A Novel p38 MAP kinase inhibitor and its
pharmaceutically acceptable salts

1 Introduction

Inflammatory response is a basic protective immune process of an organism
and is accompanied by symptoms such as redness, heat, swelling, and pain [1].
This is one of the mechanisms by which our body defends us from exogenous
pathogens such as parasites, bacteria, viruses, and other harmful
microorganisms. Diseases induced by chronic inflammation such as gastritis,
colitis, dermatitis, rheumatoid arthritis, pulmonary diseases and type II
diabetes etc. damage millions of people’s health every year. Lately, there has
been an increase in prevalence of these chronic inflammatory diseases.
Furthermore, recent studies has provided evidence that inflammation is a
critical initiation factor for several major diseases such as cancer,
atherosclerosis, Alzheimer’s disease, cardiovascular disease, neurological
disorders, and pulmonary diseases [2-7]. Therefore, a better understanding of

inflammation is clinically significant and could improve treatment strategies.

Various intracellular proteins can initiate inflammation.p38 proteins are a
class of mitogen-activated protein kinases (MAPKs) that are major players
during inflammatory responses, especially in macrophages. p38, also called
cytokinin-specific binding protein (CSBP), was identified in1994 and is the
mammalian ortholog of the yeast Hoglp MAP kinase [8]. p38 was isolated as a
38 kDa protein that is rapidly phosphorylated at a tyrosine residue in response
to LPS stimulation, and the p38 gene has been cloned through binding of the
p38 protein with pyridinyl imidazole derivatives [9]. Upregulation of p38
expression occurs in response to inflammatory and stress stimuli, such as
cytokines, ultraviolet irradiation,osmotic and heat shock, and is involved in

autophagy, apoptosis, and cell differentiation [10-14]. Evidence accrued from
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scientific studies suggests that p38 plays an important role in arthritis and

inflammation of the liver, kidney, brain, and lung and that it acts as a critical

player in inflammatory diseases mediated by macrophages [15-17].

2 Structure, Function and mechanism of action of p38 Kinases

2.1 The p38 Family

The p38 family members are classified into four subtypes: a (MAPK14), B
(MAPK11), y (MAPK12/ERK6),ands (MAPK13/SAPK4) (Table 1) [18].

Table 1: The p38 family

Table 1: p38 family members and their functions in inflammatory responses.

p38 isoform L ) )
Distribution in || Expressing
(molecular Inflammatory responses
. tissue cells
weight, kDa)
Cytokine production (IL-1 §,
TNF- a, and IL-6); regulation of
o Macrophages, enzymes (INOS, COX-2);
p38 «a Ubiquitous )
neutrophils involvement of cell proliferation
and differentiation; induction of
cardiomyocyte apoptosis.
Regulation of cell
Endothelial
p38 Ubiquitous differentiation; induction of
cells, T cells
cardiomyocyte hypertrophy.
p38 vy Skeletal muscle || Not detected Muscle differentiation.
Lung, kidney, || T cells, Developmentally regulated,;
p38 6 testis, pancreas, || endothelial involvement of cell
and small || cells, and differentiation.
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intestine macrophages

Genes encoding p38a and p38p show 74% sequence homology, whereas y and
§ are more distant relatives, with approximately 62% sequence identity [19-20].
Genes encoding p38a and p38p are ubiquitously expressed within tissues, and
especially in tissues of heart and brain. On the contrary, p38y and p38§ show
tissue-specific expression patterns: p38y is highly expressed in skeletal
muscle, whereas p384§ expression is concentrated in the kidneys, lungs,
pancreas, testis, and small intestine [21]. In addition, p38y expression can be
induced during muscle differentiation. p38a and p385 are abundantly
expressed in macrophages, whereas p38p is undetectable. p38a and p386 are
also expressed in endothelial cells, neutrophils, and CD4* T cells, whereas
p38p is abundant in endothelial cells. These findings indicate that, even
though the four p38 family members share sequence homology, their
expression is cell and tissue dependent, and their functions may therefore be

different.

