vacuo the residue was absorbed onto Celite®

and purified chromatographically on silica gel with petroleum ether (boiling range 40-60 

°C)/ethyl acetate to give the alkynediones 3a-i, 4a-d and 5e.

The experimental details are given in Table 2.
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2.3. General Procedure for the Preparation of Compounds 3j-k and 5a 

(Procedures B and D) 

5.00 mmol of N-substituted 7-azaindole 1e-f or pyrazole 1m in dry DME (25 mL) were 

placed under argon atmosphere in a screw-cap Schlenk vessel with septum, degassed 

with argon and cooled to 0 °C (water/ice, for 15 min). Then, oxalyl chloride (0.44 mL, 

5.00 mmol) was added dropwise to the reaction mixture at 0 °C. The mixture was 

allowed to come to room temperature (water bath), stirred for 15 min. and then stirred at 

100 °C (preheated oil bath) for 2 h in case of 7-azaindoles 1e-f and for 24 h in case of 

pyrazole 1m. Then, after cooling to room temperature (water bath, for 15 min), CuI (49 

mg, 0.25 mmol), phenylacetylene 2a (0.57 mL, 5.00 mmol) and dry triethylamine (2.08 

mL, 15.0 mmol) were successively added to the mixture and stirring at room 

temperature was continued for 24 h. After complete conversion (product monitored by 

TLC) water (25 mL) was added, the phases were separated and the aqueous phase 

was extracted with dichloromethane (3-5 x 25 mL, monitored by TLC). The combined 

organic layers were dried with anhydrous sodium sulfate. After removal of the solvents 

in vacuo the residue was absorbed onto Celite® and purified chromatographically on 

silica gel with petroleum ether (boiling range 40-60 °C)/ethyl acetate to give the 

analytically pure alkynediones 3j-k or 5a.

The experimental details are given in Table 2.
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2.4. General Procedure for the Preparation of Compounds 5b-c and 5d 

(Procedures E and F) 

5.00 mmol of thiophene 1n-o or furan 1p in dry 1,4-dioxane (25 mL) were placed under 

argon atmosphere in a screw-cap Schlenk vessel with septum and degassed with 

argon. Then, oxalyl chloride (0.44 mL, 5.00 mmol) was added dropwise to the reaction 

mixture at room temperature. The mixture was then stirred at 100 °C (preheated oil 

bath) for 4 h (for 24 h in case of furan 1p). Then, after cooling to room temperature 

(water bath, for 15 min), CuI (49 mg, 0.25 mmol), phenylacetylene 2a (0.57 mL, 5.00 

mmol) and dry triethylamine (2.08 mL, 15.0 mmol) were successively added to the 

mixture and stirring at room temperature was continued for 24 h. After complete 

conversion (product monitored by TLC) water (25 mL) was added, the phases were 

separated and the aqueous phase was extracted with dichloromethane (3-5 x 25 mL, 

monitored by TLC). The combined organic layers were dried with anhydrous sodium 

sulfate. After removal of the solvents in vacuo the residue was absorbed onto Celite®

and purified chromatographically on silica gel with petroleum ether (boiling range 40-60 

°C)/ethyl acetate to give the analytically pure alkynediones 5b-e.

The experimental details are given in Table 2.
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Table 2. Experimental details of the three-component glyoxylation-Stephens-Castro 

coupling sequence for the synthesis of indolyl ynediones 3a-e.

Entry N-Substituted

indole 1

(5.00 mmol)

Alkyne 2

(5.00 mmol)

Ynedione 3

(isolated yield %) 

Chromatographic

purification (eluent)

Rf (eluent) 

1 1-Methyl-1H-
indole

(Merck)
669 mg 

1a

Phenylacetylene
(Merck)
0.57 mL 

2a

948 mg 
(3.30 mmol, 66 %) 

3a

PE-EA = 3:1 
Rf (PE-EA = 3:1): 

0.39

2 669 mg 
1a

4-Ethynylanisole
(Maybridge)

661 mg 
2b

1.08 g 
(3.40 mmol, 68 %) 

3b

PE-EA = 4:1 
Rf (PE-EA = 4:1): 

0.10

3 669 mg 
1a

4-Fluoro-
phenylacetylene

(Alfa Aesar)
0.58 mL 

2c

1.12 g 
(3.66 mmol, 73 %) 

3c

PE-EA = 3:1 
Rf (PE-EA = 3:1): 

0.20

4 669 mg 
1a

2-Chloro-
phenylacetylene

(ABCR)
697 mg 

2d

970 mg 
(3.01 mmol, 60 %) 

3d

PE-EA = 4:1 
Rf (PE-EA = 4:1): 

0.20

5 669 mg 
1a

3-Ethynylpyridine
(Aldrich)
526 mg 

2e

613 mg 
(2.13 mmol, 43 %) 

3e

PE-EA = 1:1 
Rf (PE-EA = 1:1): 

0.22
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Table 2 (continuation). Experimental details of the three-component glyoxylation-

Stephens-Castro coupling sequence for the synthesis of indolyl alkynediones 3f-i.

Entry N-Substituted

indole 1

(5.00 mmol) 

Alkyne 2

(5.00 mmol) 

Ynedione 3

(isolated yield %) 

Chromatographic

purification (eluent)

Rf (eluent) 

6 669 mg 
1a

Triisopropylsilyl-
acetylene

(Fluka)
1.13 mL 

2f

1.35 g 
(3.68 mmol, 74 %) 

3f

PE-EA = 7:1 
Rf (PE-EA = 7:1): 

0.25

7 1-Benzyl-5-
methoxy-1H-

indole[1] 

1.19 g 
1b

0.57 mL 
2a

1.13 g 
(2.87 mmol, 57 %) 

3g

PE-EA = 5:1 
Rf (PE-EA = 5:1): 

0.38

8 1-Benzyl-5-
iodo-1H-
indole[1]

1.67 g 
1c

0.57 mL 
2a

864 mg 
(1.77 mmol, 35 %) 

3h

PE-EA = 7:1 
Rf (PE-EA = 7:1): 

0.23

9 1-Benzyl-1H-
indole[1]

1.04 g 
1d

1-Hexyne 
(Acros)
0.59 mL 

2h

36 mg 
(0.10 mmol, 2 %) 

3i

PE-EA = 10:1 
Rf (PE-EA = 10:1): 

0.25
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Table 2 (continuation). Experimental details of the three-component glyoxylation-

Stephens-Castro coupling sequence for the synthesis of 7-azaindolyl alkynediones 3j-k.

Entry N-Substituted

7-azaindole 1

(5.00 mmol) 

Alkyne 2

(5.00 mmol) 

Ynedione 3

(isolated yield %) 

Chromatographic

purification (eluent)

Rf (eluent) 

10 1-Benzyl-1H-
pyrrolo[2,3-b]-

pyridine[1]

1.04 g 
1e

0.57 mL 
2a

1.13 g 
(3.10 mmol, 62 %) 

3j

PE-EA = 4:1 
Rf (PE-EA = 4:1): 

0.29

11 1-(4-Methoxy-
benzyl)-1H-

pyrrolo[2,3-b]-
pyridine[1]

1.19 g 
1f

0.57 mL 
2a

1.16 g 
(2.95 mmol, 59 %) 

N

N
PMB

O

O

Ph

3k

PE-EA = 3:1 
Rf (PE-EA = 3:1): 

0.30
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Table 2 (continuation). Experimental details of the three-component glyoxylation-

Stephens-Castro coupling sequence for the synthesis of pyrrolyl alkynediones 4a-e.

Entry N-Substituted

pyrrole 1

(5.00 mmol) 

Alkyne 2

(5.00 mmol) 

Ynedione 4

(isolated yield %) 

Chromatographic

purification (eluent)

Rf (eluent) 

12 1-Methyl-1H-
pyrrole
(Merck)
420 mg 

1g

Phenylacetylene
(Merck)
0.57 mL 

2a

754 mg 
(3.18 mmol, 64 %) 

4a

PE-EA = 7:1 
Rf (PE-EA = 7:1): 

0.34

13 1-Benzyl-1H-
pyrrole

(Aldrich)
810 mg 

1h

0.57 mL 
2a

1.16 g 
(3.70 mmol, 74 %) 

4b

PE-EA = 9:1 
Rf (PE-EA = 9:1): 

0.13

14 1-Benzhydryl-1H-
pyrrole[2] 

1.17 g 
1i

0.57 mL 
2a

1.31 g 
(3.36 mmol, 67 %) 

4c

PE-EA = 9:1 
Rf (PE-EA = 9:1): 

0.20

15 1-(2-Cyanoethyl)-
1H-pyrrole
(Aldrich)
607 mg 

1j

0.57 mL 
2a

830 mg 
(3.00 mmol, 60 %) 

4d

PE-EA = 2:1 
Rf (PE-EA = 2:1): 

0.36

16 1-Phenyl-1H-
pyrrole
(ABCR)
723 mg 

1k

0.57 mL 
2a

1.15 g 
(3.84 mmol, 77 %)[a] 

4e

PE-EA = 9:1 
Rf (PE-EA = 9:1): 

0.24

[a] According to procedure A, 491 mg (1.64 mmol, 33 %) of 4e were obtained.  
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Table 2 (continuation). Experimental details of the three-component glyoxylation-

Stephens-Castro coupling sequence for the synthesis of pyrrolyl alkynedione 4f-e and 

pyrazolyl alkynedione 5a.

Entry N-Substituted

pyrrole or pyrazole 

1

(5.00 mmol) 

Alkyne 2

(5.00 mmol) 

Ynedione 4 or 5

(isolated yield %) 

Chromatographic

purification (eluent)

Rf (eluent) 

17 1-(Triisopropyl-
silyl)-1H-pyrrole

(Alfa Aesar)
1.18 g 

1l

0.57 mL 
2a

836 mg 
(2.20 mmol, 44 %) 

4f

PE-EA = 20:1 
Rf (PE-EA = 20:1): 

0.24

18 1-Methyl-1H-
pyrazole
(Aldrich)
415 mg 

1m

0.57 mL 
2a

564 mg 
(2.37 mmol, 47 %) 

5a

PE-EA = 3:1 
Rf (PE-EA = 3:1): 

0.13
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Table 2 (continuation). Experimental details of the three-component glyoxylation-

Stephens-Castro coupling sequence for the synthesis of thienyl, furyl and azulenyl 

alkynediones 5b-c, 5d and 5e, respectively. 

Entry Furan, thiophene 

or azulene 1

(5.00 mmol) 

Alkyne 2

(5.00 mmol) 

Ynedione 5

(isolated yield %) 

Chromatographic

purification (eluent)

Rf (eluent) 

19 2-
Methoxythiophene

(Alfa Aesar)
577 mg 

1n

Phenylacetylene
(Merck)
0.57 mL 

2a

712 mg 
(2.63 mmol, 53 %) 

5b

PE-EA = 10:1 
Rf (PE-EA = 10:1): 

0.20

20 2,3-Dihydrothieno-
[3,4-b][1,4]dioxine 

(Aldrich)
711 mg 

1o

0.57 mL 
2a

978 mg 
(3.28 mmol, 66 %) 

5c

PE-EA = 20:1 
Rf (PE-EA = 20:1): 

0.30

21 2-Methylfuran 
(Merck)
415 mg 

1p

0.57 mL 
2a

457 mg 
(1.92 mmol, 38 %) 

5d

PE-EA = 10:1 
Rf (PE-EA = 10:1): 

0.15

22 (4Z,6Z,8Z)-
Azulene

(Azulene)
(Alfa Aesar)

647 mg 
1q

0.57 mL 
2a

462 mg 
(1.63 mmol, 33 %) 

O

O

Ph

5e

PE-EA = 8:1 
Rf (PE-EA = 8:1): 

0.29
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2.5. Spectroscopic Data of Compounds 3a-k 

2.5.1. 1-(1-Methyl-1H-indol-3-yl)-4-phenylbut-3-yne-1,2-dione (3a) 

N

O

O

Ph

C19H13NO2

287.31

948 mg (3.30 mmol, 66 % yield) as a yellow solid. Mp 129-130 °C. 1H NMR (CDCl3, 500 

MHz):  3.87 (s, 3 H), 7.35-7.43 (m, 5 H), 7.46-7.51 (m, 1 H), 7.69-7.72 (m, 2 H), 8.33 

(s, 1 H), 8.45-8.49 (m, 1 H). 13C NMR (CDCl3, 125 MHz):  33.8 (CH3), 87.7 (Cquat), 97.6 

(Cquat), 110.0 (CH), 110.9 (Cquat), 119.8 (Cquat), 122.8 (CH), 123.6 (CH), 124.2 (CH), 

127.2 (Cquat), 128.6 (CH), 131.3 (CH), 133.7 (CH), 137.3 (Cquat), 140.3 (CH), 178.7 

(Cquat), 180.2 (Cquat). EI + MS (m/z (%)): 287 (M+, 11), 158 ((M-C9H5O)+, 100), 130 

(C9H8N
+, 6), 103 (7), 77 (C6H5

+, 6). IR (KBr):  2203 (m) cm-1, 1646 (s), 1627 (s), 1528 

(m), 1466 (m), 1379 (w), 1283 (w), 1131 (w), 1075 (m), 1033 (m), 881 (w), 772 (w), 758 

(w), 741 (m), 689 (w). Anal. calcd for C19H13NO2 (287.3): C 79.43, H 4.56, N 4.88. 

Found: C 79.25, H 4.46, N 4.86. 
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2.5.2. 4-(4-Methoxyphenyl)-1-(1-methyl-1H-indol-3-yl)but-3-yne-1,2-dione (3b) 

C20H15NO3

317.34

1.08 g (3.40 mmol, 68 % yield) as a yellow solid. Mp 141-142 °C. 1H NMR (CDCl3, 500 

MHz):  3.85 (s, 3 H), 3.88 (s, 3 H), 6.92 (d, J = 8.8 Hz, 2 H), 7.34-7.40 (m, 3 H), 7.67 

(d, J = 8.8 Hz, 2 H), 8.34 (s, 1 H), 8.45-8.50 (m, 1 H). 13C NMR (CDCl3, 125 MHz): 

34.0 (CH3), 55.7 (CH3), 88.3 (Cquat), 99.4 (Cquat), 110.2 (CH), 111.2 (Cquat), 111.8 (Cquat),

114.6 (CH), 123.0 (CH), 123.8 (CH), 124.4 (CH), 127.5 (Cquat), 136.2 (CH), 137.5 

(Cquat), 140.5 (CH), 162.4 (Cquat), 178.8 (Cquat), 180.8 (Cquat). EI + MS (m/z (%)): 317 

(M+, 8), 158 ((M-C10H7O2)
+, 100), 130 (C9H8N

+, 5), 103 (4), 77 (C6H5
+, 3). IR (KBr): 

2162 (m) cm-1, 1625 (s), 1597 (s), 1524 (m), 1508 (s), 1466 (m), 1442 (w), 1377 (m), 

1289 (w), 1256 (s), 1168 (w), 1112 (w), 1073 (m), 1032 (s), 883 (w), 836 (w), 808 (w), 

790 (w), 715 (m), 575 (w), 542 (w). Anal. calcd for C20H15NO3 (317.3): C 75.70, H 4.76, 

N 4.41. Found: C 75.42, H 4.78, N 4.48. 
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2.5.3. 4-(4-Fluorophenyl)-1-(1-methyl-1H-indol-3-yl)but-3-yne-1,2-dione (3c) 

C19H12FNO2

305.30

1.12 g (3.66 mmol, 73 % yield) as a yellow solid. Mp 156 °C. 1H NMR (CDCl3, 500 

MHz):  3.87 (s, 3 H), 7.08-7.13 (m, 2 H), 7.35-7.40 (m, 3 H), 7.68-7.73 (m, 2 H), 8.33 

(s, 1 H), 8.44-8.48 (m, 1 H). 13C NMR (CDCl3, 125 MHz):  33.9 (CH3), 87.7 (d, J = 1.8 

Hz, Cquat), 96.5 (Cquat), 110.0 (CH), 110.9 (Cquat), 115.9 (d, J = 3.7 Hz, Cquat), 116.3 (d, J

= 22.9 Hz, CH), 122.8 (CH), 123.7 (CH), 124.3 (CH), 127.3 (Cquat), 136.1 (d, J = 9.2 Hz, 

CH), 137.3 (Cquat), 140.3 (CH), 164.3 (d, J = 254.8 Hz, Cquat), 178.5 (Cquat), 180.0 (Cquat).

EI + MS (m/z (%)): 305 (M+, 6), 158 ((M-C9H4FO)+, 100), 130 (C9H8N
+, 6), 103 (7), 77 

(C6H5
+, 5). IR (KBr):  2204 (m) cm-1, 1655 (s), 1619 (s), 1544 (w), 1509 (m), 1459 (m), 

1366 (m), 1216 (m), 1126 (m), 1070 (m), 1028 (m), 881 (w), 842 (m), 811 (m), 743 (m), 

719 (m), 575 (w), 537 (m). Anal. calcd for C19H12FNO2 (305.3): C 74.75, H 3.96, N 4.59. 

Found: C 74.79, H 3.95, N 4.47. 
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2.5.4. 4-(2-Chlorophenyl)-1-(1-methyl-1H-indol-3-yl)but-3-yne-1,2-dione (3d) 

C19H12ClNO2

321.76

970 mg (3.01 mmol, 60 % yield) as a yellow solid. Mp 148-150 °C. 1H NMR (CDCl3, 500 

MHz):  3.87 (s, 3 H), 7.30 (td, J = 7.6 Hz, J = 0.9 Hz, 1 H), 7.35-7.38 (m, 3 H), 7.41 (td, 

J = 7.6 Hz, J = 1.6 Hz, 1 H), 7.47 (dd, J = 8.2 Hz, J = 0.9 Hz, 1 H), 7.71 (dd, J = 7.9 Hz, 

J = 1.6 Hz , 1 H), 8.33 (s, 1 H), 8.45-8.49 (m, 1 H). 13C NMR (CDCl3, 125 MHz):  33.9 

(CH3), 91.6 (Cquat), 93.2 (Cquat), 110.0 (CH), 110.9 (Cquat), 120.1 (Cquat), 122.8 (CH), 

123.6 (CH), 124.3 (CH), 126.8 (CH), 127.2 (Cquat), 129.7 (CH), 132.1 (CH), 135.3 (CH), 

137.3 (Cquat), 137.9 (Cquat), 140.3 (CH), 178.4 (Cquat), 179.8 (Cquat). EI + MS (m/z (%)): 

323 (M(37Cl)+, 2), 321 (M(35Cl)+, 5), 158 ((M-C9H4ClO)+, 100), 130 (C9H8N
+, 6), 103 (5), 

77 (C6H5
+, 5). IR (KBr):  3115 (w) cm-1, 2207 (m), 1667 (m), 1626 (s), 1524 (m), 1460 

(m), 1375 (m), 1290 (m), 1226 (m), 1128 (m), 1073 (m), 1028 (m), 879 (m), 774 (m), 

750 (s), 693 (w), 622 (w), 527 (w). Anal. calcd for C19H12ClNO2 (321.8): C 70.92, H 

3.76, N 4.35. Found: C 70.87, H 3.85, N 4.13. 
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2.5.5. 1-(1-Methyl-1H-indol-3-yl)-4-(pyridin-3-yl)but-3-yne-1,2-dione (3e) 

N

O

O

N

C18H12N2O2

288.30

613 mg (2.13 mmol, 43 % yield) as a yellow-orange solid. Mp 144-146 °C. 1H NMR 

(CDCl3, 500 MHz):  3.88 (s, 3 H), 7.33-7.40 (m, 4 H), 7.98 (dt, J = 7.9 Hz, J = 1.9 Hz, 1 

H), 8.34 (s, 1 H), 8.43-8.47 (m, 1 H), 8.69 (dd, J = 5.0 Hz, J = 1.6 Hz, 1 H), 8.91 (d, J = 

1.6 Hz, 1 H). 13C NMR (CDCl3, 125 MHz):  33.9 (CH3), 90.1 (Cquat), 93.2 (Cquat), 110.1 

(CH), 110.8 (Cquat), 117.2 (Cquat), 122.7 (CH), 123.3 (CH), 123.8 (CH), 124.4 (CH), 

127.2 (Cquat), 137.3 (Cquat), 140.3 (CH), 140.4 (CH), 151.1 (CH), 153.8 (CH), 178.1 

(Cquat), 179.5 (Cquat). EI + MS (m/z (%)): 288 (M+, 7), 158 ((M-C8H4NO)+, 100), 130 

(C9H8N
+, 6), 103 (6), 77 (C6H5

+, 6). IR (KBr):  2207 (m) cm-1, 1661 (m), 1620 (s), 1578 

(w), 1525 (m), 1466 (m), 1412 (m), 1377 (m), 1336 (w), 1279 (m), 1225 (w), 1191 (w), 

1125 (w), 1075 (m), 1024 (m), 880 (m), 811 (w), 773 (m), 744 (m), 705 (m), 638 (m), 

573 (w), 519 (w). Anal. calcd for C18H12N2O2 (288.3): C 74.99, H 4.20, N 9.12. Found: C 

74.99, H 4.14, N 9.40. 
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2.5.6. 4-(Triisopropylsilyl)-1-(1-methyl-1H-indol-3-yl)but-3-yne-1,2-dione (3f) 

C22H29NO2Si

367.56

1.35 g (3.68 mmol, 74 % yield) as a yellow solid. Mp 127 °C. 1H NMR (CDCl3, 500 

MHz):  1.13-1.17 (m, 21 H), 3.86 (s, 3 H), 7.33-7.38 (m, 3 H), 8.25 (s, 1 H), 8.42-8.46 

(m, 1 H). 13C NMR (CDCl3, 125 MHz):  11.1 (CH), 18.5 (CH3), 33.8 (CH3), 103.4 (Cquat),

103.9 (Cquat), 109.9 (CH), 110.9 (Cquat), 122.8 (CH), 123.5 (CH), 124.2 (CH), 127.2 

(Cquat), 137.3 (Cquat), 140.0 (CH), 178.2 (Cquat), 180.1 (Cquat). EI + MS (m/z (%)): 367 

(M+, 3), 158 ((M-C12H21OSi)+, 100), 130 (C9H8N
+, 2). IR (KBr):  2941 (m) cm-1, 2864 

(m), 2146 (w), 1664 (s), 1633 (s), 1522 (m), 1466 (m), 1374 (m), 1258 (m), 1176 (m), 

1124 (m), 1073 (s), 1033 (m), 994 (m), 868 (s), 801 (w), 748 (s), 718 (w), 681 (m), 583 

(w). Anal. calcd for C22H29NO2Si (367.6): C 71.89, H 7.95, N 3.81. Found: C 72.06, H 

7.94, N 3.70. 
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2.5.7. 1-(1-Benzyl-5-methoxy-1H-indol-3-yl)-4-phenylbut-3-yne-1,2-dione (3g) 

C26H19NO3

393.43

1.13 g (2.87 mmol, 57 % yield) as an orange solid. Mp 112 °C. 1H NMR (CDCl3, 500 

MHz): 3.90 (s, 3 H), 5.33 (s, 2 H), 6.91 (dd, J = 8.8 Hz, J = 2.5 Hz, 1 H), 7.15-7.19 (m, 

3 H), 7.29-7.35 (m, 3 H), 7.38-7.42 (m, 2 H), 7.46-7.51 (m, 1 H), 7.68-7.72 (m, 2 H), 

8.00 (d, J = 2.5 Hz, 1 H), 8.38 (s, 1 H). 13C NMR (CDCl3, 125 MHz):  51.4 (CH2), 55.7 

(CH3), 87.7 (Cquat), 97.5 (Cquat), 104.1 (CH), 111.0 (Cquat), 111.5 (CH), 114.6 (CH), 119.7 

(Cquat), 126.9 (CH), 128.3 (CH), 128.5 (Cquat), 128.6 (CH), 129.1 (CH), 131.2 (CH), 

131.5 (Cquat), 133.6 (CH), 135.1 (Cquat), 139.5 (CH), 157.2 (Cquat), 178.5 (Cquat), 180.2 

(Cquat). EI + MS (m/z (%)): 393 (M+, 1), 265 (C17H15NO2
+, 15), 264 (C17H14NO2

+, 86), 

129 (C9H5O
+, 5), 91 (C7H7

+, 100), 65 (C5H5
+, 4). IR (KBr):  2194 (m) cm-1, 1655 (s), 

1624 (s), 1510 (m), 1479 (m), 1453 (m), 1398 (m), 1262 (m), 1208 (m), 1178 (m), 1142 

(m), 1121 (m), 1102 (w), 1040 (m), 1013 (m), 907 (w), 854 (m), 781 (w), 758 (m), 740 

(m), 702 (m), 644 (w), 538 (w). Anal. calcd for C26H19NO3 (393.4): C 79.37, H 4.87, N 

3.56. Found: C 79.21, H 5.03, N 3.51. 
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2.5.8. 1-(1-Benzyl-5-iodo-1H-indol-3-yl)-4-phenylbut-3-yne-1,2-dione (3h) 

C25H16INO2

489.30

864 mg (1.77 mmol, 35 % yield) as a yellow solid. Mp 153-163 °C. 1H NMR (CDCl3, 500 

MHz): 5.35 (s, 2 H), 7.06 (d, J = 8.5 Hz, 1 H), 7.13-7.17 (m, 2 H), 7.28-7.36 (m, 3 H), 

7.39-7.44 (m, 2 H), 7.47-7.53 (m, 1 H), 7.54 (dd, J = 8.5 Hz, J = 1.6 Hz, 1 H), 7.68-7.72 

(m, 2 H), 8.38 (s, 1 H), 8.87 (d, J = 1.6 Hz, 1 H). 13C NMR (CDCl3, 125 MHz):  51.4 

(CH2), 87.5 (Cquat), 88.1 (Cquat), 98.1 (Cquat), 110.5 (Cquat), 112.5 (CH), 119.6 (Cquat), 

126.9 (CH), 128.5 (CH), 128.7 (CH), 129.2 (CH), 129.6 (Cquat), 131.4 (CH), 131.6 (CH), 

132.8 (CH), 133.7 (CH), 134.7 (Cquat), 135.9 (Cquat), 139.8 (CH), 178.0 (Cquat), 180.0 

(Cquat). EI + MS (m/z (%)): 489 (M+, 0.6), 433 ((M-C2O2)
+, 1), 360 (C16H11INO+, 39), 129 

(C9H5O
+, 6), 91 (C7H7

+, 100), 65 (C5H5
+, 5). IR (KBr):  2205 (m) cm-1, 1655 (s), 1629 

(s), 1560 (w), 1510 (m), 1459 (m), 1389 (m), 1305 (w), 1162 (m), 1104 (m), 1079 (w), 

1022 (m), 882 (m), 808 (w), 787 (w), 775 (w), 759 (m), 731 (m), 700 (m), 686 (w), 648 

(w), 579 (w), 538 (w). Anal. calcd for C25H16INO2 (489.3): C 61.37, H 3.30, N 2.86. 

Found: C 61.21, H 3.52, N 2.92. 
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2.5.9. 1-(1-Benzyl-1H-indol-3-yl)oct-3-yne-1,2-dione (3i) 

C23H21NO2

343.42

36 mg (0.10 mmol, 2 % yield) as a brown solid. Mp 84-86 °C. 1H NMR (CDCl3, 500 

MHz):  0.94 (t, J = 7.6 Hz, 3 H), 1.48 (sext, J = 7.6 Hz, 2 H), 1.64 (quint, J = 7.3 Hz, 2 

H), 2.50 (t, J = 7.3 Hz, 2 H), 5.36 (s, 2 H), 7.15-7.19 (m, 2 H), 7.26-7.36 (m, 6 H), 8.37 

(s, 1 H), 8.46 (d, J = 7.9 Hz, 1 H). 13C NMR (CDCl3, 125 MHz):  13.5 (CH3), 19.3 (CH2),

22.0 (CH2), 29.6 (CH2), 51.2 (CH2), 80.2 (Cquat), 102.1 (Cquat), 110.6 (CH), 111.3 (Cquat),

122.9 (CH), 123.6 (CH), 124.3 (CH), 127.0 (CH), 127.5 (Cquat), 128.4 (CH), 129.1 (CH), 

135.2 (Cquat), 136.8 (Cquat), 139.6 (CH), 178.6 (Cquat), 180.6 (Cquat). EI + MS (m/z (%)): 

343 (M+, 5), 234 ((M-C7H9O)+, 100), 91 (C7H7
+, 92), 65 (C5H5

+, 7), 43 (C3H7
+, 5). IR 

(KBr):  3108 (w) cm-1, 3031 (w), 2959 (w), 2931 (w), 2870 (w), 2211 (m), 1653 (s), 

1633 (s), 1527 (m), 1493 (w), 1467 (w), 1449 (w), 1391 (m), 1198 (m), 1159 (m), 1140 

(w), 1055 (w), 979 (w), 816 (w), 780 (m), 748 (m), 732 (m). Anal. calcd for C23H21NO2

(343.4): C 80.44, H 6.16, N 4.08. Found: C 80.22, H 6.16, N 4.03. 
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2.5.10. 1-(1-Benzyl-1H-pyrrolo[2,3-b]pyridin-3-yl)-4-phenylbut-3-yne-1,2-dione (3j) 

N

N
Bn

O

O

Ph

C24H16N2O2

364.40

1.13 g (3.10 mmol, 62 % yield) as a yellow solid. Mp 121 °C. 1H NMR (CDCl3, 500 

MHz): 5.55 (s, 2 H), 7.27-7.37 (m, 6 H), 7.38-7.43 (m, 2 H), 7.47-7.51 (m, 1 H), 7.67-

7.71 (m, 2 H), 8.46 (dd, J = 4.7 Hz, J = 1.6 Hz, 1 H), 8.49 (s, 1 H), 8.71 (ddd, J = 7.9 Hz, 

J = 1.6 Hz, J = 0.6 Hz, 1 H). 13C NMR (CDCl3, 125 MHz):  48.8 (CH2), 87.4 (Cquat), 98.1 

(Cquat), 109.9 (Cquat), 119.5 (CH), 119.5 (Cquat), 119.6 (Cquat), 127.8 (CH), 128.3 (CH), 

128.6 (CH), 129.0 (CH), 131.1 (CH), 131.4 (CH), 133.7 (CH), 135.8 (Cquat), 139.0 (CH), 

145.3 (CH), 148.2 (Cquat), 177.8 (Cquat), 180.2 (Cquat). EI + MS (m/z (%)): 364 (M+, 1), 

308 ((M-C2O2)
+, 3), 235 (C15H11N2O

+, 99), 129 (8), 91 (C7H7
+, 100). IR (KBr):  3142 

(w) cm-1, 2202 (s), 1644 (s), 1597 (w), 1575 (w), 1519 (m), 1445 (m), 1425 (w), 1391 

(m), 1356 (w), 1297 (w), 1236 (w), 1171 (m), 1123 (w), 1076 (w), 1029 (m), 881 (m), 

793 (w), 774 (w), 759 (m), 730 (w), 699 (w), 681 (w), 642 (w), 622 (w), 555 (w), 536 (w), 

505 (w). Anal. calcd for C24H16N2O2 (364.4): C 79.11, H 4.43, N 7.69. Found: C 79.20, H 

4.14, N 7.43. 
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2.5.11. 1-(1-(4-Methoxybenzyl)-1H-pyrrolo[2,3-b]pyridin-3-yl)-4-phenylbut-3-yne-

1,2-dione (3k) 

C25H18N2O3

394.42

1.16 g (2.95 mmol, 59 % yield) as a yellow solid. Mp 117 °C. 1H NMR (CDCl3, 500 

MHz): 3.78 (s, 3 H), 5.47 (s, 2 H), 6.85-6.89 (m, 2 H), 7.27-7.30 (m, 2 H), 7.32 (dd, J = 

7.9 Hz, J = 4.7 Hz, 1 H), 7.38-7.43 (m, 2 H), 7.49 (tt, J = 7.6 Hz, J = 1.3 Hz, 1 H), 7.67-

7.70 (m, 2 H), 8.45 (s, 1 H), 8.47 (dd, J = 4.7 Hz, J = 1.6 Hz, 1 H), 8.70 (dd, J = 7.9 Hz, 

J = 1.6 Hz, 1 H). 13C NMR (CDCl3, 125 MHz):  48.3 (CH2), 55.3 (CH3), 87.5 (Cquat),

98.0 (Cquat), 109.8 (Cquat), 114.4 (CH), 119.5 (CH), 119.6 (Cquat), 119.7 (Cquat), 127.8 

(Cquat), 128.7 (CH), 129.5 (CH), 131.1 (CH), 131.4 (CH), 133.7 (CH), 138.9 (CH), 145.3 

(CH), 148.2 (Cquat), 159.6 (Cquat), 177.9 (Cquat), 180.2 (Cquat). EI + MS (m/z (%)): 394 

(M+, 1), 265 ((M-C9H5O)+, 24), 121 (C8H9O
+, 100), 71 (11), 57 (11). IR (KBr):  3132 (w) 

cm-1, 2958 (w), 2929 (w), 2834 (w), 2203 (s), 1661 (s), 1648 (s), 1614 (w), 1576 (w), 

1521 (s), 1510 (s), 1490 (w), 1445 (m), 1422 (m), 1393 (s), 1296 (w), 1242 (s), 1189 

(w), 1177 (s), 1166 (m), 1121 (m), 1073 (w), 1030 (s), 924 (w), 881 (s), 814 (m), 793 

(w), 776 (w), 762 (m), 750 (s), 690 (m), 648 (w), 619 (w), 584 (w), 533 (w), 510 (w). 

Anal. calcd for C25H18N2O3 (394.4): C 76.13, H 4.60, N 7.10. Found: C 75.94, H 4.89, N 

6.89.
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2.6. Spectroscopic Data of Compounds 4a-f 

2.6.1. 1-(1-Methyl-1H-pyrrol-2-yl)-4-phenylbut-3-yne-1,2-dione (4a) 

C15H11NO2

237.25

754 mg (3.18 mmol, 64 % yield) as a yellow-brown oil. 1H NMR (CDCl3, 500 MHz): 

4.02 (s, 3 H), 6.23 (dd, J = 4.1 Hz, J = 2.2 Hz, 1 H), 7.01-7.04 (m, 1 H), 7.33 (dd, J = 4.1 

Hz, J = 1.6 Hz, 1 H), 7.37-7.42 (m, 2 H), 7.48 (tt, J = 7.6 Hz, J = 1.3 Hz, 1 H), 7.63-7.67 

(m, 2 H). 13C NMR (CDCl3, 125 MHz):  37.8 (CH3), 87.6 (Cquat), 97.5 (Cquat), 110.2 

(CH), 119.7 (Cquat), 125.4 (CH), 126.5 (Cquat), 128.8 (CH), 131.5 (CH), 133.7 (CH), 

134.7 (CH), 177.1 (Cquat), 178.2 (Cquat). EI + MS (m/z (%)): 237 (M+, 4), 209 (6), 181 

(11), 129 ((M-C6H6NO)+, 10), 108 ((M-C9H5O)+, 100), 80 (C5H6N
+, 5), 53 ((C3O+H)+, 8). 

IR (film):  3112 (w) cm-1, 3059 (w), 2953 (w), 2182 (s), 1634 (s), 1525 (m), 1489 (m), 

1463 (m), 1444 (m), 1404 (s), 1335 (m), 1281 (m), 1239 (w), 1125 (m), 1092 (m), 1061 

(m), 1027 (m), 913 (m), 877 (m), 799 (w), 754 (s), 689 (m), 635 (w), 602 (w), 538 (m), 

515 (w). Anal. calcd for C15H11NO2 (237.3): C 75.94, H 4.67, N 5.90. Found: C: 75.90, H 

4.87, N 5.74. 
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2.6.2. 1-(1-Benzyl-1H-pyrrol-2-yl)-4-phenylbut-3-yne-1,2-dione (4b) 

O

O

Ph

N

Bn

C21H15NO2

313.35

1.16 g (3.70 mmol, 74 % yield) as a yellow-red oil. 1H NMR (CDCl3, 500 MHz):  5.63 (s, 

2 H), 6.30 (dd, J = 4.4 Hz, J = 2.5 Hz, 1 H), 7.11 (dd, J = 2.5 Hz, J = 1.6 Hz, 1 H), 7.15-

7.18 (m, 2 H), 7.25-7.30 (m, 1 H), 7.30-7.35 (m, 2 H), 7.36-7.41 (m, 3 H), 7.47 (tt, J = 

7.6 Hz, J = 1.3 Hz, 1 H), 7.61-7.65 (m, 2 H). 13C NMR (CDCl3, 125 MHz):  52.8 (CH2), 

87.4 (Cquat), 97.4 (Cquat), 110.6 (CH), 119.6 (Cquat), 125.9 (CH), 127.3 (CH), 127.8 (CH), 

128.6 (CH), 128.8 (CH), 131.3 (CH), 133.5 (CH), 133.9 (CH), 137.2 (Cquat), 176.8 

(Cquat), 177.9 (Cquat). EI + MS (m/z (%)): 313 (M+, 4), 184 ((M-C9H5O)+, 100), 149 (9), 

129 (C9H5O
+, 6), 91 (C7H7

+, 32). IR (film):  3110 (w) cm-1, 3064 (w), 3033 (w), 2931 

(w), 2205 (s), 1634 (s), 1523 (w), 1490 (w), 1488 (w), 1455 (w), 1444 (w), 1411 (s), 

1341 (w), 1279 (m), 1234 (w), 1174 (w), 1121 (m), 1086 (s), 1033 (s), 999 (w), 914 (m), 

876 (m), 799 (w), 751 (s), 689 (s), 609 (m), 538 (w). Anal. calcd for C21H15NO2 (313.4): 

C 80.49, H 4.82, N 4.47. Found: C 80.34, H 5.04, N 4.48. 



32

2.6.3. 1-(1-Benzhydryl-1H-pyrrol-2-yl)-4-phenylbut-3-yne-1,2-dione (4c) 

C27H19NO2

389.45

1.31 g (3.36 mmol, 67 % yield) as an orange oil. 1H NMR (CDCl3, 500 MHz):  6.27 (dd, 

J = 4.1 Hz, J = 2.5 Hz, 1 H), 6.90-6.93 (m, 1 H), 7.05-7.10 (m, 4 H), 7.28-7.40 (m, 8 H), 

7.44-7.50 (m, 2 H), 7.59-7.62 (m, 2 H), 7.84 (s, 1 H). 13C NMR (CDCl3, 125 MHz):  65.2 

(CH), 87.4 (Cquat), 97.3 (Cquat), 110.3 (CH), 119.6 (Cquat), 126.4 (Cquat), 126.5 (CH), 

128.0 (CH), 128.5 (CH), 128.6 (CH), 128.7 (CH), 131.3 (CH), 133.0 (CH), 133.6 (CH), 

139.7 (Cquat), 176.8 (Cquat), 177.8 (Cquat). EI + MS (m/z (%)): 389 (M+, 3), 260 ((M-

C9H5O)+, 28), 167 (C13H11
+, 100), 165 ((C13H11-2H)+, 54), 152 (26), 129 (C9H5O

+, 23), 

115 (6), 75 (7). IR (film):  3063 (w) cm-1, 3031 (w), 2926 (w), 2186 (s), 1714 (w), 1634 

(s), 1519 (w), 1495 (m), 1454 (m), 1412 (s), 1359 (w), 1276 (m), 1224 (m), 1185 (w), 

1118 (w), 1083 (m), 1031 (s), 1000 (w), 932 (m), 914 (m), 877 (m), 796 (w), 750 (s), 698 

(s), 643 (m), 613 (m), 538 (w), 518 (w). Anal. calcd for C27H19NO2 (389.5): C 83.27, H 

4.92, N 3.60. Found: C 83.16, H 4.75, N 3.50. 
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2.6.4. 3-(2-(2-Oxo-4-phenylbut-3-ynoyl)-1H-pyrrol-1-yl)propanenitrile (4d) 

C17H12N2O2

276.29

830 mg (3.00 mmol, 60 % yield) as yellow-brown oil. 1H NMR (CDCl3, 500 MHz):  2.95 

(t, J = 6.3 Hz, 2 H), 4.61 (t, J = 6.3 Hz, 2 H), 6.34 (dd, J = 4.1 Hz, J = 2.5 Hz, 1 H), 7.22 

(dd, J = 2.2 Hz, J = 1.6 Hz, 1 H), 7.39-7.43 (m, 2 H), 7.47-7.52 (m, 2 H), 7.65-7.68 (m, 2 

H). 13C NMR (CDCl3, 125 MHz):  20.0 (CH2), 45.8 (CH2), 87.2 (Cquat), 97.9 (Cquat),

111.2 (CH), 117.1 (Cquat), 119.3 (Cquat), 125.5 (Cquat), 126.9 (CH), 128.7 (CH), 131.5 

(CH), 133.6 (CH), 134.6 (CH), 176.7 (Cquat), 177.2 (Cquat). EI + MS (m/z (%)): 276 (M+,

6), 248 (7), 220 (14), 147 ((M-C9H5O)+, 100), 129 (C9H5O
+, 31), 107 (5), 79 (C5H5N

+, 6). 

IR (film):  3114 (w) cm-1, 2967 (w), 2195 (s), 1633 (s), 1525 (w), 1489 (w), 1469 (w), 

1444 (w), 1412 (m), 1347 (w), 1281 (m), 1239 (w), 1169 (w), 1123 (m), 1088 (m), 1041 

(m), 898 (m), 876 (w), 754 (s), 689 (m), 606 (w), 538 (w). Anal. calcd for C17H12N2O2

(276.3): C 73.90, H 4.38, N 10.14. Found: C 73.64, H 4.16, N 9.94. 
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2.6.5. 4-Phenyl-1-(1-phenyl-1H-pyrrol-2-yl)but-3-yne-1,2-dione (4e) 

O

O

Ph

N

Ph

C20H13NO2

299.32

1.15 g (3.84 mmol, 77 % yield) as a yellow solid. Mp 74-75 °C. 1H NMR (CDCl3, 500 

MHz):  6.42 (dd, J = 4.1 Hz, J = 2.5 Hz, 1 H), 7.17 (dd, J = 2.5 Hz, J = 1.6 Hz, 1 H), 

7.30-7.39 (m, 4 H), 7.40-7.48 (m, 4 H), 7.49 (dd, J = 4.1 Hz, J = 1.6 Hz, 1 H), 7.59-7.62 

(m, 2 H). 13C NMR (CDCl3, 125 MHz):  87.3 (Cquat), 97.5 (Cquat), 111.2 (CH), 119.5 

(Cquat), 126.0 (CH), 126.1 (CH), 126.8 (Cquat), 128.2 (CH), 128.6 (CH), 128.9 (CH), 

131.3 (CH), 133.6 (CH), 134.4 (CH), 139.9 (Cquat), 175.7 (Cquat), 177.7 (Cquat). EI + MS 

(m/z (%)): 299 (M+, 3), 271 (5), 243 (3), 170 ((M-C9H5O)+, 100), 115 (19). IR (KBr): 

2201 (m) cm-1, 1671 (m), 1638 (s), 1560 (w), 1543 (w), 1509 (w), 1491 (m), 1442 (w), 

1412 (m), 1363 (w), 1281 (m), 1203 (w), 1130 (w), 1090 (m), 1043 (m), 985 (m), 895 

(m), 872 (w), 769 (s), 748 (s), 690 (m), 595 (w), 536 (w). Anal. calcd for C20H13NO2

(299.3): C 80.25, H 4.38, N 4.68. Found: C 80.11, H 4.51, N 4.63. 
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2.6.6. 1-(1-(Triisopropylsilyl)-1H-pyrrol-3-yl)-4-phenylbut-3-yne-1,2-dione (4f) 

C23H29NO2Si

379.57

836 mg (2.20 mmol, 44 % yield) as an orange oil. 1H NMR (CDCl3, 500 MHz): 1.12 (d, 

J = 7.6 Hz, 18 H), 1.49 (sept, J = 7.6 Hz, 3 H), 6.79 (dd, J = 2.8 Hz, J = 2.2 Hz, 1 H), 

6.93 (dd, J = 2.8 Hz, J = 1.3 Hz, 1 H), 7.38-7.42 (m, 2 H), 7.46-7.50 (m, 1 H), 7.66-7.69 

(m, 2 H), 7.81-7.83 (m, 1 H). 13C NMR (CDCl3, 125 MHz):  11.4 (CH3), 17.6 (CH), 87.5 

(Cquat), 97.2 (Cquat), 111.9 (CH), 119.7 (Cquat), 122.1 (Cquat), 126.2 (CH), 128.6 (CH), 

131.2 (CH), 133.6 (CH), 134.7 (CH), 178.6 (Cquat), 181.5 (Cquat). EI + MS (m/z (%)): 380 

(M+, 1), 156 (12), 155 (C11H7O
+, 100), 149 (21), 127 (C10H7

+, 27), 101 (C8H5
+, 4), 94 

(24), 77 (C6H5
+, 6). IR (film):  2949 (m) cm-1, 2869 (m), 2200 (s), 1651 (s), 1520 (s), 

1489 (m), 1464 (m), 1392 (w), 1261 (m), 1223 (m), 1150 (w), 1093 (s), 1067 (s), 1018 

(w), 993 (w), 956 (w), 923 (w), 883 (m), 836 (w), 796 (w), 755 (s), 690 (m), 660 (m), 634 

(w), 577 (w), 527 (w). Anal. calcd for C23H29NO2Si (379.6): C 72.78, H 7.70, N 3.69. 

Found: C 72.58, H 7.91, N 3.50. 
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2.7. Spectroscopic Data of Compounds 5a-e 

2.7.1. 1-(1-Methyl-1H-pyrazol-4-yl)-4-phenylbut-3-yne-1,2-dione (5a) 

C14H10N2O2

238.24

564 mg (2.37 mmol, 47 % yield) as a yellow solid. Mp 112 °C. 1H NMR (CDCl3, 500 

MHz): 3.98 (s, 3 H), 7.40-7.44 (m, 2 H), 7.49-7.53 (m, 1 H), 7.68-7.71 (m, 2 H), 8.20 

(s, 1 H), 8.32 (s, 1 H). 13C NMR (CDCl3, 125 MHz):  39.4 (CH3), 86.9 (Cquat), 98.9 

(Cquat), 117.9 (Cquat), 119.4 (Cquat), 128.7 (CH), 131.6 (CH), 133.8 (CH), 135.7 (CH), 

142.7 (CH), 177.0 (Cquat), 179.3 (Cquat). EI + MS (m/z (%)): 238 (M+, 0.4), 237 ((M-H)+,

0.8), 210 ((M-CO)+, 4), 182 ((M-C2O2)
+, 10), 129 (C9H5O

+, 17), 110 (7), 109 (C5H5N2O
+,

100). IR (KBr):  3129 (w) cm-1, 2203 (m), 1657 (s), 1536 (m), 1489 (w), 1444 (w), 1276 

(w), 1214 (w), 1115 (m), 968 (w), 895 (m), 769 (m), 754 (m), 680 (w), 655 (w), 621 (w), 

592 (w), 539 (w). Anal. calcd for C14H10N2O2 (238.2): C 70.58, H 4.23, N 11.76. Found: 

C 70.73, H 4.45, N 11.80. 
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2.7.2. 1-(5-Methoxythiophen-2-yl)-4-phenylbut-3-yne-1,2-dione (5b) 

C15H10O3S

270.30

712 mg (2.63 mmol, 53 % yield) as a yellow solid. Mp 83 °C. 1H NMR (CDCl3, 500 

MHz): 4.03 (s, 3 H), 6.37 (d, J = 4.4 Hz, 1 H), 7.39-7.43 (m, 2 H), 7.48-7.52 (m, 1 H), 

7.66-7.70 (m, 2 H), 7.99 (d, J = 4.4 Hz, 1 H). 13C NMR (CDCl3, 125 MHz):  60.9 (CH3),

87.2 (Cquat), 98.4 (Cquat), 108.0 (CH), 119.5 (Cquat), 128.7 (CH), 131.5 (CH), 133.7 (CH), 

139.3 (CH), 176.7 (Cquat), 177.2 (Cquat), 177.2 (Cquat), 178.5 (Cquat). EI + MS (m/z (%)): 

270 (M+, 1), 242 ((M-CO)+, 1), 214 ((M-C2O2)
+, 7), 141 (C6H5O2S

+, 100), 129 (C9H5O
+,

13), 98 (14), 85 (12), 71 (13), 57 (11). IR (KBr):  3106 (w) cm-1, 3092 (w), 2208 (s), 

2187 (s), 1637 (s), 1595 (m), 1535 (m), 1471 (s), 1421 (s), 1354 (m), 1325 (m), 1269 

(w), 1233 (m), 1221 (m), 1113 (m), 1056 (s), 999 (w), 981 (m), 925 (w), 876 (m), 799 

(w), 782 (w), 754 (s), 733 (w), 683 (m), 618 (m), 583 (w), 536 (w), 514 (w). Anal. calcd 

for C15H10O3S (270.3): C 66.65, H 3.73. Found: C 66.42, H 4.02. 
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2.7.3. 1-(2,3-Dihydrothieno[3,4-b][1,4]dioxin-7-yl)-4-phenylbut-3-yne-1,2-dione (5c) 

O

O

Ph

S

O

O

C16H10O4S

298.31

978 mg (3.28 mmol, 66 % yield) as an orange solid. Mp 117 °C. 1H NMR (CDCl3, 500 

MHz): 4.25-4.28 (m, 2 H), 4.40-4.43 (m, 2 H), 6.89 (s, 1 H), 7.39-7.43 (m, 2 H), 7.50 

(tt, J = 7.6 Hz, J = 1.3 Hz, 1 H), 7.65-7.69 (m, 2 H). 13C NMR (CDCl3, 125 MHz):  63.9 

(CH2), 65.5 (CH2), 86.5 (Cquat), 99.1 (Cquat), 111.3 (Cquat), 113.9 (CH), 119.4 (Cquat),

128.7 (CH), 131.5 (CH), 133.7 (CH), 141.8 (Cquat), 149.5 (Cquat), 177.4 (Cquat), 177.5 

(Cquat). EI + MS (m/z (%)): 298 (M+, 0.5), 270 ((M-CO)+, 3), 242 ((M-C2O2)
+, 12), 169 

(C7H5O3S
+, 100), 143 (9), 141 (C6H5O2S

+, 3), 129 (C9H5O
+, 17), 113 (C4HO2S

+, 7), 97 

(C4HOS+, 3). IR (KBr):  3095 (w) cm-1, 2944 (w), 2189 (s), 1651 (s), 1637 (s), 1595 

(w), 1479 (s), 1432 (s), 1365 (s), 1318 (w), 1265 (m), 1184 (w), 1161 (m), 1086 (s), 

1009 (m), 995 (w), 918 (m), 885 (s), 851 (w), 760 (m), 735 (s), 688 (m), 560 (w), 542 

(w), 510 (w). Anal. calcd for C16H10O4S (298.3): C 64.42, H 3.38. Found: C 64.59, H 

3.55.
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2.7.4. 1-(5-Methylfuran-2-yl)-4-phenylbut-3-yne-1,2-dione (5d) 

C15H10O3

238.24

457 mg (1.92 mmol, 38 % yield) as an orange solid. Mp 81 °C. 1H NMR (CDCl3, 500 

MHz): 2.47 (s, 3 H), 6.29 (d, J = 3.8 Hz, 1 H), 7.39-7.44 (m, 2 H), 7.49-7.53 (m, 1 H), 

7.66-7.70 (m, 3 H). 13C NMR (CDCl3, 125 MHz):  14.3 (CH3), 87.0 (Cquat), 98.7 (Cquat),

110.4 (CH), 119.4 (Cquat), 127.5 (CH), 128.7 (CH), 131.6 (CH), 133.8 (CH), 147.6 

(Cquat), 161.9 (Cquat), 172.8 (Cquat), 176.2 (Cquat). EI + MS (m/z (%)): 238 (M+, 0.7), 210 

((M-CO)+, 21), 182 ((M-C2O2)
+, 35), 130 (10), 129 (C9H5O

+, 100), 109 ((M-C9H5O)+, 99), 

75 (11). IR (KBr):  2925 (w) cm-1, 2198 (s), 1653 (s), 1573 (w), 1504 (s), 1444 (m), 

1370 (w), 1329 (w), 1274 (m), 1210 (w), 1142 (m), 1032 (m), 1011 (m), 999 (m), 873 

(w), 953 (m), 883 (m), 812 (w), 759 (s), 689 (m), 659 (w), 592 (w), 541 (w), 514 (w). 

Anal. calcd for C15H10O3 (238.2): C 75.62, H 4.23. Found: C 75.87, H 4.44. 
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2.7.5. 1-((4Z,6Z,8Z)-Azulen-1-yl)-4-phenylbut-3-yne-1,2-dione (5e) 

C20H12O2

284.31

462 mg (1.63 mmol, 33 % yield) as a brown solid. Mp 103 °C. 1H NMR (CDCl3, 500 

MHz): 7.32 (d, J = 4.4 Hz, 1 H), 7.37-7.42 (m, 2 H), 7.45-7.50 (m, 1 H), 7.63 (t, J = 9.8 

Hz, 1 H), 7.66-7.69 (m, 2 H), 7.75 (t, J = 9.8 Hz, 1 H), 7.89-7.95 (m, 1 H), 8.51-8.54 (m, 

2 H), 9.92 (d, J = 9.8 Hz, 1 H). 13C NMR (CDCl3, 125 MHz):  87.8 (Cquat), 97.2 (Cquat),

119.2 (Cquat), 119.7 (CH), 119.7 (Cquat), 128.6 (CH), 129.6 (CH), 131.1 (CH), 131.2 

(CH), 133.5 (CH), 138.8 (CH), 139.7 (CH), 140.2 (CH), 142.9 (CH), 143.5 (Cquat), 147.3 

(Cquat), 179.7 (Cquat), 183.6 (Cquat). EI + MS (m/z (%)): 284 (M+, 1), 256 ((M-CO)+, 0.3), 

228 ((M-C2O2)
+, 1), 156 (12), 155 (C11H7O

+,100), 149 (21), 129 (C9H5O
+, 4) 127 

(C10H7
+, 27), 101 (C8H5

+, 4), 94 (24), 77 (C6H5
+, 6). IR (KBr):  2203 (m) cm-1, 1641 (s), 

1625 (s), 1599 (w), 1589 (w), 1576 (w), 1539 (w), 1491 (m), 1458 (w), 1447 (w), 1414 

(m), 1394 (s), 1323 (w), 1275 (m), 1227 (w), 1182 (w), 1147 (m), 1053 (m), 1032 (m), 

1020 (s), 997 (w), 966 (w), 922 (w), 893 (m), 856 (m), 802 (w), 773 (s), 745 (s), 712 (s), 

677 (m), 610 (m). Anal. calcd for C20H12O2 (284.3): C 84.49, H 4.25. Found: C 84.27, H 

4.36.
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3. One-Pot Reactions with Ynediones as Intermediates 

3.1. One-Pot Four Component Glyoxylation – Stephens-Castro – Michael-Addition 

Sequence

N-Methyl-1H-indole 1a (669 mg, 5.00 mmol) in dry THF (25 mL) was placed under 

argon atmosphere in a screw-cap Schlenk vessel with septum, degassed with argon 

and cooled to 0 °C (water/ice, for 15 min). Then, oxalyl chloride (0.44 mL, 5.00 mmol) 

was added dropwise to the reaction mixture at 0 °C. The mixture was allowed to come 

to room temperature (water bath) and was stirred for 4 h. Then, CuI (49 mg, 0.25 

mmol), phenylacetylene 2a (0.57 mL, 5.00 mmol) and dry triethylamine (2.08 mL, 15.0 

mmol) were successively added to the mixture and stirring at room temperature was 

continued for 24 h. After complete conversion (product monitored by TLC) methanol (5 

mL) and benzylamine (0.55 mL, 5.00 mmol) were added, and the mixture was stirred for 

1 h at 50 °C (preheated oil bath). After removal of the solvents in vacuo the residue was 

absorbed onto Celite® and purified chromatographically on silica gel with petroleum 

ether (boiling range 40-60 °C)/ethyl acetate PE-EA = 3:1, 1 Vol % triethylamine. 
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(Z)-4-(Benzylamino)-1-(1-methyl-1H-indol-3-yl)-4-phenylbut-3-ene-1,2-dione (6) 

N

O

O
HN

C26H22N2O2

394.47

1.18 g (2.99 mmol, 60 % yield) as a yellow solid. Mp 143-146 °C. Rf (PE-EA = 3:1, 1 Vol 

% NEt3) = 0.37. 1H NMR (CDCl3, 500 MHz):  3.83 (s, 3 H), 4.50 (d, J = 6.3 Hz, 2 H), 

6.06 (s, 1 H), 7.23-7.38 (m, 8 H), 7.40-7.47 (m, 6 H), 8.46-8.51 (m, 1 H), 8.56 (s, 1 H), 

11.64 (t, J = 5.4 Hz, 1 H, NH). 13C NMR (CDCl3, 125 MHz):  33.5 (CH3), 48.8 (CH2),

93.8 (CH), 109.6 (CH), 112.5 (Cquat), 122.8 (CH), 122.8 (CH), 123.4 (CH), 127.0 (CH), 

127.6 (CH), 127.7 (CH), 127.7 (Cquat), 128.6 (CH), 128.9 (CH), 130.0 (CH), 134.6 

(Cquat), 137.0 (Cquat), 137.9 (Cquat), 140.1 (CH), 168.9 (Cquat), 186.9 (Cquat), 187.0 (Cquat).

EI + MS (m/z (%)): 394 (M+, 7), 236 (C16H14NO+, 100), 158 (C10H8NO+, 11), 130 

(C9H8N
+, 3), 91 (C7H7

+, 50), 65 (C5H5
+, 2). IR (KBr):  3126 (w) cm-1, 3054 (w), 1626 

(m), 1561 (s), 1511 (m), 1482 (m), 1465 (m), 1420 (w), 1368 (m), 1329 (s), 1267 (m), 

1213 (m), 1152 (w), 1124 (w), 1070 (m), 1038 (w), 907 (w), 847 (w), 820 (w), 750 (s), 

722 (m), 697 (m), 618 (w), 598 (w), 570 (w), 541 (w). Anal. calcd for C26H22N2O2

(394.5): C 79.16, H 5.62, N 7.10. Found: C 79.07, H 5.83, N 6.84. 
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3.2. One-Pot Four-Component Synthesis of 2-(1-Methyl-1H-indol-3-yl)-3-

(phenylethynyl)quinoxaline (7) 

N-Methyl-1H-indole 1a (669 mg, 5.00 mmol) in dry THF (25 mL) was placed under 

argon atmosphere in a screw-cap Schlenk vessel with septum, degassed with argon 

and cooled to 0 °C (water/ice bath, for 15 min). Then, oxalyl chloride (0.44 mL, 5.00 

mmol) was added to the reaction mixture at 0 °C. The mixture was allowed to come to 

room temperature (water bath) and was stirred for 4 h. Then, CuI (49 mg, 0.25 mmol), 

phenylacetylene 2a (0.57 mL, 5.00 mmol) and dry triethylamine (2.08 mL, 15.0 mmol) 

were successively added to the mixture and stirring at room temperature was continued 

for 24 h. After complete conversion (product monitored by TLC) methanol (5 mL), glacial 

acetic acid (5 mL) and 1,2-phenylenediamine (541 mg, 5.00 mmol) were added, and the 

mixture was stirred for 3 h at 50 °C (preheated oil bath). After removal of the solvents in 

vacuo the residue was absorbed onto Celite® and purified chromatographically on silica 

gel with dichloromethane. 
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2-(1-Methyl-1H-indol-3-yl)-3-(phenylethynyl)quinoxaline (7) 

N

N

Ph

N

C25H17N3

359.42

1.29 g (3.59 mmol, 72 % yield) as a yellow solid. Mp 157-158 °C. Rf (dichloromethane) 

= 0.67. 1H NMR (CDCl3, 500 MHz):  3.89 (s, 3 H), 7.30-7.43 (m, 6 H), 7.59-7.62 (m, 2 

H), 7.64-7.68 (m, 1 H), 7.70-7.75 (m, 1 H), 8.06 (dd, J = 8.5 Hz, J = 1.6 Hz, 1 H), 8.13 

(dd, J = 8.2 Hz, J = 1.3 Hz, 1 H), 8.44 (s, 1 H), 8.74-8.77 (m, 1 H). 13C NMR (CDCl3, 125 

MHz):  33.4 (CH3), 89.7 (Cquat), 94.0 (Cquat), 109.5 (CH), 112.4 (Cquat), 121.4 (CH), 

122.0 (Cquat), 122.9 (CH), 122.9 (CH), 127.5 (Cquat), 128.6 (CH), 128.6 (CH), 128.7 

(CH), 128.8 (CH), 129.6 (CH), 130.4 (CH), 132.0 (CH), 132.6 (CH), 137.0 (Cquat), 137.3 

(Cquat), 139.4 (Cquat), 141.1 (Cquat), 150.6 (Cquat). EI + MS (m/z (%)): 359 (M+, 97), 358 

((M-H)+, 100), 344 ((M-CH3)
+, 10), 282 ((M-C6H5)

+, 3), 231 (11), 203 (C15H9N
+, 3), 180 

(12), 156 (C10H8N2
+, 10). IR (KBr):  2211 (m) cm-1, 1655 (w), 1638 (w), 1536 (s), 1491 

(m), 1477 (m), 1456 (m), 1425 (w), 1406 (w), 1373 (m), 1339 (w), 1237 (w), 1215 (m), 

1129 (m), 1113 (m), 1084 (m), 1012 (w), 938 (w), 748 (s), 683 (w), 613 (w), 528 (w). 

