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Introduction

1. Introduction

1.1. Purinergic receptors

1.1.1. General aspects

The first investigation of extracellular signaling by purines was done by Drury and
Szent-Gyorgyi. They described effects of an extract of heart muscle and other
tissues which contained adenosine and adenosinemonophosphate (AMP) on the
cardiovascular system (Cheek, 2000). In 1976, Burnstock has suggested the new
term of purinergic receptors (Burnstock, 1976). Two years later, the purinergic
receptors were subdivided into P1 (adenosine) and P2 (ATP, UTP and ADP)
receptors according to their agonists (Burnstock, 1978). Figure 1.1 shows an

overview of the classification of purinergic receptors.
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Figure 1.1 Classification of purinergic receptors. Adenosine P1 receptors consist of A;, Aga, Ass,
and A; receptors and nucleotide P2 receptors are divided into P2X receptors (P2X,7) and P2Y
receptors (P2Y1’ 2,4,8, 11_14).
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P1 receptors consist of four G protein-coupled receptors (GPCRs): A4, Aza, Azs,
and As (Abbracchio, 1996). P2 receptors can be subdivided into P2X receptors,
which are ligand gated ion channels and P2Y receptors, which belong to the group
of GPCRs. Seven human P2X receptors (P2X;.7) and eight P2Y receptors (P2Y1, 5,
4,6, 11-14) have been cloned (Abbrachio et al., 2006; Ralevic and Burnstock, 1998).
P2 receptors are activated by nucleotides such as ATP, ADP, UTP, UDP, and
UDP-glucose (Mdller, 2002). Previously, ATP was only known as an important
energy source molecule. In the recent decades, ATP and other nucleotides were
recognized as native ligands at purinergic receptors (Burnstock, 2007; Abbracchio
et al., 2006; Gever et al., 2006).

1.1.2. P2Xreceptors

1.1.2.1. Role and location

P2X receptors belong to the great class of ligand gated ion channels. A P2X
receptor monomer consists of two transmembrane domains connected by a large

extracellular loop containing the putative ATP binding site (Figure 1.2)
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Figure 1.2 P2X ion channel monomer consists of intracellular carboxy and amino termini, two
transmembrane spanning domains, and a large extracellular ligand-binding loop.

Three P2X receptor subunits are involved in forming a cation-selective ion
channel, which is gated by extracellular ATP and some related nucleotides. The
channel can be built by homotrimers (P2Xi, P2X,, P2X;, P2X4, P2Xs, P2X;
receptors) and heteromers (P2X1o, P2Xys, P2Xis, P2Xoe, P2Xas, P2Xqa
receptors) (Gever et al., 2006; Egan et al., 2004; North, 2002).

P2X receptors are located at autonomic, central, enteric and sensory neurons,
cochlear and retinal cells, endothelium and epithelium, vascular and visceral
smooth muscle, heart and developing skeletal muscle, bone, platelets, and
hemopoietic cells (Clifford et al., 1998; Gever et al., 2006; North, 2002).

P2X receptors contribute to platelet aggregation. They are involved in platelet
shape change. However, they are unable to promote platelet aggregation by
themselves (Gachet, 2005). ATP might be involved in acute pain. ATP was
reported to be involved in migraine (Burnstock, 1981) and pain pathways in the
spinal cord (Jahr and Jessel, 1983; Fyffe and Perl, 1984; Salter and Henry, 1985).
Furthermore, the role of ATP in nociceptive signaling has been cleared when P2X;
receptors were cloned (Kennedy 2005; Chen et al., 1995; Lewis et al., 1995). In

particular, P2X3; and P2Xy;3 receptors were reported as interesting targets for the
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treatment of inflammatory, visceral, and probably neuropathic pain (Chizh and
llles, 2000). P2X; receptors are expressed in a variety of cell types and involved in
pain, inflammatory processes, and neurodegeneration (Romagnoli et al., 2008). In

summary, P2X receptors are an appealing target for pharmacological intervention.
1.1.2.2. Ligands at P2X receptors

ATP acts as agonist at P2X receptors. af3-Methylene ATP was also reported as a
potent and selective agonist for receptors containing P2X; and P2X3 subunits
(North, 2002). The first described antagonist for this receptor subtype was
suramin. NF023, NF279, and NF449 were reported as selective and increasingly
potent antagonists at P2X; receptors (Figure 1.3) (Kassack et al., 2004; Damer,
2002; Braun et al., 2001).



Introduction

SO3Na SO3Na
NaOgS SO3Na
NaOzS HN_ ¢ NH SO;Na
Suramin
SO;Na SO;Na SO;3Na SO;Na

NaO3S SOzNa
NaO3S/<> <>\SO3Na
NaO3S HN_ _O Os_NH SO;Na
NaO;S Yé\ &( SO;Na i /5

NaO3S SO3Na
NF449 NF023
SOzNa SO3Na
O LR @Y ”OO
NaO3S HNYg Q(NH SO;zNa
NF279
Na038 SO3Na
NaO3S SO3Na
NF110

Figure 1.3 P2X receptor antagonists.

Among the described substances, NF449 is the most potent and selective
antagonist at P2X, receptors with a K; value of 0.3 nM (Braun et al., 2001). At P2X;
receptors, NF110 exhibited an antagonistic activity with a K; value of 36.0 nM
(Hausmann et al., 2006). It is also known that pyridoxal-phosphate-6-azophenyl-
2',4'-disulfonic acid (PPADS) and its derivatives also have antagonistic activity at
P2X receptors (Kim et al., 2001; Brown et al., 2001).
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1.1.3. P2Y receptors

1.1.3.1. G protein-coupled receptors

All of the P2Y receptors belong to the family of G protein-coupled receptors
(GPCRs). It is estimated that more than 50 % of all drugs regulate GPCR function
and 30 % of these drugs are directly targeted to GPCRs (Fredholm et al., 2007;
Jacoby et al., 2006, Flower, 1999). GPCRs are important based on their roles in
human cell signaling (Milligan, 2003; Brink et al., 2004). GPCRs play a key role for
the translation of extracellular stimuli in intracellular signals. They are involved in
the primary mechanism of eukaryotic cells to accept, interpret, and activate a
broad range of different extracellular stimuli (Kostenis et al., 2005). Structurally,

GPCRs are seven transmembrane spanning receptors (7TM) (Figure 1.4).
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Figure 1.4 G-Protein coupled receptor consists of seven transmembrane spanning domains, an
intracellular carboxy terminus, and extracellular amino terminus.

Cytosol

They activate heterotrimeric G proteins (guanine-nucleotide-binding proteins)
which consist of three subunits: a, B, and y. The a-subunit shows GTP-ase activity.
It determines the intracellular signal transduction by inhibition or activation of

different effector systems. G proteins can be subdivided into three families
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according to their sequence homologies: Gs, Gi/Go, and Gq. In the rest time, o
subunits of G proteins are attached to GDP. Once an agonistic ligand binds to the
specific site of a GPCR, the receptor is activated and a conformational change of
the receptor protein leads to an exchange of GDP to GTP at the a subunit of the G
protein. Thus, the a subunit dissociates from the B/y subunit and both can be
involved in the modulation of effector proteins such as adenylate cyclase or
phospholipase C.

The Gg protein stimulates the enzymatic synthesis of the secondary messenger
cyclic AMP (cAMP) by activating adenylate cyclase. The Gi/G, protein has the
opposite effect. The Gg-protein activates phospholipase C which catalyses
hydrolysis of phosphatidylinositol-4,5-bisphosphate (PIP;) into two second
messengers, namely inositol-1,4,5-triphosphate (IP3) and diacylglycerole (DAG)
(Figure 1.5) (Fredholm et al., 2007; Steinhilber et al., 2005, Patrick, 1995).
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Figure 1.5 Signal transduction of G4-coupling receptors. DAG = Diacylglycerol, IP; = Inositol-1,4,5-
triphosphate, PIP, = Phosphatidylinositol-4,5-bisphosphate.
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IP5 is a hydrophilic molecule that mobilizes the release of intracellular Ca®* from
the endoplasmic reticulum. Ca?* shows numerous regulations of diverse cellular
functions. Meanwhile DAG activates protein kinase C (Steinhilber et al., 2005;
Patrick, 1995).

1.1.3.2. Location and role of P2Y receptors

Up to now, eight P2Y receptor subtypes are identified, cloned, and characterized.
They can be divided into two phylogenetic groups. One group consists of P2Y;
P2Y, P2Y4, P2Ye, and P2Y41 receptors mainly coupled to phospholipase C (Gq-
coupling) and the other consists of the P2Y4, P2Y43, and P2Y 14 receptors that
inhibit adenylyl cyclase (Gi-coupling) (Abbrachio et al., 2003). P2Y receptors were
detected mostly in placenta, platelets, brain, and prostate. This receptor was rarely
found in liver, stomach, lymphocytes, bone marrow, and kidney. P2Y receptors
were reported to take part in platelet activation and aggregation. Platelet activation
is important for the arrest of bleeding. It occurs in response to vessel injury
(Gachet, 2005; Baurand et al., 2000, Boeynaems et al., 2001). P2Y, receptors
were detected in the heart, skeletal muscle, and several brain areas at high level.
These receptors were found in lymphocytes, spleen, bone marrow, lung, and
macrophages at medium level. They were detected in pancreas, stomach, and
liver at low level (Moore et al., 2001). Agonists of P2Y, receptors were developed
for the treatment of symptomatic cystic fibrosis (Parr et al., 1994). P2Y, receptors
were reported to have a role in the dry eye syndrome (Muller, 2002). A high
expression of P2Y, receptors was found in different cell types of the eye.
Activation of P2Y, receptors by their agonists appears to regulate ocular surface
hydration. It stimulates chloride secretion and increases tear production (Fujihara
et al., 2001; Mundasad et al., 2001).

P2Y, receptors have a limited distribution. These receptors are expressed almost
specifically in placenta, intestine, and brain. Expression in lung was found at low
level (Moore et al., 2001) as well as in monocyte and lymphocytes (Jin et al.,
1998b). P2Y,4 receptors seem to be involved in the regulation of epithelial chloride
transport in the jejunum (Robaye et al., 2003). P2Y¢ receptors were found at high

level in spleen, kidney, and placenta (Communi et al.,, 1996). They were also
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detected in the vascular system, smooth muscle, and lung at moderate level
(Ralevic and Burnstock, 1998). These receptors were also found in the liver at low
level and were detected in some brain regions (Moore et al., 2001). P2Y¢ receptors
were reported to have a role in stimulation of proliferation of human lung epithelial
cells (Schafer et al., 2003).

The main receptors in this study are P2Y 44 receptors, which are expressed at high
level in brain and intestine as well as in lymphocytes and spleen. P2Y 14 receptors
are expressed in other tissues at moderate level and the lowest levels were
detected in the spinal cord (Moore et al., 2001). P2Y 11 receptors seem to have a
role in maturation and migration of dendritic cells (Wilkin et al., 2001; Schnurr et
al., 2003). Detailed information for P2Y, receptors is given in Chapter 1.2.

P2Y, receptors were found in brain, spinal cord, and platelets (Barnard and
Simon, 2001; Takasaki et al., 2001; Sasaki et al., 2003). P2Y4, receptors play a
central role in platelet activation. These receptors were reported to take part in
amplification and completion of platelet activation and aggregation (Schoeneberg
et al., 2007; Gachet, 2005). Antagonists of P2Y4, receptors are metabolites of
clopidogrel and ticlopidin. They have been widely used as antiplatelet drugs
(Angiolillo et al., 2008; Michelson, 2008; Sandros, 2008). Figure 1.6 shows the

structure formulas of clopidogrel and ticlodipin.

© O\CH3
S Cl S cl

Ticlodipin Clopidogrel

Figure 1.6 P2Y, receptor antagonists: ticlodipin and clopidogrel.

Clinical studies showed that clopidogrel is an effective antiplatelet agent and as
safe as aspirin in medium dose (Caprie, 1996). A significant reduction of the risk
of myocardial infarction, ischemic stroke, peripheral artery disease, or vascular
death was reported in combination with aspirin. CURE (Clopidogrel in Unstable
Angina to Prevent Recurrent Ischemic Events) has shown that a combination
therapy of both clopidogrel and aspirin has raised beneficial effects. If given to

everyone in the United States with acute coronary syndrome, the combination of
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clopidogrel and aspirin could prevent between 50,000 and 100,000 new
myocardial infarction, strokes and deaths annually (Mitka, 2001). Based on these
result, FDA approved clopidogrel for the treatment of some acute coronary
syndromes

P2Y 3 receptors were detected at high level in brain and spleen (Marteau et al.,
2003; Zhang et.al., 2002). They are also expressed in bone marrow, heart, and
peripheral leukocytes. So far, there is no precise evidence for their tissue function
(Abbrachio et al., 2006). Lastly, P2Y4 receptors were detected at high level in
adipose tissue, the intestine, stomach, and placenta. Spleen, heart, lung, and
many brain regions showed moderate level (Moore et al., 2003). They were
reported to have an important role in peripheral and neuroimmune function (Moore
et al., 2003).

In conclusion, based on their role and expression in the human body, P2Y

receptors are important targets for drug development.

1.1.3.3. Ligands at P2Y receptors

P2Y receptor ligands are classified as nucleotides, nucleotide derivates, and non-
nucleotides. The triphosphates ATP and UTP as well as the diphosphates ADP
and UDP belong to nucleotide ligands. 2-MeSADP and 2-MeSATP are known
nucleotide derivatives. Meanwhile, suramin, reactive blue 2 (RB-2), and PPADS
are categorized as non-nucleotide antagonists. Table 1.1 shows agonists and
antagonists at P2Y receptors (Fredholm et al., 1997; Boarder and Hourani, 1998;
Hollopeter et al., 2001; Zhang et al., 2001).

10
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Table 1.1 Ligands for P2Y receptors (King and Towsend-Nicholson, 2003; Abbrachio, 2006)

Subtype Agonists Antagonists
hP2Y MRS2365, ADP, ADPfS, MRS2179, MRS2279,
2-MeSADP, 2-MeSATP MRS2500
hP2Y, UTP, ATP, Ap4A Suramin
hP2Y, UTP, UTPyS PPADS, Reactive Blue-2
hP2Ys UDP, UDPBS MRS 2567,
Reactive Blue-2
hP2Y 14 AR-C67085, ATPyS, BzZATP,  Suramin, NF157, NF340
ATP
hP2Y > 2-MeSATP, 2-MeSADP Metabolite of ticlopidine,
clopidogrel, suramin,
AZD6140
hP2Y 13 ADP, 2-MeSADP, 2-MeSATP, Suramin, MRS2211
ADPBS, ATP
hP2Y 14 UDP - glucose, UDP - -

galactose, UDP - N -

acetylglucosamine

11
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Figure 1.7 P2Y receptor agonists.

Figure 1.7 shows the structure formulas of some agonists at P2Y receptors.

Agonists at P2Y receptors are classified into four groups. P2Y 4, P2Y 4, P2Y,, and

P2Y 3 receptors are activated by adenine nucleotides (ADP and ATP). In the

second group, P2Y, and P2Ys receptors are stimulated by uracil nucleotides

12
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whereas P2Y, receptors are activated by both adenine and uracil nucleotides.
P2Y4 receptors are activated by UDP-glucose and other sugar coupled
nucleotides (Abbrachio, 2006). P2Y 14 receptors are stimulated by ATP and ATPyS.
ATPyS is the most potent agonist with an ECs value of 261 nM in the cAMP assay
and 55 nM at Ca-assay. ECs value of ATP in Ca-assay was 214 nM (Meis, 2008).
At P2Y, receptors, ATP and UTP act as agonist. P2Y, receptors are strongly
stimulated by UTP. In the case of P2Y¢ receptors, UDP was identified as the most
potent physiological nucleotide at these receptors. As mentioned above, P2Y 4
receptors are the receptors which are only activated by a complex of a nucleotide
and sugar such as UDP-glucose, UDP-galactose, and UDP-N- acetylglucosamine
(Abbracchio, 2006; King and Townsend-Nicholson, 2003).

Figure 1.8 shows structure formulas of some antagonists at P2Y receptors.

13



Introduction

G,
NH
N
CHO le\ S
HO I\ o POsNaz NG o O\(.F'?)/OH
|
Me™ N7 N”N:© o M
O.1_OH
SO3Na P
OH
PPADS MRS2179
O SOzNa

SO;Na
X CO™ 00
O HN SO3Na NaO3S SOgNa
\©: HN 0 0 NH
NH

/@\ SO:Na 0
Ly ey
cl N H H

H CHs; CH;
Reactive Blue 2 NF340
SO;Na SOzNa

NaOas\”l l -! ! SO,Na

O«_NH SO;Na

NaO,S HN._O
N e N
I HJ\©/ O \©)J\H T

NF157

Figure 1.8 P2Y receptor antagonists.

2-MeSADP, MRS2179, and MRS2279 are known as selective antagonists at P2Y/,
receptors, whereas suramin is recognized as a non-selective antagonist at P2Y,
P2Y1 P2Y4, and P2Y3 receptors (King and Townsend-Nicholson, 2003;
Dangelmaier et al., 2001; Boyer et al., 1998; Abracchio, 1996). PPADS and RB-2
are also known as antagonistic ligands at P2Y,, P2Y, and P2Ys (Abbracchio,
2006; Nicholson, 2003). NF157 was introduced by our group as the first potent
antagonist at P2Y; receptors (Ullmann et al., 2005).
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1.2. P2Y, receptors

1.2.1. General aspects

P2Y 11 receptors are considered as unique receptors in comparison to other P2Y
receptors. They are coupled to both phospholipase C and adenylyl cyclase
pathways. Coupling to adenylyl cyclase is much weaker than to phospholipase C
(Qi et al., 2001). Secondly, the P2Y44 receptor gene is the only one of the
purinergic receptors containing an intron in the coding sequence (Communi et al.,
2001).

1.2.2. Role of P2Y,, receptors

P2Y 1, receptors play a role in the maturation of dendritic cells. They are expressed
in human monocyte-derived dendritic cells (Schnurr et al., 2003; Wilkin et al.,
2001; Berchtold et al., 1999). Dendritic cells (DC) are known as mononuclear
phagocytic cells presenting antigen to T-lymphocytes. They are expressed in
spleen as mononuclear phagocytes and the afferent lymphatics. In addition, they
are widely distributed in the skin, lymph nodes, and paracortex as Langerhans’
cells, interdigitating cells and veiled cells, respectively (Cruse, 2003).

DCs often function as a sensor of the immune system. They recognize exogenous
antigens and mark them as a complex of peptide and major histocompatibility
complex (MHC) on the cell surface (Cruse, 2003). It is known that ATP and TNF-a
synergize in the activation and maturation of human dendritic cells (Schnurr et al.,
2000 and Wilkin et al., 2001).

P2Y 11 receptors were reported as receptors for inhibiting TNF-o. release. Activation
of P2Y 44 receptors by ATP led to cAMP-induced PKA stimulation and subsequent
down-regulation of TNF-a release (Swennen, 2006). The involvement of this
receptor was demonstrated by pre-incubation of blood with 5’-adenosine
monophosphate (5-AMPS) prior to incubation with ATP. 5’-AMPS is a selective
inhibitor of P2Y 44 receptors (Figure 1.9). Results showed that 5-AMPS completely
reversed the inhibitory effect of ATP on TNF-a release in blood. A confirmation of
the involvement of the P2Y44 receptor was further achieved by incubating blood
with ATP in the presence of H-89, a potent inhibitor of cAMP-activated PKA. The
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release of TNF-a was increased. The study concluded that inhibition of TNF-a
release is dependent on PKA stimulation by cAMP, indicating the involvement of
P2Y 41 receptors (Swennen, 2006). This result is an important implication for the
treatment of chronic inflammatory diseases. Figure 1.9 shows the structure
formulas of 5’-AMPS and H-89.

Br
NH
2 H\/\/©/

L > ) -
N N O\||/OH O_S_O
O P
| X
on (
HO OH
5-AMPS H-89

Figure 1.9 Structure formulas of 5 AMPS and H-89.

Furthermore, agonists of P2Y4; receptors could possibly be used to improve
cardiac output in patients with circulatory shock. On the other hand, P2Y receptor
antagonists could be advantageous in patients with congestive heart failure (CHF)
(Balogh et al., 2005). P2Y 1 receptor expression in mice and other rodents is not
detected. Cloning of the receptors was done only in man and dog (Zambon et al.,
2001; Communi et al., 1999). According to the results of receptor stimulation in the
mouse cardiomyocytes, P2Yq-like receptors were discovered in mouse heart.
They seem to have a role in controlling cardiomyocyte contractility. The order of
agonist potency was AR-C67085 > ATPyS > 2-MeSATP >>> 2-MeSADP (structure
formulas in Figure 1.7). This rank order is similar to the agonist profile of the P2Y 14
receptor (Communi et al., 1999). These results suggest that P2Y 14 receptors might
have potential as a therapeutic target in heart diseases (Amisten et al., 2006;
Balogh et al., 2005).

1.2.3. Ligands at P2Y,, receptors

At P2Y 1 receptors, ATP is the preferred native ligand (Communi et al., 1999). The
following amino acid residues were suggested to interact with the ATP molecule:
Arg106, Phe109, Ser206, Arg268, Arg307, and Met310. The three positively

16



Introduction

charged residues might interact electrostatically with the triphosphate moiety of
ATP, while Ser206 possibly formed an H-bond with Py (Zylberg et al, 2007). The
ECsoof ATP is 72 uM as determined by IP; whereas by cAMP accumulation assay
is 17.4 uM (Communi et al., 1999).

As well as in P2X receptors, the story of antagonist ligands at P2Y44 receptors
began with suramin. Suramin, a P2Y receptor antagonist, is a polysulfonated
naphthylurea with a K; close to 1.0 yM. Unfortunately, it exhibits low selectivity at
P2Y receptors (Communi et al., 1999). Synthesis of P2Y receptor ligands based
on suramin showed an interesting result. The result could be used to derive
structure-activity relationships (Ullmann et al., 2005). NF157 is the first potent and
selective antagonist at P2Y44 receptors with nanomolar potency (Figure 1.8).
Ullimann et al. described a K| value of 44.3 nM for this compound which was about
7-fold more potent than suramin. In addition, it exhibited selectivity to P2Y14
receptors over P2Y; and P2Y; receptors more than 650-fold higher (Ullmann et al,
2005).

Albeit NF157 has potent antagonistic effects at P2Yq4 receptors, it still has
disadvantages. NF157 has the same potency at P2X; receptors. Another
analogue, with a higher potency at P2Y 11 receptors, is NF340 (Figure 1.8). NF340
is a truncated urea analogue with nanomolar potency (K; value of 19.5 nM, Meis,
2008). Besides NF340, Meis (Dissertation, 2008) also reported a high antagonistic
activity of small urea of suramin derivative (NF294) with K; value of 38.0 nM
(Figure 1.10). NF340 and NF294 have a meta position between sulfonate and

amido-linkage group.

SO;Na SO;Na
“OO H H O OO
N N
SOsN
SO;Na cH, H3CI j :Na

Figure 1.10 Structure formula of NF294.

17



Introduction

Analogues of NF340 with variations of the sulfonate precursors have been
synthesized by Hongwiset (2008). Hongwiset (Dissertation, 2008) reported a high
potency urea derivative of NF340 (MK094) with a K; value of 72.0 nM (Figure

1.11). At this stage, the research is still ongoing to discover still more potent
suramin and NF340 analogues.

SO;Na SO;Na
OO OO
SO3Na SO3Na

3

Figure 1.11 Structure formula of MK094.

So far, P2Y 11 receptors are less investigated than other P2Y receptors (Zylberg,
2007). Regarding the importance of P2Y44 receptors, the exploration of their

physiological role is one interesting step for drug development.
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2. Aim and scope of the study

The unambiguous attribution of the P2Y¢, receptor with a specific effect is
hampered by the lack of subtype-selective agonists and antagonists. Hence, novel
antagonists or agonists to evaluate the physiological role of the P2Y 11 receptor are
still required.

NF340, an antagonist with nanomolar potency, was recently identified (Meis,
2008). Analogues of NF340 with variation at the sulfonate precursor have been
synthesized by Hongwiset (2008). Hongwiset synthesized with the variation at
benzene or naphthalene sulfonate whereas in this study the phenylene-linker was
varied. Moreover, the derivatives containing 4-fluoro phenylene-linker at benzene
or naphthalene sulfonate were synthesized. Meis has reported the finding of non-
nucleotide agonists (Meis, 2008). However the structure activity relationship was
not fully understood. The aim of this study was to obtain a deeper insight in the
structure activity relationship by using a further systematic variation of urea
containing sulfonate group.

This study was divided into two parts: synthesis and biological evaluation.

2.1. Synthesis of novel ligands

2.1.1. Synthesis of urea derivatives containing trisodium 7-
naphthalene-1,3,5-trisulfonate substituent and 4-fluoro -
3,1-phenylene-linker

NF294 is a disulfonate derivative with methyl group at phenylene-linker with K;
value of 38.0 nM (Figure 1.10). MK094 is a trisulfonate derivative with the similar
phenylene-linker with a K value of 72.0 nM (Figure 1.11). Both compounds have a
sulfonate substitution in meta position to the amido-linkage group. The similar
sulfonate precursor with MK094 was used in this study. Moreover, the fluorine
analogue of suramin (NF157) showed high potency (Ullmann et al., 2005).
Therefore, it was interesting to study trisulfonate derivatives with a sulfonate
substitution in meta position to the amido-linkage group and containing 4-fluoro-

3,1- phenylene-linker. In this study, compound 5c was synthesized (Figure 2.1).
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SO3Na SO3Na
o OO OO o
SO3Na SO3Na

Figure 2.1 Structure formula of compound 5c.

Based on the result of the high antagonistic activity of compound 5c, further

derivatives of compound 5c¢ were designed and synthesized (Figure 2.2).

e ——

// SO3Na \\ SO3Na

/
NaO3S \ -~ SO;Na
| 3 3
‘ 0r \H\ H
\\ N / N N
AN H -1 l
\
— \
) N

SO;Na

Structure modification 1

Figure 2.2 Structure modification 1 and 2 of compound 5c.

Modification 1: variation of the phenylene-linker. Symmetrical naphthalene
sulfonate urea derivatives with variations of the phenylene-linker were planned to
be synthesized. In addition, extended structures with a second phenylene-linker
were further synthesized (“large urea”).

Modification 2: variation of the numbers and positions of the sulfonate moieties of
the naphthalene ring and benzene ring with the fluorinated phenylene-linker. This
variation was planned to be synthesized in order to study which of the sulfonate
moieties were important for P2Y 11 receptor activity. Moreover, it was investigated if

the naphthalene could be substituted by a benzene ring.
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2.1.2. Synthesis of urea derivatives containing trisodium 3-(2,4-
disulfonatophenylcarbamoyl)benzoate substituent

Series of urea derivatives containing trisodium 3-(2,4-disulfonatophenyl-
carbamoyl)benzoate substituent was synthesized. Ullmann (Dissertation, in
process) reported a small urea containing this substituent. An extended structure
of urea derivatives with variation of phenylene-linker extension were synthesized in
this study (Figure 2.3).

SO3Na SO3Na
NaO3S SO3Na
HN @) O NH

/’—\\
&0 S P on
a a
|
Nt Nl N
O \ pae) o]
\
~ 7/

Figure 2.3 Structure modification 3: variation of the phenylene-linker.

Identification and purity of compounds were then analyzed by elemental analysis
(C, H, and N), thin layer chromatography (TLC), high performance liquid
chromatography (HPLC), infrared spectroscopy (IR), mass spectrometry (MS), and

nuclear magnetic resonance (NMR) spectroscopy (*H, *C).

2.2. Biological evaluation

Biological activities of the synthesized compounds were tested at P2Y 4 receptors
recombinantly expressed in 1321N1 astrocytoma cells by measuring ligand
induced changes in the intracellular calcium concentration. Furthermore, structure-
activity relationships were discussed according to the biological results. The
selectivity of the compounds for P2Y; receptors was investigated at P2Y4, P2Y5,

and P2Y,receptors, each recombinantly expressed in 1321N1 astrocytoma cells.
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3. Chemistry

3.1. Synthesis of urea derivatives containing trisodium 7-
naphthalene-1,3,5-trisulfonate substituent

A series urea derivatives containing trisodium 7-naphthalene-1,3,5-trisulfonate
substituent was synthesized by varying the phenylene-linker (Figure 3.1 and
Figure 3.2). 14 ureas were synthesized. As an example of synthesis and structure
conformation of compounds 5a, 5b, 5c¢, 9a, 9b and 9c are explained in detail in the

following chapter.

SO;Na 07 (CHyn NaO3S o
NaO,3S
99 : — Y
NH,

™ |
/\//\/ SO3N3 H \\»_NO2
R~ NO, R
SO;Na o
n -
2a, 5a, 8a, 11a-14a
1 (NO3, R)
2 (3-NOy, H)
5 (3-NO,, 4-F)
8 (4-NO,, H)
11 (5-NO,, 2-CHj)
12 (3-NO,, 2-CHj) Pd/C, H,
13 (3-NO,, 4-OCHy)
n=1
14 (4-NO,,H)
o SO;Na
NaO3S
RN 0
N N cocl,
H 2X N = )
soNa T K o N
1c, 2¢, 5¢, 8¢, 11c-14c 1 2b. 5b. 8b. 11b-14b R

Figure 3.1 Synthesis pathways of small urea derivatives containing trisodium 7-naphthalene-1,3,5-
trisulfonate substituent.
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Chemistry

To synthesize compound 5a, 4-fluoro-3-nitrobenzoyl chlorid was needed. 4-Fluoro-
3-nitrobenzoyl chlorid was resynthesized. This compound was formerly
synthesized by Ullmann et al. and was used as phenylene-linker precursor of
NF157 (Ullman et al., 2005). 4-Fluoro-3-nitrobenzoyl chloride was synthesized
from 4-fluoro-3-nitrobenzoic acid, which was obtained from nitration of 4-
fluorobenzoic acid with a combination of nitric acid and sulphuric acid (Becker et
al., 2001) (Figure 3.3).

COOH COOH
HNO4/H,SO,

—_—

NO,
F F

Figure 3.3 Nitration of 4-fluorobenzoic acid.

4-Fluoro-3-nitrobenzoic acid was then converted to 4-fluoro-3-nitrobenzoyl chloride
(Figure 3.4).

COOH cocl
socCl,
o)
NO, ot NO,
F F

Figure 3.4 Formation of 4-fluoro-3-nitrobenzoyl chloride.

3.1.1. Synthesis of “small urea” derivatives

3.1.1.1. Trisodium 7-(4-fluoro-3-nitrobenzamido)-naphthalene-1,3,5-
trisulfonate

Compound 5a is a nitro derivative which was obtained by amide formation of
trisodium  7-aminonaphthalene-1,3,5-trisulfonate  and  4-fluoro-3-nitrobenzoyl
chloride (Figure 3.5).
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SO;Na o) SO;Na

NaO;S
NaO3S OO C|)‘\®[NOZ alz OO 0
+
-~ NO
SO3Na SO3Na F
5a

Figure 3.5 Acylation of trisodium 7-aminonaphthalene-1,3,5-trisulfonate with 4-fluoro-3-
nitrobenzoic chlorid.

Trisodium 7-aminonaphthalene-1,3,5-trisulfonate was dissolved in water and was
acylated with the acid chloride dissolved in toluene in a two-phase reaction. During
the reaction, pH was maintained at 3.8 by automatically adding of 2 M Na,COs3
solution. pH 3.8 was a compromise to avoid the hydrolysis of the acid chloride at
high pH and the protonation of the amine at low pH. After the reaction was
completed (controlled by TLC and HPLC), the reaction mixture was extracted with
diethylether to remove the side product 4-fluoro-3-nitrobenzoic acid. The aqueous
phase was adjusted to pH 7.0 and the solvent was removed under vacuum. NaCl,
as a side product, was separated by stirring in methanol. The amount of NaCl was
measured by titration analysis. The product was obtained as white powder with a
yield of 80.2 %.

Purity and structure confirmation

The purity of compound 5a was checked by TLC and HPLC. The HPLC
chromatogram showed a single peak with a purity of 98.3 % at a retention time of
3.47 minutes (Figure 3.6). The UV spectrum showed a maximum absorption

wavelength at 256.5 nm. This compound contained 3.84 % NaCl.
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Figure 3.6 HPLC chromatogram of compound 5a.
Figure 3.7 shows the '"H NMR spectrum of compound 5a
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Figure 3.7 500 MHz 'H NMR spectrum of compound 5a in DMSO-d.
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Analysis of the "H NMR spectrum of compound 5a revealed the presence of eight
signals with the integration of eight protons. The signal in the lowest field of the
spectrum (10.80 ppm) appeared as a singlet, which disappeared upon the addition
of D,O. This signal represented the amide proton, which indicated the success of
the reaction.

The signals of protons H2 and H6 of compound 5a appeared as two doublets at
8.45 ppm (*J = 2.0 Hz) and 8.28 ppm (*J = 1.8 Hz), respectively. The signal of the
proton H8 appeared at 9.14 ppm as a doublet of doublet with one meta coupling
(*J = 1.8 Hz) to H6 and one zig-zag coupling (°J = 0.8 Hz) to H4. The signal of
proton H4 appeared as broad doublet at 9.06 ppm (4J = 2.0 Hz). Figure 3.8 shows
the possibility of zig-zag coupling of H4 and H8. Coupling through more than four
bonds is normally difficult to observe. Coupling through “zig-zag bond” systems in
unsaturated compounds can be observed (Manfred et al., 1979).

SO3Na

NaO,S._ *
asj\
2 s N R
H

NaO3S

Figure 3.8 A “Zig-zag bond” between the proton H4 and H8 showed the °J coupling constant of
0.8 Hz.

The presence of the protons of the fluorine substituted phenylene-linker was
confirmed by signals at 8.86 ppm, 8.49 ppm, and 7.75 ppm. The doublet of doublet
at 8.86 ppm was interpreted as the signal of H-2'. This proton was coupled to H6’
with meta coupling (*J = 2.2 Hz) and coupled to fluorine atom (*J = 7.2 Hz). A
multiplet signal at 8.49 ppm was assigned to the proton H6’ that coupled to H2’,
H5', and the fluorine atom. A doublet of doublet signal at 7.80 ppm referred to the
signal of H5’, which coupled to H6' and the fluorine atom (°J = 8.8 Hz, 3J =
11.0 Hz).
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Figure 3.9 500 MHz H-H COSY spectrum of compound 5a shown as a contour plot. At the top
and the left-hand edge is the one dimensional 'H NMR spectrum with partial assignments.

The coupling character of the protons was confirmed by H, H-COSY spectrum
(Figure 3.9). The cross peaks (dotted lines) in the spectrum showed the coupling
of the protons H8 (6 = 9.14 ppm) to H6 (6 = 8.28 ppm), H2 (6 = 8.45 ppm) to H4 (6
= 9.06 ppm). Furthermore, the coupling of phenylene-linker proton H2' (doublet),
H5' (doublet of doublet) and H6’ (multiplet) can be investigated by using the cross
peaks. The zig-zag coupling of H4 and H8 was much better observed in the

interpretation of compound 5b.

28



Chemistry

SO3Na

NaO;S._3 5
. OO I
"
1 NS 3'N02
H
SO;Na .

" W

\ \ \ \ \
160 150 140 130 120

ppm (t1)

Figure 3.10 125 MHz "*C NMR spectrum of compound 5a in DMSO-ds.

Figure 3.10 shows the 3C NMR spectrum of compound 5a. The carbon C4’ could
couple to fluorine (Manfred et al., 1979). Therefore, the signal appeared as a
doublet at 156.4 ppm with 'J = 264.5 ppm. Because of the - effect of fluorine, the
signal of C3’ was shifted to 136.8 ppm and showed 2J coupling of fluorine with
8.0 Hz. The assignment of C2’, C5’, and C6' was done by using HSQC spectrum
(Figure 3.11). The signals at 126.6 ppm, 118.0 ppm, and 135.0 ppm could be
interpreted as C2', C5’, (3J = 21 Hz), and C6’ (*J = 10 Hz), respectively.

29



Chemistry

Table 3.1 shows the comparison of the calculated and found *C NMR chemical
shift of the benzamido residue. Calculated signals were obtained by software
ChemDraw 9.

Table 3.1 Comparison of the calculated, found *C NMR chemical shift & (ppm) of benzamido
residue of compound 5a, and HSQC spectra.

Position 3 calculated 3 found HSQC
(Ppm) (ppm) assignment
c1 130.7 131.8 -
Ccz2 122.7 126.6 H2'
C3 137.0 136.8 -
Cc4' 158.9 156.5 -
(0154 116.5 118.0 H5'
Coe’ 135.2 135.0 H6'
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The 10 signals of the naphthalene carbons could be interpreted by comparison to
the calculated signals (ChemDraw 9.0) and HSQC (Figure 3.11).

SOgNa

O
N

SO3Na

H2 H6

I I

L
%]
=]

Y
%]
(3]

=
=
3

— ,
ppm 9.00 8.50 B.00

Figure 3.11 HSQC spectrum of compound 5a in DMSO-ds. Only signals in the aromatic region are
shown here. The one-dimensional 500 MHz 'H NMR spectrum is shown at the top edge, while at
the left-hand edge the one-dimensional 125 MHz "*C NMR is shown.

The signals of C2, C4, C6, and C8 appeared at 120.7 ppm, 119.5 ppm,
123.5 ppm, and 125.8 ppm, respectively. Due to the effect of the sulfonate group,
the signal C5 appeared in the lower field at 143.0 ppm. The similar effect was
observed for signals C3 and C1. Their signals appeared at 142.8 ppm and
136.8 ppm, respectively. The signal at 145.3 ppm, 126.1 ppm and 130.1 ppm were
interpreted as C7, C4a, and C8a, respectively. Table 3.2 shows the chemical shift
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of carbons at the naphthalene ring of compound 5a according to 3C and
correlation between HSQC "H and "*C from the HSQC spectrum.

Table 3.2 Chemical shift of carbons at the naphthalene ring of compound 5a according to 3¢ and
HSQC spectra.

Position 3C 5 (ppm) HSQC
Found Calculated assignment
C1 142.8 138.1 -
c2 120.7 122.5 H2
C3 134.7 135.5 -
c4 119.5 121.8 H4
C4a 126.1 126.2 -
C5 143.0 141.6 -
C6 123.5 117.1 H6
c7 145.3 138.7 -
C8 125.8 115.7 H8
C8a 130.1 130.1 -

The IR spectrum confirmed the presence of the amide functional group with the
characteristic band of the C=0 stretching vibration at 1679 cm™ and the N-H
bending vibration at 1540 cm™. The ESI-MS was measured in the negative mode.
The spectrum showed the signal of [M-Na]" at m/z 593.3 and [M-3Na+2H] at
m/z 549.3 which was in accordance to the calculated [M-Na] at m/z 592.9 and
[M-3Na+2H] at m/z 548.9).
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3.1.1.2. Trisodium 7-(3-amino-4-fluorobenzamido)-naphthalene-1,3,5-
trisulfonate

Catalytic hydrogenation of the nitro derivative 5a to the corresponding amine 5b
was done in aqueous solution using Palladium (10%) on charcoal as the catalyst
(Figure 3.12). Compound 5a was dissolved in water. Under heavy stirring the
reaction mixture was hydrogenated under pressure (4.0 bar) in a Parr apparatus
for approximately 12 hours. The reaction was controlled by TLC. Palladium/carbon

was then filtrated and the solvent was removed under vacuum.

SO;Na SO;Na
NaOs;S O O o . NaOsS O O o
HJ‘\@[NOZ ”)‘\@[NHZ
SO3Na F SO;Na E
5a 5b

Figure 3.12 Hydrogenation of trisodium 7-(4-fluoro-3-nitrobenzamido)-naphthalene-1,3,5-
trisulfonate.

5b was obtained as beige powder. The yield of the compound was 84.3 %.

Purity and structure confirmation

The TLC of amine 5b showed one spot and was detected with Ehrlich reagent.
HPLC showed a purity of 95.6 % with a peak at a retention time of 2.24 minutes
(Figure 3.13). 5b contained 5.50 % NaCl. The UV spectrum of 5b showed a

maximum absorption wavelength at 258.5 nm.
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Figure 3.13 HPLC chromatogram of compound 5b.

Figure 3.14 shows the 'H NMR spectrum of compound 5b.
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Figure 3.14 500 MHz 'H NMR spectrum of compound 5b in DMSO-ds.
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The spectrum revealed the presence of 9 signals with the integration of
10 protons. The D,O exchangeable singlet at 5.30 ppm with an integration of two
protons was characterized as the signal of the -NH, protons. The amide proton
appeared as a singlet at 10.40 ppm, which also disappeared in the D,O exchange
spectrum. The signals of the protons at the naphthalene ring appeared in nearly
the same positions as the signals of the nitro compound (5a). Because of the +M
effect of the amino group, the proton signals of the fluorine substituted phenylene-
linker of 5b were shifted to the upper field in comparison with the nitro precursor
(5a). The signal of the proton H2" appeared as a doublet of doublet at 7.44 ppm (4J
= 1.9, *J = 7.2). The signal of H6’ was shifted to 7.25 ppm, whereas the signal of
H5' appeared as doublet of doublet at 7.09 ppm (°J = 8.5 Hz, 3J = 11.3 Hz).
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Figure 3.15 500 MHz H,H-COSY spectrum of compound 5b shown as a contour plot. At the top
and the left-hand edge is the one-dimensional 1H NMR spectrum with partial assignments.

H-H COSY of compound 5b was measured to confirm the coupling of the protons
(Figure 3.15). The cross peaks (dotted lines) in the spectrum showed the zig-zag
coupling of H4 and H8. Furthermore, the coupling of the protons H8 (5 9.12 ppm)
to H6 (5 8.26 ppm) and H2 (6 8.39 ppm) to H4 (5 8.98 ppm) can be observed. The
coupling of phenylene-linker proton H2' to H6’ (*J = 1.9) can be observed as well

as coupling of H5' and H6’ (°*J = 8.5 Hz).
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Figure 3.16 125 MHz *C NMR spectrum of compound 5b in DMSO-dg.

Figure 3.16 shows the *C NMR spectrum of compound 5b. The signal of the
carbonyl carbon C9 appeared in the lowest field (165.4 ppm). As observed in
compound 5a, signal of C4’ was detected at 152.5 ppm, as a doublet with 'J =
245 Hz. The signal of C3' appeared at 136.5 ppm and showed 2J coupling with
fluorine with J = 13.5 Hz. For further interpretation of the remaining carbons,
HSQC was performed (Figure 3.17, Table 3.3).
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Figure 3.17 HSQC spectrum of compound 5b in DMSO-dg. Only signals in the aromatic region are
shown here. The one-dimensional 500 MHz 'H NMR spectrum is shown at the top edge, while at
the left-hand edge the one-dimensional 125 MHz "°C NMR is shown.

The +M effect of the -NH, group caused a shift of carbon signals of the fluorine
substituted phenylene-linker to the higher field. The signals of the naphthalene
carbons appeared in the relatively same range as in the nitro derivative
(compound 5a). The signals of C2, C4, C6, and C8 appeared at 121.2 ppm,
119.4 ppm, 123.3 ppm, and 125.2 ppm, respectively. The signal C5 appeared in
the lower field at 142.7 ppm, while the other signals C3 and C1 appeared in a
slightly higher field at 135.4 ppm and 142.5 ppm, respectively. The signal at
145.1 ppm, 126.4 ppm and 130.2 ppm were interpreted as C7, C4a, and C8a,
respectively. Table 3.3 shows the chemical shift of carbons at the naphthalene ring

of compound 5b according to *C and HSQC spectra.



Chemistry

Table 3.3 Chemical shift of carbons at the naphthalene ring of compound 5b according to ¥C NMR
and HSQC spectra.

Position 3C 5 (ppm) HSQC
Found Calculated assignment
C1 1425 138.1 3
C2 121.2 122.5 H2
C3 135.4 135.5 i
C4 119.4 121.8 H4
C4a 126.4 126.2 -
C5 1427 141.6 ]
C6 123.3 117.1 H6
Cc7 145.1 138.7 i
C8 125.2 115.7 H8
C8a 130.2 130.1 -

The interpretation of the carbons C2’, C5', and C6" was confirmed by the HSQC
spectrum and the remaining carbons of the fluorine substituted phenylene-linker

were assigned after substitution increment calculation (Table 3.4).

Table 3.4 Comparison of the calculated and found ®C NMR chemical shift of the carbons of the
fluorine substituted phenylene-linker of compound 5b.

Position 3 (ppm)

Calculated Found
c1 130.6 131.6
cz 113.4 116.4
C3' 136.4 136.5
C4 161.1 152.5
C5’ 116.4 114.6
Co6’ 119.1 115.9
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The IR spectrum revealed the presence of the amide functional group with the
characteristic band of the C=0 stretching vibration at 1652 cm™. The ESI-MS
spectrum was measured in the negative mode. The spectrum showed signals of
[M-Na]” at m/z 563.8, [M-2Na+H] at m/z 541.6 and [M-3Na+2H] at m/z 519.6 in
comparison with calculated m/z of [M-Na] at 563.4, [M-2Na+H] at 541.5 and [M-
3Na+2H] at 519.0.

3.1.1.3. Hexasodium 7,7’-{carbonylbis[azanediyl(4-fluoro-3,1-
phenylene)carbonylazanediyl]}bis(naphthalene-1,3,5-
trisulfonate)

The urea derivative 5¢ was synthesized by phosgenation of amine 5b. A solution
of phosgene in toluene (20 %) was slowly dropped to the aqueous solution of
amine 5b (Figure 3.18). The pH of the reaction was kept constant at 3.7 to avoid
the hydrolysis of phosgene and protonation of the amine at low pH. Compound 5¢
was obtained as beige powder with 66.0 % yield. After the reaction was
completed, the solution was adjusted to pH 7 and solvent was removed under

vacuum.