2.2 Mechanism of p38 response

p38 kinases are activated by environmental and cellular stresses including
pathogens, heat shock, growth factors, osmotic shock, ultraviolet irradiation
and cytokines. Moreover, various signaling events are able to stimulate p38
kinases, for example, insulin signaling. Interestingly, with respect to
inflammatory responses, a number of studies have reported p38 regulation in
macrophages treated with LPS, endothelial cells stimulated with TNF-a,
Ulmonocytic cells treated with IL-18, and human neutrophils activated with
phorbol 12-myristate 13-acetate (PMA), LPS,TNF-«¢, and fMLP [22, 23]. It
should also be noted that p38 activation in different cell types is dependent on
the type of stimulus. It has also been reported that distinct upstream kinases

selectively activate p38 isoforms. p38 family kinases are all activated by MAP
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kinase kinases(MKKs). MKK6 activates all four p38 isoforms, while MKK3 can
activate p38a, £, and §, but not p38y [24], and MKK4 activates p38a and 6§ [25].
This indicates that p38 isoforms can be co-activated by the same upstream
regulators and can be regulated specifically through different regulators.
(Figure 1) [18]
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Figure 1 : p38-regulated signaling pathways in inflammatory responses.
Inflammation-derived cytokines such as TNF-a and IL-1, TLR ligands such as LPS,
poly(I:C), and peptidoglycan, as an environmental stresses, stimulate the
phosphorylation of p38, leading to the activation of transcription factors such as AP-1
family. Subsequent expression of inflammatory genes by these transcription factors
mediates various inflammatory responses including cytokine production, migration,

and apoptosis of macrophages, monocytes, and neutrophils (18).

2.3 p38inhibitors

Pyridinyl imidazole inhibitors contributed to the identification and
characterization of the p38 pathway as a therapeutic target in inflammatory
diseases [26]. Subsequently suitable modifications of the original structures

yielded several pharmacological tools and early drug candidates such as
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SB203580 [4-[5-(4-fluorophenyl)-2-(4-methylsulfinyl phenyl)-3H-imidazol-4-
yllpyridine] etc. These first-generation inhibitors were found, however, to be
hepatotoxic and potential carcinogens owing to their potent induction of certain

cytochrome P450 isoenzymes; thus, they have not been tried in the clinic [27].

There are >500 protein kinases in the human genome. Because of the high
degree of structural similarity in the adenosine-binding pocket across the
whole kinome, the design of specific kinase inhibitors targeted to the ATP site is
a challenge in medicinal chemistry. It is presumed that exploitation of less-
conserved surrounding areas, which are not used by ATP, can improve the
selectivity. An example of success of this strategy is the drug Imatinib (STI571),
which inhibits the tyrosine kinase BCR-ABL (breakpoint cluster region and
Abelson murine leukemia viral oncogene homolog) — the causative agent in
chronic myeloid leukemia [28]. By this extended strategy, pyridinyl imidazole
inhibitors have been modified further, either by incorporating different
substituents on the imidazole core or by replacing this core with different
heterocycles. Structurally diverse new inhibitors have also been synthesized,
including aryl amides and diaryl ureas, indolyl amides, 6,6-fused bicyclic core

and related analogs, and ketone-derived inhibitors [29-33] (Figure 2).
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Figure 2: Structures of chemically different p38a inhibitors. Most of the currently
available p38a inhibitors such as SB203580, RO3201195, VX745 and AMG548 bind
competitively to the ATP site of the enzyme. Some (e.g. BIRB796) do not occupy more
than a small corner of the adenosine pocket but their binding induces a

conformational change that excludes ATP binding [33].

Several other compounds have been reported to be inhibitors of p38 MAP
kinases but have failed to reach the market due to either lack of efficacy or

toxicity issues [34-36].