Anal. calcd for C25H17N3 (359.4): C 83.54, H 4.77, N 11.69. Found: C 83.40, H 4.62, N 

11.62.
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3.3. Selective One-Pot Four-Component Synthesis of 2-Acylpyrazoles by 

Glyoxylation – Stephens-Castro – Michael-Addition – Cyclocondensation 

Sequence

N-Methyl-1H-indole 1a (669 mg, 5.00 mmol) in dry THF (25 mL) was placed under 

argon atmosphere in a screw-cap Schlenk vessel with septum, degassed with argon 

and cooled to 0 °C (water/ice, for 15 min). Then, oxalyl chloride (0.44 mL, 5.00 mmol) 

was added dropwise to the reaction mixture at 0 °C. The mixture was allowed to come 

to room temperature (water bath) and was stirred for 4 h. Then, CuI (49 mg, 0.25 

mmol), phenylacetylene 2a (0.57 mL, 5.00 mmol), and dry triethylamine (2.08 mL, 15.0 

mmol) were successively added to the mixture and stirring at room temperature was 

continued for 24 h. After complete conversion (product monitored by TLC) methanol (5 

mL) and tert-butyl carbazate (667 mg, 5.00 mmol) were added, and the mixture was 

stirred for 24 h at 50 °C (preheated oil bath, product monitored by TLC). After removal 

of the solvents in vacuo the residue was absorbed onto Celite® and purified 

chromatographically on silica gel with petroleum ether (boiling range 40-60 °C)/ethyl 

acetate PE-EA = 3:1  2:1, 1 Vol % triethylamine. After drying in vacuo, compound 8a

(1.55 g, 3.86 mmol, 77 % yield) was obtained as a pale brown solid. Rf (PE-EA = 3:1) = 

0.15. Mp 179-184 °C. It was used without further purification. 
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The obtained compound was suspended in methanol (19 mL) and treated with 

potassium carbonate (1.35 g, 9.64 mmol). After stirring for 1 h at room temperature 

(water bath), the mixture was adsorbed on Celite® and purified chromatographically on 

silica gel with dichloromethane-methanol-aqueous ammonia as eluent (DCM-NH3 = 

100:1  DCM-MeOH-NH3 = 100:1:1  DCM-MeOH-NH3 = 100:2:1, stepwise gradient). 

After drying in vacuo, compound 8b (923 mg, 3.06 mmol, 79 % yield) was obtained as a 

pale yellow solid.

(1-Methyl-1H-indol-3-yl)(3-phenyl-1H-pyrazol-5-yl)methanone (8b) 

N

O

N

NH
N

O

NH

N

C19H15N3O

301.34

923 mg (3.06 mmol, 61 % total yield over two steps) as a pale yellow solid. Colorless 

solid was obtained after further purification by suspending in dichloromethane, 

sonication in ultrasound bath, filtration and drying in vacuo overnight. Mp 224-225 °C. 
1H NMR (DMSO-d6, 500 MHz, 100 °C):  3.94 (s, 3 H), 7.25-7.41 (m, 4 H), 7.45-7.51 

(m, 2 H), 7.56 (d, J = 7.9 Hz, 1 H), 7.9 (br, 2 H), 8.4 (br, 1 H), 8.7 (br, 1 H), 13.5 (br, 1 H, 

NH). EI + MS (m/z (%)): 301 (M+, 9), 158 ((M-C9H7N2)
+, 71), 131 ((C9H8N+H)+, 100), 

130 (C9H8N
+, 41), 114 (13), 103 (C7H5N

+, 24), 89 (17), 77 (C6H5
+, 90), 63 (11), 51 

(C4H3
+, 18). IR (KBr):  3240 (w) cm-1, 3136 (w), 2923 (w), 1593 (s), 1574 (m), 1516 (s), 

1491 (w), 1472 (m), 1461 (m), 1418 (w), 1399 (w), 1380 (w), 1364 (m), 1259 (w), 1222 

(m), 1178 (w), 1128 (w), 1081 (m), 1013 (w), 990 (w), 960 (w), 913 (w), 823 (w), 784 

(w), 772 (m), 754 (m), 692 (w), 672 (w), 613 (w), 578 (w), 507 (w). Anal. calcd for 

C19H15N3O (301.3): C 75.73, H 5.02, N 13.94. Found: C 75.66, H 5.07, N 13.92. 
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3.4. One-Pot Four-Component Synthesis of (1-Methyl-1H-indol-3-yl)(2,6-

diphenylpyrimidin-4-yl)methanone (9) 

N N

1a 2a

O

O

Cl

Cl

O

O

Ph

Ph

9

N

3a

O

N

N

Ph

Ph

H2N

NH

Ph

. HCl

N-Methyl-1H-indole 1a (669 mg, 5.00 mmol) in dry THF (25 mL) was placed under 

argon atmosphere in a screw-cap Schlenk vessel with septum, degassed with argon 

and cooled to 0 °C (water/ice bath, for 15 min). Then, oxalyl chloride (0.44 mL, 5.00 

mmol) was added to the reaction mixture at 0 °C. The mixture was allowed to come to 

room temperature (water bath) and was stirred for 4 h. Then, CuI (49 mg, 0.25 mmol), 

phenylacetylene 2a (0.57 mL, 5.00 mmol) and dry triethylamine (2.08 mL, 15.0 mmol) 

were successively added to the mixture and stirring at room temperature was continued 

for 24 h. After complete conversion (product monitored by TLC) methanol (5 mL), 

benzamidine hydrochloride (791 mg, 5.00 mmol) and potassium carbonate (1.75 g, 12.5 

mmol) were added, and the mixture was stirred for 21 h at 50 °C (preheated oil bath, 

product monitored by TLC). After removal of the solvents in vacuo the residue was 

absorbed onto Celite® and purified chromatographically on silica gel with petroleum 

ether (boiling range 40-60 °C)/ethyl acetate PE-EA = 10:1, 1 Vol % triethylamine. After 

drying in vacuo, compound 9 (800 mg, 2.05 mmol, 41 % yield) was obtained as a yellow 

solid. Further purification was performed by recrystallization from dichloromethane/n-

pentane to give the analytically pure 9 as yellow crystals. 
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(1-Methyl-1H-indol-3-yl)(2,6-diphenylpyrimidin-4-yl)methanone (9) 

O

N
N

N

Ph

Ph

C26H19N3O

389.45

800 mg (2.05 mmol, 41 % yield) as a yellow solid. Rf (PE-EA = 10:1): 0.31. Mp 196 °C. 
1H NMR (CDCl3, 500 MHz): 3.88 (s, 3 H), 7.34-7.41 (m, 3 H), 7.52-7.59 (m, 6 H), 8.30-

8.34 (m, 2 H), 8.35 (s, 1 H), 8.60-8.65 (m, 3 H), 8.85 (s, 1 H). 13C NMR (CDCl3, 125 

MHz):  33.8 (CH3), 109.7 (CH), 112.7 (CH), 113.7 (Cquat), 123.0 (CH), 123.3 (CH), 

123.8 (CH), 127.4 (CH), 128.0 (Cquat), 128.4 (CH), 128.7 (CH), 129.0 (CH), 130.9 (CH), 

131.2 (CH), 136.8 (Cquat), 137.1 (Cquat), 137.9 (Cquat), 140.8 (CH), 163.8 (Cquat), 163.9 

(Cquat), 165.7 (Cquat), 185.2 (Cquat). EI + MS (m/z (%)): 389 (M+, 11), 191 (10), 189 (15), 

159 (12), 158 (C10H8NO+, 100), 130 (C9H8N
+, 9), 77 (C6H5

+, 10), 57 (19), 43 (56), 42 

(23), 41 (18). IR (KBr):  3132 (w) cm-1, 1620 (s), 1566 (m), 1522 (s), 1460 (m), 1420 

(w), 1403 (w), 1373 (s), 1232 (w), 1197 (w), 1125 (w), 1086 (w), 932 (w), 916 (w), 893 

(w), 779 (w), 718 (s), 736 (s), 691 (m), 657 (w), 644 (w), 632 (w), 579 (w), 544 (w). Anal. 

calcd for C26H19N3O (389.5): C 80.18, H 4.92, N 10.79. Found: C 79.97, H 5.07, N 

10.82.
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4. 1H and 13C NMR Spectra of Compounds 3a-k 

1H NMR of 3a in CDCl3 at 296 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 3a in CDCl3 at 297 K (  in ppm). 

13C DEPT 135-NMR of 3a in CDCl3 at 297 K (  in ppm). 
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1H NMR of 3b in CDCl3 at 299 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 3b in CDCl3 at 299 K (  in ppm). 

13C DEPT 135-NMR of 3b in CDCl3 at 299 K (  in ppm). 
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1H NMR of 3c in CDCl3 at 298 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 3c in CDCl3 at 298 K (  in ppm). 

13C DEPT 135-NMR of 3c in CDCl3 at 298 K (  in ppm). 
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1H NMR of 3d in CDCl3 at 297 K (  in ppm). *Impurities from residual solvents. 



56

13C NMR of 3d in CDCl3 at 298 K (  in ppm). *Impurities from residual solvents. 

13C DEPT 135-NMR of 3d in CDCl3 at 298 K (  in ppm). *Impurities from residual 

solvents.
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1H NMR of 3e in CDCl3 at 299 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 3e in CDCl3 at 299 K (  in ppm). 

13C DEPT 135-NMR of 3e in CDCl3 at 299 K (  in ppm). 
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1H NMR of 3f in CDCl3 at 298 K (  in ppm). 
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13C NMR of 3f in CDCl3 at 298 K (  in ppm). 

13C DEPT 135-NMR of 3f in CDCl3 at 298 K (  in ppm). 
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1H NMR of 3g in CDCl3 at 298 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 3g in CDCl3 at 299 K (  in ppm). 

13C DEPT 135-NMR of 3g in CDCl3 at 299 K (  in ppm). 
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1H NMR of 3h in CDCl3 at 298 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 3h in CDCl3 at 298 K (  in ppm). *Impurities from residual solvents. 

13C DEPT 135-NMR of 3h in CDCl3 at 298 K (  in ppm). *Impurities from residual 

solvents.
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1H NMR of 3i in CDCl3 at 297 K (  in ppm).
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13C NMR of 3i in CDCl3 at 297 K (  in ppm). 

13C DEPT 135-NMR of 3i in CDCl3 at 297 K (  in ppm). 
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1H NMR of 3j in CDCl3 at 297 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 3j in CDCl3 at 297 K (  in ppm). 

13C DEPT 135-NMR of 3j in CDCl3 at 297 K (  in ppm). *Impurities from residual 

solvents.
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1H NMR of 3k in CDCl3 at 295 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 3k in CDCl3 at 295 K (  in ppm). 

13C DEPT 135-NMR of 3k in CDCl3 at 295 K (  in ppm). 
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5. 1H and 13C NMR Spectra of Compounds 4a-f 

1H NMR of 4a in CDCl3 at 299 K (  in ppm). 
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13C NMR of 4a in CDCl3 at 299 K (  in ppm). 

13C DEPT 135-NMR of 4a in CDCl3 at 299 K (  in ppm). 
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1H NMR of 4b in CDCl3 at 298 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 4b in CDCl3 at 298 K (  in ppm). 

13C DEPT 135-NMR of 4b in CDCl3 at 298 K (  in ppm). 
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1H NMR of 4c in CDCl3 at 298 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 4c in CDCl3 at 298 K (  in ppm). *Impurities from residual solvents. 

13C DEPT 135-NMR of 4c in CDCl3 at 298 K (  in ppm). 
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1H NMR of 4d in CDCl3 at 297 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 4d in CDCl3 at 298 K (  in ppm). *Impurities from residual solvents. 

13C DEPT 135-NMR of 4d in CDCl3 at 298 K (  in ppm). 
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1H NMR of 4e in CDCl3 at 298 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 4e in CDCl3 at 298 K (  in ppm). 

13C DEPT 135-NMR of 4e in CDCl3 at 298 K (  in ppm). 
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1H NMR of 4f in CDCl3 at 298 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 4f in CDCl3 at 298 K (  in ppm). *Impurities from residual solvents. 

13C DEPT 135-NMR of 4f in CDCl3 at 297 K (  in ppm). *Impurities from residual 

solvents.
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6. 1H and 13C NMR Spectra of Compounds 5a-e 

1H NMR of 5a in CDCl3 at 295 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 5a in CDCl3 at 296 K (  in ppm). *Impurities from residual solvents. 

13C DEPT 135-NMR of 5a in CDCl3 at 295 K (  in ppm). *Impurities from residual 

solvents.
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1H NMR of 5b in CDCl3 at 296 K (  in ppm).
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13C NMR of 5b in CDCl3 at 296 K (  in ppm). 

13C DEPT 135-NMR of 5b in CDCl3 at 296 K (  in ppm). 
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1H NMR of 5c in CDCl3 at 296 K (  in ppm). *Impurities from residual solvents. 



88

13C NMR of 5c in CDCl3 at 296 K (  in ppm). 

13C DEPT 135-NMR of 5c in CDCl3 at 296 K (  in ppm). 
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1H NMR of 5d in CDCl3 at 295 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 5d in CDCl3 at 296 K (  in ppm). *Impurities from residual solvents. 

13C DEPT 135-NMR of 5d in CDCl3 at 295 K (  in ppm). *Impurities from residual 

solvents.
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1H NMR of 5e in CDCl3 at 298 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 5e in CDCl3 at 298 K (  in ppm).

13C DEPT 135-NMR of 5e in CDCl3 at 298 K (  in ppm).
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7. 1H and 13C NMR Spectra of Compounds 6, 7 and 9 

1H NMR of 6 in CDCl3 at 298 K (  in ppm). *Impurities from residual solvents. 



94

13C NMR of 6 in CDCl3 at 299 K (  in ppm). *Impurities from residual solvents. 

13C DEPT 135-NMR of 6 in CDCl3 at 298 K (  in ppm). *Impurities from residual 

solvents.
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1H NMR of 7 in CDCl3 at 298 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 7 in CDCl3 at 298 K (  in ppm).

13C DEPT 135-NMR of 7 in CDCl3 at 298 K (  in ppm).
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1H NMR of 9 in CDCl3 at 297 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 9 in CDCl3 at 298 K (  in ppm). *Impurities from residual solvents. 

13C DEPT 135-NMR of 9 in CDCl3 at 298 K (  in ppm). *Impurities from residual 

solvents.
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8. Crystallographic Data of Compound 3a 

Table 3. Crystal data and structure refinement for 1-(1-methyl-1H-indol-3-yl)-4-

phenylbut-3-yne-1,2-dione (3a).

 Empirical formula C19H13NO2

 Formula weight 287.31  
 Temperature 200(2) K  
 Wavelength 0.71073 Å  
 Crystal system triclinic  

 Space group P 1
 Z 2  
 Unit cell dimensions a =  7.1512(15) Å  =  82.834(4) deg.  
  b =  9.500(2) Å  = 78.622(4) deg.  
  c =  11.479(3) Å  =  71.956(4) deg.  
 Volume 725.3(3) Å3

 Density (calculated) 1.32 g/cm3

 Absorption coefficient 0.09 mm-1

 Crystal shape polyhedron  
 Crystal size 0.31 x 0.20 x 0.11 mm3

 Crystal color orange  
 Theta range for data collection 2.8 to 28.4 deg.  
 Index ranges -9 h 9, -12 k 12, -15 l 14  
 Reflections collected 7335  
 Independent reflections 3564 (R(int) = 0.1129)  
 Observed reflections 2655 (I >2 (I))  
 Absorption correction None  
 Max. and min. transmission 0.99 and 0.97  
 Refinement method Full-matrix least-squares on F2

 Data/restraints/parameters 3564 / 0 / 200  
 Goodness-of-fit on F2 1.11  
 Final R indices (I>2 (I)) R1 = 0.075, wR2 = 0.159  
 Largest diff. peak and hole 0.29 and -0.32 eÅ-3
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Table 4. Atomic coordinates and equivalent isotropic displacement parameters (Å2) for 

3a. Ueq is defined as one third of the trace of the orthogonalized Uij tensor. 

 Atom x y z Ueq

 C1 0.1907(4) 0.1256(3) 1.2186(2) 0.0354(5)  
 N1 0.2007(3) 0.1024(2) 1.0941(1) 0.0257(4)  
 C2 0.1302(3) 0.2081(2) 1.0104(2) 0.0265(5)  
 C3 0.1508(3) 0.1450(2) 0.9042(2) 0.0242(4)  
 C4 0.0828(3) 0.2198(2) 0.7969(2) 0.0242(4)  
 O4 0.0775(2) 0.1593(2) 0.7100(1) 0.0349(4)  
 C5 0.0182(3) 0.3906(2) 0.7885(2) 0.0295(5)  
 O5 0.0936(3) 0.4614(2) 0.8359(2) 0.0463(5)  
 C6 -0.1318(4) 0.4645(2) 0.7139(2) 0.0332(5)  
 C7 -0.2597(3) 0.5392(2) 0.6600(2) 0.0300(5)  
 C11 -0.4164(3) 0.6285(2) 0.5976(2) 0.0287(5)  
 C12 -0.3840(4) 0.7435(3) 0.5150(2) 0.0410(6)  
 C13 -0.5369(5) 0.8278(3) 0.4553(3) 0.0530(8)  
 C14 -0.7185(4) 0.7993(3) 0.4763(3) 0.0506(7)  
 C15 -0.7511(4) 0.6864(3) 0.5583(2) 0.0427(6)  
 C16 -0.5999(4) 0.6006(3) 0.6188(2) 0.0347(5)  
 C21 0.2726(3) -0.0348(2) 1.0451(2) 0.0234(4)  
 C22 0.3613(3) -0.1742(2) 1.0974(2) 0.0292(5)  
 C23 0.4170(4) -0.2922(2) 1.0273(2) 0.0359(6)  
 C24 0.3851(4) -0.2743(2) 0.9092(2) 0.0364(6)  
 C25 0.2980(3) -0.1349(2) 0.8569(2) 0.0283(5)  
 C26 0.2418(3) -0.0134(2) 0.9251(2) 0.0232(4)  
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Table 5. Hydrogen coordinates and isotropic displacement parameters (Å2) for 3a.

 Atom x y z Ueq

 H1A 0.1334 0.2315 1.2313 0.053  
 H1B 0.3253 0.0906 1.2387 0.053  
 H1C 0.1067 0.0701 1.2694 0.053  
 H2 0.0745 0.3109 1.0224 0.032  
 H12 -0.2589 0.7636 0.5000 0.049  
 H13 -0.5161 0.9061 0.3992 0.064  
 H14 -0.8216 0.8574 0.4343 0.061  
 H15 -0.8769 0.6674 0.5732 0.051  
 H16 -0.6221 0.5227 0.6749 0.042  
 H22 0.3821 -0.1868 1.1777 0.035  
 H23 0.4790 -0.3886 1.0598 0.043  
 H24 0.4236 -0.3588 0.8639 0.044  
 H25 0.2775 -0.1235 0.7766 0.034  



102

Table 6. Anisotropic displacement parameters (Å2) for 3a. The anisotropic displacement 

factor exponent takes the form: -2 pi2 (h2 a*2 U11 + ... + 2 h k a* b* U12).

 Atom U11 U22 U33 U23 U13 U12

 C1 0.0497(14) 0.0323(12) 0.0234(11) -0.0032(9) -0.0093(10) -0.0083(10)  
 N1 0.0310(9) 0.0231(8) 0.0220(9) 0.0020(7) -0.0067(7) -0.0065(7)  
 C2 0.0317(11) 0.0200(9) 0.0268(11) 0.0032(8) -0.0073(9) -0.0067(8)  
 C3 0.0263(10) 0.0196(9) 0.0258(10) 0.0027(8) -0.0065(8) -0.0058(8)  
 C4 0.0247(10) 0.0229(9) 0.0236(10) 0.0034(8) -0.0057(8) -0.0060(8)  
 O4 0.0467(10) 0.0301(8) 0.0260(8) 0.0033(6) -0.0123(7) -0.0068(7)  
 C5 0.0396(12) 0.0246(10) 0.0252(11) 0.0075(8) -0.0113(9) -0.0106(9)  
 O5 0.0693(13) 0.0294(8) 0.0496(11) 0.0121(8) -0.0308(10) -0.0209(8)  
 C6 0.0442(13) 0.0241(10) 0.0291(11) 0.0070(9) -0.0111(10) -0.0076(10)  
 C7 0.0407(13) 0.0254(10) 0.0226(10) 0.0017(8) -0.0071(9) -0.0082(9)  
 C11 0.0378(12) 0.0238(10) 0.0212(10) 0.0004(8) -0.0085(9) -0.0029(9)  
 C12 0.0456(14) 0.0406(13) 0.0375(13) 0.0126(11) -0.0171(11) -0.0132(11)  
 C13 0.0676(19) 0.0456(15) 0.0454(15) 0.0220(12) -0.0290(14) -0.0137(14)  
 C14 0.0500(16) 0.0486(15) 0.0471(15) 0.0028(12) -0.0260(13) 0.0027(13)  
 C15 0.0344(13) 0.0532(15) 0.0384(14) -0.0117(12) -0.0086(11) -0.0049(11)  
 C16 0.0432(14) 0.0323(12) 0.0269(11) -0.0021(9) -0.0048(10) -0.0093(10)  
 C21 0.0235(10) 0.0234(10) 0.0226(10) 0.0012(8) -0.0043(8) -0.0068(8)  
 C22 0.0326(11) 0.0274(11) 0.0243(10) 0.0064(8) -0.0107(9) -0.0036(9)  
 C23 0.0415(13) 0.0232(11) 0.0348(12) 0.0069(9) -0.0111(10) 0.0014(10)  
 C24 0.0459(14) 0.0221(10) 0.0340(12) -0.0040(9) -0.0059(11) 0.0006(10)  
 C25 0.0337(12) 0.0256(10) 0.0217(10) 0.0015(8) -0.0042(9) -0.0046(9)  
 C26 0.0244(10) 0.0212(9) 0.0236(10) 0.0048(8) -0.0076(8) -0.0065(8)  
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Table 7. Bond lengths (Å) and angles (deg) for 3a.

 C1-N1 1.457(3)  
 C1-H1A 0.9800  
 C1-H1B 0.9800  
 C1-H1C 0.9800  
 N1-C2 1.350(2)  
 N1-C21 1.391(3)  
 C2-C3 1.386(3)  
 C2-H2 0.9500  
 C3-C4 1.436(3)  
 C3-C26 1.452(3)  
 C4-O4 1.225(3)  
 C4-C5 1.539(3)  
 C5-O5 1.213(3)  
 C5-C6 1.456(3)  
 C6-C7 1.198(3)  
 C7-C11 1.437(3)  
 C11-C16 1.387(3)  
 C11-C12 1.399(3)  
 C12-C13 1.387(3)  
 C12-H12 0.9500  
 C13-C14 1.377(4)  
 C13-H13 0.9500  
 C14-C15 1.381(4)  
 C14-H14 0.9500  
 C15-C16 1.388(3)  
 C15-H15 0.9500  
 C16-H16 0.9500  
 C21-C22 1.396(3)  
 C21-C26 1.417(3)  
 C22-C23 1.373(3)  
 C22-H22 0.9500  
 C23-C24 1.399(3)  
 C23-H23 0.9500  
 C24-C25 1.393(3)  
 C24-H24 0.9500  
 C25-C26 1.386(3)  
 C25-H25 0.9500  
 N1-C1-H1A 109.5  
 N1-C1-H1B 109.5  
 H1A-C1-H1B 109.5  
 N1-C1-H1C 109.5  
 H1A-C1-H1C 109.5  
 H1B-C1-H1C 109.5  
 C2-N1-C21 109.22(16)  
 C2-N1-C1 125.76(18)  
 C21-N1-C1 124.88(16)  
 N1-C2-C3 110.25(18)  
 N1-C2-H2 124.9  
 C3-C2-H2 124.9  
 C2-C3-C4 126.74(18)  
 C2-C3-C26 106.68(16)  
 C4-C3-C26 126.45(19)  
 O4-C4-C3 125.52(19)  
 O4-C4-C5 117.10(17)  
 C3-C4-C5 117.34(18)  
 O5-C5-C6 120.96(19)  
 O5-C5-C4 122.60(18)  
 C6-C5-C4 116.35(19)  
 C7-C6-C5 172.5(2)  
 C6-C7-C11 178.7(2)  
 C16-C11-C12 119.8(2)  
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 C16-C11-C7 120.12(19)  
 C12-C11-C7 120.1(2)  
 C13-C12-C11 119.1(3)  
 C13-C12-H12 120.4  
 C11-C12-H12 120.4  
 C14-C13-C12 120.8(2)  
 C14-C13-H13 119.6  
 C12-C13-H13 119.6  
 C13-C14-C15 120.2(2)  
 C13-C14-H14 119.9  
 C15-C14-H14 119.9  
 C14-C15-C16 119.9(3)  
 C14-C15-H15 120.1  
 C16-C15-H15 120.1  
 C11-C16-C15 120.2(2)  
 C11-C16-H16 119.9  
 C15-C16-H16 119.9  
 N1-C21-C22 129.43(19)  
 N1-C21-C26 108.10(16)  
 C22-C21-C26 122.5(2)  
 C23-C22-C21 116.87(19)  
 C23-C22-H22 121.6  
 C21-C22-H22 121.6  
 C22-C23-C24 121.77(19)  
 C22-C23-H23 119.1  
 C24-C23-H23 119.1  
 C25-C24-C23 121.3(2)  
 C25-C24-H24 119.4  
 C23-C24-H24 119.4  
 C26-C25-C24 118.33(19)  
 C26-C25-H25 120.8  
 C24-C25-H25 120.8  
 C25-C26-C21 119.29(17)  
 C25-C26-C3 134.97(18)  
 C21-C26-C3 105.74(18)  
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Figure 1. X-ray analysis of compound 3a.
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Short experimental part: orange crystal (polyhedron), dimensions 0.31 x 0.20 x 0.11 

mm3, crystal system triclinic, space group P 1 , Z = 2, a = 7.1512(15) Å, b = 9.500(2) 

Å, c = 11.479(3) Å, alpha = 82.834(4) deg, beta = 78.622(4) deg, gamma = 71.956(4) 

deg, V = 725.3(3) Å3, rho = 1.316 g/cm3, T = 200(2) K, Thetamax = 28.38 deg, 

radiation Mo Kalpha, lambda = 0.71073 Å, 0.3 deg omega-scans with CCD area 

detector, covering a whole sphere in reciprocal space, 7335 reflections measured, 

3564 unique (R(int) = 0.1129), 2655 observed (I > 2 (I)), intensities were corrected 

for Lorentz and polarization effects, no empirical absorption correction was applied, 

due to the low absorption of the crystal and the low redundancy of the data, mu = 

0.09 mm-1, Tmin = 0.97, Tmax = 0.99, structure solved by direct methods and refined 

against F2 with a Full-matrix least-squares algorithm using the SHELXTL-PLUS 

(6.10) software package2, 200 parameters refined, hydrogen atoms were treated 

using appropriate riding models, goodness of fit 1.11 for observed reflections, final 

residual values R1(F) = 0.075, wR(F2) = 0.159 for observed reflections, residual 

electron density -0.32 to 0.29 eÅ-3. CCDC 796698 contains the supplementary 

crystallographic data for this paper. These data can be obtained free of charge from 

The Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/data_request/cif. 

Lit. 1: (program SADABS 2008/1 for absorption correction)  
G. M. Sheldrick, Bruker Analytical X-ray-Division, Madison, Wisconsin 2008  

Lit. 2: (software package SHELXTL 2008/1 for structure solution and refinement)
Sheldrick, G.M. (2008). Acta Cryst. A64, 112-122.
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9. Nucleophilicity Parameters of Substrates 

Table 8. Estimation of nucleophilicity parameters N of substrates successfully 

converted to ynediones. 

Reference nucleophile 

with known parameter N

Parameter N[a] Substrates similar to or identical with 

the reference nucleophiles 

5.75

3.87

5.85

N
TIPS

3.12

N
TIPS

3.61

1.26

S
R R = OMe, O(CH2)2O

6.66

[a] The parameters refer to reactions in CH2Cl2 at 20 °C.
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Consecutive Three-Component Synthesis of Ynones by Decarbonylative
Sonogashira Coupling

Eugen Merkul,[a] Thomas Oeser,[b] and Thomas J. J. Müller*[a]

Dedicated to Armin de Meijere on the occasion of his 70th birthday

Alkynones are important intermediates in organic synthe-

ses,[1] and due to their bifunctional electrophilicity they have

found broad application as three-carbon building blocks in

heterocyclic synthesis. Therefore, efficient, mild, and catalyt-

ic methodologies for their preparation are highly desirable.

Besides catalytic acylations of terminal[2] and silylated[3] al-

kynes the carbonylative alkynylation of aryl iodides follow-

ing the Sonogashira protocol represents an elegant three-

component synthesis of alkynones, which were as well ela-

borated into one-pot syntheses of pharmaceutically relevant

heterocycles such as pyrazoles[4] and pyrimidines.[5]

Carbonylations of aryl halides usually require carbon

monoxide or molybdenum hexacarbonyl as suitable CO

sources. However, the effective concentration of CO in the

reaction medium plays a crucial role for the outcome of car-

bonylative alkynylation. An alternative mode, which also

dispenses the use of aryl halides, could be a decarbonylation

of an a-dicarbonyl compound. Rhodium-mediated decar-

bonylations of aldehydes (Tsuji–Wilkinson reaction) are

well precedented,[6] however, the process becomes catalytic

only at temperatures over 200 8C and most applications in

total syntheses have remained stoichiometric.[7] Decarbony-

lations of acid chlorides are less common.[8] In 2002, iridium-

catalyzed decarbonylative homologizations of aroyl chlor-

ides in boiling xylene were reported.[9] Palladium complexes

are not commonly used for decarbonylations. Besides decar-

bonylative carbostannylations,[10] Gooßen has reported de-

carbonylative Heck reactions with reaction times of 16 h at

160 8C in NMP as a solvent.[11] Just recently, the same group

has introduced Pd/Cu-catalyzed decarboxylative cross-cou-

plings of a-oxocarboxylates with aromatic bromides[12] and

chlorides[13] at high temperatures and long reaction times.

Interestingly, although oxalyl chloride has been applied in

the presence of aluminium chloride as a phosgene surrogate

for Friedel–Crafts acylations[14] or as a source of carbon

monoxide in stoichiometric copper-mediated synthesis of cy-

clopentadienones from organolithium and organozirconium

compounds[15] there is no report of its use in any catalytic

application. In continuation of our program to develop tran-

sition metal catalyzed multicomponent syntheses of hetero-

cycles[16] and functional organic materials,[17] we report our

first findings on consecutive three-component synthesis of

alkynones by decarbonylative Sonogashira coupling starting

from electron-rich heterocycles and oxalyl chloride as a

source of the CO building block via intermediary glyoxylyl

chlorides. Conceptually, this methodology complements the

carbonylative alkynylation of halides of heterocycles with di-

minished electron density.[5]

It has been known for quite some time that many indole

derivatives directly and without Lewis acid activation react

with oxalyl chloride in a Friedel–Crafts acylation to furnish

indole-3-glyoxylyl chlorides 1 in high yields.[18] Due to the

generality and smoothness of this glyoxylation the idea was

now to use the notoriously unstable and reactive indole-3-

glyoxylyl chlorides 1 as synthetic equivalents of acid chlor-

ides in transition metal catalyzed cross-coupling reactions.

Therefore, for establishing a decarbonylative alkynylation

we first tested indole-3-glyoxylyl chlorides 1 without substi-

tution (1a) and with a benzyl substituent (1b) on the indole

nitrogen atom in a model reaction with 1-hexyne (2a) under

modified Sonogashira conditions[19] (Scheme 1, Table 1). Im-

mediately, it was apparent that only the benzyl derivative

1b can be transformed into the corresponding alkynone 3b

(entries 3–9).
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Although the desired alkynone 3b could be immediately

detected by TLC monitoring of the reaction it was only isol-

able if the formation of the non-decarbonylated byproduct

could be suppressed. Therefore, the influence of the ratios

of the substrates, the catalysts and the solvent were studied

qualitatively. Besides spectroscopic and combustion analyti-

cal characterization the structure of compound 3b was un-

ambiguously corroborated by an X-ray structure analysis

(Figure 1).[20]

The most crucial point for the successful transformation

and high conversion is the well-balanced equimolar ratio of

[PdCl2ACHTUNGTRENNUNG(PPh3)2] and CuI (entries 5, 8, and 9). Dimethoxy-

ethane (DME) and THF are both good solvents. Performing

the reaction under a CO atmosphere to block the decarbon-

ylation resulted in the formation of the ynone (entry 6),

whereas the addition of 2 mol% of PPh3 completely stopped

the conversion (entry 10). Switching the palladium catalyst

precursor to [PdCl2 ACHTUNGTRENNUNG(dppf)] did not result in ynone formation

(entry 12). Therefore, the most favorable conditions for the

development of a sequence with the decarbonylative Sono-

gashira coupling suggest the use of an equimolar ratio of

glyoxylyl chloride 1b and alkyne 2a giving a clean reaction

and 70% isolated yield of alkynone 3b (entry 9). Hence, the

mechanistic rationale of this new decarbonylative Sonoga-

shira coupling can be rationalized as follows (Scheme 2).

After the oxidative addition of indole-3-glyoxylyl chloride

(1), adduct 4 undergoes a mi-

gratory de-insertion and elimi-

nation of carbon monoxide fur-

nishing the acyl–Pd species 5.

The driving force of this reac-

tion is the apparent relative in-

stability of the dicarbonyl spe-

cies 4 compared with the acyl

species 5. Then, transmetala-

tion of the in situ generated

copper acetylide to 5 gives rise

to the formation of the acyl-al-

kynyl-Pd complex 6, which un-

dergoes reductive elimination

to give the alkynone 3 and the

catalytically active Pd0 species

to start a new catalytic cycle.

Encouraged by these initial

successful experiments we de-

cided to combine the forma-

tion of relatively labile glyoxyl-

yl chloride 1 and the subse-

quent decarbonylative alkyny-

lation to a consecutive three-

component reaction in a one-

pot transformation. Indeed, N-

substituted indoles (X=CH)

and 7-aza-indoles (X=N) 7 or

pyrroles 8 were glyoxylated

with oxalyl chloride in THF or

DME on a 5 mmol scale and

the transient glyoxylyl chlorides 1 were reacted with equi-

molar amounts of the alkynes 2 for 1 h at room temperature

Scheme 1. Optimization of the decarbonylative Sonogashira coupling of

indole-3-glyoxylyl chlorides 1 and 1-hexyne (2a).

Table 1. Optimization of the decarbonylative Sonogashira coupling of indole-3-glyoxylyl chlorides 1 and

1-hexyne (2a).[a]

Entry Compound 1 Solvent Catalyst system Ynone 3 (isolated yield/%)

1 1a : R1
=H THF 2 mol% [PdCl2 ACHTUNGTRENNUNG(PPh3)2]

4 mol% CuI

3a (–, no reaction)

2[b] 1b : R1
=Bn THF 2 mol% [PdCl2 ACHTUNGTRENNUNG(PPh3)2]

4 mol% CuI

3b (–, no reaction)

3 1b THF 1 mol% [PdCl2 ACHTUNGTRENNUNG(PPh3)2]

2 mol% CuI

3b (n.i.)[c]

4 1b THF 2 mol% [PdCl2 ACHTUNGTRENNUNG(PPh3)2]

4 mol% CuI

3b (n.i.)[c]

5 1b DME 2 mol% [PdCl2 ACHTUNGTRENNUNG(PPh3)2]

2 mol% CuI

3b (61)

6[d,e] 1b DME 5 mol% [PdCl2 ACHTUNGTRENNUNG(PPh3)2]

2 mol% CuI

3b (n.i.)[c]

7 1b CH2Cl2 2 mol% [PdCl2 ACHTUNGTRENNUNG(PPh3)2]

4 mol% CuI

3b (n.i.)[c]

8 1b THF 1 mol% [PdCl2 ACHTUNGTRENNUNG(PPh3)2
1 mol% CuI

3b (80)

9[f] 1b THF 1 mol% [PdCl2 ACHTUNGTRENNUNG(PPh3)2]

1 mol% CuI

3b (70)

10[f,g] 1b THF 1 mol% [PdCl2 ACHTUNGTRENNUNG(PPh3)2]

1 mol% CuI

3b (–, no reaction)

11 1b THF 0.1 mol% [PdCl2 ACHTUNGTRENNUNG(PPh3)2]

1 mol% CuI

3b (–, no reaction)

12 1b THF 1 mol% [PdCl2 ACHTUNGTRENNUNG(dppf)]

1 mol% CuI

3b (–, no reaction)

[a] The reactions were performed in 5 mL of solvent (c(1)=0.2m) using 1.5 equiv of 2a for 1 h and at room

temperature unless otherwise stated. [b] Reaction performed at 0 8C. [c] TLC indicates coupling without decar-

bonylation and the formation of compound 3b which was not isolated. [d] The reaction time was 48 h. [e] The

reaction was performed under 1 atm of CO. [f] 1.0 equiv of 2a was applied. [g] 2 mol% of PPh3 were added to

the reaction mixture.

Figure 1. Molecular structure of alkynone 3b (hydrogen atoms were

omitted for clarity).
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for 1–48 h in the presence of two equivalents of triethyl-

amine and catalytic amounts of [PdCl2ACHTUNGTRENNUNG(PPh3)2] and CuI to

give the corresponding alkynones 3 and 9 in moderate to

good yields (Scheme 3, Table 2). The presence of two stoi-

chiometrically necessary equivalents of triethylamine assures

that the hydrogen chloride formed upon glyoxylation is

bound and that the decarbonylative Sonogashira coupling

occurs by scavenging the hydrochloric acid from the catalyt-

ic cycles. Expectedly, as a consequence of the regioselective

glyoxylation of pyrroles in the 2-position the ynones 9 were

obtained by the same protocol, simultaneously illustrating

the methodological potential for the application to electron-

rich p systems.

With this versatile alkynone synthesis in hand, we tested

the application of the products in pyrimidine synthesis. As

previously shown, 4-(indol-3-yl)- and 4-(7-aza-indol-3-yl)-2-

amino pyrimidines, which are structurally related to the

marine natural products class of meridianins, have displayed

a considerable potential as kinase inhibitors.[5] Therefore,

Scheme 2. Mechanistic rationale of the decarbonylative Sonogashira cou-

pling of indole-3-glyoxylyl chlorides 1 and terminal alkynes 2.

Scheme 3. Three-component glyoxylation-decarbonylative alkynylation

synthesis of alkynones 3 and 9.

Table 2. Three-component glyoxylation-decarbonylative alkynylation

synthesis of alkynones 3 and 9.[a]

Entry N-Substituted

indole

or 7-aza-

indole 7

Alkyne 2 Ynone 3

(isolated yield/%)

1

7a :

X=CH,

R1
=Si ACHTUNGTRENNUNG(iPr)3

2a :

R2
=nBu

3a

(43)[b]

2

7b :

X=CH,

R1
=Bn

2a
3b

(74)

3 7b
2b :

R2
=CH2OMe

3c

(66)

4 7b
2c :

R2
=Ph

3d

(85)

5 7b
2d :

R2
=SiMe3

3e

(76)

6

7c :

X=CH,

R1
=Me

2d
3 f

(64)

7 7a 2a
3g

(45)

8[c]
7d :

X=N,

R1
=Bn

2a
3h

(63)

9[c]
7e :

X=N,

R1
=Me

2c
3 i

(61)

10[d]
8a :

R1
=Me

2a
9a

(61)
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upon reacting indolyl (X=CH) and 7-aza-indolyl (X=N)

substituted alkynones 3 or the pyrrolyl ynones 9 with an

excess of guanidinium hydrochloride (10) and potassium car-

bonate in 2-methoxyethanol at 120 8C for 12–24 h the 2-

amino pyrimidines 11 were obtained in good to excellent

yields (Scheme 4, Table 3).

Compounds 11e and 11 f can be considered as N-alkyl de-

rivatives of the naturally occurring meridianin G.[21] The

structures of the 2-amino pyriminidines 11 were unambigu-

ously supported by NMR spectroscopy and mass spectrome-

try, and later by an X-ray structure analysis of compound

11b (Figure 2).[20]

In conclusion, we have disclosed a new consecutive three-

component synthesis of alkynones by glyoxylation of very

easily accessible indole, 7-aza-indole, and pyrrole derivatives

with oxalyl chloride and subsequent Pd/Cu-catalyzed decar-

bonylative alkynylation of the heteroaryl glyoxylyl chlorides

with terminal alkynes. This new Sonogashira protocol pro-

ceeds considerably faster than carbonylative alkynylations

of (hetero)aryl iodides with carbon monoxide[5] and a lower

catalyst loading is needed. The mild conditions for decar-

bonylations are unprecedented, and the reagents are only

applied in equimolar quantities with a high tolerance for

various substituents. The application of the alkynones in a

subsequent transformation to pyrimidines also illustrates the

Table 2. (Continued)

Entry N-Substituted

indole

or 7-aza-

indole 7

Alkyne 2 Ynone 3

(isolated yield/%)

11[e]
8b :

R1
=Bn

2a
9b

(43)

[a] The sequences were performed in 25 mL of solvent (c(7)=0.2m) and

in the acylation step the reaction vessel was allowed to come from 0 8C

(external water/ice cooling) to room temperature for 4 h unless otherwise

stated. For the subsequent decarbonylative alkynylation step, 1 mol% of

[PdCl2 ACHTUNGTRENNUNG(PPh3)2], 1 mol% of CuI, 1.0 equiv of alkyne 2 and 2.0 equiv of

triethylamine were added. [b] After addition of 1.1 equiv of TBAF (1m

in THF) to the reaction mixture and stirring at room temperature the

product 3a was obtained. [c] The reaction was performed in DME as a

solvent and the acylation step was carried out at 105-110 8C for 2 h.

[d] The decarbonylative alkynylation step was carried out for 2 d. [e] The

decarbonylative alkynylation step was carried out overnight.

Scheme 4. Cyclocondensation of alkynones 3 and 9 to 4-(indol-3-yl)-,

4-(7-aza-indol-3-yl)-, and 4-(pyrrol-2-yl)-2-amino pyrimidines 11.

Table 3. Synthesis of 4-(indol-3-yl)-, 4-(7-aza-indol-3-yl)-, and 4-(pyrrol-

2-yl)-2-amino pyrimidines 11.[a]

Entry Ynone 3 or 9 2-Amino pyimindine 11 (isolated yield/%)

1 3a 11a (81)

2 3b 11b (86)

3 3c 11c (88)

4 3d 11d (82)

5 3e 11e (88)[b]

6 3 f 11 f (68)[b]

7 3g 11a (68)[b]

8 3h 11g (81)
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vast potential to diversity-oriented syntheses of heterocycles.

Studies expanding the scope of this novel access to alky-

nones and their elaboration towards multi-component syn-

theses of heterocycles are currently underway. In addition,

the stage has been set for the methodological expansion to

further decarbonylative cross-couplings that are currently

under investigation.

Experimental Section

General methods and further reactions are given in the Supporting Infor-

mation.

Three-component synthesis of alkynone 3b : N-Benzyl-1H-indole (7a)

(1.04 g, 5.00 mmol) in dry THF (25 mL) was placed under argon in a

screw-cap vessel with septum, degassed with argon and cooled to 0 8C

(water/ice). Then, oxalyl chloride (0.44 mL, 5.00 mmol) was added to the

reaction mixture at 0 8C. The mixture was allowed to come to room tem-

perature and was stirred for 4 h. Then, [PdCl2ACHTUNGTRENNUNG(PPh3)2] (35 mg,

0.05 mmol), CuI (10 mg, 0.05 mmol), 1-hexyne (2a) (0.59 mL,

5.00 mmol), and dry triethylamine (1.39 mL, 10.0 mmol) were successive-

ly added to the mixture and stirring at room temperature was continued

for 1 h. The evolution of CO can be observed. After complete conversion

(monitored by TLC) saturated brine (25 mL) was added, and the mixture

was extracted with dichloromethane (3�25 mL). The combined organic

layers were dried with anhydrous sodium sulfate. After removal of the

solvents in vacuo the residue was absorbed onto Celite and chromato-

graphed on silica gel with hexanes/ethyl acetate to give the alkynone 3b

(1.17 g, 74%) as a yellow solid. M.p. 84–85 8C; 1H NMR (300 MHz,

CDCl3, 25 8C, TMS): d=8.44–8.38 (m, 1H), 7.90 (s, 1H), 7.39–7.13 (m,

8H), 5.35 (s, 2H), 2.44 (t, J=7.5 Hz, 2H), 1.62 (quint, J=8.3 Hz, 2H),

1.47 (sext, J=8.3 Hz, 2H), 0.94 ppm (t, J=7.5 Hz, 3H); 13C NMR

(75 MHz, CDCl3, 25 8C, TMS): d=171.8 (Cquat), 138.1 (CH), 137.3 (Cquat),

135.5 (Cquat), 129.1 (CH), 128.3 (CH), 127.1 (CH), 126.1 (Cquat), 123.8

(CH), 123.0 (CH), 122.6 (CH), 118.9 (Cquat), 110.3 (CH), 91.0 (Cquat), 80.6

(Cquat), 50.9 (CH2), 30.0 (CH2), 22.1 (CH2), 18.7 (CH2), 13.6 ppm (CH3);

EI+MS: m/z (%): 315 (100) [M+], 91 (40) [C7H7
+]; IR (KBr): ñ=730,

752, 771, 827, 1027, 1184, 1237, 1360, 1386, 1440, 1453, 1465, 1486, 1495,

1522, 1576, 1607, 2226, 2870, 2932, 2955 3119 cmÿ1; elemental analysis

calcd (%) for C22H21NO: C 83.78, H 6.71, N 4.44; found: C 83.64, H 6.71,

N 4.43.

2-Aminopyrimidine 11b : In a screw-cap vessel under argon the alkynone

3b (315 mg, 1.00 mmol) was dissolved in 2-methoxyethanol (5 mL).

Then, potassium carbonate (346 mg, 2.50 mmol), and guanidinium hydro-

chloride (10) (239 mg, 2.50 mmol) were added and the mixture was

stirred at 120 8C over night. Then, after cooling to room temperature sa-

turated brine (20 mL) was added, and the mixture was extracted with di-

chloromethane (5�20 mL). The combined organic layers were dried with

anhydrous sodium sulfate. After removal of the solvents in vacuo the res-

idue was absorbed onto Celite and chromatographed on silica gel with di-

chloromethane and dichloromethane/methanol/aqueous ammonia

(100:1:1) to give the 2-amino pyrimidine 11b (305 mg, 86%) as a pale

yellow solid. M.p. 174–175 8C; 1H NMR (300 MHz, CDCl3, 27 8C, TMS):

d=8.40–8.33 (m, 1H), 7.84 (s, 1H), 7.35–7.18 (m, 6H), 7.18–7.11 (m,

2H), 6.89 (s, 1H), 5.35 (s, 2H), 5.05 (s, 2H, NH2), 2.60 (t, J=7.5 Hz, 2H),

1.72 (quint, J=7.5 Hz, 2H), 1.42 (sext, J=7.5 Hz, 2H), 0.95 ppm (t, J=

7.5 Hz, 3H); 13C NMR (75 MHz, CDCl3, 27 8C, TMS): d=171.4 (Cquat),

163.1 (Cquat), 162.5 (Cquat), 137.4 (Cquat), 136.5 (Cquat), 130.3 (CH), 128.9

(CH), 127.9 (CH), 126.9 (CH), 126.3 (Cquat), 122.6 (CH), 121.7 (CH),

121.2 (CH), 114.8 (Cquat), 110.3 (CH), 106.4 (CH), 50.5 (CH2), 37.8 (CH2),

31.2 (CH2), 22.6 (CH2), 14.0 ppm (CH3); EI+MS: m/z (%): 356 (27) [M+

], 341 (3) [M+
ÿCH3], 268 (7) [M+

ÿC2H5], 314 (100) [M+
ÿC3H6], 223

(5) [M+
ÿC10H13], 91 (14) [C7H7

+]; IR (KBr): ñ=743, 1175, 1385, 1456,

1469, 1521, 1577, 1628, 1645, 2860, 2927, 2956, 3442, 3463 cmÿ1; elemental

analysis calcd (%) for C23H24N4 : C 77.50, H 6.79, N 15.72; found: C

77.45, H 6.75, N 15.77.
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1. General Considerations 

 

All cross coupling reactions were carried out in oven-dried Schlenk glassware using septa and 

syringes under nitrogen or argon atmosphere. THF was dried using MBraun system MB-SPS-

800, dry DME was purchased from Aldrich and triethylamine was refluxed under argon over 

ketyl sodium, distilled and stored in a Schlenk flask over potassium hydroxide pellets under 

argon atmosphere. 

The starting materials were prepared according to literature procedures: 1-Benzyl-1H-indole 

(7b),[1 ] 1-Benzyl-1H-pyrrolo[2,3-b]pyridine (7d),[1] 1-Methyl-1H-pyrrolo[2,3-b]pyridine (7e),[1] 1-

(Triisopropylsilyl)-1H-indole (7a),[ 2 ]],[ 3 ] (1-Benzyl-1H-indol-3-yl)-oxoacetylchloride (1b).[ 4 ] 1-

Methyl-1H-indole (7c) is commercially available by Merck Serono KGaA. Commercial grade 

reagents were used as supplied without further purification and were purchased from Acros 

Organics N. V., Aldrich Chemie GmbH, Fluka AG, ABCR GmBH & Co. KG, Riedel-de Haën, 

BRL and Merck Serono KGaA. 

The purification of products was performed on silica gel 60 (0.015-0.040 mm) from Merck 

Serono KGaA Darmstadt using flash technique and under pressure of 2 bar. The crude mixtures 

were adsorbed on Celite 545 (0.02-0.10 mm) from Merck Serono KGaA Darmstadt before 

chromatographic purification. 

The reaction progress was monitored qualitatively using TLC Silica gel 60 F254 5 x 7.5 cm 

aluminium sheets obtained by Merck Serono KGaA Darmstadt. The spots were detected with 

UV light at 254 nm and using aqueous potassium permanganate solution.  
1H, 13C, and 135-DEPT NMR spectra were recorded on Bruker DRX 300 and DRX 500 

spectrometers. CDCl3, acetone-d6 and DMSO-d6 were used as deutereted solvents. TMS was 

used as reference (  = 0.0) or the resonances of the solvents were locked as internal standard 

(CDCl3: 
1H  7.24, 13C  77.2; acetone-d6: 

1H 2.05, 13C  29.9/206.7; DMSO-d6: 
1H  2.50, 13C 

 39.5). The multiplicities of signals were abbreviated as follows: s: singulett; d: dublett; t: triplett; 

q: quartett; quint: quintett; sext: sextett, dd: dublett of dubletts, dt: dublett of tripletts, td: triplett of 

dubletts, m: multiplett and br: broad signal. The type of carbon atoms was determined on the 

basis of 135-DEPT NMR spectra. EI mass spectra were measured on Varian MAT 311 A and 

Finnigan MAT 8200. IR spectra were obtained on Bruker Vector 22 FT-IR. The solids were 

measured as KBr pellets and oils as films on KBr plates. The intensity of signals is abbreviated 

as follows: s (strong), m (medium) and w (weak). The melting points (uncorrected) were 

measured on Reichert-Jung Thermovar. Combustion analyses were carried out in the 
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microanalytical laboratory of the Organisch-Chemisches Institut der Universität Heidelberg and 

in the microanalytical laboratory of Institut für Pharmazeutische Chemie in Düsseldorf. 

X-ray structures were measured on Bruker Smart APEX and Brucker Smart CCD. 

Crystal data: Compound 3b: Colorless crystal (irregular), dimensions 0.27 x 0.07 x 0.05 mm3, 

crystal system monoclinic, space group P21/n, Z = 4, a = 12.616(1) Å, b = 7.4046(9) Å, c = 

19.386(2) Å, � = 90.0 deg, � = 104.449(3) deg, � = 90.0 deg, V=1753.8(4) Å3, � = 1.195 

g/cm3, T = 200(2) K, �max= 22.46 deg, radiation Mo K�, � = 0.71073 Å, 0.3 deg omega-scans 

with CCD area detector, covering a whole sphere in reciprocal space, 10845 reflections 

measured, 2278 unique (R(int) = 0.046), 1771 observed (I >2�(I)), intensities were corrected for 

Lorentz and polarization effects, an empirical absorption correction was applied using SADABS 

(program SADABS V2.03 for absorption correction, G. M. Sheldrick, Bruker Analytical X-ray-

Division, Madison, Wisconsin 2001) based on the Laue symmetry of the reciprocal space, � = 

0.07mm-1, Tmin = 0.98, Tmax = 1.00, structure solved by direct methods and refined against F2 

with a Full-matrix least-squares algorithm using the SHELXTL (6.12) software package 

(software package SHELXTL V6.12 for structure solution and refinement, G. M. Sheldrick, 

Bruker Analytical X-ray-Division, Madison, Wisconsin 2001), 301 parameters refined, hydrogen 

atoms were refined isotropically, goodness of fit 1.06 for observed reflections, final residual 

values R1(F) = 0.039, wR(F2) = 0.083 for observed reflections, residual electron density -0.14 to 

0.12 eÅ-3. Compound 11b: colorless crystal (polyhedron), dimensions 0.50 x 0.14 x 0.10 mm3, 

crystal system triclinic, space group P 1 , Z = 2, a = 6.4203(3) Å, b = 10.0329(4) Å, c = 

15.2326(7) Å, � = 98.2440(10) deg, � = 91.0590(10) deg, � = 90.5330(10) deg, V = 970.82(7) 

Å3, � = 1.219 g/cm3, T = 200(2) K, �max = 27.48 deg, radiation Mo K�, � = 0.71073 Å, 0.3 deg 

omega-scans with CCD area detector, covering a whole sphere in reciprocal space, 9852 

reflections measured, 4397 unique (R(int)=0.034), 2913 observed (I >2�(I)), intensities were 

corrected for Lorentz and polarization effects, an empirical absorption correction was applied 

using SADABS (program SADABS V2.03 for absorption correction, G. M. Sheldrick, Bruker 

Analytical X-ray-Division, Madison, Wisconsin 2001) based on the Laue symmetry of the 

reciprocal space, � = 0.07mm-1, Tmin=0.96, Tmax=0.99, structure solved by direct methods and 

refined against F2 with a Full-matrix least-squares algorithm using the SHELXTL-PLUS (5.10) 

software package  (software package SHELXTL V5.10 for structure solution and refinement, G. 

M. Sheldrick, Bruker Analytical X-ray-Division, Madison, Wisconsin 1997), 254 parameters 

refined, hydrogen atoms were treated using appropriate riding models, except of the hydrogen 

atoms of N23, which were refined isotropically, goodness of fit 1.02 for observed reflections, 

final residual values R1(F)=0.048, wR(F2)=0.101 for observed reflections, residual electron 

density -0.17 to 0.24 eÅ-3. 



5

2. Three-Component Glyoxylation-Decarbonylative Alkynylation Synthesis of Alkynones 

3 and 9 

 

R2

2

(COCl)2

X N
R1

3
or

X N

O

R1

R2

N

R1

8

7 (X = CH, N)
or

N

R1 O

n-Bu

9

 

5.00 mmol of N-substituted 1H-(7-aza)indole 7 or pyrrole 8 in dry THF (25 mL) were placed under argon 

in a screw-cap vessel with septum, degassed with argon and cooled to 0 °C (water/ice). Then, oxalyl 

chloride (0.44 mL, 5.00 mmol) was added to the reaction mixture at 0 °C. The mixture was allowed to 

come to room temperature and was stirred for 4 h. Then, PdCl2(PPh3)2 (35 mg, 0.05 mmol), CuI (10 mg, 

0.05 mmol), 5.00 mmol of terminal alkyne 2 and dry triethylamine (1.39 mL, 10.0 mmol) were 

successively added to the mixture and stirring at room temperature was continued for 1 h. The evolution 

of CO can be observed. After complete conversion (the evolution of CO ceased, the product formation 

was monitored by TLC) saturated brine (25 mL) was added, and the mixture was extracted with 

dichloromethane (3 x 25 mL). The combined organic layers were dried with anhydrous sodium sulfate. 

After removal of the solvents in vacuo the residue was absorbed onto celite and chromatographed on 

silica gel with hexanes/ethylacetate or petrolether (boiling range 40-60 °C)/ethyl acetate to give the 

alkynones 3 or 9 (For experimental details see Table 1). 
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Table 1. Experimental details of the three-component glyoxylation-decarbonylative alkynylation 

synthesis of ynones 3 and 9. 

Entry N-substituted (7-aza)indole 
7 or pyrrole 8 

Alkyne 2 Ynone 3 or 9 
(isolated 
yield %) 

Chromatographic 
purification 
Rf (eluent) 

1 1.37 g (5.00 mmol) of 7a 0.59 mL (5.00 
mmol) of 2a 

479 mg (43 %)[a] 
of 3a 

DCM 
Rf (DCM) : 0.26 

2 1.04 g (5.00 mmol) of 7b 0.59 mL (5.00 
mmol) of 2a 

1.17 g (74 %) of 
3b 

HE-EE = 10:1  6:1 
Rf (PE-EE = 7:1) : 0.27 

3 1.04 g (5.00 mmol) of 7b 0.44 mL (5.00 
mmol) of 2b 

1.00 g (66 %) of 
3c 

PE-EE = 7:1  5:1  
3:1 

Rf (PE-EE = 3:1) : 0.19 
4 1.04 g (5.00 mmol) of 7b 0.56 mL (5.00 

mmol) of 2c 
1.42 g (85 %) of 

3d 
PE-EE = 10:1  7:1  

5:1 
Rf (PE-EE = 5:1) : 0.27 

5 1.04 g (5.00 mmol) of 7b 0.73 mL (5.00 
mmol) of 2d 

1.27 g (76 %) of 
3e 

PE-EE[b] 
Rf (PE-EE = 8:1) : 0.31 

6 676 mg (5.00 mmol) of 7c 0.73 mL (5.00 
mmol) of 2d 

819 mg (64 %) 
of 3f 

PE-EE[b] 
Rf (PE-EE = 6:1) : 0.23 

7 1.37 g (5.00 mmol) of 7a 0.59 mL (5.00 
mmol) of 2a 

855 mg (45 %) 
of 3g 

PE-EE = 100:1  50:1 
 20:1 

Rf (PE-EE = 20:1) :  
0.33 

8 1.04 g (5.00 mmol) of 7d 0.59 mL (5.00 
mmol) of 2a 

990 mg (63 %) 
of 3h 

PE-EE = 7:1  5:1 
Rf (PE-EE = 5:1) : 0.27 

9 661 mg (5.00 mmol) of 7e 0.56 mL (5.00 
mmol) of 2c 

793 mg (61 %) 
of 3i 

PE-EE[c] 
Rf (PE-EE = 2:1) : 0.23 

10 410 mg (5.00 mmol) of 8a 0.59 mL (5.00 
mmol) of 2a 

577 mg (61 %)[d] 
of 9a 

PE-EE = 20:1 
Rf (PE-EE = 20:1) : 0.26

11 0.79 mL (5.00 mmol) of 8b 0.59 mL (5.00 
mmol) of 2a 

574 mg (43 %)[e] 
of 9b 

PE-EE = 20:1 
Rf (PE-EE = 20:1) : 0.32

 

[a] After addition of 1.1 equiv of TBAF (1 M in THF) to the reaction mixture and stirring at room 

temperature for 5 min. the product 3a was obtained. 

[b] The chromatographic purification was performed on the SP1 purification system of Biotage 

using a SNAP-cartridge (silica gel, 50 g). The TLC-method was applied using PE-EE gradient. 

[c] The chromatographic purification was performed on the SP1 purification system of Biotage 

using a SNAP-cartridge (silica gel, 100 g). The TLC-method was applied using PE-EE gradient. 

[d] The decarbonylative alkynylation step was carried out for 2 d. 