SOzNa SO;3Na SO3Na

NaO;S NaO;S SOzNa
OO = ™ CTN 8 g R LT
NH, N _N
N N bl N
SO;Na F SO3Na F (¢} F SOsNa
5b 5¢c

Figure 3.18 Phosgenation of trisodium 7-(3-amino-4-fluorobenzamido)-naphthalene-1,3,5-

trisulfonate
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Purity and structure confirmation
The TLC of urea 5c showed one spot. The HPLC chromatogram showed a single
peak with a purity of 96.5 % at a retention time of 4.98 minutes (Figure 3.19). The

UV spectrum showed a maximum absorption at the wavelength of 258.5 nm.
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Figure 3.19 HPLC chromatogram of compound 5c.
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Figure 3.20 500 MHz 'H NMR spectrum of compound 5¢ in DMSO-dp.

Figure 3.20 shows the '"H NMR of compound 5c. The spectrum revealed the
presence of nine signals with integration of 18 protons. The signals of the amide
proton at 10.61 ppm and urea at 9.16 ppm disappeared upon addition of D,O. The
interpretation of '"H NMR of compound 5c was supported by COSY spectrum
(Figure 3.21).
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Figure 3.21 500 MHz H,H-COSY-90 spectrum of compound 5c shown as a contour plot. At the top
and the left-hand edge is the one-dimensional 1H NMR spectrum with partial assignments.

The cross peaks (dotted lines) in the spectrum showed the zig-zag coupling of H4
and H8. Furthermore, the coupling of the protons H8 (5 9.14 ppm) to H6 (& =
8.28 ppm) and H2 (6 = 8.42 ppm) to H4 (6 = 9.05 ppm) can be observed. The
coupling of phenylene-linker proton H2' to H6’ (*J = 1.6) can be observed as well
as coupling of H5' and H6' (°J = 8.5 Hz). H6' appeared as multiplet signal. It
coupled to H2', H5' and fluorine atom. H2' appeared as doublet of doublet signal
and coupled to H6' and H5'. H5' appeared as doublet of doublet signal and
coupled to H6’ and fluorine atom. Table 3.5 shows the comparison of the chemical

shifts of the benzamido residues of the nitro-, amino-, and urea-derivatives.
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Table 3.5 Comparison of H NMR signals (DMSO-dg) of benzamido residues between compounds
5a-5c.

3 (ppm) 3 (ppm) 3 (ppm)
Position (5a) (5b) (5¢)
Nitro-derivative = Amine-derivative Urea
H2’ 8.86 7.44 8.73
H5’ 8.49 7.25 7.81
H6’ 7.75 7.09 7.41

The *C spectrum of 5c¢ (Figure 3.22) shows the carbonyl urea carbon at
152.1 ppm whereas the signal of the carbonyl carbon of the amide group (C9)
appeared at 164.5 ppm. The signals of the naphthalene carbons appeared in a

similar range as the carbons of the precursors 5a and 5b.

SO3Na SO3Na
NaO5S._3 SO;Na
SOt 2 O
SOgNa O SOgNa

" i A

\ \ \
130 120

160 150 140
ppm (t1)

Figure 3.22 125 MHz "*C NMR spectrum of compound 5¢ in DMSO-d.
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The assignment of all carbon signals was performed by comparison with the

calculated signals and HSQC spectrum (Figure 3.23). Table 3.6 shows the

assignment of the carbon signals of the benzamido residue.

SO;Na SO;Na
NaO5S._3 5 SO;Na
PO PSS

. .
) N™ 9 \n/ N
H H
SO;Na o) SOsNa
FTF
H8 H4

H2' H2 H6

R "

ppm  9.00 8.50 8.00 7.50

Figure 3.23 HSQC spectrum of compound 5c¢ in DMSO-dg. Only signals in the aromatic region are
shown here. The one-dimensional 500 MHz 'H NMR spectrum is shown at the top edge, while at

the left-hand edge the one-dimensional 125 MHz 3C NMR is shown.
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HSQC spectrum showed the correlation between C2 - H2 and C4 - H4 as well as
C6 — H6 and C8 - H8. The signals of C2, C4, C6, and C8 appeared at 121.1 ppm,
119.3 ppm, 123.5 ppm, and 115.1 ppm, respectively. Furthermore, the spectrum
showed the coupling of C2’ (121.8 ppm), C5’ (115.1 ppm) and C6' (123.2 ppm) to
H2' (8.73 ppm), H% (7.81 ppm) and H6’' (7.41 ppm), respectively. Coupling
patterns of the phenylene-linker of compounds 5a, 5b and 5b can be observed
(Table 3.6). The characteristic coupling of C4’' to fluorine was shown by the
coupling constant of 264.5 Hz, 245 Hz and 246.9 Hz of compound 5a, 5b and 5c,
respectively. Further coupling to fluorine was observed for C5’ with J = 21 Hz (5a),
18.9 Hz (5b) and 20 Hz (5¢) whereas C6' with J = 10 Hz (5a), 7.1 Hz (5b) and
8.5 Hz (5¢), respectively.

Table 3.6 Comparison of 3C NMR signals (DMSO-ds) and coupling constants of carbons at
benzamido residues of compounds 5a-5c.

Position 5a 5b 5c
3 J(Hz) 5 J(Hz) 5 J(Hz)
(ppm) (Ppm) (ppm)

C1 131.8 3.6 131.6 5.6 1316 214
Cc2 126.6 - 116.4 - 121.8 -
C3 136.8 8.0 136.5 13.5 127.2  10.9
Cc4' 156.5 264.5 1525 2450 1546 246.9
C5’ 118.0 21.0 114.6 18.9 115.1 20
Ce6’ 135.0 10.0 115.9 7.1 123.2 8.5

The ESI-MS spectrum was measured in the negative mode. The spectrum showed

a signal m/z of [M-Na] at 1175.3 in comparison with calculated m/z 1174.8.
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3.1.2. Synthesis of “large urea” derivatives

3.1.2.1. Trisodium 7-[4-(3-nitrobenzamido)-benzamido]-naphthalene-
1,3,5-trisulfonate

Urea compound 9c was found as a novel agonist at P2Y 44 receptors in this study.
Precursors of compound 9c are nitro 9a and amine 9b. Compound 9a is an
extended structure (“large urea”) of compound 8b (structure in Appendix B) with a
second phenylene-linker (Figure 3.24). Trisodium 7-(4-aminobenzamido)-
naphthalene-1,3,5-trisulfonate (8b) was dissolved in water and acylated with the
3-nitrobenzoylchloride dissolved in toluene in a two-phase reaction. Compound 9a

was obtained as white powder. The yield of the compound was 78.4 %.

SO3Na SO;3Na

RO W i RO W
SO;Na N, SOsNa N)K@Noz
H
9a

8b

Figure 3.24 Acylation of trisodium 7-(4-aminobenzamido)-naphthalene-1,3,5-trisulfonate with 3-
nitrobenzoyl chloride

Purity and structure confirmation
The TLC of compound 9a showed one spot. The HPLC chromatogram showed
98.1 % of purity at a retention time of 5.66 minutes. The UV spectrum showed a

maximum absorption wavelength at 258 nm.
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Figure 3.25 shows the 'H NMR spectrum of compound 9a.
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Figure 3.25 500 MHz 'H NMR spectrum of compound 9a in DMSO-ds.

Analysis of the '"H NMR spectrum revealed the presence of 11 signals with the
integration of 14 protons. The signals in the lowest field of the spectrum
(10.84 ppm and 10.52 ppm) appeared as singlet, which disappeared upon the
addition of D,O. The signal represented both amide protons of compound 9a. The
signal of protons H2, H4, H6 and H8 appeared at the similar range with the

protons of compound 5a. The first phenylene ring formed a AA'BB’ system. Two
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signals were assigned to protons H2', H6' and H3', H5' at 7.95 ppm and 8.44 ppm,
respectively. The signals appeared as doublet of doublet with 3%J=6.9and *J =
1.9. Signal H2"" appeared at 8.82 ppm as a triplet which coupled to H4"” and H6"
with *J = 2.2. The triplet signal at 7.85 ppm was assigned to H5"" which coupled to
H4" and H6". Due to the poor resolution, proton H4"" and H6'" appeared as a not
separated signal at 8.45 ppm. The better resolution was much better observed in
compound 9b and 9c.

Figure 3.26 shows the >C NMR spectrum of compound 9a.

SO3Na
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Figure 3.26 125 MHz "*C NMR spectrum of compound 9a in DMSO-ds.
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The "*C spectrum of compound 9a shows the carbonyl carbons appeared in the
lower field at 164.9 ppm and 163.8 ppm. Carbons C1-C8 appeared in similar range
with compound 5a. The AA'BB’ system can be observed at signals of carbons C2,
C6’ (128.9 ppm) and carbons C3', C5 (122.7 ppm). The assignment of other
signals was performed by comparison of the found signals with the estimated
signals from the software ChemDraw Ultra 9.0 which explained in chapter 3.1.2.3.

The IR spectrum confirmed the presence of the amide functional group with the
characteristic band of the C=0 stretching vibration at 1662 cm™ and the N-H

bending vibration at 1527 cm™.

3.1.2.2. Trisodium 7-[4-(3-aminobenzamido)-benzamido]-naphthalene-
1,3,5-trisulfonate

Compound 9b was hydrogenated in water using palladium/carbon as catalyst. The

same method as explained for the synthesis of compound 5b was used (Figure

3.27). 9b was obtained as beige powder with 93.3 % yield of compound.

SO;Na SO;Na

NaO3S NaO3S
IOOW: T
H o) PMZ ” 0
SO3Na N)‘\©/N02 SOgNa N)k©/NH2
H H

Figure 3.27 Hydrogenation of trisodium 7-[4-(3-nitrobenzamido)-benzamido)]-naphthalene-1,3,5-
trisulfonate.

Purity and structure confirmation
The TLC of 9b showed one spot. HPLC showed a purity of 98.0 % with a peak at a
retention time of 2.38 minutes. The UV spectrum showed a maximum absorption

wavelength at 254.5 nm.
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Figure 3.28 shows the 'H NMR spectrum of compound 9b.
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Figure 3.28 500 MHz 'H NMR spectrum of compound 9b in DMSO-ds.

The spectrum revealed the presence of 13 signals with the integration of
16 protons. The D,0O exchangeable singlets at 10.46 ppm and 10.31 ppm
were characterized as the signal of amine protons. The amine protons appeared

as a singlet with integration of two protons, which also disappeared in the D,O

exchange spectrum. The signals of the protons at the naphthalene ring appeared
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in nearly the same potions as the signal of the nitro compound 9a. Because of the
+M effect of the amino group, the proton signals of the H4"" were shifted to the
upper field in comparison to 9a. H4"" coupled to H2" and H6" (*J = 2.2, °J = 7.5).
Proton H5"" appeared as triplet at 7.15 ppm with J coupling = 7.5 ppm. The AA'BB’
system was also observed in this amino compound. Protons H3', H5" and H2’, HE’
appeared at 8.08 ppm and 7.92 ppm, respectively.

Figure 3.29 shows the "*C NMR of compound 9b.

b

\ \ \ \ \ \
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Figure 3.29 125 MHz "*C NMR spectrum of compound 9b in DMSO-ds.

The signals of carbonyl carbons appeared at 166.8 ppm and 165.1 ppm. As
observed in compound 9a, the AA'BB’ system can be observed at carbons C2’,
C6’ and C3', & at 128.7 ppm and 119.3 ppm, respectively. The interpretation of
other signals was performed by comparison of the found signals with the estimated
signals from the software ChemDraw Ultra 9.0 which is explained in Chapter
3.1.2.3.
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3.1.2.3. Hexasodium 7,7'-{carbonylbis[azanediyl-3,1-
phenylenecarbonylazanediyl(4,1-phenylene)carbonylazanediyl]}
bis(naphthalene-1,3,5-trisulfonate)
The urea derivative 9c was synthesized by phosgenation of amine 9b. Urea 9c is
an extended structure (“large urea”) of compound 8c (structure in Appendix B) with
a second phenylene-linker. A solution of phosgene in toluene solution (20 %) was
slowly dropped to the aqueous solution of amine 9b (Figure 3.30). The pH of the
reaction was kept constant at 3.7 to avoid the hydrolysis of phosgene. Compound
9c was obtained as grey powder with 89.0 % vyield. After the reaction was
completed, the solution was adjusted to pH 7 and solvent was removed under

vacuum.

SO;Na SOzNa SO3Na

NaO3S o NaOas o o SOsNa
N (0] N o (0] N
H H
SOsNa HJK@ NH, COCl; SOsNa HJK@ NN O)LH SO:Na
N N Y N
H H H
[¢]
9b 9

—

Figure 3.30 Phosgenation of trisodium 7-(4-(3-nitrobenzamido)-naphthalene-1,3,5-trisulfonate.

Purity and structure confirmation
The TLC of urea 9¢ showed one spot. The HPLC chromatogram showed a single
peak with purity of 98.3 % at a retention time of 5.08 minutes. The UV spectrum

showed a maximum absorption at the wavelength of 260.5 nm.
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Structure confirmation

Figure 3.31 shows the "H spectrum of compound 9c.
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Figure 3.31 500 MHz 'H NMR spectrum of compound 9¢ in DMSO-ds.

The spectrum of compound 9c revealed 13 signals with the integration of
30 protons. Signals at 10.56 ppm and 10.52 ppm were assigned to amide proton.
Signal of urea proton appeared at 9.89 ppm. Amide and urea signals disappeared
upon addition of D,O. The proton signals of H8, H4, H6 and H2 appeared in nearly

the same range as the signals of the proton compounds 5a-5c. H8, H4, H2 and H6
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were assigned to signal at 9.14 ppm, 9.08 ppm, 8.43 ppm and 8.28 ppm,
respectively. The para phenylene-linker formed a AA'BB’ system. Signals at
8.08 ppm were assigned to H3’, H5' and at 7.96 ppm to H2' and H6’ with *J = 8.8.
The signals of the meta phenylene-linker protons appeared at 7.77 ppm (H4"),
7.61 ppm (H6"”), and 7.45 ppm (H6"), respectively. The signal of proton H5"
appeared as triplet and coupled to H6"” and H5"" with *J = 8.5 ppm.

Figure 3.32 shows the ™*C NMR of compound 9c.
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Figure 3.32 125 MHz *C NMR spectrum of compound 9¢ in DMSO-d.

The signal of the carbonyl urea appeared at 153.0 ppm. The carbonyl carbons of
the amide groups appeared at 166.2 ppm and 165.1 ppm, respectively. The

carbons of the naphthalene ring appeared in nearly the same positions as the
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signals of naphthalene compounds 5a-5c. The interpretation of other signals was
performed by comparison of the found signals with the estimated signals from the

software ChemDraw Ultra 9.0 for compound 9a, 9b and 9c (Table 3.7).

Table 3.7 Comparison of the calculated and found 3C NMR chemical shift of the carbons of
compound 9a, 9b and 9c.

Nitro-9a Amino-9b Urea-9c

Carbon 5 (ppm)
Found Calc Found Calc Found Calc
c1 130.4 129.8 129.4 129.8 129.8 129.5
C2'-Ce’ 128.9 127.7 128.7 127.7 127.7 128.8
C3'-C5’ 122.7 121.7 119.3 121.7 121.7 119.5
C4’ 141.8 139.2 135.8 139.2 139.2 142.3
Cc1” 135.4 135.1 135.4 135.0 134.4 135.5
c2” 119.8 121.1 113.2 111.8 117.1 117.6
C3” 147.9 148.0 148.9 148.5 135.9 135.7
C4" 126.5 127.3 116.7 119.7 125.0 125.3
C5” 130.2 129.8 128.9 129.7 129.1 128.9
C6” 134.5 133.6 115.0 117.5 123.1 121.1

The signal of carbon C2' and C6’ appeared as one signal with integration of two
carbons at 128.8 ppm, 128.7 ppm, and 127.7 ppm for compound 9a, 9b and 9c,
respectively. The signals were in agreement with the calculated signals. Signal
carbons of C3’ and C5’ were appeared at 122.7 ppm, 119.3 ppm, and 121.7 ppm
for compound 9a, 9b and 9c. The signals also appeared as AA'BB’ system and
were equal with calculated signals. Due to the effect of a coupling to amide group,
signal of C1’ and C6’ appeared at the lower field in comparison to the signals of
carbons C2’, C6’, C3’, and C&%'. Carbon C4" (126.5 ppm) of amino compound 9b
was shifted to the higher field in comparison to the nitro compound 9a
(116.7 ppm). This phenomenon was observed because of the -M* effect of the
amino group. In general, the found signals are not significant difference compared

to the calculated signals.
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The ESI-MS spectrum was measured in the negative mode. The spectrum showed
signals of [M-Na]" at 1379.2, [M-2Na+H] at m/z 1357.1, and [M-3Na-H] at m/z
1335.2 in comparison with calculated m/z of [M-Na] at 1377.1, [M-2Na+H] at
1355.1, and [M-3Na+2H] at 1333.1

3.2. Synthesis of urea derivatives containing 4-fluoro-3,1-
phenylene-linker at benzene or naphthalene sulfonates

The result from the pharmacological testing showed that the urea 5c with the
4-fluorobenzamido residue is the most potent antagonist activity at P2Yq4
receptors (see detail in 4.3). It was interesting to investigate other 5c derivatives
with variations in the sulfonate part using naphthalene and benzene sulfonates as
precursors. Naphthalene monosulfonates (15c-16¢), disulfonates (17c-18c), and
trisulfonate (19c) or benzene sulfonates (20c and 21c¢) were used for synthesis.

Figure 3.33 shows the synthesis pathway of urea derivatives with a 4-fluoro-3,1-

phenylene-linker. The same method was used as explained for compounds 5a-5c.

57



Chemistry

R
NH O
COcCl
R-NH, + —
NO, NO,
F
15a-21a
SO5Na
T O ®
NaO3S
15 16
O
NaO3S

19

15b-21b
NH,
F

l COoCl,

H H
R/N 0 O N\R
A
N™ °N
F H H F

15c-21c

SO3Na

NaO3SSO3Na

SO3Na
17 18

SO.Na SO;Na
NaO3S NaO,S
20 21

Figure 3.33 Synthesis pathway of urea derivatives with a 4-fluoro-3,1-phenylene-linker and various

naphthalene and benzene sulfonates as precursors.

Here, the structure confirmation of compounds 20a, 20b, and 20c are explained as

an example in this series.

3.21.
disulfonate

Disodium 2-(4-fluoro-3-nitrobenzamido)benzene-1,4-

Compound 20a was synthesized by acylation of 1,4 aniline disulfonate disodium

salt (Figure 3.34). Compound 20a was obtained as a pale yellow powder with the

yield of 60.3 %.
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Figure 3.34 Acylation of disodium aminobenzene-1,4-disulfonate with 4-fluoro-3-
nitrobenzoylchloride.

Purity and structure confirmation
The TLC of compound 20a showed one spot. Further, purity check by HPLC
showed a purity of 98.5 % at a retention time of 2.37 minutes. The UV spectrum

showed a maximum absorption wavelength at 261 nm.
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Figure 3.35 shows the "H NMR spectrum of compound 20a.
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Figure 3.35 500 MHz 'H NMR spectrum of compound 20a in DMSO-de.

It revealed the presence of seven signals with the integration of seven protons.
The amide proton signal appeared at 11.70 ppm (singlet) with an integration of one
proton. The signal disappeared upon the addition of D,O. The signal of proton H3
appeared at 8.75 ppm. The splitting pattern of H3 was much better observed in
compound 20b. The proton H6 appeared as doublet at 7.69 ppm and coupled to
H5 (3J = 8.0). The signal of proton H5 appeared as a doublet at 7.38 ppm with one
ortho coupling (°J = 8.0). The presence of the fluoro substituted phenylene-linker
protons was confirmed by signals at 8.65 ppm, 8.31 ppm and 7.89 ppm. The
doublet of doublet at 8.65 ppm was interpreted as the signal of H-2'. This proton
coupled to H6' (*J = 2.0 Hz) and to the fluorine atom (*J = 7.0 Hz). A multiplet
signal at 8.31 ppm represented the proton H6’, which coupled to H5', H2' and
fluorine. A doublet of doublet signal at 7.89 ppm was assigned to H5', which
coupled to H6’ and the fluorine atom (°J = 9.0 Hz, °J = 11.0 Hz).
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Figure 3.36 shows the "*C NMR of compound 20a.
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Figure 3.36 125 MHz ">C NMR spectrum of compound 20a in DMSO-dj

The signals at 126.8 ppm, 117.1 ppm and 135.9 ppm could be interpreted as C2’,
C5' and C6’, respectively. The signal of C4’ was detected at 156.9 ppm as doublet
with 'J= 265.3 Hz
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Table 3.8 shows the C NMR signals of the fluorobenzamido residue in

comparison with calculated signals.

Table 3.8 Comparison of the calculated and found 3C NMR chemical shift of the fluorinated
phenylene-linker of compound 20a.

Position d (ppm)

calculated found
c1 130.7 131.9
Cc2 122.7 125.8
C3 137.0 137.5
C4’ 158.9 156.9
C5’ 116.5 117.7
C6’ 135.2 135.9

Table 3.9 shows the chemical shifts of the carbons at the sulfonate substituted
phenyl ring of compound 20a according to "*C and HSQC correlation spectrum

between 'H and "3C.

Table 3.9 Chemical shift of carbons at the sulfonate substituted phenyl ring of compound 20a
according to '°C and HSQC spectra.

Position 6 (ppm)
Found Calculated HSQC
C1 134.7 143.4 -
C2 134.3 129.6 -
C3 119.9 125.0 H3
C4 150.0 153.8 -
C5 120.9 121.9 H5
C6 126.8 137.2 H6
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Figure 3.37 shows the HSQC spectrum of compound 20a.
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Figure 3.37 HSQC spectrum of compound 20a in DMSO-ds. Only signals in the aromatic region
are shown here. The one-dimensional 500 MHz 'H NMR spectrum is shown at the top edge, while
at the left-hand edge the one-dimensional 125 MHz "*C NMR is shown.

The signal at 119.9 ppm was interpreted as C3, which coupled to H3. C6 and C5
appeared at 126.8 ppm and 120.9 ppm, respectively. C1 and C4 appeared at
134.7 ppm and 153.8 ppm. The coupling pattern of the fluorinated phenylene-

linker carbons was observed in nearly similar pattern of compound 5a. C4’ coupled
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to fluorine atom at 156.9 ppm. C%' coupled to H5' (doublet of doublet) at 117.7
ppm. C6' coupled to H6' (multiplet) and appeared at 135.9 ppm. C2’ coupled to
H2' and appeared at 125.8 ppm.

The IR spectrum confirmed the presence of the amide functional group with the
characteristic band of the C=0 stretching vibration at 1677 cm™ and the N-H

bending vibration at 1537 cm™.

3.2.2. Disodium 2-(3-amino-4-fluorobenzamido)benzene-1,4-
disulfonate

Compound 20a was hydrogenated in water using palladium/carbon as catalyst

(Figure 3.38). The product (20b) was obtained as beige powder with a yield of

88.5 %.
SO3Na SOgNa
NaOsS N /©/
3 Pd/C, H, a05S

HN.___O < HN.__O

NO, NH,
F F
20a 20b

Figure 3.38 Hydrogenation of disodium 2-(4-fluoro-3-nitrobenzamido)benzene-1,4-disulfonate.
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Purity and structure confirmation

The TLC of amine 20b showed one spot. The HPLC chromatogram showed a
purity of 98.52 % peak area at a retention time of 1.54 minutes. The UV spectrum
showed maximum absorption at a wavelength of 257 nm.

Figure 3.39 shows the 'H NMR spectrum of compound 20b.
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Figure 3.39 500 MHz 'H NMR spectrum of compound 20b in DMSO-dg.

The spectrum revealed eight signals with the integration of nine protons. The D,O
exchangeable singlet at 5.46 ppm with an integration of two protons was assigned
to the -NH, protons. The amide proton appeared as a singlet at 11.20 ppm, which
also disappeared in the D,O exchange spectrum. Protons H3, H5 and H6
appeared in nearly the same positions as the signals of the nitro compound (20a).
The proton signals of the benzamido residue of 20b were shifted to the upper field
in comparison with the nitro precursor (20a) because of the +M effect of the amino

group. The signal of proton H2' appeared as a doublet of doublet at 7.40 ppm and
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coupled to H5' and the fluorine atom (*J = 1.5 Hz, *J = 9.0 Hz). The signal of the
multiplet H6’ was shifted to 7.08 ppm, whereas the signal of H5' appeared as a
doublet of doublet at 7.13 ppm. H5' coupled to H6' and the fluorine atom (°J =
8.0 Hz, ®J = 11.0 Hz). The proton H6 appeared as doublet at 7.65 ppm and
coupled to H5 (3J = 8.0 Hz). The signal of proton H5 appeared as a broad doublet
at 7.30 ppm with one ortho coupling (3J = 8.0 Hz). The proton H3 appeared as a
broad doublet at 8.75 ppm because of poor resolution.

Figure 3.40 shows the ™C NMR spectrum of compound 20b.
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Figure 3.40 125 MHz "*C NMR spectrum of compound 20b in DMSO-dj

The signal of the carbonyl carbon appeared in the lowest field (164.0 ppm). The
signals of the sulfonate substituted phenyl carbons appeared in the relatively same
range as in the nitro derivative (compound 20a). The +M effect of the -NH; group

caused a shift of the carbon signals of the fluorine substituted phenylene-linker to
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the higher field. The amino-substituted carbon C3' was detected as a signal at
137.3 ppm. Similar to compound 20a, the signal of C4' was detected in the lower
field at 152.9 ppm as doublet. The carbon C4' coupled with the fluorine atom with
'J = 241.3 Hz. The assignment of the carbon C2' (115.9 ppm), C5' (115.4 ppm),
and C6' (114.6 ppm) was confirmed by the HSQC spectrum (Figure 3.41) The
coupling of C2', C5', and C6’ to H2', H5’, and H6' can be observed. Carbon C1’
and the remaining carbons from the sulfonate substituted phenyl ring were

interpreted by the substitution increment calculation (Table 3.10 and Table 3.11).

4_SO3Na
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NaO3S 2

H3 H2' H5 H5 H6’

Sl | MLM

T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T
9.00 8.50 8.00 7.50 7.00
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Figure 3.41 HSQC spectrum of compound 20b in DMSO-ds. Only signals in the aromatic region
are shown here. The one-dimensional 500 MHz 'H NMR spectrum is shown at the top edge, while
at the left-hand edge the one-dimensional 125 MHz >C NMR is shown.
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Table 3.10 Chemical shifts of the carbons at the fluorine substituted phenylene-linker of compound
20b according to "°C and HSQC spectra.

Position 3C & (ppm)
Found Calculated HSQC
C1’ 131.8 130.6 -
Ccz 115.9 113.4 H2'
C3 137.1 136.4 -
C4' 152.5 161.1 -
C% 115.4 116.4 H5'
C6' 114.6 119.1 He’

Table 3.11 Chemical shift of carbons at the sulfonate substituted phenyl ring of compound 20b
according to '°C and HSQC spectra.

Position 3C & (ppm)
Found Calculated HSQC
C1 135.6 143.4 -
C2 135.1 129.6 -
C3 117.5 125.0 H3
C4 149.9 153.8 -
C5 119.9 121.9 H5
C6 126.7 137.2 H6
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3.2.3. Tetrasodium 2,2'-{carbonylbis[azanediyl(4-fluoro-3,1-
phenylene)carbonylazanediyl]}bis(benzene-1,4-
disulfonate)

Phosgenation of compound 20b was performed in aqueous solution using a
solution of phosgene in toluene (20 %) (Figure 3.42). Compound 20c was obtained

as a beige powder with a yield of 76.5 %.

; .SO3Na SO3;Na NaO3;S

HN.__O
NH, f z

20b 20c

F

Figure 3.42 Phosgenation of 2-(3-amino-4-fluorobenzamido)benzene-1,4-disulfonate disodium
salt.

Purity and structure confirmation
The TLC of compound 20c showed one spot. HPLC chromatogram showed a
purity of 96.58 % at a retention time of 6.32 minutes. The UV spectrum showed

maximum absorption at a wavelength of 261 nm.
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Figure 3.43 500 MHz 'H NMR spectrum of compound 20c in DMSO-ds.

Figure 3.43 shows the '"H NMR of compound 20c. The spectrum revealed the
presence of eight signals with an integration of 16 protons. The signals of the
amide proton at 11.34 ppm and urea at 9.43 ppm disappeared by the addition of
D,0. The protons of the phenyl rings showed signals which are comparable to the
amine derivative. At 8.77 ppm, proton H3 appeared as doublet with *J = 1.5 Hz.
The signal at 7.67 was interpreted as H6 (°J = 7.9 Hz) which coupled to H5. H5
coupled to H3 and H6 and appeared at 7.32 ppm (°J = 7.9 Hz, *J = 1.5 Hz). The
doublet of doublet signal at 8.72 ppm was assigned to H2'. H2' coupled to H6’ and
the fluorine atom with *J = 2.0 Hz and *J = 8.0 Hz, respectively. The protons H6’
and H5' were assigned to signals at 7.60 ppm and 7.43 ppm, respectively. The
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interpretation of the protons of compound 20c was supported by COSY spectrum
(Figure 3.44). The cross peaks (dotted lines) in the spectrum showed the coupling
of the protons H3 to H5. Furthermore, the coupling of phenylene-linker protons
H2’, H5' and H6' can be observed.

H3 H2'
H6

H6’ H5'" H5

ppm (t2)

Figure 3.44 500 MHz-'H COSY compound 20c shown as a contour plot. At the top and the left-
hand edge is the one dimensional 'H NMR spectrum with partial assignments.

Table 3.12 shows the comparison of 5 values of the protons at the fluorine
substituted phenylene ring between 20a-20c. The +M effect of the -NH, group
caused the shifting of signals to the higher field.
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Table 3.12 Comparison of 'H NMR signals at the fluorine substituted phenylene residues between
compounds 20a-20c.

3 (ppm)
Position (20a) (20b) (20c)
Nitro-derivative = Amine-derivative Urea
H2’ 8.65 7.40 8.72
H5’ 7.89 7.13 7.43
H6’ 8.31 7.08 7.60

Figure 3.45 shows the ">C NMR of compound 20c.
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Figure 3.45 125 MHz 3C NMR spectrum of compound 20c in DMSO-ds.
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The urea carbonyl carbon appeared at 152.1 ppm (C8) whereas the carbonyl
carbon of the amide group (C7) appeared at 163.2 ppm. The signals of the phenyl
ring carbons appeared in similar range of the precursor 20a. C3’' was detected at
137.3 ppm. As observed in compound 20a and 20b, signal of C4’ was also in
similar range at 155.5 ppm. C4’ coupled to fluorine atom as doublet signal with 'J
= 247 Hz. The assignment of the carbon C2' (121.1 ppm), C5 (115.7 ppm), and
C6’' (127.9 ppm) was confirmed by the HSQC spectrum (Figure 3.46). Comparison
of the carbon signal of the fluorine substituted phenylene-linker compounds 20a-
20c is presented in Table 3.13. Table 3.14 presents chemical shifts of carbons at
the sulfonate substituted phenyl ring of compound 20c according to '>C and HSQC
spectra. Figure 3.45 shows the HSQC spectrum.

Table 3.13 Comparison of C NMR signals (DMSO-ds) and coupling patterns of carbons at fluorine
substituted phenylene residues between compounds 20a-20c.

Found, & (ppm)

Position 20a 20b 20c
c1 131.9 131.8 131.6
Cz 126.8 115.9 121.1
C3' 137.5 137.1 137.3
C4' 158.0 152.5 155.5
C5' 117.7 115.4 115.7
Co’ 135.9 114.6 127.9
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Table 3.14 Chem|cal shift of the carbons at the sulfonate substituted phenyl ring of compound 20c
according to "*C and HSQC spectra.

Position 3C & (ppm)
Found Calculated HSQC
C1 135.6 143.4 -
C2 134.8 129.6 -
C3 117.5 125.0 H3
C4 149.5 153.8 -
C5 120.5 121.9 H5
C6 127.0 137.2 H6

SO;NaNaOsS
NaO3S SO3N3
H3 H"
H6' H5' H5

—130.0
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Figure 3.46 HSQC expanded S|gnal in the aromatic region spectrum of compound 20c in DMSO,
ds. The one-dimensional 500 MHz 'H NMR spectrum is shown at the top edge, while at the left-
hand edge the one-dimensional 125 MHz "*C NMR spectrum is shown.
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The HSQC spectrum showed the coupling of C2' (121.1 ppm) to H2’ (8.72 ppm)
whereas C5' (115.7 ppm) and C6’ (127.9 ppm) coupled to H5' (7.43 ppm) and H6’
(7.60 ppm), respectively. Furthermore, C3 (117.5 ppm), C5 (120.5 ppm) and C6
(127.0 ppm) coupled to H3 (8.77 ppm), H5 (7.32 ppm), and H6 (7.67 ppm),

respectively.

3.3. Synthesis of urea derivatives containing trisodium 3-
(2,4-disulfonatophenylcarbamoyl)benzoate substituent

Two products were obtained during synthesis of nitro precursor of NF449 (see
Figure 1.3) which are tetrasodium 4,4'-(5-nitro-1,3-phenylenedicarbamido)-
bis(benzene-1,3-disulfonate) (“bisamide sulfonate”) and trisodium 3-(2,4-
disulfonato phenycarbamoyl)-5-nitrobenzoate (“monoamide sulfonate”) as side
product (Figure 3.47) (Ullmann, 2001). The urea compound of the “monosulfonate”
was synthesized by Ullmann (Dissertation Ullmann, in process). A further
extension of phenylene-linker of urea derivatives containing trisodium 3-(2,4-

disulfonato phenycarbamoyl)benzoate were synthesized in this study.
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Figure 3.47 Synthesis of the nitro precursor of NF449 and its major side product.

Four ureas and their precursor were synthesized. Figure 3.48 shows the scheme
of the synthesis of urea derivatives containing trisodium 3-(2,4-

disulfonatophenylcarbamoyl)benzoate.
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Figure 3.48 Synthesis pathway of urea derivatives of ftrisodium salt 3-(2,4-

disulfonatophenylcarbamoyl)benzoate.

3.3.1. Trisodium 3-(2,4-disulfonatophenylcarbamoyl)-5-(4-
nitrobenzamido)benzoate

Compound 22a was synthesized by acylation of the amine precursor. The same

method as explained for the synthesis of compound 5a was used (Figure 3.49).

Compound 22a was obtained as a yellow powder with a yield of 85.3 %.
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Figure 3.49 Acylation of trisodium 5-amino-3-(2,4-disulfonato phenylcarbamoyl) benzoate.

2

Purity and structure confirmation
The TLC of compound 22a showed one spot. The HPLC chromatogram showed a
purity of 98.60 % at a retention time of 3.41 minutes. The UV spectrum showed

maximum absorption at a wavelength of 277 nm.
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Figure 3.50 500 MHz 'H NMR spectrum of compound 22a in DMSO-dg.

Figure 3.50 shows the 'H NMR spectrum of compound 22a. The spectrum
revealed the presence of 12 protons. Signals of the two amide protons appeared
at 11.42 ppm and 10.84 ppm. The phenylene ring formed a AA'BB’ system. Two
signals were assigned to protons H3"”, H5" and H2", H6"” at 8.38 ppm and

8.28 ppm, respectively. The signals were assigned by using the software
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ChemDraw 9. Broad singlet signal at 8.52 ppm was interpreted as H2. Signal H5
appeared at 8.43 ppm and coupled to H6 with ortho coupling (°J = 8.5 Hz). Signal
H6 appeared as doublet of doublet at 7.60 ppm which coupled to H5 (°J = 8.5 Hz)
and H2 (*J = 2.5 Hz). Signals of H2’, H4' and H6' (*J = 2.5 Hz) appeared at
8.39 ppm, 8.26 ppm and 8.04 ppm respectively with a meta coupling. Coupling
constant of H2’, H4' could not be measured because of poor resolution.

Figure 3.51 shows the *C NMR spectrum of compound 22.
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Figure 3.51 125 MHz "*C NMR spectrum of compound 22a in DMSO-dj

The ®C spectrum of compound 22a shows the carbonyl carbons appeared in the

lower field at 164.9 ppm and 164.2 ppm. Due to the poor resolution, the carboxylic
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acid carbon which appeared at 169.1 ppm was not clearly shown. This carbon can
be observed at amino compound 22b. The AA'BB’ system can be observed at
signals of carbons C2”, C6" (129.7 ppm) and carbons C3"”, C5" (123.9 ppm). The
interpretation of other signals was performed by comparison of the found signals
with the estimated signals from the software ChemDraw Ultra 9.0 which explained
in Chapter 3.3.3

3.3.2. Trisodium 3-(2,4-disulfonatophenylcarbamoyl)-5-(4-
aminobenzamido)benzoate

Compound 22b was hydrogenated in water using palladium/carbon as catalyst.
The method was carried out similarly to the synthesis of compound 5b (Figure
3.52). The product (22b) was obtained as beige powder with a yield of 82.10 %.

SO3Na SO3Na
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Figure 3.52 Hydrogenation of trisodium 3-(2,4-disulfonatophenylcarbamoyl)-5-(4-nitrobenzamido)

Purity and structure confirmation
The TLC of amine 22b showed one spot. The HPLC chromatogram showed a
purity of 98.2 % at a retention time of 1.63 minutes. The UV spectrum showed

maximum absorption at a wavelength of 295 nm.

81



Chemistry

H2", H6" H3", H5"
H2H5 H2' H4' He'
H6

— = BN - [ L [

N = = o N = N

= o o [ h o -

® g 8 ES N 2 S
‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT T T T ‘ T T ‘ T T T ‘ T

850 840 830 820 810 8.00 7.50 7.00 6.50
ppm (t1) ppm (t1)

2oL €
¥6l'c *©
190°'L =
000’} =
8’0 =
[ZA A
Se0'L —
98lCc C
0/0C ©

‘ T ‘ T T
11.0 10.0 9.0 8.0 7.0 6.0

ppm (t1)

Figure 3.53 500 MHz 'H NMR spectrum of compound 22b in DMSO-dg.

Figure 3.53 shows the '"H NMR spectrum of compound 22b. A characteristic signal
of the amine protons appeared at 5.77 ppm with integration of 2 protons. The +M
effect of the -NH, group caused the shifting of signals of the aminobenzamido

residue to the higher field as seen for the protons H2", H6” and H3", H5" at
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7.79 ppm and 6.62 ppm, respectively. The remaining protons appeared in nearly
similar range with protons of compound 22a.

Figure 3.54 shows the "*C spectrum of compound 22b.
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Figure 3.54 125 MHz "*C NMR spectrum of compound 22b in DMSO-d.

The carbonyl carbons appeared in the lower field at 165.6 ppm and 165.3 ppm.
The carboxylic acid carbon appeared at 169.8 ppm. The AA'BB’ system can also
be observed at signals of carbons C2", C6"” (129.8 ppm) and carbons C3", C5"
(112.9 ppm). The interpretation of other signals was performed by comparison of
the found signals with the estimated signals from the software ChemDraw Ultra 9.0

which explained in chapter 3.3.3
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3.3.3. Hexasodium 5,5'-[carbonylbis(azanedyl-4,1-
phenylenecarbonylazanediyl)]bis[3-(2,4-
disulfonatophenylcarbamoyl)benzoat]

Phosgenation of compound 22b was performed in aqueous solution using
phosgene solution (Figure 3.55). The synthesis was carried out with the similar
method of synthesis of compound 5c. Compound 22c was obtained as a pale

orange powder with a yield of 75.6 %.

SO3Na SO3Na SO3Na
N803S Na038 SO3Na
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Figure 3.55 Phosgenation of trisodium 3-(2,4-disulfonatophenylcarbamoyl)-5-(4-aminobenzamido)
benzoate.

Purity and structure confirmation

The TLC of compound 22c showed one spot. The HPLC chromatogram showed a
purity of 99.51 % at a retention time of 5.87 minutes. The UV spectrum showed
maximum absorption at a wavelength of 268 nm.

Figure 3.56 shows the 'H NMR of compound 22c. The spectrum revealed
13 signals. Urea proton appeared at 10.45 ppm as singlet signal meanwhile the

amide protons showed at 11.37 ppm and 11.30 ppm.
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Figure 3.56 500 MHz 'H NMR spectrum of compound 22¢ in DMSO-ds.
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Table 3.15 Comparison of 'H NMR signals (DMSO-dg) and coupling patterns of proton between
compounds 22a-22c.

8 (ppm), J (Hz)

Proton
22a 22b 22¢
H2 8.52 8.44 8.48
H5 8.43 (°J = 8.5) 8.42 (°J = 8.5) 8.43
H6 7.60 °J=8.5,%=2.0) 7.60(°J=8.5%U=20) 7.60(J=8.5 %=2.0)
H2’ 8.39 8.32 8.37
H4’ 8.26 8.19 8.24
He6' 8.04 (*J = 2.0) 8.04 (*J = 2.0) 8.04 (*J=2.0)
H3”, H5" 8.38 (°*J=8.9) 6.62 (°J = 8.5) 8.01 (°J = 8.5)
H2”, H6" 8.28 (°J=8.9) 7.79 (°J=8.5) 7.70 (°J = 8.5)

Table 3.15 shows the chemical shifts of the protons of compounds 22a, 22b, and

22c. The AA'BB’ system was observed at 8.38 ppm, 6.62 ppm and 8.01 ppm as

H3" and H5" in nitro, amine and urea compound, respectively, whereas signals

H2" and H6" appeared at 8.28, 7.79 and 7.70 ppm. Due to the poor resolution,

coupling of H2 was not observed. Coupling between H5 and H6 can be observed

by J coupling of 8.5 Hz.
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Figure 3.57 125 MHz 3C NMR spectrum of compound 22¢ in DMSO-ds

Figure 3.57 shows the ">C NMR spectrum of compound 22c. The specific urea
carbonyl carbon at compound 22c appeared at 151.0 ppm. Table 3.16 shows the
comparison of the chemical shifts of the carbons from compounds 22a, 22b, and

22c.
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Table 3.16 Comparison of the calculated and found C NMR chemical shift of carbons of
compounds 22a-22c.

22a 22b 22c

Carbon d (ppm)
Found Calc Found Calc Found Calc
C1 142.8 146.7 142.7 146.7 142.2 146.7
C2 123.6 123.7 120.4 123.7 123.8 123.7
C3 140.8 140.9 141.5 140.9 141.5 140.9
C4 139.5 139.7 139.7 139.7 138.9 139.7
C5 120.6 124.2 121.5 124.2 125.1 124.2
C6 134.7 132.1 125.2 132.1 133.1 132.1
c1 138.7 138.1 134.8 138.1 138.1 138.1
Cc2 127.2 126.4 125.1 126.4 128.8 126.4
C3’ 134.9 136.6 135.6 136.6 133.5 136.6
Cc4’ 119.4 121.7 119.3 121.7 121.9 121.7
C5' 135.2 138.1 134.5 138.1 136.6 138.1
Ce’ 125.2 126.3 127.2 126.3 126.8 126.3
c1” 140.1 140.3 122.6 124.2 129.8 129.8
c2", C6" 129.7 128.4 129.8 128.3 129.6 127.7
C3"”, C5” 123.9 124.0 112.9 116.4 118.1 121.7
C4” 149.5 151.3 152.5 151.8 138.2 139.2

The carbonyl carbons of the amide groups (C7 and C9) compound 22a appeared
at 164.9 ppm and 164.2 ppm; of 22b at 165.6 ppm and 165.3 ppm; and of 22c¢ at
166.3 ppm and 162.5 ppm. The signals of the carboxylic acid carbons of

compounds 22a, 22b, and 22c appeared at 169.1 ppm, 169.8 ppm, and 169.1

ppm, respectively. Carbons C2"”, C6'" and carbons C3" and C5" performed AA'BB’

system and appeared as one signal with two integrations, respectively. Due to the

effect of -M”, the carbons C3"’, C5" shifted to the higher field in comparison to the

nitro 22a. The measurement of ESI-MS of compound 22c¢ showed a m/z signal of
[M-Na] at 1205.3 in comparison with calculated [M-Na] at m/z 1204.9 from the

calculation.
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4. Pharmacology

4.1. Evaluation of the test system

The Ca* signal is an essential part of a variety of biological processes (Carafoli,
2004; Monteith and Bird, 2005). The change of fluorescence intensity before and
after injection control (buffer) or compounds can be visualized with calcium
sensitive fluorescence indicators such as Oregon Green® BAPTA-1AM. To study
the response of a G, coupled receptor to the respective standard agonist, the cells
were incubated with Oregon Green® BAPTA-1AM and the ligand-induced dynamic
changes in the intracellular calcium concentration ([Ca®*]) were monitored as
mentioned in the chapter Materials and Methods. The ECsy values of the standard
agonists in this study were compared with the ECsy values reported in the literature
(Table 4.1).

Table 4.1 Comparison of the ECsy values estimated in this study and reported ECs, values from
literature.

Receptors Standard ECso (nM)
subtype agonist this study literature
P2Y; 2-MeSADP 3.0 6.0 (Chhatriwala, 2004)
3.5 (Meis, 2008)
P2Y, UTP 94.2 140 (Jacobson et al.,2000)
P2Y, UTP 12.8 20.0 (Meis, 2008)
P2Y 14 ATP 249 214 (Meis, 2008)

The results demonstrated that the agonistic activity of all standard agonists in the
chosen test system were in the range of the literature data. It showed that the
evaluation system was suitable. Therefore, ATP, 2-MeSADP and UTP were used
as standard agonist for the respective receptor subtypes.