Seiji Miwatashi [37] described the development of 4-phenyl-5-pyridyl-1,3-
thiazoles as inhibitors of p38 MAP kinase with reduced side effects (reduced
CYP3A4 activity). Among the various substituents studied, introduction of
various phenyl amides along with small alkyl substituents on the pyridyl-
thiazole core were found to have good cellular activity and pharmacokinetic
profile. Among them, TAK-715 (Figure 3) was found to be a specific inhibitor of
p38a MAP kinase with an ICso value of 7.1 nM and exhibited inhibition of TNF-
a production by 87.66% in mice with a 10 mg/kg single oral administration. It
also showed a markedly reduced CYP inhibition and reasonable

pharmacokinetics in both rats and mouse.
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Me (TAK-715)
Figure 3

At our R & D Centre attempt was initiated to develop novel compounds as p38a
MAP kinase inhibitors. It was decided to explore further the 4-phenyl-5-pyridyl-
1,3-thiazole class of compounds by introducing a novel substituent on the C2
position of the pyridyl ring. Prior documents have indicated that the C2
substitution on the pyridyl ring is important for reducing CYP inhibitions while
retaining the activity. The sulfoximine moiety (Figure 4) wherein, R3 & R4
independently represents alkyl, cycloalkyl or aryl groups which may be
optionally substituted with halogen or alkyl groups was earlier explored as a
substituent at our Centre for preparation of various anti-inflammatory
compounds, one of which is presently in Phase II clinical trials as a dual
COX/LOX inhibitor.

i
HN=/S—R4
Rs
Figure 4

Therefore it was decided to incorporate the sulfoximine groups at the C2

position of the pyridyl ring.

Accordingly, a series of compounds were prepared with the following general
structure (A, Figure 5) wherein R;, Rs & R4 independently represents alkyl,
cycloalkyl or aryl groups which may be optionally substituted with halogen or
alkyl groups.
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Initial docking studies with an alkyl group at R3 & R4 did not provide promising
results. Interestingly, when a bulky phenyl group was attached as a
substituent to the sulfoximine group on the C-2 position of the pyridyl ring, it
adapted a different orientation compared to molecules mentioned in many of

the earlier literature.

The compound 2, wherein R; = Me, R3 = Me, and R4 is phenyl, (Figure 6)

Figure 6

showed an 1Cso of 1.1 um in p-38 MAPK enzyme assay. Interestingly, the (S)
isomer had an ICso of 150 nm, while the (R) isomer was found to be less active.
Several other compounds showed this trend leading to the understanding that
the (S) conformation is therapeutically more preferred. Introduction of a bulky
group at Rs reduced activity. Thus, the compound 3, where Rs = cyclohexyl &

compound 4 with Rz = Ph (Figure 7) were found to be less active (ICso = 12 um
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& 15 um respectively)

N
é%aﬁsw < %/%w
O N__~ S\\; | s
3 ©/ 4 "~

Figure 7

Replacement of Rz with ethyl (5) and isopropyl (6) groups retained the efficacy
while, the isobutyl group (7) (Figure 8), surprisingly, increased the 1Cso value to

55 um.
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Figure 8
Further optimization of the SAR studies provided the following compound (1) as

a specific inhibitor of p38a MAP kinase. Compound (1, Figure 9) was selected

for further development.

Figure 9
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3 Studies on Compound (1) [R-(+)-S-(Isopropyl)-S-(phenyl)-N-[4-{2-
ethyl-4-(4-fluorophenyl)-13,-thiazol-5-yl}-pyridin-2-yl]sulfoximine]

3.1 Chemistry and Rationale

The compound (1) exhibited an ICso value of 7.1 nM and exhibited inhibition of
TNF-a production by 43.3% in mice with a 10 mg/kg single oral administration

in Balb/c mice.