[e] The decarbonylative alkynylation step was carried out overnight. 
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2.1. 1-(1H-Indol-3-yl)hept-2-yn-1-one (3a) 

 

C15H15NO 

225.29 

 

479 m (43 % yield) as a yellow solid. Mp. 108-109 °C. 1H NMR (DMSO-d6, 500 MHz): 0.93 (t, 

J = 7.3 Hz, 3 H), 1.45 (sext, J = 7.3 Hz, 2 H), 1.59 (quint, J = 7.3 Hz, 2 H), 2.50 (t, J = 7.3 Hz, 2 

H), 7.19-7.27 (m, 2 H), 7.51 (d, J = 8.2 Hz, 1 H), 8.13 (dd, J = 7.6 Hz, J = 0.6 Hz, 1 H), 8.22 (d, J 

= 3.2 Hz, 1 H), 12.2 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz): 13.4 (CH3), 17.8 (CH2), 

21.5 (CH2), 29.5 (CH2), 80.3 (Cquat), 90.6 (Cquat), 112.5 (CH), 118.2 (Cquat), 121.0 (CH), 122.2 

(CH), 123.3 (CH), 124.7 (Cquat), 136.9 (CH), 136.9 (Cquat), 171.0 (Cquat). EI + MS (m/z (%)): 225 

(M+, 100), 196 ((M-C2H5)
+, 29), 183 ((M-C3H7+H)+, 48), 168 ((M-C4H9)

+, 20), 154 (57), 144 

(C9H6NO+, 32), 127 (14), 117 (C8H7N
+, 20), 89 (10). IR (KBr): 3214 (s) cm-1, 2953 (m), 2215 

(m), 1592 (m), 1568 (s), 1519 (m), 1491 (w), 1456 (m), 1422 (s), 1382 (m), 1315 (m), 1229 (m), 

1188 (w), 1123 (w), 1090 (w), 1050 (w), 1011 (w), 992 (w), 902 (w), 886 (w), 861 (w), 768 (w), 

756 (m), 732 (w), 675 (w), 623 (w), 577 (w), 517 (w). Anal. calcd. for C15H15NO (225.3) : C 

79.97, H 6.71, N 6.22. Found: C 79.82, H 6.79, N 6.19. 
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2.2. 1-(1-Benzyl-1H-indol-3-yl)hept-2-yn-1-one (3b) 

 

N

O

 

C22H21NO 

315.41 

 

1.17 g (74 % yield) as a yellow solid. Mp. 84-85 °C. 1H NMR (CDCl3, 300 MHz): 0.94 (t, J = 7.5 

Hz, 3 H), 1.47 (sext, J = 8.3 Hz, 2 H), 1.62 (quint, J = 8.3 Hz, 2 H), 2.44 (t, J = 7.5 Hz, 2 H), 5.35 

(s, 2 H), 7.13-7.39 (m, 8 H), 7.90 (s, 1 H), 8.38-8.44 (m, 1 H). 13C NMR (CDCl3, 75 MHz): 13.6 

(CH3), 18.7 (CH2), 22.1 (CH2), 30.0 (CH2), 50.9 (CH2), 80.6 (Cquat), 91.0 (Cquat), 110.3 (CH), 

118.9 (Cquat), 122.6 (CH), 123.0 (CH), 123.8 (CH), 126.1 (Cquat), 127.1 (CH), 128.3 (CH), 129.1 

(CH), 135.5 (Cquat), 137.3 (Cquat), 138.1 (CH), 171.8 (Cquat). EI + MS (m/z (%)): 315 (M+, 100), 91 

(C7H7
+, 40). IR (KBr): 3119 (w) cm-1, 2955 (w), 2932 (w), 2870 (w), 2226 (w), 1607 (s), 1576 

(w), 1522 (s), 1495 (s), 1486 (s), 1465 (w), 1453 (m), 1440 (w), 1386 (s), 1360 (w), 1237 (w), 

1184 (s), 1027 (w), 827 (w), 771 (w), 752 (m), 730 (w). UV/Vis (CH2Cl2) max ( ): 258 nm (12900), 

272 (8700), 326 (16900). Anal. calcd. for C22H21NO (315.4) : C 83.78, H 6.71, N 4.44. Found: C 

83.64, H 6.71, N 4.43. 
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2.3. 1-(1-Benzyl-1H-indol-3-yl)-4-methoxybut-2-yn-1-one (3c) 

 

 

C20H17NO2 

303.35 

 

1.00 g (66 % yield) as a brown solid (crystallization from dichloromethane/pentane gave upon 

cooling brown crystals). Mp. 109-111 °C. 1H NMR (CDCl3, 500 MHz): 3.43 (s, 3 H), 4.33 (s, 2 

H), 5.35 (s, 2 H), 7.17 (d, J = 7.3 Hz, 2 H), 7.25-7.37 (m, 6 H), 7.94 (s, 1 H), 8.40 (d, J = 7.6 Hz, 

1 H). 13C NMR (CDCl3, 125 MHz): 51.0 (CH2), 58.1 (CH3), 59.9 (CH2), 84.3 (Cquat), 85.1 (Cquat), 

110.5 (CH), 118.5 (Cquat), 122.6 (CH), 123.3 (CH), 124.1 (CH), 125.9 (Cquat), 127.0 (CH), 128.3 

(CH), 129.1 (CH), 135.3 (Cquat), 137.3 (Cquat), 138.6 (CH), 170.6 (Cquat). EI + MS (m/z (%)): 303 

(M+, 32), 91 (C7H7
+, 100), 65 (C5H5

+, 12). IR (KBr): 3450 (m) cm-1, 3119 (m), 3057 (m), 2989 

(m), 2938 (m), 2822 (m), 2234 (m), 1609 (s), 1528 (s), 1487 (m), 1467 (m), 1453 (m), 1443 (m), 

1392 (s), 1374 (m), 1241 (w), 1190 (s), 1166 (m), 1109 (m), 1029 (w), 952 (w), 871 (m), 750 (m), 

740 (m). UV/Vis (CH2Cl2) max ( ): 268 nm (20800), 282 (17900), 338 (19100). Anal. calcd. for 

C20H17NO2 (303.4) : C 79.19, H 5.65, N 4.62. Found: C 78.90, H 5.48, N 4.72. 
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2.4. 1-(1-Benzyl-1H-indol-3-yl)-3-phenylprop-2-yn-1-one (3d)

 

N

O

 

C24H17NO 

335.40 

 

1.42 g (85 % yield) as a brown solid (recrystallization from hot ethylacetate gave upon cooling 

red crystals). Mp. 160-162 °C. 1H NMR (CDCl3, 500 MHz): 5.38 (s, 2 H), 7.16-7.20 (m, 2 H), 

7.25-7.46 (m, 9 H), 7.59-7.63 (m, 2 H), 8.02 (s, 1 H), 8.46 (dt, J = 7.6 Hz, J = 0.9 Hz, 1 H). 13C 

NMR (CDCl3, 125 MHz): 51.0 (CH2), 87.9 (Cquat), 87.9 (Cquat), 110.5 (CH), 118.9 (Cquat), 120.7 

(Cquat), 122.6 (CH), 123.2 (CH), 124.0 (CH), 126.1 (Cquat), 127.1 (CH), 128.3 (CH), 128.6 (CH), 

129.1 (CH), 130.1 (CH), 132.7 (CH), 135.4 (Cquat), 137.3 (Cquat), 138.2 (CH), 171.3 (Cquat). EI + 

MS (m/z (%)): 335 (M+, 6), 307 ((M-CO)+, 1), 216 ((M-CO-C7H7)
+, 3), 129 (C9H5O

+, 6), 91 (C7H7
+, 

100), 65 (C5H5
+, 100). IR (KBr): 3431 (m) cm-1, 3109 (w), 3060 (w), 3032 (w), 2226 (m), 2195 

(m), 1600 (s), 1521 (s), 1490 (m), 1461 (m), 1446 (m), 1389 (s), 1338 (w), 1275 (w), 1254 (w), 

1174 (s), 1064 (m), 949 (m), 795 (w), 752 (s), 732 (m), 693 (m). UV/Vis (CH2Cl2) max ( ): 268 

nm (20800), 282 (17900), 338 (19100). Anal. calcd. for C24H17NO (335.4) : C 85.95, H 5.11, N 

4.18. Found: C 85.78, H 5.11, N 4.04. 
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2.5. 1-(1-Benzyl-1H-indol-3-yl)-3-(trimethylsilyl)prop-2-yn-1-one (3e)

 

 

C21H21NOSi 

331.48 

 

1.27 g (76 % yield) as a brown oil (crystallization from dichloromethane/pentane gave upon 

cooling pale yellow crystals). Mp. 128-129 °C. 1H NMR (CDCl3, 300 MHz): 0.27 (s, 9 H), 5.36 

(s, 2 H), 7.15-7.40 (m, 8 H), 7.89 (s, 1 H), 8.37-8.43 (m, 1 H). 13C NMR (CDCl3, 75 MHz): -0.6 

(CH3), 51.0 (CH2), 94.4 (Cquat), 102.4 (Cquat), 110.4 (CH), 118.6 (Cquat), 122.6 (CH), 123.1 (CH), 

124.0 (CH), 126.0 (Cquat), 127.2 (CH), 128.4 (CH), 129.1 (CH), 135.2 (Cquat), 137.4 (Cquat), 138.4 

(CH), 170.9 (Cquat). EI + MS (m/z (%)): 331 (M+, 100), 316 ((M-CH3)
+, 6), 288 ((M-CH3-CO)+, 9), 

91 (C7H7
+, 40). IR (KBr): 3109 (w) cm-1, 3032 (w), 2961 (w), 2903 (w), 2161 (w), 1606 (s), 

1576 (m), 1522 (s), 1485 (m), 1464 (m), 1455 (m), 1441 (m), 1385 (s), 1358 (m), 1252 (m), 

1177 (s), 1150 (m), 1068 (m), 956 (s), 856 (s), 848 (s), 771 (m), 762 (s), 753 (s), 740 (m). 

UV/Vis (CH2Cl2) max ( ): 260 nm (13500), 274 (9500), 334 (17800), 340 (16000). Anal. calcd. for 

C21H21NOSi (331.5) : C 76.09, H 6.39, N 4.23. Found: C 76.15, H 6.46, N 4.24. 
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2.6. 1-(1-Methyl-1H-indol-3-yl)-3-(trimethylsilyl)prop-2-yn-1-one (3f) 

 

C15H17NOSi 

255.39 

 

819 mg (64 % yield) as a pale yellow solid (crystallization from dichloromethane/pentane gave 

upon cooling pale yellow needles). Mp. 103-104 °C. 1H NMR (CDCl3, 500 MHz): 0.31 (s, 9 H), 

3.86 (s, 3 H), 7.28-7.35 (m, 3 H), 7.85 (s, 1 H), 8.35-8.40 (m, 1 H). 13C NMR (CDCl3, 125 MHz):

-0.5 (CH3), 33.7 (CH3), 94.1 (Cquat), 102.4 (Cquat), 109.8 (CH), 118.1 (Cquat), 122.5 (CH), 123.0 

(CH), 123.9 (CH), 125.7 (Cquat), 137.8 (Cquat), 139.1 (CH), 170.8 (Cquat). EI + MS (m/z (%)): 255 

(M+, 100), 240 ((M-CH3)
+, 26), 212 ((M-CH3-CO)+, 71), 158 ((M-C5H9Si)+, 60), 139 (12), 130 

(C9H8N
+, 14), 120 (17), 103 (20), 77 (16). IR (KBr): 3443 (m) cm-1, 3115 (m), 3055 (m), 2963 

(m), 2900 (m), 2151 (w), 1678 (w), 1606 (s), 1576 (m), 1527 (s), 1485 (m), 1465 (s), 1423 (w), 

1392 (m), 1375 (s), 1336 (m), 1252 (s), 1212 (s), 1167 (w), 1149 (m), 1127 (m), 1089 (s), 1050 

(m), 1011 (w), 952 (s), 859 (s), 768 (s), 741 (s), 709 (w), 633 (w), 617 (w), 571 (w). Anal. calcd. 

for C15H17NOSi (255.4) : C 70.54, H 6.71, N 5.48. Found: C 70.38, H 6.73, N 5.25. 
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2.7. 1-(1-(Triisopropylsilyl)-1H-indol-3-yl)hept-2-yn-1-one (3g) 

 

N

Si

O

C24H35NOSi 

381.63 

 

855 mg (45 % yield) as an orange oil. 1H NMR (CDCl3, 500 MHz): 0.98 (t, J = 7.6 Hz, 3 H), 

1.18 (d, J = 7.6 Hz, 18 H), 1.54 (sext, J = 7.6 Hz, 2 H), 1.66 (quint, J = 7.6 Hz, 2 H), 1.73 (sept, J 

= 7.6 Hz, 3 H), 2.49 (t, J = 6.9 Hz, 2 H), 7.23-7.26 (m, 1 H), 7.28 (td, J = 7.3 Hz, J = 1.3 Hz, 1 H), 

7.50 (d, J = 8.2 Hz, 1 H), 8.08 (s, 1 H), 8.38-8.42 (m, 1 H). 13C NMR (CDCl3, 125 MHz): 12.7 

(CH3), 17.7 (CH), 18.0 (CH3), 18.7 (CH2), 22.1 (CH2), 30.1 (CH2), 80.8 (Cquat), 90.8 (Cquat), 114.1 

(CH), 121.8 (Cquat), 122.3 (CH), 122.7 (CH), 123.4 (CH), 128.0 (Cquat), 141.7 (Cquat), 142.7 (CH), 

172.2 (Cquat). EI + MS (m/z (%)): 382 (M+, 1), 225 ((M-C9H21Si+H)+, 38), 196 (16), 183 (31), 167 

(24), 154 (100), 139 (12), 131 (22), 127 (39), 116 (36), 103 (21), 89 (52), 75 (59), 61 (30), 41 

(69). IR (KBr): 3160 (m) cm-1, 2953 (m), 2931 (m), 2869 (m), 2215 (m), 1592 (s), 1569 (s), 

1519 (s), 1492 (m), 1456 (m), 1422 (s), 1382 (m), 1314 (m), 1229 (s), 1189 (m), 1123 (m), 1011 

(w), 992 (w), 902 (w), 889 (w), 861 (m), 769 (m), 755 (s), 732 (m), 675 (w), 623 (w), 577 (w), 

516 (w). Anal. calcd. for C24H35NOSi (381.6) : C 75.53, H 9.24, N 3.67. Found: C 75.41, H 9.46, 

N 3.44. 
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2.8. 1-(1-Benzyl-1H-pyrrolo[2,3-b]pyridin-3-yl)hept-2-yn-1-one (3h) 

 

N N

O

 

C21H20N2O 

316.40 

 

990 mg (63 % yield) as an orange oil. 1H NMR (CDCl3, 500 MHz): 0.93 (t, J = 7.3 Hz, 3 H), 

1.45 (sext, J = 7.6 Hz, 2 H), 1.60 (quint, J = 7.3 Hz, 2 H), 2.43 (t, J = 7.3 Hz, 2 H), 5.53 (s, 2 H), 

7.25-7.38 (m, 6 H), 7.96 (s, 1 H), 8.42 (d, J = 4.7 Hz, 1 H), 8.63 (d, J = 7.9 Hz, 1 H). 13C NMR 

(CDCl3, 125 MHz): 13.5 (CH3), 18.7 (CH2), 22.0 (CH2), 29.9 (CH2), 48.5 (CH2), 80.1 (Cquat), 

92.0 (Cquat), 117.1 (Cquat), 118.3 (Cquat), 119.0 (CH), 127.8 (CH), 128.2 (CH), 129.0 (CH), 130.8 

(CH), 136.1 (Cquat), 137.0 (CH), 144.9 (CH), 148.4 (Cquat), 171.7 (Cquat). EI + MS (m/z (%)): 317 

((M+H)+, 28), 288 ((M-CO)+, 3), 207 (C14H11N2
+, 20), 91 (C7H7

+, 100), 65 (C5H5
+, 17). IR (KBr): 

3103 (w) cm-1, 3057 (w), 3032 (w), 2959 (m), 2933 (m), 2872 (m), 2213 (m), 1614 (s), 1574 (m), 

1523 (s), 1445 (m), 1425 (m), 1395 (m), 1359 (w), 1305 (m), 1255 (m), 1237 (m), 1179 (s), 1117 

(m), 1028 (w), 890 (s), 867 (s), 835 (m), 801 (m), 779 (m), 737 (m), 699 (m), 634 (m), 576 (s). 

Anal. calcd. for C21H20N2O (316.4) : C 79.72, H 6.37, N 8.85. Found: C 79.54, H 6.38, N 8.80. 
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2.9. 1-(1-Methyl-1H-pyrrolo[2,3-b]pyridin-3-yl)-3-phenylprop-2-yn-1-one (3i) 

 

C17H12N2O 

260.29 

 

793 mg (61 % yield) as an orange solid. Mp. 107-108 °C. 1H NMR (CDCl3, 500 MHz): 3.98 (s, 

3 H), 7.25-7.29 (m, 1 H), 7.38-7.43 (m, 2 H), 7.43-7.49 (m, 1 H), 7.64-7.68 (m, 2 H), 8.12 (s, 1 

H), 8.42 (dd, J = 4.7 Hz, J = 1.6 Hz, 1 H), 8.64 (dd, J = 7.9 Hz, J = 1.6 Hz, 1 H). 13C NMR 

(CDCl3, 125 MHz): 32.3 (CH3), 87.5 (Cquat), 88.7 (Cquat), 116.8 (Cquat), 118.5 (Cquat), 119.1 

(CH), 120.7 (Cquat), 128.8 (CH), 130.5 (CH), 130.9 (CH), 132.9 (CH), 138.6 (CH), 145.1 (CH), 

148.7 (Cquat), 171.3 (Cquat). EI + MS (m/z (%)): 260 (M+, 72), 232 ((M-CO)+, 100), 231 ((M-CO-

H)+, 91), 159 (C9H7N2O
+, 21), 131 (15), 129 (23), 116 (14). IR (KBr): 3449 (m) cm-1, 2198 (m), 

1609 (s), 1572 (w), 1524 (m), 1491 (w), 1446 (s), 1406 (w), 1380 (w), 1304 (w), 1274 (w), 1120 

(w), 1086 (m), 948 (m), 801 (w), 772 (w), 729 (w), 693 (w). Anal. calcd. for C17H12N2O (260.3) : 

C 78.44, H 4.65, N 10.76. Found: C 78.21, H 4.44, N 10.87. 
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2.10. 1-(1-Methyl-1H-pyrrol-2-yl)hept-2-yn-1-one (9a) 

 

N O

C12H15NO 

189.25 

 

577 mg (61 % yield) as an orange oil. 1H NMR (CDCl3, 500 MHz): 0.95 (t, J = 7.3 Hz, 3 H), 

1.44-1.53 (m, 2 H), 1.58-1.65 (m, 2 H), 2.43 (t, J = 7.3 Hz, 2 H), 3.93 (s, 3 H), 6.15 (dd, J = 4.1 

Hz, J = 2.5 Hz, 1 H), 6.83 (t, J = 2.2 Hz, 1 H), 7.15 (dd, J = 4.1 Hz, J = 1.9 Hz, 1 H). 13C NMR 

(CDCl3, 125 MHz): 13.5 (CH3), 18.7 (CH2), 22.0 (CH2), 29.9 (CH2), 37.3 (CH3), 80.2 (Cquat), 

91.8 (Cquat), 108.8 (CH), 123.5 (CH), 132.1 (CH), 132.3 (Cquat), 167.4 (Cquat). EI + MS (m/z (%)): 

189 (M+, 22), 160 ((M-C2H5)
+, 28), 147 ((M-C3H7+H)+, 53), 146 ((M-C3H7)

+, 52), 132 ((M-C4H9)
+, 

17), 121 (15), 120 (58), 119 (C7H5NO+, 19), 118 ((M-C4H9-CH3)
+, 87), 117 (33), 108 (C6H6NO+, 

31), 104 (17), 94 (41), 91 (24), 81 (50), 80 (34), 79 (34), 78 (27), 77 (24), 67 (17), 66 (16), 65 

(C4H3N
+, 29), 55 (13), 54 (11), 53 (C3HO+, 88), 52 (21), 51 (27), 43 (24), 42 (38), 41 (C2H3N

+, 

47), 39 (C3H3
+, 100). IR (Film): 3109 (w) cm-1, 2959 (s), 2873 (m), 2251 (m), 2207 (s), 1614 

(s), 1525 (m), 1464 (m), 1403 (s), 1328 (m), 1243 (s), 1122 (m), 1090 (w), 1056 (m), 1021 (w), 

982 (w), 960 (w), 906 (m), 868 (m), 832 (m), 737 (s), 706 (w), 605 (w). Anal. calcd. for 

C12H15NO (189.3) : C 76.16, H 7.99, N 7.40. Found: C 75.97, H 7.95, N 7.35. 
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2.11. 1-(1-Benzyl-1H-pyrrol-2-yl)hept-2-yn-1-one (9b) 

 

N O

C18H19NO 

265.35 

 

574 mg (43 % yield) as an orange oil. 1H NMR (CDCl3, 500 MHz): 0.94 (t, J = 7.6 Hz, 3 H), 

1.47 (sext, J = 7.6 Hz, 2 H), 1.60 (quint, J = 7.3 Hz, 2 H), 2.41 (t, J = 7.3 Hz, 2 H), 5.57 (s, 2 H), 

6.19-6.22 (m, 1 H), 6.91-6.94 (m, 1 H), 7.13 (d, J = 7.6 Hz, 2 H), 7.21-7.23 (m, 1 H), 7.23-7.31 

(m, 3 H). 13C NMR (CDCl3, 125 MHz): 13.5 (CH3), 18.7 (CH2), 22.0 (CH2), 29.9 (CH2), 52.4 

(CH2), 80.3 (Cquat), 91.9 (Cquat), 109.4 (CH), 124.2 (CH), 127.3 (CH), 127.6 (CH), 128.6 (CH), 

131.5 (CH), 131.7 (Cquat), 137.7 (Cquat), 167.2 (Cquat). EI + MS (m/z (%)): 265 (M+, 3), 236 ((M-

C2H5)
+, 2), 223 ((M-C3H7+H)+, 11), 222 ((M-C3H7)

+, 9), 196 (43), 129 (14), 94 (C5H4NO+, 25), 91 

(C7H7
+, 100), 65 (C4H3N

+, 21), 53 (C3HO+, 3), 41 (6). IR (Film): 3108 (w) cm-1, 3065 (w), 3032 

(w), 2958 (m), 2932 (m), 2872 (m), 2240 (m), 2206 (m), 1614 (s), 1524 (m), 1496 (w), 1466 (m), 

1455 (m), 1402 (s), 1358 (m), 1335 (s), 1252 (m), 1237 (s), 1199 (w), 1117 (s), 1080 (m), 1027 

(w), 982 (w), 959 (w), 906 (m), 867 (m), 832 (m), 737 (s), 694 (m), 645 (w), 607 (w), 570 (w). 

Anal. calcd. for C18H19NO (265.4): C 81.47, H 7.22, N 5.28. Found: C 81.43, H 7.11, N 5.02. 
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3. Synthesis of 2-Amino Pyrimidines 11 

 

 

 

In a screw-cap vessel 1.00 mmol of the alkynone 3 or 9 was dissolved under nitrogen in 2-

methoxyethanol (5 mL). Then, potassium carbonate (346 mg, 2.50 mmol) and guanidinium hydrochloride 

(10) (239 mg, 2.50 mmol) were added and the mixture was stirred at 120°C over night. Then, saturated 

brine (20 mL) was added and the mixture was extracted with dichloromethane (5 x 20 mL, monitored by 

TLC). The combined organic layers were dried with anhydrous sodium sulfate. After removal of the 

solvents in vacuo the residue was absorbed onto celite and chromatographed on silica gel with 

dichloromethane/methanol/aqueous ammonia (For experimental details see Table 2). 



19

 

Table 2. Experimental details of the synthesis of 2-amino pyrimidines 11. 

Entry Ynone 3 or 9 Guanidinium 
hydrochloride (10)

2-Amino pyrimidine 11 
(isolated yield %) 

Chromatographic purification 
(eluent) 

1 290 mg (1.29 
mmol) of 3a 

308 mg (3.23 
mmol) 

277 mg (81 %) of 11a DCM-MeOH-NH3 = 100:1:1 
 100:2:1  100:3:1  
100:4:1  100:5:1 

2 315 mg (1.00 
mmol) of 3b 

239 mg (2.50 
mmol) 

305 mg (86 %) of 11b DCM  DCM-MeOH-NH3 = 
100:1:1 

3 303 mg (1.00 
mmol) of 3c 

239 mg (2.50 
mmol) 

304 mg (88 %) of 11c DCM-MeOH-NH3 = 100:1:1 

4 335 mg (1.00 
mmol) of 3d 

239 mg (2.50 
mmol) 

310 mg (82 %) of 11d DCM-MeOH-NH3 = 200:1:1 
 100:1:1 

5 658 mg (1.99 
mmol) of 3e 

473 mg (4.95 
mmol) 

527 mg (88 %) of 11e DCM  DCM-MeOH-NH3 = 
200:1:1  100:1:1 

6 255 mg (1.00 
mmol) of 3f 

239 mg (2.50 
mmol) 

153 mg (68 %) of 11f DCM-MeOH-NH3 = 100:1:1 

7 672 mg (1.76 
mmol) of 3g 

420 mg (4.40 
mmol) 

321 mg (68 %) of 11a DCM-MeOH-NH3 = 100:1:1 
 100:3:1 

8 907 mg (2.87 
mmol) of 3h 

685 mg (7.17 
mmol) 

826 mg (81 %) of 11g DCM  DCM-MeOH-NH3 = 
200:1:1  100:1:1 

9 260 mg (1.00 
mmol) of 3i 

239 mg (2.50 
mmol) 

258 mg (86 %) of 11h DCM-MeOH-NH3 = 100:1:1 

10 503 mg (2.66 
mmol) of 9a 

635 mg (6.64 
mmol) 

566 mg (92 %) of 11i DCM  DCM-MeOH-NH3 = 
100:1:1 

11 356 mg (1.34 
mmol) of 3k 

320 mg (3.35 
mmol) 

384 mg (94 %) of 9j DCM  DCM-MeOH-NH3 = 
100:1:1 
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3.1. 4-Butyl-6-(1H-indol-3-yl)pyrimid-2-yl-amine (11a) 

 

 

C16H18N4 

266.34 

 

277 mg (81 % yield from 3a) as a yellow solid. From 3g the same procedure gave 321 mg 

(68 % yield) as a yellow solid. Mp. 153-158 °C. 1H NMR (DMSO-d6, 500 MHz): 0.91 (t, J = 7.3 

Hz, 3 H), 1.35 (sext, J = 7.3 Hz, 2 H), 1.66 (quint, J = 7.6 Hz, 2 H), 2.50 (t, J = 7.6 Hz, 2 H), 6.37 

(s, 2 H, NH2), 6.94 (s, 1 H), 7.10-7.15 (m, 1 H), 7.15-7.20 (m, 1 H), 7.45 (d, J = 7.9 Hz, 1 H), 

8.19 (d, J = 2.8 Hz, 1 H), 8.60 (d, J = 7.9 Hz, 1 H), 11.6 (br, 1H, NH). 13C NMR (DMSO-d6, 125 

MHz): 13.9 (CH3), 22.0 (CH2), 30.6 (CH2), 36.9 (CH2), 103.9 (CH), 111.8 (CH), 114.0 (Cquat), 

120.2 (CH), 121.9 (CH), 122.4 (CH), 125.5 (Cquat), 127.9 (CH), 137.0 (Cquat), 162.7 (Cquat), 163.6 

(Cquat), 169.8 (Cquat). EI + MS (m/z (%)): 266 (M+, 9), 224 ((M-C3H7+H)+, 100). IR (KBr): 3486 

(m) cm-1, 3296 (m), 3127 (m), 2950 (m), 2928 (m), 2861 (m), 1754 (w), 1636 (m), 1575 (s), 1535 

(s), 1493 (m), 1456 (m), 1430 (m), 1340 (w), 1319 (w), 1279 (w), 1246 (w), 1215 (m), 1175 (w), 

1133 (m), 1110 (w), 1011 (w), 967 (w), 934 (w), 829 (w), 797 (w), 743 (m), 616 (w), 537 (w). 

Anal. calcd. for C16H18N4 (266.3) : C 72.15, H 6.81, N 21.04. Found: C 71.99, H 6.79, N 21.08. 
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3.2. 4-(1-Benzyl-1H-indol-3-yl)-6-butylpyrimid-2-yl-amine (11b) 

 

 

C23H24N4 

356.46 

 

305 mg (86 % yield) as a pale yellow solid. Mp. 174-175 °C. 1H NMR (CDCl3, 300 MHz): 0.95 

(t, J = 7.5 Hz, 3 H), 1.42 (sext, J = 7.5 Hz, 2 H), 1.72 (quint, J = 7.5 Hz, 2 H), 2.60 (t, J = 7.5 Hz, 

2 H), 5.05 (s, 2 H, NH2), 5.35 (s, 2 H), 6.89 (s, 1 H), 7.11-7.18 (m, 2 H), 7.18-7.35 (m, 6 H), 7.84 

(s, 1 H), 8.33-8.40 (m, 1 H). 13C NMR (CDCl3, 75 MHz): 14.0 (CH3), 22.6 (CH2), 31.2 (CH2), 

37.8 (CH2), 50.5 (CH2), 106.4 (CH), 110.3 (CH), 114.8 (Cquat), 121.2 (CH), 121.7 (CH), 122.6 

(CH), 126.3 (Cquat), 126.9 (CH), 127.9 (CH), 128.9 (CH), 130.3 (CH), 136.5 (Cquat), 137.4 (Cquat), 

162.5 (Cquat), 163.1 (Cquat), 171.4 (Cquat). EI + MS (m/z (%)): 356 (M+, 27), 341 ((M-CH3)
+, 3), 

268 ((M-C2H5)
+, 7), 314 ((M-C3H7+H)+, 100), 223 ((M-C3H7+H-C7H7)

+, 5), 91 (C7H7
+, 14). IR 

(KBr): 3463 (s) cm-1, 3442 (s), 2956 (w), 2927 (w), 2860 (w), 1645 (m), 1628 (m), 1577 (s), 

1521 (m), 1469 (m), 1456 (w), 1385 (m), 1175 (w), 743 (m). UV/Vis (CH2Cl2) max ( ): 246 nm 

(14200), 264 (10100), 290 (9100), 328 (23500), 340 (18300). Anal. calcd. for C23H24N4 (356.5) : 

C 77.50, H 6.79, N 15.72. Found: C 77.45, H 6.75, N 15.77. 
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3.3. 4-(1-Benzyl-1H-indol-3-yl)-6-(methoxymethyl)pyrimid-2-yl-amine (11c) 

 

N

N

N O

H2N

 

C21H20N4O 

344.41 

 

304 mg (88 % yield) as a pale yellow solid. Mp. 183-188 °C. 1H NMR (CDCl3, 500 MHz): 3.51 

(s, 3 H), 4.40 (s, 2 H), 5.1 (br, 2 H, NH2), 5.35 (s, 2 H), 7.11 (s, 1 H), 7.13-7.17 (m, 2 H), 7.22-

7.33 (m, 6 H), 7.87 (s, 1 H), 8.43-8.46 (m, 1 H). 13C NMR (CDCl3, 125 MHz): 50.5 (CH2), 59.0 

(CH3), 74.6 (CH2), 104.0 (CH), 110.2 (CH), 114.6 (Cquat), 121.4 (CH), 122.1 (CH), 122.7 (CH), 

126.3 (Cquat), 126.9 (CH), 128.0 (CH), 128.9 (CH), 130.6 (CH), 136.4 (Cquat), 137.5 (Cquat), 162.9 

(Cquat), 163.4 (Cquat), 167.3 (Cquat). EI + MS (m/z (%)): 344 (M+, 43), 314 (M-OCH3+H)+, 85), 223 

((M-OCH3-C7H7)
+, 15), 91 (C7H7

+, 100), 65 (C5H5
+, 14), 58 (22), 43 (68). IR (KBr): 3460 (m) 

cm-1, 3299 (m), 3170 (m), 2925 (w), 2819 (w), 1591 (s), 1546 (s), 1496 (w), 1473 (m), 1454 (m), 

1429 (m), 1410 (m), 1389 (m), 1359 (w), 1304 (w), 1231 (w), 1199 (m), 1187 (m), 1130 (m), 

1040 (w), 959 (w), 846 (w), 826 (w), 790 (w), 752 (m), 738 (m), 697 (w), 633 (w), 573 (w). Anal. 

calcd. for C21H20N4O (344.4) : C 73.23, H 5.85, N 16.27. Found: C 72.99, H 5.87, N 16.42. 
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3.4. 4-(1-Benzyl-1H-indol-3-yl)-6-phenylpyrimid-2-yl-amine (11d) 

 

 

C25H20N4 

376.45 

 

310 mg (82 % yield) as a yellow solid (crystallization from dichloromethane/pentane gave citric 

yellow crystals). Mp. 171-173 °C. 1H NMR (CDCl3, 500 MHz): 5.16 (s, 2 H, NH2), 5.37 (s, 2 H), 

7.16 (d, J = 7.3 Hz, 2 H), 7.23-7.35 (m, 6 H), 7.43 (s, 1 H), 7.44-7.52 (m, 3 H), 7.92 (s, 1 H), 

8.03-8.07 (m, 2 H), 8.43 (d, J = 7.3 Hz, 1 H). 13C NMR (CDCl3, 125 MHz): 50.5 (CH2), 104.0 

(CH), 110.4 (CH), 114.9 (Cquat), 121.4 (CH), 121.8 (CH), 122.7 (CH), 126.3 (Cquat), 126.9 (CH), 

127.0 (CH), 127.9 (CH), 128.7 (CH), 128.9 (CH), 130.1 (CH), 130.4 (CH), 136.5 (Cquat), 137.5 

(Cquat), 138.1 (Cquat), 163.2 (Cquat), 163.4 (Cquat), 165.2 (Cquat). EI + MS (m/z (%)): 376 (M+, 100), 

285 ((M-C7H7)
+, 8), 91 (C7H7

+, 87). IR (KBr): 3482 (w) cm-1, 3324 (m), 3184 (m), 3055 (w), 

1653 (m), 1566 (s), 1510 (s), 1468 (m), 1439 (m), 1403 (m), 1379 (m), 1357 (w), 1316 (m), 1233 

(m), 1180 (m), 1068 (w), 1029 (w), 917 (w), 824 (w), 772 (m), 736 (m), 697 (m), 630 (m). Anal. 

calcd. for C25H20N4 (376.5) : C 79.76, H 5.35, N 14.88. Found: C 79.71, H 5.18, N 14.86. 
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3.5. 4-(1-Benzyl-1H-indol-3-yl)pyrimid-2-yl-amine (11e) 

 

C19H16N4 

300.36 

527 mg (88 % yield) as a pale yellow solid (recrystallization from hot ethylacetate gave upon 

cooling a colorless solid). Mp. 174-175 °C (Lit.[5]: 162-164 °C). 1H NMR (CDCl3, 500 MHz):

5.08 (s, 2 H, NH2), 5.34 (s, 2 H), 6.97 (dd, J = 5.4 Hz, J = 0.6 Hz, 1 H), 7.14 (d, J = 7.3 Hz, 2 H), 

7.22-7.31 (m, 6 H), 7.83 (s, 1 H), 8.22 (dd, J = 5.4 Hz, J = 0.6 Hz, 1 H), 8.39 (d, J = 7.6 Hz, 1 H). 
13C NMR (CDCl3, 125 MHz): 50.5 (CH2), 107.5 (CH), 110.3 (CH), 114.5 (Cquat), 121.4 (CH), 

121.8 (CH), 122.8 (CH), 126.2 (Cquat), 126.9 (CH), 128.0 (CH), 128.9 (CH), 130.5 (CH), 136.4 

(Cquat), 137.5 (Cquat), 157.6 (CH), 162.7 (Cquat), 163.1 (Cquat). EI + MS (m/z (%)): 300 (M+, 100), 

91 (C7H7
+, 89), 65 (C5H5

+, 9). IR (KBr): 3457 (w) cm-1, 3299 (w), 3154 (w), 1624 (m), 1574 (s), 

1534 (m), 1455 (s), 1331 (w), 1244 (w), 1221 (w), 1184 (m), 1097 (w), 885 (w), 812 (w), 743 (m), 

698 (w), 631 (w), 572 (w). Anal. calcd. for C19H16N4 (300.3) : C 75.98, H 5.37, N 18.65. Found: 

C 75.97, H 5.37, N 18.44. 

 

NMR spectra of 11e in acetone-d6 and DMSO-d6 are in agreement with N-benzyl meridianin 
G[5]:  
 
1H NMR (acetone-d6, 500 MHz): 5.52 (s, 2 H), 5.9 (brs, 2 H, NH2), 7.03 (d, J = 5.4 Hz, 1 H), 
7.14-7.21 (m, 2 H), 7.25-7.30 (m, 3 H), 7.30-7.35 (m, 2 H), 7.44-7.47 (m, 1 H), 8.15 (d, J = 5.4 
Hz, 1 H), 8.22 (s, 1 H), 8.60-8.63 (m, 1 H). 13C NMR (acetone-d6, 125 MHz): 50.9 (CH2), 106.9 
(CH), 111.4 (CH), 115.2 (Cquat), 121.7 (CH), 123.3 (CH), 123.7 (CH), 127.6 (Cquat), 128.0 (CH), 
128.6 (CH), 129.6 (CH), 132.0 (CH), 138.4 (Cquat), 138.6 (Cquat), 158.3 (CH), 163.7 (Cquat), 165.0 
(Cquat). 
 
1H NMR (DMSO-d6, 500 MHz): 5.49 (s, 2 H), 6.45 (s, 2 H, NH2), 6.98 (d, J = 5.4 Hz, 1 H), 
7.13-7.21 (m, 2 H), 7.24-7.30 (m, 3 H), 7.30-7.35 (m, 2 H), 7.52 (d, J = 7.6 Hz, 1 H), 8.13 (d, J = 
5.4 Hz, 1 H), 8.37 (s, 1 H), 8.57-8.61 (m, 1 H). 13C NMR (DMSO-d6, 125 MHz): 49.5 (CH2), 
105.3 (CH), 110.7 (CH), 113.4 (Cquat), 120.7 (CH), 122.2 (CH), 122.6 (CH), 126.0 (Cquat), 127.2 
(CH), 127.6 (CH), 128.6 (CH), 131.6 (CH), 136.9 (Cquat), 137.5 (Cquat), 157.2 (CH), 162.1 (Cquat), 
163.5 (Cquat). 
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3.6. 4-(1-Methyl-1H-indol-3-yl)pyrimid-2-yl-amine (11f) 

 

 

C13H12N4 

224.26 

 

153 mg (68 % yield) as a colorless solid. Mp. 216-219 °C. 1H NMR (DMSO-d6, 500 MHz): 3.85 

(s, 3 H), 6.42 (s, 2 H, NH2), 6.94 (d, J = 5.4 Hz, 1 H), 7.15-7.19 (m, 1 H), 7.22-7.26 (m, 1 H), 

7.50 (d, J = 8.2 Hz, 1 H), 8.11 (d, J = 5.4 Hz, 1 H), 8.18 (s, 1 H), 8.59 (d, J = 7.9 Hz, 1 H). 13C 

NMR (DMSO-d6, 125 MHz): 32.8 (CH3), 105.0 (CH), 110.1 (CH), 112.5 (Cquat), 120.4 (CH), 

121.9 (CH), 122.4 (CH), 125.6 (Cquat), 132.0 (CH), 137.4 (Cquat), 157.0 (CH), 162.1 (Cquat), 163.4 

(Cquat). EI + MS (m/z (%)): 224 (M+, 100), 183 (86), 172 (14), 168 (16), 155 (34), 139 (35), 127 

(16), 118 (15), 113 (20), 101 (15), 91 (12), 77 (31), 63 (20), 51 (13), 42 (40). IR (KBr): 3455 

(m) cm-1, 3292 (w), 3158 (w), 1625 (m), 1575 (s), 1536 (s), 1480 (m), 1458 (s), 1419 (w), 1372 

(m), 1327 (w), 1235 (w), 1219 (m), 1155 (w), 1129 (w), 1106 (w), 1017 (w), 886 (w), 816 (w), 

743 (m), 677 (w), 567 (w). Anal. calcd. for C13H12N4 (224.3) : C 69.62, H 5.39, N 24.98. Found: 

C 69.53, H 5.56, N 25.11. 
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3.7. 4-(1-Benzyl-1H-pyrrolo[2,3-b]pyridin-3-yl)-6-butylpyrimid-2-yl-amine (11g) 

 

 

C22H23N5 

357.45 

 

826 mg (81 % yield) as a yellow solid (crystallization from dichloromethane/pentane gave upon 

cooling citric yellow crystals). Mp. 133-135 °C. 1H NMR (CDCl3, 500 MHz): 0.95 (t, J = 7.3 Hz, 

3 H), 1.41 (sext, J = 7.6 Hz, 2 H), 1.70 (quint, J = 7.6 Hz, 2 H), 2.58 (t, J = 7.9 Hz, 2 H), 5.05 (s, 

2 H, NH2), 5.54 (s, 2 H), 6.79 (s, 1 H), 7.22 (dd, J = 7.9 Hz, J = 4.7 Hz, 1 H), 7.24-7.35 (m, 5 H), 

7.87 (s, 1 H), 8.41 (d, J = 4.4 Hz, 1 H), 8.68 (d, J = 7.9 Hz, 1 H). 13C NMR (CDCl3, 125 MHz): 

13.9 (CH3), 22.6 (CH2), 31.1 (CH2), 37.8 (CH2), 48.1 (CH2), 105.9 (CH), 113.2 (Cquat), 117.4 

(CH), 118.5 (Cquat), 127.6 (CH), 127.9 (CH), 128.8 (CH), 129.2 (CH), 130.4 (CH), 137.0 (Cquat), 

143.9 (CH), 148.5 (Cquat), 162.0 (Cquat), 163.1 (Cquat), 171.6 (Cquat). EI + MS (m/z (%)): 357 (M+, 

17), 315 ((M-C3H7+H)+, 100), 91 (C7H7
+, 40), 56 (C5H5

+, 5). IR (KBr): 3484 (m) cm-1, 3296 (m), 

3154 (m), 2955 (m), 2926 (m), 2858 (w), 1632 (m), 1579 (s), 1540 (s), 1468 (m), 1455 (m), 1422 

(m), 1392 (m), 1358 (w), 1296 (w), 1227 (w), 1186 (w), 1131 (w), 812 (w), 777 (w), 728 (w), 697 

(w), 620 (w). Anal. calcd. for C22H23N5 (357.5) : C 73.92, H 6.49, N 19.59. Found: C 73.95, H 

6.65, N 19.51. 
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3.8. 4-(1-Methyl-1H-pyrrolo[2,3-b]pyridin-3-yl)-6-phenylpyrimid-2-yl-amine (11h) 

 

 

C18H15N5 

301.35 

 

258 mg (86 % yield) as a yellow solid (crystallization from dichloromethane/methanol gave 

yellow crystals). Mp. 186 °C. 1H NMR (DMSO-d6, 500 MHz): 3.93 (s, 3 H), 6.63 (s, 2 H, NH2), 

7.26 (dd, J = 7.9 Hz, J = 4.7 Hz, 1 H), 7.49-7.56 (m, 3 H), 7.63 (s, 1 H), 8.17-8.21 (m, 2 H), 8.37 

(dd, J = 4.7 Hz, J = 1.6 Hz, 1 H), 8.63 (s, 1 H), 9.01 (dd, J = 7.9 Hz, J = 1.6 Hz, 1 H). 13C NMR 

(DMSO-d6, 125 MHz): 31.3 (CH3), 100.6 (CH), 111.6 (Cquat), 116.9 (CH), 118.3 (Cquat), 126.7 

(CH), 128.5 (CH), 130.1 (CH), 131.1 (CH), 132.3 (CH), 137.7 (Cquat), 143.3 (CH), 148.2 (Cquat), 

162.9 (Cquat), 163.2 (Cquat), 163.9 (Cquat). EI + MS (m/z (%)): 301 (M+, 100), 224 ((M-C6H5)
+, 1), 

155 ((C10H7N2)
+, 12), 131 ((C8H7N2)

+, 19). IR (KBr): 3488 (w) cm-1, 3296 (w), 3180 (w), 1624 

(m), 1573 (s), 1534 (s), 1478 (m), 1453 (w), 1419 (w), 1391 (m), 1304 (w), 1222 (w), 1130 (w), 

923 (w), 820 (w), 768 (m), 733 (w), 700 (w), 646 (w), 590 (w), 548 (w). Anal. calcd. for C18H15N5 

(301.4) : C 71.74, H 5.02, N 23.24. Found: C 71.73, H 5.20, N 22.95. 
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3.9. 4-Butyl-6-(1-methyl-1H-pyrrol-2-yl)pyrimid-2-yl-amine (11i) 

 

N N

N

NH2

C13H18N4 

230.31 

 

566 mg (92 % yield) as a yellow solid. Mp. 78-79 °C. 1H NMR (CDCl3, 500 MHz): 0.94 (t, J = 

7.6 Hz, 3 H), 1.39 (sext, J = 7.6 Hz, 2 H), 1.67 (sept, J = 7.6 Hz, 2 H), 2.55 (t, J = 7.9 Hz, 2 H), 

4.00 (s, 3 H), 5.07 (s, 2 H, NH2), 6.16 (dd, J = 3.8 Hz, J = 2.8 Hz, 1 H), 6.70-6.74 (m, 3 H). 13C 

NMR (CDCl3, 125 MHz): 13.9 (CH3), 22.5 (CH2), 31.1 (CH2), 37.5 (CH3), 37.7 (CH2), 106.7 

(CH), 108.0 (CH), 113.1 (CH), 128.1 (CH), 130.2 (Cquat), 159.8 (Cquat), 162.6 (Cquat), 171.3 

(Cquat). EI + MS (m/z (%)): 230 (M+, 5), 201 ((M-C2H5)
+, 8), 188 ((M-C3H7+H)+, 100), 145 

(C8H7N3
+, 6), 106 (11), 105 (17), 104 (11), 80 (C4H4N2

+, 12), 78 (C4H2N2
+, 10), 43 (C3H7

+, 32), 

42 (14), 41 (C2H3N
+, 13). IR (KBr): 3482 (m) cm-1, 3292 (w), 3151 (w), 2952 (w), 2859 (w), 

1627 (m), 1584 (s), 1560 (w), 1544 (m), 1490 (w), 1450 (w), 1418 (w), 1383 (w), 1323 (w), 1235 

(w), 1145 (w), 1093 (w), 1070 (w), 832 (w), 791 (w), 723 (m), 683 (w), 607 (w), 548 (w). Anal. 

calcd. for C13H18N4 (230.3) : C 67.80, H 7.88, N 24.33. Found: C 67.66, H 8.00, N 24.07. 
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3.10. 4-(1-Benzyl-1H-pyrrol-2-yl)-6-butylpyrimid-2-yl-amine (11j) 

 

N N

N

NH2

C19H22N4 

306.40 

 

384 mg (94 % yield) as a yellow solid. Mp. 90 °C. 1H NMR (CDCl3, 500 MHz): 0.92 (t, J = 7.3 

Hz, 3 H), 1.37 (sext, J = 7.6 Hz, 2 H), 1.60-1.67 (m, 2 H), 2.49-2.54 (m, 2 H), 4.88 (s, 2 H, NH2), 

5.76 (s, 2 H), 6.23 (dd, J = 3.8 Hz, J = 2.5 Hz, 1 H), 6.70 (s, 1 H), 6.79 (dd, J = 3.8 Hz, J = 1.9 

Hz, 1 H), 6.82 (dd, J = 2.5 Hz, J = 1.9 Hz, 1 H), 7.03-7.07 (m, 2 H), 7.17-7.22 (m, 1 H), 7.23-

7.28 (m, 2 H). 13C NMR (CDCl3, 125 MHz): 13.9 (CH3), 22.5 (CH2), 31.0 (CH2), 37.7 (CH2), 

52.4 (CH2), 106.7 (CH), 108.7 (CH), 113.5 (CH), 126.6 (CH), 127.1 (CH), 127.7 (CH), 128.5 

(CH), 129.8 (Cquat), 139.4 (Cquat), 159.6 (Cquat), 162.4 (Cquat), 171.3 (Cquat). EI + MS (m/z (%)): 

306 (M+, 8), 264 ((M-C3H7+H)+, 17), 229 (18), 187 (9), 156 (C3H10N
+

, 12), 91 (C7H7
+, 100), 86 

(12), 84 (22), 51 (13), 49 (50), 47 (10). IR (KBr): 3481 (m) cm-1, 3290 (w), 3143 (m), 2957 (w), 

2930 (w), 2870 (w), 1629 (m), 1578 (s), 1543 (s), 1482 (m), 1453 (m), 1437 (m), 1422 (m), 1414 

(m), 1389 (w), 1359 (m), 1283 (w), 1230 (w), 1139 (w), 1088 (m), 1033 (w), 970 (w), 907 (w), 

847 (w), 827 (w), 782 (w), 726 (s), 692 (w), 642 (w), 618 (w), 564 (w). Anal. calcd. for C19H22N4 

(306.4) : C 74.48, H 7.24, N 18.29. Found: C 74.29, H 7.18, N 18.45. 
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4. 1H and 13C MNR Spectra of Compounds 3a-i, 9a-b, and 11a-j 

 

 
1H NMR of 3a in DMSO-d6 at 298 K (  in ppm). 
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13C NMR of 3a in DMSO-d6 at 298 K (  in ppm). 

 

 
13C DEPT 135-NMR of 3a in DMSO-d6 at 298 K (  in ppm). 
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1H NMR of 3b in CDCl3 at 298 K (  in ppm). 
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13C NMR of 3b in CDCl3 at 298 K (  in ppm). 

 

 
13C DEPT 135-NMR of 3b in CDCl3 at 297 K (  in ppm). 
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1H NMR of 3c in CDCl3 at 297 K (  in ppm). 
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13C NMR of 3c in CDCl3 at 297 K (  in ppm). 

 

 
13C DEPT 135-NMR of 3c in CDCl3 at 297 K (  in ppm). 
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1H NMR of 3d in CDCl3 at 297 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 3d in CDCl3 at 297 K (  in ppm). 

 

 
13C DEPT 135-NMR of 3d in CDCl3 at 297 K (  in ppm). 
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1H NMR of 3e in CDCl3 at 297 K (  in ppm). 
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13C NMR of 3e in CDCl3 at 297 K (  in ppm). 

 

 
13C DEPT 135-NMR of 3e in CDCl3 at 297 K (  in ppm). 
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1H NMR of 3f in CDCl3 at 297 K (  in ppm). 
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13C NMR of 3f in CDCl3 at 297 K (  in ppm). 

 

 
13C DEPT 135-NMR of 3f in CDCl3 at 297 K (  in ppm). 
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1H NMR of 3g in CDCl3 at 297 K (  in ppm). *Residual Water in CDCl3. 
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13C NMR of 3g in CDCl3 at 297 K (  in ppm). *Impurities from residual solvents. 

 

 
13C DEPT 135-NMR of 3g in CDCl3 at 297 K (  in ppm). *Impurities from residual 

solvents. 
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1H NMR of 3h in CDCl3 at 297 K (  in ppm). 
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13C NMR of 3h in CDCl3 at 297 K (  in ppm). 

 

 
13C DEPT 135-NMR of 3h in CDCl3 at 297 K (  in ppm). 
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1H NMR of 3i in CDCl3 at 297 K (  in ppm). 
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13C NMR of 3i in CDCl3 at 297 K (  in ppm). 

 

 
13C DEPT 135-NMR of 3i in CDCl3 at 297 K (  in ppm). 
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1H NMR of 9a in CDCl3 at 299 K (  in ppm). 
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13C NMR of 9a in CDCl3 at 300 K (  in ppm). 

 

 

 
13C DEPT 135-NMR of 9a in CDCl3 at 299 K (  in ppm). 
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1H NMR of 9b in CDCl3 at 297 K (  in ppm). *Residual Water in CDCl3. 
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13C NMR of 9b in CDCl3 at 297 K (  in ppm). 

 

 
13C DEPT 135-NMR of 9b in CDCl3 at 297 K (  in ppm). 
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1H NMR of 11a in DMSO-d6 at 297 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 11a in DMSO-d6 at 298 K (  in ppm). 

 

 
13C DEPT 135-NMR of 11a in DMSO-d6 at 298 K (  in ppm). *Impurities from residual 

solvents. 
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1H NMR of 11b in CDCl3 at 300 K (  in ppm). 
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13C NMR of 11b in CDCl3 at 300 K (  in ppm). 

 

 
13C DEPT 135-NMR of 11b in CDCl3 at 300 K (  in ppm). 
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1H NMR of 11c in CDCl3 at 297 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 11c in CDCl3 at 298 K (  in ppm). 

 

 
13C DEPT 135-NMR of 11c in CDCl3 at 298 K (  in ppm). 
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1H NMR of 11d in CDCl3 at 296 K (  in ppm). 
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13C NMR of 11d in CDCl3 at 297 K (  in ppm). 

 

 
13C DEPT 135-NMR of 11d in CDCl3 at 297 K (  in ppm). 
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1H NMR of 11e in CDCl3 at 297 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 11e in CDCl3 at 297 K (  in ppm). 

 

 
13C DEPT-135 NMR of 11e in CDCl3 at 297 K (  in ppm). 
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1H NMR of 11e in DMSO-d6 at 298 K (  in ppm). 
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13C NMR of 11e in DMSO-d6 at 298 K (  in ppm). 

 

 
13C DEPT 135-NMR of 11e in DMSO-d6 at 298 K (  in ppm). 
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1H NMR of 11e in acetone-d6 at 298 K (  in ppm). 
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13C NMR of 11e in acetone-d6 at 298 K (  in ppm). 

 

 
13C DEPT 135-NMR of 11e in acetone-d6 at 298 K (  in ppm). 
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1H NMR of 11f in DMSO-d6 at 298 K (  in ppm). 
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13C NMR of 11f in DMSO-d6 at 298 K (  in ppm). 

 

 
13C DEPT 135-NMR of 11f in DMSO-d6 at 298 K (  in ppm). 
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1H NMR of 11g in CDCl3 at 296 K (  in ppm). 
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13C NMR of 11g in CDCl3 at 297 K (  in ppm). 

 

 
13C DEPT 135-NMR of 11g in CDCl3 at 297 K (  in ppm). 
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1H NMR of 11h in DMSO-d6 at 297 K (  in ppm). *Impurities from residual solvents. 
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13C NMR of 11h in DMSO-d6 at 298 K (  in ppm). *Impurities from residual solvents. 

 

 
13C DEPT 135-NMR of 11h in CDCl3 at 297 K (  in ppm). 
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1H NMR of 11i in CDCl3 at 298 K (  in ppm). 
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13C NMR of 11i in CDCl3 at 298 K (  in ppm). 

 

 

 
13C DEPT 135-NMR of 11i in CDCl3 at 298 K (  in ppm). 
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1H NMR of 11j in CDCl3 at 297 K (  in ppm). *Impurities from residual solvents. 



75

 

 
13C NMR of 11j in CDCl3 at 297 K (  in ppm). 

 

 
13C DEPT 135-NMR of 11j in CDCl3 at 297 K (  in ppm). 
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5. Crystallographic Data of Compounds 3b and 11b 

 

Table 3. Crystal data and structure refinement for 1-(1-Benzyl-1H-indol-3-yl)hept-2-yn-

1-one (3b).  

 
 
 Empirical formula C22H21NO  
 Formula weight 315.40  
 Temperature 200(2) K  
 Wavelength 0.71073 Å  
 Crystal system monoclinic  
 Space group P21/n  
 Z 4  
 Unit cell dimensions a =  12.616(1) Å  = 90.0 deg.  
  b = 7.4046(9) Å  = 104.449(3) deg.  
  c =  19.386(2) Å  = 90.0 deg.  
 Volume 1753.8(4) Å3  
 Density (calculated) 1.20 g/cm3  
 Absorption coefficient 0.07 mm-1  
 Crystal shape irregular  
 Crystal size 0.27 x 0.07 x 0.05 mm3  
 Crystal color colorless  
 Theta range for data collection 1.8 to 22.5 deg.  
 Index ranges -13 h 13, -7 k 7, -20 l 20  
 Reflections collected 10845  
 Independent reflections 2278 (R(int) = 0.0456)  
 Observed reflections 1771 (I >2 (I))  
 Absorption correction Semi-empirical from equivalents  
 Max. and min. transmission 1.00 and 0.98  
 Refinement method Full-matrix least-squares on F2  
 Data/restraints/parameters 2278 / 0 / 301  
 Goodness-of-fit on F2 1.06  
 Final R indices (I>2 (I)) R1 = 0.039, wR2 = 0.083  
 Largest diff. peak and hole 0.12 and -0.14 eÅ-3  
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Table 4. Atomic coordinates and equivalent isotropic displacement parameters (Å2) for 

3b. Ueq is defined as one third of the trace of the orthogonalized Uij tensor. 

 
 Atom x y z Ueq  

 
 O21 0.0616(1) 0.0165(2) 0.6613(1) 0.0493(4)  
 N1 0.2650(1) 0.1526(2) 0.8863(1) 0.0375(4)  
 C2 0.2745(2) 0.1268(2) 0.8191(1) 0.0362(5)  
 C3 0.1741(2) 0.0931(2) 0.7736(1) 0.0317(5)  
 C4 0.0959(2) 0.0996(2) 0.8163(1) 0.0324(5)  
 C5 -0.0176(2) 0.0781(3) 0.8021(1) 0.0389(5)  
 C6 -0.0675(2) 0.1002(3) 0.8571(1) 0.0460(6)  
 C7 -0.0069(2) 0.1418(3) 0.9256(1) 0.0483(6)  
 C8 0.1047(2) 0.1617(3) 0.9414(1) 0.0435(6)  
 C9 0.1550(2) 0.1401(2) 0.8860(1) 0.0343(5)  
 C10 0.3539(2) 0.2034(3) 0.9475(1) 0.0473(6)  
 C11 0.3659(2) 0.0773(3) 1.0102(1) 0.0391(5)  
 C12 0.3411(2) -0.1046(3) 1.0018(1) 0.0490(6)  
 C13 0.3539(2) -0.2160(4) 1.0604(1) 0.0571(7)  
 C14 0.3924(2) -0.1475(4) 1.1277(1) 0.0593(7)  
 C15 0.4189(2) 0.0317(4) 1.1367(1) 0.0570(7)  
 C16 0.4054(2) 0.1443(3) 1.0783(1) 0.0473(6)  
 C21 0.1524(2) 0.0607(2) 0.6981(1) 0.0358(5)  
 C22 0.2431(2) 0.0850(3) 0.6654(1) 0.0397(5)  
 C23 0.3160(2) 0.1095(3) 0.6368(1) 0.0397(5)  
 C24 0.4078(2) 0.1378(3) 0.6046(1) 0.0421(5)  
 C25 0.5175(2) 0.0923(3) 0.6553(1) 0.0404(5)  
 C26 0.6123(2) 0.1108(3) 0.6209(1) 0.0478(6)  
 C27 0.7214(2) 0.0733(4) 0.6724(2) 0.0660(7)  
 H2 0.3439(16) 0.130(2) 0.8091(9) 0.037(5)  
 H5 -0.0597(15) 0.047(2) 0.7551(10) 0.036(5)  
 H6 -0.1462(18) 0.086(2) 0.8480(10) 0.051(6)  
 H7 -0.0425(16) 0.159(3) 0.9629(11) 0.050(6)  
 H8 0.1470(14) 0.188(2) 0.9882(10) 0.039(5)  
 H10A 0.3378(16) 0.329(3) 0.9628(10) 0.056(6)  
 H10B 0.4208(17) 0.206(3) 0.9305(10) 0.054(6)  
 H12 0.3165(16) -0.151(3) 0.9555(12) 0.054(6)  
 H13 0.3339(17) -0.342(3) 1.0522(11) 0.064(7)  
 H14 0.4005(17) -0.228(3) 1.1669(12) 0.067(7)  
 H15 0.4447(17) 0.083(3) 1.1835(12) 0.062(7)  
 H16 0.4260(15) 0.271(3) 1.0844(10) 0.050(6)  
 H24A 0.3950(15) 0.060(3) 0.5595(11) 0.056(6)  
 H24B 0.4088(15) 0.266(3) 0.5877(10) 0.053(6)  
 H25A 0.5159(14) -0.033(3) 0.6731(9) 0.042(5)  
 H25B 0.5274(14) 0.173(2) 0.6990(10) 0.041(5)  
 H26A 0.6024(16) 0.026(3) 0.5795(11) 0.052(6)  
 H26B 0.6116(14) 0.239(3) 0.6003(9) 0.047(6)  
 H27A 0.718(2) -0.053(4) 0.6904(14) 0.090(9)  
 H27B 0.734(2) 0.166(4) 0.7118(15) 0.100(10)  
 H27C 0.785(2) 0.080(3) 0.6476(13) 0.082(8)  
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Table 5. Hydrogen coordinates and isotropic displacement parameters (Å2) for 3b. 

 
 Atom x y z Ueq  

 
 H2 0.3439(16) 0.130(2) 0.8091(9) 0.037(5)  
 H5 -0.0597(15) 0.047(2) 0.7551(10) 0.036(5)  
 H6 -0.1462(18) 0.086(2) 0.8480(10) 0.051(6)  
 H7 -0.0425(16) 0.159(3) 0.9629(11) 0.050(6)  
 H8 0.1470(14) 0.188(2) 0.9882(10) 0.039(5)  
 H10A 0.3378(16) 0.329(3) 0.9628(10) 0.056(6)  
 H10B 0.4208(17) 0.206(3) 0.9305(10) 0.054(6)  
 H12 0.3165(16) -0.151(3) 0.9555(12) 0.054(6)  
 H13 0.3339(17) -0.342(3) 1.0522(11) 0.064(7)  
 H14 0.4005(17) -0.228(3) 1.1669(12) 0.067(7)  
 H15 0.4447(17) 0.083(3) 1.1835(12) 0.062(7)  
 H16 0.4260(15) 0.271(3) 1.0844(10) 0.050(6)  
 H24A 0.3950(15) 0.060(3) 0.5595(11) 0.056(6)  
 H24B 0.4088(15) 0.266(3) 0.5877(10) 0.053(6)  
 H25A 0.5159(14) -0.033(3) 0.6731(9) 0.042(5)  
 H25B 0.5274(14) 0.173(2) 0.6990(10) 0.041(5)  
 H26A 0.6024(16) 0.026(3) 0.5795(11) 0.052(6)  
 H26B 0.6116(14) 0.239(3) 0.6003(9) 0.047(6)  
 H27A 0.718(2) -0.053(4) 0.6904(14) 0.090(9)  
 H27B 0.734(2) 0.166(4) 0.7118(15) 0.100(10)  
 H27C 0.785(2) 0.080(3) 0.6476(13) 0.082(8)  
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Table 6. Anisotropic displacement parameters (Å2) for 3b. The anisotropic displacement 

factor exponent takes the form: -2 pi2 (h2 a*2 U11 + ... + 2 h k a* b* U12). 