ATP was used as standard agonist and NF157 was used as standard antagonist
at P2Y 1, receptors. The effect of NF157 was tested by measuring its ability to
inhibit the calcium response elicited by the injection of 1 yM ATP to P2Yq,
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receptors recombinantly expressed in 1321N1 astrocytoma cells. The
concentration-response curve of the standard agonist ATP and the concentration-

inhibition curve of the standard antagonist NF157 are shown in Figure 4.1.
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Figure 4.1 Functional characterization of P2Y;; receptors measuring intracellular calcium
concentration. The concentration-response curve of ATP and concentration inhibition curve of
NF157 were determined. Buffer (= 0 %) and 1 yM ATP (= 100 %) were used as controls for the
concentration-inhibition curve of NF157. Data shown are mean + SEM of the pooled data (n = 4,
each experiment was performed with three replicates). Slopes were not significant different from
unity. NF157: ICsy 163 nM / app. pKi: 7.34 £ 0.08; ATP: ECsp: 249 nM / pECs0: 6.61 + 0.05.

ATP at P2Y44 receptors gained pECsy of 6.61 + 0.05 and ECs5p of 249 nM. The
result was in approximate agreement with the ECs, found by Meis (214 nM) (Meis,
2008). 1 uM ATP was used as the standard agonist concentration for P2Y 44
receptors. The app. pKi value of NF157 was calculated as 7.34 + 0.08 which was

equal to the app. pK; value of 7.35 reported in the literature (Ullmann et al., 2005).

90



Pharmacology

4.2. Agonist screening of compounds at P2Y, receptors

4.2.1. Primary agonist screening of compounds at P2Y,
receptors

At P2Y 1 receptors, ATP and nucleotide derivatives such as ATPyS are known and
used as agonists. Nucleotide and nucleotide derivatives agonists at P2Y1,
receptors have been summarized in the literature (Abbrachio et al., 2006). Meis
reported the finding of non-nucleotide agonists. NF546 and NF709 showed
agonistic activity at P2Y 44 receptors (Meis, 2008). In this study, 75 compounds
consisting of ureas and their precursors were screened at P2Y 4 receptors using
the functional calcium assay. Table 4.2 lists the results for all tested compounds as
% of response of 1 yM ATP. The results for urea compounds are shown in Figure
4.2.
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Table 4.2 Agonist activities of the synthesized nitro (xa)-, amino (xb)-, and urea (xc) derivatives at
concentrations of 10 uM and 100 pM are shown as percent response of 1 uM ATP at P2Yy,
receptors. Data shown are mean + SEM of the pooled data (n > 2, each experiment was performed
with three replicates).

Comp. 10 uM 100 uM Comp. 10 uM 100 uM
1c 12.3+1.8 28155 14a 9.7+9.0 176+24
2a 0.0+£16.3 84+1.3 14b 17.6 £ 3.7 15.7+£5.0
2b 76197 124 +4.3 14c 14124 37.3+4.4
2c 51+1.1 5.3+10.9 15a 1.0+£4.0 0+£5.2
3a 056 0+£3.5 15b 0+£3.2 0+4.8
3b 0£98 147 +2.2 15¢ 1.6+1.6 7.2+1.9
3c 49+25 99+98 16a 0+£5.9 0+6.6
4a 0129 175124 16b 0.7+9.2 0+3.1
4b 12.8+4.9 23.6+3.8 16¢ 0+£6.7 93+7.9
4c 76+6.5 11.2+6.1 17a 105+34 2287
5a 044 6.0+34 17b 0+£29 0+1.6
5b 0+8.8 13.0+ 2.7 17¢ 0+£1.9 0£79
5c 3.3+1.7 74+14.4 18a 5.0+ 11.0 43+6.7
6a 0+7.8 0+£37 18b 23148 0+£9.8
6b 149+7.3 6.3+6.3 18c 6.4+23 175120
6C 44+6.9 3.2+£26 19a 99+29 0+£10.0
7a 5.7 +16.2 0+£25 19b 8.1+12.7 0+£0.5
7b 14+48 05+33 19¢c 6.8+2.0 3.4+8.8
7c 0£1.9 0+44 20a 021 0+£8.2
8a 0+£11.3 6.9+11.9 20b 1.2+28 8.7+£85
8b 0+£53 6.1+27 20c 0.0+4.1 26116
8c 249196 39.1+154 21a 34165 0+2.1
9a 10.0£2.7 14.0£4.1 21b 13.9+15.6 0+£5.8
9b 6.9+24 242 +57 21c 26+10.2 2677
9c 67.2+11.2 80.8+15.9 22a 10.0£1.9 0+4.38
10a 11.8+84 4.7 +13.8 22b 0+2.1 0+£10.3
10b 22+10.8 31.8+4.2 22c 0+£3.3 0+£29
10c 0+£9.6 11.1+£1.2 23a 52122 0+£25
11a 0+£6.0 39+7.5 23b 0+£25 404 +£2.5
11b 7.7+£29 24+47 23c 0£1.1 326+23
11c 0+£59 0+1.6 24a 0+8.8 0+£3.8
12a 1.8+7.4 7.8+59 24b 21122 16.8+1.9
12b 17.0+4.2 16.8£4.5 24c 0+£3.2 43+89
12c 10.6+7.8 0.5+14.2 25a 0+3.6 0+13.1
13a 18.0+£ 8.4 82+54 25b 44+54 0+£18.7
13b 6.1+4.38 34+6.6 25¢c 0+538 0+£97
13c 85+23 0+£8.7

92



Pharmacology

1207 010 pM
0100 uM

100
80
60

40 { I

20 4

L e fad i d i i

X
\g\@ V,SQ NS pl/O ,bo » 93(1 b(: /\0 (b() qo '\QO '\\0 '010 '\5_’0 '\b((l ’\QJ(J \b(z ,\0 \(bo '\Q’O QO \O f),r" r{/bo "]?0 fﬁbo

Fluorescence Intensity, % of control

Figure 4.2 Agonist screening of urea compounds at P2Y,, receptors are shown as response at
concentrations of 10 yM and 100 pM as % of 1 uM ATP control (100 %). Buffer was set as 0 %.
Data shown are mean + SEM of the pooled data (n > 2).

At concentrations of 10 yM and 100 uM, most of the compounds showed agonistic
activity of less than 20 % of the ATP response except compounds 1c, 4b, 8c, 9b,
9c, 10b, 14c, 23b and 23c which showed an activity of more than 20 % at 100 uM.
Moreover, compound 8c and 9c showed agonistic activity more than 20 % at both
concentrations. The urea compounds 1c, 8c, and 9c showed agonistic activity at
10 uM and 100 uM concentrations whereas 14c and 23c at 100 uM. Urea 18c was
added as the test compound because of their agonistic activity at 100 yM (17.52
%). Based on the results, further tests were carried out only for urea 1c, 8c, 9c,

14c, 18c, and 23c as target compounds to determine their efficacy.
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4.2.2. Efficacy and potency testing

Different concentrations of compounds 1c, 8c, 9c, 14c, 18c, and 23c were further
tested to analyze their potency and efficacy at P2Y4, receptors. The assay was
carried out using the agonist mode. The results were compared to the effect of
injection of 1 yM ATP (Figure 4.3).
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Figure 4.3 Agonistic activities of compounds 1c, 8c, 9¢,14c,18¢, and 23c are shown as % of 1 yM
ATP control (100 %). Buffer response was set as 0 %. Data shown are mean + SEM of the pooled
data (n = 2, each experiment was performed in three replicates).

Compounds 14c, 18c, and 23c showed fluorescence signals at a concentration of
316 uM, exceeding 200 % of the signal caused by 1 yM ATP. It might be
presumed as a toxic effect of the compounds. Compound 1c showed an
exceptional signal at 316 uM compared to its signal at 10 yuM and 100 uM. The full
nature of 1c needs to be further determined. Therefore, further test was carried out
only to compounds 8c and 9c. To identify P2Y4 receptors as mediator of the
stimulatory effect of compounds 8c and 9c, further test was performed. P2Y 4

receptors expressed in 1321N1 cells were preincubated with 10 uM NF157 for
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30 minutes prior to the injection of compounds 8c and 9c at concentrations of
10 uM and 100 uM to the cell suspension (Figure 4.4).
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Figure 4.4 Effect on calcium mobilization after injection of compounds 8c [10 or 100 uM], 9¢ [10 or
100 uM] and 1 uM ATP to P2Y, receptors. The result is expressed as % of control (ATP 1 yM) and
buffer response was set as 0 %. The effect was tested with or without preincubation of 10 uM NF157.

Data shown are mean + SEM of the pooled data (n = 2, each experiment was performed in three
replicates).

The signal of compounds 8c and 9c could be completely blocked by NF157. This

result confirmed that the compound effects were mediated through P2Y4,
receptors.
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4.2.3. Concentration-response curves of compounds 8c and 9c

Concentration-response curves of 8c and 9c in comparison to ATP were
determined at P2Y 14 receptors (Figure 4.5).
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Figure 4.5 Concentration response curves of compounds 8c and 9c at P2Y,; receptors. Data
shown are mean + SEM of the pooled data. (n = 3, each experiment with three replicates). ECs, of
ATP =170 uM, pECso = 6.77 = 0.08; EC5 of 8¢c = 3.73 uM, pECsg = 5.43 + 0.18; ECsy of 9c =
2.10 uM, pEC 5= 5.68 + 0.10.

As mentioned, NF546 and NF709 were reported as agonists at P2Y; receptors
(Meis, 2008). The ECsp values of 8c and 9c in comparison to NF546, NF709, and

ATP are summarized in Table 4.3.
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Table 4.3 EC5pand pECs values of ATP and compounds 8c-9c. Data shown of ATP, compound
8c, and compound 9c are mean + SEM of the pooled data. (n = 3, each experiment with three
replicates).

ECso (nM) PECso Intrinsic Slopes
activity
in
comparison
to ATP (%)

ATP 170 6.77£0.08 100+4.29 0.93+0.15
8c 3730 543+0.18 38.9+2.86 0.95+0.26
9c 2100 568+0.10 83.7+4.90 1.13 +£0.21

NF546 *) 542 6.27 £ 0.07 99.6 + 3.04 0.93 £0.09
NF709 *) 84.8 7.07+£0.06 52.7+2.20 1.20 £ 0.31

*) Meis, 2008, in comparison to ATPyS

Compound 8c showed 7-fold and 44-fold lower agonistic activity, compared to
NF546 and NF709, respectively. Compound 9c is 4 fold and 25 fold less potent
than NF546 and NF709, respectively. The ECsg of 8c (3.73 uM) and 9c (2.10 uM)
are higher than the ECsy value of ATP. Nevertheless, the ECso values were in the
low micromolar range. The intrinsic activities of compounds 8c and 9c are lower
compared to ATP (100 %). These results implied that compounds 8c and 9c have

possibly partial agonistic activity.
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Figure 4.6 Structure formulas of compounds 8c, 9¢c, NF709, and NF546

Figure 4.6 shows the structures of compounds 8c, 9c, NF709 and NF546. The
structure comparison of compound 8c with NF709 shows that both compounds

have a para-phenylene-linker.
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4.2.4. Schild analysis of compound 9c

Compound 9c showed more potent agonistic activity than compound 8c.
Therefore, further test was carried out for compound 9c. To investigate if 9c uses
the same binding site as ATP, concentration-response curves of compound 9c in
the absence and the presence of increasing concentrations of NF157, a
competitive antagonist at P2Y; receptors, were monitored. The decrease of
intrinsic activity of compound 9c can be clearly detected with the increase in the
concentration of NF157. The upper plateau showed significant decrease compared
to upper plateau of control. This phenomenon was similar to NF709 schild plot
analyses which was reported by Meis (Meis, 2008). Furthermore, the results
showed significantly rightward-shift when comparing the EC5y of compound 9c with
the presence of 316 nM NF157 (Figure 4.7). Then, an analysis according to Schild
was performed (Arunlakshana and Schild, 1957).
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Figure 4.7 Concentration-response curves of 9c at P2Y, receptors using the calcium assay. 9c¢
was tested in the absence and presence of increasing concentrations of NF157 (n >2, each
experiment was performed with 3 replicates).
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Figure 4.8 Schild plot of compound 9c (n > 2, each experiment was performed with 3 replicates).

Figure 4.8 shows the Schild plot of compound 9c. The Schild plot analysis showed
a non linier fit. The results implied that a competitive mechanism of NF157 and 9c
was unlikely. The maximum activity was then put in relation to the concentrations
of the antagonist. Concentrations 10 nM, 31.6 nM, 100 nM, and 316 nM were
used. ECsp and maximum activity at concentration of 1 uM could not be estimated
because NF157 at this concentration blocked the signals of 9c almost completely.
Table 4.4 shows the effect of NF157 at concentration response curves of 9c at

P2Y 1 receptors.

Table 4.4 Effect of NF157 at concentration response curves of compound 9c at P2Y, receptors.
(n > 2, each experiment was performed with 3 replicates).

Comp. + buffer + NF157 + NF157 + NF157 + NF157  + NF157
9¢c (control) 10 nM 31.6 nM 100 nM 316 nM 1 uM

pECsp 5.54+0.07 539+0.12 5.11+016 4.62+0.19 4.50+0.21 -
Emax 100+£2.49 925+490 6761522 476+466 37.5%+4.33 -
n 4 2 2 2 4 4

Figure 4.9 shows the influence of increase concentration of NF157 to maximum of
intrinsic activity (Emax) of 9c.
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Figure 4.9 The influence of increase concentration of NF157 to maximum of intrinsic activity (Enax)
of compound 9c at P2Y4; receptors using the calcium assay. (n > 2, each experiment was
performed with 3 replicates).

The plCsp value was 7.49 + 0.06 which in pK; range of NF157. Based on the result
of Schild plot analysis, it can be concluded that compound 9c showed a partial

agonistic activity.

4.3. Antagonist screening at P2Y,, receptors

A screening for antagonistic activity at P2Y ¢ receptors was carried out with all
precursors (xa, xb) and urea compounds (xc) at concentrations of 10 uM and
100 uyM. The urea compounds were further examined to determine their app. pK;
values. Antagonist screening of compounds showed significant antagonistic

activities at P2Y 1 receptors. The results are shown in Table 4.5 and Figure 4.10.
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Table 4.5 Percent inhibition of the ATP-induced calcium signal by compounds in concentrations
of 10 yuM and 100 uM at P2Y,, receptors. 1 uM ATP was used as standard agonist. Data shown
are mean = SEM of the pooled data (n > 2, each experiment was performed with three

replicates).

Comp. 10 uM 100 uM Comp. 10 uM 100 uM
1c 0+144 20.2+6.6 14b 22072 67.2+26
2a 0+£105 58.0+4A1 14c 80.3+£175 95273
2b 0+95 79.4+52 15a 3.7+14.7 0+34
2c 921 +4.7 99.3+25 15b 0+£10.3 0.5+9.9
3a 0+£120 70.8x0.5 15¢c 302+175 664+7.5
3b 0+£129 81.5+12.2 16a 0+£134 429174
3c 98.9+3.8 94.6 + 4.1 16b 0116 525+10.6
4a 0+13.1 38.2+49 16¢ 34.5+9.6 66.4 £4.0
4b 0+8.2 90.2+26 17a 18.0£ 3.3 571149
4c 979122 95.8+6.2 17b 326149 80.5+44
5a 0+£5.1 42.7 £10.8 17c 345142 81.6+6.9
5b 72179 744 +£05 18a 128+ 185 194+0.2
5c 100+£4.9 108+£6.4 18b 52+54 28.2+9.2
6a 0+£106 744194 18¢c 185+114 105+ 3.6
6b 0+49 59.0 £ 10.0 19a 122157 37.3+3.4
6¢c 98.7 £ 2.1 96.9+27 19b 155+0.3 45.0+12.5
7a 13.81+4.5 758+1.0 19c 51.3+£8.3 100 £ 3.8
7b 50.9 £ 15.1 7191134 20a 185+125 279151
7c 80.7+7.6 103+£2.6 20b 18.1£9.7 519+ 137
8a 145+9.2 13.5+11.2 20c 64.1 £ 10.6 106 + 3.6
8b 28+1.6 61.9+13.0 21a 59+0.6 244 +15.5
9a 0+6.6 8.4+6.7 21b 0+6.4 298+ 115
9b 0+6.8 176 +£1.0 21c 19.21+4.3 46.4 +3.2
10a 0+£19.9 50+£3.0 22a 25+14 529+94
10b 0+12.7 4044 22b 16.1 £6.5 429 £ 13.1
10c 4.9+ 28.1 108 £6.0 22c 229142 37.8+1.6
11a 0+£15.0 475%+134 23a 33+1.6 37.8+9.8
11b 33.7+£13.9 67987 23b 16.3+13.6 51.6+14.8
11c 31.7+£5.6 88.2+12.9 23c 13.7+£103 71.2+3.8
12a 0+£134 61.1+£11.0 24a 30.1+£22 42.8+5.6
12b 0x5.7 42.7+5.0 24b 6.5+6.6 32.6+8.6
12c 12.3+11.0 117 £ 11.8 24c 49.3+6.0 118+ 2.2
13a 4.7 +2.7 521148 25a 48+6.1 448 +6.4
13b 0+£94 7140+ 71 25b 76146 51.7+24
13c 944 +22 119+£4.5 25¢c 43.6 £ 9.7 84.3+17.2
14a 0.0+7.8 37.9+4.0
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Figure 4.10 Antagonist screening of urea compounds (1c-25c) at P2Y,, receptors shown as
response of 1 yM ATP induced calcium mobilization at concentrations of 10 yM and 100 pM. Data
shown are mean + SEM of the pooled data (n > 2).

The primary screening of precursors and urea compounds showed interesting
results (Table 4.5 and Figure 4.10). Concentration-inhibition curves of 25 urea
compounds were estimated. The experiment was repeated three times with three
replicates each experiment. The ICsy value each compound was estimated from
concentration-inhibition curve. In each experiment, a concentration-response curve
of ATP was monitored to obtain the ECsy value the agonist. Results of the
estimated 1Csp and ECso were used for calculating the K; value of the antagonistic
compound. Data shown are mean + SEM of the pooled data. Concentration
inhibition curves of 25 urea compounds were estimated. Table 4.6 shows the

summary of app. pK; values and K values of all urea compounds.
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Table 4.6 App. pK; values of urea compounds (1c-25c) at P2Y; receptors. The pK; values
shown are mean + SEM of the pooled data (n = 3, each experiment was performed with three

replicates).

Compound App. pKi App. Ki (UM)
1c <4 > 100
2c 7.34 £0.05 0.046
3c 7.16 £ 0.16 0.069
4c 6.92 £ 0.07 0.120
5¢c 7.55+0.07 0.028
6¢c 7.35+0.10 0.045
7c 5.88 £ 0.08 1.32
8c pEC505.43 +0.18 ECsp 3.73
9c pECs505.68 + 0.10 ECs02.10
10c 4.46 +£0.15 34.7
11c <4 > 100
12¢ 4.75+0.09 17.8
13c 5.77 £ 0.07 1.70
14c 5.26 £ 0.07 5.49
15¢ 4.89 +0.08 12.9
16¢ <4 > 100
17¢ 5.67 £ 0.09 2.14
18c 4.54 +0.10 28.8
19¢c 5.27 £0.32 5.37
20c 5.02+0.04 9.54
21c <4 > 100
22c 4.20 +£0.16 63.1
23c 4.40+0.16 39.8
24c 5.29 £ 0.20 5.13
25c 448 +0.13 33.1

Compounds 8c and 9c were found as novel agonists at P2Y1 receptors whereas

compounds 1c needs to be further investigated their full nature (see Chapter

4.2.2). Detail of app. pK; of each compound is discussed in Chapter 4.4. App. pK;

of the nitro- and amino- precursors of compounds 2c, 3c, 4c, 5¢ and 6¢ were

further estimated. Table 4.7 shows the structure of nitro precursors (2a, 3a, 4a, 5a,

and 6a), amino precursors (2b, 3b, 4b, 5b, and 6b), and urea compounds (2c, 3c,

4c, 5¢, and 6¢).
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Table 4.7 Structure formulas and app. pK; values (mean + SEM) and K, values (uM) of nitro (xa)-,
amino (xb)- precursor and urea (xc) compound (n = 2, each experiment was performed in three

replicates).
Comp.  RNO; RNH, RNH-CO-NHR
R No (xa) (xb) (xc)
SO,Na
NaO,;S o
N 2 482+008 525+018  7.34+0.05
loma M 15.2 5.62 0.046
SOzNa
NaOsS
OO 0 H 513+0.30 5.48+0.12 7.16 £ 0.16
HJ\@N 3 7 41 3.31 0.069
SOzNa o
SO;Na
NasS OO 0 ’ <4 528+0.18  6.92+0.07
NJ\@N 4 > 100 5.25 0.120
SO;Na o
SOzNa
NaO3S
OO 0 5.05+0.20 4.67 +0.10 7.55+0.07
”J\C( 5 8.91 214 0.028
SO;Na .
SO;Na
NaO3;S
OO 0 " 556+0.40 4.94+0.09 7.35+0.10
HJ\@N 6 2.75 115 0.045
SO;Na F 0

The nitro- and amino- precursors showed antagonistic activity at P2Y 4 receptors.

App. pK; values of five nitro- and five amino-derivatives were estimated. Amino

precursors of urea 2c, 3c and 4c showed higher potency than the nitro precursor

whereas the nitro precursors of urea 5c and 6¢c showed the opposite effect. This

study indicated that the symmetrical structure may not be required for antagonistic

activity. This result was in agreement with the result of asymmetrical compounds

reported by Bultmann and Hongwiset (Bultmann et al., 1996, Hongwiset; 2008).

Blltmann et al. concluded that symmetrical structure of suramin was not a

requirement for antagonistic activity (Blltmann, 1996). However, the nitro- and

amino precursor derivatives in this study were much less potent than their urea
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compound. Hongwiset reported that the asymmetric carboxylic acid derivative
MKO71 (Figure 4.11) showed a higher potency (app. pK; 6.79 + 0.29) than suramin
with an app. pKiof 6.52 + 0.13 (Ullman et al., 2005; Hongwiset, 2008). It can be
concluded that negatively charged groups at both ends of naphthalene structures

seem to be important for antagonistic activity (Hongwiset, 2008).

OO
NaO3S

AN 20 COONa

0
NJ\N
cHy, 1 H

Figure 4.11 MK071, an asymmetrical derivative.

75 compounds consisting of ureas and their precursors were investigated for their
antagonistic activity. The test compounds included:
e Compounds 1c-14c, which are urea derivatives containing trisodium 7-
naphthalene-1,3,5- trisulfonate substituent.
e Compounds 15c-21c, which are urea derivatives containing 4-fluoro-3,1-
phenylene-linker at benzene or naphthalene sulfonate.
e Compounds 22c-25c, which are urea derivatives containing trisodium 3(2,4-

disulfonatophenylcarbamoyl)benzoate substituent.
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4.4. Urea derivatives containing trisodium 7-naphthalene-
1,3,5-trisulfonate substituent

4.4.1. Apparent pK; value of urea 1c -14c

Meis found that NF340 and NF294 as disulfonate derivatives containing a meta-
position between sulfonate and amido-linkage group gave a high potency with an
app. pK; value of 7.71 + 0.04 and 7.42 + 0.11, respectively. Suramin and NF157 as
trisulfonate derivatives containing para position between sulfonate and the amido-
linkage group, showed less potency with an app. pK; value of 6.52 + 0.13 (Ullman
et al.; 2005) and 7.34 + 0.08, respectively. Therefore, a trisulfonate precursor
containing a meta-position between sulfonate and amido-linkage group was used
in this study. Figure 4.12 shows the structure formulas of precursors of NF157,

suramin, and compounds in this study.

SO3Na SO3Na
T e
Y N Ha
NaO3S N H2 SOSNa

(@) (b)

Figure 4.12 Precursor template of NF157 and suramin (a), and of compounds in this study (b).

1c, the urea of 7-amino-1,3,5-naphthalene trisulfonate (Figure 4.13) showed
neither significant agonistic nor antagonistic activity at P2Y 11 receptors (See Table
4.2 and Table 4.5).

SO3Na SOgNa
NaO3S SOsN
oL OO
SO3Na SO3Na

Figure 4.13 Structure of compound 1c.
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Figure 4.14 Concentration-inhibition curves of 2¢, 3c and 4c at P2Y,, receptors. 1 uyM ATP was
used as standard agonist.

Figure 4.14 shows the concentration-inhibition curves of compounds 2c, 3c and
4c. The obtained app. pK; values and structure formulas of the compounds are

presented in Table 4.8.
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Table 4.8 Comparison of app. pK; values and corresponding K; values of compounds 2c, 3c and 4c
at P2Y, receptors. 1 yM ATP was used as standard agonist.

SO;Na SO;Na
OO, T
N’R\N
SO;Na H H SO;Na
Ki
Comp. R App. pK; (M)

(0] 0]
| S |
2c g 7.34+0.05 0.046
0]
i b i
3c N N~ N N 7.16 £0.16 0.069
(0] H H (0]

H H
N N
4c Q HY©’ g Q(H 0 6.92£007 0.120
N O N
U ! I \Q)

2c containing a meta phenylene-linker showed an app. pK; value of 7.34 + 0.05
and no significant difference in comparison with the first potent antagonist NF157
with an apparent pK; value of 7.34 + 0.08. An extended structure of 2c with a
second meta-phenylene-linker to obtain a larger structure such as NF157 was
synthesized (3c) and showed a 1-5 fold slight decrease in potency. 2c, 3¢ and
NF157 showed no significant difference in activity. Exchange of the second meta-
to a para phenylene-linker was further investigated (compound 4c). The potency
was reduced by 2.6 fold compared to NF157.

These results showed that a significant reduction of the app. pK; occurred if the
second meta phenylene-linker was exchanged against a para phenylene-linker.
Based on the comparison of the activities of 2c-4c with compound 1c, it became
evident that at least one phenylene-linker is required to obtain activity. Ullmann et

al. reported that an electron-withdrawing residue such as fluorine has a positive
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influence on the inhibitory potency. NF 157, the fluorine analogue of suramin
turned out as the most potent P2Y;; antagonist in their study (Ullmann et al.,
2005). Thus, a series of fluorine analogue derivatives of 2c were synthesized.

Figure 4.15 shows the concentration-inhibition curves of compounds 5c, 6¢ and
7c. The obtained pK; values and structure formulas of the compounds are

presented in Table 4.9.

110+
100 ﬁ | v B 5C
80 4 be
70+ v 7c
60-
50+
40

©
<

(% of control)

20
10-

Fluorescence Intensity

o 10 9 -8 7 6 5 -4
log [Compound], M

Figure 4.15 Concentration-inhibition curves of 5c, 6¢c and 7c at P2Y,, receptors. 1uM ATP was
used as standard agonist.
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Table 4.9 Comparison of structure formulas, app. pK; values, and corresponding K; values of
compounds 5c, 6¢ and 7c at P2Y, receptors. 1 uM ATP was used as standard agonist.

SO;Na SO;Na

OO, T
NN
SO;Na H H SO;Na
Comp. Structure App. pKi; Ki (uM)

) @)
| H K |
5¢ K@ e JQ) 755£0.07  0.028
FOF
L 2 O s
6¢ K@N N" N Njij) 735010 0.045
H H
F O ©F

H H
N N
7c 0 Hp b Q(H O 588+008  1.32
F O OF

Compound 5c is the fluorine analogue of 2c with an app. pK; value of 7.55 + 0.07.
5c¢ showed a 1.6-fold increase in potency in comparison to NF157. Extended
structures of 5¢c with a meta- and para phenylene-linker were also synthesized.
The similar tendency was found in this variation. The results showed that an
extension of the phenylene-linker of compound 5c exhibited a lower potency. App.
pK; values of 6¢ and 7c were 7.35 + 0.10 (6¢) and 5.88 + 0.08 (7c), respectively. It
was concluded that antagonistic activity of an extended structure of compounds 2c
and 5c decreased when there is an exchange of the meta-phenylene-linker to

para-phenylene-linker.
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NF 340 is a small urea whereas NF157 is a large urea. Hongwiset found that large
urea was not necessary for antagonistic activity. To confirm whether large urea
was required for P2Y 11 receptors antagonistic activity in this study, a comparison
between NF156, NF157, 5c, and 6¢ was made (Table 4.10).

Table 4.10 Comparison of app. pK; values and corresponding K; values of compounds 5c, 6c,
NF156, and NF157 at P2Y, receptors.

O H H O
FOF

"small urea"
0] O O
H H
F © © F
"large urea"
R=
SO;Na SO;Na
e CC
NH
NaO3S NH SO3Na
Comp App.pK; Ki | Comp App. pK; Ki
(M) (HM)
Small urea NF156 | 5.63+0.18*) | 2.36 5c 7.55+0.07 |0.028
Large urea NF157 | 7.34 £0.08 0.047 6¢C 7.35+0.10 |0.045

*) Meis, 2008

An exchange of small urea NF156 to large urea NF157 increased the activity.
NF157 with pK; value of 7.34 + 0.08 was 52-fold more potent than NF156 (5.63 *
0.18). An interesting result was observed in comparison of small urea 5c and large
urea 6¢. App. pKi value of small urea 5c (7.55 + 0.07) is slightly higher than 6c¢
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(7.35 £ 0.10). The result showed that a large urea is not necessary for a high
activity. This phenomenon was in agreement with the result found by Hongwiset
(Hongwiset, 2008). Moreover, NF156 and NF157 contain trisulfonate derivatives
with the sulfonate substitution in para position to the amido-linkage group. The
extended structure (NF157) showed higher potency than NF156 whereas
compound 5c and its extended structure (6¢) which contain the sulfonate
substitution in meta position to the amido-linkage group showed the opposite
effect. It can be concluded that the sulfonate substitution in meta position to the
amido-linkage group is important for the antagonist activity of small urea.

To obtain a complete picture of structure activity relationship, synthetic variation
was continued using a para-phenylene-linker position in small ureas instead of a
meta phenylene-linker. Table 4.11 shows the structure formulas, app. pK; values
and corresponding K; values of compounds 5c, 8c, 9c, and 10c.
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Table 4.11 Comparison of structure formulas, app. pKi values and corresponding K; values of
compounds 5c, 8c, 9¢c and 10c. 1 uyM ATP was used as standard agonist.

SO;Na SO;Na

NaO3S SO3Na
SO;Na SO;Na
Comp. R Values Values

(0] O
| “ H |
5¢c bl 755+0.07 0.028
FOF

o ? 9
o) PECso ECso
KO*HJJ\H’@) 543+0.18  3.73
9c
K@\ /@2 PECso ECso
k@/ \@J‘ 568+0.10  2.10

pKi Ki

PO S

A small urea containing a para phenylene-linker instead of a meta phenylene-
linker turned the antagonist 5c into an agonist 8c with a pECs value of 5.43 £ 0.18
(ECs0=3.73 uM). An extension of the structure of this agonist containing a second
meta phenylene-linker (9c) increased the agonistic activity slightly. 9c¢ showed
1.8-fold higher potency than 8c (pECsy - 5.68 £ 0.10, ECsp = 2.10 uM) (Chapter
4.2.3). An extension with a para phenylene-linker (10c) showed antagonist activity.
MK094 a methyl analogue of 5c, as reported by Hongwiset, showed a potent
antagonistic activity with an app. pK; value of 7.14 + 0.06 (Hongwiset, 2008). To
study which position of the methylene at the phenylene-linker are more relevant for

antagonist activity, compounds 11c and 12c were synthesized and investigated for

114



Pharmacology

inhibitory effect. Table 4.12 shows the comparison of the antagonistic activity of

compound 11c, 12c, and MK094 with variation of methyl and amide position.

Table 4.12 Comparison of structure formulas, app. pK; values and corresponding K; values of
compounds 11c, 12c and MK094*) with variations of methyl and amide position. 1 yM ATP was
used as standard agonist.

SO3Na SO3Na
TCC oo
NH _O  Os_ NH
SO;Na SO;Na
=
\\\
ch/v CHj
Position
App.pKi Ki (MM
Compound CH; ‘NH Pp.p (UM)
11c 3 4 <4 > 100
12¢c 2 3 475+ 0.09 17.8
MK094 4 3 7.14 +0.06 ) 0.072

*) Hongwiset, 2008

App. pK; values of 11c and 12 ¢ were < 4 and 4.75 + 0.09, respectively. Methyl
group at 4 position and amide at 3 position obtained a higher activity (app. pKi 7.14
+ 0.06) compared to compound 11c and 12c. These results implied that the
position of methyl group is important for the activity.

The exchange of the 4-methyl group (MK094) by methoxy turned out to reduce the
app. pKi value to 5.77 + 0.07. Table 4.13 shows the comparison of app. pKi values
of compounds 2c, 5¢, 13c, and MK094 at P2Y 1 receptors. Compound 5c with the
fluorine residue showed the highest app. pKi among -H, methoxy and methyl
residues (Table 4.13).
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Table 4.13 Comparison of app. pK; values and corresponding K; values of compounds 2c, 5c¢, 13c
and MK094 at P2Y 4, receptors. 1 uM ATP was used as standard agonist.

SO;Na SO;Na
OO OO
SOgNa SOgNa
R
-H -F -OCH3; -CH;
Compound 2c 5c 13c MK094 *)
App. pKi 7.34 £ 0.05 7.55+0.07 5.77 £0.07 7.14 £ 0.06
Ki (nM) 46 28 1700 72.4

*) Hongwiset, 2008

Table 4.14 shows the comparison of app. pK; values and corresponding K; values
of compounds 8c and 14c at P2Y¢1 receptors. An exchange of the phenylene-
linker of compound 8c to phenylene methylene turned the functional compound
behaviour to an antagonist with an app. pK; value of 5.26 + 0.07 (14c).

Table 4.14 Comparison of app. pK; values and corresponding K; values of compounds 8c and 14c
at P2Y, receptors. 1 uyM ATP was used as standard agonist.

SOsNa SOsNa
NaO3SE SO3Na
SO;Na SO;Na
R
T i
peSSogligeuveg
0 J 0
o Nl
H H
Compound 8c 14c
PECs50:5.43 £ 0.18 pKi: 5.26 + 0.07
Values
! ECso :3.73 uM K: 549 uM
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4.4.2. Schild analysis of compound 5c

Compound 5c was the most potent compound in this study and showed slightly
higher activity than NF157. Therefore, the antagonistic character was further
investigated. The concentration-response curves of the standard agonist ATP in
the absence and the presence of increasing concentrations of compound 5c

showed a rightward-shift with the same maximum effects (Figure 4.16).

> 110~

£ 100

2 _ 901 = Control
o 35 80- .

E 2 704 100 nM
o S 60- v 316 nM
9 8 50 + 1M
8% i X 3.16 uM
0 X 20- * 10 uM
S ™ 10

Ny

w 10 -9 8 -7 6 -5 -4
log [ATP], M

Figure 4.16 Concentration-response curves of ATP at P2Y,, receptors using the calcium assay.
ATP was tested in the absence and presence of increasing concentrations of compound 5c (n > 2,
each experiment was performed in three replicates). Slopes were not significant different from
unity.

The nature of the antagonism of compound 5c was investigated using a Schild

analysis. The Schild plot of 5c is shown in Figure 4.17
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Figure 4.17 Schild plot of compound 5c. X intercept = 6.85, slope = 0.9000 + 0.02. (n > 2, each
experiment was performed with 3 replicates).

The Schild plot showed a slope 0.9000 + 0.02 which is within range of 0.8417 to
0.9583 (95 % confidence interval). The slope was close to 1. Therefore, it could be
concluded that compound 5c is possibly a competitive antagonist at P2Y 4,
receptors. The pA, value of compound 5c was estimated with value of 6.85 which
was lower than the app. pKi (7.55 = 0.07). Nevertheless, the pA; value was in

approximate agreement with plCsg value (6.99 + 0.07).

4.5. Urea derivatives containing 4-fluoro-3,1-phenylene-
linker.

As mentioned in chapter 4.4, the fluorine derivative (5¢) showed the most potent
antagonistic activity at P2Y 11 receptors among 1c-14c. Therefore, it was interesting
to further investigate the structural modification of other derivatives containing 4-
fluoro-3,1-phenylene-linker. In this series, 7 urea compounds with different
naphthalene or benzene sulfonate precursors were synthesized. Tuluc et al. found
out that the exchange of sulfonate residue position in RB2 from meta or para
position to ortho position had impact on ligand binding at P2 receptors (Tuluc et
al., 1998). Structure-activity relationship of RB2 analogues was further done by
Glaenzel et al. They also found that the moieties of anionic sulfonate groups are
important for the blockade of the P2X4, and P2Y receptors (Glaenzel et al., 2005).

An overview on the variations of naphthalene precursors is given in Table 4.15.
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Table 4.15 Structure formulas and functional activities of compounds 15¢-19¢, NF156 and 5c with variations of the naphthalene precursor at P2Y4,

receptors. 1 uM ATP was used as standard agonist.

R._O R._O
NN
o1 R g

R
SO;Na SO3Na SO;Na SO3Na
NaO3S. SO3Na NaO3;S SOzNa NaO3;S ’ NaO3S ’
NH NH SO;3Na NH NaOsS  NH NaO;S  NH NaO;S
Compound 15¢ 16¢C 17¢ 18¢c 19¢c NF156 5c
App. pK; 4.89 +0.08 <4 5.67 £ 0.09 454 +0.10 5.27 +0.32 5.63+0.18 7.55 £ 0.07
Ki (MM) 12.9 > 100 2.14 28.8 5.37 2.36 0.028
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To study which position of the sulfonate group are more relevant for antagonistic
activity, the monosulfonate derivatives 15¢ and 16c were synthesized (Figure
4.18).

R 0] R 0]
iy
N~ °N
H
H F
SO3Na
29 e
NaO3S 2
R R
15¢ 16c

Figure 4.18 Structure formulas of compound 15c and 16¢

15¢ with sulfonate residue in position 5 showed an app. pK; of 4.89 + 0.08 whereas
compound 16¢ with sulfonate residue in position 2 showed an app. pK; value less
than 4. Although compound 15c showed antagonistic activity, it was much less
than the trisulfonate compound 5c¢ (pK; 7.55 £ 0.07) and disulfonate compound 17¢
(pK; 5.67 + 0.09). Therefore, it was concluded that more than one sulfonate group
is needed to obtain a better antagonistic activity. Compound 18c with disulfonate
showed an exceptional result, the antagonistic activity was lower than
monosulfonate 15c. It was further concluded that not only the moieties of sulfonate
is important for antagonistic activity, moreover the position of sulfonate is
interesting to investigate. Urea with sulfonate residues in 1, 3, and 6 position
showed an app. pK; value of 5.27 + 0.32 (19c) which is 2.3-fold less potent than
NF156 (5.63 + 0.18) with sulfonate residues in positions 1, 3 and 5. Shift of the
amido linker to position 7 led to the most potent antagonist in this study (5c¢).

It was noticed that the most potent antagonist (5c) in this study had a sulfonate
substitution in meta position to the amido-linkage group, trisulfonate of
naphthalene and a fluorinated phenylene-linker. Exchange of the fluorine atom

against methyl group was studied (Table 4.16).
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Table 4.16 Structure formulas and functional activities of naphthalene sulfonate substituted
compounds 5c, 17¢, 18c, 19¢c, NF294, MK082, NF340, NF248 and MK094 at P2Y 4, receptors.

R__O R__O R._O R__O
J?\ JOL
R NN N N
F H H F CH, noH CHs

App. pKi Ki (WM) App. pK; Ki (uM)

SO;Na

g

5.67 £ 0.09 214 742 £0.11 0.038

SO3Na
Compound 17¢c NF294 *)
NaOSS OO SO3Na
I ' 4.54 +£0.10 28.8 6.09 + 0.08 0.812
NH
Compound 18c MKO082 **)

SO3Na
NAOLS O 6.43+0.16 0.371 7.71£0.04 0.019
3

g

NH
MK196 **) NF340 *)
SO,Na
NaO,S
7.55+0.07 0.028 7.14 £ 0.06 0.072
.,
SO4Na
Compound 5¢c MKO094 **)
NaO,S SO;Na
OO 5.27 £0.32 5.37 6.47 £0.08 0.339
NaO,S  NH
Compound 19¢ NF248 *)

*) Meis, 2008; **) Hongwiset, 2008

The fluorinated derivatives of disulfonate urea were less potent than methyl
derivatives. Urea 17c was found to have a low antagonistic activity with 56-fold
lower potency than NF294. The similar tendency was found for urea 18c which
was 35-fold less potent than MK082 as well as for NF340 which was 19-fold higher
potency than its fluorine derivative (MK196) (Meis 2008, Hongwiset, 2008). The
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opposite phenomenon was found for compound 5¢ which showed 2.6-fold higher
potency than its methyl derivative (MK094). Surprisingly, trisulfonate derivative 19c
was less potent than the methyl derivative NF284. Therefore it could be concluded
that the exchange of fluorine by methyl group provides a lower potency at P2Y 4
receptors in the trisulfonate derivative but not in the disulfonate derivative.
Furthermore, the position of sulfonate group is important for antagonistic activity.
The next aim of this work was to confirm whether the naphthalene ring is important
for P2Y 4 receptor antagonistic activity. Therefore, exchange of naphthalene by a
benzene precursor was performed. NF251 with a methyl substituted phenylene-
linker and disulfonate residues showed a 52.5-fold higher potency than disulfonate
residues containing fluoro-3,1-phenylene linker (20c) whereas the monosulfonate
derivative (21c) showed no activity which was equal to its methyl derivative
(MK104) (Table 4.17).

Table 4.17 Structure formulas and functional activities of urea compounds containing benzene

sulfonate compounds 20c, 21c, NF251 and MK104 containing methyl phenylene-linker at P2Y 4,
receptors. 1 uM ATP was used as standard agonist.

R._O R__O R._O R.__O
@) O
v ¥
F F CH, CH,
SOsNa SOsNa
R NaO;S N8038/© NaO;S N8033/©
NH NH NH NH
Comp 20c 21c NF251* MK104*
App. 5.02+0.16 <4 6.74 +0.11 <4
pPK
Ki 9.54 > 100 182 > 100

*) Hongwiset 2008

From this result,

it might be presumed that urea derivatives containing

naphthalene with specific position of sulfonate residue showed high potency as
shown for compound 5c¢, NF157, NF294 and NF340.
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4.6. Urea derivatives containing trisodium 3(2,4-
disulfonatophenylcarbamoyl)benzoate substituent

Out of the series above, synthesis of urea derivatives containing trisodium 3(2,4-
disulfonatophenylcarbamoyl)benzoate substituent with a variation of phenylene
linker was carried out. Ullmann reported that urea derivative containing trisodium
3(2,4-disulfonatophenylcarbamoyl)benzoate substituent showed no antagonistic
activity at P2Y44 receptors (Figure 4.19). It is interesting that in this study, an
extended structure of MKOO6 with a second phenylene-linker, showed antagonistic

activity.

NaO3S SO3N3

ﬁjm @
Figure 4.19 Structure formula of MK0OO6 (Ullmann, Dissertation in process).

First variation contained a para phenylene-linker (22c) that showed an app. pK;|
value of 4.20 + 0.16 (Table 4.18). Exchange of para-phenylene urea linker by meta
phenylene-linker led to a 12.3-fold higher potency than compound 22c. 24c
showed an app. pK; value of 5.29 + 0.20 (24c).

The results of the first series (Chapter 4.4) showed that fluorine substitution in the
phenylene-linker was found to increase potency. Surprisingly, in this series, the
biological activity of the fluorinated compound showed a 7.6-fold reduction of
potency compared to compound 24c. Compound 23c showed an app. pK; value of
4.40 + 0.16. The exchange of fluorine against a methyl residue did not change the
potency (25c, app. pKi value of 4.48 + 0.13). In conclusion, the unsubstituted meta

phenylene-linker containing 24c showed the highest potency among this series.

However, compound 5c was still more than 100-fold more potent.
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Table 4.18 Structure formulas and functional activities of compounds 22c-25¢ at P2Y, receptors.

1 uM ATP was used as standard agonist.

N803S

NaO

SO3Na

=0

xb«

SO3N
Compound App. pKi; Ki

(uM)
|

22¢ K@\ /@2 420+0.16 | 63.1

23¢c K@ JQ) 440+0.16 | 39.8
|

24¢ K@’ \@2 529+020 | 513
0

25¢ K@ K)) 448 +0.13 | 33.1
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4.7. Selectivity of the test compound

4.71. Selectivity test at P2Y, receptors

P2Y, receptors share 33 % identity with P2Yq; receptors (Communi, 1999).
Therefore, a counter screen at these receptors was needed for the evaluation of
receptor selectivity. At P2Y, receptors, 2-MeSADP was used as agonist with an
ECso of 3.0 nM (pECsp = 8.53 + 0.10) as shown in Figure 4.20. The determined
ECso of 2-MeSADP in the used test system was in the same range as literature
data (6 nM) (Chhatriwala et al., 2004). Synthesized compounds were screened at

P2Y 1 receptors recombinantly expressed in 1321N1 astrocytoma cells.
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Figure 4.20 Concentration-response curve of 2-MeSADP at P2Y, receptors. Data shown are mean
+ SEM of the pooled data (n = 3, each experiment was performed in three replicates). Slopes were
not significant different from unity. ECso=3.0 nM, pECs, = 8.53 £ 0.10.
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Figure 4.21 Agonist screening of urea compounds at P2Y, receptors at concentrations of 10 yM
and 100 pyM as % of 31.6 nM 2-MeSADP control. Buffer was set as 0 %. Data shown are mean +
SEM of the pooled data (n > 2, each experiment was performed in three replicates)

All urea compounds showed no significant agonistic activity at P2Y; receptors,
except compound 23c, which showed 80.8 % response in comparison with the
standard agonist at a concentration of 100 uM (Figure 4.21). Nitro- and amino
precursors showed also no significant response at a concentration of 100 uM
except compounds 15a and compound 23b, which showed 50.3 and 70.1 %

response, respectively. However, there were no significant responses for both

precursors and urea compounds at a concentration of 10 uM (Appendix A1).
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Figure 4.22 Antagonist screening of urea compounds at P2Y, receptors. Response of 31.6 uM
2-MeSADP induced calcium mobilization as standard agonist with preincubated compounds (1c-
25c¢) at concentrations of 10 uM and 100 uyM at P2Y, receptors. Data shown are mean + SEM of
the pooled data (n > 2, each experiment was performed in three replicates).