The major challenges with further development of the compound (1) were:
» it is a thick viscous liquid, very unstable;
» upon storage even in air tight containers, it degraded and turned
green,;
Therefore, work was initiated to stabilize the base through either preparation of

alternate polymorphic forms of the compound (1) or through salt formation
3.1.1 Molecular Modeling

In order to understand ligand binding mode and gain insight into the ligand-
protein interactions docking studies were performed with compound (1) into
the active site of P38-MAP kinase in complex with SB203580 ((pdb accession
code 1A9U).

Top scoring pose of compound (1) adopts a conformation that allows it to form
interactions with binding site residues i.e. Met109, Lys53. Thiazole N of ligand
formed a hydrogen bond i.e. NH...O with side chain HN of Lys53. In addition to
this, pyridine’s ‘N’ formed a NH...N hydrogen bond with backbone NH of
Met109. Upon superimposition, binding mode and H-bond interactions of
compound (1) and bound ligand SB203580 as well as TAK 715 were found to

be similar. (Figure 10)
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Comp. 1 Comp. 1 with SB203580 Comp. 1 with SB203580
and TAK715

Figure 10: binding mode and H-bond interactions of compound (1) and bound ligand
SB203580 as well as TAK 715

3.1.2 Synthetic process

The initial synthesis of compound (1) was done according to the Scheme-1. The
final product was obtained by chiral separation of the racemate using chiral

column chromatography.
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Scheme 1 : Preparation of compound of formula (I)

The chloro intermediate (II) was sourced commercially and was reacted with the
chiral sulfoximine of formula (III) to obtain the final compound (I). However, the
yields were low (~15-18%).The racemic sulfoximine (III, 9) was prepared using
standard technique for preparation of sulfoximines as shown in Scheme-3.The
resolution of racemic (III) was initially carried out using L-Boc proline by
peptide coupling method using EDC/HOBT to form the amide (13) as a mixture
of diastereoisomers. The diastereoisomers were separated using diisopropyl

ether. The major diastereoisomer is hydrolysed to get the (-) isomer of (II).
The process suffered from the following disadvantages:

» The yield using the chloro intermediate (II) was low;
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» Required column chromatography for purification which is difficult to
use in plant scale;
» The process of resolution of (III) using N-boc-L proline is difficult in

industrial scale.

Therefore, an alternate synthetic route was designed as follows (Scheme 2):

h ><ONO = >——\
|| b, ¢
tert. butyl nitrite ” r \N/\/H\
H
lodo compound (-) Sulfoximine
)
@’/’/s\\N S\‘N
@) 77
N<

Reagents & conditions: a. I, CHzIy; b. Cul, Cs2COs; c. toluene, 100-110C
Scheme 2: Synthesis of compound (1)

The compound (6) was obtained from commercial sources. It has been reported
that while carrying out a variation of Buchwald-Hartwig coupling as used in
Scheme 1 above for cross coupling of the imine (III) with (II), the iodo
intermediates are preferred over the chloro intermediate (38).Accordingly, the
synthesis of the iodo intermediate instead of the chloro intermediate (III) of
scheme 1 was carried out by standard diazotization reaction by reacting (6)
with tertiary butyl nitrile (7) as described in Scheme 2. The obtained product,
compound of formula (8) is new. The use of tert-butyl nitrile and iodine for
iodination of a secondary amine is well reported. During optimization of
reaction conditions for the synthesis of (8), several solvent systems and range
of reaction temperature were tried. Use of diiodomethane at 75 C was found to

be optimum which gave 40 % yield.