 
 Atom U11 U22 U33 U23 U13 U12  

 
 O21 0.0430(10) 0.0589(10) 0.0406(9) -0.0080(7) 0.0002(7) 0.0000(7)  
 N1 0.0402(11) 0.0426(10) 0.0272(10) 0.0017(7) 0.0038(8) -0.0076(8)  
 C2 0.0378(14) 0.0375(12) 0.0335(13) 0.0033(9) 0.0092(11) -0.0003(9)  
 C3 0.0346(12) 0.0311(11) 0.0274(11) 0.0009(8) 0.0039(9) 0.0019(8)  
 C4 0.0366(13) 0.0260(11) 0.0348(12) 0.0026(8) 0.0092(10) 0.0020(9)  
 C5 0.0381(14) 0.0327(12) 0.0443(14) 0.0022(9) 0.0074(12) 0.0017(9)  
 C6 0.0426(15) 0.0391(13) 0.0608(17) 0.0090(10) 0.0211(13) 0.0045(10)  
 C7 0.0649(18) 0.0395(14) 0.0494(15) 0.0085(10) 0.0311(14) 0.0078(11)  
 C8 0.0577(16) 0.0395(13) 0.0346(13) 0.0027(10) 0.0141(12) -0.0008(10)  
 C9 0.0427(13) 0.0295(11) 0.0313(12) 0.0031(8) 0.0103(10) -0.0014(9)  
 C10 0.0508(16) 0.0506(16) 0.0346(13) -0.0002(11) -0.0004(11) -0.0156(12)  
 C11 0.0377(13) 0.0445(14) 0.0321(12) 0.0003(9) 0.0033(9) -0.0029(9)  
 C12 0.0543(15) 0.0501(15) 0.0374(14) -0.0009(11) 0.0017(11) -0.0037(11)  
 C13 0.0644(17) 0.0474(16) 0.0532(17) 0.0069(13) 0.0029(12) -0.0040(12)  
 C14 0.0635(17) 0.0672(19) 0.0451(16) 0.0176(14) 0.0094(12) 0.0071(13)  
 C15 0.0673(17) 0.0672(18) 0.0320(15) -0.0019(12) 0.0039(12) 0.0080(13)  
 C16 0.0549(15) 0.0464(15) 0.0355(13) -0.0045(11) 0.0013(10) 0.0003(11)  
 C21 0.0402(14) 0.0287(12) 0.0363(12) -0.0004(9) 0.0053(11) 0.0050(9)  
 C22 0.0472(14) 0.0401(13) 0.0299(12) -0.0001(9) 0.0059(11) 0.0061(10)  
 C23 0.0502(14) 0.0361(12) 0.0309(12) 0.0011(9) 0.0067(11) 0.0068(10)  
 C24 0.0529(15) 0.0406(14) 0.0350(13) 0.0029(10) 0.0152(11) 0.0034(10)  
 C25 0.0526(15) 0.0344(14) 0.0357(13) 0.0022(10) 0.0137(11) 0.0017(10)  
 C26 0.0544(16) 0.0453(15) 0.0465(14) -0.0005(12) 0.0181(12) -0.0031(11)  
 C27 0.0494(17) 0.075(2) 0.074(2) 0.0022(16) 0.0156(15) -0.0014(14)  
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Table 7. Bond lengths (Å) and angles (deg) for 3b. 

 
 O21-C21 1.233(2)  
 N1-C2 1.350(2)  
 N1-C9 1.390(2)  
 N1-C10 1.464(2)  
 C2-C3 1.373(3)  
 C2-H2 0.943(19)  
 C3-C4 1.437(3)  
 C3-C21 1.442(3)  
 C4-C5 1.399(3)  
 C4-C9 1.405(3)  
 C5-C6 1.376(3)  
 C5-H5 0.961(18)  
 C6-C7 1.392(3)  
 C6-H6 0.97(2)  
 C7-C8 1.372(3)  
 C7-H7 0.95(2)  
 C8-C9 1.385(3)  
 C8-H8 0.951(18)  
 C10-C11 1.511(3)  
 C10-H10A 1.01(2)  
 C10-H10B 0.98(2)  
 C11-C16 1.381(3)  
 C11-C12 1.383(3)  
 C12-C13 1.380(3)  
 C12-H12 0.94(2)  
 C13-C14 1.372(3)  
 C13-H13 0.97(2)  
 C14-C15 1.370(3)  
 C14-H14 0.95(2)  
 C15-C16 1.382(3)  
 C15-H15 0.96(2)  
 C16-H16 0.97(2)  
 C21-C22 1.451(3)  
 C22-C23 1.199(3)  
 C23-C24 1.462(3)  
 C24-C25 1.521(3)  
 C24-H24A 1.03(2)  
 C24-H24B 1.00(2)  
 C25-C26 1.513(3)  
 C25-H25A 0.99(2)  
 C25-H25B 1.019(19)  
 C26-C27 1.511(3)  
 C26-H26A 1.00(2)  
 C26-H26B 1.03(2)  
 C27-H27A 1.00(3)  
 C27-H27B 1.01(3)  
 C27-H27C 1.03(3)  
 C2-N1-C9 108.40(16)  
 C2-N1-C10 125.72(18)  
 C9-N1-C10 125.61(17)  
 N1-C2-C3 110.84(18)  
 N1-C2-H2 120.3(11)  
 C3-C2-H2 128.8(11)  
 C2-C3-C4 106.27(17)  
 C2-C3-C21 126.41(18)  
 C4-C3-C21 127.32(18)  
 C5-C4-C9 119.00(18)  
 C5-C4-C3 134.41(18)  
 C9-C4-C3 106.57(17)  
 C6-C5-C4 118.6(2)  

 C6-C5-H5 120.8(11)  
 C4-C5-H5 120.6(11)  
 C5-C6-C7 121.1(2)  
 C5-C6-H6 119.5(12)  
 C7-C6-H6 119.3(12)  
 C8-C7-C6 121.7(2)  
 C8-C7-H7 118.0(12)  
 C6-C7-H7 120.3(12)  
 C7-C8-C9 117.3(2)  
 C7-C8-H8 122.3(11)  
 C9-C8-H8 120.4(11)  
 C8-C9-N1 129.78(18)  
 C8-C9-C4 122.33(19)  
 N1-C9-C4 107.89(16)  
 N1-C10-C11 113.36(17)  
 N1-C10-H10A 107.8(11)  
 C11-C10-H10A 108.4(11)  
 N1-C10-H10B 106.4(12)  
 C11-C10-H10B 111.1(12)  
 H10A-C10-H10B 109.7(17)  
 C16-C11-C12 118.65(19)  
 C16-C11-C10 119.15(19)  
 C12-C11-C10 122.17(18)  
 C13-C12-C11 120.6(2)  
 C13-C12-H12 120.9(13)  
 C11-C12-H12 118.5(13)  
 C14-C13-C12 120.2(3)  
 C14-C13-H13 121.8(13)  
 C12-C13-H13 118.0(13)  
 C15-C14-C13 119.8(2)  
 C15-C14-H14 122.2(13)  
 C13-C14-H14 118.0(13)  
 C14-C15-C16 120.2(2)  
 C14-C15-H15 121.3(13)  
 C16-C15-H15 118.4(13)  
 C11-C16-C15 120.5(2)  
 C11-C16-H16 119.0(11)  
 C15-C16-H16 120.5(11)  
 O21-C21-C3 123.00(18)  
 O21-C21-C22 120.09(17)  
 C3-C21-C22 116.91(18)  
 C23-C22-C21 177.7(2)  
 C22-C23-C24 177.8(2)  
 C23-C24-C25 112.53(17)  
 C23-C24-H24A 108.1(11)  
 C25-C24-H24A 110.6(11)  
 C23-C24-H24B 110.5(11)  
 C25-C24-H24B 109.6(11)  
 H24A-C24-H24B 105.3(15)  
 C26-C25-C24 112.80(17)  
 C26-C25-H25A 109.0(11)  
 C24-C25-H25A 109.7(11)  
 C26-C25-H25B 111.5(10)  
 C24-C25-H25B 108.0(10)  
 H25A-C25-H25B 105.5(15)  
 C27-C26-C25 112.5(2)  
 C27-C26-H26A 109.0(11)  
 C25-C26-H26A 110.0(12)  
 C27-C26-H26B 110.2(10)  
 C25-C26-H26B 108.9(10)  
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 H26A-C26-H26B 106.1(15)  
 C26-C27-H27A 107.1(15)  
 C26-C27-H27B 108.6(15)  
 H27A-C27-H27B 112(2)  
 C26-C27-H27C 111.5(14)  
 H27A-C27-H27C 108(2)  
 H27B-C27-H27C 109(2)  
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Figure 1. X-ray analysis of compound 3b. 
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Table 8. Crystal data and structure refinement for 4-(1-Benzyl-1H-indol-3-yl)-6-

butylpyrimid-2-yl-amine (11b). 

 
 Empirical formula C23H24N4  
 Formula weight 356.46  
 Temperature 200(2) K  
 Wavelength 0.71073 Å  
 Crystal system triclinic  

 Space group P 1  
 Z 2  
 Unit cell dimensions a = 6.4203(3) Å  = 98.244(1) deg. 
  b =  10.0329(4) Å  = 91.059(1) deg. 
  c =  15.2326(7) Å  = 90.533(1) deg. 
 Volume 970.82(7) Å3  
 Density (calculated) 1.22 g/cm3  
 Absorption coefficient 0.07 mm-1  
 Crystal shape polyhedron  
 Crystal size 0.50 x 0.14 x 0.10 mm3  
 Crystal color colorless  
 Theta range for data collection 2.0 to 27.5 deg.  
 Index ranges -8 h 8, -13 k 12, -19 l 19  
 Reflections collected 9852  
 Independent reflections 4397 (R(int) = 0.0336)  
 Observed reflections 2913 (I >2 (I))  
 Absorption correction Semi-empirical from equivalents  
 Max. and min. transmission 0.99 and 0.96  
 Refinement method Full-matrix least-squares on F2  
 Data/restraints/parameters 4397 / 0 / 254  
 Goodness-of-fit on F2 1.02  
 Final R indices (I>2 (I)) R1 = 0.048, wR2 = 0.101  
 Largest diff. peak and hole 0.24 and -0.17 eÅ-3  
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Table 9. Atomic coordinates and equivalent isotropic displacement parameters (Å2) for 

11b. Ueq is defined as one third of the trace of the orthogonalized Uij tensor. 

 
 Atom x y z Ueq  

 
 N1 -0.3081(2) -0.2350(1) 0.8412(1) 0.0341(3)  
 C2 -0.2486(2) -0.1462(2) 0.7865(1) 0.0329(4)  
 C3 -0.0675(2) -0.1864(1) 0.7445(1) 0.0295(3)  
 C4 -0.0112(2) -0.3119(1) 0.7751(1) 0.0296(3)  
 C5 -0.1645(2) -0.3374(2) 0.8362(1) 0.0328(4)  
 C6 -0.1578(3) -0.4490(2) 0.8811(1) 0.0424(4)  
 C7 0.0040(3) -0.5373(2) 0.8620(1) 0.0490(5)  
 C8 0.1538(3) -0.5163(2) 0.8000(1) 0.0449(4)  
 C9 0.1484(2) -0.4050(2) 0.7561(1) 0.0356(4)  
 C10 -0.4924(2) -0.2228(2) 0.8961(1) 0.0392(4)  
 C11 -0.4447(2) -0.1956(1) 0.9946(1) 0.0326(4)  
 C12 -0.2609(3) -0.1347(2) 1.0292(1) 0.0440(4)  
 C13 -0.2256(3) -0.1109(2) 1.1202(1) 0.0525(5)  
 C14 -0.3728(3) -0.1473(2) 1.1769(1) 0.0518(5)  
 C15 -0.5560(3) -0.2079(2) 1.1433(1) 0.0508(5)  
 C16 -0.5917(3) -0.2323(2) 1.0523(1) 0.0419(4)  
 C21 0.0471(2) -0.1116(1) 0.6849(1) 0.0282(3)  
 N22 0.2312(2) -0.1620(1) 0.6567(1) 0.0310(3)  
 C23 0.3358(2) -0.0919(2) 0.6020(1) 0.0295(3)  
 N23 0.5194(2) -0.1421(2) 0.5723(1) 0.0392(3)  
 H23A 0.562(3) -0.2164(17) 0.5909(11) 0.046(5)  
 H23B 0.588(2) -0.1084(17) 0.5289(11) 0.047(5)  
 N24 0.2754(2) 0.0241(1) 0.5748(1) 0.0301(3)  
 C25 0.0915(2) 0.0741(1) 0.6050(1) 0.0282(3)  
 C26 -0.0288(2) 0.0077(1) 0.6595(1) 0.0305(3)  
 C27 0.0324(2) 0.2057(1) 0.5752(1) 0.0324(3)  
 C28 -0.1637(2) 0.2725(2) 0.6128(1) 0.0345(4)  
 C29 -0.2092(3) 0.4028(2) 0.5766(1) 0.0410(4)  
 C30 -0.4012(3) 0.4728(2) 0.6171(1) 0.0571(5)  
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Table 10. Hydrogen coordinates and isotropic displacement parameters (Å2) for 11b. 

 
 Atom x y z Ueq  

 
 H2 -0.3224 -0.0671 0.7784 0.039  
 H6 -0.2603 -0.4636 0.9230 0.051  
 H7 0.0137 -0.6141 0.8917 0.059  
 H8 0.2618 -0.5800 0.7877 0.054  
 H9 0.2509 -0.3919 0.7139 0.043  
 H10A -0.5756 -0.3071 0.8831 0.047  
 H10B -0.5788 -0.1487 0.8795 0.047  
 H12 -0.1585 -0.1091 0.9904 0.053  
 H13 -0.0989 -0.0692 1.1434 0.063  
 H14 -0.3480 -0.1306 1.2392 0.062  
 H15 -0.6581 -0.2331 1.1824 0.061  
 H16 -0.7182 -0.2745 1.0293 0.050  
 H23A 0.562(3) -0.2164(17) 0.5909(11) 0.046(5)  
 H23B 0.588(2) -0.1084(17) 0.5289(11) 0.047(5)  
 H26 -0.1599 0.0421 0.6792 0.037  
 H27A 0.0168 0.1905 0.5098 0.039  
 H27B 0.1501 0.2699 0.5903 0.039  
 H28A -0.1486 0.2918 0.6782 0.041  
 H28B -0.2831 0.2095 0.5985 0.041  
 H29A -0.2301 0.3830 0.5114 0.049  
 H29B -0.0874 0.4643 0.5887 0.049  
 H30A -0.5219 0.4117 0.6063 0.086  
 H30B -0.4274 0.5541 0.5900 0.086  
 H30C -0.3780 0.4977 0.6812 0.086  
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Table 11. Anisotropic displacement parameters (Å2) for 11b. The anisotropic 

displacement factor exponent takes the form: -2 pi2 (h2 a*2 U11 + ... + 2 h k a* b* U12). 

 
 Atom U11 U22 U33 U23 U13 U12  

 
 N1 0.0344(7) 0.0402(7) 0.0299(7) 0.0120(6) 0.0077(6) 0.0000(6)  
 C2 0.0361(8) 0.0352(8) 0.0294(8) 0.0115(7) 0.0046(7) 0.0009(7)  
 C3 0.0320(8) 0.0319(8) 0.0257(7) 0.0070(6) 0.0025(6) -0.0012(6)  
 C4 0.0334(8) 0.0302(8) 0.0253(7) 0.0052(6) -0.0001(6) -0.0045(6)  
 C5 0.0385(9) 0.0334(8) 0.0275(8) 0.0074(6) 0.0016(7) -0.0042(7)  
 C6 0.0522(10) 0.0394(9) 0.0386(9) 0.0154(7) 0.0081(8) -0.0042(8)  
 C7 0.0637(12) 0.0364(9) 0.0509(11) 0.0195(8) 0.0031(9) 0.0009(9)  
 C8 0.0513(10) 0.0341(9) 0.0512(10) 0.0124(8) 0.0031(8) 0.0051(8)  
 C9 0.0385(9) 0.0334(8) 0.0352(8) 0.0053(7) 0.0031(7) 0.0006(7)  
 C10 0.0324(8) 0.0541(10) 0.0329(8) 0.0116(7) 0.0082(7) -0.0041(7)  
 C11 0.0367(8) 0.0301(8) 0.0319(8) 0.0070(6) 0.0056(7) 0.0014(7)  
 C12 0.0431(10) 0.0446(10) 0.0441(10) 0.0049(8) 0.0054(8) -0.0050(8)  
 C13 0.0549(11) 0.0501(11) 0.0481(11) -0.0062(9) -0.0073(9) 0.0005(9)  
 C14 0.0744(14) 0.0468(11) 0.0330(9) 0.0009(8) -0.0004(9) 0.0122(10)  
 C15 0.0690(13) 0.0492(11) 0.0360(9) 0.0102(8) 0.0182(9) 0.0035(9)  
 C16 0.0442(10) 0.0464(10) 0.0364(9) 0.0091(7) 0.0106(8) -0.0053(8)  
 C21 0.0287(8) 0.0326(8) 0.0240(7) 0.0062(6) 0.0002(6) -0.0023(6)  
 N22 0.0299(7) 0.0352(7) 0.0299(6) 0.0106(5) 0.0043(5) 0.0010(5)  
 C23 0.0280(8) 0.0349(8) 0.0267(7) 0.0077(6) 0.0014(6) -0.0006(6)  
 N23 0.0311(7) 0.0463(9) 0.0455(8) 0.0224(7) 0.0121(6) 0.0090(6)  
 N24 0.0292(7) 0.0342(7) 0.0285(6) 0.0097(5) 0.0043(5) 0.0003(5)  
 C25 0.0291(8) 0.0324(8) 0.0233(7) 0.0049(6) -0.0001(6) -0.0011(6)  
 C26 0.0291(8) 0.0347(8) 0.0288(8) 0.0074(6) 0.0056(6) 0.0023(6)  
 C27 0.0344(8) 0.0328(8) 0.0319(8) 0.0105(6) 0.0042(7) -0.0009(7)  
 C28 0.0365(9) 0.0353(8) 0.0328(8) 0.0075(7) 0.0053(7) 0.0020(7)  
 C29 0.0435(9) 0.0352(9) 0.0456(10) 0.0100(7) 0.0022(8) 0.0043(7)  
 C30 0.0552(11) 0.0447(11) 0.0711(13) 0.0059(9) 0.0037(10) 0.0152(9)  
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Table 12. Bond lengths (Å) and angles (deg) for 11b. 

 
 N1-C2 1.3613(17)  
 N1-C5 1.3818(19)  
 N1-C10 1.4572(18)  
 C2-C3 1.3735(19)  
 C3-C4 1.4499(19)  
 C3-C21 1.4621(19)  
 C4-C9 1.399(2)  
 C4-C5 1.4136(19)  
 C5-C6 1.393(2)  
 C6-C7 1.380(2)  
 C7-C8 1.396(2)  
 C8-C9 1.382(2)  
 C10-C11 1.512(2)  
 C11-C16 1.383(2)  
 C11-C12 1.384(2)  
 C12-C13 1.386(2)  
 C13-C14 1.374(2)  
 C14-C15 1.375(3)  
 C15-C16 1.388(2)  
 C21-N22 1.3435(18)  
 C21-C26 1.399(2)  
 N22-C23 1.3487(17)  
 C23-N23 1.3465(18)  
 C23-N24 1.3480(18)  
 N24-C25 1.3497(17)  
 C25-C26 1.3796(18)  
 C25-C27 1.5059(19)  
 C27-C28 1.515(2)  
 C28-C29 1.519(2)  
 C29-C30 1.521(2)  
 C2-N1-C5 108.69(12)  
 C2-N1-C10 125.30(13)  
 C5-N1-C10 126.01(12)  
 N1-C2-C3 110.84(13)  
 C2-C3-C4 106.06(12)  
 C2-C3-C21 125.69(13)  
 C4-C3-C21 128.18(13)  
 C9-C4-C5 118.82(13)  
 C9-C4-C3 134.78(13)  
 C5-C4-C3 106.38(13)  
 N1-C5-C6 129.51(14)  
 N1-C5-C4 108.03(12)  
 C6-C5-C4 122.46(15)  
 C7-C6-C5 117.09(15)  
 C6-C7-C8 121.50(15)  
 C9-C8-C7 121.42(16)  
 C8-C9-C4 118.66(14)  
 N1-C10-C11 114.07(12)  
 C16-C11-C12 118.90(14)  
 C16-C11-C10 118.54(14)  
 C12-C11-C10 122.56(13)  
 C11-C12-C13 120.31(16)  
 C14-C13-C12 120.37(17)  
 C13-C14-C15 119.86(16)  
 C14-C15-C16 119.93(16)  
 C11-C16-C15 120.63(16)  
 N22-C21-C26 121.40(12)  
 N22-C21-C3 116.68(13)  
 C26-C21-C3 121.91(13)  
 C21-N22-C23 116.16(12)  
 N23-C23-N24 116.86(13)  

 N23-C23-N22 116.78(13)  
 N24-C23-N22 126.36(13)  
 C23-N24-C25 116.55(11)  
 N24-C25-C26 121.20(13)  
 N24-C25-C27 114.94(12)  
 C26-C25-C27 123.86(13)  
 C25-C26-C21 118.30(13)  
 C25-C27-C28 117.38(12)  
 C27-C28-C29 112.51(12)  
 C28-C29-C30 112.52(14)  
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Figure 2. X-ray analysis of compound 11b. 
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Figure 3. Intermolecular hydrogen bond formation in the crystal of 11b. 
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ABSTRACT

(Hetero)aryl-, alkenyl-, and selected alkyl-substituted acid chlorides can be efficiently coupled with N-Boc-protected propargylamine to produce

ynones which are converted in a one-pot fashion to 2-substituted N-Boc-4-iodopyrroles. Upon addition of a further alkyne, another Sonogashira

coupling can be carried out in a one-pot fashion. This sequentially Pd/Cu-catalyzed process represents a very mild and efficient entry to

2,4-disubstituted N-Boc-pyrroles.

Among five-membered heterocycles, pyrroles are the most

prominent ones1 since they constitute important classes of

natural products,2 synthetic pharmaceuticals,3 and electrically

conducting materials such as polypyrroles.4 Therefore, the

development of new pyrrole syntheses and synthetic strate-

gies has remained an ongoing challenge.5 In particular,

multicomponent approaches have inevitably become increas-

ingly important due to their elegance and practicability.6

Furthermore, the quest for mild synthetic methods for

compounds with unusual substitution patterns such as 2,4-

disubstituted pyrroles has turned out to be nontrivial.7 As

part of our program to develop multicomponent syntheses

of heterocycles initiated by transition-metal catalysis,8 a

strategy based upon alkynones via Sonogashira coupling9

becomes apparent. Here, we communicate a concise, one-

pot synthesis of Boc-protected 2-substituted 4-iodopyrroles

and first examples of sequentially Pd/Cu-catalyzed subse-

quent alkynylations, also in a one-pot fashion.

In the past years, the Sonogashira coupling of acid

chlorides with terminal alkynes using only 1 equiv of

triethylamine has proven to be a very effective tool for the

formation of ynones,10 which can be further reacted with

various nucleophiles in a one-pot fashion,11 opening an entry

to many consecutive multicomponent syntheses of hetero-

| Dedicated to Prof. Dr. Matthias W. Haenel on the occasion of his 65th
birthday.

† Institut für Organische Chemie and Makromolekulare Chemie.
‡ Institut für Anorganische Chemie and Strukturchemie.
§ X-ray structure analysis.
(1) For some recent reviews, see: (a) Fan, H.; Peng, J.; Hamann, M. T.;

Hu, J.-F. Chem. ReV. 2008, 108, 264. (b) Schmuck, C.; Rupprecht, D.
Synthesis 2007, 3095. (c) Walsh, C. T.; Garneau-Tsodikova, S.; Howard-
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cycles.8,9 Most interestingly, the subsequent additions to

alkynones are restricted to not only Brønsted basic conditions

but also Brønsted acid mediated transformations for the one-

pot synthesis of halofurans,12 and oxazoles13 via the inter-

mediacy of propargyl ketone derivatives can be easily

realized as a consequence of the mild reaction conditions of

the Sonogashira coupling (Scheme 1).

Halopyrroles14,15 are valuable synthetic building blocks

for synthetic transformations, and therefore, a multicompo-

nent access would be highly desirable. For the three-

component synthesis of the 4-iodopyrroles with a nitrogen

protecting group, propargyl amides appear to be the most

suitable starting materials. Since the cycloisomerization to

an oxazole under acidic conditions could jeopardize this

endeavor, the choice of the right nitrogen protecting group

plays a key role. The Boc group is a versatile carbamate

protecting group for the pyrrole nitrogen atom, useful for

many transformations on the pyrrole core and easily remov-

able. Therefore, upon reacting toluoyl chloride (1a) and

N-Boc-protected propargylamine (2) under modified Sono-

gashira conditions, the intermediate alkynone 3a16 was

obtained. Without isolation, the concluding addition-cyclo-

condensation furnishes the N-Boc-4-iodo-2-p-tolylpyrrole

(4a) (Scheme 2). The final addition-cyclocondensation step

was optimized for the sequence by variation of the amount

of PTSA · H2O, the added cosolvent, and the reaction time

(5) For some recent syntheses, see: (a) Kim, Y.; Kim, J.; Park, S. B.
Org. Lett. 2009, 11, 17. (b) Lygin, A. V.; Larionov, O. V.; Korotkov, V. S.;
de Meijere, A. Chem.sEur. J. 2009, 15, 227. (c) Wang, Y.-F.; Toh, K. K.;
Chiba, S.; Narasaka, K. Org. Lett. 2008, 10, 5019. (d) Cacchi, S.; Fabrizi,
G.; Filisti, E. Org. Lett. 2008, 10, 2629. (e) Attanasi, O. A.; Favi, G.;
Filippone, P.; Giorgi, G.; Mantellini, F.; Moscatelli, G.; Spinelli, D. Org.
Lett. 2008, 10, 1983. (f) Chiba, S.; Wang, Y.-F.; Lapointe, G.; Narasaka,
K. Org. Lett. 2008, 10, 313. (g) Zhang, Z.; Zhang, J.; Tan, J.; Wang, Z. J.
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7, 2313. (gg) Larionov, O. V.; de Meijere, A. Angew. Chem., Int. Ed. 2005,
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Scheme 1. Switching Conditions from Brønsted Basic to Brønsted
Acidic Conditions Leading to Coupling-Addition-Cyclocondensation

and Coupling-Cycloisomerization Sequences via Propargyl Ketone
Derivatives

Scheme 2. Optimization of the One-Pot
Coupling-Addition-Cyclocondensation Synthesis of

4-Iodopyrrole 4a
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(Table 1). The best conditions smoothly provided the desired

product 4a in 69% isolated yield within 1 h upon applying

2 equiv of PTSA·H2O and t-BuOH as the alcoholic additive

(entry 4). Interestingly, the yields of 4a were higher than

that of the isolated intermediate ynone 3a.16

With this mild, quick and practical protocol in hand we

set out to screen the scope of this reaction (Scheme 3, Table

2). Upon upscaling to a 5 mmol level, an even higher yield

of the 4-iodopyrrole 4a can be obtained (Table 2, entry 1 vs

Table 1, entry 4). Further upscaling to 30 mmol furnished

compound 4d in 77% isolated yield (73% yield on the 5

mmol scale, Table 2, entry 4). The structures of the

4-iodopyrroles 4 were unambiguously assigned by spectro-

scopic characterization and combustion analysis and later

corroborated by an X-ray crystal structure analysis for

compound 4d (Figure 1).17

The sequence starts with easily accessible starting materials

and gives good yields of 4-iodopyrroles 4, and it is easy to

perform with a simple catalyst system and under mild

conditions.18 It was found to be quite general with respect

to the underlying acid chlorides 1. Aromatic substituents

bearing electroneutral (entry 5), electron-withdrawing (entries

6 and 7), and electron-donating (entries 1-4) substituents

even in the ortho-position (entry 3) are tolerated. Further-

more, heteroaryl (entry 8), alkenyl (entry 9), cyclopropyl

(entry 10), and sterically demanding adamantyl (entry 11)

substituents can be effectively carried through the sequence.

However, for nonaromatic acid chlorides, the reaction times

of coupling were slightly longer than 1 h.

(7) (a) Kiren, S.; Hong, X.; Leverett, C. A.; Padwa, A. Org. Lett. 2009,
11, 1233. (b) Zanatta, N.; Schneider, J. M. F. M.; Schneider, P. H.; Wouters,
A. D.; Bonacorso, H. G.; Martins, M. A. P.; Wessjohann, L. A. J. Org.
Chem. 2006, 71, 6996. (c) Rosenmund, P.; Grübel, K. Angew. Chem. 1968,
80, 702.

(8) D’Souza, D. M.; Müller, T. J. J. Chem. Soc. ReV. 2007, 36, 1095.

(9) (a) Willy, B.; Müller, T. J. J. ARKIVOC 2008, 1, 195. (b) Müller,
T. J. J. Chim. Oggi/Chem. Today 2007, 25, 70. (c) Müller, T. J. J. Targets
Heterocycl. Systems 2006, 10, 54.

(10) (a) Karpov, A. S.; Müller, T. J. J. Org. Lett. 2003, 5, 3451. (b)
D’Souza, D. M.; Müller, T. J. J. Nat. Protoc. 2008, 3, 1660.

(11) (a) Karpov, A. S.; Oeser, T.; Müller, T. J. J. Chem. Commun. 2004,
1502. (b) Karpov, A. S.; Müller, T. J. J. Synthesis 2003, 2815.

Table 1. Optimization of the Final Addition-Cyclocondensation
Step within the One-Pot Three-Component Synthesis of
4-Iodopyrrole 4a

entry

PTSA · H2O

(equiv)

added

cosolvent

reaction

time (h)

4-iodopyrrole 4a

(isolated yield, %)

1 1.0 MeOH 22a 60

2 1.0 t-BuOH 19a 65

3 2.0 t-BuOH 19 70

4 2.0 t-BuOH 1 69

a After 1 h the reaction was not complete according to TLC monitoring.

Scheme 3. One-Pot Three-Component Synthesis of
4-Iodopyrroles 4

Table 2. One-Pot Three-Component Synthesis of 4-Iodopyrroles
4

a All reactions were performed on 5 mmol scale. b The reaction time
for the coupling step was 21 h. c The reaction time for the coupling step
was 3 h.
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The obtained 4-iodopyrroles 4 are highly useful synthetic

building blocks,19 and the first scouting experiments were

performed in the sense of a sequentially Pd/Cu-catalyzed

reaction20 since the catalyst system should be still operative

after the coupling-addition-cyclocondensation sequence.

Therefore, just upon addition of another terminal alkyne 5

to the reaction mixture, N-Boc-2-aryl-4-alkynylpyrroles 6

were obtained in good yields (Scheme 4). The conditions

are sufficiently mild to leave the Boc group uncleaved. In

comparison to the coupling-addition-cyclocondensation-

coupling one-pot synthesis (58% yield), the two-step syn-

thesis of the alkynyl pyrrole 6a furnishes a comparable

overall yield (61%).

In conclusion, we disclose an efficient one-pot three-

component synthesis of 2-substituted N-Boc-4-iodopyrroles

that can easily be upscaled to multigrams, and we also show

preliminary examples of a coupling-addition-cycloconden-

sation-coupling sequence to 4-alkynyl-N-Boc-pyrroles in

good yields. This latter principle appears to be quite general

and further terminating cross-coupling reactions can be easily

envisioned. Studies taking advantage of this versatile one-

pot multicomponent strategy to iodopyrroles as valuable

building blocks for the synthesis of 2,4-disubstituted pyrrole

derivatives are currently underway.
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(18) Typical procedure (4d). PdCl2(PPh3)2 (70 mg, 0.10 mmol) and
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ynylcarbamate (2) (776 mg, 5.00 mmol) were successively added to the
mixture which was then stirred at room temperature for 1 h. Then, sodium
iodide (3.79 g, 25.0 mmol), toluene-4-sulfonic acid monohydrate (1.94 g,
10.0 mmol), and 5 mL of tert-butyl alcohol were successively added to the
mixture, which was stirred at room temperature for 1 h. The reaction mixture
was diluted with 50 mL of brine, the phases were separated, and the aqueous
phase was extracted with dichloromethane (3 × 25 mL). The combined
organic layers were dried with anhydrous sodium sulfate. After removal of
the solvents in vacuo, the residue was absorbed onto Celite and chromato-
graphed on silica gel with petroleum ether (boiling range 40-60 °C)/ethyl
acetate (PE-EE ) 100:1) to give 1.46 g (73%) of analytically pure tert-
butyl 4-iodo-2-(4-methoxyphenyl)-1H-pyrrole-1-carboxylate (4d) as a color-
less solid: mp 71-72 °C; 1H NMR (CDCl3, 500 MHz) δ 1.39 (s, 9 H),
3.82 (s, 3 H), 6.20 (d, J ) 1.9 Hz, 1 H), 6.88 (d, J ) 8.8 Hz, 2 H), 7.24 (d,
J ) 8.8 Hz, 2 H), 7.39 (d, J ) 1.9 Hz, 1 H); 13C NMR (CDCl3, 125 MHz)
δ 27.6 (CH3), 55.3 (CH3), 64.4 (Cquat), 84.2 (Cquat), 113.1 (CH), 120.3 (CH),
125.3 (Cquat), 126.7 (CH), 130.4 (CH), 136.5 (Cquat), 147.9 (Cquat), 159.3
(Cquat); EI + MS ( /z) 399 (M+, 3), 343 ((M - C4H8)

+, 11), 299 ((M -

C5H8O2)
+, 16), 298 ((M - C5H9O2)

+, 13), 171 ((M - C5H9O2I)
+, 6), 156

(12), 128 (11), 57 (C4H9
+, 100), 41 (34); IR (KBr) ν̃ 1734 cm-1, 1511,

1370, 1337, 1293, 1251, 1180, 1151, 1032, 847, 808. Anal. Calcd for
C16H18INO3 (399.2): C, 48.14; H, 4.54; N, 3.51. Found: C, 48.36; H, 4.37;
N, 3.34.

(19) Boc as an electron-withdrawing group allows the 4-iodopyrroles
4, which are notoriously unstable with electron-donating groups at the
pyrrole nitrogen, to be handled. They are storable for months in refrigerator
under argon without decomposition.

(20) (a) For a review, see e.g.: Müller, T. J. J. Top. Organomet. Chem.
2006, 19, 149. (b) For recent examples, see e.g.: Liao, W.-W.; Müller, T. J. J.
Synlett 2006, 3469. (c) See also ref 12b.

Figure 1. ORTEP plot of compound 4d.

Scheme 4. Coupling-Addition-Cyclocondensation-Coupling
Sequence to 4-Alkynyl-N-Boc-pyrroles 6
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1. General Considerations 

 

All cross coupling reactions were carried out in oven-dried Schlenk glassware using septa and 

syringes under nitrogen or argon atmosphere. THF was dried using MBraun system MB-SPS-

800, and triethylamine was refluxed under argon over ketyl sodium, distilled and stored in a 

Schlenk flask over potassium hydroxide pellets under argon atmosphere. Dry methanol was 

purchased by Sigma-Aldrich Chemie GmbH. 

tert-Butyl prop-2-ynylcarbamate (2) was prepared according to literature procedure
1
 but is also 

commercially available by Synthonix. Commercial grade reagents were used as supplied without 

further purification and were purchased from Acros Organics, Sigma-Aldrich Chemie GmbH, 

Fluka AG, ABCR GmBH & Co. KG, Alfa Aesar GmbH & Co. KG, Riedel-de Haën, and Merck 

Serono KGaA.  

The purification of products was performed on silica gel 60 (0.015-0.040 mm) from Merck 

Serono KGaA Darmstadt using flash technique and under pressure of 2 bar. The crude mixtures 

were adsorbed on Celite 545 (0.02-0.10 mm) from Merck Serono KGaA Darmstadt before 

chromatographic purification. 

The reaction progress was monitored qualitatively using TLC Silica gel 60 F254 5 x 7.5 cm 

aluminium sheets obtained by Merck Serono KGaA Darmstadt. The spots were detected with UV 

light at 254 nm and using aqueous potassium permanganate solution.  

1
H, 

13
C, and 135-DEPT NMR spectra were recorded on Bruker DRX 500 spectrometer. TMS 

was used as reference (  = 0.0) or the resonance of the solvent was locked as internal standard 

(CDCl3: 
1
H  7.24, 

13
C  77.2). The multiplicities of signals were abbreviated as follows: s: 

singulett; d: dublett; t: triplett; dd: dublett of dubletts, m: multiplett and br: broad signal. The 

type of carbon atoms was determined on the basis of 135-DEPT NMR spectra. EI mass spectra 

were measured on Finnigan MAT 8200 spectrometer. IR spectra were obtained on Bruker Vector 

22 FT-IR. The solids were measured as KBr pellets and oils as films on KBr plates. The intensity 

of signals is abbreviated as follows: s (strong), m (medium) and w (weak). The melting points 

(uncorrected) were measured on Reichert-Jung Thermovar. Combustion analyses were carried 

out on Perkin Elmer Series II Analyser 2400 in the microanalytical laboratory of Institut für 

Pharmazeutische und Medizinische Chemie der Heinrich-Heine-Universität Düsseldorf. 

X-ray structure was measured on Stoe IPDS. 
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2. Synthesis of Ynones 3 by Modified Sonogashira Coupling 

 

2.1. General Procedure 

 

 

 

PdCl2(PPh3)2 (28 mg, 0.04 mmol) and CuI (16 mg, 0.08 mmol) were placed under argon in a 

screw-cap vessel, which was then dried with a heat gun and cooled to the room temperature. 

Then, 10 mL of dry THF were added and the mixture was degassed with argon. Dry 

triethylamine (0.28 mL, 2.00 mmol), 2.00 mmol of the acid chloride 1 and tert-butyl prop-2-

ynylcarbamate (2) (310 mg, 2.00 mmol) were successively added to the mixture which was 

stirred at room temperature for 1 h (monitored by TLC). The reaction mixture was diluted with 

50 mL brine, the phases were separated and the aqueous phase was extracted with 

dichloromethane (3 x 10 mL). The combined organic layers were dried with anhydrous sodium 

sulfate. After removal of the solvents in vacuo the residue was absorbed onto celite and 

chromatographed on silica gel with petrolether (boiling range 40-60 °C)/ethyl acetate (PE-EE) to 

give the ynones 3. 

 

The experimental details are depicted in Table 1. 

 

Table 1. Experimental details of the synthesis of ynones 3 by modified Sonogashira coupling. 

 

Entry Acid chloride 1 Ynone 3 

(isolated yield %) 

Chromatographic 

purification 

Rf (eluent) 

1 316 mg  

(2.00 mmol) 

1a 

295 mg  

(1.08 mmol, 54 %) 

3a 

PE-EE = 7:1 

Rf (PE-EE = 7:1) : 0.16 

2 352 mg  

(2.00 mmol) 

1d 

343 mg  

(1.19 mmol, 59 %) 

3b 

PE-EE = 5:1  4:1  3:1 

Rf (PE-EE = 3:1) : 0.41 
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2.2. Spectroscopic and Analytical Data of Compounds 3a and 3b 

 

2.2.1. tert-Butyl 4-oxo-4-p-tolylbut-2-ynylcarbamate (3a) 

 

 

C16H19NO3 

273.33 

 

According to the general procedure 295 mg (54 % yield) were obtained as a beige solid. Mp 70-

71 °C. 
1
H NMR (CDCl3, 500 MHz)  1.48 (s, 9 H), 2.43 (s, 3 H), 4.22 (d, J = 4.1 Hz, 2 H), 5.0 

(br, 1 H), 7.27 (d, J = 7.9 Hz, 2 H), 8.01 (d, J = 8.2 Hz, 2 H). 
13

C NMR (CDCl3, 125 MHz)  

21.8 (CH3), 28.3 (CH3), 30.8 (CH2), 80.5 (Cquat), 81.0 (Cquat), 90.1 (Cquat), 129.3 (CH), 129.8 

(CH), 134.1 (Cquat), 145.5 (Cquat), 155.2 (Cquat), 177.4 (Cquat). EI + MS (m/z (%)): 273 (M
+
, 0.2), 

258 ((M-CH3)
+
, 0.7), 217 ((M-C4H9+H)

+
, 13), 200 ((M-C4H9O)

+
, 7), 173 ((M-C5H9O2+H)

+
, 4), 

161 (9), 144 (15), 129 (17), 119 (C8H7O
+
, 28), 115 (11), 91 (C7H7

+
, 27), 65 (C5H5

+
, 12), 59 (19), 

57 (C4H9
+
, 100), 41 (38), 39 (C3H3

+
, 13). IR (KBr): ~ 3377 (s) cm

-1
, 2986 (w), 2968 (m), 2934 

(w), 2227 (m), 2187 (w), 1689 (s), 1647 (s), 1607 (s), 1574 (m), 1519 (s), 1461 (w), 1449 (w), 

1425 (w), 1394 (w), 1365 (m), 1293 (s), 1266 (s), 1213 (w), 1179 (s), 1115 (w), 1099 (m), 1047 

(w), 1020 (w), 926 (m), 896 (m), 866 (m), 837 (m), 790 (w), 768 (w), 740 (m), 680 (m), 594 (m), 

505 (w). Anal. calcd for C16H19NO3 (273.3): C 70.31, H 7.01, N 5.12. Found: C 70.10, H 7.21, N 

5.13. 
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2.2.2. tert-Butyl 4-(4-methoxyphenyl)-4-oxobut-2-ynylcarbamate (3b) 

 

 

C16H19NO4 

289.33 

 

According to the general procedure 343 mg (59 % yield) were obtained as a beige solid. Mp 106-

107 °C. 
1
H NMR (CDCl3, 500 MHz)  1.48 (s, 9 H), 3.89 (s, 3 H), 4.21 (d, J = 4.1 Hz, 2 H), 4.9 

(br, 1 H), 6.94 (d, J = 8.8 Hz, 2 H), 8.09 (d, J = 8.8 Hz, 2 H). 
13

C NMR (CDCl3, 125 MHz)  

28.3 (CH3), 30.8 (CH2), 55.6 (CH3), 80.5 (Cquat), 81.0 (Cquat), 89.8 (Cquat), 113.9 (CH), 129.8 

(Cquat), 132.1 (CH), 155.3 (Cquat), 164.6 (Cquat), 176.3 (Cquat). EI + MS (m/z (%)): 289 (M
+
, 0.7), 

233 ((M-C4H9+H)
+
, 32), 216 ((M-C4H9O)

+
, 9), 189 ((M-C5H9O2+H)

+
, 5), 177 (10), 160 

(C10H8O2
+
, 23), 145 (20), 135 (C8H7O2

+
, 38), 107 (C7H7O

+
, 5), 92 (C7H8

+
, 13), 77 (C6H5

+
, 14), 

59 (15), 57 (C4H9
+
, 100), 41 (42), 39 (C3H3

+
, 10). IR (KBr): ~ 3330 (s) cm

-1
, 3020 (w), 2978 

(m), 2935 (w), 2843 (w), 2232 (m), 2183 (w), 1687 (s), 1631 (s), 1598 (s), 1572 (s), 1528 (s), 

1456 (w), 1428 (m), 1392 (w), 1368 (w), 1355 (w), 1257 (s), 1169 (s), 1120 (w), 1098 (m), 1053 

(w), 1023 (m), 938 (w), 905 (w), 853 (m), 786 (w), 762 (w), 737 (w), 689 (w), 653 (w), 653 (w), 

627 (w), 599 (w), 517 (w). Anal. calcd for C16H19NO4 (289.3): C 66.42, H 6.62, N 4.84. Found: 

C 66.33, H 6.68, N 4.80. 
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3. Three-Component Synthesis of Pyrroles 4 by Coupling-Addition-Cyclocondensation 

Sequence 

 

3.1. General Procedure 

 

 

 

PdCl2(PPh3)2 (70 mg, 0.10 mmol) and CuI (39 mg, 0.20 mmol) were placed under argon in a 

screw-cap vessel, which was then dried with a heat gun and cooled to the room temperature. 

Then, 25 mL of dry THF were added and the mixture was degassed with argon. Dry 

triethylamine (0.69 mL, 5.00 mmol), 5.00 mmol of the acid chloride 1 and tert-butyl prop-2-

ynylcarbamate (2) (776 mg, 5.00 mmol) were successively added to the mixture which was 

stirred at room temperature until the conversion was complete (monitored by TLC). Then, 

sodium iodide (3.79 g, 25.0 mmol), toluene-4-sulfonic acid monohydrate (1.94 g, 10.0 mmol) 

and 5 ml of tert-butanol were successively added to the mixture which was stirred at room 

temperature for 1 h (monitored by TLC). The reaction mixture was diluted with 50 mL brine, the 

phases were separated and the aqueous phase was extracted with dichloromethane (3 x 25 mL). 

The combined organic layers were dried with anhydrous sodium sulfate. After removal of the 

solvents in vacuo the residue was absorbed onto celite and chromatographed on silica gel with 

petrolether (boiling range 40-60 °C)/ethyl acetate (PE-EE) to give the pyrroles 4. 

 

The experimental details are depicted in Table 2. 
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Table 2. Experimental details of the synthesis of pyrroles 4 by coupling-addition-

cyclocondensation sequence. 

 

Entry Acid chloride 

1 

Reaction time 

(1st step) 

Pyrrole 4  

(isolated yield) 

Chromatographic 

purification 

Rf (eluent) 

1 789 mg 

(5.00 mmol) 

1a 

1 h 1.40 g  

(3.65 mmol, 73 %) 

4a 

PE/EE = 100:1 

Rf  (PE/EE = 100:1) = 

0.34 

2 789 mg 

(5.00 mmol) 

1b 

1 h 1.42 g  

(3.70 mmol, 74 %) 

4b 

PE/EE = 100:1 

Rf  (PE/EE = 100:1) = 

0.27 

3 773 mg 

(5.00 mmol) 

1c 

1 h 1.38 g  

(3.60 mmol, 72 %) 

4c 

PE/EE = 100:1 

Rf  (PE/EE = 100:1) = 

0.22 

4 879 mg 

(5.00 mmol) 

1d 

1 h 1.46 g  

(3.66 mmol, 73 %)
1
 

4d 

PE/EE = 100:1 

Rf  (PE/EE = 100:1) = 

0.31 

5 710 mg  

(5.00 mmol) 

1e 

1 h 1.32 g  

(3.58 mmol, 72 %) 

4e 

PE/EE = 100:1 

Rf  (PE/EE = 100:1) = 

0.23 

6 875 mg 

(5.00 mmol) 

1f 

1 h 1.24 g  

(3.08 mmol, 62 %) 

4f 

PE/EE = 100:1 

Rf  (PE/EE = 100:1) = 

0.32 

7 793 mg 

(5.00 mmol) 

1g 

1 h 1.49 g  

(3.84 mmol, 75 %) 

4g 

PE/EE = 100:1 

Rf  (PE/EE = 100:1) = 

0.22 

 

1. When the reaction was performed on 30 mmol scale, 9.23 g (23.1 mmol, 77 % yield) of the pyrrole 4e could be 

isolated. 
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Continuation of Table 2.  

 

Entry Acid chloride 

1 

Reaction time 

(1st step) 

Pyrrole 4  

(isolated yield) 

Chromatographic 

purification 

Rf (eluent) 

8 733 mg 

(5.00 mmol) 

1h 

1 h 1.19 g  

(3.17 mmol, 63 %) 

4h 

PE/EE = 100:1 

Rf  (PE/EE = 100:1) = 

0.31 

9 859 mg 

(5.00 mmol) 

1i 

21 h 1.38 g  

(3.48 mmol, 70 %) 

4i 

PE/EE = 100:1 

Rf  (PE/EE = 100:1) = 

0.21 

10 533 mg 

(5.00 mmol) 

1j 

3 h 1.15 g  

(3.46 mmol, 69 %) 

4j 

PE/EE = 100:1 

Rf  (PE/EE = 100:1) = 

0.35 

11 1.02 g 

(5.00 mmol) 

1k 

21 h 1.31 g  

(3.07 mmol, 61 %) 

4k 

PE 

Rf  (PE) = 0.27 
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3.2. Spectroscopic and Analytical Data of Compounds 4a-k 

 

3.2.1. tert-Butyl 4-iodo-2-p-tolyl-1H-pyrrole-1-carboxylate (4a) 

 

 

C16H18INO2 

383.22 

 

According to the general procedure 1.40 g (73 % yield) were obtained as a colorless solid. Mp 57 

°C. 
1
H NMR (CDCl3, 500 MHz)  1.38 (s, 9 H), 2.37 (s, 3 H), 6.21 (d, J = 1.9 Hz, 1 H), 7.15 (d, 

J = 7.9 Hz, 2 H), 7.20 (d, J = 8.2 Hz, 2 H), 7.40 (d, J = 1.9 Hz, 1 H). 
13

C NMR (CDCl3, 125 

MHz)  21.3 (CH3), 27.6 (CH3), 64.4 (Cquat), 84.2 (Cquat), 120.4 (CH), 126.8 (CH), 128.4 (CH), 

129.0 (CH), 129.9 (Cquat), 136.8 (Cquat), 137.5 (Cquat), 147.9 (Cquat). EI + MS (m/z (%)): 383 (M
+
, 

16), 327 ((M-C4H9+H)
+
, 30), 283 ((M-C5H9O2+H)

+
, 77), 191 (12), 155 ((M-C5H9O2-I)

+
, 11), 154 

(17), 57 (C4H9
+
, 100), 41 (43), 39 (12). IR (KBr): ~ 3144 (w) cm

-1
, 2988 (w), 1734 (s), 1686 

(m), 1655 (m), 1638 (w), 1561 (w), 1544 (w), 1510 (m), 1475 (m), 1370 (s), 1335 (s), 1297 (s), 

1250 (m), 1152 (s), 987 (m), 901 (w), 848 (m), 829 (w), 807 (m), 766 (m), 583 (w). Anal. calcd 

for C16H18INO2 (383.2): C 50.15, H 4.73, N 3.65. Found: C 50.36, H 4.85, N 3.59. 
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3.2.2. tert-Butyl 4-iodo-2-m-tolyl-1H-pyrrole-1-carboxylate (4b) 

 

 

C16H18INO2 

383.22 

 

According to the general procedure 1.42 g (74 % yield) were obtained as a colorless solid. Mp 52 

°C. 
1
H NMR (CDCl3, 500 MHz)  1.35 (s, 9 H), 2.36 (s, 3 H), 6.22-6.24 (m, 1 H), 7.08-7.15 (m, 

3 H), 7.21-7.25 (m, 1 H), 7.40-7.42 (m, 1 H). 
13

C NMR (CDCl3, 125 MHz)  21.3 (CH3), 27.5 

(CH3), 64.3 (Cquat), 84.2 (Cquat), 120.5 (CH), 126.2 (CH), 126.9 (CH), 127.6 (CH), 128.4 (CH), 

129.8 (CH), 132.8 (Cquat), 136.7 (Cquat), 137.1 (Cquat), 147.9 (Cquat). EI + MS (m/z (%)): 383 (M
+
, 

0.2), 327 ((M-C4H9+H)
+
, 1), 283 ((M-C5H9O2+H)

+
, 5), 156 ((M-C5H9O2-I+H)

+
, 1), 155 ((M-

C5H9O2-I)
+
, 3), 57 (C4H9

+
, 100), 41 (22). IR (KBr): ~ 3134 (w) cm

-1
, 2981 (m), 1728 (s), 1612 

(w), 1587 (w), 1554 (w), 1494 (w), 1467 (m), 1363 (s), 1335 (s), 1295 (s), 1248 (s), 1147 (s), 

1094 (m), 1047 (m), 1025 (m), 983 (w), 903 (m), 886 (m), 844 (s), 820 (m), 789 (s), 766 (s), 704 

(s), 659 (w), 616 (w), 590 (m), 535 (m). Anal. calcd for C16H18INO2 (383.2): C 50.15, H 4.73, N 

3.65. Found: C 50.18, H 4.63, N 3.72. 
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3.2.3. tert-Butyl 4-iodo-2-o-tolyl-1H-pyrrole-1-carboxylate (4c) 

 

 

C16H18INO2 

383.22 

 

According to the general procedure 1.38 g (72 % yield) were obtained as a pale yellow oil. 
1
H 

NMR (CDCl3, 500 MHz)  1.25 (s, 9 H), 2.12 (s, 3 H), 6.14-6.15 (m, 1 H), 7.14-7.20 (m, 3 H), 

7.23-7.28 (m, 1 H), 7.46 (d, J = 1.3 Hz, 1 H). 
13

C NMR (CDCl3, 125 MHz)  19.9 (CH3), 27.4 

(CH3), 64.3 (Cquat), 83.9 (Cquat), 120.0 (CH), 125.2 (CH), 126.0 (CH), 128.3 (CH), 129.3 (CH), 

130.0 (CH), 133.3 (Cquat), 135.2 (Cquat), 137.7 (Cquat), 147.8 (Cquat). EI + MS (m/z (%)): 383 (M
+
, 

2), 327 ((M-C4H9+H)
+
, 4), 283 ((M-C5H9O2+H)

+
, 9), 156 ((M-C5H9O2-I+H)

+
, 15), 155 ((M-

C5H9O2-I)
+
, 20), 154 (34), 127 (19), 89 (18), 78 (16), 57 (C4H9

+
, 100), 41 (30). IR (Film): ~ 

3148 (m) cm
-1

, 3062 (m), 2980 (s), 2932 (m), 1744 (s), 1605 (w), 1556 (m), 1501 (m), 1474 (s), 

1395 (m), 1367 (s), 1334 (s), 1293 (s), 1246 (s), 1151 (s), 1113 (s), 1077 (m), 1047 (w), 986 (s), 

942 (w), 905 (s), 846 (s), 814 (m), 798 (m), 764 (s), 725 (m), 667 (w), 604 (w), 589 (m), 520 

(w). Anal. calcd for C16H18INO2 (383.2): C 50.15, H 4.73, N 3.65. Found: C 50.10, H 4.73, N 

3.55. 
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3.2.4. tert-Butyl 4-iodo-2-(4-methoxyphenyl)-1H-pyrrole-1-carboxylate (4d) 

 

 

C16H18INO3 

399.22 

 

According to the general procedure 1.46 g (73 % yield) were obtained as a colorless solid. Mp 

71-72 °C. 
1
H NMR (CDCl3, 500 MHz)  1.39 (s, 9 H), 3.82 (s, 3 H), 6.20 (d, J = 1.9 Hz, 1 H), 

6.88 (d, J = 8.8 Hz, 2 H), 7.24 (d, J = 8.8 Hz, 2 H), 7.39 (d, J = 1.9 Hz, 1 H). 
13

C NMR (CDCl3, 

125 MHz)  27.6 (CH3), 55.3 (CH3), 64.4 (Cquat), 84.2 (Cquat), 113.1 (CH), 120.3 (CH), 125.3 

(Cquat), 126.7 (CH), 130.4 (CH), 136.5 (Cquat), 147.9 (Cquat), 159.3 (Cquat). EI + MS (m/z (%)): 

399 (M
+
, 3), 343 ((M-C4H9+H)

+
, 11), 299 ((M-C5H9O2+H)

+
, 16), 298 ((M-C5H9O2)

+
, 13), 171 

((M-C5H9O2-I)
+
, 6), 156 (12), 128 (11), 57 (C4H9

+
, 100), 41 (34). IR (KBr): ~ 3145 (m) cm

-1
, 

2986 (m), 2934 (w), 2832 (w), 1734 (s), 1609 (m), 1576 (w), 1557 (w), 1511 (s), 1476 (m), 1460 

(m), 1435 (w), 1370 (s), 1337 (s), 1293 (s), 1251 (s), 1180 (s), 1151 (s), 1108 (m), 1032 (s), 985 

(m), 904 (m), 847 (s), 833 (m), 808 (s), 771 (m), 675 (w), 629 (w), 615 (w), 594 (m), 528 (w), 

511 (w). Anal. calcd for C16H18INO3 (399.2): C 48.14, H 4.54, N 3.51. Found: C 48.36, H 4.37, 

N 3.34. 
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3.2.5. tert-Butyl 4-iodo-2-phenyl-1H-pyrrole-1-carboxylate (4e) 

 

 

C15H16INO2 

369.20 

 

According to the general procedure 1.32 g (72 % yield) were obtained as a colorless solid. Mp 

65-66 °C.
 1

H NMR (CDCl3, 500 MHz)  1.34 (s, 9 H), 6.24 (d, J = 1.9 Hz, 1 H), 7.29-7.37 (m, 5 

H), 7.42 (d, J = 1.9 Hz, 1 H). 
13

C NMR (CDCl3, 125 MHz)  27.5 (CH3), 64.4 (Cquat), 84.3 

(Cquat), 120.7 (CH), 127.0 (CH), 127.7 (CH), 127.7 (CH), 129.2 (CH), 132.9 (Cquat), 136.6 (Cquat), 

147.9 (Cquat). EI + MS (m/z (%)): 369 (M
+
, 2), 313 ((M-C4H9+H)

+
, 3), 269 ((M-C5H9O2)

+
, 8), 

141 ((M-C5H9O2-I)
+
, 12), 114 (11), 57 (C4H9

+
, 100), 41 (32). IR (KBr): ~ 3150 (w) cm

-1
, 2969 

(w), 1749 (s), 1474 (w), 1445 (w), 1370 (m), 1296 (s), 1261 (m), 1148 (s), 1081 (w), 1032 (w), 

986 (w), 903 (w), 849 (w), 820 (w), 771 (w), 745 (w), 693 (w), 664 (w), 593 (w). Anal. calcd for 

C15H16INO2 (369.2): C 48.80, H 4.37, N 3.79. Found: C 48.68, H 4.57, N 3.62. 
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3.2.6. tert-Butyl 4-iodo-2-(p-chlorophenyl)-1H-pyrrole-1-carboxylate (4f) 

 

 

C15H15ClINO2 

403.64 

 

According to the general procedure 1.24 g (62 % yield) were obtained as a colorless solid. Mp 64 

°C. 
1
H NMR (CDCl3, 500 MHz)  1.39 (s, 9 H), 6.24 (d, J = 1.9 Hz, 1 H), 7.23-7.26 (m, 2 H), 

7.31-7.34 (m, 2 H), 7.42 (d, J = 1.9 Hz, 1 H). 
13

C NMR (CDCl3, 125 MHz)  27.6 (CH3), 64.4 

(Cquat), 84.7 (Cquat), 121.0 (CH), 127.3 (CH), 127.9 (CH), 130.5 (CH), 131.3 (Cquat), 133.8 (Cquat), 

135.3 (Cquat), 147.7 (Cquat). EI + MS (m/z (%)): 405 (M(
37

Cl)
+
, 0.2), 403 (M(

35
Cl)

+
, 1.0), 349 

((M(
37

Cl)-C4H9+H)
+
, 0.4), 347 ((M(

35
Cl)-C4H9+H)

+
, 1.7), 305 ((M(

37
Cl)-C5H9O2+H)

+
, 2.0), 303 

((M(
35

Cl)-C5H9O2+H)
+
, 6.3), 177 ((M(

37
Cl)-C5H9O2-I)

+
, 0.5), 175 ((M(

35
Cl)-C5H9O2-I)

+
, 1.4), 57 

(C4H9
+
, 100), 41 (16). IR (KBr): ~ 3145 (m) cm

-1
, 2988 (w), 1735 (s), 1638 (w), 1498 (w), 1467 

(w), 1398 (w), 1369 (s), 1339 (m), 1297 (s), 1252 (w), 1153 (s), 1090 (w), 1016 (w), 987 (w), 

904 (w), 847 (m), 808 (m), 768 (m), 596 (w). Anal. calcd for C15H15ClINO2 (403.6): C 44.63, H 

3.75, N 3.47. Found: C 44.74, H 3.84, N 3.41. 
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3.2.7. tert-Butyl 4-iodo-2-(p-fluorophenyl)-1H-pyrrole-1-carboxylate (4g) 

 

 

C15H15FINO2 

387.19 

 

According to the general procedure 1.49 g (75 % yield) were obtained as a colorless solid. Mp 74 

°C. 
1
H NMR (CDCl3, 500 MHz)  1.38 (s, 9 H), 6.23 (d, J = 1.9 Hz, 1 H), 7.01-7.07 (m, 2 H), 

7.26-7.30 (m, 2 H), 7.42 (d, J = 1.9 Hz, 1 H). 
13

C NMR (CDCl3, 125 MHz)  27.6 (CH3), 64.3 

(Cquat), 84.5 (Cquat), 114.7 (d, J = 21.1 Hz, CH), 120.9 (CH), 127.0 (CH), 128.9 (Cquat), 130.9 (d, 

J = 8.2 Hz, CH), 135.5 (Cquat), 147.8 (Cquat), 162.5 (d, J = 247.4 Hz, Cquat). EI + MS (m/z (%)): 

387 (M
+
, 2), 331 ((M-C4H9+H)

+
, 3), 287 ((M-C5H9O2+H)

+
, 9), 159 ((M-C5H9O2-I)

+
, 9), 57 

(C4H9
+
, 100), 41 (28). IR (KBr): ~ 3147 (w) cm

-1
, 3135 (w), 2984 (w), 1733 (s), 1593 (w), 1552 

(w), 1508 (m), 1474 (w), 1370 (s), 1337 (s), 1297 (s), 1250 (m), 1224 (m), 1160 (s), 1096 (w), 

1017 (w), 990 (w), 904 (w), 849 (m), 812 (m), 766 (m), 720 (w), 611 (w), 585 (w), 524 (w). 