None of the urea compounds showed more than 30 % inhibition in antagonist
screening at P2Y, receptors (Figure 4.22). The same results were obtained for
nitro- and amino precursors (see Appendix A2). It could be concluded that there is
no interesting compound as candidate for antagonistic activity at P2Y4 receptors.
This result showed the selectivity of compounds as antagonists at P2Y ¢, receptors

over P2Y receptors.

4.7.2. Selectivity test at P2Y, receptors

UTP was used as standard agonist at P2Y;, receptors recombinantly expressed in
1321N1 astrocytoma cells with ECs0 =94.2 nM, pECsp = 7.02 + 0.13 (Figure 4.23).
Jacobson et al. found an ECsy value of 140 nM (Jacobson et al., 2000). The
results are shown for urea compounds in Figure 4.24 and Figure 4.25. Detail
results in % response and % inhibition for nitro-, amino-, and urea derivatives are

given in Appendix A3 and A4.
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Figure 4.23 Concentration-response curve of UTP at P2Y, receptors. Data shown are mean +
SEM of the pooled data (n = 2, each experiment was performed in three replicates). Slopes were
not significant different from unity. EC5,=94.2 nM, pECsq = 7.02 + 0.13.

Agonist screening of urea compounds at P2Y, receptors showed that all
responses were not more than 30 % of UTP signal at concentrations 10 uM and
100 pM, respectively (Figure 4.24). Nitro- and amino- precursor of the synthesized
compounds of this study showed no more than 30 % responses (see Appendix
A3).
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Figure 4.24 Agonist screening of urea compounds at P2Y, receptors at concentrations of 10 yM
and 100 uyM as % of 1 yM UTP control (100 %). Buffer was set as = %. Data shown are mean *
SEM of the pooled data (n > 2, each experiment was performed in three replicates).
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Figure 4.25 Antagonist screening of urea compounds at P2Y, receptors. Response of 1 yM UTP
induced calcium mobilization as standard agonist with preincubated compounds (1c-25c) at
concentrations of 10 yM and 100 uM. Data shown are mean + SEM of the pooled data (n > 2, each
experiment was performed in three replicates).
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Antagonist screening of the urea compounds at P2Y, receptors showed no
significant antagonistic activity (Figure 4.25). This result was also found for nitro-

and amino precursors (see Appendix A4).

4.7.3. Selectivity test at P2Y, receptors

UTP was used as standard agonist with an ECsy of 12.8 nM, pECsy 7.89 + 0.16
(Figure 4.26). The result was in approximate agreement with the ECsy value found
by Meis using the functional Ca**-assay (20 nM) (Meis, 2008).
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Figure 4.26 Concentration-response curve of UTP at P2Y, receptors. Data shown are mean + SEM

of the pooled data (n = 3, each experiment was performed in three replicates). Slopes were not
significant different from unity. EC5y = 12.8 nM, pECs, 7.89 + 0.16.

Synthesized compounds were screened at P2Y, receptors recombinantly
expressed in 1321N1 astrocytoma cells. The results for urea compounds are
shown in Figure 4.27 and Figure 4.28. Detailed results in % response and %
inhibition for nitro-, amine-, and urea derivative are shown in Appendix A5 and A6.
None of the compounds showed more than 25 % response of 1 yM UTP-induced

signal (Figure 4.27, Appendix 5).
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Figure 4.27 Agonist screening of urea compounds at P2Y, receptors at concentrations of 10 uyM
and 100 uM shown as % of 1 yM UTP control (100 %). Buffer was set as 0 %. Data shown are
mean + SEM of the pooled data (n > 2, each experiment was performed in three replicates).
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Figure 4.28 Antagonist screening of urea compounds at P2Y, receptors. Response of 1 uM UTP
induced calcium mobilization as standard agonist with preincubated compounds (1c-25c) at
concentration of 10 yM and 100 pM. Data shown are mean + SEM of the pooled data (n > 2, each
experiment was performed in three replicates).
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None of the compounds showed more than 25 % inhibition at concentrations of 10
MM and 100 uM, except compound 23b with an inhibition of 31.5 % (Figure 4.28,
Appendix 6).
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5. Conclusion

P2Y 1, receptors are G protein-coupled receptors with unique features among other
purinergic receptors. They are coupled to both phospholipase C and adenylyl
cyclase pathways and their gene is the only one of the purinergic receptors
containing an intron in the coding sequence (Qi et al., 2001; Communi et al.,
2001). P2Y44 receptors were reported to have a role in maturation of dendritic
cells, inhibition of TNF-a release, and in myocardial contractility (Schnurr et al.,
2000; Wilkin et al., 2001, Balogh et al., 2005, Swennen, 2006). However, P2Y 4,
receptors are less investigated than other P2Y receptors (Zyberg et al., 2007). So
far, NF157 and NF340 are interesting new compounds with high potency and
selectivity at P2Y44 receptors (Ullmann et al., 2005; Meis 2008). NF294 and
MK094 were reported to have a high potency (Hongwiset 2008; Meis 2008).
Moreover, Meis reported the finding of non-nucleotide agonists (NF546 and
NF709) (Meis, 2008). In this work, 25 ureas and their precursors were synthesized
and their biologically activity were tested at P2Y4y receptors recombinantly
expressed in 1321N1 astrocytoma cells with a functional fluorescence-based
calcium assay. The results led to the discovery of new agonists and new potent

antagonists. Two new agonists are introduced in this study (Figure 5.1)

SO3Na SO3Na

RO OW: OGN
N i N
SOsNa )J\ SO3Na
N~ N
H H
8c

SO;Na SOsNa
NaO;;S“\EE o o) ESOSNa
SO3N HJK@ i NN i /©)km SO3N

3Na H \n/ H 3Na
o
9c

Figure 5.1 Structure formulas of compounds 8c and 9c, new agonists at P2Y, receptors.
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Compounds 8c and 9c activate P2Y 4 receptors with 22 and 12-fold lower potency
than ATP, respectively. Compound 8c and 9c showed a partial agonistic activity.
Nevertheless, the ECsp values of both compounds (3.73 uM and 2.10 uM) were in
the lower micro molar range. Compounds 8c and 9c showed no agonistic or
antagonistic activity at P2Y, P2Y,and P2Y 4 receptors.

Compound 5c (Figure 5.2) is the most potent antagonist found in this study with an
app. pKi value of 7.55 +0.07 corresponding to a K; value of 28.0 nM. The
antagonistic activity of compound 5c is between NF157 (44.3 nM) and NF340
(19.5 nM). Compound 5c is a possibly competitive antagonist as found in a Schild
analysis. The pA; value of compound 5c was estimated as of 6.85. The pA; value
was lower than the estimated app. pK; of compound 5c. Moreover, compound 5c¢

shows no agonistic and antagonistic activity at P2Y, P2Y; and P2Y,4 receptors.

SO3Na SO3Na
NaO;S l : ‘ ‘ SO3Na
SO3Na SO3Na

Figure 5.2 Structure formula of 5c, the most potent naphthalene sulfonate derivative in this study.
App pKi value: 7.55 + 0.07, K; : 28 nM.

Structure activity relationships are summarized in Figure 5.3.

134



Conclusion

At least one phenylene linker is needed.

Extension with additional meta phenylene-linker has higher potency
than with para phenylene-linker.

Exchange in small urea of meta- to para phenylene-linker:

naphthalene: antagonistic activity turns into agonistic activity.
can be replaced by benzene

H large urea is not necessary
SO;Na SO3Na

NaO;S SO;Na
DG i
(] il MN

SO4Na X

N Yo O N~ H SO4Na
/ \/)k Z

small urea:
meta-position has higher potency than para position

R = 4-F>4-H>4-CH3>4-OCH;

symmetrical compound :
not necessary

Figure 5.3 Summary scheme of structure activity relationship of sulfonate urea derivatives.

The conclusion for structure activity relationships of the compounds synthesized in

this work are explained as follows:

e When comparing the activity of 2c-4c with the shortest urea compound 1c, it
became evident that at least one phenylene-linker is required to obtain
activity. Extension of the structures of 2c and 5c containing additional
phenylene linker (large ureas) showed lower antagonistic activity than the
small ureas. Therefore, it can be concluded that in this series a large urea is
not necessary. This conclusion was in agreement with results reported by
Hongwiset (Hongwiset, 2008). Ureas derivatives of 5c containing an
additional meta phenylene-linker showed higher potency than containing an
additional para phenylene-linker. A small urea containing a para phenylene-
linker instead of a meta phenylene-linker turned the antagonist 5c into an
agonist 8c. An extension of the structure of this agonist containing a second
meta phenylene-linker (9c) increased the agonistic activity slightly.

e Small ureas containing a sulfonate moiety in meta position to the amido-
linkage showed higher antagonistic potency (5¢, NF294, NF340, MK094)
than compounds with a para position.
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Small urea derivatives of 5c containing hydrogen, a methyl group or
methoxy group at the 4 position of the phenylene linker are less potent than
the fluorine substitution (5c).

The app. pK; values of the nitro- and amino-precursors of compound 2c-6¢
were estimated. Nitro and amino-derivatives showed K; values in the range
of 2.75 and 21.4 pM. This result indicated that the symmetry of the urea
molecule is not required. Ullman et al. found that nitro and amine precursors
of the urea compounds showed no activity (Ullmann et al., 2005), which is
in contrast to the moderate or low potency of the precursors in this study.
The naphthalene ring could be substituted by a benzene ring. Although in
this study the benzene sulfonate ureas showed lower activity than
naphthalene derivatives, the antagonistic activity of the benzene sulfonate

ureas is in the low micro molar range (20c, ICso = 9.54 pM)

In conclusion, this work introduces a potent antagonist (5c, K; = 28.0 nM) at P2Y 4

receptors which is selective over P2Y4, P2Y, and P2Y, receptors, as well as two

new partial agonists (8c, 9c). This result might be helpful in the design of further

improved ligands.
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6. Abstract

Their roles in maturation of dendritic cells, inhibition of TNF-o release, and in
myocardial contractility are reasons for investigating P2Y 4 receptors. NF157 and
NF340 are known nanomolar potency P2Y; antagonists containing naphthalene
sulfonate groups. Further, non-nucleotide agonists were recently found for P2Y 44
receptors. However, the structure-activity relationships of naphthalene sulfonate
urea derivatives are not fully understood. This prompted us to synthesize
variations of known P2Y,; ligands to understand structure-activity relationships.
25 New symmetrical ureas and their precursors were synthesized. Compounds
were biologically tested at P2Y44 receptors recombinantly expressed in 1321N1
astrocytoma cells by a fluorescence calcium assay. Results led to the discovery of
new agonists and antagonists. The naphthalene trisulfonate urea derivatives 8c
and 9c activate P2Y 44 receptors. The ECsy values were 3.73 uM and 2.10 uM,
respectively. Hexasodium 7,7'- {carbonylbis[azanediyl(4-fluoro-3,1-phenylene)
carbonylazanediyl] }bis(naphthalene-1,3,5-trisulfonate) (5¢) was the most potent
competitive antagonist in this study with an app. pK; value of 7.55 +0.07
(Ki=28.0 nM) and almost as potent as NF340 (app. pK; 7.71 + 0.04, K; = 19.5 nM).
Structure-activity relationships were further analysed. At least one phenylene-
linker is needed in the naphthalene sulfonate ureas for activity at P2Y 14 receptors.
Exchange of a meta against a para phenylene-linker turned the antagonist 5c into
the agonist 8c. Extension of the agonist 8c with a second meta phenylene-linker
increased the agonistic activity slightly (9c). Ureas like 5¢ with a meta position
between a sulfonate group and the amido phenylene-linker showed the highest
potency. Substitution of the 4-position in the phenylene-linker of 5c resulted in the
following rank order of potency -F(5c) >-H >-CH3; >-OCH3;. A symmetrical urea is
not required for activity as some precursors showed which is in accordance with
previous studies. The new non-nucleotide ligands 5c, 8c, and 9c are selective for
P2Y.1 over P2Y4, P2Y,, and P2Y, receptors. In conclusion, structure-activity
relationships of naphthalene sulfonate urea derivatives are better understood and

will assist in the design of improved P2Y44 ligands.
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7. Zusammenfassung

P2Y1-Rezeptoren spielen eine wichtige Rolle bei der Modulierung der TNF-a-
Freisetzung, der Reifung von dendritischen Zellen sowie der Myokardkontraktilitat.
NF157 und NF340 sind bekannte nanomolare P2Y; Rezeptorantagonisten, die
beide eine Naphthalin-Sulfonat-Gruppe aufweisen. Weiterhin wurden kurzlich
nicht-nukleotidische P2Y1-Agonisten gefunden. Allerdings sind die Struktur-
Wirkungs-Beziehungen von Naphthalinsulfonat-Harnstoffderivaten noch nicht
vollstandig geklart. Ziel dieser Arbeit war daher, Variationen bekannter
P2Y1-Liganden zu synthetisieren. 25 Neue symmetrische Harnstoffe und deren
Vorstufen wurden synthetisiert. Diese Verbindungen wurden an rekombinant in
1321N1 Astrozytoma Zellen exprimierten P2Yq1-Rezeptoren mit Hilfe eines
Fluoreszenz-basierten funktionellen Calciumassay untersucht. Die Ergebnisse der
biologischen Testung flhrten zur Identifizierung neuer Agonisten und
Antagonisten. Die Naphthalin-Trisulfonat-Harnstoff-Derivate 8c und 9c aktivieren
P2Y11-Rezeptoren und weisen ECsp-Werte von 3,73 uM bzw. 2,10 uM auf.
Hexanatrium 7,7" {carbonylbis[azandiyl(4-fluor-3,1-phenylen)carbonylazandiyl]}
bis(naphthalin-1,3,5-trisulfonat) (5c) wurde in dieser Studie als der potenteste
kompetitive Antagonist mit einem pKi-Wert von 7,55 + 0,07 (Ki = 28,0 nM)
identifiziert und weist damit eine ahnliche Potenz wie NF340 (pK; 7,71 £ 0,04;
Ki= 19,5 nM) auf. Eine Analyse der Struktur-Wirkungs-Beziehungen ergab, dass
mindestens ein Phenylen-Linker fur die Aktivitat an P2Y{1-Rezeptoren erforderlich
ist. Der Austausch eines meta- gegen einen para-Phenylen-Linker verursachte
einen Wechsel der funktionellen Aktivitat von antagonistisch (5¢) zu
agonistisch (8c). Die Verlangerung des Agonisten 8c mit einem zweiten meta-
Phenylen-Linker erhdhte geringflgig die agonistische Aktivitat (9¢c). Harnstoffe wie
5¢ mit einer meta-Position zwischen einer Sulfonat-Gruppe und dem Amido-
Phenylen-Linker zeigten die hochste antagonistische Aktivitat. Eine Variation der
4-Position des Phenylen-Linkers von 5c¢ fuhrte zu folgender Rangfolge der
Aktivitat: -F(5c) >-H >-CH3; >-OCHs. Ein symmetrischer Harnstoff ist fur eine
P2Y 41-Aktivitat nicht erforderlich, wie die Ergebnisse mit Vorstufen ergaben, und

steht im Einklang mit friheren Studien. Die neuen nicht-nukleotidischen Liganden
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5c, 8c, und 9c sind selektiv fur P2Yq- gegeniber P2Y4-, P2Y,- und
P2Y4-Rezeptoren. Durch diese Arbeit werden die Struktur-Wirkungs-Beziehungen
von Naphthalin-Sulfonat-Harnstoff-Derivaten besser verstanden und kdénnen zur

Entwicklung verbesserter P2Y11-Liganden beitragen.
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8. Materials and methods

8.1. Chemistry

8.1.1. Instruments and analytical methods

8.1.1.1. pH stat

The synthesis of the nitro derivatives and urea compounds of sulfonate analogues
were carried out using a pH stat instrument produced by Metrohm AG, Herisau,
Switzerland.
Instrument: e Titrator E-256

e Integrated pH-glass electrode Metrohm (6.0202.020)

e Metrohm turning unit 535-138 (6.1518.153)

e Metrohm dosimeter 655
During the reaction, pH was maintained by automatic addition of 2 M Na,CO3; to

the solution.

8.1.1.2. Thin layer chromatography

TLC-plate: Silica gel 60 Fy54, 0.2 mm thick, 20 x 20 cm. Merck, No. 1.05554.
Mobile phase: e MP1: 2-propanol + NH3 (25 %) (7 + 3)
e MP2: 2-propanol + NH3 (25 %) + water (7 + 3 + 0.5)
Detection: e UV light at 254 nm and 366 nm (UV-Cabinet 1l, CAMAG
Berlin)

e Ehrlich reagent modification (2.0 g of 4-dimethylamino-
benzaldehyde in 25 ml of glacial acetic acid and 75 ml of
methanol)

Analysis: Rs value :
Rf=— E.6.1

a = distance reached by substance

b = distance reached by mobile phase
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8.1.1.3. High performance liquid chromatography

Instrument: e Pump: HP series 1050 with 4 solvent flasks
degassing with helium
e Software: Chemstation HP 79994 A
e Manual syringe: Rheodyne 7125 (20 ul)
e Syringe: 10 yl Hamilton 701 NR Rheodyne
e Diode array detector (DAD) HP1040 A
e Flexible steel capillary with inner diameter of
0.12 mm
e Magnetic stirrer Heidolph MR 2002
e HP Think Jet Printer
Column: RP-8, MOS-Hypersil, 5 pum, 100x2.1 mm with pre
column RP-8, MOS-Hypersil, 5 um, 20 x 2.1 mm
Injection volume: 10 pl
Detection: UV at 220 nm, 254 nm and 299 nm
Flowrate: 0.6 ml/min
Mobile phase (Kassack and Nickel, 1996):
e A: Phosphate buffer (0.02 M), pH 6.5. 931 mg
NaH,POs (7.76 mM), 1737.6 mg NayHPO,
(12.24 mM) and 2122 mg tetrabutylammonium
hydrogensulfate (TBAHS) (6.25 mM) in 1000 ml
distilled water)
e B: Methanol (HPLC grade)

Gradient system:

Time (min) A(%vIv) B (%v/v)
0 80 20
0-8 46 54
8-9 20 80
9-11 80 20
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8.1.1.4. UV-visible spectrophotometry
Ultraviolet spectra of compounds were obtained from HPLC-DAD. The spectra

were measured at wavelengths from 210-400 nm. The wavelength of maximum

absorption was further determined.

8.1.1.5. Titration method: NaCl determination

NaCl determination was carried out using an instrument produced by Metrohm AG,

Herisau-Switzerland.

Instrument: e Titrator 672
e Electrode : Micro-silver-titrode (6.0433.100)
e Metrohm turning unit 535-138 (6.1518.153)
e Metrohm dosimeter 655
e Vessel EA 875-5

Approximately 15 mg sample were diluted in 8 ml bidistilled water and 2 ml acetic
acid were added and were titrated with 0.1 N silver nitrate solution. NaCl was

estimated by potentiometric titration method.

NaCl(%):58.44xVxNx100 E.6.2
m

V = volume of 0.1 N silver nitrate (ml)
N = normality of silver nitrate

m = weight of test compound (mg)
8.1.1.6. Elemental analysis

Instrument : e Vario EL, Firma Elemental Analysensysteme GmbH
(University of Bonn)
e PerkinElmer PE 2400 CHN elemental analyzer (University
of Dusseldorf)
CHN analyse and C/N ratio confirmed the purity by comparison with theoretical
values. Most of % C and % H results showed a great deviation from calculation

because of crystal water, sodium chloride and other impurities. Thus, calculation
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including water contents and sodium chloride was performed and then values were

compared to the found results (Ullmann et al., 2005).

8.1.1.7. Infrared spectroscopy

Instrument: PerkinElmer FT IR-spectralphotometer
Sample: Compounds were prepared as a KBr pellet
Characterization e br: broad

(% transmission, e vs: very strong 10-0

cm™): e s:strong 30-10

e m: medium 50-30
e w: weak 70-50
e vw: very weak 90-70

8.1.1.8. Nuclear magnetic resonance spectroscopy

Instrument: 3C NMR 125 MHz Bruker AC-200
'"H NMR 500 MHz Bruker Avance DRX 500
Spectra: 'H, D,O exchangeable, 'C, H-H COSY (Correlation

Spectroscopy) and HSQC (Heteronuclear single quantum
correlation)

Analysis: Compounds were diluted in DMSO-ds or D,O. The chemical
shift was presented in & = ppm. Tetramethylsilane (TMS) was
used as internal standard.

The NMR spectra were measured at the Institute of Pharmaceutical Chemistry

University of Bonn or the Institute of Inorganic Chemistry, University of

Duesseldorf (Dr. Peters and colleagues).

8.1.1.9. ESI-Mass spectrometry

Instrument: ESI-Finnigan MAT 4000 and ESI-Finnigan MAT 8200
The mass spectra were measured at the Institute of Pharmaceutical Biology ( Dr.
Ebel and Ms. Julia Kjer) or the Institute of Inorganic Chemistry, University of

Dusseldorf (Dr. Keck and Dr. Tommes).

143



Materials and Methods

8.1.2. Chemical

Ammonia solution 25 % (05003)
4-Dimethylaminobenzaldehyd (59143)
N,N-Dimethylformamide (2937)
Diethylether (923)

Disodium aminobenzene-1,4-disulfonate *)

Disodium aminobenzene-2,4-disulfonate (328-43135)

Disodium 7-aminonaphthalene-1,5-disulfonate (326-

20671)

Disodium 8-aminonaphthalene-4,6-disulfonate (N60-5)

4-Fluorobenzoic acid (156161000)
Hydrochloric acid 30 % (59415)

Methanol, HPLC grade (6009)
2-Methyl-3-nitrobenzoic acid (818485)
2-Methyl-5-nitrobenzoic acid (841114)
4-Methyl-3-nitrobenzoic acid (15.140-0)
4-Methoxy-3-nitrobenzoic acid (187830250)
4-Nitrophenyl acetic acid (800599)
3-Nitrobenzoylchloride (73110)
4-Nitrobenzoylchloride (806772)
5-Nitroisophthalic acid (N1, 800-5)
Palladium/active carbon (10 % Pd) (807104)
Phosgene (20 % in toluene) (79380)
Sodium carbonate (0274)

Sodium dihydrogen phosphate p.a. (7496)
di-Sodium hydrogen phosphate (71640)
Sodium aminobenzene-2-sulfonate *)
Sodium 8-Aminonaphthalene-5- sulfonate *)
Sodium 8-Aminonaphthalene-2- sulfonate *)
Silver nitrate solution 0.1 M (35375)

Tetrabutylammonium hydrogensulfate (TBAHS) (86868)

Thionylchloride (88952)
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Toluene (34866) Riedel-deHaen
Trisodium 7-aminonaphthalene-1,3,5-trisulfonate (328- Wako Lab
200712)

Trisodium 8-aminonaphthalene-1,3,5-trisulfonate *) Bayer AG

*) Gift from Bayer AG. Leverkusen.

8.1.3. General reaction procedures (GRP)

8.1.3.1. GRP 1: Preparation of acyichloride

To a suspension of approximately 25 mmol nitrobenzoic acid derivative in 50 ml
toluene and DMF (0.5 ml), an excess of thionylchloride (approximately 75 mmol)
was added and stirred under reflux for approximately two hours until the reaction
mixture turned into a clear solution. Excessive thionylchloride and toluene were
removed under vacuum. The obtained products were dissolved in 25 ml toluene

and immediately used for the acylation reaction.

8.1.3.2. GRP 2: Synthesis of nitro derivative

Approximately 7.5 mmol of the nitro benzoic acid chloride derivative dissolved in
toluen were slowly dropped to the stirred solution of approximately 5 mmol amine
derivative in water. During the acylation process, for sulfonate analogues, the
reaction mixture was kept at constant pH of 3.8 by automatic addition of 2 M
Na,COs solution. The reaction was controlled by TLC. After separating the water
phase from the toluene phase, pH was adjusted to 2.0 and the aqueous phase
was extracted three times with diethylether. The aqueous phase was then adjusted
to pH 7.0 and the solvent was removed under vacuum. NaCl was removed by

stirring the crude product in methanol and controlled by NaCl determination.

8.1.3.3. GRP 3: Synthesis of amine derivative

20 mg of Palladium (10 %) on charcoal were added as catalyst to a solution of
approximately 5 mmol nitro derivative in 50 ml water, at pH 7. Under heavy stirring,

the reaction mixture was hydrogenated under pressure (4.0 bar) in a Parr
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apparatus for approximately 12 hours. The reaction was controlled by TLC. Pd/C

was then filtrated and the solvent was removed under vacuum.

8.1.3.4. GRP 4: Synthesis of urea compound

Preparation of ureas of sulfonate analogues was carried out as follows:
approximately 10 mmol phosgene (20 % in toluene) were slowly added to a
solution of approximately 5 mmol amine derivative in water under heavy stirring at
room temperature. The reaction mixture was kept constant at pH 4 by automatic
addition of 2 M NayCO; solution. The reaction was controlled by TLC. The
aqueous phase was adjusted to pH 7.0 and the solvent was removed under
vacuum. NaCl was removed by stirring the crude product in methanol and

controlled by NaCl determination.
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8.2. Biological testing

8.2.1. Instruments and materials

NOVOstar® Microplate reader with injector

Accujet pipette
Autoclave (V-65)

Centrifuge: Micro 200 R (2405)

Centrifuge: Rotina 420 R (4708)

Cell counter clicker (1-7510)

Neubauer cell counter chamber

Cryo vial: cryo pure, 2 ml with quick seal top
Culture flask (T175, T75)

Microtube: 1.5 ml

PP-tube: 15 ml and 50 ml

Incubator: Heraeus (BB15)

Microbiological safety bench advantage series
Multichannel pipette: 20-200 pl
Measurement plate: flat-bottom, 96 wells
Microscope (AE 21)

Reagent plate: U-bottom, 96 wells

Rotation vortex
Water bath

8.2.2. Chemicals
Adenosine-5’-triphosphate (ATP) (A-7699)

Calcium chloride x 2 H,0, p.A. (08-307.1000)
Dimethylsulfoxide (DMSO) (167852500)

D-Glucose x 1 H,0 for microbiology (16325)
Dulbecco’s modified Eagle’s medium (DMEM) (D 6546)
Fetal bovine serum (F7524)

Geneticindisulfate (G418) (345810)
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES) (79694)

BMG Lab Tech
Brand
Systec
Hettich
Hettich
IVO
Optic Lab
Sarstedt
Sarstedt
Sarstedt
Sarstedt
Thermo
Thermo
Capp
Sarstedt
Motic
Sarstedt
IKA

Julabo

Sigma-Aldrich
KMF-Optichem
Riedel-de Haen
Riedel-de Haen
Sigma-Aldrich
Sigma-Aldrich
Calbiochem
ICN Biomedical
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L-glutamine (G 7513) Sigma-Aldrich
Sodium chloride, p.A. (0525901026) J.T Baker
Sodium bicarbonate, p.A. (31431) BDH Prolabo
2-Methylthioadenosin-5’-diphosphate (2-MeSADP) Sigma-Aldrich
(M-152)

Magnesium sulfate x 7 H,O, p.A. (63140) Fluka

Oregon Green® 488 BAPTA-1/AM (OG 807) Invitrogen
Pluronic F-127 (P-2443) Sigma-Aldrich
Penicillin/streptomycin (P-0781) Sigma-Aldrich
Potassium chloride, p.A. (26764.298) Roth
Potassium dihydrogenphosphate, p.A. (3904.1) Roth
Disodium hydrogenphosphate, p.A. (28029292) BDH Prolabo
Trypsin-EDTA solution (1x) (T-3924) Sigma-Aldrich
Uridin-5’-triphosphate (UTP) (U-6625) Sigma-Aldrich

8.2.3. Buffers and solutions

Adenosinetriphosphate (ATP) solution 10 mM

55.11 mg ATP were dissolved in 10 ml bidistilled water and diluted in 1x KHB. The

solution was stored at -20 °C.

Geneticindisulfate (G418)-solution 100 mg/ml

About 5 g of G418 powder were weighed. Under consideration of the value of the
specific activity (ug/mg), G418 was dissolved in a certain amount of bidistilled

water using the following equation:

Activity(ug / mg) x G418 (mg)
100(mg / ml)

Water amount () = E.6.3

The solution was sterile filtrated and was divided into 1 ml aliquots under aseptic
conditions. Aliquots were stored at -20 °C. 2 ml solution were added to 500 ml

growth medium (400 pg/ml).
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Krebs-HEPES-Buffer 5x (KHB 5X)
e 17.33 g NaCl (590 mM)
e 0.876 g KCI (23.5 mM)
e 0.408 g KH2PO4 (6 mM)
e 0.882 g NaHCO3(21 mM)
e 5.79 g D-Glucose x 1 H,0O (21 mM)
e 5.69 g HEPES (50 mM)
e 500 ml bidistilled water
Reagents were dissolved in bidistilled water and were adjusted to pH 7.4. The

solution was divided into 100 ml aliquots. The aliquots were stored at -20 °C.

Calcium chloride solution (1 M)
1.47 g CaCl, x 2 H,O were dissolved in 10 ml bidistilled water and were stored at
4 °C.

Magnesium sulfate solution (1 M)
2.465 g MgSOq4 x 7 H,O were dissolved in 10 ml bidistilled water and were stored
at 4 °C.

Krebs-HEPES-Buffer 1x (KHB 1X)

e 100 ml KHB 5 X

e 650 ul 1M CaCl; solution (1.3 mM)

e 600 pl 1M MgSOq solution (1.2 mM)
One aliquot of KHB 5 X (100 ml) was dissolved in 500 ml bidistilled water. 650 ul
of 1M CaCl, and 600 yl 1M MgSO4 solution were added.

Oregon Green® 488 BAPTA-1/AM solution 1 mM
A 50 pg aliquot of Oregon Green® BAPTA-1 AM was diluted in 39.7 yl DMSO and
was divided into 3 ul aliquots in 1.5 ml Eppendorf caps. The aliquots were stored

at -20 °C and protected from light.
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Phosphate-Buffered-Saline 1x (PBS)
e 8.0 g NaCl (140 mM)
e 0.2gKCI (3 mM)
e 1.44 g NaygHPO4 x 2 H,0 (8 mM)
e 0.24 g KH2PO4 (1.5 mM)
e 1000 ml bidistilled water
All reagents were dissolved in 1000 ml bidistilled water and pH was adjusted to

7.4. The solution was then autoclaved and stored at 4°C.

Pluronic F-127 solution 20 %
0.2 g Pluronic F-127 were diluted in 1 ml DMSO.

8.2.4. Cell culture method

8.2.4.1. General aspects

All cell culture techniques were carried out under aseptic conditions by using a
workbench with sterile laminar airflow. Cells were cultivated in an incubator at
37 °C, under 5 % CO, atmosphere, and 96 % humidity. Within this study, P2Y4,
P2Y,, P2Y, and P2Y 44 receptors were used for biological testing. The receptors
are recombinantly expressed in 1321N1 astrocytoma cells. The P2Y, P2Y»,, and
P2Y, cell lines were established by S. Meis using cDNA clone from the UMR
cDNA resource center (Meis, 2008). 1321N1 P2Y, receptor expressing cells were

kindly provided by Prof. Gachet, University of Strassbourg.

8.2.4.2. Growth medium

Dulbecco’s Modified Eagle’s Medium (DMEM) was used as growth medium for
1321N1 P2Y4, P2Y,, P2Y4, and P2Y 11 receptors. 500 ml DMEM was supplemented
under aseptic conditions with:

e 10 % fetal bovine serum

e 5 mM L-glutamin

e 100 U/ml penicillin G
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e 100 pg/ml streptomycin (6 ml of the mixture)

e 400 pg/ml G418
Complete growth medium was stored at 4 °C. Growth medium was first warmed at
37 °C for 15 minutes in a water bath. Medium must be changed one day after cells
thawing from cryoconservation. The next change of medium depends on the cell

vitality that was observed under microscope and the color of medium.

8.2.4.3. Detaching process

The cell lines were collected from T-175 culture flask. The cells were detached
with the following method: medium was first aspirated with pipette helper. 3 ml of
PBS were added and aspirated. 3 ml trypsin EDTA were added. After all the cells
were detached, 7 ml growth medium were added and the suspension was
centrifuged in a sterile 50 mm PP-tube (266 x g, 4 °C for 4 minutes). The
supernatant was aspirated and the cell pellet was used as needed.

8.24.4. Cryoconservation

Cells were detached using method at 8.2.4.3. The cell pellet was suspended in
FBS containing 10 % DMSO and was divided into cryo caps in an amount of 1 ml.
The caps were stored in 80 °C freezer for one day and were then moved into liquid

nitrogen environment (-196 °C).

8.2.4.5. Passaging cells

Cell lines from cryoconservation were thawed in the water bath at 37 °C. The
suspension was added to T75 culture flask filled with 20 ml medium. After
cultivation, confluent cells (80-90 %) were split to another passage. The cells were
detached first (s. 8.2.4.3). The cell pellet was resuspended in 10 ml medium and
1 ml of cells was transferred to T-75 or T-175 flask. 20 ml and 30 ml medium were
added to T-75 and T-175 flask, respectively. The cells had to be passaged two

times after thawing before was used for the first assay.
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8.2.5. Biological testing technique

8.2.5.1. Preparation of the dilution series

Stock solutions of standard agonists (ATP, 2-MeSADP, UTP), antagonist (NF157)
and compounds were prepared in concentration of 10 mM in bidistilled water and

the dilution series in KHB. The solutions were then stored at -20 °C.

8.2.5.2. Assay preparation

The assay was carried out using methods established by Lin et al. and Kassack et

al. (Lin et al., 1999; Kassack et al, 2002). The methods are explained as follows:

Cell harvesting

90 % confluent cells were detached (s. 8.2.4.3) and harvested from the T-175
flask. After centrifugation, pelleted cells were resuspended in new medium and
incubated at 37 °C, under 5 % CO, atmosphere and 96 % humidity for 15 minutes.

After 15 minutes, the cells were centrifuged and the supernatant was aspirated.

Cell incubation with fluorescence dye

The cell pellet was resuspended with 800 uL 1x KHB in an Eppendorf cap and
then centrifuged with fast impulse up to 8000 rpom. The process was repeated for a
total of three washes. The pellet was resuspended in 500 yL 1x KHB solution and
then added to 3 uyL Oregon Green® BAPTA-1/AM and 3 pL Pluronic F-127. The
mixture was incubated at room temperature in a Vortex at 600 rpm for 60 minutes.
Calcium-sensitive fluorescence indicator BAPTA is a polycarboxylate compound
derived from EGTA (ethylene glycol-bis-(B-amino-ethyl ether) N, N, N’, N'-tetra-
acetic acid) (Monteith and Bird, 2005; Rudolf et al., 2003; Takahashi et al. 1999).
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Figure 8.1 Oregon Green® 488 BAPTA-1/AM
Unspecific esterase hydrolyzes ester groups. The product binds Ca” to build a chelate complex.

In this study, Oregon Green® 488 BAPTA-1AM (OG) was used as a single
excitation wavelength dye. This dye is a compound combining the fluorescent dye
Oregon Green® 488 and BAPTA (1,2-bis(o-aminophenoxy) ethane-N,N,N',N’,-
tetraacetic acid) as a calcium-specific chelator. Liphophil and calcium insensitive
compound could pass the cell membrane by passive diffusion. Unspecific
endogenous esterases hydrolyze the ester to a polyanion calcium sensitive dye.
After calcium binding, the fluorescence intensity would raise (Haughland, 2006).
Cell transfer

After 60 minutes, the mixture was centrifuged and the supernatant was aspirated.
Cells were resuspended with 800 yl KHB and then centrifuged with short spin up
to 8000 rpm. The process was repeated two times. In the last step, the cells were
resuspended in 1 ml KHB and placed in a cell reservoir. KHB were added to the
reservoir according to Table 8.1. With the multichannel pipette, the cells were
transferred to the 96 well measurement plate at a density of 50,000 -100,000

cells/well.
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Table 8.1 Volume of cell suspension and compounds per well each screening.

Screening Cell suspension Test compound Standard
per well per well agonist
per well
Agonist 180 pl 20 pl -
Antagonist 160 pl 20 pl 20 pl
Agonist followed 160 pl 20 pl 20 pl

by antagonist

End incubation
Cells were incubated at 37 °C for 30 minutes before the assay began.

8.2.5.3. Screening of compounds

Screenings for agonistic and antagonistic behaviour of compounds was performed.
For agonist screening, 180 ul cell suspension in KHB were placed in measurement
plate and 20 pl test compounds with concentration of 10 uyM and 100 uM,
respectively were injected from the reagent plate into the measurement plate.
Responses were compared with the response of 1 uM ATP as 100 % of control at
P2Y 1 receptors. For antagonist screening, 160 pl cell suspension were placed in
measurement plate, then 20 yl of 10 uM or 100 uM compounds were added,
respectively and incubated at 37 °C for 30 minutes. 20 pl of 1 uyM ATP were then
injected from the prepared reagent plate to the measurement plate using the
NOVOstar® injector. The final volume per well was 200 pl.

Compounds were further screened at P2Y, P2Y; and P2Y,4 receptors. Agonist and
antagonist screening at those receptors were carried out using the same method.
1 yM UTP was used as standard of agonist at P2Y, and P2Y, receptors and
31.6 nM 2-MeSADP were used as standard of agonist at P2Y receptors.
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8.2.5.4. Assay condition

Using NOVOstar® software, Ca**-assay was carried out with the following setting:

1. Basic parameters: e Excitation filter: 485 nm
e Emission filter: 520 nm
e Positioning delay: 0.5 s
e Measurement temperature: 37 °C
¢ Reading direction: horizontal
2. Kinetic windows: e Interval of measuring fluorescence intensity:
04s
e Duration of measurement: 33.6 s per well
e Total measuring time: 57 min, 16 s (for 96
wells)
3. Injection setting: e Injection volume: 20 ul of solution
¢ Injection speed: 33 pl/s
e Wash cycles: 1
¢ Rinse cycles: 3
4. Gain adjustment: e Required value: 50 % (gain value was

calculated from the mean of 5 wells)

8.2.5.5. Ecso and |Cso

ICsp is the molar concentration of an antagonist that reduces the response of an
agonist by 50 % whereas ECsp is the molar effective concentration of an agonist
that produces 50 % of the maximal possible effect in the chosen test system.
Compounds with a significant agonist activity in a first primary screening were
further investigated to determine their ECso values. A series of dilution
concentrations was made to monitor the concentration response curve (CRC)
using agonist mode. For potent antagonists a series of dilution concentrations was
made to build concentration inhibition curves (CIC) in the antagonist mode

(s.8.2.5.3). CICs were used to determine ICsq values.
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8.2.5.6. Data analysis

All data were analyzed using NOVOstar® software, supported by Microsoft® Excel
Program. At the point of injection, fluorescence intensity has the lowest value and
was marked as ,minimum®. The highest fluorescence intensity evoked by injection
of agonist was marked as ,maximum®. Minimum was subtracted from maximum

and the difference was used as a measure for the response (E 6.4).

F = Fmax— F min E.6.4

F: Fluorescence signal produced by an agonistic compound
Fumax: maximum intensity after the injection of a compound (between 11.6 - 30 s)

Fwmin: minimal intensity before injection of the substance (between 0 - 11.5 s)

Data were then normalized compared to the respective standard agonist. For
agonist screening the result was reported as % of control and calculated from the
comparison of the fluorescence intensity of the test compound, of buffer, and of
the standard agonist. The fluorescence intensity evoked by standard agonists was
set as maximal stimulation (100 %), whereas the fluorescence intensity of buffer
was set as 0 % control. For antagonist screening the result was reported as %
inhibition as a result of subtraction of % of control from 100%. A concentration-
response curve or concentration-inhibition curve was constructed by plotting the
fluorescence intensities (F) against log concentrations of test compound. An ECsg
or ICsp was estimated, using nonlinear regression analysis by the software
GraphPad Prism 4.00®.

The apparent inhibition constant was estimated according to equation E.6.5. The
ECso value of standard agonist at P2Y; receptors was measured from series of
ATP dilutions in the same measurement plate as the test compound. The apparent
pK; was estimated according to a modified Cheng and Prusoff equation (Cheng
and Prusoff, 1973).

K = Cso E.6.5

C(agonist)
(ECso)agonist
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K; = constant of inhibition

C = concentration of standard agonist (M)

App.pKi = —log Ki E.6.6
8.2.5.7. Schild-analyse

Analysis of competitive character of compound 5¢c and 9c were carried out using
Schild-analyse experiments. For agonist 9c, concentration-response curves of
each compound in the absence and in the presence of 10 nM, 31.6 nM, 100 nM,
and 316 nM of NF157 were monitored and an ECsy of each concentration was
calculated. Meanwhile, for antagonist compound 5c, concentration-response
curves of ATP in the absence and in the presence of 31.6 nM, 100 nM, 316 nM,
1uM, and 3.16 pM of compound 5c were monitored and an ECsy of each
concentration was estimated. The obtained ECsy values were further used for
analysis by linear regression method (Arunlakshana and Schild, 1957). Schild

analysis DR (Dose ratio) was calculated according to the equation E.6.7

DR = EC5ou/EC5o E.6.7

ECso: The ECs of agonist obtained in the presence of antagonist.

ECso: The ECsp of agonist obtained in the absence of antagonist.

A plot of (DR-1) against log concentration of each compound was performed and
analysed by linear regression, using the software GraphPad Prism 4.00®. A pA;
was calculated from an X-intercept of the plot. If the slope was not significantly

different from unity, a competitive character could be assumed.
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9. Monographs

Trisodium 7,7'-(carbonylbisazanediyl)bis(naphthalene-1,3,5-trisulfonate)
1c

SO3Na SO3Na
NaO3S o) OO SO3zNa
R
SO3Na SO3Na

C21H10N2N8501986 (924.6)

A solution of 1.6 mmol phosgene (20 % in toluene) was slowly added to a solution
of 400 mg (0.8 mmol) trisodium 7-aminonaphthalene-1,3,5-trisulfonate in 20 ml
water, under heavy stirring at room temperature. The reaction was carried out
according to GRP 4.

Yield: white powder, 60.5 % (242 mg)

TLC: Rf=0.48 (MP2)

HPLC: 96.9 % (tr = 3.35 min)

UV spectrum (phosphate buffer pH of 6.5): Ajax = 264.5 nm

NaCl: 67.9 %
Elemental analysis (%):

C H N C/N
Calculation: 27.3 1.09 3.03 9.00
Calculation with H,O and NaCl: 8.35 0.50 0.93 9.00
Found: 8.63 0.89 1.05 8.22
Water content: 2 mol/mol
ESI-MS negative mode: m/z
[M-Na]: 901.4
IR spectrum (cm™):
3457 (br, s) 2361 (w) 1616 (m) 1551 (w)
1474 (m) 1406 (w) 1219 (br, s) 1118 (w)
1077 (w) 1043 (s) 798 (w) 668 (m)
614 (m) 532 (w)
500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)
9.32 -NH-CO-NH- S 1H (exchangeable)
9.10 H8 dd (°J=0.6,*J=1.9) 1H
8.79 H4 dd °J=0.6,*=2.2) 1H
8.43 H2 d(*J=2.2) 1H
8.25 H6 d(*J=1.9) 1H
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125 MHz *C NMR spectrum (DMSO-ds): 5/ppm

152.9 C9 136.2 C3 123.5 C6
145.4 C7 130.4 C8a 118.5 C2
142.0 C5 125.4 C4a 115.2 C4
141.7 C1 125.2 C8

Trisodium 7-(3-nitrobenzamido)-naphthalene-1,3,5-trisulfonate
2a

SO;Na

NaO3S. 3 °
alj o
01 O N9 1 3'N02
H
SO3Na

C17H9N2N3301283 (5984)

916.7 mg (4.94 mmol) 3-Nitrobenzoylchloride dissolved in 10 ml toluene were
slowly added to the stirred solution of 1.0g (2.22 mmol) trisodium 7-
aminonaphthalene-1,3,5-trisulfonate in 50 ml water, until there was no precursor
left. The reaction was carried out according to GRP 2.

Yield: white powder, 92.0 % (1.4 g)

TLC: Rf=0.77 (MP 1)

HPLC: 96.8 % (tr = 3.34 min)

UV spectrum (phosphate buffer pH of 6.5): Ajax = 258.5 nm

NaCl: 4.70 %
Elemental analysis (%):

C H N C/N
Calculation: 341 1.5 47 7.3
Calculation with H,O and NaCl: 28.3 2.7 3.9 7.3
Found: 28.2 2.5 4.0 71
Water content: 5 mol/mol
IR spectrum (cm™):
3463 (br, s) 1677 (s) 1616 (m) 1577 (m)
1551 (s) 1530 (s) 1467 (w) 1438 (w)
1329 (s) 1356 (m) 1195 (b.s) 1117 (s)
1079 (m) 1043 (vs) 918 (vw) 795 (m)
770 (vw) 714 (m) 671 (s) 615 (vs)

529 (m)
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500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)

10.92 NH-CO s 1H exchangeable
9.14 H8 dd °J=06,%/=16) 1H

9.08 H4 d g“J =1.9) 1H

8.89 H2' t(*J=2.2) 1H

8.49 H6' d ¢J=7.9) 1H

8.47 H2 d(*J=1.9) 1H

8.43 H4' dd (°J=0.9,U=2.2) 1H

8.29 H6 d(“J=1.6) 1H

7.85-7.82 H5 t CJ=7.9) 1H

125 MHz *C NMR spectrum (DMSO-ds): & (ppm)

163.5 c9 134.8 C6’ 125.2 C8
147.9 ox} 134.5 C3 123.5 C6
145.3 c7 130.2 C5' 122.8 c2
143.0 C5 130.1 C8a 120.9 C2
142.8 C1 126.6 c4' 119.5 C4
136.4 c1’ 126.2 C4a

Trisodium 7-(3-aminobenzamido)-naphthalene-1,3,5-trisulfonate
2b

SO;Na

NaO,S._3 5
TCLLS
"
1 N 3INH2
H
SO3Na

C17H11N2Na301083 (568.4)

20 mg Palladium (10%) on charcoal were added as catalyst to a solution of
854.7 mg (1.4 mmol) compound 2a in water. The reaction was carried out
according to GRP 3.