Anal. calcd for C15H15FINO2 (387.2): C 46.53, H 3.90, N 3.62. Found: C 46.52, H 3.96, N 3.44.  
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3.2.8. tert-Butyl 2-(2-thienyl)-4-iodo-1H-pyrrole-1-carboxylate (4h) 

 

 

C13H14INO2S 

375.23 

 

According to the general procedure 1.19 g (63 % yield) were obtained as a colorless solid. Mp 55 

°C. 
1
H NMR (CDCl3, 500 MHz)  1.41 (s, 9 H), 6.37 (d, J = 1.9 Hz, 1 H), 7.01 (dd, J = 5.0 Hz, J 

= 3.5 Hz, 1 H), 7.05 (dd, J = 3.5 Hz, J = 1.3 Hz, 1 H), 7.32 (dd, J = 5.0 Hz, J = 1.3 Hz, 1 H), 

7.44 (d, J = 1.9 Hz, 1 H). 
13

C NMR (CDCl3, 125 MHz)  27.6 (CH3), 64.1 (Cquat), 84.5 (Cquat), 

122.6 (CH), 126.2 (CH), 126.5 (CH), 127.7 (CH), 128.3 (CH), 128.5 (Cquat), 133.0 (Cquat), 147.6 

(Cquat). EI + MS (m/z (%)): 375 (M
+
, 2), 319 ((M-C4H9+H)

+
, 5), 275 ((M-C5H9O2+H)

+
, 9), 147 

((M-C5H9O2-I)
+
, 2), 57 (C4H9

+
, 100), 41 (20). IR (KBr): ~ 3152 (w) cm

-1
, 2979 (w), 1750 (s), 

1655 (w), 1638 (w), 1560 (w), 1543 (w), 1509 (w), 1475 (w), 1420 (w), 1371 (m), 1345 (w), 

1305 (s), 1295 (s), 1255 (w), 1219 (w), 1158 (m), 1141 (m), 1081 (w), 932 (w), 903 (w), 850 

(w), 818 (w), 768 (w), 699 (w), 592 (w). Anal. calcd for C13H14INO2S (375.2): C 41.61, H 3.76, 

N 3.73. Found: C 41.75, H 3.82, N 3.48.  

 



 18 

 

3.2.9. tert-Butyl 2-(phenylethenyl)-4-iodo-1H-pyrrole-1-carboxylate (4i) 

 

 

C17H18INO2 

395.23 

 

According to the general procedure 1.38 g (70 % yield) were obtained as a colorless solid. Mp 84 

°C. 
1
H NMR (CDCl3, 500 MHz)  1.61 (s, 9 H), 6.60 (s, 1 H), 6.87 (d, J = 16.4 Hz, 1 H), 7.21-

7.26 (m, 1 H), 7.30-7.36 (m, 3 H), 7.46 (d, J = 7.3 Hz, 2 H), 7.67 (d, J = 16.4 Hz, 1 H). 
13

C NMR 

(CDCl3, 125 MHz)  28.0 (CH3), 65.3 (Cquat), 84.7 (Cquat), 117.2 (CH), 118.3 (CH), 126.5 (CH), 

126.7 (CH), 127.7 (CH), 128.6 (CH), 129.6 (CH), 136.0 (Cquat), 137.1 (Cquat), 148.1 (Cquat). EI + 

MS (m/z (%)): 395 (M
+
, 2), 339 ((M-C4H9+H)

+
, 15), 295 ((M-C5H9O2+H)

+
, 11), 167 ((M-

C5H9O2-I)
+
, 13), 57 (C4H9

+
, 100), 41 (18). IR (KBr): ~ 3160 (m) cm

-1
, 3123 (w), 3078 (w), 3056 

(w), 3024 (w), 2978 (m), 2929 (w), 1813 (w), 1752 (s), 1624 (w), 1596 (w), 1575 (w), 1493 (m), 

1471 (m), 1454 (m), 1384 (s), 1370 (s), 1301 (s), 1259 (s), 1237 (s), 1155 (s), 1109 (s), 1077 (s), 

1029 (s), 984 (w), 962 (s), 906 (s), 848 (s), 804 (s), 770 (s), 747 (s), 694 (s), 645 (w), 610 (m), 

586 (m), 546 (w), 514 (w). Anal. calcd for C17H18INO2 (395.2): C 51.66, H 4.59, N 3.54. Found: 

C 51.60, H 4.75, N 3.51. 
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3.2.10. tert-Butyl 2-(cyclopropyl)-4-iodo-1H-pyrrole-1-carboxylate (4j) 

 

 

C12H16INO2 

333.17 

 

According to the general procedure 1.15 g (69 % yield) were obtained as a colorless oil. 
1
H 

NMR (CDCl3, 500 MHz)  0.56-0.60 (m, 2 H), 0.83-0.88 (m, 2 H), 1.59 (s, 9 H), 2.14-2.21 (m, 1 

H), 5.89 (dd, J = 1.9 Hz, J = 1.3 Hz, 1 H), 7.25 (d, J = 1.9 Hz, 1 H). 
13

C NMR (CDCl3, 125 

MHz)  7.1 (CH2), 9.4 (CH), 28.0 (CH3), 63.7 (Cquat), 84.0 (Cquat), 116.2 (CH), 125.7 (CH), 

139.7 (Cquat), 148.1 (Cquat). EI + MS (m/z (%)): 333 (M
+
, 4), 277 ((M-C4H9+H)

+
, 15), 233 ((M-

C5H9O2+H)
+
, 8), 106 ((M-C5H9O2-I+H)

+
, 13), 105 ((M-C5H9O2-I)

+
, 5), 57 (C4H9

+
, 100), 41 (19). 

IR (Film): ~ 3157 (m) cm
-1

, 3087 (m), 3007 (s), 2980 (s), 2933 (s), 1744 (s), 1560 (s), 1478 (s), 

1458 (s), 1352 (s), 1303 (s), 1238 (s), 1159 (s), 1118 (s), 1080 (s), 1048 (s), 908 (s), 885 (s), 849 

(s), 802 (s), 757 (s), 667 (w), 647 (w), 590 (s). Anal. calcd for C12H16INO2 (333.2): C 43.26, H 

4.84, N 4.20. Found: C 43.49, H 5.03, N 3.91. 
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3.2.11. tert-Butyl 2-(1-adamantyl)-4-iodo-1H-pyrrole-1-carboxylate (4k) 

 

 

C19H26INO2 

427.32 

 

According to the general procedure 1.31 g (61 % yield) were obtained as a colorless solid. Mp 

151 °C. 
1
H NMR (CDCl3, 500 MHz)  1.58 (s, 9 H), 1.68-1.78 (m, 6 H), 2.0 (br, 3 H), 2.05-2.08 

(m, 6 H), 6.07-6.09 (m, 1 H), 7.24-7.27 (m, 1 H). 
13

C NMR (CDCl3, 125 MHz)  28.2 (CH3), 

28.9 (CH), 35.7 (Cquat), 36.9 (CH2), 40.7 (CH2), 63.6 (Cquat), 83.9 (Cquat), 117.6 (CH), 128.0 

(CH), 147.7 (Cquat), 148.3 (Cquat). EI + MS (m/z (%)): 427 (M
+
, 2), 371 ((M-C4H9+H)

+
, 6), 327 

((M-C5H9O2+H)
+
, 18), 270 (4), 57 (C4H9

+
, 100), 41 (7). IR (KBr): ~ 3166 (w) cm

-1
, 2980 (m), 

2908 (s), 2849 (s), 2677 (w), 1748 (s), 1543 (w), 1489 (m), 1452 (m), 1395 (w), 1368 (s), 1316 

(s), 1297 (s), 1255 (s), 1234 (s), 1163 (s), 1137 (s), 1105 (m), 1089 (s), 1011 (s), 976 (w), 937 

(w), 899 (m), 849 (m), 819 (w), 804 (s), 764 (m), 679 (w), 644 (w), 590 (w), 533 (w). Anal. 

calcd for C19H26INO2 (427.3): C 53.40, H 6.13, N 3.28. Found: C 53.46, H 6.22, N 3.11.  
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4. Synthesis of Pyrroles 6 

 

4. 1. Synthesis of Pyrrole 6a by Sonogashira Coupling of Pyrrole 4a 

 

4.1.1. Procedure 

 

 

 

PdCl2(PPh3)2 (28 mg, 0.04 mmol) and CuI (16 mg, 0.08 mmol) were placed under argon in a 

screw-cap vessel, which was then dried with a heat gun and cooled to the room temperature. 

Then, 10 mL of dry THF were added and the mixture was degassed with argon. Cesium 

carbonate (2.63 g, 8.00 mmol), tert-Butyl 4-iodo-2-p-tolyl-1H-pyrrole-1-carboxylate (4a) (766 

mg, 2.00 mmol) and 1-hexyne (5a) (0.47 ml, 4.00 mmol) were successively added to the mixture 

which was stirred at 70 °C for 1 h until the conversion was complete (monitored by TLC). The 

reaction mixture was diluted with 20 mL brine, the phases were separated and the aqueous phase 

was extracted with dichloromethane (3 x 10 mL). The combined organic layers were dried with 

anhydrous sodium sulfate. After removal of the solvents in vacuo the residue was absorbed onto 

celite and chromatographed on silica gel with petrolether (boiling range 40-60 °C)/ethyl acetate 

= 200:1 to give 598 mg (89 % yield) of 6a as a brown oil. Rf (PE-EE = 150:1) : 0.23. 
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4.2. Three-Component Synthesis of Pyrroles 6 by Coupling-Addition-Cyclocondensation-

Coupling Sequence 

 

4.2.1. Procedure 

 

 

 

PdCl2(PPh3)2 (28 mg, 0.04 mmol) and CuI (16 mg, 0.08 mmol) were placed under argon in a 

screw-cap vessel, which was then dried with a heat gun and cooled to the room temperature. 

Then, 10 mL of dry THF were added and the mixture was degassed with argon. Dry 

triethylamine (0.28 mL, 2.00 mmol), acid chloride 1 (2.00 mmol) and tert-butyl prop-2-

ynylcarbamate (2) (310 mg, 2.00 mmol) were successively added to the mixture which was 

stirred at room temperature until the conversion was complete (monitored by TLC). Then, 

sodium iodide (1.51 g, 10.0 mmol), toluene-4-sulfonic acid monohydrate (776 mg, 4.00 mmol) 

and 2 ml of tert-butanol were successively added to the mixture which was stirred at room 

temperature for 1 h (monitored by TLC). After that, cesium carbonate (2.63 g, 8.00 mmol) and 

terminal alkyne 5 (4.00 mmol) were successively added to the mixture which was stirred at 70 

°C for 1 h until the conversion was complete (monitored by TLC). The reaction mixture was 

diluted with 20 mL brine, the phases were separated and the aqueous phase was extracted with 

dichloromethane (3 x 10 mL). The combined organic layers were dried with anhydrous sodium 

sulfate. After removal of the solvents in vacuo the residue was absorbed onto celite and 

chromatographed on silica gel. 

 

The experimental details are depicted in Table 3. 
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Table 3. Experimental details of the synthesis of pyrroles 6 by Coupling-Addition-

Cyclocondensation-Coupling Sequence. 

 

Entry Acid chloride 1 Terminal alkyne 5 Pyrrole 6 

(isolated yield %) 

Chromatographic 

purification 

Rf (eluent) 

1 316 mg  

(2.00 mmol) 

1a 

0.47 mL  

(4.00 mmol) 

5a 

391 mg  

(1.16 mmol, 58 %) 

6a 

PE 

Rf (PE) : 0.13 

2 352 mg  

(2.00 mmol) 

1d 

0.89 mL 

(4.00 mmol) 

5b 

481 mg 

(1.06 mmol, 53 %) 

6b 

PE  PE-EE = 100:1 

Rf (PE-EE = 100:1) : 

0.10 

3 352 mg  

(2.00 mmol) 

1d 

0.45 mL 

(4.00 mmol) 

5c 

502 mg  

(1.34 mmol, 67 %) 

6c 

PE-EE = 100:1  

90:1  80:1  70:1 

 60:1 

Rf (PE-EE = 20:1) : 

0.20 
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4.3. Spectroscopic and Analytical Data of Compounds 6 

 

4.3.1. tert-Butyl 4-(hex-1-ynyl)-2-p-tolyl-1H-pyrrole-1-carboxylate (6a) 

 

 

C22H27NO2 

337.46 

 

According to the general procedure 391 mg (58 % yield) were obtained as an orange oil. 
1
H 

NMR (CDCl3, 500 MHz)  0.94 (t, J = 7.3 Hz, 3 H), 1.38 (s, 9 H), 1.41-1.50 (m, 2 H), 1.53-1.60 

(m, 2 H), 2.36-2.40 (m, 5 H), 6.16 (d, J = 1.9 Hz, 1 H), 7.13-7.16 (m, 2 H), 7.19-7.22 (m, 2 H), 

7.40 (d, J = 1.9 Hz, 1 H). 
13

C NMR (CDCl3, 125 MHz)  13.7 (CH3), 19.2 (CH2), 21.3 (CH3), 

22.0 (CH2), 27.6 (CH3), 30.9 (CH2), 73.9 (Cquat), 83.9 (Cquat), 90.3 (Cquat), 107.4 (Cquat), 116.6 

(CH), 124.9 (CH), 128.3 (CH), 129.1 (CH), 130.6 (Cquat), 135.0 (Cquat), 137.3 (Cquat), 148.6 

(Cquat). EI + MS (m/z (%)): 337 (M
+
, 0.5), 281 ((M-C4H9+H)

+
, 2), 237 ((M-C5H9O2+H)

+
, 2), 57 

(C4H9
+
, 100), 41 (20). IR (Film): ~ 3149 (w) cm

-1
, 2959 (s), 2933 (s), 2872 (s), 1739 (s), 1532 

(m), 1488 (m), 1456 (m), 1394 (m), 1368 (s), 1337 (s), 1256 (s), 1219 (m), 1156 (s), 1121 (s), 

1025 (m), 989 (m), 847 (m), 813 (s), 765 (m), 718 (w), 635 (w), 610 (m). Anal. calcd for 

C22H27NO2 (337.5): C 78.30, H 8.06, N 4.15. Found: C 78.12, H 8.19, N 4.34. 
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4.3.2. tert-Butyl 4-(2-(triisopropylsilyl)ethynyl)-2-(4-methoxyphenyl)-1H-pyrrole-1-

carboxylate (6b) 

 

 

C27H39NO3Si 

453.69 

 

According to the general procedure 481 mg (53 % yield) were obtained as a yellow oil. 
1
H NMR 

(CDCl3, 500 MHz)  1.11 (s, 21 H), 1.39 (s, 9 H), 3.82 (s, 3 H), 6.20 (d, J = 1.9 Hz, 1 H), 6.86-

6.90 (m, 2 H), 7.22-7.26 (m, 2 H), 7.48 (d, J = 1.9 Hz, 1 H). 
13

C NMR (CDCl3, 125 MHz)  11.6 

(CH), 18.9 (CH3), 27.9 (CH3), 55.5 (CH3), 84.3 (Cquat), 90.8 (Cquat), 100.9 (Cquat), 107.3 (Cquat), 

113.3 (CH), 116.8 (CH), 126.1 (Cquat), 126.3 (CH), 130.6 (CH), 135.0 (Cquat), 148.7 (Cquat), 159.4 

(Cquat). EI + MS (m/z (%)): 453 (M
+
, 2), 397 ((M-C4H9+H)

+
, 2), 354 ((M-C5H9O2+H)

+
, 2), 285 

((M-CH3-TIPS+4H)
+
, 95), 241 ((M-C4H9-TIPS+2H)

+
, 13), 191 (10), 185 (12), 135 (18), 131 

(19), 129 (27), 125 (12), 113 (11), 112 (10), 111 (20), 105 (26), 103 (16), 99 (15), 98 (15), 97 

(34), 96 (13), 95 (13), 87 (11), 85 (36), 84 (15), 83 (35), 82 (12), 81 (11), 77 (38), 75 (16), 73 

(47), 71 (57), 70 (19), 69 (42), 67 (11), 61 (22), 60 (37), 59 (12), 57 (C4H9
+
, 100). IR (Film): ~ 

2943 (s) cm
-1

, 2866 (s), 2156 (m), 1744 (s), 1614 (w), 1578 (w), 1529 (w), 1489 (m), 1464 (m), 

1367 (s), 1330 (s), 1249 (s), 1154 (s), 1109 (m), 1039 (m), 1016 (w), 995 (m), 981 (w), 920 (w), 

883 (m), 848 (m), 819 (m), 798 (w), 765 (m), 742 (w), 677 (m), 607 (w), 517 (w). Anal. calcd 

for C27H39NO3Si (453.7): C 71.48, H 8.66, N 3.09. Found: C 71.25, H 8.55, N 3.02. 
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4.3.3. tert-Butyl 2-(4-methoxyphenyl)-4-(2-phenylethynyl)-1H-pyrrole-1-carboxylate (6c) 

 

 

C24H23NO3 

373.44 

 

According to the general procedure 502 mg (67 % yield) were obtained as an orange oil. 
1
H 

NMR (CDCl3, 500 MHz)  1.40 (s, 9 H), 3.82 (s, 3 H), 6.26 (d, J = 1.9 Hz, 1 H), 6.87-6.91 (m, 2 

H), 7.25-7.34 (m, 5 H), 7.47-7.51 (m, 2 H), 7.55 (d, J = 1.9 Hz, 1 H). 
13

C NMR (CDCl3, 125 

MHz)  27.8 (CH3), 55.4 (CH3), 83.6 (Cquat), 84.3 (Cquat), 89.6 (Cquat), 106.9 (Cquat), 113.3 (CH), 

116.4 (CH), 123.8 (Cquat), 125.7 (CH), 126.0 (Cquat), 128.1 (CH), 128.5 (CH), 130.7 (CH), 131.6 

(CH), 135.3 (Cquat), 148.7 (Cquat), 159.4 (Cquat). EI + MS (m/z (%)): 373 (M
+
, 0.5), 317 ((M-

C4H9+H)
+
, 0.7), 284 ((M-CH3-Ph+3H)

+
, 27), 241 ((M-C4H9-Ph+2H)

+
, 4), 191 (10), 135 (6), 97 

(10), 88 (13), 85 (15), 73 (16), 71 (18), 70 (18), 61 (20), 57 (C4H9
+
, 30), 55 (11), 45 (C2H5O

+
, 

17), 43 (C2H3O
+
, 100). IR (KBr): ~ 3146 (w) cm

-1
, 2979 (w), 2836 (w), 2217 (w), 1741 (s), 

1616 (m), 1578 (w), 1533 (m), 1483 (s), 1459 (w), 1442 (m), 1366 (s), 1346 (s), 1280 (s), 1248 

(s), 1177 (m), 1148 (s), 1098 (m), 1035 (m), 991 (m), 975 (m), 847 (m), 819 (m), 755 (m), 690 

(m), 632 (w), 610 (w), 583 (w), 525 (w). Anal. calcd for C24H23NO3 (373.4): C 77.19, H 6.21, N 

3.75. Found: C 77.18, H 6.38, N 3.53. 
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5. 
1
H and 

13
C NMR Spectra 

 

5.1. 
1
H and 

13
C NMR Spectra of Compounds 3a and 3b 

 

1
H NMR of 3a in CDCl3 at 297 K 

 

 

*Impurities from residual solvents. 
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13
C NMR of 3a in CDCl3 at 297 K 

 

 

 

13
C DEPT 135 of 3a in CDCl3 at 297 K 
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1
H NMR of 3b in CDCl3 at 297 K 
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13
C NMR of 3b in CDCl3 at 297 K 

 

 

 

13
C DEPT 135 of 3b in CDCl3 at 297 K 
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5.2. 
1
H and 

13
C NMR Spectra of Compounds 4a-k 

 

1
H NMR of 4a in CDCl3 at 297 K 
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13
C NMR of 4a in CDCl3 at 297 K 

 

 

*Impurities from residual solvents. 

 

13
C DEPT 135 of 4a in CDCl3 at 296 K 
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1
H NMR of 4b in CDCl3 at 296 K 
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13
C NMR of 4b in CDCl3 at 296 K 

 

 

 

13
C DEPT 135 of 4b in CDCl3 at 296 K 
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1
H NMR of 4c in CDCl3 at 297 K 

 

 

*Impurities from residual solvents. 
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13
C NMR of 4c in CDCl3 at 297 K 

 

 

 

13
C DEPT 135 of 4c in CDCl3 at 297 K 
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1
H NMR of 4d in CDCl3 at 297 K 

 

 

*Impurities from residual solvents. 
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13
C NMR of 4d in CDCl3 at 297 K 

 

 

 

13
C DEPT 135 of 4d in CDCl3 at 297 K 
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1
H NMR of 4e in CDCl3 at 297 K 

 

 

*Impurities from residual solvents. 
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13
C NMR of 4e in CDCl3 at 297 K 

 

 

*Impurities from residual solvents. 

 

13
C DEPT 135 of 4e in CDCl3 at 298 K 

 

 

*Impurities from residual solvents. 
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1
H NMR of 4f in CDCl3 at 297 K 
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13
C NMR of 4f in CDCl3 at 297 K 

 

 

 

13
C DEPT 135 of 4f in CDCl3 at 297 K 
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1
H NMR of 4g in CDCl3 at 297 K 

 

 

*Impurities from residual solvents. 
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13
C NMR of 4g in CDCl3 at 298 K 

 

 

*Impurities from residual solvents. 

 

13
C DEPT 135 of 4g in CDCl3 at 298 K 

 

 

*Impurities from residual solvents. 
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1
H NMR of 4h in CDCl3 at 298 K 

 

 

*Impurities from residual solvents. 
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13
C NMR of 4h in CDCl3 at 297 K 

 

 

*Impurities from residual solvents. 

 

13
C DEPT 135 of 4h in CDCl3 at 297 K 

 

 

*Impurities from residual solvents. 
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1
H NMR of 4i in CDCl3 at 297 K 

 

 

*Impurities from residual solvents. 
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13
C NMR of 4i in CDCl3 at 297 K 

 

 

*Impurities from residual solvents. 

 

13
C DEPT 135 of 4i in CDCl3 at 297 K 

 

 

*Impurities from residual solvents. 
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1
H NMR of 4j in CDCl3 at 297 K 
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13
C NMR of 4j in CDCl3 at 297 K 

 

 

 

13
C DEPT 135 of 4j in CDCl3 at 297 K 

 

 

 



 51 

 

1
H NMR of 4k in CDCl3 at 298 K 
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13
C NMR of 4k in CDCl3 at 298 K 

 

 

 

13
C DEPT 135 of 4k in CDCl3 at 298 K 
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5.3. 
1
H and 

13
C NMR Spectra of Compounds 6 

 

1
H NMR of 6a in CDCl3 at 297 K 
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13
C NMR of 6a in CDCl3 at 296 K 

 

 

 

13
C DEPT 135 of 6a in CDCl3 at 296 K 
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1
H NMR of 6b in CDCl3 at 298 K 
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13
C NMR of 6b in CDCl3 at 298 K 

 

 

 

13
C DEPT 135 of 6b in CDCl3 at 298 K 
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1
H NMR of 6c in CDCl3 at 296 K 
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13
C NMR of 6c in CDCl3 at 296 K 

 

 

*Impurities from residual solvents. 

 

13
C DEPT 135 of 6c in CDCl3 at 296 K 

 

 

*Impurities from residual solvents. 
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6. Crystallographic Data of Compound 4d 

 

Figure 1. Molecular structure of tert-Butyl 4-iodo-2-(4-methoxyphenyl)-1H-pyrrole-1-

carboxylate (4d) in the crystal ( 50% probability ellipsoids). 

 

(4d): yellow crystal (cube), dimensions 0.15 x 0.15 x 0.15 mm3, crystal system triclinic, space group P-1, 
Z=2, a= 9.3344(8) Å, b= 9.5233(8) Å, c= 10.9791(9) Å, alpha= 77.329(9) deg, beta= 68.367(9) deg, 
gamma= 69.877(10) deg, V= 847.06(14) Å3, rho= 1.565 g/cm3, T=223(2) K, 2Thetamax= 25.00 deg, 
radiation Mo Kalpha, lambda=0.71073 Å, mu=1.899 mm-1 STOE IPDS, 12191 reflections measured, 2864 
unique (R(int)=0.040), 2570 observed (I >2 (I)), intensities were corrected for Lorentz and polarization 
effects., mu=0.18mm-1, structure solved by direct methods and refined against F2 with a full-matrix least-
squares algorithm using SHELXS-97 and SHELXL-97, respectively, 194 parameters refined, hydrogen 
atoms were treated using appropriate riding models, goodness of fit 1.147, final residual values 
R1(F)=0.030, wR(F2)=0.081 for observed reflections, residual electron density -0.32 to 0.80 eÅ-3. CCDC 
723307 contains the supplementary crystallographic data for this structure. These data can be obtained 
free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the CCDC, 12 Union Road, 
Cambridge CB2 1EZ, UK; fax: +44 1223 336033; e-mail: deposit@ccdc.cam.ac.uk). 
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Table 1: Crystal data and structure refinement for 4d. 

 
 Empirical formula C16H18INO3 
 Formula weight 399.22  
 Temperature 223(2) K  
 Wavelength 0.71073 Å  
 Crystal system Triclinic  
 Space group P-1  
 Z 2  
 Unit cell dimensions a =  9.3344(8) Å  = 77.329(9)°. 
  b =  9.5233(8) Å  = 68.367(9)°. 
  c = 10.9791(9) Å  = 69.877(10)°.  
 Volume 847.06(14) Å3  
 Density (calculated) 1.565 mg/m3  
 Absorption coefficient 1.899 mm-1  
 F(000) 396  
 Crystal size 0.15 x 0.15 x 0.15 mm3  
 Theta range for data collection 2.01 to 25.00°.  
 Index ranges -11 h 11, -11 k 11, -13 l 13  
 Reflections collected 12191  
 Independent reflections 2864 (R(int) = 0.0403)  
 Completeness to theta = 25.00° 96.2 %  
 Absorption correction None  
 Refinement method Full-matrix least-squares on F2  
 Data/restraints/parameters 2864 / 0 / 194  
 Goodness-of-fit on F2 1.147  
 Final R indices (I>2 (I)) R1 = 0.0301, wR2 = 0.0807 
 R indices (all data) R1 = 0.0331, wR2 = 0.0817 
 Largest diff. peak and hole 0.796 and -0.317 eÅ-3  
 
 
 

Table 2: Atomic coordinates  ( x 104) and equivalent isotropic 
displacement parameters (Å2

x 103) for 4d. Ueq is defined as 
one third of the trace of the orthogonalized Uij tensor.  

 
Atom  x        y  z                        Ueq  

I(1) 4283(1) 7397(1) 4241(1) 62(1) 

O(1) 5918(3) 8737(2) -1396(2) 59(1) 

O(2) 8066(2) 6669(2) -1887(2) 42(1) 

O(3) 11005(3) 484(3) -2357(3) 60(1) 

N(1) 6368(2) 6787(2) 189(2) 38(1) 

C(1) 6997(3) 5294(3) 681(3) 38(1) 

C(2) 6406(3) 5248(3) 2028(3) 42(1) 

C(3) 5446(3) 6713(3) 2359(3) 41(1) 

C(4) 5419(3) 7633(3) 1235(3) 39(1) 

C(5) 6741(3) 7506(3) -1118(3) 40(1) 

C(6) 8731(4) 7162(3) -3322(3) 48(1) 

C(7) 10219(4) 5844(4) -3756(3) 56(1) 

C(8) 9211(5) 8574(4) -3472(4) 74(1) 

C(9) 7518(5) 7346(5) -4004(3) 71(1) 
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C(11) 7597(3) 3602(3) -1037(3) 45(1) 

C(12) 8591(4) 2417(3) -1749(3) 49(1) 

C(13) 10095(3) 1617(3) -1579(3) 46(1) 

C(14) 10542(3) 2025(3) -664(3) 47(1) 

C(10) 8044(3) 4047(3) -123(3) 38(1) 

C(15) 9532(3) 3227(3) 49(3) 43(1) 

C(16) 12551(4) -353(4) -2208(4) 67(1) 
 
 
 
 

Table 3: Hydrogen coordinates (x 104) and isotropic displacement 
parameters (Å2 x 103) for 4d.  

 
Atom                   x       y z                       Ueq  

 

H(21) 6605 4391 2627 50 

H(41) 4857 8662 1174 47 

H(71) 10774 6034 -4688 83 

H(72) 9902 4935 -3599 83 

H(73) 10931 5722 -3258 83 

H(81) 8253 9406 -3185 111 

H(82) 9796 8807 -4389 111 

H(83) 9893 8414 -2938 111 

H(91) 6574 8178 -3683 107 

H(92) 7207 6430 -3817 107 

H(93) 7998 7549 -4947 107 

H(111) 6596 4127 -1161 54 

H(121) 8267 2138 -2353 58 

H(141) 11532 1484 -527 56 

H(151) 9852 3498 660 52 

H(161) 13059 -1161 -2771 100 

H(162) 12410 -772 -1297 100 

H(163) 13225 310 -2455 100 

 
 
 
 

Table 4: Anisotropic displacement parameters (Å2 x 103) for 4d. The anisotropic 
displacement factor exponent takes the form: -2 pi2 (h2 a*2 U11 + ... + 2 h k a* b* 
U12)  

 
Atom          U11               U22                U33                  U23                 U13 U12  

 

I(1) 68(1)  66(1) 38(1)  -9(1) -7(1)  -12(1) 

O(1) 70(1)  42(1) 45(1)  -4(1) -16(1)  4(1) 

O(2) 42(1)  40(1) 36(1)  -3(1) -10(1)  -9(1) 



 62 

O(3) 49(1)  51(1) 79(2)  -29(1) -15(1)  -5(1) 

N(1) 37(1)  36(1) 39(1)  -5(1) -12(1)  -9(1) 

C(1) 33(1)  36(1) 45(1)  -3(1) -14(1)  -11(1) 

C(2) 39(1)  40(2) 42(1)  1(1) -13(1)  -10(1) 

C(3) 37(1)  48(2) 37(1)  -9(1) -8(1)  -12(1) 

C(4) 37(1)  37(1) 41(1)  -7(1) -9(1)  -8(1) 

C(5) 44(1)  37(1) 38(1)  -4(1) -15(1)  -10(1) 

C(6) 52(2)  53(2) 35(1)  -3(1) -10(1)  -17(1) 

C(7) 48(2)  65(2) 46(2)  -13(1) -3(1)  -15(2) 

C(8) 85(2)  59(2) 67(2)  2(2) -5(2)  -36(2) 

C(9) 70(2)  95(3) 47(2)  -20(2) -28(2)  -3(2) 

C(11) 38(1)  40(2) 60(2)  -8(1) -21(1)  -8(1) 

C(12) 46(2)  48(2) 61(2)  -13(1) -21(1)  -16(1) 

C(13) 40(1)  37(2) 57(2)  -10(1) -11(1)  -10(1) 

C(14) 37(1)  41(2) 62(2)  -9(1) -18(1)  -6(1) 

C(10) 38(1)  34(1) 42(1)  -1(1) -13(1)  -13(1) 

C(15) 39(1)  41(2) 51(2)  -7(1) -16(1)  -10(1) 

C(16) 46(2)  53(2) 88(2)  -25(2) -9(2)  -2(2) 
 
 
 

Table 5: Bond lengths (Å) and angles (deg) for 4d.  

 
I(1)-C(3)  2.078(3) 

O(1)-C(5)  1.206(3) 

O(2)-C(5)  1.314(3) 

O(2)-C(6)  1.497(3) 

O(3)-C(13)  1.361(4) 

O(3)-C(16)  1.438(4) 

N(1)-C(4)  1.385(4) 

N(1)-C(1)  1.407(3) 

N(1)-C(5)  1.419(3) 

C(1)-C(2)  1.370(4) 

C(1)-C(10)  1.473(4) 

C(2)-C(3)  1.416(4) 

C(2)-H(21)  0.9400 

C(3)-C(4)  1.351(4) 

C(4)-H(41)  0.9400 

C(6)-C(8)  1.517(4) 

C(6)-C(9)  1.518(4) 

C(6)-C(7)  1.518(5) 

C(7)-H(71)  0.9700 

C(7)-H(72)  0.9700 

C(7)-H(73)  0.9700 

C(8)-H(81)  0.9700 

C(8)-H(82)  0.9700 

C(8)-H(83)  0.9700 

C(9)-H(91)  0.9700 

C(9)-H(92)  0.9700 

C(9)-H(93)  0.9700 

C(11)-C(12)  1.370(5) 

C(11)-C(10)  1.406(4) 

C(11)-H(111)  0.9400 

C(12)-C(13)  1.407(4) 

C(12)-H(121)  0.9400 

C(13)-C(14)  1.388(4) 

C(14)-C(15)  1.385(4) 

C(14)-H(141)  0.9400 

C(10)-C(15)  1.399(4) 

C(15)-H(151)  0.9400 

C(16)-H(161)  0.9700 

C(16)-H(162)  0.9700 

C(16)-H(163)  0.9700 

C(5)-O(2)-C(6) 121.6(2) 

C(13)-O(3)-C(16) 116.9(3) 

C(4)-N(1)-C(1) 109.2(2) 

C(4)-N(1)-C(5) 120.0(2) 

C(1)-N(1)-C(5) 130.2(2) 

C(2)-C(1)-N(1) 106.3(2) 

C(2)-C(1)-C(10) 128.1(2) 

N(1)-C(1)-C(10) 125.6(2) 

C(1)-C(2)-C(3) 108.2(2) 

C(1)-C(2)-H(21) 125.9 

C(3)-C(2)-H(21) 125.9 

C(4)-C(3)-C(2) 108.6(2) 

C(4)-C(3)-I(1) 124.5(2) 

C(2)-C(3)-I(1) 126.9(2) 

C(3)-C(4)-N(1) 107.7(2) 

C(3)-C(4)-H(41) 126.2 

N(1)-C(4)-H(41) 126.2 

O(1)-C(5)-O(2) 128.2(2) 

O(1)-C(5)-N(1) 121.2(3) 

O(2)-C(5)-N(1) 110.5(2) 

O(2)-C(6)-C(8) 109.3(2) 

O(2)-C(6)-C(9) 109.6(2) 
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C(8)-C(6)-C(9) 113.7(3) 

O(2)-C(6)-C(7) 101.4(2) 

C(8)-C(6)-C(7) 110.2(3) 

C(9)-C(6)-C(7) 111.9(3) 

C(6)-C(7)-H(71) 109.5 

C(6)-C(7)-H(72) 109.5 

H(71)-C(7)-H(72) 109.5 

C(6)-C(7)-H(73) 109.5 

H(71)-C(7)-H(73) 109.5 

H(72)-C(7)-H(73) 109.5 

C(6)-C(8)-H(81) 109.5 

C(6)-C(8)-H(82) 109.5 

H(81)-C(8)-H(82) 109.5 

C(6)-C(8)-H(83) 109.5 

H(81)-C(8)-H(83) 109.5 

H(82)-C(8)-H(83) 109.5 

C(6)-C(9)-H(91) 109.5 

C(6)-C(9)-H(92) 109.5 

H(91)-C(9)-H(92) 109.5 

C(6)-C(9)-H(93) 109.5 

H(91)-C(9)-H(93) 109.5 

H(92)-C(9)-H(93) 109.5 

C(12)-C(11)-C(10) 121.3(2) 

C(12)-C(11)-H(111) 119.4 

C(10)-C(11)-H(111) 119.4 

C(11)-C(12)-C(13) 120.3(3) 

C(11)-C(12)-H(121) 119.9 

C(13)-C(12)-H(121) 119.9 

O(3)-C(13)-C(14) 125.3(3) 

O(3)-C(13)-C(12) 115.6(3) 

C(14)-C(13)-C(12) 119.2(3) 

C(15)-C(14)-C(13) 120.2(3) 

C(15)-C(14)-H(141) 119.9 

C(13)-C(14)-H(141) 119.9 

C(15)-C(10)-C(11) 117.8(3) 

C(15)-C(10)-C(1) 119.2(2) 

C(11)-C(10)-C(1) 123.0(2) 

C(14)-C(15)-C(10) 121.3(3) 

C(14)-C(15)-H(151) 119.3 

C(10)-C(15)-H(151) 119.3 

O(3)-C(16)-H(161) 109.5 

O(3)-C(16)-H(162) 109.5 

H(161)-C(16)-H(162) 109.5 

O(3)-C(16)-H(163) 109.5 

H(161)-C(16)-H(163) 109.5 

H(162)-C(16)-H(163) 109.5 

___________________________________________
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Table 6: Torsion angles (deg) for 4d. 

______________________________________________________________ 

C(4)-N(1)-C(1)-C(2) 0.6(3) 

C(5)-N(1)-C(1)-C(2) 171.1(2) 

C(4)-N(1)-C(1)-C(10) 179.0(2) 

C(5)-N(1)-C(1)-C(10) -10.6(4) 

N(1)-C(1)-C(2)-C(3) -1.2(3) 

C(10)-C(1)-C(2)-C(3) -179.5(2) 

C(1)-C(2)-C(3)-C(4) 1.4(3) 

C(1)-C(2)-C(3)-I(1) -177.57(17) 

C(2)-C(3)-C(4)-N(1) -1.0(3) 

I(1)-C(3)-C(4)-N(1) 178.00(16) 

C(1)-N(1)-C(4)-C(3) 0.2(3) 

C(5)-N(1)-C(4)-C(3) -171.4(2) 

C(6)-O(2)-C(5)-O(1) -2.2(4) 

C(6)-O(2)-C(5)-N(1) 179.8(2) 

C(4)-N(1)-C(5)-O(1) -21.5(4) 

C(1)-N(1)-C(5)-O(1) 168.9(3) 

C(4)-N(1)-C(5)-O(2) 156.6(2) 

C(1)-N(1)-C(5)-O(2) -13.0(3) 

C(5)-O(2)-C(6)-C(8) 63.7(3) 

C(5)-O(2)-C(6)-C(9) -61.5(3) 

C(5)-O(2)-C(6)-C(7) -179.9(2) 

C(10)-C(11)-C(12)-C(13) -0.1(4) 

C(16)-O(3)-C(13)-C(14) 0.2(4) 

C(16)-O(3)-C(13)-C(12) 179.9(3) 

C(11)-C(12)-C(13)-O(3) -178.5(3) 

C(11)-C(12)-C(13)-C(14) 1.2(4) 

O(3)-C(13)-C(14)-C(15) 178.2(3) 

C(12)-C(13)-C(14)-C(15) -1.4(4) 

C(12)-C(11)-C(10)-C(15) -0.8(4) 

C(12)-C(11)-C(10)-C(1) -178.7(3) 

C(2)-C(1)-C(10)-C(15) -57.1(4) 

N(1)-C(1)-C(10)-C(15) 124.8(3) 

C(2)-C(1)-C(10)-C(11) 120.8(3) 

N(1)-C(1)-C(10)-C(11) -57.3(3) 

C(13)-C(14)-C(15)-C(10) 0.5(4) 

C(11)-C(10)-C(15)-C(14) 0.6(4) 

C(1)-C(10)-C(15)-C(14) 178.6(2) 

________________________________________________________________  
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3-(Hetero)aryl substituted indoles, 7-azaindoles, and pyrroles

can be obtained in a very concise fashion via a one-pot

Masuda borylation–Suzuki coupling sequence. The concise

total syntheses of the marine natural products meridianins A

(5) and G (4i) nicely illustrate the utility of this methodology.

Indoles and pyrroles belong to the most important heterocycles.

They are widespread in nature1 and represent privileged structures

found in a plethora of biologically and pharmacologically active

compounds.2 In particular, indoles with 5- or 6-membered hete-

rocyclic substituents in the 3-position have aroused considerable

attention due to a remarkable spectrum of biological activity.

For example, meridianins3 and variolins4 (Fig. 1) are small

marine alkaloids consisting of indole and 7-azaindole frameworks

connected to a 2-aminopyrimidine ring, the essential structural

element for the kinase inhibitory activity of these natural products.

Fig. 1 3-Substituted indoles as natural products and bioactive

compounds.

Recently, we synthesized some members of the meridianin

family using the carbonylative Sonogashira coupling reaction as

a key step.5 The simplified 7-azaindole analogue of variolin B

(later called meriolin 1)6 has attracted our attention because it

is very active on kinases and human cancer cell lines with IC50
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values (i.e. concentration reducing cell proliferation by 50%) of

0.18 and 0.14 mM against HCT116 (colon carcinoma) and A2780

(ovarian carcinoma), respectively. 7-Azaindole is an increasingly

important structural motif due to its strong ability to bind to

the hinge region of kinases and act as a kinase inhibitor. We

are particularly interested in investigating the structure–activity

relationship of 3-heteroaryl substituted 7-azaindoles. Therefore, a

robust and general synthetic methodology to decorate (aza)indoles

with diverse heterocyclic residues is highly desirable.

The Suzuki–Miyaura cross-coupling reaction7 is an extremely

important tool for the construction of biaryls, as emphasized by

awarding the Nobel Prize 2010 to Akira Suzuki in recognition of

the enormous utility of this Pd-catalyzed transformation. As the

nucleophilic component of this coupling, pinacol boronic esters8

are stable reagents and can be also accessed via Pd-catalyzed

approaches such as Miyaura (B2pin2/PdCl2dppf/KOAc)9 and

Masuda (HBpin/PdCl2dppf/NEt3)
10 borylations. The Masuda

protocol utilizes pinacolborane,11 thus being a more elegant and

atom economical approach. The catenation of Masuda and Suzuki

reactions into a one-pot fashion has been described by several

groups pioneered by the work of Baudoin in 2000.12 However,

the strategy has never been generalized and no simple catalytic

system has been disclosed for the flexible introduction of various

heterocycles on pharmaceutically relevant heterocyclic scaffolds

such as indoles or related systems.13 Herein, we report a strikingly

simple one-pot procedure which was established to efficiently

synthesize a variety of 3-(hetero)aryl substituted (7-aza)indoles,

pyrroles, and other electron-rich (hetero)aryls.

N-Boc protected (aza)indolyl14 iodides 1 are easily accessible,

stable to storage and can be successfully used as valuable building

blocks in cross-coupling reactions. The direct Suzuki coupling of

1 with heteroaryl boronic acids or esters is strongly limited by

the accessibility of the latter. We reasoned that iodides 1 could be

converted to the corresponding pinacol esters15 2 and then reacted

en route with heterocyclic halides 3, which are readily available

(Scheme 1).

According to this strategy, the iodides 1 are reacted with

pinacolborane and triethylamine as a base in 1,4-dioxane. After

completed transformation (as monitiored by TLC), methanol is

added which scavenges excess of pinacolborane. One equivalent

of mostly commercially available halide 3 is added followed by

caesium carbonate to promote the Suzuki coupling. Concurrently,

This journal is © The Royal Society of Chemistry 2011 Org. Biomol. Chem., 2011, 9, 3139–3141 | 3139
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Scheme 1 Synthetic concept for 3-(hetero)aryl substituted 7-azaindoles

4.

the alcoholic carbonate solution cleaves the Boc protective group,

thus directly furnishing the desired products 4 without the need

for an additional deprotection step (Scheme 2).

Scheme 2 Masuda borylation–Suzuki coupling sequence.

This methodology exemplifies sequential catalysis, since a single

Pd-precatalyst promotes both transformations.16 No exotic ligands

are required and no additional catalyst portion has to be added

in the second reaction step. The yield did not increase upon

addition of further 3 mol% Pd(PPh3)4, which performed best

for the described substrates. PdCl2(PPh3)2 was only slightly less

efficient (64% vs. 61% for 4f), but the typical precatalyst for

Masuda borylations, PdCl2dppf, failed to give the desired product

in a good yield (39% for 4f). K2CO3 can be used instead of Cs2CO3

with slightly decreased efficiency.

Interestingly, in a related approach to substituted 7-azaindolyl

pyrimidines, a stepwise protocol consisting of Miyaura boryla-

tion and Suzuki coupling with two different (!) Pd-precatalysts

was utilized, and the protective phenylsulfonyl group remained

uncleaved.17

The scope of the presented sequence is remarkable since it allows

the introduction of a great variety of different 6-membered aryl

substituents or nitrogen heterocycles (Fig. 2). Functional groups

including cyano, free hydroxy and amino groups on (hetero)aryl

halides are tolerated and give good yields. (Hetero)aromatic

iodides, bromides and chlorides (see the color code of Fig. 2) can

be reacted according to the expected oxidative addition tendency

of the halide and its position in the (hetero)cycle. Pharmacophore

motifs such as 2-aminopyrimidine, 2-aminopyridine, and even 2,6-

diaminopyridine can be introduced without difficulties. It should

be emphasized that upon using the reverse approach, i.e. the

direct coupling with heteroaryl boronic acids or pinacol esters, the

observed functional and structural diversity can hardly be realized:

especially ortho-nitrogen atom containing boronic reagents are

particularly challenging coupling partners.18 Not only indoles and

7-azaindoles but also iodo pyrroles19 can be reacted and give 2,4-

disubstituted pyrroles (4k–4n), which represent an interesting and

rare substitution pattern. Furthermore, N-Bn 4-iodo pyrazole, 3-

iodo thiophene, 2,5-disubstituted 4-iodo furan20 as well as 2-amino

5-iodo pyridine, 2-amino 5-iodo pyrimidine and electron-rich iodo

arenes can be functionalized with (hetero)aryl substituents with

Fig. 2 Scope of the Masuda borylation–Suzuki coupling sequence

(isolated yields). Color code for the applied heterocyclic halides 3: violet =

iodide, brown = bromide, green = chloride. Th = thienyl.

comparable efficiency (4o–4u). Free hydroxy and amino groups on

the substrates are well tolerated (4r–4t). The yields of the isolated

products are fair to very good and the compounds can be obtained

analytically pure by simple flash chromatography.

With this practical and versatile methodology in hand, we set

out to perform very concise total syntheses of meridianins A (5)23

and G (4i) in order to illustrate the utility in alkaloid synthesis.

Starting from commercially available 4-methoxy-1H-indole, the

former natural product was obtained in four steps and 54% total

yield. The one-pot Masuda borylation–Suzuki coupling sequence

was used as a key step to prepare O-Me-meridianin A (4j), which

was then demethylated by PyHCl21 in the final step (Scheme

3). It is worth mentioning that this strategy represents the first

targeted synthesis of this natural product since the sole approach

by Fresneda and Molina delivered 15% (19 mg) of meridianin

A in 5 steps from 4-benzyloxy-7-bromo-1H-indole, which is not

commercially available.22 The presented procedure23 gives also

access to other interesting hydroxylated 3-aryl and 3-heteroaryl

substituted indoles. Syntheses of further natural products can be

easily envisioned and are currently underway.

The presented sequence consisting of Masuda borylation and

Suzuki coupling is tailored to efficiently synthesize 3-(hetero)aryl

substituted (aza)indoles, many of them are biologically active

compounds. Moreover, the obtained 2,4-di(hetero)aryl substituted

pyrroles represent a new promising scaffold. The most exciting

feature of this preparatively extremely simple transformation is

the possibility to directly connect readily available heterocyclic

halides in a one-pot fashion without the need for sophisticated

catalysts, ligands or additives. Considering the huge pool of

3140 | Org. Biomol. Chem., 2011, 9, 3139–3141 This journal is © The Royal Society of Chemistry 2011
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Scheme 3 Final step of the total synthesis of meridianin A.

commercially available or easily accessible heteroaromatic halides,

this methodology is a quite general concept.

The full scope of the sequence as well as structure–activity

studies and the biological data of analogues based on 7-azaindole

will be reported in near future.
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1. General Considerations 

All cross coupling reactions were carried out in oven-dried Schlenk glassware using 

septa and syringes under nitrogen or argon atmosphere. THF and 1,4-dioxane were 

dried using MBraun system MB-SPS-800, and triethylamine was refluxed under 

argon atmosphere over ketyl sodium, distilled and stored in a Schlenk flask over 

potassium hydroxide pellets under argon atmosphere. Dry methanol was purchased 

from Sigma-Aldrich Chemie GmbH.

4,4,5,5-Tetramethyl-1,3,2-dioxaborolane (pinacolborane) was purchased from Sigma-

Aldrich Chemie GmbH and used as supplied. Tetrakis(triphenylphosphane)-

palladium(0) and cesium carbonate were purchased from Merck Serono KGaA.

Commercial grade reagents were used as supplied without further purification and 

were purchased from Acros Organics, Sigma-Aldrich Chemie GmbH, Fluka AG,

ABCR GmBH & Co. KG, Alfa Aesar GmbH & Co. KG, Aces Pharma Inc., Interchim 

Inc., Synthonix Inc., Synchem OHG and Merck Serono KGaA.

Compounds 1h-1i, 1k-1n and 3a-3q are commercially available (see Table 1).

Compounds 1a-1c,[1] 1d-1g[2] and 1j[3] were prepared according to the literature 

procedures. 

The purification of products was performed on silica gel 60 (0.015-0.040 mm) from 

Merck Serono KGaA Darmstadt using flash technique and under pressure of 2 bar. 

The crude mixtures were adsorbed on Celite® 545 (0.02-0.10 mm) from Merck

Serono KGaA Darmstadt before chromatographic purification. 

The reaction progress was monitored qualitatively using TLC Silica gel 60 F254 5 x 7.5 

cm aluminium sheets obtained by Merck Serono KGaA Darmstadt. The spots were 

detected with UV light at 254 nm and using aqueous potassium permanganate 

solution. 
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1H, 13C, and 135-DEPT NMR spectra were recorded on Bruker DRX 500 

spectrometer. Acetone-d6, CDCl3 and DMSO-d6 were used as deuterated solvents. 

TMS was used as reference (  = 0.0) or the resonances of the solvents were locked 

as internal standards (acetone-d6:
1H  2.05, 13C 30.8; CDCl3:

1H  7.26, 13C 77.0;

DMSO-d6:
1H 2.50, 13C 39.4). The multiplicities of signals were abbreviated as 

follows: s: singlet; d: doublet; t: triplet; dd: doublet of doublets, ddd: doublet of 

doublets of doublets, dt: doublet of triplets, td: triplet of doublets, tt: triplet of triplets, 

q: quartet, quint: quintet, sext: sextet, m: multiplet and br: broad signal. The type of 

carbon atoms was determined on the basis of 135-DEPT NMR spectra.

EI mass spectra were measured on Finnigan MAT 8200 spectrometer. IR spectra 

were obtained on Bruker Vector 22 FT-IR. The solids were measured as KBr pellets 

and oils as films on KBr plates. The intensity of signals is abbreviated as follows: s 

(strong), m (medium) and w (weak). The melting points (uncorrected) were measured 

on Reichert-Jung Thermovar. Combustion analyses were carried out on Perkin Elmer 

Series II Analyser 2400 in the microanalytical laboratory of Institut für 

Pharmazeutische und Medizinische Chemie der Heinrich-Heine-Universität 

Düsseldorf.
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2. Preparation of Starting Materials 1a, 1c, 1f and 1j 

2.1. Preparation of tert-butyl 3-iodo-1H-pyrrolo[2,3-b]pyridine-1-carboxylate

(1a)[1]

A solution of iodine (25.7 g, 101 mmol) in 180 mL DMF was dropped to the solution 

of 7-azaindole (12.1 g, 100 mmol) and potassium hydroxide (16.5 g, 250 mmol) in 

180 mL DMF at room temperature and the mixture was stirred for 45 min. The 

reaction mixture was then poored on 1 L ice water containing 1 % ammonia and 0.2 

% sodium disulfite. The precipitate was filtered, washed with ice water and dried in 

vacuo to obtain 23.7 g (97.2 mmol, 97 % yield) of a yellow solid. 

The obtained solid was used without further purification for the next step. It was 

suspended in 180 mL dichloromethane, 4-dimethylaminopyridine (1.21 g, 9.72 mmol) 

was added and di-tert-butyl dicarbonate (32.8 g, 146 mmol), dissolved in 180 mL 

dichloromethane, was added dropwise for 30 min. The mixture was stirred for 30 min. 

at room temperature, washed with 200 mL 0.1 N HCl, and the aqueous phase was 

extracted with dichloromethane (2 x 100 mL). The combined organic layers were 

dried with sodium sulphate, the solvents were removed under reduced pressure and 

the residue was adsorbed onto Celite® and purified chromatographically on silica gel 

with petroleum ether (boiling range 40-60 °C)/ethyl acetate (PE-EtOAc = 5:1, Rf (PE-

EtOAc = 20:1): 0.14) to give 31.6 g (91.8 mmol, 94 % yield; 92 % total yield over two 

steps) of 1a as an orange oil, which solidifies upon storage in refrigerator.

[1] B. Witulski, N. Buschmann, U. Bergsträßer, Tetrahedron 2000, 56, 8473-8480. 
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tert-Butyl 3-iodo-1H-pyrrolo[2,3-b]pyridine-1-carboxylate (1a)

C12H13IN2O2

344.15

31.6 g (91.8 mmol, 92 % yield over two steps) as a yellow oil (solidified upon storage 

in refrigerator). Mp 79 °C. 1H NMR (acetone-d6, 300 MHz):  1.67 (s, 9 H), 7.36 (dd, J

= 8.1 Hz, J = 4.8 Hz, 1 H), 7.75 (dd, J = 8.1 Hz, J = 1.5 Hz, 1 H), 7.99 (s, 1 H), 8.44 

(dd, J = 4.8 Hz, J = 1.5 Hz, 1 H). 13C NMR (acetone-d6, 75 MHz):  28.1 (CH3), 61.9 

(Cquat), 84.8 (Cquat), 120.1 (CH), 125.8 (Cquat), 130.1 (CH), 132.1 (CH), 146.6 (CH), 

147.8 (Cquat), 147.9 (Cquat). EI + MS (m/z (%)): 344 (M+, 7), 271 ((M-C4H9O)+, 3), 245 

(10), 244 ((M-C5H9O2+H)+, 100), 217 ((M-I)+, 5), 162 (C8H6N2O2
+, 13), 144 

(C8H4N2O
+, 1), 127 (I+, 2), 117 (C7H5N2

+, 14), 116 (C7H4N2
+, 8), 57 (C4H9

+, 22).

Data reported in the literature:

T. A. Kelly, D. W. McNeil, J. M. Rose, E. David, C.-K. Shih, P. M. Grob, J. Med. 
Chem. 1997, 40, 2430-2433. 

1H NMR (CDCl3):  1.70 (s, 9 H), 7.28 (dd, J = 8.5 Hz, 1 H), 7.72 (dd, J = 8.1 Hz, 1 
H), 7.80 (s, 1 H), 8.49 (dd, J = 5.1 Hz, 1 H). 
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2.2. Preparation of tert-butyl 3-iodo-4-methoxy-1H-indole-1-carboxylate (1c)[1]

A solution of iodine (2.57 g, 10.1 mmol) in 15 mL DMF was dropped to the solution of 

4-methoxy-1H-indole (1.50 g, 10.0 mmol) and potassium hydroxide (1.65 g, 25.0 

mmol) in 15 mL DMF at room temperature and the mixture was stirred for 45 min. 

The reaction mixture was then poored on 200 mL ice water containing 1 % ammonia 

and 0.2 % sodium disulfite. The precipitate was filtered, washed with ice water and 

dried in vacuo to obtain 3.34 g (8.58 mmol, 86 % yield) of a gray solid. 

The obtained solid was used without further purification for the next step. It was 

suspended in 15 mL dichloromethane, 4-dimethylaminopyridine (106 mg, 0.86 mmol) 

was added and di-tert-butyl dicarbonate (2.90 g, 12.9 mmol), dissolved in 15 mL 

dichloromethane, was added dropwise for 25 min. The mixture was stirred for 30 min 

at room temperature, washed with 15 mL 0.1 N HCl, and the aqueous phase was 

extracted with dichloromethane (4 x 15 mL, monitored by TLC). The combined 

organic layers were dried with sodium sulphate, the solvents were removed under 

reduced pressure and the residue was adsorbed onto Celite® and purified 

chromatographically on silica gel with petroleum ether (boiling range 40-60 °C)/ethyl 

acetate (PE-EtOAc = 100:1  50:1 (stepwise gradient), Rf (PE-EtOAc = 50:1): 0.21) 

to give 3.08 g (8.24 mmol, 96 % yield; 82 % total yield over two steps) of 1c as a pale 

yellow oil, which solidifies upon storage in refrigerator to a pale yellow amorphous 

solid.

[1] B. Witulski, N. Buschmann, U. Bergsträßer, Tetrahedron 2000, 56, 8473-8480. 
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tert-Butyl 3-iodo-4-methoxy-1H-indole-1-carboxylate (1c) 

N

I

Boc

OMe

C14H16INO3

373.19

3.08 g (8.24 mmol, 82 % yield over two steps) as a pale yellow oil (solidified upon 

storage in refrigerator). Mp 68 °C. 1H NMR (CDCl3, 500 MHz):  1.64 (s, 9 H), 3.92 

(s, 3 H), 6.67 (d, J = 8.2 Hz, 1 H), 7.24 (t, J = 8.2 Hz, 1 H), 7.61 (s, 1 H), 7.80 (d, J = 

8.2 Hz, 1 H). 13C NMR (CDCl3, 125 MHz):  28.1 (CH3), 55.4 (CH3), 57.6 (Cquat), 84.2 

(Cquat), 104.0 (CH), 108.0 (CH), 119.6 (Cquat), 125.9 (CH), 130.0 (CH), 136.5 (Cquat),

148.5 (Cquat), 153.2 (Cquat). EI + MS (m/z (%)): 373 (M+, 33), 317 ((M-C4H9+H)+, 100), 

273 ((M-C4H9+H-CO2)
+, 56), 258 ((M-C4H9+H-CO2-CH3)

+, 23), 57 (C4H9
+, 83). IR 

(film):  3151 (w) cm-1, 2979 (s), 2937 (m), 2837 (w), 1732 (s), 1606 (m), 1586 (s), 

1494 (s), 1427 (s), 1394 (m), 1370 (s), 1339 (s), 1286 (s), 1153 (s), 1124 (s), 1046 

(s), 955 (w), 903 (w), 852 (m), 819 (w), 775 (m), 735 (m), 696 (w), 668 (w), 597 (w). 

Anal. calcd for C14H16INO3 (373.2): C 45.06, H 4.32, N 3.75. Found: C 45.07, H 4.11, 

N 3.56. 
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2.3. Preparation of tert-butyl 4-iodo-2-(4-methoxyphenyl)-1H-pyrrole-1-

carboxylate (1f)[2]

PdCl2(PPh3)2 (425 mg, 0.60 mmol, 2 mol %) and CuI (233 mg, 1.20 mmol, 4 mol %) 

were placed under argon atmosphere in a screw-cap vessel, which was then dried 

with a heat gun and cooled to room temperature (water bath). Then, 150 mL of dry 

THF were added and the mixture was degassed with argon. Dry triethylamine (4.16 

mL, 30.0 mmol), 4-methoxybenzoyl chloride (5.28 g, 30.0 mmol), and tert-butyl prop-

2-ynylcarbamate (4.66 g, 30.0 mmol) were successively added to the mixture which 

was stirred at room temperature for 1 h (monitored by TLC). Then, sodium iodide 

(22.7 g, 150 mmol), toluene-4-sulfonic acid monohydrate (11.6 g, 60.0 mmol) and 30 

ml of tert-butanol were successively added to the mixture which was stirred at room 

temperature for 1 h (monitored by TLC). The reaction mixture was diluted with 300 

mL brine, the phases were separated and the aqueous phase was extracted with 

dichloromethane (3 x 150 mL). The combined organic layers were dried with 

anhydrous sodium sulfate. After removal of the solvents in vacuo the residue was 

absorbed onto Celite® and purified chromatographically on silica gel with petroleum 

ether (boiling range 40-60 °C)/ethyl acetate (PE-EtOAc = 100:1) to give 9.23 g (23.1 

mmol, 77 % yield) of the desired product (1f) as a colorless solid. 

[2] “Three-component synthesis of N-Boc-4-iodopyrroles and sequential one-pot 

alkynylation“ E. Merkul, C. Boersch, W. Frank, T. J. J. Müller, Org. Lett. 2009, 11,

2269-2272. 
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2.4. Preparation of 2-ethyl-3-iodo-5-(thiophen-2-yl)furan (1j)[3]

PdCl2(PPh3)2 (142 mg, 0.20 mmol, 2 mol %) and CuI (78 mg, 0.40 mmol, 4 mol %) 

were placed under argon atmosphere in a screw-cap vessel, which was then dried 

with a heat gun and cooled to room temperature (water bath). Then, 50 mL of dry 

THF were added and the mixture was degassed with argon. Dry triethylamine (1.39 

mL, 10.0 mmol), thiophene-2-carbonyl chloride (1.50 g, 10.0 mmol), and tetrahydro-

2-(pent-1-yn-3-yloxy)-2H-pyran (4.66 g, 10.0 mmol) were successively added to the 

mixture which was stirred at room temperature for 2 h (monitored by TLC). Then, 

sodium iodide (7.57 g, 50.0 mmol), toluene-4-sulfonic acid monohydrate (2.14 g, 11.0 

mmol) and 30 ml of methanol were successively added to the mixture which was 

stirred at room temperature for 2 h (monitored by TLC). After removal of the solvents 

in vacuo the residue was absorbed onto Celite® and purified chromatographically on 

silica gel with petroleum ether (boiling range 40-60 °C)/ethyl acetate (PE-EtOAc = 

10:1) to give 2.72 g (8.93 mmol, 89 % yield) of 1j as an orange oil. 

“A novel one-pot three-component synthesis of 3-halofurans and sequential Suzuki 

coupling“ A. S. Karpov, E. Merkul, T. Oeser, T. J. J. Müller, Chem. Commun. 2005,

2581-2583. 

[3] “One-pot three-component synthesis of 3-halofurans and 3-chloro-4-iodofurans” 

A. S. Karpov, E. Merkul, T. Oeser, T. J. J. Müller, Eur. J. Org. Chem. 2006, 2991-

3000.
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3. Preparation of tert-butyl 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)-1H-pyrrolo[2,3-b]pyridine-1-carboxylate (2a) 

Tetrakis(triphenylphosphane)-palladium(0) (35 mg, 0.03 mmol, 3 mol %) and tert-

butyl 3-iodo-1H-pyrrolo[2,3-b]pyridine-1-carboxylate (1a) (344 mg, 1.00 mmol) were 

placed under argon atmosphere in a dry screw-cap vessel with septum. Then, 5 mL 

of dry dioxane were added and the mixture was degassed with argon. Dry 

triethylamine (1.39 mL, 10.0 mmol, 10.0 equiv), and 4,4,5,5-tetramethyl-1,3,2-

dioxaborolane (0.22 mL, 1.50 mmol, 1.50 equiv) were successively added to the 

mixture which was stirred at 80 °C (preheated oil bath) for 3 h (monitored by TLC).

Then, after cooling to room temperature (water bath), the solvent was removed in 

vacuo and the residue was absorbed onto Celite® and purified chromatographically*

on silica gel with petroleum ether (boiling range 40-60 °C)/ethyl acetate (PE-EtOAc = 

5:1) to give 291 mg (0.85 mmol, 85 % yield) of 2a as a yellow solid. Recrystallization 

from n-pentane gave colorless crystals. 

*The purification was performed on Biotage SP-1 system using a 50 g silica gel SNAP cartridge. 
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tert-Butyl 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrrolo[2,3-

b]pyridine-1-carboxylate (2a) 

N N

B O
O

Boc

C18H25BN2O4

344.21

291 mg (0.85 mmol, 85 % yield) as a yellow solid. Rf (PE-EtOAc = 5:1): 0.30. Mp 97-

98 °C. 1H NMR (acetone-d6, 500 MHz):  1.37 (s, 12 H), 1.68 (s, 9 H), 7.28 (dd, J = 

7.6 Hz, J = 4.7 Hz, 1 H), 8.05 (s, 1 H), 8.21 (dd, J = 7.9 Hz, J = 1.9 Hz, 1 H), 8.40 

(dd, J = 4.7 Hz, J = 1.6 Hz, 1 H). 13C NMR (acetone-d6, 125 MHz):  26.2 (CH3), 29.2 

(CH3), 85.3 (Cquat), 85.6 (Cquat), 120.7 (CH), 127.7 (Cquat), 132.2 (CH), 137.6 (CH), 

146.5 (CH), 149.5 (Cquat), 150.8 (Cquat), 207.1 (Cquat). EI + MS (m/z (%)): 344 (M+,

10), 244 (100), 229 (28), 185 (10), 171 (9), 158 (37), 144 (62), 118 (12), 57 (13). 

Anal. calcd for C18H25BN2O4 (344.2): C 62.81, H 7.32, N 8.14. Found: C 62.75, H 

7.39, N 8.10. 

Data reported in the literature: 

V. A. Kallepalli, F. Shi, S. Paul, E. N. Onyeozili, R. E. Maleczka Jr., M. R. Smith III, J.
Org. Chem. 2009, 74, 9199-9201. 

White solid. Mp 115-117 °C. 1H NMR (CDCl3, 500 MHz):  1.33 (br s, 12 H), 1.62 (br 
s, 9 H), 7.16-7.18 (dd, J = 7.8 Hz, J = 4.6 Hz, 1 H), 8.01 (br s, 1 H), 8.20-8.22 (dd, J = 
7.8 Hz, J = 1.7 Hz, 1 H), 8.45-8.46 (dd, J = 4.9 Hz, J = 1.7 Hz, 1 H). 13C NMR (CDCl3,
125 MHz):  24.8 (CH3), 28.1 (CH3), 83.5 (Cquat), 84.3 (Cquat), 118.8 (CH), 126.1 
(Cquat), 130.9 (CH), 135.4 (CH), 145.1 (CH), 147.6 (Cquat), 149.3 (Cquat), 207.1 (Cquat). 
GCMS (EI) (m/z (%)): 244 (100), 229 (38), 187 (35), 158 (37), 144 (46), 117 (11). 11B
NMR (CDCl3, 96 MHz):  30.2. Anal. calcd for C18H25BN2O4 (344.2): C 62.81, H 7.32, 
N 8.14. Found: C 63.18, H 7.59, N 8.09. 
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4. Preparation of Compounds 4a-u by the Masuda Borylation – 

Suzuki Coupling Sequence 

4.1. General Procedure 

Tetrakis(triphenylphosphane)-palladium(0) (35 mg, 0.03 mmol, 3 mol %) and tert-

butyl 3-iodo-1H-pyrrolo[2,3-b]pyridine-1-carboxylate (1a) (344 mg, 1.00 mmol) were 

placed under argon atmosphere in a dry screw-cap vessel with septum. Then, 5 mL 

of dry dioxane were added and the mixture was degassed with argon. Dry 

triethylamine (1.39 mL, 10.0 mmol, 10.0 equiv), and 4,4,5,5-tetramethyl-1,3,2-

dioxaborolane (0.22 mL, 1.50 mmol, 1.50 equiv)* were successively added to the 

mixture which was stirred at 80 °C (preheated oil bath) for 3 h (monitored by TLC).

Then, after cooling to room temperature (water bath), 5 mL of dry methanol, 1.00 

mmol of (hetero)aryl halide 3 and cesium carbonate (823 mg, 2.50 mmol, 2.50 equiv) 

were successively added and the mixture was stirred at 100 °C overnight (preheated 

oil bath; for exact reaction times, see Table 2). Then, after cooling to room 

temperature (water bath) the solvents were removed in vacuo and the residue was 

absorbed onto Celite® and purified chromatographically on silica gel with 

dichloromethane-methanol-aqueous ammonia (isocratic or stepwise gradient). The 

obtained bis(hetero)aryls 4 can be further purified by suspending in dichloromethane, 

sonication in ultrasound bath for 0.5-1.0 h, filtration and drying in vacuo overnight. 

*For the preparation of compounds 4r-4t, 3.00 equiv (0.44 mL, 3.00 mmol) of 4,4,5,5-

tetramethyl-1,3,2-dioxaborolane (pinacolborane) were used. 

The experimental details are given in Table 1.
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Table 1. Experimental details for the synthesis of bis(hetero)aryls 4.

Entry Substrate 1 (Hetero)aryl 
halide 3

Bis(hetero)aryl 4
(isolated yield %) 

Chromatographic
purification (eluent)

UV purity 
1 tert-Butyl 3-

iodo-1H-
pyrrolo[2,3-
b]pyridine-1-
carboxylate 

344 mg 
(1.00 mmol) 

1a

4-Chloro-
pyrimidin-2-

amine
(Synchem)

134 mg 
(1.00 mmol) 

3a

Pale yellow solid 
134 mg 

(0.63 mmol, 63 %) 

4a

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1 
100:4:1  100:5:1 

 100:6:1 

HT-LC-MS: 100 % 

2 344 mg 
(1.00 mmol) 

1a

6-Chloro-
pyrazin-2-

amine
(Synthonix)

132 mg 
(1.00 mmol) 

3b

Green-brown solid 
112 mg 

(0.53 mmol, 53 %) 

4b

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1 
100:4:1  100:5:1 

 100:6:1 
100:7:1

HT-LC-MS: 100 % 

3 344 mg 
(1.00 mmol) 

1a

5-Iodo-
pyrimidin-2-

amine
(Alfa Aesar)

228 mg 
(1.00 mmol) 

3c

Pale yellow solid 
139 mg 

(0.66 mmol, 66 %)

4c

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1 
100:4:1  100:5:1 

HT-LC-MS: 100 % 

4 344 mg 
(1.00 mmol) 

1a

2-Chloro-
pyrimidin-4-

amine
(Aldrich)
134 mg 

(1.00 mmol) 
3d

Beige solid 
79 mg 

(0.37 mmol, 37 %) 

4d

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1 
100:4:1  100:5:1 

 100:6:1 

HT-LC-MS: 98.1 % 
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Table 1 (continuation). Experimental details for the synthesis of bis(hetero)aryls 4.

Entry Substrate 1 (Hetero)aryl 
halide 3

Bis(hetero)aryl 4
(isolated yield %) 

Chromatographic
purification (eluent)

UV purity 
5 tert-Butyl 3-

iodo-1H-
pyrrolo[2,3-
b]pyridine-1-
carboxylate 

344 mg 
(1.00 mmol) 

1a

6-Bromo-
pyridin-2-

amine
(ABCR)
177 mg 

(1.00 mmol) 
3e

Pale yellow solid 
170 mg 

(0.81 mmol, 81 %)

4e

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1 
100:4:1  100:5:1 

 100:6:1 

HT-LC-MS: 100 % 

6 344 mg 
(1.00 mmol) 

1a

4-Bromo-
pyridin-2-

amine
(Interchim)

173 mg 
(1.00 mmol) 

3f

Yellow solid 
135 mg 

(0.64 mmol, 64 %)

4f

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1 
100:4:1  100:5:1 

 100:6:1 
100:7:1

HT-LC-MS: 100 % 

7 344 mg 
(1.00 mmol) 

1a

2-Iodo-
benzen-
amine

(Merck)
221 mg 

(1.00 mmol) 
3g

Pale yellow solid 
154 mg 

(0.74 mmol, 74 %) 

4g

DCM-MeOH-NH3 = 
100:1:1

HT-LC-MS: 100 % 

8 344 mg 
(1.00 mmol) 

1a

4-Iodo-
phenol

(Alfa Aesar)
222 mg 

(1.00 mmol) 
3h

Beige solid 
120 mg 

(0.57 mmol, 57 %) 

4h

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1 
100:4:1  100:5:1 

 100:6:1 

HT-LC-MS: 97.5 % 
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Table 1 (continuation). Experimental details for the synthesis of bis(hetero)aryls 4.

Entry Substrate 1 (Hetero)aryl 
halide 3

Bis(hetero)aryl 4
(isolated yield %) 

Chromatographic
purification (eluent)

UV purity 
9 tert-Butyl 3-

iodo-1H-
indole-1-

carboxylate 
343 mg 

(1.00 mmol) 
1b

4-Chloro-
pyrimidin-2-

amine
(Synchem)

134 mg 
(1.00 mmol) 

3a

Pale yellow solid 
154 mg 

(0.73 mmol, 73 %) 

4i

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1 
100:4:1  100:5:1 

HT-LC-MS: 99.6 % 

10 tert-Butyl 3-
iodo-4-

methoxy-1H-
indole-1-

carboxylate 
373 mg 

(1.00 mmol) 
1c

134 mg 
(1.00 mmol) 

3a

Colorless solid 
185 mg 

(0.77 mmol, 77 %) 

4j

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1 
100:4:1  100:5:1 

 100:6:1 

HT-LC-MS: 100 % 

11 tert-Butyl 4-
iodo-2-

phenyl-1H-
pyrrole-1-

carboxylate 
369 mg 

(1.00 mmol) 
1d[a]

134 mg 
(1.00 mmol) 

3a

Rosa solid 
190 mg 

(0.80 mmol, 80 %) 

4k

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

HT-LC-MS: 98.2 % 

[a] “Three-component synthesis of N-Boc-4-iodopyrroles and sequential one-pot alkynylation“ 
E. Merkul, C. Boersch, W. Frank, T. J. J. Müller, Org. Lett. 2009, 11, 2269-2272. 
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Table 1 (continuation). Experimental details for the synthesis of bis(hetero)aryls 4.

Entry Substrate 1 (Hetero)aryl 
halide 3

Bis(hetero)aryl 4
(isolated yield %) 

Chromatographic
purification (eluent)

Rf (eluent) 
UV purity 

12 tert-Butyl 2-
(4-chloro-
phenyl)-4-
iodo-1H-
pyrrole-1-

carboxylate 
404 mg 

(1.00 mmol) 
1e[a]

5-Iodo-1,3-
dimethyl-

pyrimidine-
2,4(1H,3H)-

dione
(5-Iodo-1,3-

dimethyl-
uracil) 

(Aldrich)
269 mg 

(1.00 mmol) 
3i

Rosa solid 
202 mg 

(0.64 mmol, 64 %) 

4l

PE-EtOAc = 2:1 
1:1

Rf (PE-EtOAc = 1:1): 
0.32

HT-LC-MS: 100 % 

13 tert-Butyl 4-
iodo-2-(4-
methoxy-

phenyl)-1H-
pyrrole-1-

carboxylate 
399 mg 

(1.00 mmol) 
1f[a]

4-Iodo-
pyridine
(ABCR)
214 mg 

(1.00 mmol) 
3j

Beige solid 
151 mg 

(0.60 mmol, 60 %) 

4m

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1 

HT-LC-MS: 100 % 

14 tert-Butyl 4-
iodo-2-

(thiophen-2-
yl)-1H-

pyrrole-1-
carboxylate 

375 mg 
(1.00 mmol) 

1g[a]

1-Fluoro-4-
iodobenzene

(ABCR)
224 mg 

(1.00 mmol) 
3k

Pale gray solid 
170 mg 

(0.70 mmol, 70 %) 

4n

PE-EtOAc = 10:1 
Rf (PE-EtOAc = 

10:1): 0.21 

HT-LC-MS: 100 % 

[a] “Three-component synthesis of N-Boc-4-iodopyrroles and sequential one-pot alkynylation“ 
E. Merkul, C. Boersch, W. Frank, T. J. J. Müller, Org. Lett. 2009, 11, 2269-2272. 
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Table 1 (continuation). Experimental details for the synthesis of bis(hetero)aryls 4.

Entry Substrate 1 (Hetero)aryl 
halide 3

Bis(hetero)aryl 4
(isolated yield %) 

Chromatographic
purification (eluent)

Rf (eluent) 
UV purity 

15 1-Benzyl-4-
iodo-1H-
pyrazole
(ABCR)
284 mg 

(1.00 mmol) 
1h

1-(Trifluoro-
methyl)-4-

iodobenzene
(Alfa Aesar)

278 mg 
(1.00 mmol) 

3l

Colorless solid 
106 mg 

(0.35 mmol, 35 %) 

4o

PE-EtOAc = 7:1 
Rf (PE-EtOAc = 

7:1): 0.17 

HT-LC-MS: 100 % 

16 3-Iodo-
thiophene

(Alfa Aesar)
219 mg 

(1.00 mmol) 
1i

1-Iodo-
isoquinoline

(Aldrich)
263 mg 

(1.00 mmol) 
3m

Colorless solid 
161 mg 

(0.76 mmol, 76 %) 

4p

PE-EtOAc = 5:1 
Rf (PE-EtOAc = 

5:1): 0.35 

HT-LC-MS: 100 % 

17 2-Ethyl-3-
iodo-5-

(thiophen-2-
yl)furan[b]

304 mg 
(1.00 mmol) 

1j

4-Iodo-
benzonitrile

(ABCR)
234 mg 

(1.00 mmol) 
3n

Pale yellow solid 
221 mg 

(0.79 mmol, 79 %) 

O

S

CN

4q

PE-EtOAc = 20:1 
Rf (PE-EtOAc = 

20:1): 0.36 

Crystallization  by 
suspension in n-

pentane, sonication 
in ultrasound bath, 
filtration and drying 
in vacuo overnight

HT-LC-MS: 100 %

[b] “A novel one-pot three-component synthesis of 3-halofurans and sequential Suzuki coupling“ A. S. 
Karpov, E. Merkul, T. Oeser, T. J. J. Müller, Chem. Commun. 2005, 2581-2583. 

“One-pot three-component synthesis of 3-halofurans and 3-chloro-4-iodofurans” A. S. Karpov, E. 
Merkul, T. Oeser, T. J. J. Müller, Eur. J. Org. Chem. 2006, 2991-3000. 
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Table 1 (continuation). Experimental details for the synthesis of bis(hetero)aryls 4.

Entry Substrate 1 (Hetero)aryl 
halide 3

Bis(hetero)aryl 4
(isolated yield %) 

Chromatographic
purification (eluent)

UV purity 
18 5-Iodo-

pyridin-2-
amine

(Alfa Aesar)
227 mg 

(1.00 mmol) 
1k

1-Iodo-4-
(trifluoro-
methoxy)-
benzene

(Alfa Aesar)
294 mg 

(1.00 mmol) 
3o

Colorless solid 
233 mg 

(0.92 mmol, 92 %)[c]

N

H2N

OCF3

4r

DCM-MeOH-NH3 = 
100:1:1

HT-LC-MS: 100 % 

19 5-Iodo-
pyrimidin-2-

amine
(Alfa Aesar)

228 mg 
(1.00 mmol) 

1l

1-(Trifluoro-
methyl)-4-

iodobenzene
(Alfa Aesar)

278 mg 
(1.00 mmol) 

3l

Colorless solid 
105 mg 

(0.44 mmol, 44 %)[c]

4s

DCM-MeOH-NH3 = 
100:1:1

HT-LC-MS: 100 % 

20 4-
Iodophenol
(Alfa Aesar)

225 mg 
(1.00 mmol) 

1m

4-
Bromopyridazine
hydrochloride[d]

(Aces Pharma)
212 mg 

(1.00 mmol) 
3p

Rosa solid 
121 mg 

(0.70 mmol, 70 %)[c]

4t

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1 
100:4:1  100:5:1 

 100:6:1 
100:7:1

HT-LC-MS: 100 % 

[c] 3.00 equiv of HBpin have been used in the Masuda borylation step. 
[d] Since the bromide 3p was used as a hydrochloride, 3.0 equiv of Cs2CO3 were applied in the Suzuki
coupling step. 
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Table 1 (continuation). Experimental details for the synthesis of bis(hetero)aryls 4.

Entry Substrate 1 (Hetero)aryl 
halide 3

Bis(hetero)aryl 4
(isolated yield %) 

Chromatographic
purification (eluent)

UV purity 
21 5-Iodo-1,2,3-

trimethoxy-
benzene

(Alfa Aesar)
300 mg 

(1.00 mmol) 
1n

4-
Bromopyridine-

2,6-diamine
(ABCR)
192 mg 

(1.00 mmol) 
3q

Orange solid 
136 mg 

(0.44 mmol, 44 %)[e]

4u

DCM-MeOH-NH3 = 
100:1:1  100:2:1 

 100:3:1 
100:4:1

Purified by 
dissolving in 1.25 M

HCl in EtOH 
(Fluka),

precipitation with n-
pentane, filtration 

and drying in vacuo 
overnight at 70 °C

HT-LC-MS: 98.5 %

[e] The yield was determined after formation of the hydrochloride with solution of HCl in EtOH. 
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Table 2. Reaction times[a] in the synthesis of bis(hetero)aryls 4.

Bis(hetero)aryl

4

Masuda

borylation

step

Suzuki

coupling

step

Bis(hetero)aryl

4

Masuda

borylation

step

Suzuki

coupling

step

4a 3 h 49 h 4l 4 h 23 h 

4b 3 h 24 h 4m 4 h 19 h 

4c 3 h 24 h 4n 4 h 19 h 

4d 3 h 67 h 4o 4 h 18 h 

4e 3 h 20 h 4p 4 h 17 h 

4f 3 h 24 h 4q 4 h 23 h 

4g 3 h 24 h 4r 4 h 17 h 

4h 3 h 24 h 4s 4 h 18 h 

4i 3 h 24 h 4t 3 h 19 h 

4j 3 h 15 h 4u 4 h 18 h 

4k 4 h 17 h    

[a] The reaction times for the Suzuki coupling step are not optimized. The actual reaction times might 

be much shorter than indicated. The actual reaction times of the Masuda borylation step may also be 

shorter in some cases. 
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4.2. Spectroscopic Data of the Compounds 4a-u

4.2.1. 4-(1H-Pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-2-amine (Meriolin 1, 4a)

N N

H

N

N
NH2

C11H9N5

211.22

134 mg (0.63 mmol, 63 % yield) as a pale yellow solid. Mp 258-271 °C. 1H NMR 

(DMSO-d6, 500 MHz):  6.50 (s, 2 H, NH2), 7.06 (d, J = 5.4 Hz, 1 H), 7.19 (dd, J = 7.9 

Hz, J = 4.7 Hz, 1 H), 8.14 (d, J = 5.4 Hz, 1 H), 8.29 (dd, J = 4.7 Hz, J = 1.6 Hz, 1 H), 

8.35 (d, J = 2.8 Hz, 1 H), 8.93 (dd, J = 7.9 Hz, J = 1.6 Hz, 1 H), 12.2 (br, 1 H, NH). 
13C NMR (DMSO-d6, 125 MHz):  104.9 (CH), 112.4 (Cquat), 116.6 (CH), 117.7 (Cquat),

128.3 (CH), 130.7 (CH), 143.3 (CH), 149.1 (Cquat), 157.2 (CH), 162.0 (Cquat), 163.5 

(Cquat). EI + MS (m/z (%)): 212 (16), 211 (M+, 100), 210 ((M-H)+, 38), 195 ((M-NH2)
+,

2), 170 (14).

Data reported in the literature:

P. M. Fresneda, P. Molina, J. A. Bleda, Tetrahedron 2001, 57, 2355-2363. 

Yellow prisms. Mp 286-289 °C. 1H NMR (DMSO-d6, 300 MHz):  6.47 (s, 2 H, NH2),
7.05 (d, J = 5.13 Hz, 1 H, H-5´), 7.13 (dd, J = 8.12 Hz, J = 4.7 Hz, 1 H, H-5), 8.14 (d, 
J = 5.13 Hz, 1 H, H-6´), 8.28 (dd, J = 8.12 Hz, J = 1.28 Hz, 1 H, H-6), 8.33 (s, 1 H, H-
2), 8.92 (dd, J = 4.7 Hz, J = 1.28 Hz, 1 H, H-4), 12.17 (s, 1 H, NH). 13C NMR (DMSO-
d6, 75 MHz):  105.0 (C-5´), 112.5 (C-3), 116.6 (C-5), 117.8 (C-3a), 128.3 (C-2), 
130.6 (C-6), 143.4 (C-4), 143.4 (C-7a), 157.2 (C-6´), 162.0 (C-4´), 163.5 (C-2´). EI + 
MS (m/z (%)): 212 (M++1, 35), 211 (M+, 100), 210 (68), 195 (11), 170 (48), 142 (31). 
IR (nujol):  3473 (m) cm-1, 3294 (m), 3133 (m), 1670 (s), 1565 (s), 1223 (m). Anal. 
calcd for C11H9N5 (211.2): C 62.55, H 4.29, N 33.16. Found: C 62.73, H 4.45, N 
33.22.
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4.2.2. 6-(1H-Pyrrolo[2,3-b]pyridin-3-yl)pyrazin-2-amine (4b)

N N

H

N

N
NH2

C11H9N5

211.22

112 mg (0.53 mmol, 53 % yield) as a green-brown solid. Mp 241-243 °C. 1H NMR 

(DMSO-d6, 500 MHz):  6.36 (s, 2 H, NH2), 7.17 (dd, J = 7.9 Hz, J = 4.7 Hz, 1 H), 

7.67 (s, 1 H), 8.22 (d, J = 2.5 Hz, 1 H), 8.27-8.30 (m, 2 H), 8.82 (dd, J = 7.9 Hz, J = 

1.6 Hz, 1 H), 12.1 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  111.6 (Cquat),

116.3 (CH), 117.8 (Cquat), 125.8 (CH), 127.6 (CH), 127.9 (CH), 130.1 (CH), 143.2 

(CH), 147.7 (Cquat), 149.0 (Cquat), 155.0 (Cquat). EI + MS (m/z (%)): 211 (M+, 100), 184 

(C10H8N4
+, 23), 58 (13), 43 (32), 41 (10). IR (KBr):  3317 (s) cm-1, 3146 (s), 1645 

(m), 1575 (w), 1541 (s), 1522 (m), 1495 (m), 1470 (m), 1434 (s), 1366 (w), 1323 (w), 

1295 (m), 1280 (w), 1245 (w), 1218 (w), 1139 (w), 1121 (w), 1030 (w), 1001 (w), 886 

(w), 825 (w), 796 (w), 772 (w), 697 (w), 633 (w), 586 (w), 528 (w). Anal. calcd for 

C11H9N5 (211.2): C 62.55, H 4.29, N 33.16. Found: C 62.47, H 4.38, N 32.92. 

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011



25

4.2.3. 5-(1H-Pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-2-amine (4c)

N N

H

N
N

NH2

C11H9N5

211.22

139 mg (0.66 mmol, 66 % yield) as a pale yellow solid. Mp 272 °C. 1H NMR (DMSO-

d6, 500 MHz):  6.61 (s, 2 H, NH2), 7.13 (dd, J = 7.9 Hz, J = 4.7 Hz, 1 H), 7.80 (d, J = 

2.5 Hz, 1 H), 8.20 (dd, J = 7.9 Hz, J = 1.3 Hz, 1 H), 8.27 (dd, J = 4.7 Hz, J = 1.6 Hz, 1 

H), 8.60 (s, 2 H), 11.9 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  108.9 (Cquat),

115.7 (CH), 117.0 (Cquat), 117.6 (Cquat), 122.3 (CH), 127.3 (CH), 142.8 (CH), 148.7 

(Cquat), 155.4 (CH), 161.9 (Cquat). EI + MS (m/z (%)): 211 (M+, 100), 184 (10), 170 

(12), 156 (13), 142 (22). IR (KBr):  3136 (s) cm-1, 1670 (m), 1618 (m), 1534 (s), 

1492 (s), 1423 (w), 1335 (w), 1293 (w), 1272 (w), 1219 (w), 1132 (w), 961 (w), 895 

(w), 797 (w), 770 (m), 609 (w). Anal. calcd for C11H9N5 (211.2): C 62.55, H 4.29, N 

33.16. Found: C 62.73, H 4.13, N 32.99. 
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4.2.4. 2-(1H-Pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-amine (4d)

C11H9N5

211.22

79 mg (0.37 mmol, 37 % yield) as a beige solid. Mp 239 °C. 1H NMR (DMSO-d6, 500 

MHz):  6.23 (d, J = 6.0 Hz, 1 H), 6.7 (br, 2 H, NH2), 7.16 (dd, J = 7.9 Hz, J = 4.4 Hz, 

1 H), 8.08-8.11 (m, 2 H), 8.25 (dd, J = 4.4 Hz, J = 1.6 Hz, 1 H), 8.87 (dd, J = 7.9 Hz, J

= 1.6 Hz, 1 H), 12.0 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  101.4 (CH), 

114.2 (Cquat), 116.3 (CH), 118.2 (Cquat), 128.0 (CH), 130.4 (CH), 142.9 (CH), 149.0 

(Cquat), 155.0 (CH), 162.4 (Cquat), 163.1 (Cquat). EI + MS (m/z (%)): 211 (M+, 100), 210 

((M-H)+, 11), 195 ((M-NH2)
+, 4), 144 (19), 58 (25), 43 (49). IR (KBr):  3418 (m) cm-1,

3316 (m), 3210 (m), 1632 (m), 1579 (s), 1557 (m), 1533 (s), 1467 (s), 1435 (m), 1398 

(w), 1369 (m), 1340 (w), 1297 (w), 1238 (w), 1124 (w), 1050 (w), 1019 (w), 984 (w), 

901 (w), 828 (m), 803 (w), 777 (w), 671 (w), 599 (w), 530 (w). Anal. calcd for C11H9N5

(211.2): C 62.55, H 4.29, N 33.16. Found: C 62.48, H 4.37, N 32.99. 
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4.2.5. 6-(1H-Pyrrolo[2,3-b]pyridin-3-yl)-pyridin-2-amine (4e)

C12H10N4

210.24

170 mg (0.81 mmol, 81 % yield) as a pale yellow solid. Mp 157-158 °C. 1H NMR 

(DMSO-d6, 500 MHz): 5.87 (s, 2 H, NH2), 6.26 (dd, J = 8.2 Hz, J = 0.6 Hz, 1 H), 

7.00 (dd, J = 7.6 Hz, J = 0.6 Hz, 1 H), 7.12 (dd, J = 7.9 Hz, J = 4.7 Hz, 1 H), 7.36 (t, J

= 7.9 Hz, 1 H), 8.04 (d, J = 2.5 Hz, 1 H), 8.24 (dd, J = 4.4 Hz, J = 1.6 Hz, 1 H), 8.86 

(dd, J = 7.9 Hz, J = 1.6 Hz, 1 H), 11.9 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz): 

 104.2 (CH), 107.3 (CH), 114.6 (Cquat), 115.9 (CH), 117.8 (Cquat), 125.0 (CH), 130.3 

(CH), 137.3 (CH), 142.7 (CH), 149.0 (Cquat), 152.8 (Cquat), 159.1 (Cquat). EI + MS (m/z

(%)): 210 (M+, 100), 209 ((M-H)+, 15), 194 ((M-NH2)
+, 5), 183 (26), 182 (15), 155 (16), 

39 (11). IR (KBr):  3139 (m) cm-1, 2892 (m), 1633 (m), 1595 (m), 1578 (s), 1528 (s), 

1493 (w), 1469 (s), 1454 (s), 1412 (w), 1369 (w), 1339 (w), 1311 (w), 1295 (m), 1273 

(w), 1186 (w), 1157 (w), 1129 (w), 895 (w), 819 (w), 800 (s), 771 (m), 733 (w), 675 

(w), 630 (w), 582 (w), 525 (w). Anal. calcd for C12H10N4 (210.2): C 68.56, H 4.79, N 

26.65. Found: C 68.32, H 4.87, N 26.86. 
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4.2.6. 4-(1H-Pyrrolo[2,3-b]pyridin-3-yl)-pyridin-2-amine (4f)

C12H10N4

210.24

135 mg (0.64 mmol, 64 % yield) as a yellow solid. Mp 263-270 °C. 1H NMR (DMSO-

d6, 500 MHz):  5.85 (s, 2 H, NH2), 6.87 (dd, J = 5.4 Hz, J = 1.6 Hz, 1 H), 6.89 (s, 1 

H), 7.20 (dd, J = 7.9 Hz, J = 4.7 Hz, 1 H), 7.90 (d, J = 5.4 Hz, 1 H), 8.00 (d, J = 2.5 

Hz, 1 H), 8.30 (dd, J = 4.7 Hz, J = 1.6 Hz, 1 H), 8.33 (dd, J = 8.2 Hz, J = 1.6 Hz, 1 H), 

12.1 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  104.0 (CH), 109.6 (CH), 112.3 

(Cquat), 116.2 (CH), 117.0 (Cquat), 125.2 (CH), 127.6 (CH), 143.0 (Cquat), 143.0 (CH), 

147.9 (CH), 149.1 (Cquat), 160.3 (Cquat). EI + MS (m/z (%)): 210 (M+, 100), 210 ((M-

H)+, 25), 183 (33), 182 (20), 170 (32), 155 (25), 142 (10), 63 (11), 41 (10), 39 (10). IR 

(KBr):  3314 (m) cm-1, 3191 (m), 1639 (m), 1607 (s), 1538 (m), 1525 (m), 1507 (w), 

1421 (s), 1365 (w), 1323 (w), 1289 (s), 1243 (w), 1174 (w), 1146 (w), 1071 (w), 992 

(w), 881 (w), 835 (w), 802 (m), 778 (m), 627 (w), 579 (w). Anal. calcd for C12H10N4

(210.2): C 68.56, H 4.79, N 26.65. Found: C 68.36, H 4.82, N 26.89. 
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4.2.7. 2-(1H-Pyrrolo[2,3-b]pyridin-3-yl)-benzenamine (4g) 

N N

H

NH2

C13H11N3

209.25

154 mg (0.74 mmol, 74 % yield) as a pale yellow solid. Mp 147 °C. 1H NMR (DMSO-

d6, 500 MHz):  4.77 (s, 2 H, NH2), 6.64 (td, J = 7.6 Hz, J = 1.3 Hz, 1 H), 6.80 (dd, J = 

8.2 Hz, J = 1.3 Hz, 1 H), 7.01-7.05 (m, 1 H), 7.08 (dd, J = 7.9 Hz, J = 4.7 Hz, 1 H), 

7.16 (dd, J = 7.6 Hz, J = 1.6 Hz, 1 H), 7.58 (d, J = 2.5 Hz, 1 H), 7.87 (dd, J = 7.9 Hz, 

J = 1.6 Hz, 1 H), 8.26 (dd, J = 4.7 Hz, J = 1.6 Hz, 1 H), 11.8 (br, 1 H, NH). 13C NMR 

(DMSO-d6, 125 MHz):  111.9 (Cquat), 115.0 (CH), 115.4 (CH), 116.4 (CH), 118.3 

(Cquat), 118.8 (Cquat), 124.1 (CH), 127.3 (CH), 127.7 (CH), 130.2 (CH), 142.7 (CH), 

145.7 (Cquat), 148.6 (Cquat). EI + MS (m/z (%)): 209 (M+, 100), 208 ((M-H)+, 93), 193 

(C13H9N2
+, 12), 181 (39), 154 (33), 128 (22), 127 (35), 117 (C7H5N2

+, 11), 77 (20). IR 

(KBr):  3364 (m) cm-1, 3142 (s), 3029 (m), 2913 (m), 1614 (s), 1581 (m), 1536 (m), 

1490 (m), 1448 (m), 1418 (m), 1339 (w), 1290 (m), 1265 (m), 1152 (w), 1107 (w), 963 

(m), 937 (w), 896 (w), 797 (m), 774 (s), 750 (s), 645 (w), 621 (m), 590 (w), 514 (w). 

Anal. calcd for C13H11N3 (209.3): C 74.62, H 5.30, N 20.08. Found: C 74.43, H 5.14, 

N 19.95. 
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4.2.8. 4-(1H-Pyrrolo[2,3-b]pyridin-3-yl)phenol (4h)

N N

H

OH

C13H10N2O

210.23

120 mg (0.57 mmol, 57 % yield) as a beige solid. Mp 244 °C. 1H NMR (DMSO-d6,

500 MHz):  6.85-6.89 (m, 2 H), 7.12 (dd, J = 7.9 Hz, J = 4.7 Hz, 1 H), 7.50-7.54 (m, 

2 H), 7.69 (d, J = 2.2 Hz, 1 H), 8.21 (dd, J = 8.2 Hz, J = 1.3 Hz, 1 H), 8.26 (dd, J = 4.7 

Hz, J = 1.6 Hz, 1 H), 9.39 (s, 1 H, OH), 11.76 (s, 1 H, NH). 13C NMR (DMSO-d6, 125 

MHz):  114.5 (Cquat), 115.6 (CH), 115.6 (CH), 117.3 (Cquat), 122.2 (CH), 125.8 

(Cquat), 127.3 (CH), 127.4 (CH), 142.6 (CH), 148.9 (Cquat), 155.5 (Cquat). EI + MS (m/z

(%)): 210 (M+, 100), 209 ((M-H)+, 10), 182 (14), 181 (12), 154 (13), 127 (10), 105 

(14), 97 (10), 71 (11), 57 (11). IR (KBr):  3387 (m) cm-1, 3000 (m), 2673 (m), 1604 

(m), 1583 (m), 1548 (s), 1504 (m), 1488 (m), 1461 (s), 1438 (s), 1386 (w), 1340 (w), 

1324 (m), 1299 (w), 1256 (s), 1169 (m), 1142 (m), 1097 (s), 1043 (w), 964 (m), 836 

(s), 817 (m), 797 (m), 774 (m), 578 (m), 540 (m), 503 (w). Anal. calcd for C13H10N2O

(210.2): C 74.27, H 4.79, N 13.33. Found: C 74.04, H 4.86, N 13.62. 
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4.2.9. 4-(1H-Indol-3-yl)-pyrimidin-2-amine (Meridianin G, 4i)

C12H10N4

210.23

154 mg (0.73 mmol, 73 % yield) as a pale yellow solid. Mp 195-197 °C. 1H NMR 

(DMSO-d6, 500 MHz):  6.42 (s, 2 H, NH2), 7.02 (dd, J = 5.4 Hz, J = 0.6 Hz, 1 H), 

7.10-7.15 (m, 1 H), 7.15-7.20 (m, 1 H), 7.43-7.46 (m, 1 H), 8.10 (d, J = 5.4 Hz, 1 H), 

8.20 (d, J = 2.5 Hz, 1 H), 8.59 (d, J = 7.9 Hz, 1 H), 11.7 (br, 1 H, NH). 13C NMR 

(DMSO-d6, 125 MHz):  105.2 (CH), 111.7 (CH), 113.6 (Cquat), 120.1 (CH), 121.8 

(CH), 122.3 (CH), 125.2 (Cquat), 128.1 (CH), 136.9 (Cquat), 156.9 (CH), 162.6 (Cquat), 

163.4 (Cquat). EI + MS (m/z (%)): 211 (15), 210 (M+, 100), 209 ((M-H)+, 34), 169 (60), 

141 (10), 140 (14), 105 (12), 97 (12), 85 (10), 83 (10), 71 (12), 57 (14). 
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Data reported in the literature:

B. Jiang, C.-g. Yang, Heterocycles 2000, 53, 1489-1498. 

Mp 262.2-264.3 °C (EtOAc/MeOH). 1H NMR (DMSO-d6, 300 MHz):  6.39 (br s, 2 H), 
7.02 (d, J = 5.3 Hz, 1 H), 7.15 (m, 2 H), 7.45 (d, J = 7.9 Hz, 1 H), 8.11 (d, J = 5.3 Hz, 
1 H), 8.19 (s, 1 H), 8.59 (d, J = 7.4 Hz, 1 H), 11.65 (br s, 1 H). 13C NMR (DMSO-d6,
75 MHz):  105.2, 111.7, 113.6, 120.2, 121.9, 122.3, 125.3, 128.1, 136.9, 156.9, 
162.6, 163.4. EI + MS (m/z (%)): 210 (M+, 100), 209 (35), 169 (48), 155 (4), 140 (9), 
114 (8), 89 (4). IR (KBr):  3408 cm-1, 3329 , 3174, 1661, 1568, 1453, 1414, 1246, 
1119. HRMS calcd for C12H10N4: 210.0923. Found: 210.0914. 

M. A. A. Radwan, M. El-Sherbiny, Bioorg. Med. Chem. 2007, 15, 1206-1211. 

Mp 263-265 °C. 1H NMR (DMSO-d6, 270 MHz):  6.4 (br s, 2 H, NH2), 7.03 (d, 1 H, 
H-5´), 7.15 (m, 2 H, H-5, H-6), 7.44-7.46 (d, 1 H, H-7), 8.11 (d, 1 H, H-6´), 8.19 (s, 1 
H, H-2), 8.58-8.61 (d, 1 H, H-4), 11.65 (br s, 1 H, NH). 13C NMR (DMSO-d6, 300 
MHz):  105.2 (C-5´), 111.71 (C-7), 113.70 (C-3), 120.21 (C-3a), 121.85 (C-6), 
122.32 (C-5), 125.30 (C-4), 128.10 (C-2), 136.90 (C-7a), 156.91 (C-6´), 162.62 (C-
4´), 163.40 (C-2´). EI + MS (m/z (%)): 210 (M+, 100), 209 (36), 169 (49), 155 (4), 140 
(10), 114 (8). IR (KBr):  3409 (NH2) cm-1, 3329 (NH2), 3172 (NH), 1659, 1569, 1454, 
1416, 1241, 1129, 808, 741, 684. Anal. calcd for C12H10N4 (210.2): C 68.56, H 4.79, 
N 26.65. Found: C 68.72, H 4.76, N 26.47. 

G. Simon, H. Couthon-Gourves, J.-P. Haelters, B. Corbel, N. Kervarec, F. Michaud, 
L. Meijer, J. Het. Chem. 2007, 44, 793-801. 

Yellow powder. Mp 183-185 °C. 1H NMR (acetone-d6): 5.91 (br s, NH2), 7.04 (d, J = 
5.3 Hz, 1 H, H-5´), 7.10-7.22 (m, 2 H, H-5, H-6), 7.46 (d, J = 7.3 Hz, 1 H, H-7), 8.12 
(m, 2 H, H-6´, H-2), 8.58 (d, J = 7.7 Hz, 1 H, H-4), 10.86 (br s, NH). 13C NMR 
(acetone-d6): 111.5 (C-5´), 117.2 (C-7), 120.2 (C-3), 126.0/127.7/128.0 (C-4/C-5/C-
6), 131.4 (C-3a), 133.0 (C-2), 143.0 (C-7a), 162.7 (C-6´), 168.7/169.5 (C-2´/C-4´). IR 
(KBr):  3408 cm-1, 3329, 3173, 1660, 1568, 1520, 1452, 1413, 1246, 751, 735. 
Anal. calcd for C12H10N4 (210.2): C 68.56, H 4.79. Found: C 68.45, H 4.78. 

E. Rossignol, A. Youssef, P. Moreau, M. Prudhomme, F. Anizon, Tetrahedron 2007,
63, 10169-10176. 

Beige powder. 
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F. Tibiletti, M. Simonetti, K. M. Nicholas, G. Palmisano, M. Parravicini, F. Imbesi, S. 
Tollari, A. Penoni, Tetrahedron 2010, 66, 1280-1288. 

Dark-brown solid. Mp 183 °C. 1H NMR (DMSO-d6, 400 MHz): 6.40 (br, 2H), 7.01 (d, 
J = 5.3 Hz, 1 H), 7.18-7.19 (m, 2 H), 7.42 (d, J = 7.9 Hz, 1 H), 8.08 (d, J = 5.3 Hz, 1 
H), 8.18 (d, J = 2.9 Hz, 1 H), 8.56 (d, J = 7.9 Hz, 1 H), 11.64 (br, 1H). MS (CI): m/z
211 (M+1). Anal. calcd for C12H10N4: C 68.56, H 4.79, N 26.65. Found: C 68.47, H 
4.81, N 26.72. 

L. Núñez-Pons, R. Forestieri, R. M. Nieto, M. Varela, M. Nappo, J. Rodríguez, C. 
Jiménez, F. Castelluccio, M. Carbone, A. Ramos-Espla, M. Gavagnin, C. Avila, Polar 
Biol. 2010, 33, 1319-1329. 

1H NMR (DMSO-d6, 600 MHz):  6.38 (s, NH2), 7.00 (d, J = 5.3 Hz, 1 H, H-5´), 7.10 
(t, J = 6.8 Hz, 1 H, H-6), 7.16 (t, J = 6.8 Hz, 1 H, H-5), 7.42 (d, J = 7.9 Hz, 1 H, H-7), 
8.08 (d, J = 5.3 Hz, 1 H, H-6´), 8.17 (d, J = 2.4 Hz, 1 H, H-2), 8.56 (d, J = 7.8 Hz, 1 H, 
H-4), 11.93 (br s, 1 H, NH). 13C NMR (DMSO-d6, 300 MHz):  105.3 (d, C-5´), 111.8 
(d, C-7), 113.2 (s, C-3), 120.2 (d, C-6), 121.9 (d, C-4), 122.4 (d, C-5), 125.2 (s, C-7a), 
128.2 (d, C-2), 137.0 (s, C-3a), 157.0 (d, C-6´). 

The NMR spectra are in good agreement with those reported in the literature. 
However, the melting point deviates immensely from the melting point reported by 
Jiang and Radwan.
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4.2.10. 4-(4-Methoxy-1H-indol-3-yl)pyrimidin-2-amine (4j) 

N

H

N

N
OMe

H2N

C13H12N4O

240.26

185 mg (0.77 mmol, 77 % yield) as a colorless solid. Mp 221-222 °C. 1H NMR 

(DMSO-d6, 500 MHz):  3.87 (s, 3 H), 6.27 (s, 2 H, NH2), 6.63 (d, J = 6.9 Hz, 1 H), 

7.06-7.12 (m, 2 H), 7.26 (dd, J = 5.4 Hz, J = 0.9 Hz, 1 H), 7.85 (d, J = 2.5 Hz, 1 H), 

8.15 (d, J = 5.4 Hz, 1 H), 11.6 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  55.0 

(CH3), 101.2 (CH), 105.5 (CH), 109.7 (CH), 114.4 (Cquat), 115.4 (Cquat), 122.7 (CH), 

127.5 (CH), 138.8 (Cquat), 153.2 (Cquat), 157.0 (CH), 161.8 (Cquat), 163.2 (Cquat). EI + 

MS (m/z (%)): 240 (M+, 50), 239 ((M-H)+, 21), 211 ((M-CH3O+H)+, 20), 202 ((M-

C2H2N+2H)+, 11), 58 (CH4N3
+, 41), 43 (C2H3O

+, 100). IR (KBr):  3465 (m) cm-1,

3313 (m), 3165 (m), 1644 (m), 1624 (m), 1575 (s), 1555 (s), 1506 (s), 1459 (s), 1414 

(m), 1359 (w), 1320 (m), 1275 (w), 1245 (m), 1212 (w), 1168 (w), 1130 (w), 1088 (m), 

970 (w), 884 (w), 815 (w), 778 (w), 733 (m), 706 (w), 630 (w). Anal. calcd for 

C13H12N4O (240.3): C 64.99, H 5.03, N 23.32. Found: C 64.86, H 4.85, N 23.25. 
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4.2.11. 4-(5-Phenyl-1H-pyrrol-3-yl)pyrimidin-2-amine (4k) 

C14H12N4

236.27

190 mg (0.80 mmol, 80 % yield) as a rosa solid. Mp 257 °C. 1H NMR (DMSO-d6, 500 

MHz):  6.35 (s, 2 H, NH2), 6.87 (d, J = 5.0 Hz, 1 H), 7.06-7.08 (m, 1 H), 7.18-7.23 

(m, 1 H), 7.37-7.41 (m, 2 H), 7.58-7.60 (m, 1 H), 7.66-7.70 (m, 2 H), 8.12 (d, J = 5.0 

Hz, 1 H), 11.7 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  104.0 (CH), 104.9 

(CH), 120.7 (CH), 123.5 (CH), 123.9 (Cquat), 126.0 (CH), 128.7 (CH), 132.1 (Cquat),

132.4 (Cquat), 157.5 (CH), 161.2 (Cquat), 163.5 (Cquat). EI + MS (m/z (%)): 237 (16), 

236 (M+, 100), 235 ((M-H)+, 22), 195 (35), 133 (13). IR (KBr):  3408 (m) cm-1, 3141 

(w), 1631 (m), 1567 (s), 1543 (s), 1509 (w), 1455 (s), 1416 (m), 1369 (w), 1281 (w), 

1203 (m), 1156 (w), 1110 (w), 1071 (w), 1031 (w), 990 (w), 926 (w), 900 (w), 874 (w), 

815 (m), 793 (w), 751 (s), 694 (m), 593 (w), 528 (w). Anal. calcd for C14H12N4 (236.3): 

C 71.17, H 5.12, N 23.71. Found: C 71.30, H 5.30, N 23.98. 

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011



36

4.2.12. 5-(5-(4-Chlorophenyl)-1H-pyrrol-3-yl)-1,3-dimethylpyrimidine-2,4(1H,3H)-

dione (4l) 

N

H

N
N

O

O

Cl

C16H14ClN3O2

315.75

202 mg (0.64 mmol, 64 % yield) as a rosa solid. Mp 256 °C. 1H NMR (DMSO-d6, 500 

MHz):  3.25 (s, 3 H), 3.38 (s, 3 H), 6.93 (dd, J = 2.5 Hz, J = 1.6 Hz, 1 H), 7.41-7.45 

(m, 2 H), 7.49 (dd, J = 2.5 Hz, J = 1.6 Hz, 1 H), 7.61-7.64 (m, 2 H), 8.04 (s, 1 H), 11.4 

(br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  27.6 (CH3), 36.3 (CH3), 103.3 (CH), 

107.3 (Cquat), 116.7 (Cquat), 118.7 (CH), 124.8 (CH), 128.7 (CH), 129.8 (Cquat), 131.4 

(Cquat), 137.8 (CH), 150.5 (Cquat), 161.5 (Cquat). EI + MS (m/z (%)): 317 ((M(37Cl)+, 36), 

316 (20), 315 (M(35Cl)+, 100), 258 (22), 229 (11), 217 (27), 203 (13), 201 (28), 189 

(18), 154 (13), 140 (14), 116 (10). IR (KBr):  3378 (m) cm-1, 1694 (s), 1653 (s), 

1627 (s), 1565 (w), 1515 (w), 1443 (m), 1404 (w), 1357 (w), 1231 (w), 1130 (m), 1048 

(w), 928 (w), 828 (w), 800 (w), 754 (w), 726 (w), 608 (w), 540 (w). Anal. calcd for 

C16H14ClN3O2 (315.8): C 60.86, H 4.47, N 13.31. Found: C 60.93, H 4.71, N 13.11. 
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4.2.13. 4-(5-(4-Methoxyphenyl)-1H-pyrrol-3-yl)pyridine (4m) 

C16H14N2O

250.30

151 mg (0.60 mmol, 60 % yield) as a beige solid. Mp 181-183 °C. 1H NMR (DMSO-

d6, 500 MHz):  3.77 (s, 3 H), 6.93-7.00 (m, 3 H), 7.53-7.59 (m, 3 H), 7.60-7.65 (m, 2 

H), 8.40-8.45 (m, 2 H), 11.6 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  55.0 

(CH3), 102.0 (CH), 114.1 (CH), 118.2 (CH), 118.8 (CH), 121.8 (Cquat), 124.9 (CH), 

125.1 (Cquat), 133.0 (Cquat), 142.9 (Cquat), 149.6 (CH), 157.7 (Cquat). EI + MS (m/z (%)): 

251 (21), 250 (M+, 100), 236 (13), 235 ((M-CH3)
+, 89), 207 (39), 206 (20), 205 (15), 

180 (11), 179 (11), 178 (13), 153 (11), 152 (35), 151 (18), 128 (11), 127 (15), 126 

(12), 125 (11), 102 (10), 89 (13), 77 (19), 76 (12), 63 (15), 51 (15). IR (KBr):  3114 

(m) cm-1, 3065 (m), 2991 (m), 2893 (m), 2834 (m), 1602 (s), 1543 (m), 1533 (w), 

1505 (s), 1464 (m), 1440 (w), 1429 (m), 1376 (w), 1306 (w), 1287 (m), 1251 (s), 1216 

(m), 1180 (m), 1165 (w), 1111 (w), 1094 (w), 1066 (w), 1038 (m), 1001 (m), 935 (w), 

834 (m), 795 (s), 750 (w), 738 (w), 691 (m), 667 (w), 638 (w), 610 (w), 525 (m). Anal. 

calcd for C16H14N2O (250.3): C 76.78, H 5.64, N 11.19. Found: C 76.51, H 5.80, N 

11.20.
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4.2.14. 4-(4-Fluorophenyl)-2-(thiophen-2-yl)-1H-pyrrole (4n) 

N

H

F

S

C14H10FNS

243.30

170 mg (0.70 mmol, 70 % yield) as a pale gray solid. Mp 163 °C. 1H NMR (DMSO-d6,

500 MHz):  6.67-6.69 (m, 1 H), 7.05 (dd, J = 5.0 Hz, J = 3.8 Hz, 1 H), 7.11-7.16 (m, 

2 H), 7.26 (dd, J = 3.5 Hz, J = 0.9 Hz, 1 H), 7.29 (dd, J = 2.5 Hz, J = 1.9 Hz, 1 H), 

7.35 (dd, J = 5.0 Hz, J = 0.9 Hz, 1 H), 7.58-7.64 (m, 2 H), 11.48 (s, 1 H, NH). 13C

NMR (DMSO-d6, 125 MHz):  103.3 (CH), 115.2 (d, J = 21.1 Hz, CH), 116.1 (CH), 

120.9 (CH), 122.7 (CH), 123.5 (Cquat), 126.0 (d, J = 8.2 Hz, CH), 127.1 (Cquat), 127.7 

(CH), 131.9 (d, J = 2.7 Hz, Cquat), 135.9 (Cquat), 160.2 (d, J = 241.9 Hz, Cquat). EI + 

MS (m/z (%)): 244 (18), 243 (M+, 100), 242 ((M-H)+, 14), 215 (14), 183 (11), 133 (18), 

122 (19). IR (KBr):  3412 (s) cm-1, 3123 (w), 1655 (w), 1578 (w), 1535 (w), 1501 

(m), 1420 (w), 1300 (w), 1224 (m), 1161 (w), 1130 (m), 1098 (w), 1047 (w), 1010 (w), 

924 (w), 840 (s), 811 (w), 793 (s), 770 (m), 685 (s), 662 (m), 597 (w), 577 (w), 538 

(m), 515 (s). Anal. calcd for C14H10FNS (243.3): C 69.11, H 4.14, N 5.76. Found: C 

69.29, H 4.35, N 5.68. 
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4.2.15. 1-Benzyl-4-(4-(trifluoromethyl)phenyl)-1H-pyrazole (4o) 

N N

Bn

CF3

C17H13F3N2

302.29

106 mg (0.35 mmol, 35 % yield) as a colorless solid. Mp 106 °C. 1H NMR (CDCl3,

500 MHz):  5.35 (s, 2 H), 7.26-7.30 (m, 2 H), 7.31-7.40 (m, 3 H), 7.52-7.56 (m, 2 H), 

7.56-7.60 (m, 2 H), 7.67 (s, 1 H), 7.86 (s, 1 H). 13C NMR (CDCl3, 125 MHz):  56.3 

(CH2), 122.2, 124.2 (q, J = 272.2 Hz, Cquat), 125.4, 125.8 (q, J = 3.7 Hz, CH), 126.6, 

127.8, 128.2 (q, J = 33.0 Hz, Cquat), 128.3, 128.9, 136.0, 136.1 (q, J = 1.8 Hz, CH), 

137.1. EI + MS (m/z (%)): 303 (10), 302 (M+, 49), 301 ((M-H)+, 51), 91 (C7H7
+, 100), 

65 (C5H5
+, 11). IR (KBr):  3106 (w) cm-1, 2925 (w), 2852 (w), 1620 (m), 1456 (w), 

1432 (w), 1337 (s), 1229 (w), 1158 (s), 1113 (s), 1080 (m), 1062 (m), 1000 (w), 953 

(w), 842 (m), 729 (m), 693 (w), 597 (w), 510 (w), 453 (w). Anal. calcd for C17H13F3N2

(302.3): C 67.54, H 4.33, N 9.27. Found: C 67.70, H 4.31, N 9.02. 
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4.2.16. 1-(Thiophen-3-yl)isoquinoline (4p) 

C13H9NS

211.28

161 mg (0.76 mmol, 76 % yield) as a colorless solid. Mp 91-92 °C. 1H NMR (CDCl3,

500 MHz):  7.49 (dd, J = 5.0 Hz, J = 2.8 Hz, 1 H), 7.54 (dd, J = 5.0 Hz, J = 1.3 Hz, 1 

H), 7.55-7.59 (m, 1 H), 7.61 (d, J = 5.7 Hz, 1 H), 7.67-7.71 (m, 1 H), 7.72 (dd, J = 2.8 

Hz, J = 1.3 Hz, 1 H), 7.87 (d, J = 8.2 Hz, 1 H), 8.28 (d, J = 8.5 Hz, 1 H), 8.57 (d, J = 

5.7 Hz, 1 H). 13C NMR (CDCl3, 125 MHz):  119.9 (CH), 125.7 (CH), 126.1 (CH), 

126.9 (Cquat), 127.0 (CH), 127.2 (CH), 127.3 (CH), 129.2 (CH), 130.0 (CH), 136.8 

(Cquat), 140.7 (Cquat), 142.2 (CH), 155.9 (Cquat). EI + MS (m/z (%)): 212 (12), 211 (M+,

57), 210 ((M-H)+, 100), 166 (C12H8N
+, 13), 139 (9), 128 (C9H6N

+, 3), 84 (C4H4S
+, 10), 

83 (C4H3S
+, 4). IR (KBr):  3047 (w) cm-1, 1614 (w), 1579 (w), 1552 (m), 1524 (w), 

1494 (w), 1452 (w), 1415 (m), 1333 (m), 1306 (m), 1215 (w), 1192 (w), 1138 (w), 

1061 (w), 1018 (w), 988 (w), 963 (w), 901 (m), 867 (m), 833 (m), 810 (s), 792 (m), 

774 (m), 753 (s), 708 (w), 683 (s), 661 (w), 639 (w), 612 (w), 567 (w), 514 (w). Anal. 

calcd for C13H9NS (211.3): C 73.90, H 4.29, N 6.63. Found: C 73.72, H 4.22, N 6.62. 

Data reported in the literature: 

K. L. Billingsley, T. E. Barder, S. L. Buchwald, Angew. Chem. 2007, 119, 5455-5459; 
Angew. Chem. Int. Ed. 2007, 46, 5359-5363. 

Yellow solid. Mp 74-75 °C. 1H NMR (CDCl3, 300 MHz):  7.49 (ddd, J = 6 Hz, J = 3 
Hz, J = 1 Hz, 1 H), 7.55 (dt, J = 1.6 Hz, 1 H), 7.57 (dt, J = 1.8 Hz, 1 H), 7.62 (d, J = 6 
Hz, 1 H), 7.69 (dt, J = 1.8 Hz, 1 H), 7.72 (dt, J = 1.3 Hz, 1 H), 7.87 (d, J = 8 Hz, 1 H), 
8.29 (d, J = 8 Hz, 1 H), 8.58 (d, J = 6 Hz, 1 H). 13C NMR (CDCl3, 75 MHz):  119.8, 
125.6, 126.0, 126.9, 127.1, 127.3, 129.1, 130.0, 130.5, 136.7, 140.6, 142.1, 155.8. IR 
(neat):  3105 cm-1, 3049, 1620, 1582, 1555, 1498, 1418, 1337, 1309. Anal. calcd for 
C13H9NS (211.3): C 73.90, H 4.29. Found: C 73.79, H 4.25. 
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4.2.17. 4-(2-Ethyl-5-(thiophen-2-yl)furan-3-yl)benzonitrile (4q) 

O

S

CN

C17H13NOS

279.36

221 mg (0.79 mmol, 79 % yield) as a pale yellow solid (after crystallization by 

suspension in n-pentane, sonication in ultrasound bath, filtration and drying in vacuo 

overnight). Mp 108 °C. 1H NMR (CDCl3, 500 MHz):  1.34 (t, J = 7.6 Hz, 3 H), 2.85 

(q, J = 7.6 Hz, 2 H), 6.60 (s, 1 H), 7.05 (dd, J = 5.0 Hz, J = 3.8 Hz, 1 H), 7.24 (dd, J = 

5.0 Hz, J = 0.9 Hz, 1 H), 7.27 (dd, J = 3.5 Hz, J = 0.9 Hz, 1 H), 7.47-7.51 (m, 2 H), 

7.66-7.70 (m, 2 H). 13C NMR (CDCl3, 125 MHz):  12.8 (CH3), 20.6 (CH2), 105.6 

(CH), 110.0 (Cquat), 119.0 (Cquat), 121.0 (Cquat), 122.6 (CH), 124.2 (CH), 127.7 (CH), 

128.0 (CH), 132.4 (CH), 133.2 (Cquat), 138.7 (Cquat), 147.9 (Cquat), 153.5 (Cquat). EI + 

MS (m/z (%)): 280 (12), 279 (M+, 59), 265 (18), 264 ((M-CH3)
+, 100), 166 (22), 164 

(17), 131 (13), 129 (13), 111 (23). IR (KBr):  2975 (w) cm-1, 2222 (s), 1606 (s), 1503 

(w), 1203 (w), 1177 (w), 1133 (w), 1060 (m), 983 (m), 947 (w), 840 (m), 799 (m), 707 

(s), 567 (m), 549 (m). Anal. calcd for C17H13NOS (279.4): C 73.09, H 4.69, N 5.01. 

Found: C 72.99, H 4.43, N 4.91. 
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4.2.18. 5-(4-(Trifluoromethoxy)phenyl)pyridin-2-amine (4r) 

C12H9F3N2O

254.21

233 mg (0.92 mmol, 92 % yield) as a colorless solid. Mp 98-101 °C. 1H NMR (DMSO-

d6, 500 MHz):  6.12 (s, 2 H, NH2), 6.54 (d, J = 8.5 Hz, 1 H), 7.34-7.38 (m, 2 H), 7.65-

7.68 (m, 2 H), 7.70 (dd, J = 8.5 Hz, J = 2.5 Hz, 1 H), 8.24 (d, J = 2.5 Hz, 1 H). 13C

NMR (DMSO-d6, 125 MHz):  108.1 (CH), 120.2 (q, J = 255.7 Hz, Cquat), 121.6 (CH), 

122.6 (Cquat), 127.1 (CH), 135.6 (CH), 137.6 (Cquat), 146.0 (CH), 147.0 (q, J = 1.8 Hz, 

Cquat), 159.5 (Cquat). EI + MS (m/z (%)): 255 (13), 254 (M+, 100), 185 ((M-CF3)
+, 30), 

158 (12). IR (KBr):  3490 (w) cm-1, 3466 (w), 3298 (w), 3150 (w), 1638 (s), 1634 (s), 

1603 (m), 1562 (w), 1494 (s), 1423 (w), 1389 (m), 1249 (s), 1147 (s), 1017 (w), 997 

(w), 857 (w), 827 (w), 806 (w), 671 (w), 537 (w), 509 (w). Anal. calcd for C12H9F3N2O

(254.2): C 56.70, H 3.57, N 11.02. Found: C 56.64, H 3.57, N 10.75. 
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4.2.19. 5-(4-(Trifluoromethyl)phenyl)pyrimidin-2-amine (4s) 

N
N

H2N

CF3

C11H8F3N3

239.20

105 mg (0.44 mmol, 44 % yield) as a colorless solid. Mp < 176 °C (subl.)*. 1H NMR 

(DMSO-d6, 500 MHz):  6.93 (s, 2 H, NH2), 7.73-7.76 (m, 2 H), 7.82-7.86 (m, 2 H), 

8.65 (s, 2 H). 13C NMR (DMSO-d6, 125 MHz):  120.6 (Cquat), 124.5 (q, J = 272.2 Hz, 

Cquat), 125.8 (CH), 125.9 (q, J = 3.7 Hz, CH), 127.3 (q, J = 32.1 Hz, Cquat), 139.5 

(Cquat), 156.5 (CH), 163.3 (Cquat). EI + MS (m/z (%)): 240 (13), 239 (M+, 100), 238 

((M-H)+, 26), 211 (10), 198 (13), 170 (28), 169 (12), 151 (12), 120 (17). IR (KBr): 

3478 (w) cm-1, 3321 (w), 3165 (w), 1661 (m), 1638 (m), 1599 (m), 1550 (w), 1528 

(w), 1482 (m), 1424 (w), 1382 (w), 1324 (s), 1300 (m), 1224 (w), 1174 (m), 1133 (m), 

1112 (m), 1071 (m), 1013 (w), 838 (m), 799 (w), 721 (w), 664 (w), 639 (w), 599 (w), 

517 (w). Anal. calcd for C11H8F3N3 (239.2): C 55.23, H 3.37, N 17.57. Found: C 

55.23, H 3.44, N 17.46. 