Yield: beige powder, 90.2 % (733 mQ)

TLC: Rf=0.77 (MP 1)

HPLC: 97.5 % (tr = 3.34 min)

UV spectrum (phosphate buffer pH of 6.5): Ajax = 258.5 nm

NaCl: 3.60 %
Elemental analysis (%):

C H N CIN
Calculation: 35.9 1.9 4.9 7.3
Calculation with H,O and NaCl: 27.6 3.7 3.8 7.3
Found: 27.6 3.4 3.9 7.2

Water content: 8 mol/mol
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IR spectrum (cm™):

3444 (br, s) 1663 (M) 1577 (m) 1549 (m)
1473 (m) 1442 (w) 1329 (s) 1295 (m)
1189 (b, s) 1124 (s) 1076 (w) 1039 (vs)
882 (vw) 791 (m) 733 (m) 667 (s)
524.20 (m)
500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)
10.92 NH-CO S 1H exchangeable
9.12 H8 dd (*J = 2.0, °J=0.6) 1H
8.99 H4 dd (*J=2.1,°J=0.6) 1H
8.39 H2 d(“J =2.1) 1H
8.27 H6 d (*J=2.0) 1H
7.19 H2', H6’ m 2H
7.13 H5' t(;J=7.9) 1H
6.74 H4' dd (=79, %=20) 1H
5.23 -NH; S 2H exchangeable
125 MHz *C NMR spectrum (DMSO-ds): & (ppm)
166.4 C9 135.5 C3 121.3 C2
148.8 C3 130.2 C8a 1194 C4
1451 C7 128.7 C5’ 116.9 C4’
142.8 C5 126.4 C4da 115.2 Cce’
142.5 C1 125.2 C8 113.4 Cc2
135.8 c1 123.4 C6
Trisodium 7,7’-{carbonylbis[azanediyl(3,1-
phenylene)carbonylazanediyl] }bis(naphthalene-1,3,5-trisulfonate)
2c
SOSNa SOsNa
NaO3S. 3 SOsNa
OO Mok OO
SOSNa 0] SOsNa

C35H20N4N8502186 (1 1 629)

A solution of 1.76 mmol phosgene (20 % in toluene) was slowly added to a
solution of 500 mg (0.88 mmol) compound 2b under heavy stirring at room
temperature. The reaction was carried out according to GRP 4.

Yield: beige powder, 88.2 % (902 mg)

TLC: Rf=0.70 (MP 2)

HPLC: 98.0 % (tr = 4.64 min)

UV spectrum (phosphate buffer pH of 6.5): Ajax = 258.5 nm
NaCl: 2.50 %
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Elemental analysis (%):

C H N C/N
Calculation: 36.2 1.70 4.8 7.5
Calculation with H,O and NacCl: 28.4 3.00 3.8 7.5
Found: 28.1 3.20 3.8 7.3
Water content: 16 mol/mol
ESI-MS negative mode: m/z
[M-H]: 1161.3, [M-Na]: 1139.3, [M-2Na+H]: 1117.3
IR spectrum (cm™):
3440 (br, s) 1591 (m) 1540 (s) 1472 (m)
1436 (m) 1402 (w) 1327 (m) 1192 (b.s)
1125 (m) 1079 (m) 1041 (vs) 897 (w)
796 (m) 746 (m) 668 (s) 614 (s)
613 (s) 526 (m)
500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)
10.60 NH-CO s 2H (exchangeable)
9.70 -NH-CO-NH- s 2H (exchangeable)
9.14 H8 s 2H
9.06 H4 d(*J=2.1) 2H
8.45 H2 d(#J=2.1) 2H
8.29 H6 d (*J=1.6) 2H
8.01 H2’ pt 2H
7.80 H6’ d J=8.0) 2H
7.66 H4' d (°J=8.0) 2H
7.42 H5’ t (3J =8.0) 2H
125 MHz *C NMR spectrum (DMSO-ds): 5 (ppm)
165.9 C9 135.7 c1 123.5 C6
153.0 C10 135.4 C3 121.8 C4', Co’
145.0 C7 130.2 C8a 121.1 C2
142.7 C5 128.8 C5’ 119.3 C4
142.5 C1 126.4 C4a 117.8 cz
140.8 C3 125.3 C8

Trisodium 7-[3-(3-nitrobenzamido)-benzamido]-naphthalene-1,3,5-
trisulfonate

3a
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600.0 mg (3.2 mmol) 3-Nitrobenzoylchloride dissolved in 10 ml toluene were
slowly added to the stirred solution of 568.4 mg (0.9 mmol) compound 2b in 50 ml
water, until there was no amine left. The reaction was carried out according to

GRP 2.

Yield: white powder, 89.5 % (609.9 mg)

TLC: Rf = 0.72 (MP 1)
HPLC: 99.1 % (tr = 5.02 min)

UV spectrum (phosphate buffer pH of 6.5): Ajax = 260.5 nm

NaCl: 5.19 %

Elemental analysis (%):

5.86
4.39
4.99

C/N
6.86
6.86
6.81

1558 (s)
1329 (m)
894 (w)
743 (m)
528(m)

1H (exchangeable)
1H (exchangeable)

1H
1H
1H
1H
1H
1H
1H
1H
1H
1H
1H
1H

125.2
123.6
123.5
122.6

C H
Calculation: 4017 1.97
Calculation with H,O and NaCl: 33.84 2.84
Found: 33.99 3.15
Water content: 5 mol/mol
IR spectrum (cm™):
3450 (br, s) 2918 (w) 1663 (s)
1532 (s) 1433 (w) 1361 (m)
1213 (vs) 1120 (m) 1041 (vs)
844 (w) 793 (w) 716 (m)
743 (m) 668(m) 614 (s)
500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)
10.81 -NH-CO- s
10.61 -NH-CO- s
9.14 H8 d (°J=1.9)
9.01 H4 d (*J=2.0)
8.86 H2" t °J=2.0)
8.47 H2 d (*J =2.0)
8.46 H6" dd (*J=2.2,3J=5.0)
8.44 H4" dd (*v=2.1,%J=7.9)
8.33 H2' t (*J =2.0)
8.28 H6 d*J=1.9)
8.09 H4' dd *J=8.4,°%=1.6)
7.87 H5" t (*J=7.9)
7.85 H6’ d (*J=8.4)
7.55 H5' t (3J=8.4)
125 MHz "*C NMR spectrum (DMSO-ds): 5 (ppm)
165.5 C9 135.7 c1’
163.6 C10 135.3 C3
147.9 C3"” 134.4 C6"”
145.2 c7 130.4 C5"”
142.9 C5 130.2 C8a

121.2

C8
Cco’
C6

C2N
C2
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142.6 C1 128.8 Co%' 120.6 C2
138.9 C3 126.5 C4" 119.5 C4
136.2 c1” 126.4 C4a

Trisodium 7-[3-(3-aminobenzamido)-benzamido]-naphthalane-1,3,5-
trisulfonate

3b
SOSNa
NaO,S._3 > o
DOW
y N9 ! 3 Njﬂ@"\NHz
SoNa 0

CQ4H16N3N8301183 (6876)

20 mg Palladium (10%) on charcoal were added as catalyst to a solution of
550 mg (0.8 mmol) compound 3a in water. The reaction was carried out according
to GRP 3.

Yield: beige powder, 88.3 % (459.8 mg)

TLC: R¢f=0.54 (MP1)

HPLC: 97.7 % (tr = 2.93 min)

UV spectrum (phosphate buffer pH of 6.5): Ajax = 260.5 nm

NaCl: 14.5 %
Elemental analysis (%):

C H N CIN
Calculation: 41.92 2.35 6.11 6.86
Calculation with H,O and NaCl: 27.54 3.76 4.02 6.86
Found: 27.60 3.71 4.17 6.62
Water content: 11 mol/mol
IR spectrum (cm™):
3440 (br, s) 1636 (W) 1109 (w) 1039 (w)
500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)
10.57 -NH-CO- s 1H (exchangeable)
10.25 -NH-CO- S 1H (exchangeable)
9.13 H8 dd (°J=0.8,%J=1.8) 1H
9.02 H4 dd °J=0.8,%=2.2) 1H
8.45 H2 d S“J =2.2) 1H
8.33 H2' t(*J=1.9) 1H
8.28 H6 d(“J=1.8) 1H
8.02 H4' m 1H
7.76 H6’ d(?/=8.2) 1H
7.47 H5' t(°J=18.2) 1H
7.16-7.13 He", H5" m 2H
7.12 H2" t(*J=2.2) 1H

164



Monographs

6.75 H4" dd *J=17.8,%J=22) 1H
5.29 -NH; s 2H (exchangeable)

125 MHz *C NMR spectrum (DMSO-ds): & (ppm)

166.6 C9 135.6 c1 123.3 Cc4’
165.8 C10 135.4 C3 122.8 C4A
148.9 C3” 130.2 C8a 121.1 C2
145.1 C7 128.9 C5” 120.3 C4"
142.9 C5 128.5 C4' 119.4 C4
142.6 C1 126.4 C4a 1171 ce"”
139.5 C3 125.3 C8 114.9 cz
135.8 c1” 123.4 C6 113.2 c2”

Hexasodium 7,7'-{carbonylbis[azanediyl-3,1-phenylenecarbonylazanediyl
(3,1-phenylenecarbonylazanediyl] }bis(naphthalene-1,3,5-trisulfonate)
3c

SO3Na SO3Na

5
N 3 N
DOU TN i 2 L1 o
K iy 5
SO;Na o] o) SO;Na

C49H30N6N8602386 (1 400.1 )

A solution of 1.2 mmol phosgene (20 % in toluene) was slowly added to a solution
of 400 mg (0.58 mmol) compound 3b under heavy stirring at room temperature.
The reaction was carried out according to GRP 4.

Yield: beige powder, 72.5 % (290 mg)

TLC: R;= 0.8 (MP2)

HPLC: 95.6 % (tr = 5.58 min)

UV spectrum (phosphate buffer pH of 6.5): Ajax = 260.5 nm

NaCl: 6.69 %
Elemental analysis (%):

C H N C/N
Calculation: 42.00 2.16 6.00 7.00
Calculation with H,O and NaCl: 32.68 3.41 4.67 7.00
Found: 32.76 4.01 4.70 6.98

Water content: 15 mol/mol

ESI-MS negative mode (m/z):
[M+H]: 1401.2, [M-Na+H]: 1377.4
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IR spectrum (cm™):

3441 (br, s) 1540 (s) 1469 (m) 1436 (m)
1325 (m) 1305 (m) 1192 (br, s) 1041 (vs)
794 (w) 747 (m) 668 (m) 614 (s)

500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)

10.62 NH-CO s 1H (exchangeable)
10.45 NH-CO s 1H (exchangeable)
9.41 -NH-CO-NH- s 1H (exchangeable)
9.15 H8 dd (“y=16,°J=06) 1H

9.05 H4 d (4=22) 1H

8.47 H2 d (U=22) 1H

8.35 H2" pt 1H

8.30 H6 d (J=18) 1H

8.06 H4' d (J=8.3) 1H

8.01 H2' pt 1H

7.77 H6’, H6" d (*J=7.8) 2H

7.62 H4" d (J=7.8) 1H

7.48 H5', H5" t (CJ=7.8) 2H

125 MHz "*C NMR spectrum (DMSO-ds): 3 (ppm)

165.9 C9 135.8 c1’ 123.6 C6
165.8 C10 135.7 c1” 123.7 c4’
152.9 C11 135.4 C3 123.1 c4”
145.1 c7 130.2 C8a 121.5 ce’
142.8 C5 129.0 C5' 121.2 C2 C6"
142.5 C1 128.5 C5” 120.4 c2
140.1 c3 126.4 C4a 119.4 c4
139.4 C3" 125.3 cs8 117.8 c2”

Trisodium 7-[3-(4-nitrobenzamido)-benzamido]-naphthalene-1,3,5-
trisulfonate

4a
SO;Na
NaO;S.3 S 4" NO,

o)

L ot

1 N~ 9 3 1"
H

SO;Na o)

C24H14N3Na301383 (7176)
3.85 g (2.09 mmol) 4-Nitrobenzoylchloride dissolved in 10 ml toluene were slowly
added to the stirred solution of 1 g (1.39 mmol) compound 2b in 20 ml water, until
there was no amine left. The reaction was carried out according to GRP 2.

Yield: 72.7 % (719.7 mg)
TLC: R = 0.64 (MP1)
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HPLC: 98.1 % (tr = 4.45 min)
UV spectrum (phosphate buffer pH of 6.5): Ajax = 258.5 nm
NaCl: 10.5 %

Elemental analysis (%):

Calculation:

Calculation with H,O and NaCl:

Found:

Water content: 3 mol/mol

IR spectrum (cm™):

C
40.17
33.42
33.43

H
1.97
2.34
2.64

C3

c1

C3

C8a
Cc2",Ce"
Cc4’

5.86
4.87
4.89

C/N
6.86
6.86
6.83

1538 (s)
1328 (m)
1302 (m)
1051 (s)
713(w)

1H (exchangeable)
1H (exchangeable)

1H
1H
1H
2H
1H
1H
2H
1H
1H
1H

125.3
123.7
123.6
123.4
121.1
120.5

3418 (br, s) 1667 (m)

1474 (m) 1436 (m)

1302 (m) 1344 (m)

1258 (s) 1212 (vs)

852 (w) 798 (w)

666 (s) 621 (s)

500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)
10.79 -NH-CO- s

10.61 -NH-CO- s

9.13 H8 s

9.01 H4 s

8.46 H2 d (‘J=2.0)
8.36 H3", H5" d (°J =8.5)
8.34 H2' s

8.28 H6 pd

8.26 H2", 6" d (°J = 8.5)
8.07 H4' d (°J =6.6)
7.85 H6' d(J=7.3)
7.52 H5' t 3J = 8.5)
125 MHz *C NMR spectrum (DMSO-ds): & (ppm)
165.5 C9 138.9
164.2 C10 135.7
149.4 c4” 135.3
145.2 c7 130.2
142.9 C5 129.5
142.6 C1 128.7
140.5 c1” 126.5

C4a

119.5

c8
C3", 5"
C6
C6’
c2
c2’
C4
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Trisodium 7-[3-(4-aminobenzamido)-benzamido]-naphthalene-1,3,5-
trisulfonate

4b
SO3Na
NaO3;S.3 S 4" NH,
0
DOWSET
1 N 9 1 3 1||

H

SO;Na o)

C24H16N3Na301183 (6876)

20 mg Palladium (10%) on charcoal were added as catalyst to a solution of
500 mg (0.70 mmol) compound 4a in water. The reaction was carried out
according to GRP 3.

Yield: beige powder, 93.5 % (450 mg)

TLC: R =0.54 (MP1)

HPLC: 99.2 % (tr = 2.47 min)

UV spectrum (phosphate buffer pH of 6.5): Ajax = 262.5 nm

NaCl: 19.7 %
Elemental analysis (%):

C H N CIN
Calculation : 41.92 2.35 6.11 6.86
Calculation with H,O and NaCl : 27.85 3.12 4.06 6.86
Found : 28.00 3.18 4.28 6.54
Water content: 8 mol/mol
IR spectrum (cm™):
3426 (br, s) 1436 (W) 1040 (s) 613 (m)
1544 (m) 1185 (s) 668 (m)
500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)
10.55 -NH-CO- s 1H (exchangeable)
9.95 -NH-CO- S 1H (exchangeable)
9.13 H8 dd °J=1.0,%J=1.9) 1H
9.01 H4 dd (*J=2.2) 1H
8.45 H6 d(*J=2.2) 1H
8.29 H2’ pd 1H
8.28 H2 d g“J =1.0) 1H
8.03 H4’ t (°J=8.2) 1H
7.77 H2”, H6”  dd (*(J=8.4,%=1.9) 2H
7.72 H6’ dd (*J=1.0,%J=8.2) 1H
7.44 H5’ t(*J=8.2) 1H
6.61 H3”, H5” d(J=8.4) 2H
5.74 -NH; s 2H (exchangable)
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125 MHz "*C NMR spectrum (DMSO-ds): & (ppm)

165.8 C9 135.4 C3 122.3 C6
165.5 C10 130.2 C8a 121.2 c1”
152.4 C4" 129.6 Cc2", C6' 121.0 Co’
145.1 C7 128.4 Co% 120.1 C2
142.9 C5 126.4 C4a 119.4 C4
142.6 C1 125.3 C8 112.7 c3"”, 5"
139.9 C3 123.4 c2'

135.5 Cc1 123.2 C4'

Hexasodium 7,7’-{carbonylbis[azanediyl-4,1-phenylenecarbonylazanediyl]-
(3,1-phenylene)carboylazanediyl] }bis(naphthalene-1,3,5-trisulfonate)
4c

S0;Na SO;Na
NaO3S 3 4" \1[]1/ SO3Na
seRBEFss oW IS ¥ie

SO3Na SO5Na

C49H30N6N8502386 (1 400. 1

A solution of 0.87 mmol phosgene (20 % in toluene) was slowly added to a
solution of 400 mg (0.58 mmol) compound 4b in 20 ml water under heavy stirring
at room temperature. The reaction was carried out according to GRP 4.

Yield: beige powder, 37.5 (300 mg)

TLC: Rf=0.54 (MP2)

HPLC: 97.0 % (tr = 5.31 min)

UV spectrum (phosphate buffer pH of 6.5): Ajax = 260.5 nm

NaCl: 27.3 %
Elemental analysis (%):

C H N C/N
Calculation: 42.00 2.16 6.00 7.00
Calculation with H,O and NaCl: 25.25 2.63 3.60 7.00
Found: 25.32 3.13 3.68 6.88
Water content: 15 mol/mol
ESI-MS negative mode (m/z):
[M-Na]: 1379.2
IR spectrum (cm™):
3446 (br, s) 1534 (m) 1436 (m) 1302 (m)
1182 (m) 1038 (m) 798 (w)
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500 MHz 'H NMR spectrum DMSO-ds): 5 (ppm), J (Hz)

10.60  -NH-CO- s
10.34  -NH-CO- s
10.18  -NH-CO-NH- s
9.14 H8 pdd (°J =0.6)
9.04 H4 pdd (*J=2.2)
8.47 H2 d (J=22)
8.36 H2’ d (“‘J=1.6)
8.29 H6 d (*J=18)
8.05 H4’ d (J=7.9)
8.01 H3”, H5” d (3J=8.3)
7.76 H6’ d (J=7.9)
7.62 H2”, H6” d (3J=8.8)
7.52 H-5' t (CJ=17.9)
125 MHz *C NMR spectrum (DMSO-ds): 5 (ppm)
165.8 C9 135.6 C1”
165.4 C10 135.4 C3
152.6 C11 130.2 C8a
145.1 c7 129.1 c2", C6"
143.2 C5 128.6 c1”
142.8 C1 127.7 c4'
142.5 C4" 126.4 C4a
139.8 C3 125.3 Cs8
4-Fluoro-nitrobenzoic acid (Ullmann et al., 2005)
Os__OH

C7H4FNO, (185.1)

1H
1H
1H
1H
1H
1H
1H
1H
1H
2H
1H
2H
2H

123.6
123.4
122.9
121.2
120.4
119.4
117 .1

C2
C4
C6
Co’
C2
C4
C3H’ 5”

24 ml (280 mmol) 82 % Nitric acid were slowly dropped into a chilled solution of
45 ml conc. sulphuric acid at a temperature of -15°C. 8.0 g (57 mmol) 4-
fluorobenzoic acid were added as a small portion in to the solution at 0 °C. The
mixture was stirred at this temperature for an hour and at room temperature
overnight. The solution was poured into 150 g ice water and the white precipitate
was filtered and washed many times with water.

Yield: pale yellow powder, 77.7 %
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Elemental analysis (%):

C H N CIN
Calculation: 45.42 2.18 7.57 6.00
Found: 43.82 2.13 7.12 6.16
500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)
13.0 -OH S 1H exchangeable
8.54-8.53 H2 dd (‘U=17.6,%=2.2) 1H
8.29 H6 m 1H
7.69 H5 dd (°J=11.0,%/=128.8) 1H
125 MHz *C NMR spectrum (DMSO-d): & (ppm)
164.9 c7 136.9 C3 127.3 c2
157.3 C4 128.2 C1 119.3 C5
137.1 C6
4-Fluoro-3-nitrobenzoyl chloride (Ullmann et al., 2005)

@) Cl
NO,
F
C7H3CIFNO3 (203.6)

3.5 ml (50 mmol) of Thionylchloride was slowly dropped into a suspension of
7.22 g (39.66 mmol) of 4-fluoro-3-nitrobenzoic acid dissolved in 30 ml toluene and
6 drops of DMF. The reaction was carried out according to GRP 1.

Trisodium 7-(3-amino-4-fluorobenzamido)-naphthalene-1,3,5-trisulfonate
5a

SO3Na
NaO;S._3 S
OO
"
1 N9 3'NOZ
H
SOgNa

F
C17H8FN2Na301283 (61 64)

814.2 mg (4 mmol) 4-Fluoro-nitrobenzoylchloride dissolved in 10 ml toluene were
slowly added to the stirred solution of 1.0g (2.2 mmol) trisodium 7-
aminonaphthalene-1,3,5-trisulfonate in 50 ml water, until there was no amine left.
The reaction was carried out according to GRP 2.

Yield: white powder, 80.2 % (1.1 g)

TLC: Ry=0.64 (MP1)

HPLC: 98.3 % (tr = 3.47 min)

UV spectrum (phosphate buffer pH of 6.5): Ajax = 256.5 nm
NaCl: 3.84 %
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Elemental analysis (%):

C H N C/N
Calculation: 33.1 1.3 4.5 7.3
Calculation with H,O and NacCl: 26.8 2.8 3.7 7.3
Found: 26.6 2.7 3.8 6.9
Water content: 6 mol/mol
ESI-MS negative mode (m/z):
[M-Na]: 593.3
IR spectrum (cm™):
3441 (br, s) 1679 (s) 1617 (m) 1576 (m)
1540 (s) 1467 (w) 1437 (w) 1330 (s)
1359 (m) 1190 (b.s) 1114 (s) 1078 (m)
1042 (vs) 817 (vw) 793 (m) 668 (m)
613 (vs) 526 (m)
500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)
10.80 NH-CO S 1H (exchangeable)
9.14 H8 dd S4J= 1.8,°J=0.8) 1H
9.06 H4 d (‘(J=2.0) 1H
8.86 H2’ dd (*J=1.9,%=7.2) 1H
8.49 H6’ m 1H
8.45 H2 d S"’J =2.0) 1H
8.28 H6 d(J=1.8) 1H
7.75 H5' dd (°J=8.5,%J=11.3) 1H
125 MHz "*C NMR spectrum (DMSO-ds): & (ppm)
162.5 C9 135.0 C6’ 125.2 C8
156.4 C4' 134.7 C3 123.5 C6
145.3 C7 131.8 c1 120.7 C2
143.0 C5 130.1 C8a 119.5 C4
142.8 C1 126.6 c2 118.8 Co%
136.8 C3 126.1 C4a

Trisodium 7-(3-amino-4-fluorobenzamido)-naphthalene-1,3,5-trisulfonate

5b
SO3Na

NaO,S._3 5
UL S
"
1 N SINHz
H
SO3Na E

C17H10FN2Na3O1oS3 (586.4)
20 mg Palladium (10%) on charcoal were added as catalyst to a solution of

901.6 mg (1.5 mmol) compound 5a in water. The reaction was carried out
according to GRP 3.
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Yield: beige powder, 84.3 % (685 mg)
TLC: R;=0. 58 (MP1)

HPLC: 95.6 % (tr = 2.24 min)

NaCl: 5.50 %

UV spectrum (phosphate buffer pH of 6.5): Ajax = 258.5 nm

Elemental analysis (%):

C
Calculation: 34.8
Calculation with H,O and NaCil: 271
Found: 26.9

Water content: 7 mol/mol

ESI-MS negative mode (m/z):

[M-Na]: 563.8, [M-2Na+H]: 541.6, [M-3Na+H]: 519.6

IR spectrum (cm™):

3422 (br, s) 1652 (m)
1516 (m) 1467 (w)
1327 (m) 1200 (b.s)
898 (w) 785 (w)
602 (s) 503 (m)

1580 (m)
1473 (w)
1126 (m)
749 (m)

4.8
3.7
3.9

500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)
1H exchangeable

10.40 NH-CO s

9.12 H8 dd °J=1.0,%J=1.9)
8.98 H4 dd S5J =1.0,%J=2.2)
8.39 H2 d (U=22)

8.26 H6 d(*J=22)

7.44 H2’ d(*J=1.9)

7.25 Ho6’ m

7.09 H5' dd *J=8.5,°=11.3)
5.30 -NH. s

125 MHz **C NMR Spectrum (DMSO-ds): 3 (ppm)
165.4 C9 135.4 C3
152.5 c4' 131.6 c1’
145.1 C7 130.2 C8a
142.7 C5 126.4 C4a
142.5 C1 125.2 C8
136.5 c3 123.3 C6

1H
1H
1H
1H
1H
1H
1H

C/N
7.3
7.3
6.9

1551 (m)
1438 (w)
1041 (vs)
674 (m)

2H exchangeable

121.2
119.4
116.4
115.9
114.6

C2
C4
c2'
Co’
C5’
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Hexasodium 7,7’'-{carbonylbis[azanediyl(4-fluoro-3,1-phenylene)
carbonylazanediyl] }bis(naphthalene-1,3,5-trisulfonate)

Sc
SO;Na SOsNa
NaO3S 3 SO3Na
OO oo OO
N T
SO3Na SO5Na

C35H18F2N4N8602186 (1 1989)

A solution of 1.4 mmol phosgene (20 % in toluene) was slowly added to a solution
of 400 mg (0.7 mmol) compound 5b under heavy stirring at room temperature. The
reaction was carried out according to GRP 4.

Yield: beige powder, 66.0 % (537.9 mg)

TLC: R;=0.58 (MP2)

HPLC: 96.5 % (tr = 4.98 min)

UV spectrum (phosphate buffer pH of 6.5): Amax = 258.5 nm

NaCl: 2.70 %
Elemental analysis (%):

C H N C/N
Calculation: 35.0 1.5 4.8 7.2
Calculation with H,O and NaCl: 28.7 29 3.8 7.5
Found: 28.8 3.2 4.0 7.2
Water content: 12 mol/mol
ESI-MS negative mode (m/z):
[M-Na]: 1176.1
IR spectrum (cm™):
3438 (br, s) 1610 (m) 1539 (m) 1472 (m)
1436 (m) 1327 (m) 1201 (vs) 1120 (m)
1041 (vs) 898 (w) 794 (m) 669 (m)
614 (s)
500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)
10.61 -NH-CO- s 1H (exchangeable)
9.16 -NH-CO-NH- s 1H (exchangeable)
9.14 H8 dd S5J=1.6, “J=19) 1H
9.05 H4 d (‘(J=1.6) 1H
8.73 H2' d (*J=1.6) 1H
8.42 H2 d (*J=22) 1H
8.28 H6 d (*J=1.9) 1H
7.81 H6’ m 1H
7.41 H5' dd *J=8.5,2/=11.3) 1H
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125 MHz "*C NMR Spectrum (DMSO-ds): 5 (ppm)

164.5 C9 135.3 C3 123.5 C6
154.6 C4’ 130.1 C8a 123.2 Co’
152.1 C10 127.2 C3 121.8 c2'
145.1 C7 131.6 c1 121.1 C2
142.7 C5 126.4 C4a 119.3 C4
142.6 C1 125.2 C8 1156.1 C%

Trisodium 7-[4-fluoro-3-(3-nitrobenzamido)-benzamido]-naphthalene-1,3,5-
trisulfonate

6a
SO3Na
N 3 S
aO3S o
- . H 10 ¥
1 H 9 1 3 1" NO,
SO3Na (0]

F
C24H13FN3N33O1383 (7355)

97.5 mg (0.5 mmol) 3-Nitrobenzoylchloride dissolved in 5 ml toluene were slowly
added to the stirred solution of 149.5 mg (0.3 mmol) 5b in 20 ml water, until there
was no amine left. The reaction was carried out according to GRP 2.

Yield: pale yellow powder, 77.1 % (152.3 mg)

TLC: Rf=0.76 (MP1)

HPLC: 97.5 % (tr = 5.11 min)

UV spectrum (phosphate buffer pH of 6.5): Ajax = 258.5 nm

NaCl: 16.0 %
Elemental analysis (%):

C H N C/N
Calculation: 39.19 1.78 5.71 6.86
Calculation with H,O and NaCl: 23.43 3.76 3.41 6.86
Found: 23.46 2.97 3.67 6.40
Water content: 16 mol/mol
IR spectrum (cm™):
3446 (br, s) 1636 (w) 1141 (vs) 622 (w)
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500 MHz 'H NMR Spectrum (DMSO-ds): & (ppm), J (Hz)

10.79 -NH-CO- s 1H (exchangeable)
10.66 -NH-CO- S 1H (exchangeable)
9.13 H8 dd *J=1.0,%J=1.9) 1H

9.05 H4 d S“J =1.6) 1H

8.84 H2’ t(*J=1.9) 1H

8.48 H2 d (*J=1.6) 1H

8.47 H2" dd (*J=1.0,%=2.2) 1H

8.45 H6" dd (*J=1.0,*U=2.2) 1H

8.31 H4" d (*J=2.5) 1H

8.30 H6 d(*J=22) 1H

8.07-8.04 H6’ m 1H

7.87 H5" t °J = 8.50) 1H

7.50-7.47 H5 m (°J = 8.50) 1H

125 MHz **C NMR Spectrum (DMSO-ds): 5 (ppm)

166.3 C9 135.3 C3 126.5 C8
164.3 C10 135.2 c1’ 123.5 C6
158.2 c4' 134.4 C6"” 122.8. (ol}
148.0 c3” 130.5 c1’ 121.0 C2, C2"
145.1 c7 130.2 C8a,C5"” 119.4 C4, C3’
142.9 C5 127.5 C4" 116.1 c2
142.6 C1 126.7 C4a 115.9 C5'

Trisodium 7-[3-(3-aminobenzamido)-4-fluoro-benzamido]-naphthalene-1,3,5-
trisulfonate
6b

SO;Na

N 3 S
3038 o
- - H 10 ¥
p NS 'S » NH,
SO;Na o)

F
C24H15FN3N83011S3 (7056)

20 mg Palladium (10%) on charcoal were added as catalyst to a solution of 128
mg (0.2 mmol) compound 6a in water. The reaction was carried out according to
GRP 3.

Yield: white powder, 90.2 % (115.5 mg)

TLC: Rf=0.44 (MP1)

HPLC: 97.5 % (tr = 3.56 min)

UV spectrum (phosphate buffer pH of 6.5): Ajax = 258.5 nm
NaCl: 14.1 %
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Elemental analysis (%):

C H
Calculation: 40.86 2.14
Calculation with H,O and NaCl: 23.22 4.47
Found: 22.62 3.56

Water content: 20 mol/mol

IR spectrum (cm-1):
3446 (br, s) 1636 (w)

5.96
3.38
4.14

500 MHz '"H NMR Spectrum (DMSO-d): & (ppm), J (Hz2)
1H (exchangeable)
1H (exchangeable)

10.62 -NH-CO- s

10.04 NH-CO- s

9.13 H8 dd (°J=10.9,%J=1.9)
9.04 H4 d(“J=1.6)

8.43 H2 d(*J=22)

8.27 H6 d(*J=1.6)

8.26 H2" d(*J=1.6)
8.00-7.97 He" m

7.43 H5" t(3J=17.6)

7.17 H2’ dd *J=7.6,%J=2.1)
7.15 H6’ d(*J=2.1)

7.14 H4" d(*J=1.6)
6.77-6.75 H5' m

5.31 -NH, s

125 MHz "*C NMR Spectrum (DMSO-ds): 5 (ppm)
166.3 C9 135.2 C3
164.3 C10 134.8 c1”
163.9 c4' 130.2 C8a, C1’
149.0 c3” 128.9 C5"”
145.1 c7 127.3 C6’
142.9 C5 126.5 Cda
142.6 C1 125.2 C8

1H
1H
1H
1H
1H
1H
1H
1H
1H
1H
1H

C/N
6.86
6.86
5.46

2H (exchangeable)

123.4
121.0
119.4
117.3
115.7
114.9
113.3

C6

C2

C4, C3
C4", C2
Cce6"”

C5'

C2H
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Hexasodium 7,7'-{carbonylbis[azanediyl-3,1-phenylenecarbonylazanediyl(4-
fluoro-3,1-phenylene)carbonylazanediyl]} bis(naphthalene-1,3,5-trisulfonate)
6¢c

SO5Na SO;Na
NaO,S._3 o SO:Na
SO3Na SO:Na

C49H28F2N5N86023SG (1 437 1 )

A solution of 0.4 mmol phosgene (20 % in toluene) was slowly added to a solution
of 90 mg (0.2 mmol) compound 6b under heavy stirring at room temperature. The
reaction was carried out according to GRP 4.

Yield: beige powder, 89.0 % (80.2 mg)

TLC: R¢=0.25 (MP2)

HPLC: 97.1 % (tr = 5.57 min)

UV spectrum (phosphate buffer pH of 6.5): Ajax = 260.5 nm

NaCl: 44.2 %
Elemental-Analysis (%):

C H N C/N
Calculation: 40.95 1.96 5.85 7.00
Calculation with H,O and NaCl: 20.55 1.62 2.93 7.00
Found: 20.60 2.61 2.99 6.88
Water content: 9 mol/mol
IR spectrum (cm™):
3446 (br, s) 1662 (s) 1558 (m) 1216 (m)

1041 (m) 614 (m)

ESI-MS negative mode (m/z):
[M-Na]: 1414.9

500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)

10.66 -NH-CO- S 1H (exchangeable)
10.32 -NH-CO- s 1H (exchangeable)
9.91 -NH-CO-NH- s 1H (exchangeable)
9.13 H8 d (‘d=1.9) 1H
9.07 H4 d (*J=2.0) 1H
8.44 H2 d (‘d =2.0) 1H
8.30. H2' d (*J=22) 1H
8.28 H6 d (*J=1.9) 1H
8.03 H2" pd 1H
8.02-8.00 H4" m 1H
7.79 H6’ d CJ=7.9) 1H
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7.61 H6" d (J =6.5) 1H

7.47 H5" t (J = 6.5) 1H

745743 H5 m 1H

125 MHz *C NMR spectrum (DMSO-ds): & (ppm)

165.8 c9 131.1 c1” 121.1 C2

164.3 C10 130.2 C8a 120.9 c4

158.1 c4' 129.1 C5"” 119.3 C3
153.0 C11 127.4 c1’ 117.6 c2"
145.1 c7 126.4 C4a 116.0 c2
142.8 C5 126.0 c4" 115.9 C5'
142.6 C1 125.9 C6' 121.4 Ce"”
140.3 c3"” 125.3 C8 123.5 C6

134.8 C3

Trisodium 7[4-fluoro-3-(4-nitrobenzamido)-benzamido]-naphthalene-1,3,5-
trisulfonate

7a
SO;Na
NaO;S._3 ° 4'NO,
o)
OO P H 10
1 N"o &
SO;Na o)

F
C24H13FN3N83O13S3 (735.5)

1.88 g (1.02 mmol) 4-Nitrobenzoylchloride dissolved in 10 ml toluene were slowly
added to the stirred solution of 400 mg (0.68 mmol) compound 5b in 50 ml water,
until there was no amine left. The reaction was carried out according to GRP 2.

Yield: yellow powder, 90 % (460 mg)

TLC: R¢f=0.37 (MP1)

HPLC: 98.9 % (tr = 5.77 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 258 nm

NaCl: 18.9 %
Elemental analysis (%):

C H N C/N
Calculation: 39.19 1.78 5.71 6.86
Calculation with H,O and NaCl: 29.62 1.97 4.32 6.86
Found: 29.64 2.15 4.28 6.93
Water content: 3 mol/mol
IR spectrum (cm™):
3425 (br. s) 1610 (m) 1535 (m) 1475 (m)
1211 (br, vs) 1051 (s) 853 (w) 619 (m)
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500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)
1H (exchangeable)
1H (exchangeable)

10.77 -NH-CO- s
10.70 -NH-CO- s

9.15 H8 pd

9.07 H4 pd

8.47 H2', H2 d (*J=15)

8.34 H2'", H6" d (*J=8.6)

8.28 H3". H5" d (3J=8.5)

8.26 H6 pd

8.09-8.06  H6' m

7.53 H5' t  (J=9.2)

125 MHz *C NMR spectrum (DMSO-ds): 5 (ppm)
164.4 C9 139.7 c1”
164.3 C10 135.4 C3

157.2 c4' 131.5 C1’
149.8 c4" 130.4 C8a
145.3 c7 127.8 c2", C6"
143.1 C5 126.7 C4a
142.8 C1 125.6 C8

1H
1H
2H
2H
2H
1H
1H
1H

125.5
124 .1
123.7
121.2
119.6
116.4
116.2

C3'
C3", C5"
C6
C2
C4
c2'
C5'

Trisodium 7-[3-(4-aminobenzamido)-4-fluoro-benzamido]-naphthalene-1,3,5-
trisulfonate

7b
SO3Na
NaO;S._3 S 4"NH,
O
DOW ST
1 H 9 T
SO;Na 0

F
C24H15FN3N83011S3 (7056)

20 mg Palladium (10%) on charcoal were added as catalyst to a solution of
410 mg (0.58 mmol) compound 7a in water. The reaction was carried out
according to GRP 3.

Yield: brown powder, 95.12 % (390 mg)

TLC: Rf=0.33 (MP1)

HPLC: 97.2 % (tr = 3.27 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 263 nm

NaCl: 32.8 %
Elemental analysis (%)

C H N C/N
Calculation: 40.86 2.14 5.96 6.86
Calculation with H,O and NaCl: 22.09 2.57 3.25 6.86
Found: 21.89 214 3.24 6.76
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Water content: 9 mol/mol

IR spectrum (cm™):

3439 (br. s) 1636 (M) 1188 (W) 1039 (m)
500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)

10.69 -NH-CO- S 1H (exchangeable)
9.85 -NH-CO- s 1H (exchangeable)
9.18 H8 s 1H

9.08 H4 d (*J=2.0) 1H

8.48 H2 d (*J=1.5) 1H

8.33 H2' s 1H

8.31 H6 s 1H

8.03 Heé' m 1H

7.81 H2", H6" d (°J=8.4) 2H

7.49-745 H5 t(3J=9.4) 1H

6.66 H3", H5" d (°J=8.4) 2H

5.86 -NH; S 2H (exchangeable)
125 MHz *C NMR spectrum (DMSO-ds): & (ppm)

165.5 C9 135.5 C3 123.6 C6
164.9 C10 130.4 C8A 121.3 c2
156.3 c4' 129.9 c1 120.3 c3
152.8 C4" 126.7 Cc2",C6"  119.6 C4,C2
145.3 C5 126.5 C4a 114.9 C3", C5”
143.1 c7 125.4 C8, C6’' 112.9 (o]}
142.8 C1 124.8 c1”

Hexasodium 7,7'-{carbonylbis[azanediyl-4,1-phenylenecarbonylazanediyl(4-
fluoro-3,1-phenylene)carbonylazanediyl]bis(naphthalene-1,3,5-trisulfonate)
7c

SO;Na H H SO;Na
NaO;S._3 > 4NJIUN SO;Na
OO i r 3‘“ 19 \([)]/ H i OO
SO;Na e O SO;Na

C49H28F2N6N8602386 (1 437 1 )

A solution of 0.86 mmol phosgene (20 % in toluene) was slowly added to a
solution of 300 mg (0.43 mmol) compound 7c¢ in 20 ml water under heavy stirring
at room temperature. The reaction was carried out according to GRP 5.

Yield: beige powder, 49.2 % (300.12 mg)

TLC: R;=0.22 (MP2)

HPLC: 93.1 % (tr = 7.20 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 261 nm
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NaCl: 67.5 %

Elemental analysis (%):

Calculation:

Calculation with H,O and NaCl:

Found:

Water content: 20 mol/mol

40.95
10.64
10.44

ESI-MS negative mode (m/z):

1.96
1.24
0.88

1534 (s)

1189 (br, vs)

669 (M)

c1

C4"

C3
C8a,C1”
c2", C6"
C4a

5.85
1.52
1.69

C/N
7.00
7.00
6.20

1475 (m)
1126 (m)
616 (m)

1H (exchangeable)
1H (exchangeable)

1H
1H
1H
1H
1H
1H
3H
2H
1H

123.8
123.2
1221
119-3
117 .1
115.1

[M-H]: 1436.7

IR spectrum (cm™):

3444 (br, s) 1609 (m)

1437 (m) 1323 (m)

1042 (s) 795 (w)

500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)
10.64 -NH-CO- s

10.32 -NH-CO- s

10.18 -NH-CO-NH- s

9.12 H8 pd

9.06 H4 pd

8.44 H2 d(*J=22)
8.30 H2’ pd

8.28 H6 d (*J=1.6)
8.00 H6', H3", H5" d (°J=8.8)
7.63 H2", H6" d (°J=8.8)
7.45-742 Hy t (3J =8.5)
125 MHz "*C NMR spectrum (DMSO-d¢): 3 (ppm)
164.7 C9 140.3

164.3 C10 139.7

156.3 c4' 135.2

154.5 c4" 129.2

145.3 C5 126.2

143.1 C7 125.3

142.9 C1

182

C6
C2
C3", C5”
C4
c2
C5’



Monographs

Trisodium 7-(4-nitrobenzamido)-naphthalene-1,3,5-trisulfonate

8a
SO3Na

NaO,S.3 3
3 OO i
.
SOsN 4
sha NO

C47H9N2Naz01,S3 (598.42)

2

1.81 g (4.9 mmol) 4-Nitrobenzoylchloride dissolved in 10 ml toluene were slowly
added to the stirred solution of 2 g (4.9 mmol) trisodium 7-aminonaphthalene-
1,3,5-trisulfonate in 50 ml water, until there was no amine left. The reaction was
carried out according to GRP 2.

Yield: yellow powder, 90.44 % (2.65 Q)

TLC: R;=0.56 (MP1)

HPLC: 99.8 % (tr = 3.47 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 249 nm

NaCl: 3.41 %
Elemental analysis (%):

C H N CIN
Calculation: 34.12 1.52 4.68 7.29
Calculation with H,O and NaCl: 28.65 2.69 3.93 7.30
Found: 28.61 2.41 3.99 7.17
Water content: 5 mol/mol
IR spectrum:
3455 (br, s) 2360 (w) 1604 (m) 1579 (m)
1526 (m) 1551 (m) 1472 (w) 1438 (w)
1331 (w) 1196 (vs) 1129 (m) 1104 (m)
1078 (w) 1042(vs) 853 (w) 794 (w)
713 (m) 668 (s) 615 (s) 530 (m)
500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)
10.99 -NH-CO- S 1H (exchangeable)
9.14 H8 dd °J=1.0,%J=1.9) 1H
9.07 H4 d(*J=22) 1H
8.47 H2 d(‘J=2.2) 1H
8.39 H3', H5' d (3J =8.5) 2H
8.30 H6 d (*J=1.6) 1H
8.28 H2', H6' d (3J = 8.5) 2H
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125 MHz *C NMR spectrum (DMSO-dg): & (ppm)

165.1 C9 135.8 C3 123.5 C6
159.8 C4' 132.1 C8a 122.5 C2
143.3 C7 129.8 Cz2', Ce' 119.8 C4
143.1 C5 126.9 C4a 112.7 C3, C¥%
142.6 C1 125.3 C8

Trisodium 7-(4-aminobenzamido)-naphthalene-1,3,5-trisulfonate
8b

SOgNa

NaO3S. 3 5
as OO 0
"
N 4
SO;Na NH

C17H11N2Na301083 (56844)

2

20 mg Palladium (10%) on charcoal were added as catalyst to a solution of 2.4 g
(4.0 mmol) compound 8a in water. The reaction was carried out according to GRP
3.

Yield: white powder, 88.0 % (2 g)

TLC: Rf=0.34 (MP1)

HPLC: 99.8 % (tr = 1.60 min)

UV spectrum (phosphate buffer pH of 6.5): Ajax = 254.5 nm

NaCl: 3.46 %
Elemental analysis (%):

C H N C/N
Calculation: 35.92 1.95 4.93 7.29
Calculation with H,O and NaCl: 31.22 2.78 4.28 7.30
Found: 30.95 2.45 4.28 7.24
Water content: 3 mol/mol
IR spectrum (cm™):
3422 (br, s) 2362 (w) 1653 (m) 1611 (m)
1577 (w) 1548 (w) 1519 (w) 1473 (m)
1399 (m) 1278 (m) 1212 (vs) 1128 (m)
1107 (m) 1056 (s) 904 (w) 842 (w)
800 (w) 759 (w) 689 (m) 668 (m)
625 (s) 602 (m) 534 (w)
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500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)

10.09 -NH-CO- s 1H (exchangeable)
9.11 H8 dd °J=0.9,*J=1.9) 1H

9.00 H4 d(*J=2.2) 1H

8.38 H2 d(‘J=22) 1H

8.26 H6 d (*J=1.6) 1H

7.84 H2', H6' d (3J =8.5) 2H

6.59 H3', H5' d (°J=8.5) 2H

5.70 -NH; s 2H (exchangeable)
125 MHz "*C NMR spectrum (DMSO-ds): 5 (ppm)

165.5 C9 135.9 C3 123.4 C6
152.2 c4' 130.2 C8a 121.2 C2
144.9 C5 129.7 Cc2', Ce’ 118.8 C4
142.6 c7 126.1 C4a 112.7 C3', C5'
142.2 C1 125.3 C8

Hexasodium 7,7’-[carbonylbis(azanediyl-4,1-
carbonylazanediyl)]bis(naphthalene-1,3,5-trisulfonate)

8c
SO3Na SO3Na
o OO OO o
4
SO;Na y )110\N SO;Na

C35H20N4N36021SG 1162. 88

A solution of 1.12 mmol phosgene (20 % in toluene) was slowly added to a
solution of 320 mg (0.56 mmol) compound 8b in 20 ml water under heavy stirring
at room temperature. The reaction was carried out according to GRP 4.