*Slow sublimation with not clearly detectable sublimation point. 
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4.2.20. 4-(Pyridazin-4-yl)phenol (4t) 

NN

HO

C10H8N2O

172.18

121 mg (0.70 mmol, 70 % yield) as a rosa solid. Mp 242 °C. 1H NMR (DMSO-d6, 500 

MHz):  6.91-6.95 (m, 2 H), 7.76-7.80 (m, 2 H), 7.88 (dd, J = 5.4 Hz, J = 2.5 Hz, 1 H), 

9.14 (dd, J = 5.4 Hz, J = 1.3 Hz, 1 H), 9.55 (dd, J = 2.5 Hz, J = 1.3 Hz, 1 H), 10.2 (br, 

1 H, OH). 13C NMR (DMSO-d6, 125 MHz):  116.4 (CH), 122.0 (CH), 124.2 (Cquat), 

128.7 (CH), 137.2 (Cquat), 149.0 (CH), 151.5 (CH), 159.6 (Cquat). EI + MS (m/z (%)): 

173 (13), 172 (M+, 100), 118 (41), 115 (30), 91 (10), 89 (16). IR (KBr):  3448 (w) 

cm-1, 3073 (w), 1615 (w), 1574 (s), 1515 (m), 1444 (w), 1390 (w), 1360 (w), 1285 (s), 

1242 (w), 1177 (m), 1111 (w), 1046 (w), 979 (w), 839 (w), 812 (m), 789 (w), 745 (w), 

665 (w), 571 (w). Anal. calcd for C10H8N2O (172.2): C 69.76, H 4.68, N 16.27. Found: 

C 69.49, H 4.91, N 16.10. 

Data reported in the literature: 

R. Stoermer, O. Gaus, Ber. dtsch. Chem. Ges. 1912, 45, 3104-3113. 

Long colorless needles (EtOH). Mp 242 °C. Anal. calcd for C10H8N2O (172.2): N 
15.92. Found: N 16.23. 
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4.2.21. 4-(3,4,5-Trimethoxyphenyl)pyridine-2,6-diamine hydrochloride (4u) 

N

MeO

MeO
OMe

H2N

NH2

HCl

C14H18ClN3O3

311.76

136 mg (0.44 mmol, 44 % yield) as an orange solid (after crystallization with n-

pentane from 1.25 M HCl in EtOH, filtration, washing with n-pentane, and drying in 

vacuo overnight at 70 °C). Mp 128-135 °C. 1H NMR (DMSO-d6, 500 MHz):  1.34 (t, J

= 7.6 Hz, 3 H), 2.85 (q, J = 7.6 Hz, 2 H), 6.60 (s, 1 H), 7.05 (dd, J = 5.0 Hz, J = 3.8 

Hz, 1 H), 7.24 (dd, J = 5.0 Hz, J = 0.9 Hz, 1 H), 7.27 (dd, J = 3.5 Hz, J = 0.9 Hz, 1 H), 

7.47-7.51 (m, 2 H), 7.66-7.70 (m, 2 H). 13C NMR (DMSO-d6, 125 MHz):  12.8 (CH3),

20.6 (CH2), 105.6 (CH), 110.0 (Cquat), 119.0 (Cquat), 121.0 (Cquat), 122.6 (CH), 124.2 

(CH), 127.7 (CH), 128.0 (CH), 132.4 (CH), 133.2 (Cquat), 138.7 (Cquat), 147.9 (Cquat), 

153.5 (Cquat). EI + MS (m/z (%)): 276 (17), 275 ((M-HCl)+, 100), 260 ((M-HCl-CH3)
+,

17), 217 (C11H11N3O2
+, 20), 108 (C5H6N3

+, 5). IR (KBr):  3410 (m) cm-1, 3334 (m), 

3207 (m), 2941 (w), 2837 (w), 2741 (w), 1645 (s), 1588 (m), 1518 (w), 1492 (w), 1463 

(w), 1413 (w), 1378 (m), 1325 (m), 1267 (w), 1245 (w), 1169 (w), 1127 (s), 999 (m), 

965 (w), 831 (w), 807 (w), 757 (w), 720 (w), 562 (w), 524 (w). Anal. calcd for 

C14H18ClN3O3 (311.8): C 53.93, H 5.82, N 13.48. Found: C 53.73, H 6.03, N 13.35. 
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4.3. Synthesis of Meridianin A (5) 

Synthesis of 3-(2-aminopyrimidin-4-yl)-1H-indol-4-ol (Meridianin A, 5)

Pyridinium hydrochloride (1.18 g, 10.0 mmol) was placed in a dry screw-cap vessel 

under argon atmosphere. Then, 4-(4-methoxy-1H-indol-3-yl)pyrimidin-2-amine (4j)

(120 mg, 0.50 mmol) was added and the mixture was heated to 210 °C (preheated oil 

bath). After 30 min, the mixture was cooled to 50 °C (preheated oil bath) and 

methanol was added to dissolve the residue. The reaction mixture was monitored by 

TLC. The mixture was adsorbed on Celite® and the solvents were removed under 

reduced pressure. The residue was purified chromatographically on silica gel with 

dichloromethane-methanol-aqueous ammonia DCM-MeOH-NH3 = 100:1:1  100:2:1 

 100:3:1  100:4:1 (stepwise gradient). After drying in vacuo, meridianin A (5) was 

obtained as a bright yellow fine crystalline solid.
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Spectroscopic data of 3-(2-aminopyrimidin-4-yl)-1H-indol-4-ol (Meridianin A, 5) 

N

H

OH N

N
NH2

C12H10N4O

226.23

96 mg (0.43 mmol, 85 % yield) as a bright yellow fine crystalline solid. Mp 264-276 

°C. (Lit.: 164-168 °C). 1H NMR (DMSO-d6, 500 MHz):  6.39 (dd, J = 7.9 Hz, J = 0.9 

Hz, 1 H), 6.76 (s, 2 H, NH2), 6.82 (dd, J = 8.2 Hz, J = 0.9 Hz, 1 H), 7.00 (t, J = 7.9 Hz, 

1 H), 7.14 (d, J = 5.4 Hz, 1 H), 8.14 (d, J = 5.4 Hz, 1 H), 8.25 (d, J = 3.2 Hz, 1 H), 

11.8 (br, 1 H, NH), 13.62 (s, 1 H, OH). 13C NMR (DMSO-d6, 125 MHz):  102.3 (CH), 

104.3 (CH), 105.5 (CH), 113.7 (Cquat), 114.3 (Cquat), 124.4 (CH), 128.4 (CH), 139.2 

(Cquat), 152.0 (Cquat), 158.4 (CH), 160.4 (Cquat), 161.7 (Cquat). EI + MS (m/z (%)): 226 

(M+, 100), 225 ((M-H)+, 13), 209 ((M-OH)+, 2), 197 ((M-COH)+, 6), 185 ((M-

CH2N2+H)+, 18), 158 ((M-C3H4N2)
+, 6). IR (KBr):  3429 (m) cm-1, 3342 (m), 1638 

(m), 1593 (s), 1562 (m), 1532 (m), 1469 (m), 1444 (m), 1401 (m), 1321 (m), 1272 (w), 

1227 (m), 1194 (w), 1167 (w), 820 (w), 802 (w), 775 (w), 719 (m), 617 (w). Anal. 

calcd for C12H10N4O (226.2): C 63.71, H 4.46, N 24.76. Found: C 63.48, H 4.61, N 

24.72.

The NMR spectra are in good agreement with reported spectra of psammopemmin A 
(M. S. Butler, R. J. Capon, C. C. Lu, Austr. J. Chem. 1992, 45, 1871-1877), which 
might confer the structure reassignment of psammopemmin A by Baker (M. D. Lebar, 
B. J. Baker, Austr. J. Chem. 2010, 63, 862-866). 

1H NMR (DMSO-d6, 400 MHz):  6.38 (dd, J = 0.7 Hz, J = 0.7 Hz, 1 H), 6.68 (br s, 2 
H, NH2), 6.81 (dd, J = 7.7 Hz, J = 0.7 Hz, 1 H), 6.98 (dd, J = 7.7 Hz, J = 7.7 Hz, 1 H), 
7.12 (d, J = 5.4 Hz, 1 H), 8.12 (br d, J = 5.4 Hz, 1 H), 8.22 (d, J = 2.5 Hz, 1 H), 11.75 
(br s, 1 H, NH), 13.55 (s, 1 H, OH). 13C NMR (DMSO-d6, 100 MHz):  102.3, 104.3, 
105.4, 113.7, 114.3, 124.3, 128.3, 139.2, 152.0, 158.3, 160.7, 161.7. 
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Data reported in the literature: 

L. H. Franco, E. Bal de Kier Joffé, L. Puricelli, M. Tatian, A. M. Seldes, J. A. Palermo, 
J. Nat. Prod. 1998, 61, 1130-1132. 

Yellow needles (MeOH-H2O). Mp 164-168 °C. 1H NMR (DMSO-d6, 200 MHz):  6.36 
(dd, J = 7.1 Hz, J = 0.7 Hz, H-5), 6.69 (s, NH2), 6.78 (dd, J = 7.5 Hz, J = 0.7 Hz, H-7), 
6.96 (dd, J = 7.5 Hz, J = 7.1 Hz, H-6), 7.09 (d, J = 5.4 Hz, H-5´), 8.10 (d, J = 5.4 Hz, 
H-6´), 8.20 (d, J = 1.2 Hz, H-2), 11.71 (brs, NH), 13.55 (s, OH). 13C NMR (DMSO-d6,
50 MHz):  102.4 (C-7), 104.5 (C-5´), 105.6 (C-5), 113.8 (C-3), 114.5 (C-3a), 124.4 
(C-6), 128.5 (C-2), 139.4 (C-7a), 152.1 (C-4), 158.5 (C-6´), 160.6 (C-4´), 161.9 (C-2´). 
HREIMS calcd for C12H10N4O: 226.0855. Found: 226.0857. IR (KBr):  3437 cm-1,
3351, 3200, 2924, 1647, 1605, 1533, 1469, 1326, 820, 721. UV (CH3Cl) max (log )
248 (3.68), 356 (3.58) nm. 

NMR spectra of meridianin A are in good agreement with those given by Palermo.

P. M. Fresneda, P. Molina, J. A. Bleda, Tetrahedron 2001, 57, 2355-2363. 

Yellow prisms (EtOH-hexane). Mp 164-168 °C. 1H NMR (DMSO-d6, 300 MHz):  7.13 
(dd, J = 7.8 Hz, J = 0.9 Hz, 1 H, H-5), 7.48 (brs, 2 H, NH2), 7.57 (dd, J = 8.1 Hz, J = 
0.9 Hz, 1 H), 7.74 (dd, J = 7.8 Hz, 1 H, H-6), 7.88 (d, J = 5.7 Hz, 1 H, H-5´), 8.88 (d, J
= 5.7 Hz, 1 H, H-6´), 9.0 (s, 1 H, H-2), 11.8 (s, 1 H, NH), 13.9 (s, 1 H, OH). 13C NMR 
(DMSO-d6, 75 MHz):  102.3 (C-7), 104.4 (C-5´), 105.4 (C-5), 113.7 (C-3), 114.4 (C-
3a), 124.4 (C-6), 128.4 (C-2), 139.2 (C-7a), 152.0 (C-4), 158.4 (C-6´), 160.5 (C-4´), 
161.7 (C-2´). IR (nujol):  3456 (m) cm-1, 3416 (m), 3340 (m), 3181 (m), 1627 (m), 
1586 (s), 1532 (s), 1270 (s), 1124 (s), 1072 (s). EI + MS (m/z (%)): 226 (M+, 100), 
185 (26), 167 (16), 149 (59). Anal. calcd for C12H10N4O (226.2): C 63.71, H 4.46, N 
24.76. Found: C 63.57, H 4.31, N 24.93. 

The 13C NMR values are in good agreement with those given by Fresneda and 
Molina, but the 1H NMR values deviate considerably. 

However, the melting point deviates immensely from the melting point reported both 
by Palermo as well as Fresneda and Molina.
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5. 1H and 13C NMR Spectra of Compounds 4a-u and 5

1H NMR of 4a (15 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). *Impurities from 

residual solvents. 
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13C NMR of 4a (15 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). 

13C DEPT 135-NMR of 4a (15 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). 
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1H NMR of 4b (15 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). *Impurities from 

residual solvents. 
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13C NMR of 4b (15 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 

13C DEPT 135-NMR of 4b (15 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 
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1H NMR of 4c (15 mg) in 0.7 mL DMSO-d6 at 299 K (  in ppm). 
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13C NMR of 4c (15 mg) in 0.7 mL DMSO-d6 at 299 K (  in ppm).

13C DEPT 135-NMR of 4c (15 mg) in 0.7 mL DMSO-d6 at 299 K (  in ppm).
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1H NMR of 4d (15 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). 
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13C NMR of 4d (15 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). 

13C DEPT 135-NMR of 4d (15 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). 
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1H NMR of 4e (15 mg) in 0.7 mL DMSO-d6 at 299 K (  in ppm). 
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13C NMR of 4e (15 mg) in 0.7 mL DMSO-d6 at 299 K (  in ppm). 

13C DEPT 135-NMR of 4e (15 mg) in 0.7 mL DMSO-d6 at 299 K (  in ppm). 
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1H NMR of 4f (15 mg) in 0.7 mL DMSO-d6 at 298 K (  in ppm). *Impurities from 

residual solvents. 
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13C NMR of 4f (15 mg) in 0.7 mL DMSO-d6 at 298 K (  in ppm). 

13C DEPT 135-NMR of 4f (15 mg) in 0.7 mL DMSO-d6 at 298 K (  in ppm). 
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1H NMR of 4g (15 mg) in 0.7 mL DMSO-d6 at 298 K (  in ppm). *Impuruties from 

residual solvents. 
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13C NMR of 4g (15 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm).

13C DEPT 135-NMR of 4g (15 mg) in 0.7 mL DMSO-d6 at 298 K (  in ppm). 
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1H NMR of 4h (30 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 
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13C NMR of 4h (30 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 

13C DEPT 135-NMR of 4h (30 mg) in 0.7 mL DMSO-d6 at 295 K (  in ppm). 
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1H NMR of 4i (15 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 
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13C NMR of 4i (15 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 

13C DEPT 135-NMR of 4i (15 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 
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1H NMR of 4j (30 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). 
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13C NMR of 4j (30 mg) in 0.7 mL DMSO-d6 at 298 K (  in ppm). 

13C DEPT 135-NMR of 4j (30 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). 
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1H NMR of 4k (20 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 
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13C NMR of 4k (20 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 

13C DEPT 135-NMR of 4k (20 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 
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1H NMR of 4l (20 mg) in 0.7 mL DMSO-d6 at 298 K (  in ppm). 
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13C NMR of 4l (20 mg) in 0.7 mL DMSO-d6 at 298 K (  in ppm). 

13C DEPT 135-NMR of 4l (20 mg) in 0.7 mL DMSO-d6 at 298 K (  in ppm). 
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1H NMR of 4m (15 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). *Impurities from 

residual solvents. 
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13C NMR of 4m (15 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). *Impurities from 

residual solvents. 

13C DEPT 135-NMR of 4m (15 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). 

*Impurities from residual solvents. 
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1H NMR of 4n (20 mg) in 0.7 mL DMSO-d6 at 298 K (  in ppm). 
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13C NMR of 4n (20 mg) in 0.7 mL DMSO-d6 at 299 K (  in ppm). 

13C DEPT 135-NMR of 4n (20 mg) in 0.7 mL DMSO-d6 at 298 K (  in ppm). 
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1H NMR of 4o (50 mg) in 0.7 mL CDCl3 at 297 K (  in ppm). *Impurities from residual 

solvents.
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13C NMR of 4o (50 mg) in 0.7 mL CDCl3 at 298 K (  in ppm). *Impurities from residual 

solvents.

13C DEPT 135-NMR of 4o (50 mg) in 0.7 mL CDCl3 at 297K (  in ppm). *Impurities 

from residual solvents. 
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1H NMR of 4p (20 mg) in 0.7 mL CDCl3 at 296 K (  in ppm). *Impurities from residual 

solvents.
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13C NMR of 4p (20 mg) in 0.7 mL CDCl3 at 296 K (  in ppm). 

13C DEPT 135-NMR of 4p (20 mg) in 0.7 mL CDCl3 at 296 K (  in ppm). 
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1H NMR of 4q (20 mg) in 0.7 mL CDCl3 at 298 K (  in ppm). *Impurities from residual 

solvents.
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13C NMR of 4q (20 mg) in 0.7 mL CDCl3 at 298 K (  in ppm). 

13C DEPT 135-NMR of 4q (20 mg) in 0.7 mL CDCl3 at 298 K (  in ppm). 
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1H NMR of 4r (30 mg) in 0.7 mL CDCl3 at 296 K (  in ppm).
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13C NMR of 4r (30 mg) in 0.7 mL CDCl3 at 296 K (  in ppm). 

13C DEPT 135-NMR of 4r (30 mg) in 0.7 mL CDCl3 at 296 K (  in ppm). 
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1H NMR of 4s (15 mg) in 0.7 mL CDCl3 at 297 K (  in ppm).
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13C NMR of 4s (15 mg) in 0.7 mL CDCl3 at 297 K (  in ppm). 

13C DEPT 135-NMR of 4s (15 mg) in 0.7 mL CDCl3 at 297 K (  in ppm). 
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1H NMR of 4t (20 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). *Impurities from 

residual solvents. 
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13C NMR of 4t (20 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). 

13C DEPT 135-NMR of 4t (20 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). 
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1H NMR of 4u (20 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm).
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13C NMR of 4u (20 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 

13C DEPT 135-NMR of 4u (20 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 
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1H NMR of 5 (30 mg) in 0.7 mL DMSO-d6 at 298 K (  in ppm). *Impurities from 

residual solvents. 
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13C NMR of 5 (30 mg) in 0.7 mL DMSO-d6 at 298 K (  in ppm). 

13C DEPT 135-NMR of 5 (30 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). 
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6. Appendix 

6.1. UV Purity of Compounds 4a-u and 5 

HT-LC-MS Spectrum (SOP 2200) of 4a. UV purity: 100 % 
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HT-LC-MS Spectrum (SOP 2200) of 4b. UV purity: 100% 
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HT-LC-MS Spectrum (SOP 2200) of 4c. UV purity: 100 % 
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HT-LC-MS Spectrum (SOP 2200) of 4d. UV purity: 98.1 %
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HT-LC-MS Spectrum (SOP 2200) of 4e. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2200) of 4f. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2222) of 4g. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2200) of 4h. UV purity: 97.5 %
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HT-LC-MS Spectrum (SOP 2200) of 4i. UV purity: 99.6 %
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HT-LC-MS Spectrum (SOP 2200) of 4j. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2200) of 4k. UV purity: 98.2 %
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HT-LC-MS Spectrum (SOP 2200) of 4l. UV purity: 100 % 
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HT-LC-MS Spectrum (SOP 2222) of 4m. UV purity: 100 % 
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HT-LC-MS Spectrum (SOP 2200) of 4n. UV purity: 100 % 
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HT-LC-MS Spectrum (SOP 2200) of 4o. UV purity: 100 % 
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HT-LC-MS Spectrum (SOP 2200) of 4p. UV purity: 100 %
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HT-LC-MS Spectrum (SOP 2200) of 4q. UV purity: 100 % 
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HT-LC-MS Spectrum (SOP 2200) of 4r. UV purity: 100 % 
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HP-LC-MS Spectrum (SOP 2200) of 4s. UV purity: 100 % 
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HP-LC-MS Spectrum (SOP 2200) of 4t. UV purity: 100 % 
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HT-LC-MS Spectrum (SOP 2200) of 4u. UV purity: 98.5 %
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HT-LC-MS Spectrum (SOP 2200) of 5 (meridianin A). UV purity: 99.5 % 
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6.2. HT-LC-MS Methods for the Control of Identity and Purity of Compounds 

4a-u and 5 

Problem Definition Identity and Purity 

SOP 2200

Methods HT-LC-MS

System Waters Acquity UPLC® with PDA and ELSD 

Waters SQD (ESI+/- and APCI+/-) 

Software MassLynx with OpenLynx 

Column Waters XBridge™ C8 3.5 m

4.6 x 50 mm Column 

Part No. 186003053 

Eluent A: 99.9 % acetonitrile + 0.1 % TFA 

B: 99.9 % water + 0.1 % TFA 

Gradient time (min) A % B % flow 

(mL/min)

0 5 95 2.0 

8.00 100 0 2.0 

8.10 10 90 2.0 

8.50 5 95 2.0 

11.00 5 95 2.0 

Column temperature Room temperature 

Injection volume 3 l

Sample Preparation Approx. 0.1 mg were dissolved in acetonitrile + water 

50/50 in an ultrasonic bath, so that the concentration was 

0.5 mM. 

If necessary, the sample was additionally diluted: 100 l in 

500 l acetonitrile + water 5/95. 
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Problem Definition Identity and Purity 

SOP 2222

Methods HT-LC-MS

System 4 x Waters 1525 Binary HPLC Pump 

2 x Waters In-Line Degasser AF 

1 x Waters 2777 Sample Manager 

1 x Waters 2488 Mux-UV Detector 

4 x Waters 2420 ELS Detector 

1 x Waters ZQ-MUX 

Software MassLynx with OpenLynx 

Column Chromolith® Flash RP-18e (25-2mm) 

Eluent A: 99.9 % acetonitrile + 0.1 % formic acid 

B: 99.9 % water + 0.1 % formic acid 

Gradient time (min) A % B % flow 

(mL/min)

0 5 95 0.8 

1.7 100 0 0.8 

3.0 100 0 0.8 

3.01 0 100 0.8 

6.25 5 95 0.8 

Column temperature Room temperature 

Throughput 416 samples: approx. 11 hours 
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Diazine-bridged bisindoles are readily obtained from N-Boc-

protected 3-iodoindoles and 3-iodo-7-azaindole in a pseudo

three-component reaction involving a one-pot Masuda bo-

rylation–Suzuki arylation sequence. Some of the title com-

Introduction

Heterocycles bridging two identical indole substituents
are common scaffolds in many pharmaceutically interesting
natural products,[1] such as hamacanthins,[2] nortopsen-
tins,[3] and lynamicins.[4] Inspired by marine alkaloids of the
meridianin and variolin family,[5,6] we identified the struc-
turally related, novel bisindole alkaloid hyrtinadine A
(Scheme 1)[7] as a suitable target to scrutinize the scope of
the Masuda borylation–Suzuki coupling sequence[8] of ni-
trogen heterocycles, which we applied recently in a concise
synthesis of meridianin A and 7-azaindole analogues. Hyrt-
inadine A, isolated from an Okinawan marine sponge of the
Hyrtios genus, was found to be highly cytotoxic against mu-
rine leukemia L1210 and human epidermoid carcinoma KB
cell lines. The sole total synthesis of hyrtinadine A was real-
ized by a Pd-catalyzed coupling of indiumorganyls as a key
step.[9] Although a twofold cross-coupling with heterocyclic
substrates and an unsymmetrical substitution of the pyrimi-
dyl core were achieved, this methodology appears to be very
limited. A major drawback is the overstoichiometrical use
of the precious indolyl organoindium reagent, which is also
associated with the need for organolithium or organomag-
nesium precursors not tolerant towards functional groups.
Herein we report the adaptation of the Masuda borylation–
Suzuki coupling sequence to diheteroaryl-substituted diaz-
ines and its application to a concise total synthesis of hyrti-
nadine A.
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pounds display promising cytotoxic properties. The versatil-

ity of this methodology is illustrated by a very concise total

synthesis of the marine alkaloid hyrtinadine A.

Results and Discussion

The Suzuki–Miyaura cross-coupling reaction is one of
the most versatile tools for the preparation of biaryls in a
short and efficient manner.[10] Pinacolboronates[11] are
stable esters and can be readily applied as coupling partners
in Suzuki coupling reactions. Most advantageously, their
preparation proceeds by palladium-catalyzed Miyaura[12] or
Masuda[13] borylation under mild conditions and tolerates
a lot of polar functionality. The Masuda borylation has the
advantage of using pinacolborane as a borylating agent,
which is definitely more atom economical and elegant than
applying bispinacolato diboron. Therefore, the advantages
of performing a Masuda borylation and a subsequent Su-
zuki coupling in a one-pot sequence lie at hand. Prior to
our studies, this sequence has not generally been used for
the preparation of heteroaromatic biaryls.[14] Just recently,
we established this conceptually elegant sequence for N-het-
erocycles, such as indoles and pyrroles,[8] which are both
ubiquitous in nature and constitute important building

Scheme 1. Retrosynthetic analysis of hyrtinadine A.
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blocks of many biologically active compounds with signifi-
cant relevance in medicinal chemistry.[15]

Our retrosynthetic analysis of hyrtinadine A suggests the
Masuda borylation–Suzuki coupling as a key transform
(Scheme 1), which is projected as a one-pot reaction in the
sense of a sequentially palladium-catalyzed process.[16]

Scheme 2. One-pot Masuda borylation–Suzuki arylation synthesis
of heteroaryl-substituted indoles 3.

Scheme 4. One-pot Masuda borylation–Suzuki arylation synthesis of diazine-bridged bisheteroaryls 6.

Eur. J. Org. Chem. 2011, 4532–4535 © 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjoc.org 4533

Moreover, the Boc protecting group is concomitantly
cleaved under the terminal Suzuki conditions, accounting
for the efficiency of the sequence. As a consequence, N-Boc-
3-iodo-5-methoxyindole and 5-bromo-2-iodopyrimidine are
the electrophilic coupling partners; the former is readily
available from commercially available starting materials.[17]

According to this strategy, we first scouted the applica-
bility of the sequence to the synthesis of structural subunits
3a–c, using the standard conditions[8] for the sequence
(Scheme 2).

Scheme 3. Synthesis of isomeridianin A (4) by demethylation of 3c.
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After generating the boronate intermediate by Masuda
borylation of indoles 1 with pinacolborane, methanol, 2-
bromopyrimidine (2a), 5-bromopyrimidine (2b), or 4-
chloro-2-aminopyrimidine (2c), and cesium carbonate were
subsequently added to the reaction mixture to give, after
the Suzuki arylation step, 3-pyrimidyl-substituted indoles 3
in good to excellent isolated yields. For quenching the ex-
cess amount of pinacolborane, the addition of anhydrous
methanol has proven to furnish highest yields in the two-
step sequence. For demethylation of 3c, heating in the melt
of pyridinium chloride (PyHCl)[18] was applied to give the
literature unknown isomeridianin A (4) in a very good yield
(Scheme 3).

With this convenient sequential Masuda borylation–
Suzuki arylation protocol in hand we set out to perform
the sequence as a pseudo-three-component synthesis, that
is, the ratio of the in situ generated heterocyclic pinacolester
to the dihalodiazine was chosen as 2:1. Starting from 3-
iodo-substituted heterocycles such as indoles 1a, 1c–g, 7-
azaindole (1b), 2-ethyl-5-thien-2-yl-furane (1h),[19] and 5-(p-
anisyl)pyrrole (1i),[20] after Masuda borylation with pinac-
olborane the Suzuki arylation step with various diiodo-, di-
bromo-, or bromoiodo-substituted diazines 5 furnishes
bis(heteroaryl) substituted diazines 6 in a one-pot fashion
in moderate to good yields (Scheme 4).

In particular, 2,5-bis(methoxyindol-3-yl)pyrimidines 6e–
g can be readily obtained by this one-pot procedure, with
the literature unknown compound 6f being O,O9-dimethyl
hyrtinadine A, a precursor of the natural product. Thus, by
virtue of the one-pot Masuda borylation–Suzuki arylation
sequence as a key step, the total synthesis of hyrtinadine A
can be conducted in a very concise fashion. Starting from
commercially available 5-methoxy-1H-indole, after iodin-
ation, Boc protection, and Masuda borylation–Suzuki cou-
pling sequence, dimethyl hyrtinadine A (6f) is accessible in
good yield.

However, unexpectedly the final demethylation with
PyHCl furnished hyrtinadine A (7) in only 39% yield.
Therefore, we sought an alternative deprotection
method.[21] Gratifyingly, demethylation of 6f using BBr3
gave hyrtinadine A in 78% yield (Scheme 5).

Scheme 5. Synthesis of hyrtinadine A (7) by demethylation of O,O9-
dimethyl hyrtinadine A (6f).

The biological activities of O-methyl isomeridianin A
(3c), isomeridianin A (4), selected diazine-bridged bishet-
eroaryls 6, and hyrtinadine A (7) were evaluated by screen-
ing against a broad panel of 102–121 kinases at the Division
of Signal Transduction Therapy (DSTT), University of
Dundee, UK, and by determining the IC50 values in viabil-

www.eurjoc.org © 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 2011, 4532–45354534

ity assays with HCT116 (colon carcinoma) and A2780
(ovarian carcinoma) cell lines (Table 1).[22] Interestingly,
O,O9-dimethyl hyrtinadine A (6f) as well as the chloro ana-
logue (6c) show a low micromolar activity in viability as-
says, which however seems not to be correlated with kinase
inhibitory activity. Fascinatingly, precursor 6f was more
active than the natural product in viability assays.

Table 1. Biological data of selected compounds 3, 4, 6, and 7.

Number of kinases with IC50 (HCT116) IC50 (A2780)
.50% inhibition at 1 µ / [µm][a] [µm][a]

Number of kinases tested

3c 7/110 .10 .10
4 8/110 .10 .10
6a 0/102 .10 .10
6b 7/121 .10 .10
6c 1/121 5.3 0.9
6e 0/121 .10 .10
6f 0/110 3.7 4.5
6m 0/121 .10 3.3
7 3/121 .10 .10

[a] IC50: concentration reducing cell proliferation by 50%.

Conclusions

In summary we have successfully adapted the one-pot
Masuda borylation–Suzuki arylation sequence to a general
synthesis of diazine-bridged bisheteroaryls in the sense of a
one-pot pseudo-three-component reaction. The procedure
is another showcase for sequential Pd-catalyzed processes,
which can be easily performed without the need for exotic
ligands or the excessive use of expensive reagents. Besides
the concise total synthesis of the marine alkaloid hyrtinad-
ine A, several bisheteroaryl analogues have been efficiently
prepared in a straightforward fashion. Studies directed
towards the syntheses of structurally more complex marine
alkaloids, kinase inhibitors, and oligomeric heteroarenes
using the Masuda borylation–Suzuki arylation are cur-
rently underway.

Experimental Section

Synthesis of 6f: Tetrakis(triphenylphosphane)palladium(0) (69 mg,
0.06 mmol, 3 mol-%) and tert-butyl 3-iodo-5-methoxy-1H-indole-
1-carboxylate (1f; 746 mg, 2.00 mmol) were placed under an argon
atmosphere in a dry screw-cap vessel with a septum. Then, dry 1,4-
dioxane (10 mL) was added, and the mixture was degassed with
argon (5 min). Dry triethylamine (1.0 mL) and 4,4,5,5-tetramethyl-
1,3,2-dioxaborolane (0.45 mL, 3.00 mmol) were successively added
to the mixture, which was then stirred at 80 °C (preheated oil bath)
for 3 h (monitored by TLC). Then, after cooling to room tempera-
ture (water bath), dry methanol (10 mL), 5-bromo-2-iodopyrimid-
ine (5a; 289 mg, 1.00 mmol), and cesium carbonate (1.63 g,
5.00 mmol) were successively added. The mixture was stirred at
100 °C overnight (preheated oil bath). Then, after cooling to room
temperature, the solvents were removed under reduced pressure.
The residue was purified by flash chromatography on silica gel
(dichloromethane/methanol/aqueous ammonia) to give compound
6f as a yellow solid (238 mg, 0.64 mmol, 64% yield). For full ana-
lytical details, see the Supporting Information.
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Synthesis of 7 (Demethylation of Compound 6f; Synthesis of Hyrtin-

adine A): 3,39-(Pyrimidine-2,5-diyl)bis(5-methoxy-1H-indole) (6e;
185 mg, 0.50 mmol) was placed in a dry screw-cap vessel under an
argon atmosphere. Then, dry dichloromethane (15 mL) was added.
The suspension was cooled to –78 °C (acetone/dry ice bath) and
tribromoborane (0.58 mL, 6.00 mmol) was slowly added. The mix-
ture was allowed to reach room temperature and continuously
stirred for 20 h. The reaction progress was monitored by TLC.
Then the mixture was cooled to 0 °C (water/ice bath), and water
(3 mL) followed by saturated potassium carbonate solution
(30 mL) were slowly added. The resulting yellow precipitate was
filtered and purified by flash chromatography on silica gel (dichlo-
romethane/methanol/aqueous ammonia) to give hyrtinadine A (7)
as a yellow solid [147 mg, 0.43 mmol, 78% yield (contained one
molecule of MeOH)]. For full analytical details, see the Supporting
Information.

Supporting Information (see footnote on the first page of this arti-
cle): Experimental procedures, spectroscopic and analytical data
and copies of the NMR spectra of compounds 3, 4, 6, and 7.
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1 General Considerations 

All cross-coupling reactions were carried out in oven-dried Schlenk glassware using septa 

and syringes under nitrogen or argon atmosphere. THF and 1,4-dioxane were dried using an 

MBraun system MB-SPS-800. Triethylamine was refluxed under argon over ketyl sodium, 

distilled and stored in a Schlenk flask over potassium hydroxide pellets under argon 

atmosphere. Dry methanol was purchased from Sigma-Aldrich Chemie GmbH. 4,4,5,5-

Tetramethyl-1,3,2-dioxaborolane (pinacolyl borane) was purchased from Sigma-Aldrich 

Chemie GmbH. Tetrakis(triphenylphosphane)palladium(0) and cesium carbonate were 

purchased from Merck Serono KGaA. Commercial grade reagents were used as supplied 

without further purification and were purchased from Sigma-Aldrich Chemie GmbH, Acros 

Organics N. V., ABCR GmbH & Co. KG, Alfa Aesar GmbH & Co. KG, Merck Serono KGaA, 

Jiangsu and Synthonix Inc.. 

The purification of products was performed on silica gel 60 (0.015-0.040 mm) from Merck 

Serono KGaA using flash technique and under pressure of 2 bar. The crude mixtures were 

adsorbed on Celite® 545 (0.02-0.10 mm) from Merck Serono KGaA before chromatographic 

purification. The reaction progress was monitored qualitatively using TLC Silica gel 60 F254 5 

x 7.5 cm aluminium sheets obtained by Merck Serono KGaA. The spots were detected with 

UV light at 254 nm and using aqueous potassium permanganate solution. 

1H, 13C, and 135-DEPT NMR spectra were recorded on Bruker DRX 500 spectrometer. 

CDCl3 and DMSO-d6 were used as deuterated solvents. TMS was used as reference (  0.0) 

or the resonances of the solvents were locked as internal standards (acetone-d6: 
1H  2.05, 

13C  30.8; CDCl3: 
1H  7.26, 13C  77.0; DMSO-d6: 

1H  2.50, 13C  39.4). The multiplicities of 

the signals were abbreviated as follows: s: singlet; d: doublet; t: triplet; dd: doublet of 

doublets; ddd: doublet of doublets of doublets; dt: doublet of triplets; td: triplet of doublets; tt: 

triplet of triplets; q: quartet; quint: quintet; sext: sextet; m: multiplet and br: broad signal. The 

type of carbon atoms was determined on the basis of 135-DEPT NMR spectra. EI mass 

spectra were measured on Finnigan MAT 8200 spectrometer. IR spectra were obtained on 

Bruker Vector 22 FT-IR. The solids were measured as KBr pellets and oils as films on KBr 

plates. The intensity of signals is abbreviated as follows: s (strong), m (medium) and w 

(weak). The melting points (uncorrected) were measured on Reichert-Jung Thermovar. HT-

LC-MS spectra were measured in the Molecule Analytics laboratory of Central Analytical 

Services, Merck Serono KGaA Darmstadt. Combustion analyses were carried out on Perkin 

Elmer Series II Analyser 2400 in the microanalytical laboratory of Institut für 

Pharmazeutische und Medizinische Chemie der Heinrich-Heine-Universität Düsseldorf. 

Kinase assays were performed at the Division of Signal Transduction Therapy (DSTT), 



    

 6 

University of Dundee, UK. Viability assays were performed at Merck Serono KGaA, 

Darmstadt. 
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2 Preparation of Starting Materials 

2.1 Synthesis of N-Boc 3-Iodo-indoles 11

2.1.1 Preparation of tert-butyl 3-iodo-5-methoxy-1H-indole-1-carboxylate (1f) 

 

A solution of iodine (5.14 g, 20.2 mmol, 1.01 equiv) in 30 mL DMF was dropped to the 

solution of 5-methoxy-1H-indole (2.97 g, 20.0 mmol) and potassium hydroxide (3.30 g, 50.0 

mmol, 2.50 equiv) in 30 mL DMF at room temperature and the mixture was stirred for 45 min. 

The reaction mixture was then poored on 400 mL of ice water containing 0.5 % ammonia and 

0.1 % sodium disulfite. The mixture was placed in a refrigerator to ensure the complete 

precipitation. The precipitate was filtered, washed with 200 mL ice water and dried in vacuo 

to obtain 5.12 g (18.8 mmol, 94 % yield) of a beige solid. It was used without further 

purification for the next step. 

The obtained solid was suspended in 35 mL dichloromethane. 4-Dimethylaminopyridine (231 

mg, 188 mmol, 10 mol %) and di-tert-butyl dicarbonate (6.33 g, 28.1 mmol, 1.50 equiv), 

dissolved in 35 mL dichloromethane, were added and the mixture was stirred for 30 min at 

room temperature, washed with 35 mL 0.1 N HCl and the aqueous phase was extracted with 

dichloromethane (3 x 35 mL, monitored by TLC). The combined organic layers were dried 

with sodium sulfate, the solvents were removed under reduced pressure, the residue was 

adsorbed onto Celite® and purified chromatographically on silica gel with n-hexane/ethyl 

acetate (He/EtOAc = 50:1), (Rf (He/EtOAc = 50:1): 0.27) to give 6.79 g (18.2 mmol, 97 % 

yield, 91 % total yield over two steps) of 1f as a colorless solid. 

The experimental details are given in Table 1. 

 

 

1 The procedure is described in B. Witulski, N. Buschmann, U. Bergsträßer, Tetrahedron 2000, 56, 

8473-8480. 
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Table 1: Experimental details for the synthesis of N-Boc 3-iodo indoles 1a-g. 

Entry Indole  3-Iodo indole  N-Boc 3-Iodo indole 1 

(isolated yield %) 

Chromatographic  

purification (eluent) 

Rf (eluent) 

1 20.0 g (171 mmol) 

1H-Indole (Acros)  

Yellow solid 

32.8 g (135 mmol, 79 %)  

Pale brown oil 

11.3 g (32.9 mmol, 80 %)  

Total yield: 63 % 

1a 

He/EtOAc = 50:1 

Rf (He/EtOAc = 50:1): 

0.38 

2 12.1 g (100 mmol) 

1H-Pyrrolo[2,3-

b]pyridine  

(7-Azaindole) 

(ABCR)  

Yellow solid 

23.7 g (97.2 mmol, 97 %)  

Yellow oil 

31.6 g (91.8 mmol, 94 %)  

Total yield: 92 % 

1b 

He/EtOAc = 20:1 

Rf (He/EtOAc = 20:1): 

0.14 

3 0.93 g (6.00 mmol) 

5-Chloro-1H-indole 

(Aldrich)  

Yellow solid 

1.04 g (3.74 mmol, 62 %)  

Colorless solid 

1.39 g (3.67 mmol, 99 %)  

Total yield: 61 % 

1c 

He/EtOAc = 50:1 

Rf (He/EtOAc = 50:1): 

0.41 

4 0.82 g (6.00 mmol) 

5-Fluoro-1H-indole 

(Aldrich)  

Yellow solid 

0.91 g (3.47 mmol, 58 %)  

Colorless solid 

1.25 g (3.47 mmol, quant.)  

Total yield: 58 % 

N
Boc

I
F

1d 

He/EtOAc = 50:1 

Rf (He/EtOAc = 50:1): 

0.41 
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5 1.50 g (10.0 mmol) 

4-Methoxy-1H-

indole (ABCR)  

Grey solid 

3.34 g (8.58 mmol, 86 %)  

Pale yellow oil 

3.08 g (8.24 mmol, 96 %)  

Total yield: 82 % 

N

I

Boc

OMe

1e 

He/EtOAc = 50:1 

Rf (He/EtOAc = 50:1): 

0.21 

6 2.97 g (20.0 mmol) 

5-Methoxy-1H-

indole (ABCR)  

Beige solid 

5.12 g (18.8 mmol, 94 %)  

Colorless solid 

6.79 g (18.2 mmol, 97 %)  

Total yield: 91 % 

1f 

He/EtOAc = 50:1 

Rf (He/EtOAc = 50:1): 

0.27 

7 0.80 g (5.40 mmol) 

6-Methoxy-1H-

indole (Merck)1  

Yellow solid 

1.27 g (4.67 mmol, 86 %)  

Pale yellow solid 

1.61 g (4.32 mmol, 94 %)  

Total yield: 81 % 

1g 

He/EtOAc = 20:1 

Rf (He/EtOAc = 20:1): 

0.38 

1 6-Methoxy-1H-indole was prepared in the laboratories of Merck Serono KGaA, Darmstadt, and chromatographically purified with n-hexane/ethyl 

acetate (He/EtOAc = 1:1) before use. 
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2.2 Spectroscopic Data of N-Boc 3-Iodo-indoles 1 

2.2.1 tert-Butyl 3-iodo-1H-indole-1-carboxylate (1a) 

 

C13H14INO2 

343.16 

11.3 g (32.9 mmol, 63 % yield over two steps) as a pale brown oil. 1H NMR (CDCl3, 500 

MHz):  1.66 (s, 9 H), 7.28-7.32 (m, 1 H), 7.33-7.36 (m, 1 H), 7.36-7.40 (m, 1 H), 7.72 (s, 1 

H), 8.12 (d, J = 7.3 Hz, 1 H). 13C NMR (CDCl3, 125 MHz):  28.1 (CH3), 65.4 (Cquat), 84.2 

(Cquat), 115.0 (CH), 121.4 (CH), 123.3 (CH), 125.3 (CH), 130.0 (CH), 132.0 (Cquat), 134.8 

(Cquat), 148.6 (Cquat). EI + MS (m/z (%)): 343 (M+, 14), 287 ((M-C4H9+H)+, 59), 270 ((M-

C4H9O+H)+, 6), 243 ((M-C5H9O2+H)+, 79), 116 (C8H6N
+, 30), 115 (C8H5N

+, 22), 88 (10), 57 

(C4H9
+, 100), 41 (13). IR (film):  3151 (w), 3052 (w), 2979 (m), 2932 (w), 1747 (s), 1731 (s), 

1606 (w), 1528 (w), 1476 (m), 1449 (s), 1375 (s), 1358 (s), 1336 (m), 1311 (m), 1249 (m), 

1211 (m), 1148 (m), 1112 (m), 1054 (m), 1016 (w), 938 (w), 854 (w), 800 (w), 769 (m), 745 

(m), 672 (w), 589 (w) cm-1. Anal. calcd. for C13H14INO2 (343.2): C 45.50, H 4.11, N 4.08. 

Found: C 45.24, H 4.30, N 3.89. 

Data reported in the literature:1 

Colorless solid (n-pentane), mp: 36-40 °C. 1H NMR (400 MHz):  1.68 (s, 9 H), 7.29-7.43 (m, 

3 H), 7.73 (s, 1 H), 8.13 (d, J = 8.1 Hz, 1 H). 13C NMR (CDCl3, 100 MHz):  28.1 (q), 65.4 (s), 

115.1 (d), 121.5 (d), 123.3 (d), 125.3 (d), 130.1 (d), 132.0 (s), 134.9 (s), 148.7 (s). EI + MS 

(m/z (%)): 343 (M+, 69), 287 (100), 270 (13), 243 (98), 116 (28), 57 (98). Anal. calcd. for 

C13H14INO2 (343.16): C 45.50, H 4.11, N 4.08. Found C 45.37, H 3.66, N 3.96. 

Data reported in the literature:2 

1H NMR (CDCl3):  1.69 (s, 9 H), 7.20-7.41 (m, 3 H), 7.72 (s, 1 H), 8.15 (d, J = 5.0 Hz, 1 H). 

 

 

2 T. A. Kelly, D. W. McNeil, J. M. Rose, E. David, C.-K. Shih, P. M. Grob, J. Med. Chem. 1997, 40, 

2430-2433. 
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2.2.2 tert-Butyl 3-iodo-1H-pyrrolo[2,3-b]pyridine-1-carboxylate (1b) 

N N
Boc

I

 

C12H13IN2O2 

344.15 

31.6 g (91.8 mmol, 92 % yield over two steps) as a yellow oil (solidified upon storage in 

refrigerator), mp: 79 °C. 1H NMR (CDCl3, 500 MHz):  1.66 (s, 9 H), 7.22 (dd, J = 7.9 Hz, J = 

4.7 Hz, 1 H), 7.61 (dd, J = 7.9 Hz, J = 1.6 Hz, 1 H), 7.78 (s, 1 H), 8.50 (dd, J = 4.7 Hz, J = 1.6 

Hz, 1 H). 13C NMR (CDCl3, 125 MHz):  27.4 (CH3), 61.3 (Cquat), 83.8 (Cquat), 118.5 (CH), 

124.3 (Cquat), 128.9 (CH), 129.9 (CH), 145.3 (CH), 146.0 (Cquat), 146.6 (Cquat). EI + MS (m/z 

(%)): 344 (M+, 4), 245 (8), 244 ((M-C5H9O2+H)+, 100), 117 (C7H5N2
+, 23), 116 (C7H4N2

+, 10), 

90 (10), 57 (C4H9
+, 26). 

Data reported in the literature:3 

1H NMR (CDCl3):  1.70 (s, 9 H), 7.28 (dd, J = 8.5 Hz, 1 H), 7.72 (dd, J = 8.1 Hz, 1 H), 7.80 

(s, 1 H), 8.49 (dd, J = 5.1 Hz, 1 H). 

 

 

3 T. A. Kelly, D. W. McNeil, J. M. Rose, E. David, C.-K. Shih, P. M. Grob, J. Med. Chem. 1997, 40, 

2430-2433. 
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2.2.3 tert-Butyl 5-chloro-3-iodo-1H-indole-1-carboxylate (1c) 

N
Boc

I
Cl

 

C13H13ClINO2 

377.61 

1.39 g (3.67 mmol, 61 % yield over two steps) as a colorless solid, mp: 106 °C. 1H NMR 

(CDCl3, 500 MHz):  1.66 (s, 9 H), 7.31 (dd, J = 8.8 Hz, J = 2.0 Hz, 1 H), 7.38 (d, J = 2.0 Hz, 

1 H), 7.73 (s, 1 H), 8.03-8.08 (m, 1 H). 13C NMR (CDCl3, 125 MHz):  28.1 (CH3), 64.0 (Cquat), 

84.8 (Cquat), 116.2 (CH), 121.2 (CH), 125.6 (CH), 129.2 (Cquat), 131.3 (CH), 133.3 (Cquat), 

133.4 (Cquat), 148.3 (Cquat). EI + MS (m/z (%)): 377 (M+, 8), 320 (29), 279 (14), 278 (6), 277 

((M-C5H9O2+H)+, 43), 150 (16), 114 (20), 57 (100), 41 (15). IR (KBr):  3001 (w), 2970 (w), 

2932 (w), 2916 (w), 2866 (w), 1749 (w), 1732 (s), 1475 (w), 1460 (w), 1445 (m), 1394 (w), 

1358 (s), 1339 (w), 1308 (w), 1267 (m), 1248 (s), 1203 (m), 1151 (s), 1121 (m), 1053 (s), 

1038 (m), 953 (m), 937 (w), 856 (m), 839 (w), 810 (w), 793 (s), 760 (m), 721 (m), 633 (m) cm-

1. Anal. calcd. for C13H13ClINO2 (377.6): C 41.35, H 3.47, N 3.71. Found: C 41.49, H 3.57, N 

3.64. 
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2.2.4 tert-Butyl 5-fluoro-3-iodo-1H-indole-1-carboxylate (1d) 

N
Boc

I
F

 

C13H13FINO2 

361.15 

1.25 g (3.47 mmol, 58 % yield over two steps) as a colorless solid, mp: 76 °C. 1H NMR 

(CDCl3, 500 MHz):  1.66 (s, 9 H), 7.05-7.10 (m, 2 H), 7.75 (s, 1 H), 8.09 (br, 1 H). 13C NMR 

(CDCl3, 125 MHz):  28.1 (CH3), 64.4 (d, J = 4.1 Hz, Cquat), 84.6 (Cquat), 107.2 (d, J = 24.9 Hz, 

CH), 113.3 (d, J = 25.1 Hz, CH), 116.3 (d, J = 9.0 Hz, CH), 131.2 (Cquat), 131.6 (CH), 133.3 

(d, J = 10.1 Hz, Cquat), 148.4 (Cquat), 159.9 (d, J = 240.6 Hz, Cquat). EI + MS (m/z (%)): 361 

(M+, 10), 305 (32), 261 ((M-C5H9O2+H)+, 51), 134 (24), 133 (21), 57 (C4H9
+, 100). IR (KBr):  

2980 (m), 2887 (w), 2357 (w), 2332 (w), 1730 (m), 1603 (w), 1589 (w), 1472 (m), 1456 (w), 

1441 (m), 1396 (w), 1366 (s), 1348 (m), 1337 (w), 1308 (w), 1252 (s), 1240 (m), 1202 (m), 

1148 (s), 1105 (m), 1072 (w), 1053 (m), 1036 (m), 972 (m), 945 (w), 843 (s), 812 (m), 795 

(s), 758 (m), 744 (m), 698 (w), 685 (w), 662 (m), 648 (w), 611 (m) cm-1. Anal. calcd. for 

C13H13FINO2 (361.2): C 43.23, H 3.63, N 3.88. Found: C 43.15, H 3.82, N 3.78. 
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2.2.5 tert-Butyl 3-iodo-4-methoxy-1H-indole-1-carboxylate (1e) 

N
Boc

IOMe

 

C14H16INO3 

373.19 

3.08 g (8.24 mmol, 82 % yield over two steps) as a pale yellow oil (solidified upon storage in 

refrigerator), mp: 68 °C. 1H NMR (CDCl3, 500 MHz):  1.64 (s, 9 H), 3.92 (s, 3 H), 6.67 (d, J = 

8.2 Hz, 1 H), 7.24 (t, J = 8.2 Hz, 1 H), 7.61 (s, 1 H), 7.80 (d, J = 8.2 Hz, 1 H). 13C NMR 

(CDCl3, 125 MHz):  28.1 (CH3), 55.4 (CH3), 57.6 (Cquat), 84.2 (Cquat), 104.0 (CH), 108.0 (CH), 

119.6 (Cquat), 125.9 (CH), 130.0 (CH), 136.5 (Cquat), 148.5 (Cquat), 153.2 (Cquat). EI + MS (m/z 

(%)): 373 (M+, 33), 317 ((M-C4H9+H)+, 100), 273 ((M-C5H9O2+H)+, 56), 258 ((M-C5H9O2-

CH3+H)+, 23), 57 (C4H9
+, 83). IR (film):  3151 (w), 2979 (s), 2937 (m), 2837 (w), 1732 (s), 

1606 (m), 1586 (s), 1494 (s), 1427 (s), 1394 (m), 1370 (s), 1339 (s), 1286 (s), 1153 (s), 1124 

(s), 1046 (s), 955 (w), 903 (w), 852 (m), 819 (w), 775 (m), 735 (m), 696 (w), 668 (w), 597 (w) 

cm-1. Anal. calcd. for C14H16INO3 (373.2): C 45.06, H 4.32, N 3.75. Found: C 45.07, H 4.11, N 

3.56. 
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2.2.6 tert-Butyl 3-iodo-5-methoxy-1H-indole-1-carboxylate (1f) 

N
Boc

I
MeO

 

C14H16INO3 

373.19 

6.79 g (18.2 mmol, 91 % yield over two steps) as a colorless solid, mp: 114 °C. 1H NMR 

(CDCl3, 500 MHz):  1.65 (s, 9 H), 3.89 (s, 3 H), 6.83 (d, J = 2.5 Hz, 1 H), 6.96 (dd, J = 8.8 

Hz, J = 2.5 Hz, 1 H), 7.70 (s, 1 H), 8.0 (br, 1 H). 13C NMR (CDCl3, 125 MHz):  28.1 (CH3), 

55.7 (CH3), 65.1 (Cquat), 84.1 (Cquat), 103.6 (CH), 114.5 (CH), 116.0 (CH), 129.4 (Cquat), 130.5 

(CH), 132.9 (Cquat), 148.6 (Cquat), 156.5 (Cquat). EI + MS (m/z (%)): 373 (M+, 41), 317 ((M-

C4H9+H)+, 100), 273 ((M-C4H9O2+H)+, 65), 258 ((M-C5H9O2-CH3+H)+, 22). IR (KBr):  3158 

(w), 3003 (w), 2978 (w), 2934 (w), 2836 (w), 1855 (w), 1729 (w), 1656 (w), 1622 (w), 1579 

(w), 1528 (w), 1482 (m), 1439 (m), 1372 (s), 1280 (m), 1250 (s), 1204 (m), 1161 (s), 1120 

(m), 1054 (m), 1028 (m), 959 (w), 931 (w), 845 (m), 802 (m), 783 (m), 753 (m), 669 (m), 626 

(w), 558 (w) cm-1. Anal. calcd. for C14H16INO3 (373.2): C 45.06, H 4.32, N 3.75. Found: C 

45.20, H 4.43, N 4.00. 

Data reported in the literature:3 

1H NMR (CDCl3):  1.63 (s, 9 H), 3.89 (s, 3 H), 6.83 (d, J = 1.0 Hz, 1 H), 7.00 (dd, J = 5.1 Hz, 

1 H), 7.69 (s, 1 H), 8.01 (d, J = 5.0 Hz, 1 H). MS (CI) (m/z, (%)) 374 ((M+H)+, 65), 318 (100). 
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2.2.7 tert-Butyl 3-iodo-6-methoxy-1H-indole-1-carboxylate (1g) 

N
Boc

I

MeO
 

C14H16INO3 

373.19 

1.61 g (4.32 mmol, 81 % yield over two steps) as a pale yellow solid, mp: 135 °C. 1H NMR 

(CDCl3, 500 MHz):  1.66 (s, 9 H), 3.88 (s, 3 H), 6.93 (dd, J = 8.6 Hz, J = 2.3 Hz, 1 H), 7.25-

7.26 (m, 1 H), 7.59 (s, 1 H), 7.73 (br, 1 H). 13C NMR (CDCl3, 125 MHz):  28.1 (CH3), 55.7 

(CH3), 65.2 (Cquat), 84.1 (Cquat), 98.2 (CH), 112.8 (CH), 122.0 (CH), 125.9 (Cquat), 128.7 (CH), 

135.7 (Cquat), 148.8 (Cquat), 158.6 (Cquat). EI + MS (m/z (%)): 373 (M+, 14), 318 ((M-C4H9+2H)+, 

10), 317 ((M-C4H9+H)+, 100), 273 ((M-C4H9O2+H)+, 67), 272 (12), 258 ((M-C5H9O2-CH3+H)+, 

51), 57 (C4H9
+, 72). IR (KBr):  3165 (w), 3009 (w), 2988 (w), 2968 (w), 2930 (w), 2905 (w), 

2887 (w), 2831 (w), 1726 (s), 1618 (w), 1541 (w), 1526 (w), 1487 (m), 1456 (w), 1441 (m), 

1369 (s), 1327 (s), 1306 (w), 1288 (w), 1259 (m), 1223 (s), 1159 (s), 1148 (s), 1136 (m), 

1105 (m), 1049 (m), 1032 (s), 960 (m), 924 (w), 887 (w), 858 (w), 833 (m), 797 (m), 762 (m), 

735 (w), 633 (w), 623 (w) cm-1. Anal. calcd. for C14H16INO3 (373.2): C 45.06, H 4.32, N 3.75. 

Found: C 45.07, H 4.56, N 3.57. 
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2.3 Preparation of tert-butyl 4-iodo-2-(4-methoxyphenyl)-1H-

pyrrole-1-carboxylate (1i)4

 

PdCl2(PPh3)2 (425 mg, 0.60 mmol, 2 mol %) and CuI (233 mg, 1.20 mmol, 4 mol %) were 

placed under argon atmosphere in a dry screw-cap vessel. Then, 150 mL of dry THF were 

added and the mixture was degassed with argon (5 min). Dry triethylamine (4.16 mL, 30.0 

mmol), 4-methoxybenzoyl chloride (5.28 g, 30.0 mmol), and tert-butyl prop-2-ynylcarbamate 

(4.66 g, 30.0 mmol) were successively added to the mixture, which was stirred at room 

temperature for 1 h (monitored by TLC). Then, sodium iodide (22.7 g, 150 mmol), toluene-4-

sulfonic acid monohydrate (11.6 g, 60.0 mmol) and 30 mL of tert-butanol were successively 

added to the mixture, which was stirred at room temperature for 1 h (monitored by TLC). The 

reaction mixture was diluted with 300 mL brine, the phases were separated and the aqueous 

phase was extracted with dichloromethane (3 x 150 mL). The combined organic layers were 

dried with anhydrous sodium sulfate. After filtration and removal of the solvents under 

reduced pressure, the residue was absorbed onto Celite® and purified chromatographically 

on silica gel with petroleum ether (boiling range 40-60 °C)/ethyl acetate (PE/EtOAc = 100:1) 

to give 9.23 g (23.1 mmol, 77 % yield) of the desired product (1i) as a colorless solid. 

 

 

4 The procedure is described in E. Merkul, C. Boersch, W. Frank, T. J. J. Müller, Org. Lett. 2009, 11, 

2269-2272. 
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3 Preparation of Compounds 3 and 6 by the Masuda

Borylation–Suzuki Coupling Sequence 

3.1 Synthesis of Biaryls 3a-c by the Masuda Borylation–Suzuki

Coupling Sequence 

N

I

Boc

R

O
HB

O

N

B

Boc

R

O
O heteroaryl-Hal

2

N

heteroaryl

R

31
H

 

Tetrakis(triphenylphosphane)-palladium(0) (35 mg, 0.03 mmol, 3 mol %) and tert-butyl 3-

iodo-1H-pyrrolo[2,3-b]pyridine-1-carboxylate (1a) (344 mg, 1.00 mmol) were placed under 

argon atmosphere in a dry screw-cap vessel with septum. Then, 5 mL of dry 1,4-dioxane 

were added and the mixture was degassed with argon (5 min). Dry triethylamine (1.39 mL, 

10.0 mmol) and 4,4,5,5-tetramethyl-1,3,2-dioxaborolane (0.22 mL, 1.50 mmol) were 

successively added to the mixture, which was stirred at 80 °C (preheated oil bath) for 3 h 

(monitored by TLC). Then, after cooling to room temperature (water bath), 5 mL of dry 

methanol, 1.00 mmol of heteroaryl halide 2, and cesium carbonate (823 mg, 2.50 mmol) 

were successively added. The mixture was stirred at 100 °C overnight (preheated oil bath). 

Then, after cooling to room temperature, the solvents were removed under reduced 

pressure, the residue was absorbed onto Celite® and purified chromatographically on silica 

gel with dichloromethane/methanol/aqueous ammonia. The obtained compounds 3 can be 

further purified by suspending in dichloromethane, sonication for 0.5-1 h in an ultrasound 

bath, filtration and drying under reduced pressure overnight. 

The experimental details are given in Table 2 and Table 3. 
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Table 2: Experimental details for the synthesis of biaryls 3a-c. 