Yield: white powder, 90.1 % (330 mg)

TLC: Rf=0.31 (MP2)

HPLC: 98.2 % (tr = 5.45 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 265 nm

NaCl: 19.3 %
Elemental analysis (%):

C H N CIN
Calculation : 36.15 1.73 4.82 7.50
Calculation with H,O and NaCl : 23.38 2.92 3.1 7.50
Found : 23.28 2.78 3.27 7.12

Water content: 16 mol/mol
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ESI-MS negative mode (m/z):
[M-Na]: 1139.4

IR spectrum (cm™):

3442 (br, s) 1594 (m) 1540 (m) 1510 (m)
1472 (w) 1439 (w) 1412 (w) 1324 (m)
1189 (br.vs) 1128 (m) 1040 (vs) 796 (W)

669 (m) 614 (m)

500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)

10.43 -NH-CO s 2H (exchangeable)

9.69 -NH-CO-NH- s 2H (exchangeable)

9.13 H8 dd °J=1.0,*U=1.9) 2H

9.06 H4 dd °J=1.0,%U=2.2) 2H

8.43 H2 d(*J=22) 2H

8.28 H6 d(“J=1.9) 2H

8.04 H3', H5' d (*J=8.8) 4H

7.63 H2', H6' d (°J=8.8) 4H

125 MHz "*C NMR spectrum (DMSO-ds): & (ppm)

165.2 cs 135.6 C3 123.4 C6
152.5 C9 130.2 C8a 121.2 c2
145.0 C5 129.2 c1’ 119.2 C4
143.0 c7 127.9 C2',C6’ 117.3 C3',C5’
142.7 C1 126.3 C4a

142.0 c4’ 125.3 Cs8

Trisodium 7-[4-(3-nitrobenzamido)-benzamido]-naphthalene-1,3,5-
trisulfonate

9a
SO3Na
NaO,S.3 5
OO
"
) NIE 0
H 4 1"~ 3-NO
SO3Na H 10 P

C24H14N3Na3013S3 (71 7.54)

440 mg (2.4 mmol) 3-Nitrobenzoylchloride dissolved in 5 ml toluene were slowly
added to the stirred solution of 0.91 g (1.6 mmol) compound 8b in 50 ml water until
there was no amine left. The reaction was carried out according to GRP 2.

Yield: white powder, 78.4 % (900 mg)

TLC: R¢=0.64 (MP1)

HPLC: 98.1 % (tr = 5.66 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 258 nm
NaCl: 6.22 %
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Elemental analysis (%):

C H N C/N
Calculation: 40.17 1.97 5.86 6.86
Calculation with H,O and NaCl: 32.39 3.06 4.72 6.86
Found: 3217 2.98 4.77 6.75
Water content: 6 mol/mol
IR spectrum (cm™):
3442 (br, s) 1662 (m) 1602 (m) 1576 (m) 1527 (s)
1468 (w) 1436 (w) 1409 (w) 1357 (m) 1326 (m)
1192 (br, s) 1129 (m) 1108 (m) 1078 (w) 1043 (vs)
901 (w) 850 (w) 759 (w) 793 (w) 759 (w)
711 (m) 673 (s) 614 (s) 529 (m)

500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)

10.84 -NH-CO- S 1H (exchangeable)
10.52 -NH-CO- s 1H (exchangeable)
9.13 H8 d (*J=0.9) 1H

9.06 H4 d S"’J =1.9) 1H

8.82 H2" t(*J=2.2) 1H

8.46 H2 d ( J=22) 1H

8.44 H6", H4" d(*J=22) 2H

8.28 H6 d(*J=1.9) 1H

8.12 H3', H5' dd (°J=6.9,%J=1.9) 2H

7.95 H2', H6' dd CJ=6.9,%U=1.9) 2H

7.85 H5" t (3J=6.9) 1H

125 MHz "*C NMR spectrum (DMSO-ds): 5 (ppm)

164.9 C9 135.4 c1” 125.3 (of:]
163.8 C10 134.5 C6"” 123.4 C6
147.9 c3” 130.4 c1’ 122.7 C3', C5’
145.1 c7 130.2 C5"” 121.2 C2
142.8 C5 130.1 C8a 119.8 c2”
142.5 C1 128.9 C2', C6’ 119.3 C4
141.8 c4' 126.5 c4"

136.3 C3 126.4 C4a
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Trisodium 7-[4-(3-aminobenzamido)-benzamido]-naphthalene-1,3,5-
trisulfonate

9b
SO3Na
NaO,S.3 2
OO
"
) N9 0
H 4 1"~ 3"NH
SO3Na ” 10 2

C24H16N3Na301183 (687.56)

20 mg Palladium (10%) on charcoal were added as catalyst to a solution of
700 mg (0.98 mmol) compound 9a in water. The reaction was carried out
according to GRP 3.

Yield: beige powder, 93.3 % (625 mQ)

TLC: R¢f=0.37 (MP1)

HPLC: 98.0 % (tr = 2.38 min)

UV spectrum (phosphate buffer pH of 6.5): Ajax = 254.5 nm

NaCl: 5.90 %
Elemental analysis (%):

C H N CIN
Calculation: 41.92 2.35 6.11 6.86
Calculation with H,0 and NaCl: 32.27 3.72 4.70 6.86
Found: 32.19 3.87 473 6.81
Water content: 8 mol/mol
IR spectrum (cm™):
3432 (br, s) 1636 (m) 1526 (m) 1187 (m) 1039 (m)
500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)
10.46 -NH-CO s 1H (exchangeable)
10.31 -NH-CO S 1H (exchangeable)
9.13 H8 dd (*4=09,%=1.0) 1H
9.05 H4 d (“J=10.9) 1H
8.43 H2 d (*J=0.9) 1H
8.28 H6 d (“J=10.9) 1H
8.08 H3', H5' d(CJ=7.9) 2H
7.92 H2', H6’ d(J=7.9) 2H
7.15 H5" t CJ=7.5) 1H
7.12 H2" t (‘*J=1.5) 1H
7.09 H6" dd CJ=6.54=1.0) 1H
6.76 H4" d(*J=223=75) 1H
5.31 -NH; s 2H (exchangeable)
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125 MHz "*C NMR spectrum (DMSO-ds): & (ppm)

166.8 C9 135.4 c1” 123.4 C6
165.1 C10 130.2 C8a 121.2 C2
148.9 C3" 129.4 c1 119.3 C3', Co
145.1 C7 128.9 C5” 117.2 C4
142.8 C5 128.7 Cz2', Ce' 116.7 C4"
142.5 C1 126.4 C4a 115.0 ce"”
135.8 C4' 125.3 C8 113.2 c2”
135.7 C3

Hexasodium 7,7’-{carbonylbis[azanediyl-3,1-phenylenecarbonyl-
azanediyl(4,1-phenylene)carbonylazanediyl] }bis(naphthalene-1,3,5-
trisulfonate)

9c
SO;Na SO;Na
“”38“00 ”OO
SO3N J\©\ 3" H 11 H /©)L SO;N
I @*

C49H30N6N8502386 1400. 1

A solution of 1.46 mmol phosgene (20 % in toluene) was slowly added to a
solution of 500 mg (0.73 mmol) compound 9b in 20 ml water under heavy stirring
at room temperature. The reaction was carried out according to GRP 4.

Yield: grey powder, 89 % (910 mg)

TLC: Rf= 0.6 (MP2)

HPLC: 98.3 % (tr = 5.08 min)

UV spectrum (phosphate buffer pH of 6.5): Ajax = 260.5 nm

NaCl: 6.35 %
Elemental analysis (%):

C H N C/N
Calculation : 42.00 2.16 6.00 7.00
Calculation with H,O and NaCl : ~ 27.99 3.02 3.99 7.00
Found : 27.72 3.16 3.95 7.02

Water content: 16 mol/mol

ESI-MS negative mode (m/z):
[M-Na]: 1379.2, [M-2Na+H]: 1357.1, [M-3Na-H]: 1335.2

IR spectrum (cm™):

3433 (br, s) 2363 (w) 1526(m) 1186 (m) 1040 (s)
612 (m) 422 (w)
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500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)

10.56 -NH-CO s 1H (exchangeable)
10.52 -NH-CO S 1H (exchangeable)
9.89 -NH-CO-NH- s 1H (exchangeable)
9.14 H8 d(*J=16 1H

9.08 H4 d(*J=0.9 1H

8.43 H2 d(*J=0.9 1H

8.28 H6 d(*J=0.9 1H

8.08 H3', H5' d(*J=8.8 2H

8.02 H2" s 1H

7.96 H2', He' d(*J=8.8 2H

7.77 H4" ds=79 1H

7.61 H6" d(®/=82 1H

7.46-7.43 H5" t (J=8.5 1H

125 MHz "*C NMR spectrum (DMSO-ds): 5 (ppm)

166.2 C9 135.7 C3 125.3 Cs
165.1 C10 135.5 c1"” 123.4 C6
153.0 Cc11 130.2 C8a 121.4 c4”
145.0 c7 129.5 C3"” 121.2 c2
142.7 C5 129.0 c1’ 121.1 c6”
142.4 C1 128.9 C5” 119.5 C3', C5'
142.3 c4' 128.8 C2', C6’ 119.2 c4
140.3 C6' 126.3 C4a 117.6 c2”

Trisodium 7-[4-(4-nitrobenzamido)-benzamido]-naphthalene-1,3,5-
trisulfonate

10a
SO3Na
NaO;S. 3 5
L
"
1 H 9 0]
SO;Na LA

N
H 4"
NO,

C24H14N3Na301383 (71 7.54)

444 mg (2.4 mmol) 4-Nitrobenzoylchloride dissolved in 5 ml toluene were slowly
added to the stirred solution of 0.9 g (1.6 mmol) compound 8b in 50 ml water until
there was no amine left. The reaction was carried out according to GRP 2.

Yield: white powder, 87 % (1 g)

TLC: R;=0.43 (MP1)

HPLC: 99.3 % (tr = 5.09 min)

UV spectrum (phosphate buffer pH of 6.5): Ajax = 264.5 nm
NaCl: 5.29 %
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Elemental analysis (%):

5.86
4.67
4.56

(1H

125.8
124.5
123.9
121.5
120.4
119.9

C H
Calculation: 40.17 1.97
Calculation with H,O and NaCl: 32.02 3.25
Found: 31.78 3.46
Water content: 7 mol/mol
IR spectrum (cm™):
3446 (br, s) 1674 (m) 1601 (m)
1466 (W) 1436 (W) 1325 (m)
1040 (vs) 866 (W) 792 (w)
714 (m) 670 (s) 613 (s)
500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)
10.83 -NH-CO s
10.56 -NH-CO s
9.14 H8 d (°J=1.0)
9.05 H4 d (°J=1.0)
8.43 H2 d(*J=2.2)
8.41 H3', H5' d (°J=9.0)
8.27 H6 d(*J=1.9)
8.25 H2', H6' d *J=9.0)
8.14 H2'", H6" d(CJ=8.7)
7.97 H3". H5" d(CJ=8.7)
125 MHz *C NMR spectrum (DMSO-ds): 5 (ppm)
164.2 C9 139.8 c4'
163.9 C10 135.3 C3
154.3 C4" 129.8 C8a
143.9 c7 129.7 c1’
141.6 C5 129.0 c2", C6"
140.8 C1 128.0 c2', Ce’
140.7 c1" 126.0 C4a

(s
760 (w)

C/N
6.86
6.86
6.97

(s)
)

exchangeable
exchangeable

C8

C3", C5"
C6

C3', Co
C2

C4

191



Monographs

Trisodium 7-[4-(4-aminobenzamido)-benzamido]-naphthalene-1,3,5-

trisulfonate

10b

803Na

NaO3S O

SO3Na

)‘K@\ o
4'
N~10

H

NH,

C24H16N3N83011S3 (68756)

20 mg Palladium (10%) on charcoal were added as catalyst to a solution of

950 mg (1.3 mmol) compound 10a in water.

according to GRP 3.

Yield: beige powder, 84.2 % (800 mg)
0.69 (MP1)

TLC: R¢=

HPLC: 98.5 % (tr = 97.07 min)
UV spectrum (phosphate buffer pH of 6.5): Ajax = 260.5 nm
NaCl: 3.40 %

Elemental analysis (%):

Calculation:

Calculation with H,O and NaCl:

Found:

Water content: 8 mol/mol

IR spectrum (cm™):

500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm),

3454 (br, s)

1539 (s)

1409 (m)

1192 (br.vs)

1017 (m)

798 (vs)

10.45 -NH-CO
10.00 -NH-CO
9.13 H8

9.08 H4

8.43 H2

8.29 H6

8.05 H3', HY'

192

1667 (vs)
)

41.92
33.12
32.85

(
(s
(

1385 (m)
1130 (s)
862 (m)
666 (vs)

S
S

C H
2.35
3.82

dd °J=1.0,*J=1.6)
dd (°J=1.0,*J=1.6)

d(*J=2.2)
d(*J=1.9)
d J =9.0)

The reaction was carried out

N C/N
6.11 6.86
4.82 6.86
4.77 6.88

1590 (s)
1436 (s)
1326 (vs)
1039 (vs)
793 (s)
511 (s)

J (Hz)

1H (exchangeable)
1H (exchangeable)
1H
1H
1H
1H
2H



Monographs

7.91 H2', H6 d (3J=9.0) 2H

7.75 H2", H6" d (°J=8.6) 2H

6.61 H3", H5" d (°J = 8.6) 2H

5.79 -NH; s 1H

125 MHz *C NMR spectrum (DMSO-ds): 5 (ppm)

165.7 C9 142.5 c1” 125.3 C8
165.2 C10 135.5 C3 123.4 C6
152.6 c4" 130.2 C8a 121.2 C2
145.1 c7 129.7 c2",C6”  120.8 C4
143.4 c4' 128.8 c1' 119.1 C3', C5'
143.1 C5 128.7 c2', Ce' 112.8 C3", C5"
142.8 C1 126.3 C4a

Hexasodium 7,7'-{carbonylbis(azanediyl-4,1-phenylenecarbonylazanediyl
(4,1-phenylene)carbonilazanediyl] }bis(naphthalene-1,3,5-trisulfonate)
10c

SO3Na SO3Na

NaO3S OO SO3Na
Soa Jb@ ] @A @A .
4
N
H H

C49H30N6N8502386 (1 400.1 )

A solution of 1.74 mmol phosgene (20 % in toluene) was slowly added to a
solution of 600 mg (0.87 mmol) compound 10b in 20 ml water under heavy stirring
at room temperature. The reaction was carried out according to GRP 4.

Yield: white powder, 44.6 % (500 mg)

TLC: Rf= 0.6 (MP2)

HPLC: 96.9 % (tr = 4.99 min)

UV spectrum (phosphate buffer pH of 6.5): Ajax = 256.5 nm

NaCl: 4.37 %
Elemental analysis (%):

C H N C/N
Calculation: 42.00 2.16 6.00 7.00
Calculation with H,O and NaCl: 22.78 2.42 3.25 7.00
Found: 23.03 2.82 3.29 6.99

Water content: 16 mol/mol

ESI-MS negative mode (m/z):
[M-Na]: 1377.2, [M-2Na+H]: 1355.3
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IR spectrum (cm™):

3452 (br, s) 2361 (w) 1652 (s) 1595 (vs)
1531 (s) 1512 (s) 1472 (s) 1439 (m)
1411 (m) 1323 (s) 1188 (br, s) 1128 (s)

1042 (vs) 902 (w) 850 (m) 795 (m)

762 (m) 667 (s) 610 (vs) 532 (s)

500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)

10.50 -NH-CO s 1H

10.42 -NH-CO s 1H

10.26 -NH-CO-NH s 1H

9.14 H8 d (°J =1.0) 1H

9.09 H4a d (*J=1.9) 1H

8.44 H2 d(*J=2.2) 1H

8.29 H6 d (*J=1.9) 1H

8.10 H3', H5' d (°J=8.8) 2H

7.97 H2', H6' H2"", H6" d (°J=8.8) 4H

7.66 H3", H5" d (°J=8.8) 1H

125 MHz **C NMR Spectrum (DMSO-ds): 5 (ppm)

165.4 C9 142.4 C4', C4" 125.3 C4A
165.1 C10 135.5 C3 123.4 C6

152.6 C11 130.2 C8a 121.1 C2

145.0 c7 129.3 C3', C5’ 119.5 c2", C6"
143.3 c4' 128.8 C2', C6’ 119.2 c4'
142.7 C5 127.6 c1, C1” 117.1 C3", C5"

142.7 C1 126.3 C4a

Trisodium 7-(3-methyl-4-nitrobenzamido)-naphthalene-1,3,5-trisulfonate
11a

SO3Na

H

1
SO3Na

C18H1 1 N2Na301283 (61 2.5)

1.55 g (7.2 mmol) 3-Methyl-4-nitrobenzoylchloride was dissolved in 10 ml toluene
and slowly added to the stirred solution of 1.5 g (3.7 mmol) trisodium 7-
aminonaphthalene-1,3,5-trisulfonate in 50 ml water, until there is no amine left.

The reaction was continued according to GRP 3.
Yield :88.8 % (2.0 g)

TLC :R¢=0.33 (MP1)
HPLC : 97.4 % (tz = 5.17 min)
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UV-Spectrum (Phosphate Buffer pH of 6.5): Amax = 249 nm

NaCl :47.3 %
Elemental-Analysis (%) :

C H N CIN
Calculation : 35.30 1.81 4.57 7.72
Calculation with H,O and NaCl : 16.44 1.53 2.13 7.71
Found : 16.37 1.82 2.48 6.60
Water content : 4 mol/mol
IR spectrum :
3453.69 (br, s) 1635.93 (m) 1576.61 (m) 1546.29 (s)
1471.86 (W) 1436.75 (W) 1329.89 (m) 1200.32 (br, vs)
1130.81 (br, vs) 1114.89 (br, vs) 1042.38 (vs) 854.34 (w)
790.15 (w) 668.29 (s) 638.19 (s) 615.91 (s)
527.78 (w)
500 MHz 'H NMR spectrum (DMSO-d6) : & (ppm), J (Hz)
10.809 -NH-CO- S 1H (exchangeable)
9.14 H8 dd (°J=0.8,%/=17) 1H
9.06 H4 dd (°J=08,*J=23) 1H
8.45 H2 d (‘U=23) 1H
8.28 H6 d (*J=1.7) 1H
8.16 H2' dd (J=1.0,J=15) 1H
8.10 H6' d (3J=8.5) 1H
8.08 H5' dd (*J=20,°=85) 1H
2.59 -CH3 s 3H
125 MHz *C NMR spectrum (DMSO-d6) : 5 (ppm)
164.0 C9 134.9 C3 125.2 cs
150.6 c4’ 132.7 (ok] 124.5 c5’
145.2 c7 132.3 c2' 123.5 C6
142.9 C5 130.1 C8a 120.8 c2
142.7 C1 126.9 (ol} 119.5 C4
138.8 c1’ 126.6 C4a 19.5 C10
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Trisodium 7-(3-methyl-4-aminobenzamido)-naphthalene-1,3,5-trisulfonate
11b

SO3Na

H

;
SO;Na

C18H13N2N8301083 (5825)

20 mg Palladium (10%) on charcoal was added as catalyst to a solution of 1.5 g
(mmol) nitroderivative in water. The reaction was continued according to GRP 4.

Yield :43.7 % (990 mg)

TLC :Rf=0.51(MP1)

HPLC : 98.7 % (tr = 1.85 min)

UV-Spectrum (Phosphate Buffer pH of 6.5) : Amax = 254 nm

NaCl :25.8 %

IR spectrum :

3442.21 (br, s) 1636.13 (m) 1543.74 (m) 1508.21 (s)
1124.07 (br, vs) 1040.46 (s) 615.28 (s)

500 MHz 'H NMR spectrum (DMSO-d6) : & (ppm), J (Hz)

10.809 -NH-CO- s 1H (exchangeable)
9.14 H8 dd (°J=0.8,%=17) 1H

8.97 H4 dd (°J=08,%J=23) 1H

8.38 H2 d (‘U=23) 1H

8.26 H6 d (*J=1.7) 1H

7.36 H5' dd (*J=20,%=85) 1H

7.33 H2' d (*J=20) 1H

6.90 H6' dd (*J=8.5) 1H

2.59 -CH3 s 3H

125 MHz *C NMR spectrum (DMSO-d6) : 5 (ppm)

165.5 C9 130.3 C8a 121.5 ce’
150.2 c4' 132.7 C3 121.3 c2
144.9 c7 127.3 c2 119.8 C4
142.6 C5 126.0 C4a 118.8 c1’
142.3 C1 125.2 C8 112.8 c5’
135.8 C3 123.3 C6 19.5 C10
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Hexasodium 7,7’-{carbonylbis[azanediyl(3-methyl-4,1-phenylene)
carbonylazanediyl] }bis(naphthalene-1,3,5-trisulfonate)

11c
SO3Na SO3Na
T CO o
! H
SO3Na SO3Na

C37H24N4N36021SG (1 1 909)

A solution of 2.26 mmol phosgene (20 % in toluen) was slowly added to a solution
of 660 mg (1.13 mmol) compound 11b in 20 ml water under heavy stirring at room
temperature. The reaction was continued according to GRP 5.

Yield : 59.5 % (800 mg)

TLC :Rf=0.29 (MP2)

HPLC : 95.1 % (tr = 5.87 min)

UV-Spectrum (Phosphate Buffer pH of 6.5): Apax = 257 nm
NaCl :50.4 %

ESI-MS negative mode (m/z):
[M-Na]™ : 1168.7, [M-2Na+H] : 1144.7, [M-3Na+H] : 1122.7

IR spectrum :

3445.11 (br, s) 1636.03 (m) 1041.67 (w)

500 MHz '"H NMR spectrum (DMSO-d6) : & (ppm), J (Hz)

10.809 -NH-CO- S 1H (exchangeable)
9.14 H8 dd (°J=08,*J=17) 1H

8.97 H4 dd (°J=08,%=23) 1H

8.38 H2 d (*J=2.3) 1H

8.26 H6 d (4J =1.7) 1H

7.36 H6’ d ( J = 8.5) 1H

7.33 H2' d ( =1.8) 1H

6.90 H5' dd (*J=18,%/=85) 1H

2.59 -CH3 s 3H

125 MHz "*C NMR spectrum (DMSO-d6) : & (ppm)

164.0 C9 135.3 C3 126.3 C8
151.9 C11 133.8 C3' 125.7 C5'
149.0 c4' 132.0 c2 121.6 C6
142.4 c7 130.1 C8a 120.3 C2
142.2 C5 128.1 Co6' 119.1 C4
140.3 C1 127.0 C4a 18.9 C10
136.0 c1
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Trisodium 7-(2-methyl-3-nitrobenzamido)-naphthalene-1,3,5-trisulfonate
12a

SO3Na
3 5
e eeR e
1
1 v NO,
SO3Na

C18H1 1 N2N3301283 (61 25)

2.08 g (9.65 mmol) 2-Methyl-3-nitrobenzoylchloride which was obtained by GRP1,
were slowly added to the stirred solution of 2.5g (mmol) trisodium 7-
aminonaphthalene-1,3,5-trisulfonate in 50 ml water, until there was no amine left.
The reaction was continued according to GRP 2.

Yield: 80 % (3.02 g)

TLC: R¢f=0.33 (MP1)

HPLC: 96.0 % (tr = 3.74 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 254 nm

NaCl: 14.8 %
Elemental analysis (%):

C H N C/N
Calculation: 35.30 1.81 4.57 7.72
Calculation with H,O and NacCl: 27.26 2.28 3.53 7.72
Found: 26.92 2.62 3.91 6.90

Water content: 3 mol/mol

ESI-MS negative mode:
[M-Na]: 590.3, [M-2Na] : 589.3, [M-3Na] : 567.3

IR spectrum (cm™):

3450 (br,s) 1684 (w) 1636 (W) 1576 (m)
1526 (m) 1465 (W) 1436 (W) 1324 (m)
1355 (w) 1326 (W) 1196 (br,vs) 1113 (m)
1077 (w) 1043 (vs) 791 (w) 719 (w)
665 (M) 617 (m) 527 (m)

500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)

10.78 -NH-CO- s 1H

9.14 H8 s 1H

9.04 H4 d (*J=1.6) 1H

8.55 H2 d (*J=1.9) 1H

8.31 H6 d (*J=1.5) 1H

7.61 H4', H5' d (J=79) 2H

7.22 H6' d (CJ=7.9) 1H

2.35 -CHs; s 3H
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125 MHz "*C NMR spectrum (DMSO-ds): & (ppm)

166.2 C9 135.0 C3 125.3 C8
149.5 C3 131.6 c2' 124.7 C5'
145.4 C7 130.1 C8a 123.5 C6
142.9 C5 128.9 Co’ 119.9 C2
142.6 C1 127.2 C4' 118.3 C4
140.5 c1 126.5 C4a 15.6 C10

Trisodium 7-(3-amino-2-methylbenzamido)-naphthalene-1,3,5-trisulfonate
12b

SO3Na

3 5
NOr. 1,8
'
1 e NH,
H
SO3Na

C18H13N2Na301083 (582.5)

20 mg Palladium (10%) on charcoal were added as catalyst to a solution of 2 g
(3.27 mmol) compound 12a in water. The reaction was continued according to

GRP 3.

Yield: brown powder, 78.9 % (1.5 g)

TLC: Rf=0.3 (MP1)

HPLC: 97.7 % (tr = 1.47 min)

UV-Spectrum (phosphate buffer pH of 6.5): Ajax = 256 nm
NaCl: 16.4 %

Elemental analysis (%):

C H N C/N
Calculation : 37.12 2.25 4.81 7.72
Calculation with H,O and NaCl : 27.24 2.79 3.53 7.71
Found : 27.62 2.94 413 6.70

Water content: 4 mol/mol

ESI-MS negative mode (m/z):
[M-Na]: 5659.3, [M-2Na-H]: 537.3, [M-3Na-H]: 515.3

500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)

10.43 -NH-CO- s 1H
9.12 H8 s 1H
8.99 H4 d (*J=1.7) 1H
8.43 H2 d (“4=22) 1H
8.27 H6 d (*J=1.8) 1H
6.97-6.94  H4' t (3J=7.6) 1H
6.67 H5', H6’ dd (®y=8.0,°=76) 2H
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4.98 -NH, s 2H

2.13 -CHs s 3H

125 MHz *C NMR spectrum (DMSO-dg): & (ppm)

169.0 c9 135.5 C3,C1' 120.4 C2
1471 C3 130.2 C8A 118.3 c4
145.2 c7 126.2 C4a 118.2 c2
142.7 C5 125.8 C5' 115.2 c5’
142.3 C1 125.3 C8 115.1 Co6'
138.6 c1’ 123.4 C6 14.12 C10

Hexasodium 7,7'-{carbonylbis[azanediyl(2-methyl-3,1-
phenylene)carbonylazanediyl] }bis(naphthalene-1,3,5-trisulfonate)
12¢c

SO;Na SO4Na
NaO,;S. 3 SO;N
OO S O
1o
N 3
SO3Na o SO4Na

C37H24N4N8602185 (1 1 90.9)

A solution of 1.72 mmol phosgene (20 % in toluene) was slowly added to a
solution of 500 mg (0.86 mmol) compound 12b in water under heavy stirring at
room temperature. The reaction was continued according to GRP 4.

Yield: pale brown powder, 64.5 % (330 mg)

TLC: Rf = 3.48 (MP2)

HPLC: 94.6 % (tr = 5.79 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 258 nm

NaCl: 29.1 %
Elemental analysis (%):

C H N C/N
Calculation: 37.32 2.03 4.70 7.94
Calculation with H,O and NaCl: 22.97 2.29 2.89 7.93
Found: 22.97 1.98 3.11 7.39
Water content: 10 mol/mol
ESI-MS negative mode (m/z):
[M-H]: 1190.0
IR spectrum (cm™):
3446 (br,s) 2360 (w) 1636 (w)
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500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)

10.63 -NH-CO- s 1H

9.12 H8 dd (‘J=0.9) 1H

9.00 H4 d (*J=1.6) 1H

8.54 -NH-CO-NH- s 1H

8.48 H2 d (*J=1.9) 1H

8.27 H6 d (‘J=1.9) 1H

7.91 H4' d (J=7.3) 1H

7.25 H5' t (J=7.8) 1H

7.16 H6' d (3J=6.6) 1H

2.37 -CH3 s 3H

125 MHz *C NMR spectrum (DMSO-ds): & (ppm)

168.3 c9 135.5 C3, C1’ 123.4 C6
153.3 C10 130.2 C8a 123.1 Co6'
145.2 c7 127.7 c2 121.9 c4'
142.8 C5 126.3 C4a 120.3 C2
142.4 C1 125.6 C8 118.4 c4
138.8 c1’ 125.3 C5’ 15 -CH,
138.0 C3

Trisodium 7-(4-methoxy-3-nitrobenzamido)-naphthalene-1,3,5-trisulfonate
13a

SO3Na

NaO3S 3
OO )J\(jNOZ
N
803 @ OCHs

C18H11N2Na3013S3 (628.5)

2.27 g (9.8 mmol) 4-Methoxy-3-nitrobenzoylchloride which was obtained by GRP1,
were slowly added to the stirred solution of 2g (mmol) trisodium 7-
aminonaphthalene-1,3,5-trisulfonate in 50 ml water, until there was no amine left.
The reaction was continued according to GRP 2.

Yield: white powder, 81.2 % (2.5 mg)

TLC: Rf=0.29 (MP1)

HPLC: 99.1 % (tr = 3.88 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 265 nm
NaCl: 7.58 %
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Elemental analysis (%):

C H N CIN
Calculation : 34.40 1.76 4.46 7.72
Calculation with H,O and NaCl:  27.13 2.91 3.52 7.71
Found : 27.02 2.81 3.75 7.20
Water content: 6 mol/mol
IR spectrum (cm™):
3450 (br, s) 1618 (s) 1576 (m) 1466 (W)
1439 (w) 1358 (m) 1328 (m) 1273 (s)
1201(s) 1113 (m) 1077 (w) 1045 (vs)
822 (w) 790 (w) 749 (m) 668 (s)
612 (s) 528 (m)
500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)
10.68 -NH-CO s 1H
9.13 H8 dd (‘y=2.0,°0=08) 1H
9.05 H4 d (*J=22) 1H
8.63 H2' d (‘U=24) 1H
8.42 H2 d (*J=22) 1H
8.38 H6' dd (*J=24,%=88) 1H
8.27 H6 d (3J=2.0) 1H
7.52 H5' d (*J=8.8) 1H
4.02 -OCHj3 s 3H
125 MHz "*C NMR spectrum (DMSO-ds): 5 (ppm)
163.1 C9 134.9 C3 124.9 c2
154.4 c4' 134.2 C6’ 123.4 C6
145.2 c7 130.1 C8A 119.4 C4
142.9 C5 126.8 c1’ 114.3 c5’
142.7 C1 126.5 Cda 55.0 C9
138.9 C3 125.2 C8

Trisodium 7-(3-amino-4-methoxybenzamido)-naphthalene-1,3,5-trisulfonate
13b

SO3Na
NaO;S._3 5
- OO i
1 3'NH
1 N™ o 2
H
SO3Na

OCH,4
C13H13N2Na301183 (59847)

20 mg Palladium (10%) on charcoalwere added as catalyst to a solution of 1.5 g

(2.38 mmol) compound 13a in water. The reaction was continued according to

GRP 3.
Yield: white powder 81 % (1.15 mg)
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TLC: R¢=

0.28 (MP1)

HPLC: 93.6 % (tr = 2.15 min)
UV spectrum (phosphate buffer pH of 6.5): Anax = 256 nm

NaCl: 20.4 %

Elemental analysis (%):

C N
Calculation: 36.12 4.68
Calculation with H,O and NaCl: 17.46 2.26
Found: 17.53 2.22
Water content: 21 mol/mol
IR-spectrum (cm™):
3431 (br, s) 1646 (m) 1579 (m)
1514 (m) 1358 (m) 1475 (w)
1326 (m) 1278 (m) 1193 (br, vs)
1124 (s) 1043 (vs) 844 (w)
753 (m) 528 (m) 672 (s)
505 (m)
500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)
10.23 -NH-CO s 1H
9.11 H8 d 1H
8.96 H4 dd (*J=16,%/=09) 1H
8.38 H2 dd (4J =16 4=0. 9) 1H
8.26 H6 d ( J=1 7) 1H
7.35 H2' d (‘U=23) 1H
7.33 H6' d (J=8.4) 1H
6.89 H5' d (J=84) 1H
4.84 -NH, s 2H
3.84 -OCHs s 3H
125 MHz *C NMR spectrum (DMSO-ds): 5 (ppm)
165.8 C9 134.8 C3 125.2
149.1 C4’ 132.7 C5’ 124.5
144.9 c7 132.3 (ol} 123.5
142.8 C5 130.1 C8a 120.8
142.4 C1 126.9 c2 119.5
138.8 c1’ 126.6 C4a 55.0

C/N
7.72
7.72
7.89

1551
1438
1045
788 (
611 (s

m
w

o~ o~
~

(2]

)

Lz2

C8
c2
C6
C2
C4
C10

203



Monographs

Hexasodium 7,7’'-{carbonylbis[azanediyl(4-methoxy-3,1-
phenylene)carbonylazanediyl]}bis (naphthalene-1,3,5-trisulfonate)
13c

SO3Na SO3Na
NaO3S 3 SO3Na
OO OO
N
N N
SO3 a OC 3OCH3 803 a

Cs7H24N4NagO23Ss (1222.93)

A solution of 2.16 mmol phosgene (20 % in toluen) was slowly added to a solution
of 649 mg (1.08 mmol) compound 13b in 20 ml water under heavy stirring at room
temperature. The reaction was continued according to GRP 4.

Yield: white powder, 68.2 % (900 mg)

TLC: Rf=0.76 (MP2)

HPLC: 98.3 % (tr = 6.46 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 265 nm

NaCl: 24.2 %
Elemental analysis (%):

C H N CIN
Calculation: 36.34 1.98 4.58 7.93
Calculation with H,O and NaCl: 19.60 3.48 248 7.93
Found: 19.63 1.49 2.54 7.73
Water content: 27 mol/mol
ESI-MS negative mode (m/z):
[M-Na]: 1222.9
IR spectrum (cm™):
3442 (br, s) 1636 (m) 1222 (m) 1042 (m)
500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)
10.45 -NH-CO- S 2H (exchangable)
9.12 H8 dd (°J=1.0,*J=1.9) 2H
9.03 H4 d (‘4=22) 2H
8.97 -NH-CO-NH- s 2H (exchangable)
8.71 H2' d (‘J=22) 2H
8.40 H2 d (*J=22) 2H
8.27 H6 d (‘U=1.9) 2H
7.80 H6' dd (*v=22,%=87) 2H
7.14 H5' d (J=87) 2H
3.98 -CHs S 3H
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125 MHz "*C NMR spectrum (DMSO-ds): & (ppm)

165.6 C9 135.1 C8a 121.3 c1
151.8 C10 134.7 C3 119.2 C4
150.4 C4' 133.2 C3 117.5 Co’
145.8 C7 130.2 C8a 116.9 C%
142.6 C5 126.3 C4a 113.5 cz
142.1 C1 123.4 C6 55.0 -CH>
137.2 c1 122.7 C2

Trisodium 7-(4-nitrophenyl)acetamido-naphthalene-1,3,5-trisulfonate
14a

SO3Na
NaO,;S._3 S 4. NO
ROON TN
"
1 H 0
SO3Na

C13H1 1 N2Na301283 (61 2.45)

0.83 g (3.87 mmol) (4-Nitrophenyl)acetylchloride, which was obtained by GRP1,
were slowly added to the stirred solution of 1.0g (2.58 mmol) trisodium 7-
aminonaphthalene-1,3,5-trisulfonate in 50 ml water, until there is no amine left.
The reaction was continued according to GRP 2.

Yield: pink powder, 35.00 % (0.55 g)

TLC: Rf= 0.6 (MP1)

HPLC: 99.4 % (tr = 4.05 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 254 nm

NaCl: 30.7 %
Elemental analysis (%):

C H N C/N
Calculation: 35.30 1.81 4.57 7.72
Calculation with H,O and NaCl: 20.79 2.23 2.69 7.72
Found: 20.81 1.86 2.93 7.10
Water content: 6 mol/mol
IR spectrum (cm™):
3448 (br, s) 1582 (w) 1551 (w) 1518 (m)
1474 (w) 1441 (w) 1351 (m) 1192 (br,s)
1122 (m) 1043 (vs) 798 (w) 664 (m)

612 (m)
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500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)

C3', C%
C6

C4

C2

C10

10.68 -NH-CO s 1H
9.14 H-8 s 1H
8.88 H-4 s 1H
8.51 H-2 d (“*J=1.9) 1H
8.30 H-6 d (*J=1.4) 1H
8.27 H3', 5’ d (*J=8.6) 2H
7.72 H2'. 6' d ((J=8.6) 2H
3.95 -CH, d 2H
125 MHz "*C NMR spectrum (DMSO-ds): 5 (ppm)
168.3 C9 135.5 C3 123.7
155.9 c4’ 130.9 c1’ 123.6
146.7 ce’ 130.8 C2', C6’ 119.8
145.5 c7 130.4 C8a 117.6
144.7 C5 126.3 C4a 43.16
142.9 C1 125.4 Cs8
Trisodium 7-(4-aminophenyl)acetamido-naphthalene-1,3,5-trisulfonate
14b
SOzNa
NaO3;S. 3 ° i/@L;NHZ
OO .
1 N9
SO3Na H 1

C18H13N2N8301083 (58247)

20 mg Palladium (10%) on charcoal were added as catalyst to a solution of 0.70 g
(1.14 mmol) compound 14a in water. The reaction was continued according to

GRP 3.

Yield: brown powder, 90.36 % (0.60 g)

TLC: Rf=0.52 (MP1)

HPLC: 99.0 % (tr = 1.19 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 255 nm
NaCl: 37.0 %

Elemental analysis (%):

C H N
Calculation: 37.12 2.25 4.81
Calculation with H,O and NaCl: 19.22 2.42 2.50
Found: 19.00 1.79 2.90

Water content: 7 mol
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ESI-MS negative mode (m/z):
[M-Na]: 559.3, [M-2Na-H]: 537.3, [M-3Na-H]: 515.5

IR spectrum (cm™):

3448 (br, s) 1618 (m) 1518 (w) 1475 (w)
1212 (br,vs) 1120 (s) 1044 (m) 669 (m)
614 (s) 530 (w)

500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)

10.98 -NH-CO- s 1H

9.06 H8 s 1H

8.75 H4 pd 1H

8.45 H2 d (“4=2.0) 1H

8.22 H6 d (*J=1.5) 1H

7.01 H3', H5 d (*J=8.2) 2H

6.52 H2', H6’ d (J=8.3) 2H

4.89 -NH, s 2H

3.46 -CH, s 2H

Hexasodium 7,7’'-{carbonylbis[azanediyl-4,1-
(phenylenemethylene)carbonylazanedyl)]bis(naphthalene-1,3,5-trisulfonate)
14c

SO3Na H H SO3Na
=L L U OO
P o)
1 N™9 N
H 10 H
SOzNa SOsNa

C37H24N4N8602185 (1 19093)

A solution of 1.78 mmol phosgene (20% in toluen) was slowly added to a solution
of 500 mg (0.89 mmol) compound 14b in 20 ml water under heavy stirring at room
temperature. The reaction was continued according to GRP 4.

Yield: brown powder, 73.3 % (733 mg)

TLC: R¢=0.66 (MP2)

HPLC: 95.2 % (tr = 5.95 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 258 nm

NaCl: 65.6 %
Elemental analysis (%):

C H N CIN
Calculation: 37.32 2.03 4.70 7.93
Calculation with H,O and NaCl: 11.39 1.06 1.44 7.93
Found: 11.36 0.85 1.44 7.88

Water content: 8 mol/mol
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ESI-MS negative mode (m/z):

[M-H]: 1190.0

IR spectrum (cm™):

3430 (br, s) 1628 (m) 1128 (w)

500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)

10.43 -NH-CO- s 1H (exchangeable)
9.22 -NH-CO-NH s 1H (exchangeable)
9.08 H-8 s 1H

8.82 H-4 d(*J=2.2) 1H

8.46 H-2 d(“J=1.9) 1H

8.24 H-6 d(*J=1.6) 1H

7.40 H-3', H-5  d(°J=8.8) 2H

7.25 H-2', H-6' d(°J=8.5) 2H

3.61 -CH,- d(*J=22) 2H

Sodium 4-(4-fluoro-3-nitrobenzamido)naphthalene-1-sulfonate
15a

NO,
F

C17H10FN2N8058 (41 232)

1.64 g (8 mmol) 4-Fluoro-3-nitrobenzoylchloride, which was obtained by GRP1,
were slowly added to the stirred solution of 1.5 g (6.1 mmol) sodium 4-amino-
naphthalene-1-sulfonate in 50 ml water, until there was no amine left. The reaction
was continued according to GRP 2.

Yield: pink powder, 83.6 % (2.1 g)

TLC: R¢f=0.85 (MP1)

HPLC: 98.6 % (tr = 4.14 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 297 nm
NaCl: 4.17 %
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Elemental analysis (%):

C H N CIN
Calculation: 49.52 2.44 6.79 7.29
Calculation with H,O and NaCl: 48.08 2.33 6.47 7.29
Found: 48.45 2.22 6.52 7.43
Water content: 1 mol/mol
IR spectrum (cm™):
3462 (br,s) 3200 (s) 1661 (s) 1640 (s)
1622 (s) 1595 (m) 1544 (vs) 1527 (s)
1490 (s) 1422 (w) 1409 (w) 1381 (m)
1347 (s) 1316 (W) 1300 (s) 1268 (s)
1195 (vs) 1161 (s) 1134 (m) 1064 (vs)
1026 (W) 904 (w) 881 (w) 843 (s)
814 (w) 778 (m) 764 (m) 747 (m)
693 (vs) 643 (m) 614 (m) 546 (m)
494 (m)
500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)
10.85 -NH-CO s 1H
8.97 H8 d (J=7.9) 1H
8.93 H2' dd (*J=1.9,%=7.1) 1H
8.57 He' m 1H
8.04 H5, H6 d (U=7.6) 2H
7.88 H5' d (J=85°%=98) 1H
7.62 H2, H3 d (*J=20,3%=115) 2H
7.59 H7 d ((J=7.9) 1H
125 MHz "*C NMR spectrum (DMSO-ds): & (ppm)
163.6 C9 131.6 c1’ 126.0 c7
156.8 c4' 130.1 C8a 124 .4 C3
143.1 C4 129.7 C4a 123.4 C5
137.1 (ok] 128.3 (of:] 122.4 c2
136.2 C1 126.4 c2 119.2 c5’
134.6 ce’ 126.1 C6
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Sodium 4-(3-amino-4-fluorobenzamido)naphthalene-1-sulfonate
15b

SOgNa
1

4
HN 0]

NH,
F

C17H12FN2NaO4S (38234)

20 mg Palladium (10%) on charcoal were added as catalyst to a solution of 0.8 g
(1.94 mmol) compound 15a in water. The reaction was continued according to
GRP 3.

Yield: grey powder, 91.76 % (680 mg)

TLC: R;=0.57 (MP1)

HPLC: 99.0 % (tr = 1.88 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 228 nm

NaCl: 57.7 %
Elemental analysis (%):
C H N CIN
Calculation: 53.40 3.16 7.33 7.29
Calculation with H,O and NaCl: 17.61 2.08 2.42 7.29
Found: 17.72 1.18 2.43 7.29
Water content: 6 mol/mol
IR spectrum (cm™):
3445 (br,s) 1636 (s) 1500 (s) 1384 (w)
1309 (w) 1200 (vs) 1055 (s) 755 (m)
691 (s) 642 (m) 540 (w)
500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)
10.34 -NH-CO- s 1H
8.95 H8 d (J=7.9) 1H
8.02 H5 d (J=7.7) 1H
7.99 H6 d (J=7.8) 1H
7.59 H2 d (*J=55) 1H
7.57 H2' dd (*J=19,%=80) 1H
7.53 H3, H7 d (U=24,35) 2H
7.37-7.34 He6' m 1H
7.19 H5' dd (®J=84,°J=11.0) 1H
5.45 -NH, s 2H
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125 MHz "*C NMR spectrum (DMSO-ds): & (ppm)

166.4 C9 130.1 C8a 123.5 C5
152.8 C4’ 129.9 C4a 122.6 C2
142.6 C4 128.3 C8 116.6 Ce’
136.8 C3 125.9 C6 115.8 (615}
135.4 C1 125.8 C7 114.9 cz
131.5 c1 124.5 C3

Disodium 4,4'-{carbonylbis[azenediyl(4-fluoro-3,1-phenylene)
carbonylazenediyl]}bis(naphthalene-1-sulfonate)

15¢
SO3Na SO3Na
1
4
HN__O OsNH
X
NN
F F

C35H22F2N4N820982 (79068)

A solution of 2.1 mmol phosgene (20 % in toluen) was slowly added to a solution
of 400 mg (1.05 mmol) compound 15b in 20 ml water under heavy stirring at room
temperature. The reaction was continued according to GRP 4.