Entry Substrate 1 Heteroarylhalide 2 Biaryl 3 

(isolated yield %) 

Chromatographic  

purification (eluent) 

UV purity 

1 343 mg 

(1.00 mmol) 1a 

162 mg (1.00 mmol) 

2-Bromopyrimidine 

(ABCR) 2a 

Pale beige solid 

146 mg (0.75 mmol, 75 %) 

N

N
N

H 3a 

DCM/MeOH/NH3 = 

100:1:1 

2 343 mg 

(1.00 mmol) 1a 

161 mg (1.00 mmol) 

5-Bromopyrimidine 

(Synthonix) 2b 

Pale yellow solid 

178 mg (0.91 mmol, 91 %) 

3b 

DCM/MeOH/NH3 = 

100:1:1 

3 746 mg 

(2.00 mmol) 1f 

259 mg (2.00 mmol) 

4-Chloropyrimidin-2-amine 

(Synchem) 2c 

Yellow solid 

413 mg (1.72 mmol, 86 %) 

3c 

DCM/MeOH/NH3 = 

100:1:1  100:2:1  

100:3:1  100:4:1 

HT-LC-MS: 100 % 
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Table 3: Reaction times in the synthesis of biaryls 3a-c.[1] 

Entry Biaryl 3 Masuda borylation step Suzuki coupling step 

1 3a 3 h 24 h 

2 3b 3 h 24 h 

3 3c 3 h 24 h 

[1] The reaction times for the Suzuki coupling step are not optimized. The actual reaction times might be much shorter than indicated. The actual 

reaction times for the Masuda borylation step may also be shorter in some cases. 
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3.2 Spectroscopic Data of Biaryls 3 

3.2.1 3-(Pyrimidin-2-yl)-1H-indole (3a) 

N

N
N

H  

C12H9N3 

195.22 

146 mg (0.75 mmol, 75 % yield) as a pale beige solid, mp: 158 °C. 1H NMR (DMSO-d6, 500 

MHz):  7.12-7.13 (m, 3 H), 7.45-7.49 (m, 1 H), 8.22 (d, J = 2.5 Hz, 1 H), 8.51-8.54 (m, 1 H), 

8.76 (d, J = 5.0 Hz, 2 H), 11.7 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  111.9 (CH), 

114.7 (Cquat), 177.0 (CH), 120.4 (CH), 121.9 (CH), 121.9 (CH), 125.5 (Cquat), 129.2 (CH), 

137.0 (Cquat), 157.0 (CH), 163.7 (Cquat). EI + MS (m/z (%)): 195 (M+, 100), 168 (5), 167 (6), 

142 ((M-C3H3N)+, 48), 115 (14), 88 (6), 57 (6). IR (KBr):  3141 (w), 2906 (w), 1618 (w), 

1578 (m), 1539 (s), 1453 (m), 1422 (m), 1357 (m), 1271 (w), 1235 (w), 1175 (w), 1130 (w), 

1102 (w), 1010 (w), 975 (w), 804 (w), 757 (m), 642 (w), 578 (w) cm-1. Anal. calcd. for C12H9N3 

(195.2): C 73.83, H 4.65, N 21.52. Found: C 73.86, H 4.63, N 21.51. 
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3.2.2 3-(Pyrimidin-5-yl)-1H-indole (3b) 

 

C12H9N3 

195.22 

178 mg (0.91 mmol, 91 % yield) as a pale yellow solid, mp: 218 °C. 1H NMR (DMSO-d6, 500 

MHz):  7.12-7.17 (m, 1 H), 7.18-7.23 (m, 1 H), 7.48-7.52 (m, 1 H), 7.92 (d, J = 7.9 Hz, 1 H), 

7.99 (d, J = 2.5 Hz, 1 H), 9.04 (s, 1 H), 9.16 (s, 2 H), 11.7 (br, 1 H, NH). 13C NMR (DMSO-d6, 

125 MHz):  108.5 (Cquat), 112.2 (CH), 118.9 (CH), 120.4 (CH), 122.0 (CH), 124.5 (Cquat), 

125.1 (CH), 130.0 (Cquat), 136.9 (Cquat), 153.6 (CH), 155.1 (CH). EI + MS (m/z (%)): 195 (M+, 

100), 194 ((M-H)+, 21), 141 (23), 140 (22), 117 (11), 114 (11), 113 (13), 111 (16), 109 (11), 

97 (25), 95 (16), 85 (19), 83 (21), 81 (15), 71 (30), 70 (15), 69 (17), 57 (26), 55 (16), 43 (9). 

IR (KBr):  3166 (m), 3107 (s), 3064 (m), 2979 (m), 2938 (m), 1620 (w), 1581 (m), 1556 (m), 

1536 (s), 1454 (m), 1418 (w), 1312 (w), 1275 (w), 1252 (w), 1168 (s), 1123 (w), 1094 (w), 

1016 (w), 959 (w), 879 (w), 766 (w), 732 (s), 717 (w), 641 (w), 622 (w) cm-1. Anal. calcd. for 

C12H9N3 (195.2): C 73.83, H 4.65, N 21.52. Found: C 73.57, H 4.94, N 21.23. 
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3.2.3 4-(5-Methoxy-1H-indol-3-yl)pyrimidin-2-amine (3c) 

N

N

N

H2N

MeO

H  

C13H12N4O 

240.26 

413 mg (1.72 mmol, 86 % yield) as a colorless solid, mp: 204 °C. 1H NMR (DMSO-d6, 500 

MHz):  3.84 (s, 3 H), 6.44 (s, 2 H, NH2), 6.82 (dd, J = 8.5 Hz, J = 2.5 Hz, 1 H), 6.99 (d, J = 

5.4 Hz, 1 H), 7.33 (d, J = 8.8 Hz, 1 H), 8.09 (d, J = 5.4 Hz, 1 H), 8.12 (d, J = 2.5 Hz, 1 H), 

8.15 (d, J = 2.8 Hz, 1 H), 11.6 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  55.4 (CH3), 

104.4 (CH), 105.0 (CH), 111.8 (CH), 112.2 (CH), 113.2 (Cquat), 125.8 (Cquat), 128.6 (CH), 

131.9 (Cquat), 154.3 (Cquat), 156.7 (CH), 162.7 (Cquat), 163.4 (Cquat). EI + MS (m/z (%)): 240 

(M+, 100), 239 ((M-H)+, 34), 225 ((M-CH3)
+, 13), 211 ((M-CH3-NH2+H)+, 11), 210 ((M-CH3-

NH2)
+, 8), 197 (38), 155 (11), 112 (10), 111 (10), 97 (14), 85 (16), 71 (18), 69 (12), 57 (18), 

55 (9), 43 (C2H3O
+, 8). IR (KBr):  3360 (m), 3129 (w), 1626 (m), 1575 (s), 1530 (m), 1482 

(m), 1456 (s), 1338 (w), 1293 (w), 1269 (w), 1211 (w), 1163 (w), 1070 (w), 1037 (w), 819 (w), 

694 (w), 630 (w) cm-1. Anal. calcd. for C13H12N4O (240.3): C 64.99, H 5.03, N 23.32. Found: 

C 64.94, H 4.97, N 23.56. 
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3.3 1H NMR and 13C NMR Spectra of Biaryls 3 

3.3.1 3-(Pyrimidin-2-yl)-1H-indole (3a) 

 

1H NMR of 3a (15 mg) in 0.7 mL DMSO-d6 at 299 K (  in ppm). 

 

13 C NMR of 3a (15 mg) in 0.7 mL DMSO-d6 at 299 K (  in ppm). 
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13 C 135-DEPT NMR of 3a (15 mg) in 0.7 mL DMSO-d6 at 299 K (  in ppm). 
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3.3.2 3-(Pyrimidin-5-yl)-1H-indole (3b) 

 

1H NMR of 3b (15 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 

 

13C NMR of 3b (15 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). 



    

 27 

 

13C 135-DEPT NMR of 3b (15 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 
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3.3.3 4-(5-Methoxy-1H-indol-3-yl)pyrimidin-2-amine (3c) 

 

1H NMR of 3c (30 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 

 

13C NMR of 3c (30 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 
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13C 135-DEPT NMR of 3c (30 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 
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3.4 Synthesis of Bisindoles and Analogues 6 by the Masuda

Borylation–Suzuki Coupling Sequence 

 

Tetrakis(triphenylphosphane)-palladium(0) (69 mg, 0.06 mmol, 3 mol %) and iodide 1 (2.00 

mmol) were placed under argon atmosphere in a dry screw-cap vessel with septum. Then, 

10 mL of dry 1,4-dioxane were added and the mixture was degassed with argon (5 min). Dry 

triethylamine (1.0 mL) and 4,4,5,5-tetramethyl-1,3,2-dioxaborolane (0.45 mL, 3.00 mmol) 

were successively added to the mixture which was stirred at 80 °C (preheated oil bath) for 3 

h (monitored by TLC). Then, after cooling to room temperature (water bath), 10 mL of dry 

methanol, 1.00 mmol of linker 5 and cesium carbonate (1.63 g, 5.00 mmol) were 

successively added. The mixture was stirred at 100 °C overnight (preheated oil bath). Then, 

after cooling to room temperature, the solvents were removed under reduced pressure. The 

residue was absorbed onto Celite® and purified chromatographically on silica gel with 

dichloromethane/methanol/aqueous ammonia. The product was then dried at 70 °C under 

reduced pressure overnight, or dried in a drying closet at 100 °C for 24 to 48 h under normal 

pressure, in order to obtain the correct elemental analyses. The obtained compounds 6 can 

be further purified by suspending in dichloromethane, sonication for 0.5-1 h in an ultrasound 

bath, filtration and drying in vacuo overnight. 

The experimental details are given in Table 4 and Table 5. 
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Table 4: Experimental details for the synthesis of bisindoles and their analogues 6a-n. 

Entry Substrate 1 Linker 5 Bisindole 6 

(isolated yield %) 

Chromatographic  

purification (eluent) 

UV purity 

1 686 mg 

(2.00 mmol) 1a 

289 mg (1.00 mmol) 

5-Bromo-2-iodopyrimidine 

(Jiangsu) 5a 

Pale yellow solid 

240 mg (0.77 mmol, 77 %) 

N

N
N

N
H

H 6a 

DCM/MeOH/NH3 = 

100:1:1  100:2:1 

HT-LC-MS: 100 % 

2 688 mg 

(2.00 mmol) 1b 

289 mg (1.00 mmol) 

5-Bromo-2-iodopyrimidine 

(Jiangsu) 5a 

Pale yellow solid 

134 mg (0.43 mmol, 43 %) 

N N

N
N

N

N
H

H 6b 

DCM/MeOH/NH3 = 

100:1:1  100:2:1  

100:3:1  100:4:1  

100:5:1  100:6:1  

100:7:1 

HT-LC-MS: 100 % 

3 755 mg 

(2.00 mmol) 1c 

289 mg (1.00 mmol) 

5-Bromo-2-iodopyrimidine 

(Jiangsu) 5a 

Yellow solid 

155 mg (0.41 mmol, 41 %) 

N

N
N

N
Cl

Cl

H

H 6

c 

DCM/MeOH/NH3 = 

100:1:1 

HT-LC-MS: 100 % 
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4 722 mg 

(2.00 mmol) 1d 

289 mg (1.00 mmol) 

5-Bromo-2-iodopyrimidine 

(Jiangsu) 5a 

Yellow solid 

137 mg (0.40 mmol, 40 %) 

6d 

DCM/MeOH/NH3 = 

100:1:1 

5 1.49 mg 

(4.00 mmol) 1e 

578 mg (2.00 mmol) 

5-Bromo-2-iodopyrimidine 

(Jiangsu) 5a 

Yellow solid 

465 mg (1.25 mmol, 63 %) 

N

N
N

N

OMe

MeO

H

H 6e 

DCM/MeOH/NH3 = 

100:1:1  100:2:1  

100:3:1  100:4:1  

100:5:1  100:6:1  

100:7:1 

HT-LC-MS: 100 % 

6 746 mg 

(2.00 mmol) 1f 

289 mg (1.00 mmol) 

5-Bromo-2-iodopyrimidine 

(Jiangsu) 5a 

Yellow solid 

238 mg (0.64 mmol, 64 %) 

N

N
N

N
MeO

MeO

H

H
6f 

DCM/MeOH/NH3 = 

100:1:1 

HT-LC-MS: 100 % 
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7 746 mg 

(2.00 mmol) 1g 

289 mg (1.00 mmol) 

5-Bromo-2-iodopyrimidine 

(Jiangsu) 5a 

Pale yellow solid 

201 mg (0.54 mmol, 54 %) 

6g 

DCM/MeOH/NH3 = 

100:1:1 

HT-LC-MS:100% 

8 608 mg 

(2.00 mmol) 1h 

289 mg (1.00 mmol) 

5-Bromo-2-iodopyrimidine 

(Jiangsu) 5a 

Yellow solid 

242 mg (0.56 mmol, 56 %) 

N
N

O

O

Et

Et

S

S

6h 

DCM/MeOH/NH3 = 

100:1:1 

9 798 mg 

(2.00 mmol) 1i 

289 mg (1.00 mmol) 

5-Bromo-2-iodopyrimidine 

(Jiangsu) 5a 

Pale red solid 

215 mg (0.51 mmol, 51 %) 

N
N

N

N

MeO

MeO

H

H

6i 

DCM/MeOH/NH3 = 

100:1:1 
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10 686 mg 

(2.00 mmol) 1a 

339 mg (1.00 mmol) 

4,6-Diiodopyrimidine 

(Synthonix) 5b 

Pale yellow solid 

75 mg (0.24 mmol, 24 %) 

N

N

N

N

H

H

6j 

DCM/MeOH/NH3 = 

100:1:1 

11 686 mg 

(2.00 mmol) 1a 

342 mg (1.00 mmol) 

2,6-Diiodopyrazine 

(Synthonix) 5c 

Yellow solid 

237 mg (0.76 mmol, 76 %) 

N

N
N

N

H

H

6k 

DCM/MeOH/NH3 = 

100:1:1 

12 686 mg 

(2.00 mmol) 1a 

242 mg (1.00 mmol) 

2,6-Dibromopyridine (Alfa 

Aesar) 5d 

Yellow solid 

207 mg (0.67 mmol, 67 %) 

N

N

N

H

H 6l 

DCM/MeOH/NH3 = 

100:1:1 
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13 686 mg 

(2.00 mmol) 1a 

342 mg (1.00 mmol) 

3,6-Diiodopyridazine 

(Aldrich) 5e 

Yellow solid 

150 mg (0.48 mmol, 48 %) 

N

N
N

N
H

H 6m 

DCM/MeOH/NH3 = 

100:1:1 

HT-LC-MS: 100 % 

14 686 mg 

(2.00 mmol) 1a 

245 mg (1.00 mmol) 

2,5-Dibromopyrazine 

(Synthonix) 5f 

Yellow solid 

120 mg (0.39 mmol, 39 %) 

N

N
N

N
H

H 6n 

DCM/MeOH/NH3 = 

100:1:1 
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Table 5: Reaction times in the synthesis of bisindoles and their analogues 6a-n.[a] 

Entry Bisindole 6 Masuda borylation step Suzuki coupling step 

1 6a 3 h 24 h 

2 6b 3 h 24 h 

3 6c 3 h 20 h 

4 6d 3 h 20 h 

5 6e 3 h 24 h 

6 6f 3 h 24 h 

7 6g 3 h 20 h 

8 6h 3 h 20 h 

9 6i 3 h 19 h 

10 6j 3 h 19 h 

11 6k 3 h 20 h 

12 6l 3 h 20 h 

13 6m 3 h 20 h 

14 6n 3 h 19 h 

[a] The reaction times for the Suzuki coupling step are not optimized. The actual reaction times might be much shorter than indicated. The actual 

reaction times for the Masuda borylation step may also be shorter in some cases. 
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3.5 Spectrological Data of Bisindoles and Analogues 6 

3.5.1 3-3’-(Pyrimidin-2,5-diyl)bis(1H-indole) (6a) 

N

N
N

N
H

H  

C20H14N4 

310.35 

240 mg (0.77 mmol, 77 % yield) as a pale yellow, scaly solid, mp: 318 °C. 1H NMR (DMSO-

d6, 500 MHz):  7.13-7.25 (m, 4 H), 7.46-7.55 (m, 2 H), 7.90-8.00 (m, 2 H), 8.25 (s, 1 H), 

8.60-8.63 (m, 1 H), 9.14 (s, 2 H), 11.6 (br, 1 H, NH), 11.7 (br, 1 H, NH). 13C NMR (DMSO-d6, 

125 MHz):  109.4 (Cquat), 111.9 (CH), 112.1 (CH), 114.9 (Cquat), 119.0 (CH), 120.1 (CH), 

120.3 (CH), 121.8 (CH), 121.9 (CH), 121.9 (CH), 124.0 (CH), 124.7 (Cquat), 125.1 (Cquat), 

125.5 (Cquat), 128.6 (CH), 136.8 (Cquat), 137.1 (Cquat), 153.9 (CH), 160.6 (Cquat). EI + MS (m/z 

(%)): 310 (M+, 80), 204 (8), 155 (15), 141 (23), 97 (10), 85 (10), 71 (14), 57 (24), 55 (11), 44 

(100). IR (KBr):  3389 (s), 1614 (w), 1546 (m), 1454 (m), 1326 (w), 1229 (w), 1178 (w), 

1118 (w), 1092 (w), 801 (w), 745 (m), 590 (w), 546 (w), 515 (w) cm-1. Anal. calcd. for 

C20H14N4 (310.4): C 77.40, H 4.55, N 18.05. Found: C 77.22, H 4.47, N 18.02. 
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3.5.2 3,3’-(Pyrimidine-2,5-diyl)bis(1H-pyrrolo[2,3-b]pyridine) (6b)  

N N

N
N

N

N
H

H  

C18H12N6 

312.33 

134 mg (0.43 mmol, 43 % yield) as a pale yellow solid, mp: > 370 °C. 1H NMR (DMSO-d6, 

500 MHz):  7.22 (dd, J = 7.9 Hz, J = 4.4 Hz, 1 H), 7.27 (dd, J = 7.9 Hz, J = 4.7 Hz, 1 H), 

8.16 (d, J = 2.2 Hz, 1 H), 8.33-8.36 (m, 3 H), 8.44 (d, J = 7.9 Hz, 1 H), 8.87 (dd, J = 7.9 Hz, J 

= 1.3 Hz, 1 H), 9.21 (s, 2 H), 12.2 (br, 1 H, NH), 12.3 (br, 1 H, NH). 13C NMR (DMSO-d6, 125 

MHz):  108.0 (Cquat), 113.5 (Cquat), 116.3 (CH), 116.8 (CH), 116.9 (Cquat), 117.9 (Cquat), 124.5 

(CH), 124.9 (Cquat), 127.7 (CH), 128.6 (CH), 129.9 (CH), 143.3 (CH), 143.3 (CH), 149.0 

(Cquat), 149.2 (Cquat), 153.8 (CH), 160.1 (Cquat). EI + MS (m/z (%)): 313 (23), 312 (M+, 100), 

156 (14), 143 (18), 142 (79), 115 (14). IR (KBr):  3448 (w), 3141 (m), 3090 (m), 3039 (m), 

2883 (m), 2823 (m), 1585 (w), 1537 (s), 1498 (m), 1468 (m), 1436 (w), 1415 (w), 1368 (w), 

1335 (w), 1314 (w), 1277 (s), 1188 (w), 1130 (w), 1034 (w), 992 (m), 956 (w), 926 (w), 896 

(m), 795 (m), 768 (s), 659 (w), 632 (w), 586 (w), 513 (w) cm-1. Anal. calcd. for C18H12N6 

(312.3): C 68.24, H 3.98, N 26.53. Found: C 68.01, H 3.99, N 26.45. 
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3.5.3 3,3'-(Pyrimidine-2,5-diyl)bis(5-chloro-1H-indole) (6c) 

 

C20H12Cl2N4 

379.24 

155 mg (0.41 mmol, 41 % yield) as a yellow solid, mp: 265-268 °C. 1H NMR (DMSO-d6, 500 

MHz):  7.15-7.25 (m, 2 H), 7.50 (d, J = 3.0 Hz, 1 H), 7.52 (d, J = 3.1 Hz, 1 H), 7.96 (s, 1 H), 

8.01 (d, J = 1.7 Hz, 1 H), 8.30 (d, J = 1.7 Hz, 1 H), 8.61-8.62 (m, 1 H), 9.129 (s, 1 H), 9.131 

(s, 1 H), 11.80 (s, 1 H, NH), 11.86 (s, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  109.6 

(Cquat), 113.8 (CH), 113.9 (CH), 114.7 (Cquat), 118.6 (CH), 121.3 (CH), 122.1 (CH), 122.2 

(CH), 124.9 (Cquat), 125.1 (Cquat), 125.3 (Cquat), 125.9 (Cquat), 126.1 (CH), 126.8 (Cquat), 130.3 

(CH), 135.5 (Cquat), 135.8 (Cquat), 154.3 (CH), 160.5 (Cquat). EI + MS (m/z (%)): 382 

(M(37C37C)+, 12), 381 (15), 380 (M(37C35C)+, 66), 379 (25), 378 (M(35Cl35Cl)+, 100), 337 (19), 

277 (22), 176 (34), 175 (72), 149 (51), 140 (49). IR (KBr):  2361 (w), 2332 (w), 1543 (s), 

1520 (m), 1447 (s), 1420 (w), 1379 (w), 1362 (w), 1302 (m), 1223 (w), 1179 (w), 1157 (w), 

1132 (m), 1099 (m), 1072 (w), 1036 (w), 995 (w), 930 (w), 889 (m), 879 (m), 845 (m), 787 (s), 

748 (w), 714 (w), 619 (m) cm-1. Anal. calcd. for C20H12Cl2N4 (379.2): C 63.34, H 3.19, N 

14.77. Found: C 63.50, H 3.46, N 14.51. 
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3.5.4 3,3'-(Pyrimidine-2,5-diyl)bis(5-fluoro-1H-indole) (6d) 

 

C20H12F2N4 

346.33 

137 mg (0.40 mmol, 40 % yield) as a yellow solid, mp: 288-289 °C. 1H NMR (DMSO-d6, 500 

MHz):  7.08-7.16 (m, 2 H), 7.46-7.52 (m, 2 H), 7.72 (dd, J = 10.2 Hz, J = 2.3 Hz, 1 H), 8.02 

(d, J = 2.6 Hz, 1 H), 8.26-8.32 (m, 2 H), 9.12 (s, 2 H), 11.70 (s, 1 H, NH), 11.78 (s, 1 H, NH). 
13C NMR (DMSO-d6, 125 MHz):  104.3 (d, J = 24.1 Hz, CH), 106.8 (d, J = 24.5 Hz, CH), 

110.0 (d, J = 32.5 Hz, CH), 110.1 (d, J = 32.1 Hz, CH), 110.4 (d, J = 4.0 Hz, Cquat), 113.2-

113.4 (m, 2 CH), 115.1 (d, J = 4.5 Hz, Cquat), 124.9-125.1 (m, 2 Cquat), 126.1 (d, J = 11.1 Hz, 

Cquat), 126.3 (CH), 130.5 (CH), 133.7 (Cquat), 133.9 (Cquat), 154.1 (CH), 157.8 (d, J = 232.4 

Hz, Cquat), 158.0 (d, J = 232.3 Hz, Cquat), 160.6 (Cquat). EI + MS (m/z (%)): 347 (23), 346 (M+, 

100), 173 (24), 160 (20), 159 (76), 158 (32), 133 (10), 132 (19). IR (KBr):  3447 (m), 3288 

(w), 3115 (w), 2357 (w), 2336 (w), 1844 (w), 1626 (w), 1582 (w), 1545 (s), 1522 (w), 1487 

(m), 1448 (s), 1383 (w), 1331 (w), 1306 (w), 1263 (m), 1221 (w), 1176 (w), 1159 (w), 1144 

(s), 1123 (m), 1090 (w), 1036 (w), 995 (w), 974 (w), 930 (s), 920 (s), 878 (m), 835 (s), 789 

(s), 746 (s), 669 (w), 636 (s), 621 (m) cm-1. Anal. calcd. for C20H12F2N4 (346.3): C 69.36, H 

3.49, N 16.18. Found: C 69.13, H 3.68, N 16.07. 
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3.5.5 3,3'-(Pyrimidine-2,5-diyl)bis(4-methoxy-1H-indole) (6e) 

N

N
N

N

OMe

MeO

H

H

 

C22H18N4O2 

370.40 

465 mg (1.25 mmol, 63 % yield) as a yellow solid, mp: 300 °C. 1H NMR (DMSO-d6, 500 

MHz):  3.79 (s, 3 H), 3.86 (s, 3 H), 6.59-6.64 (m, 2 H), 7.06-7.14 (m, 4 H), 7.61 (d, J = 2.5 

Hz, 1 H), 7.74 (d, J = 2.5 Hz, 1 H), 8.93 (s, 2 H), 11.53 (d, J = 2.2 Hz, 1 H, NH), 11.58 (d, J = 

1.9 Hz, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  54.9 (CH3), 55.2 (CH3), 100.0 (CH), 

101.2 (CH), 105.0 (CH), 105.2 (CH), 109.6 (Cquat), 114.7 (Cquat), 115.4 (Cquat), 116.6 (Cquat), 

122.5 (CH), 122.6 (CH), 123.6 (CH), 125.5 (Cquat), 127.1 (CH), 138.4 (Cquat), 138.4 (Cquat), 

153.5 (Cquat), 154.1 (Cquat), 155.3 (CH), 160.3 (Cquat). EI + MS (m/z (%)): 371 (25), 370 (M+, 

100), 369 ((M-H)+, 32), 341 (34), 326 (25), 325 (15), 199 (13), 185 (20), 184 (21), 183 (25), 

171 (23), 170 (22), 169 (48), 162 (13), 157 (17), 156 (36), 155 (32), 143 (11), 142 (23), 141 

(11), 130 (11), 129 (23), 128 (26), 115 (11). IR (KBr):  3422 (w), 3120 (w), 1617 (w), 1584 

(w), 1540 (s), 1508 (m), 1461 (s), 1383 (w), 1355 (w), 1319 (m), 1280 (m), 1252 (m), 1235 

(m), 1183 (w), 1092 (s), 992 (w), 969 (w), 939 (w), 801 (w), 777 (m), 731 (s), 692 (w), 626 (w) 

cm-1. Anal. calcd. for C22H18N4O2 (370.4): C 71.34, H 4.90, N 15.13. Found: C 71.15, H 5.15, 

N 15.15. 
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3.5.6 3,3'-(Pyrimidine-2,5-diyl)bis(5-methoxy-1H-indole) (6f) 

N

N
N

N
MeO

MeO

H

H  

C22H18N4O2 

370.40 

238 mg (0.64 mmol, 64 % yield) as a yellow solid, mp: 220 °C. 1H NMR (DMSO-d6, 500 

MHz):  3.85 (s, 6 H), 6.85-6.86 (m, 1 H), 6.86-6.88 (m, 1 H), 7.38-7.40 (m, 2 H), 7.41 (d, J = 

4.4 Hz, 1 H), 7.90 (d, J = 2.8 Hz, 1 H), 8.15 (d, J = 2.5 Hz, 1 H), 8.21 (d, J = 2.8 Hz, 1 H), 

9.14 (s, 2 H), 11.46 (d, J = 2.2 Hz, 1 H, NH), 11.56 (d, J = 2.2 Hz, 1 H, NH). 13C NMR 

(DMSO-d6, 125 MHz):  55.3 (CH3), 55.3 (CH3), 100.5 (CH), 103.8 (CH), 109.3 (Cquat), 111.7 

(CH), 112.1 (CH), 112.5 (CH), 112.7 (CH), 114.6 (Cquat), 124.5 (CH), 124.9 (Cquat), 125.0 

(Cquat), 126.0 (Cquat), 128.9 (CH), 131.8 (Cquat), 132.1 (Cquat), 153.7 (CH), 154.2 (Cquat), 154.3 

(Cquat), 160.6 (Cquat). EI + MS (m/z (%)): 370 (M+, 100), 369 ((M-H)+, 12), 355 ((M-CH3)
+, 9), 

327 (16), 240 (20), 185 (19), 163 (14), 156 (17), 142 (25), 128 (14). IR (KBr):  3291 (m), 

1624 (m), 1585 (m), 1544 (s), 1487 (s), 1447 (s), 1367 (w), 1327 (w), 1306 (w), 1281 (m), 

1259 (w), 1212 (m), 1156 (m), 1131 (w), 1031 (m), 993 (w), 919 (m), 861 (w), 798 (m), 735 

(w), 641 (w), 526 (w) cm-1. Anal. calcd. for C22H18N4O2 (370.4): C 71.34, H 4.90, N 15.13. 

Found: C 71.19, H 5.03, N 15.20. 
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3.5.7 3,3'-(Pyrimidine-2,5-diyl)bis(6-methoxy-1H-indole) (6g) 

 

C22H18N4O2 

370.40 

201 mg (0.54 mmol, 54 % yield) as a pale yellow solid, mp: 291-293 °C. 1H NMR (DMSO-d6, 

500 MHz):  3.80 (s, 6 H), 6.79 (dd, J = 8.7 Hz, J = 2.3 Hz, 1 H), 6.82 (dd, J = 8.7 Hz, J = 2.3 

Hz, 1 H), 6.96-6.98 (m, 2 H), 7.78 (d, J = 2.5 Hz, 1 H), 7.81 (d, J = 8.7 Hz, 1 H), 8.08 (d, J = 

2.7 Hz, 1 H), 8.43 (d, J = 8.7 Hz, 1 H), 9.07 (s, 2 H), 11.37 (d, J = 1.8 Hz, 1 H, NH), 11.44 (d, 

J = 2.0 Hz, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  55.3 (CH3), 55.4 (CH3), 95.0 (CH), 

95.2 (CH), 109.6 (Cquat), 110.4 (CH), 110.5 (CH), 115.1 (Cquat), 119.1 (Cquat), 119.9 (Cquat), 

120.0 (CH), 122.7 (CH), 122.8 (CH), 125.3 (Cquat), 127.5 (CH), 138.0 (Cquat), 138.04 (Cquat), 

153.8 (CH), 156.1 (Cquat), 160.7 (Cquat). EI + MS (m/z (%)): 371 (25), 370 (M+, 100), 355 ((M-

CH3)
+, 38), 185 (18), 177 (14), 170 (11), 156 (16), 142 (17). IR (KBr):  3530 (w), 3381 (m), 

2963 (w), 2885 (w), 2831 (w), 2324 (w), 1622 (m), 1541 (s), 1499 (m), 1450 (m), 1435 (m), 

1412 (w), 1352 (m), 1327 (m), 1288 (m), 1263 (m), 1232 (m), 1200 (s), 1165 (m), 1149 (s), 

1119 (s), 1090 (m), 1024 (s), 991 (m), 939 (s), 874 (w), 858 (w), 808 (s), 752 (w), 729 (w), 

702 (m), 642 (m), 617 (m) cm-1. Anal. calcd. for C22H18N4O2 (370.4): C 71.34, H 4.90, N 

15.13. Found: C 71.43, H 5.15, N 15.37. 
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3.5.8 2,5-Bis(2-ethyl-5-(thiophen-2-yl)furan-3-yl)pyrimidine (6h) 

N
N

O

O

Et

Et

S

S

 

C24H20N2O2S2 

432.56 

242 mg (0.56 mmol, 56 % yield) as a yellow solid, mp: 158-159 °C. EI + MS (m/z (%)): 432 

(M+, 9), 262 (32), 255 ((M-C10H9OS)+, 10), 254 (61), 240 (17), 239 (100), 230 (23), 201 (54), 

183 (30), 178 (19), 172 (22), 163 (18), 152 (10), 149 (12). IR (KBr):  2972 (w), 2932 (w), 

2922 (w), 2855 (w), 2357 (w), 1568 (w), 1468 (m), 1427 (m), 1394 (m), 1362 (w), 1315 (w), 

1256 (w), 1198 (m), 1119 (m), 1045 (m), 1016 (m), 989 (m), 928 (w), 847 (m), 800 (s), 685 

(s), 646 (m), 633 (m) cm-1. Anal. calcd. for C24H20N2O2S2 (432.6): C 66.64, H 4.66, N 6.48. 

Found: C 66.82, H 4.79, N 6.32. 

After drying the compound was found to be insoluble in common deuterated solvents. 
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3.5.9 2,5-Bis(5-(4-methoxyphenyl)-1H-pyrrol-3-yl)pyrimidine (6i) 

 

C26H22N4O2 

422.48 

215 mg (0.51 mmol, 51 % yield) as a pale red solid, mp: 320-323 °C. 1H NMR (DMSO-d6, 

500 MHz):  3.77 (brs, 6 H), 6.90-7.00 (m, 6 H), 7.43-7.54 (m, 2 H), 7.58-7.64 (m, 4 H), 8.92 

(s, 2 H), 11.49 (m, 1 H, NH), 11.55 (m, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  55.29 

(CH3), 55.31 (CH3), 101.7 (CH), 103.8 (CH), 114.41 (CH), 114.42 (CH) 116.5 (CH), 118.5 

(Cquat), 120.7 (CH), 125.13 (CH), 125.15 (CH), 125.3 (Cquat), 125.46 (Cquat), 125.47 (Cquat), 

125.51 (Cquat), 132.7 (Cquat), 133.1 (Cquat), 152.6 (CH), 157.94 (Cquat), 157.96 (Cquat), 159.7 

(Cquat). EI + MS (m/z (%)): 423 (29), 422 (M+, 100), 407 ((M-CH3)
+, 27), 211 (17), 203 (13), 

182 (13), 168 (12). IR (KBr):  2962 (w), 2838 (w), 1719 (w), 1686 (w), 1655 (w), 1638 (w), 

1609 (w), 1570 (m), 1534 (w), 1492 (s), 1459 (w), 1439 (m), 1396 (w), 1280 (m), 1248 (s), 

1211 (w), 1181 (m), 1114 (m), 1024 (m), 941 (m), 924 (w), 830 (s), 807 (s), 667 (w), 640 (w), 

620 (w), 553 (m), 518 (w) cm-1. Anal. calcd. for C26H22N4O2 (422.5): C 73.92, H 5.25, N 

13.26. Found: C 73.63, H 5.15, N 13.53. 
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3.5.10 4,6-Di(1H-indol-3-yl)pyrimidine (6j) 

N

N

N

N

H

H  

C20H14N4 

310.35 

75 mg (0.24 mmol, 24 %) as a yellow solid, mp: 275-276 °C. 1H NMR (DMSO-d6, 500 MHz): 

 7.13-7.25 (m, 4 H), 7.45-7.52 (m, 2 H), 8.25 (s, 1 H), 8.48 (d, J = 7.3 Hz, 2 H), 8.59 (d, J = 

8.2 Hz, 2 H), 9.07 (s, 1 H), 11.82 (s, 2 H, NH). 13C NMR (DMSO-d6, 125 MHz):  109.8 (CH), 

112.2 (CH), 113.8 (Cquat), 120.7 (CH), 122.2 (CH), 122.3 (CH), 125.5 (Cquat), 128.8 (CH), 

137.3 (Cquat), 158.8 (CH), 161.3 (Cquat). EI + MS (m/z (%)): 311 (22), 310 (M+, 100), 309 (59), 

282 (13), 194 ((M-C8H6N)+, 11), 155 (23), 141 (23), 140 (19), 128 (13), 114 (18). IR (KBr):  

2284 (s), 3144 (w), 1655 (w), 1586 (s), 1541 (m), 1503 (m), 1432 (s), 1334 (w), 1290 (m), 

1231 (m), 1209 (w), 1125 (m), 1009 (w), 991 (w), 869 (m), 772 (m), 749 (s), 617 (w), 598 (w), 

586 (w), 569 (w), 534 (m) cm-1. Anal. calcd. for C20H14N4 (310.4): C 77.40, H 4.55, N 18.05. 

Found: C 77.31, H 4.80, N 18.16. 
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3.5.11 2,6-Di(1H-indol-3-yl)pyrazine (6k) 

 

C20H14N4 

310.35 

237 mg (0.76 mmol, 76 % yield) as a yellow solid, mp: 283-285 °C. 1H NMR (DMSO-d6, 500 

MHz):  7.16-7.25 (m, 4 H), 7.53 (d, J = 7.8 Hz, 2 H), 8.31 (d, J = 2.7 Hz, 2 H), 8.54 (d, J = 

7.8 Hz, 2 H), 8.88 (s, 2 H), 11.72 (s, 2 H, NH). 13C NMR (DMSO-d6, 125 MHz):  112.3 (CH), 

113.2 (Cquat), 120.5 (CH), 121.4 (CH), 122.2 (CH), 125.5 (Cquat), 126.9 (CH), 136.9 (CH), 

137.3 (Cquat), 150.1 (Cquat). EI + MS (m/z (%)): 311 (25), 310 (M+, 100), 309 (26), 155 

(C10H7N2
+, 14), 141 (C10H7N

+, 32), 140 (22). IR (KBr):  3089 (w), 1686 (w), 1655 (w), 1587 

(w), 1541 (s), 1510 (s), 1491 (m), 1439 (s), 1407 (w), 1323 (w), 1302 (w), 1238 (m), 1141 

(m), 1123 (m), 1039 (w), 1006 (w), 961 (w), 822 (w), 789 (w), 750 (m), 735 (m), 623 (w), 581 

(m), 524 (m) cm-1. Anal. calcd. for C20H14N4 (310.4): C 77.40, H 4.55, N 18.05. Found: C 

77.21, H 4.67, N 18.05. 
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3.5.12 2,6-Di(1H-indol-3-yl)pyridine (6l) 

N

N

N

H

H  

C21H15N3 

309.36 

207 mg (0.67 mmol, 67 % yield) as a yellow solid, mp: 297-298 °C. 1H NMR (DMSO-d6, 500 

MHz):  7.12-7.24 (m, 4 H), 7.51 (d, J = 7.9 Hz, 2 H), 7.62 (d, J = 7.8 Hz, 2 H), 7.76 (t, J = 7.8 

Hz, 1 H), 8.14 (d, J = 2.6 Hz, 2 H), 8.54 (d, J = 7.9 Hz, 2 H), 11.52 (s, 2 H, NH). 13C NMR 

(DMSO-d6, 125 MHz):  111.9 (CH), 115.8 (CH), 116.2 (Cquat), 119.8 (CH), 121.4 (CH), 121.6 

(CH), 125.3 (Cquat), 125.8 (CH), 136.6 (CH), 137.1 (Cquat), 154.6 (Cquat). EI + MS (m/z (%)): 

310 (24), 309 (M+, 100), 308 (38), 154 (18), 141 (14), 140 (21), 127 (11), 126 (11). IR (KBr): 

 3054 (w), 1787 (w), 1685 (w), 1655 (w), 1593 (m), 1563 (m), 1546 (m), 1484 (w), 1456 

(m), 1420 (w), 1338 (w), 1333 (w), 1311 (w), 1263 (w), 1239 (m), 1157 (w), 1143 (w), 1118 

(w), 1093 (s), 1011 (m), 939 (w), 852 (m), 801 (s), 742 (s), 662 (w), 640 (w), 616 (w), 589 

(m), 527 (s) cm-1. Anal. calcd. for C21H15N3 (309.4): C 81.53, H 4.89, N 13.58. Found: C 

81.41, H 4.64, N 13.80. 
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3.5.13 3,6-Di(1H-indol-3-yl)pyridazine (6m) 

N

N
N

N
H

H  

C20H14N4 

310.35 

150 mg (0.48 mmol, 48 % yield) as a yellow solid, mp: > 300 °C. 1H NMR (DMSO-d6, 500 

MHz):  7.17-7.24 (m, 4 H), 7.47-7.51 (m, 2 H), 8.07 (s, 2 H), 8.25 (d, J = 2.8 Hz, 2 H), 8.59-

8.63 (m, 2 H), 11.66 (s, 2 H, NH). 13C NMR (DMSO-d6, 125 MHz):  112.0 (CH), 113.1 (Cquat), 

120.5 (CH), 122.3 (CH), 122.5 (CH), 123.6 (CH), 125.2 (Cquat), 126.8 (CH), 137.4 (Cquat), 

154.5 (Cquat). EI + MS (m/z (%)): 310 (M+, 7), 170 (37), 150 (12), 149 (100), 141 (15), 113 

(13), 83 (11). IR (KBr):  1614 (w), 1562 (m), 1537 (w), 1512 (w), 1454 (m), 1437 (m), 1366 

(w) 1340 (m), 1325 (w), 1263 (m), 1234 (m), 1119 (m), 1084 (m), 1074 (m), 1040 (w), 1005 

(m), 976 (m), 932 (w), 866 (m), 824 (m), 741 (s), 640 (m) cm-1. Anal. calcd. for C20H14N4 

(310.4): C 77.40, H 4.55, N 18.05. Found: C 77.17, H 4.54, N 17.93. 
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3.5.14 2,5-Di(1H-indol-3-yl)pyrazine (6n) 

N

N
N

N
H

H  

C20H14N4 

310.35 

120 mg (0.39 mmol, 39 % yield) as a yellow solid, mp: > 300 °C. 1H NMR (DMSO-d6, 500 

MHz):  6.27-6.36 (m, 4 H), 6.62 (d, J = 7.8 Hz, 2 H), 7.38 (d, J = 2.7 Hz, 2 H), 7.59 (d, J = 

7.8 Hz, 2 H), 8.28 (s, 2 H), 10.77 (s, 2 H, NH). 13C NMR (DMSO-d6, 125 MHz):  112.1 (CH), 

112.9 (Cquat), 120.3 (CH), 121.6 (CH), 122.1 (CH), 125.4 (Cquat), 125.8 (CH), 137.1 (Cquat), 

140.3 (CH), 146.8 (Cquat). EI + MS (m/z (%)): 311 (23), 310 (M+, 100), 309 (13), 155 (21), 141 

(42), 140 (13). IR (KBr):  1614 (w), 1545 (m), 1483 (w), 1456 (m), 1421 (m), 1340 (m), 

1263 (w), 1232 (m), 1173 (m), 1142 (m), 1117 (m), 1099 (m), 1063 (w), 1028 (m), 1005 (w), 

972 (m), 908 (w), 839 (m), 825 (m), 742 (s), 642 (w) cm-1. Anal. calcd. for C20H14N4 (310.4): C 

77.40, H 4.55, N 18.05. Found: C 77.25, H 4.55, N 17.80. 
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3.6 1H NMR and 13C NMR Spectra of Bisindoles and Analogues 6 

3.6.1 3-3’-(Pyrimidin-2,5-diyl)bis(1H-indole) (6a) 

 

1H NMR of 6a (20 mg) in 0.7 mL DMSO-d6 at 299 K (  in ppm). 

 

13C NMR of 6a (20 mg) in 0.7 mL DMSO-d6 at 299 K (  in ppm). 
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13C 135-DEPT NMR of 6a (20 mg) in 0.7 mL DMSO-d6 at 299 K (  in ppm). 
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3.6.2 3,3’-(Pyrimidine-2,5-diyl)bis(1H-pyrrolo[2,3-b]pyridine) (6b) 

 

1H NMR of 6b (20 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). *Impurities from residual 

solvents. 

 

13C NMR of 6b (20 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). 
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13C 135-DEPT NMR of 6b (20 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 
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3.6.3 3,3'-(Pyrimidine-2,5-diyl)bis(5-chloro-1H-indole) (6c) 
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1H NMR of 6c (20 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 
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13C NMR of 6c (20 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 
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13C 135-DEPT NMR of 6c (20 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 
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3.6.4 3,3'-(Pyrimidine-2,5-diyl)bis(5-fluoro-1H-indole) (6d) 
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1H NMR of 6d (15 mg) in 0.7 mL DMSO-d6 at 298 K (  in ppm). *Impurities from residual 

solvents. 
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13C NMR of 6d (15 mg) in 0.7 mL DMSO-d6 at 298 K (  in ppm). 
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13C 135-DEPT NMR of 6d (15 mg) in 0.7 mL DMSO-d6 at 298 K (  in ppm). 
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3.6.5 3,3'-(Pyrimidine-2,5-diyl)bis(4-methoxy-1H-indole) (6e) 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.511.5
f1 (ppm)  

1H NMR of 6e (20 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). *Impurities from residual 

solvents. 

 

13C NMR of 6e (20 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 
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13C 135-DEPT NMR of 6e (20 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 
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3.6.6 3,3'-(Pyrimidine-2,5-diyl)bis(5-methoxy-1H-indole) (6f) 

 

1H NMR of 6f (30 mg) in 0.7 mL DMSO-d6 at 295 K (  in ppm). 

 

13C NMR of 6f (30 mg) in 0.7 mL DMSO-d6 at 295 K (  in ppm). 
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13C 135-DEPT NMR of 6f (30 mg) in 0.7 mL DMSO-d6 at 295 K (  in ppm). 
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3.6.7 3,3'-(Pyrimidine-2,5-diyl)bis(6-methoxy-1H-indole) (6g) 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.511.5  

1H NMR of 6g (16 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 

 

13C NMR of 6g (16 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 
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13C 135-DEPT NMR of 6g (16 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 
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3.6.8 2,5-Bis(5-(4-methoxyphenyl)-1H-pyrrol-3-yl)pyrimidine (6i) 
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1H NMR of 6i (20 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). 
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13C NMR of 6i (20 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). 
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13C 135-DEPT NMR of 6i (20 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). 
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3.6.9 4,6-Di(1H-indol-3-yl)pyrimidine (6j) 
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1H NMR of 6j (30 mg) in 0.7 mL DMSO-d6 at 298 K (  in ppm). 
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13C NMR of 6j (30 mg) in 0.7 mL DMSO-d6 at 298 K (  in ppm). 
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13C 135-DEPT NMR of 6j (30 mg) in 0.7 mL DMSO-d6 at 298 K (  in ppm). 
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3.6.10 2,6-Di(1H-indol-3-yl)pyrazine (6k) 
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1H NMR of 6k (30 mg) in 0.7 mL DMSO-d6 at 298 K (  in ppm). 
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13C NMR of 6k (30 mg) in 0.7 mL DMSO-d6 at 298 K (  in ppm). 
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13C 135-DEPT NMR of 6k (30 mg) in 0.7 mL DMSO-d6 at 298 K (  in ppm). 
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3.6.11 2,6-Di(1H-indol-3-yl)pyridine (6l) 
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1H NMR of 6l (25 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). 
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13C NMR of 6l (25 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). 
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13C 135-DEPT NMR of 6l (25 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). 
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3.6.12 3,6-Di(1H-indol-3-yl)pyridazine (6m) 
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1H NMR of 6m (20 mg) in 0.7 mL DMSO-d6 at 299 K (  in ppm). 
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13C NMR of 6m (20 mg) in 0.7 mL DMSO-d6 at 299 K (  in ppm). 
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13C 135-DEPT NMR of 6m (20 mg) in 0.7 mL DMSO-d6 at 299 K (  in ppm). 
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3.6.13 2,5-Di(1H-indol-3-yl)pyrazine (6n) 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.511.5
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1H NMR of 6n (15 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). 
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13C NMR of 6n (15 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). 
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13C 135-DEPT NMR of 6n (15 mg) in 0.7 mL DMSO-d6 at 297 K (  in ppm). 
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4 Synthesis of Isomeridianin A (4) 

 

Pyridinium hydrochloride (1.18 g, 10.0 mmol) was placed in a dry screw-cap vessel under 

argon atmosphere. Then, 4-(5-methoxy-1H-indol-3-yl)pyrimidin-2-amine (3c) (120 mg, 0.50 

mmol) was added and the mixture was heated to 210 °C (preheated oil bath). After 30 min 

the mixture was cooled to 50 °C (preheated oil bath) and methanol was added to dissolve the 

residue. The reaction mixture was monitored by TLC. The reaction mixture was adsorbed 

onto Celite® and the solvents were removed under reduced pressure. The residue was 

purified chromatographically on silica gel with dichloromethane/methanol/aqueous ammonia 

(DCM/MeOH/NH3 = 100:1:1  100:2:1  100:3:1  100:4:1  100:5:1  100:6:1  

100:7:1 (stepwise gradient)). After drying under reduced pressure isomeridianin A (4) was 

obtained as a pale rose solid. HT-LC-MS: 100 %. 
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4.1 3-(2-Aminopyrimidin-4-yl)-1H-indol-5-ol (Isomeridianin A, 4) 

 

C12H10N4O 

226.23 

100 mg (0.44 mmol, 89 % yield) as a pale rose scaly solid, mp: 293 °C (dec.). 1H NMR 

(DMSO-d6, 500 MHz):  6.31 (s, 2 H, NH2), 6.72 (dd, J = 8.5 Hz, J = 2.5 Hz, 1 H), 6.94 (d, J = 

5.4 Hz, 1 H), 7.24 (d, J = 8.8 Hz, 1 H), 7.84 (d, J = 2.2 Hz, 1 H), 8.07 (d, J = 2.8 Hz, 1 H), 

8.10 (d, J = 5.4 Hz, 1 H), 8.80 (s, 1 H, OH), 11.44 (d, J = 2.5 Hz, 1 H, NH). 13C NMR (DMSO-

d6, 125 MHz):  105.2 (CH), 106.4 (CH), 112.0 (CH), 112.0 (CH), 112.9 (Cquat), 126.2 (Cquat), 

128.4 (CH), 131.4 (Cquat), 151.7 (Cquat), 156.8 (CH), 162.8 (Cquat), 163.4 (Cquat). EI + MS (m/z 

(%)): 226 (M+, 100), 225 ((M-H)+, 18), 197 ((M-COH)+, 7), 185 ((M-CH2N2+H)+, 57), 158 ((M-

C3H4N2)
+, 4). IR (KBr):  3387 (m), 3278 (m), 1591 (s), 1543 (m), 1526 (m), 1497 (w), 1472 

(s), 1451 (m), 1429 (m), 1367 (w), 1332 (w), 1285 (w), 1263 (w), 1232 (m), 1211 (m), 1172 

(m), 1057 (w), 988 (w), 942 (w), 896 (w), 868 (w), 822 (m), 795 (w), 698 (m), 636 (w), 585 

(w), 559 (w) cm-1. Anal. calcd. for C12H10N4O (226.2): C 63.71, H 4.46, N 24.76. Found: C 

63.77, H 4.57, N 24.84. 
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1H NMR of 4 (30 mg) in 0.7 mL DMSO-d6 at 295 K (  in ppm). 

 

13C NMR of 4 (30 mg) in 0.7 mL DMSO-d6 at 295 K (  in ppm). 
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13C 135-DEPT NMR of 4 (30 mg) in 0.7 mL DMSO-d6 at 295 K (  in ppm). 
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5 Synthesis of Hyrtinadine A (7) 

5.1 Synthesis of 3,3’-(Pyrimidine-2,5-diyl)bis(1H-indol-5-ol)

(Hyrtinadine A, 7), Method I 

 

Pyridinium hydrochloride (2.36 g, 20.0 mmol) was placed in a dry screw-cap vessel under 

argon atmosphere. Then, 3,3’-(pyrimidine-2,5-diyl)bis(5-methoxy-1H-indole) (6f) (185 mg, 

0.50 mmol) was added and the mixture was heated to 210 °C (preheated oil bath). After 30 

min the mixture was cooled to 50 °C (preheated oil bath) and methanol was added to 

dissolve the residue. The reaction mixture was monitored by TLC. The reaction mixture was 

adsorbed onto Celite® and the solvents were removed under reduced pressure. The residue 

was purified chromatographically on silica gel with dichloromethane/methanol/aqueous 

ammonia (DCM/MeOH/NH3 = 100:1:1  100:2:1  100:3:1  100:4:1  100:5:1  100:6:1 

 100:7:1 (stepwise gradient)). After drying under reduced pressure hyrtinadine A (7) was 

obtained as a yellow solid (65 mg, 0.19 mmol, 38 % yield). HT-LC-MS: 100 %. 
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5.2 Synthesis of 3,3’-(Pyrimidine-2,5-diyl)bis(1H-indol-5-ol)

(Hyrtinadine A, 7), Method II 

 

3,3’-(Pyrimidine-2,5-diyl)bis(5-methoxy-1H-indole) (6f) (185 mg, 0.50 mmol) was placed in a 

dry screw-cap vessel under nitrogen atmosphere. Then, 15 mL of dry dichloromethane were 

added. The suspension was cooled to -78 °C (acetone/dry ice bath) and tribromoborane 

(0.58 mL, 6.00 mmol) was slowly added. The mixture was allowed to reach room 

temperature and continuously stirred for 20 h. The reaction progress was monitored by TLC. 

Then the mixture was cooled to 0 °C (water/ice bath) and 3 mL of water followed by 30 mL of 

saturated potassium carbonate solution were slowly added. The resulting yellow precipitate 

was filtered, dried under reduced pressure and purified chromatographically on silica with 

dichloromethane/methanol/ammonia (DCM/MeOH/NH3 = 100:7:1  100:8:1  100:9:1  

100:10:1 (stepwise gradient)). After drying under reduced pressure hyrtinadine A (7) was 

obtained as a yellow solid (147 mg, 0.43 mmol, 78 % (contained 1 molecule MeOH)). 
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5.2.1 3,3’-(Pyrimidine-2,5-diyl)bis(1H-indol-5-ol) (Hyrtinadine A, 7) 

N

HO
N

N

N
HO

H

H

 

C20H14N4O2 

342.35 

147 mg (0.43 mmol, 78 % yield) as a yellow solid, mp: 296 °C. 1H NMR (DMSO-d6, 500 

MHz):  6.68 (dd, J = 8.6 Hz, J = 2.4 Hz, 1 H), 6.71 (dd, J = 8.7 Hz, J = 2.1 Hz, 1 H), 7.19 (d, 

J = 2.0 Hz, 1 H), 7.25 (d, J = 8.6 Hz, 1 H), 7.28 (d, J = 8.7 Hz, 1 H), 7.80 (d, J = 2.6 Hz, 1 H), 

7.96 (d, J = 2.3 Hz, 1 H), 8.11 (d, J = 2.8 Hz, 1 H), 8.84 (brs, 2 H), 8.98 (s, 2 H), 11.30 (d, J = 

2.0 Hz, 1 H, NH), 11.39 (d, J = 2.2 Hz, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  102.8 

(CH), 106.4 (CH), 108.7 (Cquat), 112.2 (CH), 112.3 (CH), 112.4 (CH), 112.8 (CH), 114.9 

(Cquat), 124.5 (CH), 125.2 (Cquat), 125.6 (Cquat), 126.6 (Cquat), 129.0 (CH), 131.5 (Cquat), 131.6 

(Cquat), 151.9 (Cquat), 152.0 (Cquat), 153.7 (CH), 160.8 (Cquat). EI + MS (m/z (%)): 343 (23), 342 

(M+, 100), 171 (18), 157 (29). IR (KBr):  3387 (m), 3127 (w), 1715 (w), 1624 (m), 1582 (m), 

1547 (s), 1535 (s), 1493 (m), 1468 (m), 1448 (s), 1369 (m), 1313 (w), 1283 (m), 1252 (m), 

1227 (m), 1203 (m), 1153 (m), 1128 (w), 1099 (w), 1045 (w), 993 (w), 978 (w), 922 (s), 860 

(w), 822 (m), 791 (s), 764 (w), 742 (w), 696 (w), 681 (w), 663 (m), 625 (s), 607 (m) cm-1. 

Anal. calcd. for C20H14N4O2·MeOH (342.4 + 32.0): C 67.37, H 4.85, N 14.96. Found: C 67.18, 

H 4.99, N 15.28. 

Data reported in the literature:5 

Colorless amorphous solid. 1H NMR (DMSO-d6, 500 MHz):  6.69 (br d, J = 8.6 Hz, 1 H), 

6.71 (br d, J = 8.6 Hz, 1 H), 7.20 (br s, 1 H), 7.26 (d, J = 8.6 Hz, 1 H), 7.29 (d, J = 8.6 Hz, 1 

H), 7.79 (s, 1 H), 7.97 (br s, 1 H), 8.11 (s, 1 H), 8.85 (br s, 1 H, OH), 8.87 (br s, 1 H, OH), 

9.00 (s, 2 H), 11.3 (br s, 1 H, NH), 11.4 (br s, 1 H, NH). 13C NMR (DMSO-d6, 125 MHz):  

102.7 (CH), 106.2 (CH), 108.6 (Cquat), 112.0 (CH), 112.2 (CH), 112.6 (CH), 112.6 (CH), 114.2 

(Cquat), 124.2 (CH), 125.0 (Cquat), 125.4 (Cquat), 126.4 (Cquat), 128.7 (CH), 131.3 (Cquat), 131.5 

 

 

5 T. Endo, M. Tsuda, J. Fromont, J. Kobayashi, J. Nat. Prod. 2007, 70, 423-424. 
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(Cquat), 151.7 (Cquat), 151.8 (Cquat), 153.5 (2 CH), 160.7 (Cquat). ESIMS (pos) (m/z (%)): 343 

(M+H)+. HRESIMS calcd for C20H14N4O2 343.1195 (M+H)+, found 343.1191. IR (KBr):  3390 

cm-1. UV (MeOH): max ( max) 339 nm (3100), 277 (7600). 

Data reported in the literature:6 

White solid, mp: > 220 °C (dec.). 1H NMR (DMSO-d6, 500 MHz, dual cryoprobe 1H/13C):  

6.69 (dd, J = 8.6 Hz, J = 2.2 Hz, 1 H), 6.72 (dd, J = 8.6 Hz, J = 2.2 Hz, 1 H), 7.20 (br s, 1 H), 

7.26 (d, J = 8.6 Hz, 1 H), 7.29 (d, J = 8.6 Hz, 1 H), 7.80 (d, J = 2.5 Hz, 1 H), 7.97 (d, J = 2.2 

Hz, 1 H), 8.11 (d, J = 2.5 Hz, 1 H), 8.86 (br s, 2 H), 8.99 (s, 2 H), 11.31 (br s, 1 H), 11.39 (br 

s, 1 H). 13C NMR (DMSO-d6, 125 MHz, dual cryoprobe 1H/13C):  102.7 (CH), 106.2 (CH), 

108.5 (Cquat), 112.0 (CH), 112.1 (CH), 112.2 (CH), 112.6 (CH), 114.1 (Cquat), 124.3 (CH), 

125.0 (Cquat), 125.4 (Cquat), 126.4 (Cquat), 128.8 (CH), 131.3 (Cquat), 131.4 (Cquat), 151.7 (Cquat), 

151.8 (Cquat), 153.5 (2 CH), 160.6 (Cquat). EI + MS (m/z (%)): 342 (M+, 100), 317 (7), 171 (11), 

157 (16), 84 (10). IR (ATR):  3420 (br), 1659 (br), 1049, 1001 (s), 823, 760 cm-1. HRMS 

calcd. for C20H14N4O2·342.1111 (M+). Found: 342.1099. UV (MeOH): max ( max) 339 nm 

(4295), 277 (6644). 

 

 

6 Á. Mosquera, R. Riveiros, J. P. Sestelo, L. A. Sarandeses, Org. Lett. 2008, 10, 3745-3748. 
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1H NMR of 7 (16 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 
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13C NMR of 7 (16 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 
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13C 135-DEPT NMR of 7 (16 mg) in 0.7 mL DMSO-d6 at 296 K (  in ppm). 

 



    

 87 

6 Appendix 

6.1 UV Purity of Compounds 3, 4, 6, and 7 

HT-LC-MS Spectrum (SOP 2200) of 3c (O-Methyl isomeridianin A).UV purity: 100 % 
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HT-LC-MS Spectrum (SOP 2200) of 4 (Isomeridianin A). UV purity: 100 % 
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HT-LC-MS Spectrum (SOP 2200) of 6a. UV purity: 100 % 
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HT-LC-MS Spectrum (SOP 2200) of 6b. UV purity: 100 % 
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HT-LC-MS Spectrum (SOP 2200) of 6c. UV purity: 100 % 
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HT-LC-MS Spectrum (SOP 2200) of 6e. UV purity: 100 % 
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HT-LC-MS Spectrum (SOP 2200) of 6f. UV purity: 100 % 

 



    

 102 

 



    

 103 

HT-LC-MS Spectrum (SOP 2200) of 6g. UV purity: 100 % 
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HT-LC-MS Spectrum (SOP 2200) of 6m. UV purity: 100 % 
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HT-LC-MS Spectrum (SOP 2200) of 7 (Hyrtinadine A). UV purity: 100 % 
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6.2 HT-LC-MS Methods for the Control of Identity and Purity of 

Compounds 3, 4, 6 and 7 

Problem Definition Identity and Purity 

SOP (Standart Operation Procedure) 2200 

Methods HT-LC-MS 

System Waters Acquity UPLC® with PDA and ELSD 

Waters SQD (ESI+/- and APCI+/-) 

Software MassLynx with OpenLynx 

Column Waters XBridgeTM C8 3.5 µm 

4.6 x 50 mm Column 

Part No. 186003053 

Eluent A: 99.9 % acetonitrile + 0.1 % TFA 

B 99.9 % water + 0.1 % TFA 

Gradient time (min) A % B % flow (mL/min) 

0 5 95 2.0 

8.00 100 0 2.0 

8.10 10 90 2.0 

8.50 5 95 2.0 

11.00 5 95 2.0 

Column temperature Room temperature 

Injection volume 3 µL 

Sample preparation Approx. 0.1 mg were dissolved in acetonitrile + water 50/50 in an 

ultrasound bath, so that the concentration was 0.5 mM. 

If necessary, the sample was additionally diluted: 100 µL in 500 µL 

acetonitrile + water 5/95. 
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6.3 Biological Data 

6.3.1 DSTT Kinase Assays7

The kinase assays were carried out at room temperature. Compounds were pre-incubated in 

the presence of the enzyme and peptide/protein substrate for 5 min before initiation of the 

reaction by adding ATP. Assays were incubated at room temperature before termination by 

the addition of 5 µL orthophosphoric acid. The assays were then harvested onto P81 Unifilter 

Plates (wash buffer was 50 mM orthophosphoric acid) and dried in air. The dry Unifilter 

plates were then sealed on the addition of MicroScint O and were counted in Packard 

Topcount NXT scintillation counters. 

6.3.2 Viability Assays8

A2780 (ovarian tumor cell line; European Collection of Cell Culture (ECACC) 93112519) or 

HCT116 (colon tumor cell line, ATCC CCL-247) cells were plated in 96-well plates at 2000 

cells per well and incubated for 24 h at 37 °C in DMEM (Dulbecco’s modified Eagle medium) 

supplemented with FCS (fetal calf serum or fetal bovine serum). The test compounds were 

diluted in DMSO, added to the culture plates and incubation was continued for 72 h. At the 

end of the compound incubation period AlamarBlue reagent (BUF012B, Serotec) was added 

and the 96-well plates were further incubated. The plates were measured with a fluorescence 

reader. 

 

 

 

7 J. Bain, L. Plater, M. Elliott, N. Shpiro, C. J. Hastie, H. McLauchlan, I. Klevernic, J. S. C. Arthur, D. R. 

Alessi, P. Cohen, Biochem. J. 2007, 408, 297-315. 

8 G. R. Nakayama, M. C. Caton, M. P. Nova, Z. Parandoosh, J. Immunol. Methods 1997, 204, 205-

208. 