Yield: grey powder, 19.34 % (160 mg)

TLC: Rf=0.75 (MP2)

HPLC: 98.7 % (tr = 7.64 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 242 nm

NaCl: 10.6 %
Elemental analysis (%):

C H N C/N
Calculation: 53.17 2.80 7.09 7.50
Calculation with H,O and NacCl: 44.04 3.06 5.87 7.50
Found: 44.07 3.99 5.88 7.49
Water content: 3 mol/mol
ESI-MS negative mode (m/z):
[M-H]: 789.5, [M-Na]: 767.7
IR spectrum (cm™):
3850 (m) 3444 (br, s) 1652 (m) 1558 (m)
1198 (w) 1049 (w) 622 (w)
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500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)

10.44 -NH-CO s (1H) exchangeable
9.25 -NH-CO-NH s (1H) exchangeable
8.89 H8 dd CJ=8.5,%=2.2) (1H)

8.86 H2’ dd (*v=22,%=7.1) (1H)

7.95 H6 d (°J = 8.8) (1H)

7.93 H5 dd *J=8.5,%=1.9) (1H)

7.82-7.79 He' m (1H)

7.52 H3 d (‘J=8.7) (1H)

7.51 H2 d(*J=8.7) (1H)

7.47 H7 dd CJ=8.5,%=1.9) (1H)

7.44 H5’ dd ?J=8.4,%=11.0) (1H)

125 MHz *C NMR spectrum (DMSO-ds): 5 (ppm)

165.6 C9 129.7 c1’ 123.2 c7
154.3 c4' 128.1 C8a 122.9 C3
152.1 C10 127.5 C4a 122.5 C5
142.6 c4 127 .4 C8 121.3 C2
134.9 c3 125.7 c2 115.1 C5'
131.4 C1 124.3 C6

129.9 C6'

Sodium 8-(4-fluoro-3-nitrobenzamido)naphthalene-2-sulfonate

16a
Na0,S” ‘ ‘

1
HN. 2_O

5
NO,
F

C17H10FN2NaOsS (412.32)

1.64 g (8.07 mmol) 4-Fluoro-3-nitrobenzoylchloride, which was obtained by GRP1,
were slowly added to the stirred solution of 1.48 g (5.38 mmol) Sodium 8-
aminonaphthalene-2-sulfonate in 50 ml water, until there was no amine left. The
reaction was continued according to GRP 2.

Yield: brown powder, 37.3 % (0.83 g)

TLC: R¢=0.60 (MP1)

HPLC: 99.6 % (tr = 3.97 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 288 nm
NaCl: 2.59 %
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Elemental analysis (%):

C H N
Calculation : 49.52 2.44 6.79
Calculation with H,O and NaCl : 46.22 2.74 6.34
Found : 46.54 2.61 6.33
Water content: 1 mol/mol
IR spectrum (cm™):

3424 (br,s) 2361 (m) 1647 (s)

1534 (vs) 1490 (m) 1354 (s)

1196 (br, s) 1114 (m) 1031 (m)

751 (w) 680 (s) 570 (w)

500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)
10.93 -NH-CO s 1H
8.96 H2' d (*J=15%=78) 1H
8.56 He' m 1H
8.29 H1 s 1H
7.99 H4 d (3J=8.5) 1H
7.93 H3 dd (*J=3.1,%J=6.1) 1H
7.88 H5' dd (*J=85,°=11.0) 1H
7.81 H5 d (J=85,%=1.0) 1H
7.64-7.62 H6, H7 dd (*J=3.1) 2H
125 MHz *C NMR spectrum (DMSO-ds): 3 (ppm)

163.6 C9 134.3 C4a 125.2
157.0 c4’ 133.9 c7 124.6
146.2 cs 131.5 C1’ 119.8
137.2 C3' 128.9 C4 119.5
136.1 c2 128.2 C6 119.3
136.0 ce’ 126.4 c2

Sodium 8-(3-amino-4-fluorobenzamido)-naphthalene-2-sulfonate

16b

NEORSg

C17H12FN2NaO4S (38234)

HN. 2 _O

3

NH,

F

1267
828 (

C/N
7.29
7.29
7.34

s)

/;\/\

)

3

C3
C8a
C5
C1
C5’
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20 mg Palladium (10%) on charcoal were added as catalyst to a solution of 0.5 g
(1.21 mmol) compound 16a in water. The reaction was continued according to
GRP 3.

Yield: brown powder, 97.26 % (0.45 g)

TLC: R;=0.54 (MP1)

HPLC: 96.1 % (tr = 1.81 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 293 nm

NaCl: 47.0 %
Elemental analysis (%):

C H N CIN
Calculation: 53.40 3.16 7.33 7.29
Calculation with H,O and NaCl: 24.29 2.28 3.33 7.29
Found: 24.28 1.59 3.41 7.12
Water content: 3 mol/mol
IR spectrum (cm™):
3424 (s) 1654 (m) 1512 (m) 1490 (m)
1200 (m) 1028 (m) 681 (m)
500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)
10.40 -NH-CO s 1H
8.28 H1 s 1H
7.97 H4 d (°J=8.0) 1H
7.89 H3 d (3J=8.0) 1H
7.79 H5 dd (°J=8.0,%J=1.5) 1H
7.59 H7 t (J=7.5) 1H
7.55 H6 d (J=7.2) 1H
7.52 H2' dd (*J=19,%=88) 1H
7.37-7.35 He6' m 1H
7.22 H5' dd (®v=8.0,°J=11.0) 1H
5.45 -NH, s 2H
125 MHz **C NMR Spectrum (DMSO-ds): 5 (ppm)
166.4 C9 129.2 c7 116.6 C5
151.9 c4’ 128.0 c1’ 116.5 C1
145.9 C8 126.3 C4 115.8 c6’
135.3 C3' 125.2 C6 115.8 c5’
133.9 c2 124.5 C3 114.9 c2
131.4 C4a 120.1 C8a
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Disodium 8,8'-{carbonylbis[azenedyl(4-fluoro-3,1-phenylene)
carbonylazenediyl]}bis(naphthalene-2-sulfonate)
16¢

C35H22 F2N4N820982 (7907)

A solution of 2.1 mmol phosgene (20% in toluen) was slowly added to a solution of
400 mg (1.05 mmol) compound 16b in 20 ml water under heavy stirring at room
temperature. The reaction was continued according to GRP 4.

Yield: grey powder, 62.2 % (0.5 g)

TLC: R;=0.89 (MP2)

HPLC: 97.4 % (tr = 7.76 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 288 nm

NaCl: 62.5 %
Elemental analysis (%):

C H N C/N
Calculation: 53.17 2.80 7.09 7.49
Calculation with H,O and NaCl: 16.55 1.58 2.21 7.53
Found: 16.50 1.19 1.16 9.93
Water content: 9 mol/mol
ESI-MS negative mode (m/z):
[M-H]: 789.5, [M-Na]: 768.5
IR spectrum (cm™):
3424 (br, s) 1610 (m) 1486 (m) 1200 (br, s)
1030 (m) 833 (w) 681 (m)
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500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)

10.58 -NH-CO- s 1H
9.47 -NH-CO-NH- s 1H
8.87 H2' dd CJ=7.6) 1H
8.23 H1 s 1H
7.91 H4 d (J=8.3) 1H
7.85 H3 d (J=8.3) 1H
7.82 H6’ m 1H
7.74 H5 d CJ=8.5) 1H
7.56 H7 d (?J=7.0) 1H
7.53 H6 d(J=7.0) 1H
7.48-745 H5' dd °J=8.8,%J=11.25) 1H

Disodium 3-(4-fluoro-3-nitrobenzamido)-naphthalene-1,5-disulfonate
17a

SO3Na

1

OO 1 3
5 N)é\QNOZ
H
N
SO4Na -

C17H9FN2N820982 (51 44)

1.4 g (6.9 mmol) 4-Fluoro-3-nitrobenzoylchloride, which was obtained by GRP1
were slowly added to the stirred solution of 1.5g (4.6 mmol) Disodium 3-
aminonaphthalene-1,5-disulfonate in 50 ml water, until there was no amine left.
The reaction was continued according to GRP 2.

Yield: yellow powder, 90.67 % (2.14 g)

TLC: R¢=0.57 (MP1)

HPLC: 99.6 % (tr = 2.68 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 258 nm

NaCl: 4.76 %
Elemental analysis (%):

C H N C/N
Calculation: 39.70 1.76 5.45 7.28
Calculation with H,O and NaCl: 35.37 2.27 4.85 7.29
Found: 35.45 2.22 4.80 7.38
Water content: 2 mol/mol
IR spectrum (cm™):
3443 (br, s) 1670 (m) 1618 (s) 1583 (m)
1537 (vs) 1490 (m) 1437 (w) 1355 (s)
1207 (br, vs) 1079 (m) 1042 (vs) 868 (w)
812 (w) 794 (m) 740 (m) 614 (s)

527 (m) 494 (m)
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500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)

10.92 -NH-CO- s 1H

9.08 H4 d (‘*J=2.0.8) 1H

8.88 H2' dd (=29, "U=7.3) 1H

8.8 H8 d (*J=8.6) 1H

8.52-849  He6' m 1H

8.43 H2 d (*J=2.5) 1H

7.96 H6 d (J=7.2) 1H

7.77 H5' dd (®s=88,%=1125) 1H

7.38-7.35 H7 t (3J=8.5) 1H

125 MHz *C NMR spectrum (DMSO-ds): 5 (ppm)

162.8 C9 131.9 c1’ 123.4 C8a
155.7 c4' 130.4 C4a 120.8 c7
146.8 C1 129.3 C6’ 119.9 C5'
143.8 C5 127.5 C8 119.2 C2
136.3 C3 126.4 c2 118.9 C4
134.7 C3 124.8 C6

Disodium 3-(3-amino-4-fluorobenzamido)-naphthalene-1,5-disulfonate
17b

SO3Na
1

1 3 NH
N
803 a F

C17H11FN2Nax07S; (484.4)

20 mg Palladium (10%) on charcoal were added as catalyst to a solution of 1.2 g
(2.33 mmol) compound 17a in water. The reaction was continued according to
GRP 3.

Yield: beige powder, 96.1 % (1.07 g)

TLC: Rf=0.51 (MP1)

HPLC : 99.3 % (tr = 1.61 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 269 nm

NaCl: 4.47 %
Elemental analysis (%):

C H N C/N
Calculation: 42.15 2.29 5.78 7.29
Calculation with H,O and NacCl: 36,23 3,04 4.97 7,29
Found: 36.11 2.93 4.91 7.35

Water content: 3 mol/mol

217



Monographs

IR spectrum (cm™):

3442 (br,s) 1628 (m) 1579 (w) 1543 (s)
1513 (s) 1499 (m) 1442 (m) 1338 (m)
1303 (w) 1205 (br, vs) 1158 (s) 1076 (w)
1041 (vs) 891 (w) 812 (m) 794 (m)

773 (w) 748 (m) 617 (s) 528 (m)

494 (m)

500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)

10.39 -NH-CO s 1H

8.99 H4 d ( =1.9) 1H

8.81 H8 d ( = 8 0) 1H

8.36 H2 d (*J=1.9) 1H

7.93 H6 d (*J=8.0) 1H

7.44 H2' dd (‘U=2.2,°%=7.0) 1H

7.33 H7 td (“U=1.3,°=8.0) 1H

7.25-724  H6' m 1H

7.12 H5' dd (*J=84,3=11.0) 1H

5.31 -NH. s 2H

125 MHz *C NMR Spectrum (DMSO-ds): 5 (ppm)

165.4 C9 130.3 c1’ 119.6 C6’
153.5 c4’ 129.1 C4a 116.4 C5
143.5 C1 127.0 C8 116.0 C2

136.4 C5 124.5 C6 115.9 c4

136.3 C3 122.8 C8a 114.5 c2
135.1 C3 121.1 c7

Disodium 3,3'-{carbonylbis[azanediyl(4-fluoro-3,1-
phenylene)carbonylazanediyl]}bis(naphthalene-1,5-disulfonate)
17¢c

SO3Na SO3Na

3 10
T
O

SO3Na SO3Na

C35H20F2N4N84O15S4 (9948)

A solution of 3.3 mmol phosgene (20 % in toluen) was slowly added to a solution
of 800 mg (1.65 mmol) compound 17b in 20 ml water under heavy stirring at room
temperature. The reaction was continued according to GRP 4.

Yield: pale pink powder, 75.0 % (1.23 g)

TLC: R; = 0.49 (MP2)
HPLC: 99.1 % (tr = 6.15 min)
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UV spectrum (phosphate buffer pH of 6.5): Anax = 258 nm

NaCl: 17.0 %

Elemental analysis (%):

C H N
Calculation: 42.26 2.03 5.63
Calculation with H,O and NaCl: 29.25 2.94 3.89
Found: 29.29 2.61 3.96
Water content: 11 mol/mol
ESI-MS positive mode (m/z):
[M+Nal]": 1017.8
IR spectrum:
3446 (br,s) 1610 (s) 1541 (s)
1432 (s) 1332 (m) 1255 (s)
1042 (vs) 810 (w) 793 (m)
664 (m) 614 (vs) 528 (m)
500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)
10.63 -NH-CO s 1H
9.47 -NH-CO-NH- s 1H
9.06 H4 dd (°J=0.5%=2.2) 1H
8.82 H2' dd (*J=8.5) 1H
8.73 H8 dd (°J=2.2,%=7.5) 1H
8.38 H2 d (‘v=22) 1H
7.95 H6 dd (*J=1.0,3%=7.5) 1H
7.81-7.78 He6' m 1H
7.39 H5' dd (*J=85,°=11.0) 1H
7.33 H7 dd (*J=7.3,%=6.9) 1H
125 MHz *C NMR spectrum (DMSO-ds): & (ppm)
164.9 C9 131.5 c1’ 123.2
153.6 c4' 130.2 C4a 121.8
152.3 C10 129.1 c7 120.9
144.2 C1 127.3 Cs8 119.6
143.3 C5 127.0 Ce’ 115.1
134.9 C3 124.7 C6 114.9

1488 (s
1207 (v
738 (m)

C/N
7.50
7.50
7.40

N ~

)

C8a
C2
C4
C3’
c2
C5’
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Disodium 4-(4-fluoro-3-nitrobenzamido)-naphthalene-2,7-disulfonate

NaO3SSO3Na

18a

C17H9FN2N820982 (51 39)

NH__O
9
1

NO,
F

872.9 mg (4.3 mmol) 4-Fluoro-nitrobenzoylchloride, which was obtained by GRP1,
were slowly added to the stirred solution of 1.15g (3.31 mmol) disodium 4-
aminonaphthalene-2,7-disulfonate in 50 ml water, until there was no amine left.
The reaction was continued according to GRP 2.

Yield: pale yellow powder, 70.59 % (1.20 g)

TLC: R¢ = 0.60 (MP1)

HPLC: 95.0 % (tr = 4.05 min)
UV spectrum (phosphate buffer pH of 6.5): Anax = 232 nm

NaCl: 31.1 %

Elemental analysis (%):

Calculation:

Calculation with H,O and NaCl:

Found:

Water content: 7 mol/mol

IR spectrum (cm™):

3448 (br,s)
1486 (m)
1225 (s)
917 (w)
679 (s)
523 (w)

220

1675 (s)
1390 (w)
1193 (br,s)
830 (w)
694 (m)

39.70
21.66
21.68

1.76
2.57
1.16

1617
1350
1125
750 (m
618 (m

m

A~ N~
g 3
N— N

r,s)

~—

5.45
2.97
2.88

C/N
7.28
7.29
7.53

1533
1266 (m)
1040 (vs)
706 (m
555 (m

s)

o~~~
~—
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500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)

10.88 -NH-CO- s 1H

8.89 H2' dd (J=2.2,J=7.2) 1H

8.55 H6’ m 1H

8.18 H4 d (J=1.3) 1H

8.09 H5 s 1H

7.93 H1 d (J=8.38) 1H

7.82 H5’, H7 dd (J=9.0,J=104) 2H

7.75 H2 dd (J=1.6,J=8.8) 1H

125 MHz "*C NMR spectrum (DMSO-ds): 5 (ppm)

163.7 C9 133.4 C4a 124.9 C1
156.0 c4' 132.5 c1’ 123.6 C3
146.4 C2 131.6 C8 122.8 C6'
145.4 c7 129.0 C8a 119.8 c2
137.2 C3 126.5 C6 119.2 C5'
136.2 C4 125.2 C5

Disodium 4-(3-amino-4-fluorobenzamido)-naphthalene-2,7-disulfonate

18b
NaO3SSO3Na

NH__O
9

1"

NH,
F

C17H1 1 FN2N320782 (4839)

20 mg Palladium (10%) on charcoal were added as catalyst to a solution of 1g
(1.94 mmol) compound 18a in water. The reaction was continued according to
GRP 3.

Yield: brown powder, 91.4 % (860 mg)

TLC: Rf=0.42 (MP1)

HPLC: 97.5 % (tr = 1.5 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 241 nm
NaCl: 28.9 %
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Elemental analysis (%):

C H N
Calculation: 4215 2.29 5.78
Calculation with H,O and NaCl: 21.26 3.46 2.92
Found: 20.98 1.65 2.84
Water content: 11 mol/mol
IR spectrum (cm™):
3430 (br,s) 2361 (w) 1636 (m)
1196 (br,s) 1036 (s) 692 (m)
500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)
10.32 -NH-CO s 1H
8.16 H4 s 1H
8.05 H5 s 1H
7.86 HA1 d ((J=9.0) 1H
7.78-7.77 H7 s 1H
7.74 H2 d (U=9.0)
7.48 H2' d (*J=18,%=90) 1H
7.32-7.30 H6' m 1H
7.15 H5' dd (3J=85,°=11.0) 1H
5.41 -NH, s 2H
125 MHz "*C NMR spectrum (DMSO-ds): & (ppm)
166.3 C9 132.5 C4a 123.2
153.8 c4’ 131.5 c1’ 122.5
146.3 c2 129.2 (of:] 116.6
145.9 c7 125.2 C8a 115.9
136.8 C3' 124.7 C6 115.0
134.1 C4 123.5 C5

Disodium 4,4'-{carbonylbis[azanediyl-(4-fluoro-3,1-

C/N
7.29
7.29
7.38

1516 (m)

C1

C3
Co’
C5'
Cz

phenylene)carbonylazanediyl]}bis(naphthalene-2,7-disulfonate)

NaO3SSO3Na NaO3SSO3Na

18c
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NH__O
9
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C35H20F2N4Na401584 (9948)
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A solution of 2.06 mmol phosgene (20 % in toluen) was slowly added to a solution
of 500 mg (1.03 mmol) compound 18b in 20 ml water under heavy stirring at room
temperature. The reaction was continued according to GRP 4.

Yield: beige powder, 53.7 % (550 mg)

TLC: Ri=0.43 (MP2)

HPLC: 94.6 % (tr = 5.59 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 285 nm

NaCl: 30.1 %
Elemental analysis (%):

C H N C/N
Calculation: 42.26 2.03 5.63 7.50
Calculation with H,O and NaCl: 24.28 2.56 3.24 7.50
Found: 24.28 2.55 3.37 7.21
Water content: 12 mol/mol
ESI-MS negative mode (m/z):
[M-H]: 993.6, [M-Na]: 971.6
IR spectrum (cm™):
3444 (br,s) 1609 (m) 1560 (m) 1484 (m)
1420 (w) 1196 (br, s) 1114 (m) 1036 (s)
751 (w) 691 (m) 613 (w)
500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)
10.49 -NH-CO s 1H exchangeable
9.41 -NH-CO-NH- S 1H exchangeable
8.75 H2' d(*=22) 1H
8.15 H4 d(*J=1.6) 1H
8.05 H5 s 1H
7.86 HA1 d (J=8.8) 1H
7.84 H6’ m 1H
7.78 H7 d(*J=1.3) 1H
7.73 H2 d g"J = 8.8) 1H
7.44 H5’ t(°J=8.4) 1H
125 MHz "*C NMR spectrum (DMSO-ds): 5 (ppm)
165.5 C9 132.3 C4 124.6 C5
154.5 C4' 131.1 C4a 123.4 C1
152.2 C10 129.0 c1 123.2 C3
146.1 C2 127.5 C8 122.5 Cce’
145.7 C7 127.4 C8a 121.7 cz2
133.8 C3 124.9 C6 115.3 (015}
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Trisodium 8-(4-fluoro-3-nitrobenzamido)-naphthalene-1,3,6-trisulfonate

19a
NaO3SSO3Na

1
NaOsS NH_O
9

.
N
NO,
F

C17HgFN2Naz012S3 (616.4)

812 mg (4 mmol) 4-Fluoro-nitrobenzoylchloride, which was obtained by GRP1,
were slowly added to the stirred solution of 1g (2.22 mmol) trisodium 8-
aminonaphthalene-1,3,6-trisulfonate in 50 ml water, until there was no amine left.
The reaction was continued according to GRP 2.

Yield: pale yellow powder, 76.7 % (1.05 g)

TLC: Rr= 0.5 (MP1)

HPLC: 98.7% (tr = 5.5 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 242 nm

NaCl: 10.7 %
Elemental analysis (%):

C H N C/N
Calculation: 33.12 1.31 4.54 7.30
Calculation with H,O and NaCl: 26.48 2.09 3.63 7.29
Found: 26.54 1.91 3.56 7.46
Water content: 4 mol/mol
IR spectrum (cm™):
3448 (br,s) 1619 (m) 1535 (s) 1357 (m)
1390 (w) 1196 (br, s) 1050 (vs) 748 (w)
678 (s) 691 (s) 620 (m)
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500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)

12.75 -NH-CO- s 1H

8.92 H2' dd (*J=20,°%=7.3) 1H

8.63-8.62  H6' m 1H

8.58 H4 d (*J=1.5) 1H

8.45 H5 d (‘J=15) 1H

8.16 H2 d (*J=1.5) 1H

8.02 H7 d (‘J=15) 1H

7.76 H5' dd (*J=22,°%=11.0) 1H

125 MHz *C NMR spectrum (DMSO-ds): & (ppm)

162.8 c4' 136.1 C4a 126.5 c4
156.0 C9 134.8 c1’ 123.6 C5
143.4 C6 133.0 C1 122.8 c7
143.9 C3 132.8 C8A 119.0 c2
141.8 C8 128.4 C6’ 118.9 C5'
137.1 C3 126.8 C2

Trisodium 8-(3-amino-4-fluorobenzamido)-naphthalene-1,3,6-trisulfonate

19b
NaO3SSO3Na

1
NaOsS NH_O
9

T

NH,

C17H10FN2N33O1083 (5864)

20 mg Palladium (10%) on charcoal were added as catalyst to a solution of
700 mg (1.136 mmol) compound 19a in water. The reaction was continued
according to GRP 3.

Yield: brown powder, 81 % (540 mg)

TLC: R;=0.36 (MP1)

HPLC: 97.3 % (tr = 1.99 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 235 nm
NaCl: 19.1 %
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Elemental analysis (%):

C H N CIN
Calculation: 34.82 1.72 4.78 7.29
Calculation with H,O and NaCl: 20.58 3.87 2.84 7.29
Found: 20.26 1.68 2.83 7.16
Water content: 12 mol/mol
IR spectrum (cm™):
3428 (br,s) 2361 (m) 1623 (m) 1196 (br,s)
1045 (s)
500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)
12.35 -NH-CO s 1H
8.54 H4 d (‘d=1.7) 1H
8.37 H5 d (*J=1.7) 1H
8.09 H2 d (‘d=1.7) 1H
7.93 H7 d (*J=1.7) 1H
7.48 H2' dd (*J=20,°%=8.9) 1H
7.41-7.39 H6’ m 1H
7.08-7.04 H5' dd (*J=85,°%=11.0) 1H
5.26 -NH2 ) 2H
125 MHz *C NMR spectrum (DMSO-d®): 5 (ppm)
165.5 C9 133.5 C4a 122.0 C5
158.1 c4' 132.6 c1 120.3 c7
145.5 C6 128.1 C1 119.5 C6’
142.1 C3 126.4 C8a 116.5 c5’
134.8 Cs 122.8 C4 117.0 c2'

133.8 C3 122.5 C2
Trisodium 8,8'-{carbonylbis[azanediyl(4-fluoro-3,1-phenylene)

carbonylazenediyl] }bis(naphthalene-1,3,6-trisulfonate)
19¢

N8038 3 6 _SO;Na NaOSS SO;Na

N3038 NH_O NH 803Na

Tz °
5‘

035H18F2N4N8602186 (1 1989)
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A solution of 1.36 mmol phosgene (20 % in toluen) was slowly added to a solution
of 400 mg (0.68 mmol) compound 19b in 20 ml water under heavy stirring at room
temperature. The reaction was continued according to GRP 4.

Yield: brown powder, 49.0 % (0.4 mg)

TLC: Ri=0.17 (MP2)

HPLC: 95.4 % (tr = 6.83 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 260 nm

NaCl: 49.9 %
Elemental analysis (%):

C H N C/N
Calculation: 35.06 1.51 4.67 7.50
Calculation with H,O and NacCl: 16.32 1.90 217 7.50
Found: 16.32 1.92 2.32 7.05
Water content: 5 mol/mol
ESI-MS negative mode (m/z):
[M-H]: 1197.7, [M-Na]: 1175.5
IR spectrum (cm™):
3432 (br,s) 1629 (m) 1430 (m) 1200 (br,s)
1028 (w) 681 (m)
500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)
12.48 -NH-CO- S 1H (exchangeable)
9.24 -NH-CO-NH- S 1H (exchangeable)
8.70 H2' dd (*J=22,%=82) 1H
8.56 H4 d(*J=1.9) 1H
8.44 H5 d(“J=1.9) 1H
8.12 H2 d(*J=1.9) 1H
8.01-7.98 He’ m 1H
7.97 H7 d(*J=1.9) 1H
7.37-7.33 H5 dd *J=8.5,J=110) 1H
125 MHz "*C NMR spectrum (DMSO-ds): & (ppm)
164.7 c4 141.8 C3 123.0 C2
154.2 C9 133.6 C4a 122.7 C4
152.2 C10 132.3 c1 122.4 C5
144.9 C6 128.1 C1 122.0 C7
143.7 C3 1271 C8A 114.8 cz2
141.8 C8 126.4 Ce6’ 114.6 (015}

227



Monographs

Disodium 2-(4-fluoro-3-nitrobenzamido)benzene-1,4-disulfonate

20a
4_SOsNa
1
NaO3S

C13H7FN2N820982 (4643)

1.26 g (6.75 mmol) 4-Fluoro-3-nitrobenzoylchloride, which was obtained by GRP1,
were slowly added to the stirred solution of 1.15g (4.50 mmol) disodium
aminobenzene-1,4-disulfonate in 50 ml water, until there was no amine left. The
reaction was carried out according to GRP 2.

Yield: pale yellow powder, 60.3 % (1.75 g)

TLC: R¢=0.55 (MP1)

HPLC: 98.5 % (tr = 2.37 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 261 nm

NaCl: 15.7 %
Elemental analysis (%):
C H N C/N
Calculation: 33.62 1.52 6.03 5.58
Calculation with H,O and NaCl: 19.60 3.87 3.51 5.57
Found: 19.44 1.32 3.38 5.75
Water content: 11 mol/mol
IR spectrum (cm™):
3465 (br,s) 1677 (s) 1620 (s) 1582 (s)
1537 (vs) 1499 (m) 1409 (vs) 1357 (s)
1316 (s) 1274 (s) 1224 (br,vs) 1192 (br,vs)
1125 (vs) 1050 (s) 1021 (s) 941 (w)
856 (w) 748 (m) 668 (vs) 639 (s)
617 (m) 559 (m)
500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)
11.70 -NH-CO s 1H
8.75 H3 S 1H
8.65 H2' dd (*J=1.0,J=7.0) 1H
8.31 H6’ m 1H
7.89 H5' dd ((J=11.0,%=9.0) 1H
7.69 H6 d (*J=8.0) 1H
7.38 H5 d (3J=8.0) 1H
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125 MHz "*C NMR spectrum (DMSO-ds): & (ppm)

161.2 C7 134.7 C1 125.8 Ccz
156.9 c4’ 134.3 C2 120.9 C5
150.0 C4 131.9 Cc1 119.9 C3
137.5 C3 126.8 C6 117.7 C5’
135.9 Co’

Disodium 2-(3-amino-4-fluorobenzamido)benzene-1,4-disulfonate

20b
4_SO;Na
]
NaO3S

C13H9FN2N820782 (4343)

20 mg Palladium (10%) on charcoal were added as catalyst to a solution of
700 mg (1.51 mmol) compound 20a in water. The reaction was carried out
according to GRP 3.

Yield: beige powder, 88.5 % (0.58 g)

TLC: R¢f=0.56 (MP1)

HPLC: 98.5 % (tr = 1.54 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 257 nm

NaCl: 11.3 %
Elemental analysis (%):

C H N C/N
Calculation : 35.95 2.09 6.45 17.2
Calculation with H,O and NaCl : 18.94 513 3.40 5.57
Found : 18.96 1.53 3.32 5.71
Water content: 17 mol/mol
IR spectrum (cm™):
3456 (br,m) 1582 (m) 1514 (m) 1409 (m)
1317 (m) 1202 (br, vs) 1123 (m) 1051 (m)
1019 (m) 662 (m) 644 (m)
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500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)

11.20 -NH-CO- s 1H
8.75 H3 pd 1H
7.65 H6 d (3J=8.0) 1H
7.40 H2' dd (*J=1.5,%J=9.0) 1H
7.30 H5 d (°J=8.0) 1H
7.13 H5' dd (v=85,%=11.0) 1H
7.08 He6’ m 1H
5.46 -NH. s 2H

125 MHz *C NMR spectrum (DMSO-ds): 5 (ppm)

164.1 C7 135.1 C2 117.5 C3
152.5 C4' 131.8 c1 115.9 c2'
149.9 C4 126.7 C6 115.4 C%'
137.1 C3 119.9 C5 114.6 Co’
135.6 C1

Tetrasodium 2,2'-{carbonylbis[azenediyl(4-fluoro-3,1-phenylene)
carbonylazenediyl]}bis(benzene-1,4-disulfonate)

20c
~SO3NaNaOsSs
NaO3S 1 SO3Na

ot

CQ7H16F2N4N8401584 (8947)

A solution of 2.18 mmol phosgene (20 % in toluene) was slowly added to a
solution of 475 mg (1.09 mmol) compound 20b under heavy stirring at room
temperature. The reaction was carried out according to GRP 4.

Yield: beige powder, 76.5 % (0.75 g)

TLC: R¢=0.47 (MP2)

HPLC: 96.6 % (tr = 6.32 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 261 nm
NaCl: 50.0 %
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Elemental analysis (%):

6.11

C/N
5.79

2.98 5.79
3.13 5.49

1613 (vs)
1408 (s)
1226 (br,vs)
755 (m)
563 (m)

1H (exchangeable)
1H (exchangeable)

1H
1H
1H
1H
1H
1H

121.1
120.5
117.5
115.7

C H
Calculation: 35.34 1.76
Calculation with H,O and NaCl: 17.25 1.13
Found: 17.15 1.10
Water content: 2 mol/mol

ESI-MS negative mode (m/z):

[M-Na]: 871.2

IR spectrum (cm™):

3307 (br,m) 1694 (m) 1670 (m)
1579 (s) 1539 (s) 1492 (s)
1340 (s) 1288 (s) 1267 (s)
1044 (s) 1020 (vs) 873 (w)
663 (vs) 636 (s) 617 (s)
533 (m) 532 (m) 422 (m)
500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)
11.34 -NH-CO- s

9.43 -NH-CO-NH- s

8.77 H3 d (*J=1.5)

8.72 H2' dd (*J=2.0,/=8.0)
7.67 H6 D(J=7.9)

7.60 H6' M

7.43 H5' dd *J=8.5,°=11.0)
7.32 H5 dd CJ=7.9, % =1.5)
125 MHz "*C NMR spectrum (DMSO-ds): 5 (ppm)
163.2 c7 135.6 C1

154.6 c4’ 134.8 c2

152.1 cs8 131.6 c1’

149.5 C4 127.0 C6

137.3 C3’ 126.5 C6’

Cz
C5
C3

C5'

Sodium 2-(4-fluoro-3-nitrobenzamido)benzene-1-monosulfonate

21a

C13H8FN2NaOGS (3623)
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1.28 g (6.75 mmol) 4-Fluoro-3-nitrobenzoylchloride, which was obtained by GRP1,
were slowly added to the stirred solution of 1.00g
aminobenzene-1-sulfonate in 50 ml water, until there was no amine left. The
reaction was carried out according to GRP 2.

Yield: white powder, 49.28 % (1.03 g)

TLC: R = 0.90 (MP1)

HPLC: 98.6 % (tr = 5.84 min)
UV spectrum (phosphate buffer pH of 6.5): Anax = 260 nm

NaCl: 19.1 %

Elemental analysis (%):

(5.77 mmol) sodium

C H CIN
Calculation: 43.10 2.23 7.73 5.58
Calculation with H,O and NaCl: 32.45 2.30 5.82 5.57
Found: 32.77 2.03 5.75 5.58
Water content: 1 mol/mol

IR spectrum (cm™):

3671 (m) 3463 (br,s) 1672 (s) 1618 (s)

1590 (s) 1539 (br, vs) 1498 (m) 1466 (W)
1408 (w) 1441 (s) 1356 (s) 1328 (s)

1283 (m) 1261 (s) 1250 (s) 1190 (s)

1130 (m) 1082 (m) 1021 (s) 939 (w)

832 (w) 816 (w) 768 (m) 722 (m)

642 (m) 576 (m) 533 (m) 468 (w)

500 MHz 'H NMR spectrum (DMSO-d®): 5 (ppm), J (Hz)

11.73 -NH-CO s 1H

8.65 H2' dd (*J=20,=7.0) 1H

8.44 H6 d (*J=8.0) 1H

8.31-829  H6’ m 1H

7.88 H5' dd ((=9.0,%=11.0) 1H

7.74 H3 d (J=7.5) 1H

7.44-7 41 H5 t (J=7.5) 1H

7.17-7.14 H4 t (3J=7.5) 1H

125 MHz **C NMR spectrum (DMSO-d®): 5 (ppm)

161.4 c7 134.5 (o} 123.8 C3

156.9 c4' 131.9 c1’ 120.1 c2
137.5 C3 130.3 C6 119.8 C5'

136.1 C1 127 .4 C5

134.7 C2 125.8 C6’
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Sodium 2-(3-amino-4-fluorobenzamido)benzene-1- monosulfonate
21b

C13H10FN2NaO4S (3323)

20 mg Palladium (10%) on charcoal were added as catalyst to a solution of
700 mg (1.51 mmol) compound 21a in water, the reaction was carried out
according to GRP 3.

Yield: grey powder, 50.17 % (0.56 g)

TLC: Rf=0.72 (MP1)

HPLC: 98.6 % (tr = 2.70 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 252 nm

NaCl: 25.5 %
Elemental analysis (%):

C H N C/N
Calculation: 46.99 3.03 8.43 5.57
Calculation with H,O and NaCl: 34.10 2.42 6.12 5.61
Found: 34.04 2.26 6.07 5.61
Water content: 1 mol/mol
IR spectrum:
3398 (br,m) 1546 (m) 1200 (m) 1019 (m) 572 (w)
3322 (m) 1512 (vs) 1176 (vs) 879 (w)
1670 (m) 1440 (m) 1142 (m) 760 (m)
1608 (m) 1321 (vs) 1112 (w) 715 (m)
1590 (m) 1231 (m) 1089 (w) 617 (m)
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500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)

11.22 -NH-CO s 1H
8.46 H6 d (3J=8.0) 1H
7.71 H3 dd ((J=7.7,%=1.5) 1H
7.41 H2' dd (*J=2.0,°%=9.0) 1H
7.37 H5 dd (*J=15,%=74) 1H
7.16 H5' dd (*J=8.5,°%=9.0) 1H
7.10 He6' m 1H
7.10 H4 td (J=7.7) 1H
5.49 -NH, s 2H
125 MHz *C NMR spectrum (DMSO-d®): 5 (ppm)
164.3 c7 131.7 c4 115.9 ce’
153.8 c4’ 130.1 c1’ 115.3 c5’
137.2 C3' 127.3 C6 114.6 c2
135.7 C1 122.8 C5
135.6 c2 120.1 C3
Disodium 2,2'-{carbonylbis[azanediyl(4-fluoro-3,1-
phenylene)carbonylazanediyl]bis(benzensulfonate)
21c
NaO;S SO5Na

Q @
HN_7_0O (@) NH
;
1
3.
N°H
F F

C27H18F2N4N820982 (6906)

A solution of 2.4 mmol phosgene (20 % in toluene) was slowly added to a solution
of 400 mg (1.2 mmol) compound 21b under heavy stirring at room temperature.
The reaction was carried out according to GRP 4.

Yield: beige powder, 61.59 % (510 mg)

TLC: Rf=0.67 (MP1)

HPLC: 96.3 % (tr = 8.39 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 261 nm

NaCl: 40.1 %
Elemental analysis (%):

C H N C/N
Calculation: 46.96 2.63 8.11 5.79
Calculation with H,O and NaCl: 20.80 2.91 3.59 5.79
Found: 20.71 1.51 3.64 5.69
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Water content: 13 mol/mol

ESI-MS negative mode (m/z):
[M-H]: 689.3, [M-Na]: 667.5

IR spectrum (cm™):

1539 (m)
1141 (m)
714 (m)

m

1H (exchangeable)
1H (exchangeable)

C3
Co’
C5'
Cz

3357 (br,m) 1610 (vs) 1590 (m)

1439 (m) 1326 (m) 1216 (s)

1117 (m) 1024 (m) 759 (m)

615 (m) 569 (W) 522 (w)

500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)
11.37 -NH-CO- s

9.51 -NH-CO-NH- s

8.79 H2' dd (*J=1.9,%=9.0) 1H
8.46 H6 d (J = 8.0) 1H
7.71 H3 dd (°J = 8.0) 1H
7.59-7.45 He' m 1H
7.40 H5' dd *J=9.1,°J=11.0) 1H
7.37 H5 dd (°J=7.5) 1H
7.08 H4 t (*J=7.5) 1H
125 MHz *C NMR spectrum (DMSO-d®): & (ppm)

163.4 c7 131.5 c2 120.1
154.2 c4' 129.9 C4 119.9
152.1 Cs8 128.0 c1’ 115.6
135.6 C3' 127.0 C6 115.4
135.3 C1 121.8 C5

Trisodium 3-(2,4-disulfonatophenylcarbamoyl)-5-(4-nitrobenzamido)
benzoate

22a

C21H12N3Naz012S, (631.4)
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358 mg (1.94 mmol) 4-Nitrobenzoylchloride dissolved in 10 ml toluene were slowly
added to the stirred solution of 626 mg (1.29 mmol) trisodium 5-amino-3-(2,4-
disulfonato phenylcarbamoyl)benzoate in 50 ml water, until there was no amine
left. The reaction was carried out according to GRP 2.

Yield: yellow powder, 85.3 % (0.70 g)

TLC: Rf=0.5 (MP1)

HPLC: 98.6 % (tr = 3.41 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 277 nm

NaCl: 22.7 %
Elemental analysis (%):

C H N CIN
Calculation: 39.95 1.92 6.65 6.00
Calculation with H,O and NaCl: 26.69 2.45 4.45 6.00
Found: 26.56 2.38 4.57 5.81
Water content: 5 mol/mol
IR spectrum:
3431 (br,m) 1685 (m) 1582 (m) 1526 (m)
1391 (m) 1318 (m) 1189 (br,m) 1080 (m)
1041 (m) 853 (w) 715 (m) 690 (m)
611 (m) 548 (m)
500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)
11.42 -NH-CO s
10.84 -NH-CO s 1H
8.52 H3 pd 1H
8.43 H6 d (*J=8.5) 1H
8.38 H2' s 1H
8.43 H3". H5" d (3J=8.9) 2H
8.28 H2", H6" d (J=8.9) 2H
8.26 H4' pd 1H
8.04 H6’ d (‘U=25) 1H
7.60 H5 dd (*J=25,J=85) 1H
125 MHz "*C NMR spectrum (DMSO-ds): & (ppm)
169.1 cs 139.5 C1 127.2 c2’
164.9 c7 138.7 c1’ 125.2 ce’
164.2 C9 135.2 c5’ 123.9 c3", 5"
149.5 C4" 134.9 C3’ 120.6 C3
142.8 C4 134.7 C5 120.5 C6
140.8 c2 129.7 c2", 6" 119.4 c4’
140.1 c1”
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Trisodium 3-(2,4-disulfonatophenylcarbamoyl)-5-(4-

aminobenzamido)benzoate
22b

C21 H14N3N8301082 (601 5)

20 mg Palladium (10%) on charcoal were added as catalyst to a solution of
500 mg (0.79 mmol) compound 22a in water. The reaction was carried out

according to GRP 3.

Yield: beige powder, 82.10 % (390 mq)
TLC: R;=0.52 (MP1)
HPLC: 98.2 % (tr = 1.63 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 295 nm

NaCl: 27.5
Elemental analysis (%):

C
Calculation: 41.94
Calculation with H,O and NaCl: 27.89
Found: 27.28

Water content : 3 mol/mol

IR spectrum (cm™):

3424 (br,m) 1674 (m)
1534 (m) 1317 (m)
1324 (m) 1286 (m)
1081 (m) 1037 (m)
751 (m) 718 (m)
628 (m) 547 (m)

H
2.35
2.23
2.40

1627
1515
1231
843 (
715 (m

m
m

)

E /(,T/'\/\
N N

= ~—

N
6.99
4.64
4.67

C/N
6.00
6.00
5.84

1586 (m)
1442 (w)
1184 (vs)
797 (W)
690 (m)

o~ o~

237



Monographs

500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)

11.34 -NH-CO s 1H
9.98 -NH-CO s 1H

8.44 H3 s 1H

8.42 H6 d (*J=85) 1H

8.32 H2' s 1H

8.19 H4' S 1H

8.04 H6’ d (‘4=1.9) 1H

7.79 H2", H6" d (*J=85) 2H

7.60 H5 dd (*J=8.5,%=1.9) 1H

6.62 H3". H5" d (3J=8.5) 2H

5.77 -NH. s 2H

125 MHz *C NMR spectrum (DMSO-ds): & (ppm)

169.8 C8 135.6 C3 122.6 c1”
165.6 C7 134.8 c1' 121.5 C6
165.3 C9 134.5 C5' 120.4 C3
152.5 c4" 129.8 C2", 6" 119.3 c4'
142.7 C4 127.2 Cé’ 112.9 C3", 5"
141.5 C2 125.2 C5

139.7 C1 125.1 c2

Hexasodium 5,5'-[carbonylbis(azanedyl-4,1-phenylenecarbonylazanediyl)]
bis[3-(2,4)-disulfonatophenylcarbamoyl)benzoat]
22c

SO;Na SO;Na

SOSNa

Ca3H26NsNasO21S4 (1228.9)

A solution of 1.1 mmol phosgene (20 % in toluene) was slowly added to a solution
of 333 mg (0.55 mmol) compound 22b under heavy stirring at room temperature.
The reaction was carried out according to GRP 4.

Yield: pale orange powder, 75.56 % (510 mg)

TLC: Rf= 0.5 (MP2)

HPLC: 99.5 % (tr = 5.87 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 268 nm
NaCl: 45.1 %
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Elemental analysis (%):

Calculation:

Calculation with H,O and NaCl:

Found:

Water content: 17 mol/mol

ESI-MS negative mode (m/z):
[M-Na]: 1205.3

IR spectrum (cm™):
1593 (m)

C N
42.03 2.13 6.84
18.35 2.18 2.99
18.32 2.09 3.04
1410 (m) 1190 (m)

500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)
1H (exchangeable)
1H (exchangeable)
1H (exchangeable)

S

S
S
S
d (3J =8.5)
S
S
d

(*J=2.2)
d (J =8.5)
d (J = 8.5)
dd *J=8.5,%=2.0)

125 MHz *C NMR spectrum (DMSO-dg): & (ppm)

3425 (br,m)

11.37 -NH-CO-
10.45 -NH-CO-NH
10.30 -NH-CO-
8.48 H3

8.43 H6

8.37 H2'

8.24 H4'

8.04 Ho6’

801 H2N’ H6rr
7.70 H3", H4"
7.60 H5

169.1 C8
166.3 C7
162.5 C9
151.0 C10
142.2 C4
141.5 C2
138.9 C1

138.2
138.1
136.6
133.5
133.1
129.8
129.6

C4"
c1

Co5’

C3’

C5

c1”
c2", 6"

1H
1H
1H
1H
1H
2H
2H
1H

128.8
126.8
125.1
123.8
121.9
118.1

C/N
6.15
6.15
6.10

617 (W)

c2
Ce’
C6
C3
ca4’
C3", 5"
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Trisodium 3-(2,4-disulfonatophenylcarbamoyl)-5-(4-fluoro-3-
nitrobenzamido)benzoate
23a

C21H11FN3N3301282 (6494)

0.4 g (1.94 mmol) 4-Fluoro-3-nitrobenzoylchloride, which was obtained by GRP1,
were slowly added to the stirred solution of 626 mg (1.29 mmol) trisodium 5-
amino-3-(2,4-disulfonato phenylcarbamoyl)benzoate in 50 ml water, until there was
no amine left. The reaction was carried out according to GRP 2.

Yield: yellow powder, 88.83 % (0.75 g)

TLC: Rf= 0.6 (MP1)

HPLC: 95.5 % (tr = 5.19 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 268 nm

NaCl: 10.8 %
Elemental analysis (%):

C H N C/N
Calculation: 38.84 1.71 4.72 6.00
Calculation with H,O and NacCl: 28.99 2.89 4.83 6.00
Found: 28.78 1.92 4.72 6.09

Water content: 7 mol/mol

ESI-MS negative mode: m/z
[M-Na]: 627.2, [M-Na+H]: 626.3, [M-2Na+H]: 604.3, [M-3Na+H]: 582.3

IR spectrum (cm™):

3441 (br,m) 1678 (m) 1622 (m) 1586 (m)
1536 (m) 1392 (m) 1318 (m) 1185 (br,vs)
1080 (m) 1040 (m) 840 (m) 797 (w)
749 (m) 720 (m) 689 (m) 610(m)

545 (m)
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500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)

11.44 -NH-CO s 1H
10.81 -NH-CO s 1H

8.86-8.47 H2" dd (3u=7.0,%=2.0) 1H

8.52 H3 s 1H

8.50-8.47  H6" m 1H

8.42 H6 d ((J=8.5) 1H

8.37 H2’ s 1H

8.28 H6’ s 1H

8.03 H4' d (*J=20) 1H

7.81-7.77 H5" dd (3U=8.5,°%=11.0) 1H

7.60 H5 dd (*J=8.5,%=1.0) 1H

125 MHz "*C NMR spectrum (DMSO-ds): 5 (ppm)

180.5 cs8 135.9 C1 125.6 c2
166.2 C7 135.8 C5' 125.1 Cé’
164.9 C9 133.7 c1’ 124.3 C6

157.7 c4” 130.2 C3 123.0 C3

138.9 C4 129.6 C6" 122.0 c2"
138.2 C2 126.4 C5 119.5 c4'
136.6 c3” 126.3 c1” 119.3 C5"”

Trisodium 3-(2,4-disulfonatophenylcarbamoyl)-5-(4-fluoro-3-
aminobenzamido)benzoate
23b

021 H13FN3N8301082 (61 94)

20 mg Palladium (10%) on charcoal were added as catalyst to a solution of
500 mg (0.77 mmol) compound 23b in water. The reaction was carried out
according to GRP 3.

Yield: brown powder, 94.53 % (0.45 g)
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TLC: Rf=0.57 (MP1)
HPLC: 99.7 % (tr = 2.83 min)
UV spectrum (phosphate buffer pH of 6.5): Anax = 270 nm

NaCl: 16.3%
Elemental analysis (%):

C H N C/N
Calculation: 40.72 2.12 6.78 6.00
Calculation with H,O and NaCl: 28.68 2.98 4.78 6.00
Found: 28.83 2.73 477 6.04

Water content: 12 mol/mol

ESI-MS negative mode: m/z
[M-Na]: 597.4, [M-Na+H]: 596.3, [M-2Na+H]: 574.3, [M-3Na+H]: 552.4,

IR spectrum (cm™):

3424 (br,m) 1586 (m) 1391 (w) 1189 (m)
1038 (m) 690 (w)

500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)

11.37 -NH-CO s 1H

10.30 -NH-CO s 1H

8.46 H3 s 1H

8.41 H6 d (*J=8.5) 1H

8.29 H2' s 1H

8.21 He6' s 1H

8.02 H4' d (*J=2.0) 1H

7.58 H5 dd (*v=1.7,°=88) 1H

7.44 H2" dd (*J=17,%=85) 1H

7.24-7.21 H6" m 1H

7.12 H5" td (°J=84,°=11.0) 1H

5.39 -NH, s 2H

125 MHz *C NMR spectrum (DMSO-dg): & (ppm)

187.7 (of:] 134.7 C1 124.3 C6’
168.5 c7 134.0 C5' 123.7 C6
166.9 C9 133.2 c1’ 122.6 C3
157.7 c4" 130.3 C3 119.5 c4'
139.0 c4 129.7 C5 117.6 C6”
138.4 C2 126.1 c1” 117.6 C5”
136.7 C3"” 125.1 c2 115.9 c2"
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Hexasodium 5,5'-{carbonylbis[azanedyl(4-fluoro-1,3-

phenylene)carbonylazanediyl] } bis[3-(2,4-disulfonatophenylene
carbamoyl)benzoate]
23c

SO;Na

SO3Na

Ca3H24F2NsNagO21S4 (1264.8)

A solution of 1.22 mmol phosgene (20 % in toluene) was slowly added to a
solution of 375 mg (0.61 mmol) compound 23b under heavy stirring at room
temperature. The reaction was carried out according to GRP 4.

Yield: brown powder, 96.56 % (365 mQ)

TLC: R¢=0.53 (MP2)

HPLC: 97.4 % (tr = 7.08 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 265 nm

NaCl: 35.1 %
Elemental analysis (%):

C H N C/N
Calculation: 40.83 1.91 6.64 6.15
Calculation with H,O and NaCl: 20.63 2.58 3.36 6.15
Found: 20.43 247 3.53 5.79
Water content: 20 mol/mol
ESI-MS negative mode (m/z):
[M-Na]: 1243.0, [M-2Na-H]: 1221.0
IR spectrum (cm™):
3426 (br,m) 1586 (m) 1394 (m) 1320 (m)
1188 (br,vs) 1081 (m) 1038 (m) 751 (w)
719 (m) 690 (m) 613 (m) 548 (m)
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500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)
H

11.38 -NH-CO s

10.48 -NH-CO s 1H
9.50 -NH-CO-CH s 1H
8.80 H2" dd (*J=5.7) 1H
8.49 H3 s 1H
8.42 H6 d (*J=8.5) 1H
8.33 H2’ s 1H
8.24 H4' s 1H
8.04 H6' d (*J=1.9) 1H
7.74-772  H6" m 1H
7.59 H5 d (‘=19 %=85) 1H
7.42-7.38 H5" t (J=85°=11.0) 1H

125 MHz "*C NMR spectrum (DMSO-ds): 5 (ppm)

187.7 C8 134.8 Co% 125.1 Cco’
168.5 C7 134.0 c1 124.3 C6

166.9 C9 133.2 C3’ 123.7 C3

153.7 C10 130.3 Cce6" 122.6 C4’
139.1 C4" 129.7 C5 119.5 C3”
138.5 C4 126.1 c1” 117.6 c2"
138.4 C2 126.0 Ccz 115.8 C5”
136.7 C1

Trisodium 3-(3-nitrobenzamido)-5-(2,4-disulfonatophenylcarbamoyl)benzoate
24a

SO3Na
4

Cz1 H12N3Na301282 (631 4)

354.31 mg (1.92 mmol) 3-Nitrobenzoylchloride dissolved in 10 ml toluene were
slowly added to the stirred solution of 620 mg (1.28 mmol) Trisodium 5-amino-3-
(2,4-disulfonato phenylcarbamoyl) benzoate in 50 ml water, until there was no
amine left. The reaction was carried out according to GRP 2.

Yield: pink powder, 53.2 % (0.43 g)
TLC: R;=0.41 (MP1)
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HPLC: 99.0 % (tr = 3.68 min)
UV spectrum (phosphate buffer pH of 6.5): Anax = 270 nm
NaCl: 46.2 %

Elemental analysis (%):

C H N
Calculation: 39.95 1.92 6.65
Calculation with H,O and NaCl: 18.79 1.65 3.13
Found: 18.88 1.76 3.45
Water content: 5 mol/mol
ESI-MS negative mode (m/z):
[M-Na]: 608.7, [M-Na+H]: 607.7
IR spectrum (cm™):
3444 (br,m) 1527 (m) 1185 (m) 1038 (w)
690 (w)
500 MHz 'H NMR spectrum (DMSO-d;s & (ppm), J (Hz)
114 -NH-CO- S 1H (exchangeable)
10.8 -NH-CO- S 1H (exchangeable)
8.89 H2" d(*J=2.2) 1H
8.50 H4" dd *J=15,3=85) 1H
8.49 H3 S 1H
8.45 H6" dd (*J=15,3=8.0) 1H
8.42 H6 d (°J = 8.5) 1H
8.35 H2' m 1H
8.25 H4' s 1H
8.03 He6’ d (*J=2.0) 1H
7.86 H5" t (°J=8.0) 1H
7.60 H5 dd (*J=2.0,J=85) 1H

Trisodium 3-(3-aminobenzamido)-5-(2,4-disulfonatophenylcarbamoyl)
benzoate
24b

C21 H14N3N8301082 (601 5)

C/N
6.00
6.00
5.48
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20 mg Palladium (10%) on charcoal were added as catalyst to a solution of
410 mg (0.70 mmol) compound 24a in water. The reaction was carried out
according to GRP 3.

Yield: beige powder, 87.88 % (370 mg)

TLC: R;= 0.5 (MP1)

HPLC: 97.5 % (tr = 1.65 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 258 nm

NaCl: 14.9 %
Elemental analysis (%):

C H N CI/N
Calculation: 41.94 2.35 6.99 6.00
Calculation with H,O and NaCl: 29.29 3.39 4.88 6.00
Found: 29.13 3.03 5.04 5.78

Water content: 7 mol/mol

ESI-MS negative mode (m/z):
[M-H]: 600.4, [M-Na]: 578.3, [M-2Na+H]: 556.3, [M-3Na+H]: 534.4

IR spectrum (cm™):

3414 (br,m) 1669 (s) 1608 (m) 1560 (W)
1530 (m) 1390 (m) 1318 (m) 1188 (br,m)
1136 (m) 1082 (m) 1040 (m) 806 (W)
756 (m) 690 (m) 612 (m) 552 (m)
500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)

11.36 -NH-CO s 1H

10.26 -NH-CO s 1H

8.47 H3 s 1H

8.42 H6 d (‘J=85) 1H

8.30 H2' s 1H

8.21 H4' s 1H

8.03 H6’ d (‘4=20) 1H

7.59 H6" dd (*J=15,%=85) 1H

7.18 H2" S 1H

7.15 H5, H4" d (J=46) 2H

6.75-6.74  H5" m 1H

5.31 -NH, s 2H

125 MHz "*C NMR spectrum (DMSO-ds): & (ppm)

173.8 C8 136.7 c1’ 125.2 C6’
169.7 c7 134.9 C5' 124.5 C6
167.3 C9 134.3 C3 123.9 C3
146.9 c3” 133.5 c1” 123.6 c4'
139.1 C4 130.1 C5 120.5 c4"
138.6 C2 129.7 C5" 118.5 C6”
138.4 C1 126.4 c2 115.2 c2"
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Hexasodium 5,5'-[carbonylbis(azanediyl-3,1-phenylene
carbonylazanediyl]bis[3-(2,4-disulfonatophenylcarbamoyl)benzoate]

24c

Ca3H26NeNasO21S4 (1228.9)

A solution of 1.0 mmol phosgene (20 % in toluene) was slowly added to a solution
of 300 mg (0.50 mmol) compound 24b under heavy stirring at room temperature.
The reaction was carried out according to GRP 4.

Yield: grey powder, 89.5 % (550 mg)

TLC: R; = 0.5 (MP2)

HPLC: 98.2 % (tr = 6.68 min)
UV spectrum (phosphate buffer pH of 6.5): Anax = 266 nm

NaCl: 66.4%
Elemental analysis (%):
C H N C/N
Calculation: 42.03 213 6.84 6.15
Calculation with H,O and NaCl: 12.67 1.34 2.06 6.15
Found: 12.65 1.49 2.16 5.85
Water content: 14 mol/mol
IR spectrum (cm™):
3426 (br,m) 1589 (m) 1394 (m) 1320 (m)
1188 (m) 1390 (m) 1040 (m) 691 (m)
614 (m) 1039 (m) 552 (m)
500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)
11.37 -NH-CO- s 1H (exchangeable)
10.48 -NH-CO- S 1H (exchangeable)
9.50 -NH-CO-NH- s 1H (exchangeable)
8.79 H2" d(*J=22) 1H
8.48 H3 S 1H
8.42 H6 d (°J = 8.5) 1H
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8.32 H2' s 1H

8.21 H4’ s 1H

8.03 H6' d(*J=22) 1H

7.74-772 He" dd (*J=2.2,3/=8.5) 1H

7.60 H5", H4" d (*J=1.9) 2H

7.34-732 H5 t (°J=8.5) 1H

125 MHz *C NMR spectrum (DMSO-ds): & (ppm)

173.1 C8 136.4 C5' 124.0 c4”
167.9 c7 133.1 C3 122.8 C6

165.6 C9 132.7 C3” 122.7 C3

152.4 C10 132.4 c1” 122.6 C6"
138.7 C4 129.6 C1 122.1 c4'
138.6 C2 129.5 C5"” 115.2 c2"
138.1 C5 129.5 c2

138.0 c1’ 125.2 C6’

Trisodium 3-(2,4-disulfonatophenylcarbamoyl)-5-(4-methyl-3-
nitrobenzamido)benzoate
25a

SO3Na

C22H14N3Na301282 (6455)

418 mg (1.95 mmol) 4-Methyl-3-nitrobenzoylchloride dissolved in 10 ml toluene
were slowly added to the stirred solution of 626 mg (1.3 mmol) trisodium 5-amino-
3-(2,4-disulfonato phenylcarbamoyl) benzoate in 50 ml water, until there was no
amine left. The reaction was carried out according to GRP 2.

Yield: pale brown powder, 60.79 % (510 g)

TLC: R¢=0.65 (MP1)

HPLC: 99.5 % (tr = 6.05 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 270 nm
NaCl: 23.8 %
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Elemental analysis (%):

C H N
Calculation: 40.94 2.19 6.51
Calculation with H,O and NaCl: 27.37 2.51 4.35
Found: 27.35 2.36 4.49
Water content: 5 mol/mol
IR spectrum (cm™):
3440 (br,m) 1587 (m) 1530 (m)
1341 (w) 1190 (m) 1040 (m)
627 (W)
500 MHz 'H NMR spectrum (DMSO-ds): 5 (ppm), J (Hz)
11.41 -NH-CO s 1H
10.72 -NH-CO s 1H
8.67 H2" s 1H
8.51 H3 s 1H
8.43 H6 d (*J=8.0) 1H
8.38 H2' s 1H
8.30 H6" dd (=8.0,=20) 1H
8.28 H4' S 1H
8.04 H6’ dd (*J=1.9) 1H
7.70 H5" d (J=8.0) 1H
7.61 H5 dd (*J=83,%J=2.0) 1H
2.61 -CH3 s 3H
125 MHz "*C NMR spectrum (DMSO-ds): 5 (ppm)
174.8 Cs 143.8 c1’ 133.5
163.6 c7 142.8 C5' 132.6
163.5 C9 142.7 C3’ 127.2
149.9 C3"” 141.7 C4” 125.2
149.8 C4 136.7 C6” 124.1
149.2 C2 135.5 C1” 123.5
144.9 C5 133.9 C1 19.9

1401 (m)
690 (m)

C5”
Co’
c2'
C6

C3

c2"
C11

C/N
6.29
6.29
6.10
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Trisodium 3-(2,4-disulfonatophenylcarbamoyl)-5-(4-methyl-3-
aminobenzamido)benzoate
25b

C22H16N3N8301082 (61 56)

20 mg Palladium (10%) on charcoal were added as catalyst to a solution of
450 mg (0.70 mmol) compound 25a in water. The reaction was carried out
according to GRP 3.

Yield: brown powder, 83.70 % (360 mgQ)

TLC: R;=0.38 (MP1)

HPLC: 96.6 % (tr = 3.02 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 271 nm
NaCl: 24.4%

Elemental analysis (%):

C H N C/N
Calculation: 42.93 2.62 6.83 6.29
Calculation with H,O and NacCl: 26.30 3.20 4.18 6.29
Found: 26.20 2.50 4.49 5.84

Water content: 8 mol/mol

ESI-MS negative mode (m/z):
[M-Na]: 593.3, [M-Na-H]: 592.4

IR spectrum (cm™):
3427 (br,m) 1585 (m) 1391 (m) 1321 (w)
1188 (m) 1040 (m) 691 (m) 609 (m)

500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)

11.37 -NH-CO S 1H
10.22 -NH-CO 1H
8.48 H3 1H
8.43 H6 (J = 8.5) 1H
8.33 H2’' 1H

w o non
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8.22 H4' s 1H

8.04 H6' d (*J=20) 1H

7.60 H5 dd (*J=85,%=15) 1H

7.27 H2" s 1H

7.16 H6" d (v=78%Y=15 1H

7.06 H5" d (J=75) 1H

5.08 -NH, s 2H

2.13 -CH3 s 3H

125 MHz *C NMR spectrum (DMSO-ds): & (ppm)

173.7 C8 136.7 c1' 125.1 C5'
169.9 c7 133.8 C3 124.1 C3

166.7 C9 133.1 c4” 123.5 c2
144.8 c3” 132.0 C5 122.5 c4'
138.9 C4 130.9 c1” 118.8 C6"
138.5 C2 129.6 C5"” 114.9 c2"
138.4 C1 125.9 C6’ 19.9 C11

Hexasodium 5,5'-{carbonylbis[azanediyl(4-methyl-3,1-
phenylenecarbonylazanediyl] }bis[3-(2,4-
disulfonatophenylenecarbamoyl]benzoate]

25c

SO;Na SO;Na
SO;Na

O O

. H H
)J\1©3iN N@)k ONa
\n/ H
0] 0]
CH3 H;C

C45H30N6N36021S4 (1 2569)

A solution of 1.04 mmol phosgene (20 % in toluene) was slowly added to a
solution of 323 mg (0.52 mmol) compound 25b under heavy stirring at room
temperature. The reaction was carried out according to GRP 4.

Yield: pink powder, 53.56 % (350 mg)

TLC: Rf= 0.5 (MP2)

HPLC: 98.9 % (tr = 6.75 min)

UV spectrum (phosphate buffer pH of 6.5): Anax = 265 nm
NaCl: 56.5 %
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Elemental analysis (%):

Calculation:

Calculation with H,O and NaCl:

Found:

Water content: 18 mol/mol

ESI-MS negative mode (m/z):
[M-Na-H]: 1232.9

IR spectrum (cm™):

C H
43.00 2.41
14.86 1.83
14.83 1.64

610 (m)
548 (m)

500 MHz 'H NMR spectrum (DMSO-ds): & (ppm), J (Hz)
1H (exchangeable)
1H (exchangeable)
1H (exchangeable)

3424 (br,m) 1183 (s)
1585 (m) 1080 (m)
1533 m) 1036 (m)
1390 (w) 752 (m)
1311 (m) 689 (m)
11.53 -NH-CO-

10.52 -NH-CO-

9.19 -NH-CO-NH-

8.64 H2"

8.51 H3

8.43 H6

8.41 H2’

8.22 H4'

8.03 H6’

7.66 H6"

7.60 H5

7.33 H5"

2.41 -CHs

252
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(J =8.0)

d(*J=1.5)
d (*J=2.5)

dd (‘U=1.9,°=7.8)
dd (*J = 2.0, °J = 8.5)

d (°J = 11.5)

S

1H
1H
1H
1H
1H
1H
1H
1H
1H
3H

6.69
2.31
2.41

C/N
6.43
6.43
6.16
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11. Abbreviations

ADP Adenosin 5'-diphosphat

AMP Adenosine 5’-monophosphat

A3P5PS Adenosine-3'-phosphat-5'-phosphosulphate
A3P5P Adenosine-3'-phosphat-5'-phosphate
ATP Adenosin 5'-triphosphate

ATPyS Adenosin 5'-[y-thio]triphosphate

BAPTA 1,2-Bis-(2aminophenoxy)ethan-N,N,N’,N’-tetraacetic acid
cAMP cyclic Adenosine 5’-monophosphat

D Doublet

DAG Diacylglicerol

DMEM Dulbecco’s Modified Eagle’s Medium
DMSO Dimethylsulfoxide

DMF N, N’ dimethylformamide

ECso Effective concentration 50 %

EDTA Ethylendiamintetraaceticacid

ESI Electron spray ionization

et al. et alii

g Gram

G418 Geneticindisulphate

GPCRs G Protein-Coupled Receptors

GRP General reaction procedure

GTP Guanosin 5’-triphosphat

HEK Human embrio kidney

HEPES N-(2-Hydroxyethyl)piperazine-N’-(2-ethanesulfonicacid)
HPLC High performance liquid chromatography
Hz Herz

ICso Inhibition concentration 50 %

IP3 Inositol triphosphate

IR Infra red

J Coupling constant

Ki Constant of inhibition

KHP Krebs HEPES puffer

mAu Milli absorption unit

2-MeSADP 2-(Methylthio) adenosin 5'-diphosphat
2-MeATP 2-(Methylthio) adenosin 5'-triphosphat

m multiplet

M Molar

UM Mikromolar

MRS2179 2'-Deoxy-N6-methyI adenosine-3'-5'-diphosphate
MRS2279 2'-Chloro-N°-methyl-(N)-methanocarba-2'-deoxyadenosine-3'-5'-

biphosphate
m/z Mass per charge
MeOH Methanol
Min Minute
ml mililiter
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Abbreviations

MP Mobile phase

MS Mass spectrometry
n.d. not determined

nM nanoMolar

nm nanometer

NMR Nuclear magnetic resonance
oG Oregon green®

p Pseudo

p.a pro analyse

ppm part per million
Prep.grade Preparation grade
Rf Retention factor
RP Reversed phase
RPM Round per minute
Rt Retention time

RT Room temperature
S singlet

SD Standard deviation
t triplet

TLC Thin layer chromatography
UDP Uridindiphosphate
UTP Uridintriphosphate
uv Ultraviolet
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12. Appendix

Appendix A1 Agonist activities of the synthesized nitro (xa)-, amino (xb)-, and urea (xc)
derivatives at concentrations of 10 yM and 100 uM are shown as percent response of 31.6 nM
2-MeSADP at P2Y, receptors. Data shown are mean + SEM of the pooled data (n > 2, each
experiment was performed with three replicates).

Comp. 10 uM 100 uM Comp. 10 uM 100 uM
1c 6.2+13.6 1121222 14a 0+£23.0 7.0x£17.0
2a 0+121 0+10.0 14b 143+17.0 156131
2b 3.1+10.1 0+£7.1 14c 074 2171104
2c 0+7.3 0+54 15a 0+74 50.3+6.2
3a 0+13.9 0+52 15b 054 0+14.6
3b 0+6.9 0+3.3 15¢ 24+45 0231
3c 1.9+87 13.9+28.3 16a 33.7+9.0 254114
4a 0+9.38 0+5.0 16b 076 055
4b 0+£17.3 3.2+97 16¢ 0+95 193+6.6
4c 0+85 0+5.0 17a 0+15.7 0+84
5a 94 +16.4 0+£96 17b 0+11.8 0+£7.0
5b 0+155 0+129 17c 0+9.3 0+9.38
5c 1.8+£18.7 0+295 18a 0+36 31.1+56
6a 057 45+89 18b 076 0+6.1
6b 54+19 0+£8.5 18c 0+125 16.2+91
6c 5.6 +3.7 31.1+9.5 19a 0+6.1 0+315
7a 11.9+11.3 01222 19b 0+11.8 0+3.6
7b 12.3+1.5 21.2+2.03 19c 0+11.7 0+21.2
7c 21.2+7.5 37.3+4.0 20a 0+6.66 0+87
8a 0+86 0+13.7 20b 324 +10.0 31.1+9.1
8b 0+4.3 0+15.1 20c 0147 0+314
8c 0+74 0+36 21a 0+9.1 0+3.1
9a 0+£9.0 0+£53 21b 0+126 494+85
9b 0+4.3 0+6.1 21c 245145 74+226
9c 0+£3.7 0+11.0 22a 0+£3.1 0+£3.1
10a 0+46 0+16.1 22b 13.2+44 240111
10b 0+£8.0 0+£8.0 22c 0+240 931164
10c 0+7.0 087 23a 40+88 27.7+134
11a 0+£8.7 0+18.1 23b 31+£1.0 70.1+£8.0
11b 0+6.5 0+14.8 23c 44+104 80.8+14.3
11c 0£7.1 0+£9.1 24a 309+20.3 17.5+3.2
12a 0+10.5 0+2.2 24b 31.7+8.0 3511189
12b 0+28 0+£93 24c 0+£158 19.7x7.7
12c 0+6.8 0+95 25a 23.3+21.7 3551199
13a 3.9+10.1 057 25b 10.5+£13.6 10.8+19.5
13b 0+86 0+44 25¢c 0+16 9+323
13c 0+£8.7 0+2.8
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Appendix A2 Percent inhibition of the 2-MeSADP induced calcium signal by compounds in
concentrations of 10 yM and 100 uM at P2Y, receptors. 31.6 nM 2-MeSADP was used as
standard agonist. Data shown are mean + SEM of the pooled data (n > 2, each experiment

was performed with three replicates).

Comp. 10 uM 100pM | Comp. 10 uM 100 pM
1c 0+150 0%82 14a  27.0+£101 29.2+13.9
2a 3.8+129 259+77 14b  26.0+116 56+86.7
2b  12.9+112 20.1+4.9 14c 281 +14.9 0+8.3
2¢ 0£102 0%185 15a 0+8.0 0+4.0
3a 31.0+81 152+87 15b 0+84 0+19.0
3b  104+17.3 17.1+56 15¢ 0+14  93+16.2
3c 0 14.1 0+19.1 16a 0+ 27.1 0+1.5
4a  150+51 56+88 16b  8.8+10.7 0+95
4b  107+174  0£90 16c  124+16.1 0.3+13.3
4 0+143  0210.1 17a 0+45 0+15.1
5a  133+55 249+55 17b 0+13.5 0+ 14.1
5b 31+59 250+11.0 17¢ 0+1.4 0+16.2
5¢ 0+ 20.1 0+13.8 18a  14.8+10.8 0+13.4
a  18.0+148 18+117 18b 0+175 35£29
6b 89+42 246+16.6 18¢ 0+58 0+9.5
6C 1.3+8.6 0+10.2 19a 0£95 0+£7.3
7a 52+33 243+17.1 19b 0+55 0+4.1
7b 0+51 82+86 19c 0+17.8 4.0+£7.3
7c 0 8.21 0+7.2 20a 0+11.2 0+8.0
8a  207+57 29.4+4.1 20b 8927 0+14.3
8b  136+6.3 6.6+13.7 20c 0+19.5 0+5.9
8c 0+125 02127 21a 0+£190 0.1+84
9a  135+27 48+38 21b 0+14.8 19.8+6.0
9  16.0+3.0 025.1 21c  6.8+180 11.7+11.4
9c 0221 0+237 22a 1.6+6.8 0+58
10a 62153 35x27 22b  17.6+83 19.2%14.0
10b 0+8.4 0231 22c 6445 0£94
10c 0+160 0206 23a 7.8+11.6 0£6.9
11a 0+5.0 0+83 23b  17.2+13.0 0+14.2
11b 0+4.2 0+£9.9 23c  204+93 145+17.4
11c 0£172 0x11.4 24a  146+76  51%23
12a 0+164 11.9%11.9 24b  11.0+123 34.0%10.0
12b  36.1+11.2 284215 24c 0+3.0 0+£13.7
12¢ 0+35 0+£35 252 14.0+152 512186
13a 288167 16.3%13.2 25b 135+139 252119
13b  10.3+16.0 9.1+19.2 25c  7.8+47 106+82
13c 81+84 267%20
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Appendix A3 Agonist activities of the synthesized nitro (xa)-, amino (xb)-, and urea (xc)
derivatives at concentrations of 10 uM and 100 pM are shown as percent response of 1 yM UTP
at P2Y, receptors. Data shown are mean + SEM of the pooled data (n > 2, each experiment was

performed with three replicates).

Comp. 10 M 100 pM Comp. 10 uM 100 pM
1c 156+7.7 8733 14a 0£4.0 24219
2a 141242 146+46 14b  23.0+94  175+88
2b 18.0+52 13.4+6.1 14c  209+16  26.3+54
2¢ 0+3.4 0+2.6 15a 92195 6.9+6.7
3a 143204 21.1£32 150  13.0+4.8 0£0.8
3b 216+53 229+10 15¢ 0+£1.7 0£0.9
3c 0+2.2 0+7.6 16a 1.0+5.1 10.7+7.0
4a 28.0£82 265+3.9 16b  16.1+46  303+55
4b 139446 291+7.2 16¢ 0+6.7 5.7 +5.2
4c 0+1.8 0+2.1 17a 111 £5.1 6.0+3.4
5a 19.7+07 156+£6.0 17b 0+3.4 25+6.8
5b 19.8+83 23.7+40 17¢ 9.8+9.9 4.0%3.7
5¢ 0+6.8 1.9+98 18a 9.0+33 222+66
6a 21.9+40 27.7+6.8 18b 79+70 155182
6b 264+79 285+54 18c  195+12  248+16
6C 23.7 £3.5 0+9.0 19a 05+0.8 0+4.9
7a 0+25 46+7.0 19b 0+10.6 253:94
7b 11.4+57 0£0.9 19¢  109+13 0+0.6
7c 233+115 158+57 20a 145+67 19577
8a 0+0.8 0+1.7 200  17.4%37 6.1+14.3
8b 244+08 289+37 20c 28+55 77+78
8c 1.6+4.9 21+38 21a  19.3+62  16.3+2.1
9a 0+5.0 9.0 + 3.1 21b 0+5.8 0£6.9
9b 8.4+8.2 12.0+5.9 21c 43240 15+64
9c 0£29 0+6.8 22a 288156 0+7.1
10a 5.7 +3.2 8.4+45 22b  10.3+47 14535
10b 6.8 + 3.1 5.5+3.4 22¢ 0+£3.6 20213
10c 0+55 0+3.0 23a 0+6.6 8.9+0.6
11a 70£27 15+0.8 23b 88+12  293:04
11b 0+1.2 21220 23¢c 0+1.8 9.5+ 8.2
11c 15.3+4.9 9.4+12.3 24a  26.6+6.4 0+5.4
12a  10.9+2.3 12.0+1.0 24b  261+76 25148
12b 35+1.2 7.7+45 24¢ 0+45 0+3.6
12¢ 28492 49%55 25a 1203 1658
13a 12+13 73+38 25b 24+15 6.5+2.7
13b 15+0.8 0+3.5 25¢ 5.5 +10.0 0+3.2
13c 0+56 0+55
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Appendix A4 Percent inhibition of the UTP-induced calcium signal by compounds in
concentrations of 10 yM and 100 uM at P2Y, receptors. 1 uM UTP was used as standard agonist.
Data shown are mean + SEM of the pooled data (n > 2, each experiment was performed with
three replicates).

Comp. 10 uM 100 uM Comp. 10 uM 100 uM
1c 129+1.8 21.9+£12.5 14a 0+3.1 109+ 121
2a 0+8.1 0+£6.2 14b 271 +6.9 28.1+4.1
2b 33.5+£2.1 0+£3.8 14c 14.7£5.8 11.8+1.2
2c 184+12.0 157+126 15a 6.4+49 0+£13.2
3a 13.3+4.7 23.6+3.0 15b 9.2+16.4 43+6.6
3b 18.8+ 2.9 321148 15¢ 10.0+8.2 18.9+3.9
3c 206 £6.5 35128 16a 0+4.7 18.6 £ 9.3
4a 21.1+104 17.7+4.6 16b 155+6.4 33.9+34
4b 0+3.8 8.3+12.8 16¢C 0+£8.5 30.7+£3.9
4c 304+£145 313140 17a 0.5+16.1 46+11.3
5a 0+13.4 4.7 +£14.2 17b 3.0£5.2 0+19.2
5b 21.2+115 202122 17¢c 0+£8.5 11.7+134
5c 0.8+1.1 21915 18a 07+11.2 1321122
6a 194 +13 22.3+8.9 18b 0+£23 23.8+11.9
6b 1.1+£9.7 50+£11.4 18c 1.8+£1.2 18.0+4.8
6C 18.7 £ 9.8 27.5+9.9 19a 0+£9.3 39+18
7a 10.2+£1.5 11.5+£3.2 19b 23.5+£5.2 225+ 3.0
7b 12.8+16.9 13.7+7.2 19¢ 98+55 19.8+4.8
7c 0+£7.2 26.6+3.5 20a 95+7.1 6.2+1.1
8a 19.0+£ 3.0 27.7+45 20b 23+3.0 129+ 57
8b 13.7+ 3.6 26.5+5.2 20c 244 +23 26.0+£2.9
8c 252+104 182164 21a 6.3+8.2 129+7.8
9a 0+14.0 0+£5.1 21b 0+£5.1 10.91£4.0
9b 0£7.1 0+19.1 21c 240+ 11.7 20.7+4.2
9c 244 +6.1 295+26 22a 3.9+0.9 175+84
10a 16.3+3.0 0+£5.0 22b 18.6+7.8 21.0+£9.0
10b 0x47 0+£10.5 22¢c 24825 26.6 = 3.1
10c 26.2+4.5 295+26 23a 159+ 4.1 219+ 3.1
11a 071 146+29 23b 9.0+24 17.5 3.8
11b 0+£9.1 0+4.2 23c 13.2+3.5 226+ 3.6
11c 0+£3.1 10.9+12.1 24a 0+£11.2 20523
12a 0+£3.1 0+4.8 24b 0+£9.0 55+8.8
12b 0£79 0+£5.0 24c 0+£6.0 8.8+7.1
12c 58+5.3 19.51£9.0 25a 0+£29 49+7.0
13a 0+£15.0 0+£6.7 25b 23.0+7.3 29.7+84
13b 0+£10.3 0+£11.0 25¢c 26.2+4.0 354+1.2
13c 0+4.0 15.1+5.2
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Appendix A5 Agonist activities of the synthesized nitro (xa)-, amino (xb)-, and urea (xc)
derivatives at concentrations of 10 yM and 100 uM are shown as percent response of 1 yM
UTP at P2Y, receptors. Data shown are mean + SEM of the pooled data (n > 2, each
experiment was performed with three replicates).

Comp. 10 uM 100 uM Comp. 10 uM 100 uM
1c 0+£10.8 2.0+6.9 14a 79+1.6 54+8.0
2a 6.8+53 12573 14b 0.5+2.1 27+50
2b 0+£26 44+35 14c 19.2+6.4 24+59
2c 0+£55 0+4.0 15a 1.6+2.1 3.3+£35
3a 11.3+14 48+7.7 15b 3.4+£21 44+24
3b 42+41 1.0£1.9 15¢ 0+£134 105+11.8
3c 0+£3.0 0+04 16a 47+3.0 3.9+%3.1
4a 0+£8.3 0+£7.3 16b 0+3.6 0724
4b 7.3+£3.8 41+98 16¢C 0+£9.8 0+£20
4c 0+14.2 0+£8.0 17a 0+124 45+28
5a 121+29 1541338 17b 7.0+£34 194+ 3.6
5b 0+10.2 0+4.3 17c 18.7+106 124+16
5c 0+£3.5 0+7.9 18a 142+ 3.5 4614
6a 6.5+ 12.6 0£7.1 18b 3952 8.1+4.0
6b 6.6+24 46+7.9 18¢c 7.7+£93 21.3+13.0
6C 021 075 19a 42+1.8 0+£33
7a 8.2+1.5 0+£3.5 19b 0+4.6 0+£4.9
7b 034 14+4.5 19¢ 81174 41+56
7c 0+£9.38 0+£20 20a 0+£56 59+1.9
8a 044 01+44 20b 10.7+1.6 94+59
8b 0727 20+24 20c 0+£7.5 0+£8.2
8c 0+8.6 16.1+£5.0 21a 0+2.1 0.9+5.1
9a 0+£154 15142 21b 9.7+1.9 159147
9b 27105 20557 21c 0+13.3 8.0+8.2
9c 51+£23 47 +4.3 22a 6.5+4.8 6.7+ 2.1
10a 7257 0+£23 22b 0+£3.5 0+£28
10b 115176 4.7 +5.1 22c 02+25 26+1.2
10c 1.9+£3.5 24+58 23a 112120 8.1+4.1
11a 1.25+7.3 0+£1.3 23b 47 +8.9 204 +£1.9
11b 0+£17 1841136 23c 58+6.5 246+6.4
11c 19.2+6.3 24+59 24a 13455 8.5+34
12a 7654 74 +£8.0 24b 7.8+4.7 84+1.2
12b 98+59 11.0+£4.5 24c 26+3.5 19156
12¢ 0+4.1 76+76 25a 14+1.8 03+1.8
13a 28+1.5 87+7.0 25b 95+1.8 0+£1.2
13b 024 0x71 25c 10.8+7.3 41+11.0
13c 1.7+£94 0+£9.5
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Appendix A6 Percent inhibition of the UTP-induced calcium signal by compounds in
concentrations of 10 yM and 100 uM at P2Y, receptors. 1 yM UTP was used as standard
agonist. Data shown are mean + SEM of the pooled data (n > 2, each experiment was
performed with three replicates).

Comp. 10 uM 100 uM Comp. 10 UM 100 uM
1c 157164 19.0 £ 14.0 14a 5234 5237
2a  10.3+14.1 13.9+156 14b 0+2.8 8.4 +10.2
2b 0+148  0+14.8 14c  10.5+4.1 0+8.3
2c  10.0+77 0+16.0 15a 0+85 0+15
3a  19.4+24 0+12.3 15b 0+6.0 0+10.0
3b 0+£32 14.9+4.1 15¢ 0+4.2 14.7 £10.9
3¢ 19.7 8.1 0+1.1 16a 0+17.2 8.7+11.6
4a 0+96 22+72 16b 25+17 12.6 £17.2
4b  123+101 109+115 16c 0+2.3 0+1.1
4 0+152 0+186 17a 0+1.2 0+8.3
5a 0.7+121 16.1+157 17b 0+55 0+4.6
5b 00£11.0 0+36 17¢ 0+4.8 5.1+8.2
5c 17.6+95 13.0+4.3 18a 0+7.2 6.6 £ 6.5
6a 17.9+4.0 24.7+10.0 18b 0+7.6 0+£97
6b 0+128 0+6.9 18¢ 0+1.3 0+24
6C 04+22 4419 19a 0+4.4 0+26
7a 25+6.3 0+16.0 19b 5.9+ 10.4 1.0+9.7
7b 9.2+12.0 2251126 19¢ 0£59  10.9%05
7c 104 +36 0+1.7 20a 55+65  16.3+11.6
8a 54+10.6 59+43 20b 0+46  14.9+13.4
8b 13.9%13.5 20.9+134 20c 17.5+45 0+3.8
8c 0+40 7.32+13.3 21a  204+195 185+9.4
9a 96+46 162+11.8 21b 0+4.4 0+4.8
9b 0+8.3 0+6.0 21¢ 0+45 0+3.8
9 0+40 5265 22a 0+55 17.6+6.9
10a 0+6.3 0+6.9 22b 0+£9.3 0+10.6
10b 0£100 085 22¢ 1.8+3.7 0+2.8
10c 0+139 0+6.8 23a 0+89  16.2+16.5
11a 0+5.3 0+10.6 23b 0+£9.3 0+10.6
11b  61+191 0+7.9 23¢c 8.8+3.7 0+2.8
11c 0+13 36%76 24a 0+6.9 0+55
12a 0+4.0 0+37 24b 4.2 +81 2.8+12.2
12b 0+1.6 0+7.1 24¢ 13.8+1.7 8.6 + 8.4
12¢ 0+6.8 0+87 25a 0+2.2 0+1.8
13a 0+7.6 0+6.4 25b 45+39  17.0+8.1
13b 0+87 0+47 25¢ 8.5+3.9 0+6.1
13¢ 0+1.0 222%6.3
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Appendix B: Newly synthesized compounds with MK-and SD-number

c (MK-220 /SD-144) 2a (MK-221/SD-126)
SO3Na SO3Na SO3Na
NaO3S 3 SO3Na N303S 3
OO OO o
SO3Na SO3Na SO3Na

2b (MK-222/SD-128)

SOSNa
NaO3S O
N
SO3Na
c (MK-223/SD-133)
SO;Na SO;Na
Naoss“ SO;Na
e Lo e
3 N\1HO/N
SO;Na o) ﬁ SO;Na
3a (MK-224/SD-141) 3b (MK-225/SD-148)
SO3Na SO3Na
O O
\"/<>L\No2 \H/Q\NHZ
SO3Na SOSNa
c (MK-226/SD-149)
SO3Na SO3Na
4a (MK-227/SD-142) 4b (MK-228/SD-147)
SO3Na
SO;Na NaO3S.3 4" NH
NaO5S.3 S o y 4" NO, OO 0
N9 1 3N _10 ~ "
1
SONa o) SO3Na
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¢ (MK-229/SD-152)

SO3Na SO3Na
N803S 3 ! O 4" \1[]1/ OO SO3Na
\“\N 9 \”/©/ O
SOsNa SOsNa
(MK-230/SD-127) 5b (MK- 231/SD 131)
SO3Na SO3Na
NaO3S 3: : NaO3S O
N N
SO3N3 SO3Na
5¢ (MK-232/SD- 134)
SO3Na SO3Na
NaO3S\“\ SO5Na
H H
PORBE P Ve
SO3Na O SO3Na
(MK-233/SD-139) 6b (MK-234/SD-143)
SOsNa SOsNa
NaO3S O NaO3S 3: O
N 9 \H/O\ N 9 \”/@
SO3Na SOgNa

¢ (MK-235/SD-146)
SO3Na

NaO?,S 3
OO 3 N 10
SO3Na

0
J J\

11

SO3Na

SO3Na
i 8 OO
N
H 0. SO4Na

(MK-236/SD-275)

7b (MK- 237/SD 280)

SO3Na SO3Na
NaO;S O 4"NO,| NaO3S. 3 4"NH,
3 10 OO 3 N 10
SO3Na SO3Na
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¢ (MK-238/SD-291)

SO3Na H H SO3Na
N303S 3 AN JITN SO3Na
p T OO
SO3Na SOsNa
(MK-239/SD-201) 8b (MK-240/SD-204)
SO3Na SO3Na
OO OO
SO;Na SO4Na
2 2
8c (MK-241/SD-242)
SO3Na SOSNa
NaO,S._3 SO;Na
LR ¥en l :
4
SOSNa H%JO\ SO;Na

9a (MK-242/SD-206)
SO3Na
NaO3S

N 9
SO3Na )J\©?:/N02

9b (MK-243/SD-209)
SO3Na
Na038

N 9
SO3Na JL :3,NH2

9c (MK-244/SD-211)

SO;Na SO;Na
NaO?,Sl /“/l l SO;Na
H H
SO3Na )J\©\ 3" N \F]‘I/ N /©)‘\ SOsNa

o

10a (MK-245/SD-207)
SO3Na

NaO3S OO
N

SO3Na

Oy,

10b (MK-246/SD-213)
SO3Na

O
N

SO3Na

"Oites,
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10c (MK-247/SD-214)

SO3Na SO3N8
NaO3S 3: O OO SO3Na
N 9
sogNa )‘}\@ o /©)‘\ SO;Na
4"
.

11a(MK-257/SD-240) 11b(MK-258/SD-245)
SO;Na SO;Na
1 1
SoNa N soNa M
11¢c(MK-259/SD-246)
SO3Na SO;Na
NaO3S 3 o OO SOzNa
1 N N
SO;Na )JO\N H SO;Na
H CH,
12a (MK-251/SD-218) 12b (MK-252/SD-228)
SO;Na SO,Na
5 5
N A S | T
1 NN NO2 1 NI N
soNa M SO:Na
12C (MK-253/SD-230)
SO3Na SO3Na
NaO3S 3 CH3 ’ CH3 SO3Na
10 N
3
SO3Na (@] SOgNa
13a (MK-254/SD-235) 13b (MK-255/SD-236)
SOsNa SO3Na
NaO;S._3 NaO;S._3
OO OO
SO3Na SO3Na

OCH3 OCH3
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13c (MK-256/SD-237)

SO;Na SO,Na
NaO,S._3 o SO;Na
OO Mok L
N
SO3Na C?|3OCH3 SOsNa
14a (MK-260/SD-263) 14b (MK-261/SD-303)
SO3Na SO;Na
NaO3;S._3 J\Qct/Noz NaO3;S. 3 4 _NH,
OO » OO k@
SO3Na SO3Na
14c (MK-262/SD-314)
SO3Na SO3Na

SO3Na SO3Na
15a (MK-263/SD-257) 15b (MK-264/SD-261
SO3Na SO3Na
1 1
o o
HN.__O HN. O
NO, NH,
F F
15¢ (MK-265/SD-269)
SO3Na SO3Na
1
e (o
HN.__O Os_NH
@)
A
H
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16a (MK-266/SD-278)

N303S 1

HN. 2 _O
1

NO,

16b (MK-267/SD-292)

N303S 1
HN.2_O

16¢ (MK-268/SD-299)

NaO S”

l I SO3Na

“5 53

17a (MK-269/SD-253)

17b (MK-270/SD-256)

SO3Na SOgNa
SO3Na SO3Na
17¢c (MK-271/SD-258)
SO3Na SO3Na
3 0
SO3Na O SO3Na
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18a (MK-272/SD-265) 18b (MK-273/SD-268)
3

NaO3SSO3Na NaO3SSO3Na

NH__O NH __O
9 9
1 1

N02 NH2
F F

18¢c (MK-274/SD-272)

NaO3SSO3Na NaO3SSO3Na

NH__O O NH
9
1

19b (MK-276/SD-282)

19a (MK-275/SD-271)
NaO3S 6 SO3Na NaO3S 36 SOsNa
1 1

NaO3S NH _O NaO;S NH_O
9 9

1"

NO,

1

NH,

19¢ (MK-277/SD-290)
NaO3S 3

NaO3S NH

6 _SO;Na NaOSS SO;Na

NH SO3Na

275




Appendix

20a (MK-278/SD-297)

4_SO;Na
1
NaOsS

HN

20b (MK-279/SD-306)

4_SO;Na
1
NaOsS

20c (MK-280/SD-310)

SOgNa NaO3S
NaO5S~ 1; ; ~SO,Na

ot

21a (MK-281/SD-298)

1
NaO3S

HN

21b (MK282/SD-308)

1
NaO;S” ;

21c (MK283/SD-311)

1
NaO3S” ; j/: “SO,Na

NH

22a (MK-284/SD-312)
SO3Na
4

22b (MK-285/SD-316)
SO3Na
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22¢ (MK-286/SD-317)

SO3Na SO3;Na
4
2
SO3Na
HN.__O
O
1 . o /@)J\N ONa
N)1]0\N ©
H H
23a (MK-287/SD-313) 23b (MK-288/SD-318)
SOs3Na SOsNa
4 4

NaO3S
HN.7 _O

o)

8 1 5' 1" "
NaO H/U\g :3:N02
O
F

23¢ (MK-289/SD-320)
SO;Na SO;Na
4

2
NaO3S i ~SO;Na
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24a (MK-290/SD-304)
SO3Na

24b (MK-291/SD-315)
SO3Na

24c (MK-292/SD-322)
SO3Na
4

25a (MK-293/SD-321)
SO;Na

25b (MK-294/SD-323)
SO3Na

4
2
NaO3S
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25¢ (MK-295 /SD-324)
SO;Na SOsNa
4

SO;Na
NH

ONa
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