134



The (-) sulfoximine (9) was prepared as per the following Scheme 3:

Q
S CHCl, Q
T i —2m o (]

NH
(1) () 9)

N%) %TTA
2
\H i iy
ﬁY (') DTTA o ©/||Y NaOH ”"IT
0 —> 0 — 0O
Acetonitrile
(-)Sulfoximine(-)DTTA salt (-)Sulfoximine

) ©) (19) 0 ©

Scheme 3: Preparation of (-) 9

The racemate of the sulfoximine compound (9) was prepared by known
processes. However, resolution of the racemate sulfoximine posed another
challenge. Several resolving agents & reaction conditions were tried before it
was possible to obtain the (-) isomer in good yield with high chiral purity by
using the ditolyl tartaric acid (DTTA) in acetonitrile. The DTTA salt of (-) (9)
precipitated out which was filtered and hydrolysed with NaOH to obtain the (-)
(9). Subsequent reaction of the (-) sulfoximine (9) with compound of formula (8)
was done as per general process described by Jorg Sedelmeier and Carsten
Bolm [39], to provide the compound of formula (1) as oil. The compound (1)
was difficult to purify. It turned green on storage and degraded quickly. Initial
attempts to obtain it in a solid form were not successful. Several solvents were
tried. Crystallization was also attempted at various temperatures but was
unsuccessful. Some of the solvents which were attempted are diisopropyl ether,
lower alcohols, THF, MTBE etc. Finally, the base could be crystallized from n-
heptane by keeping the solution undisturbed for more than fifteen days.

However, it was hygroscopic upon storage.

Therefore, attempts were made to convert the compound (1) into its

pharmaceutically acceptable salts. Over twenty different salts were tried but
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due to the inherent instability of the compound (1), only a few salts could be
isolated. The salts were prepared by reacting with corresponding acids in
suitable solvents and stirring at 5-10 C to room temperature and then

separating the salt formed.

4 Results and discussion

The process of Scheme-2 gave the final compound (1) in good yield (~70%). The
compound was obtained in good chemical and chiral purity. The process did
not require column chromatography. The resolution of (9) using (-)DTTA salt in
acetonitrile gave the (-) (9) sulfoximine in good yield (64%) and chiral purity
(71%). The chirality of the crystalline base was confirmed through single

crystal structure elucidation (figure 11) which confirmed the (S) configuration.

Figure 11: Single crystal structure of compound (1)

Of the various salts attempted, only the following salts (Table 2) could be

isolated in solid form:
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Table 2: Salts of compound (1):

Sl. Salt prepared Melting point °C Nature
No.

1. | Hydrochloride (1a) | Onset = 109.4 °C Amorphous

Peak = 111.0 °C

2. | Para-toluene 120 °C (diffuse) Amorphous
sulfonic acid
(PTSA) (1b)
3. Bisulfate (1¢) Onset = 182.9 °C Crystalline

Peak = 187.0 °C

4. Phosphate (1d) Onset = 114.2 °C Amorphous

Peak = 126.7 °C

5. Citrate (le) 60-66 °C (by apparatus) Amorphous

Of these, the citrate salt was hygroscopic, the phosphate and PTSA salts
became sticky when exposed to atmosphere. The bisulfate salt (1c) was found
to be the most stable and obtained in a crystalline form. The HCI salt was

amorphous in nature.

a) Efficacy studies:

The efficacy of the compound (1) and various salts were studied as follows:

In the first experiment, the salts and the base were tested for their ability to
inhibit LPS induced TNF-alfa activity in human whole blood assay ex-vivo. The

results are provided in Table 3:
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Table 3: Evaluation of LPS induced TNF-alpha inhibitory activity of compounds in

human whole blood assay

Sl. No. Sample Conc. (uM) % inhibition
Mean S.E.M.
1. Prednisolone 0.3 74.4 1.3
3 91.9 0.8
2. Compound (1)(base) 3 62.4 17.8
30 93.5 3.7
3. HCI salt (1a) 3 47.0 0.4
30 96.4 0.1
4. PTSA salt (1Db) 3 47.2 16.6
30 95.5 1.8
5. Bisulfate salt (1¢) 3 53.1 14.8
30 93.4 0.5
6. Phosphate salt (1d) 3 64.5 14.6
30 94.6 3.4
7. Citrate salt (le) 3 45.4 8.42
30 96.0 0.32

*SEM: standard error of the mean

The bisulfate salt (1c) of the compound (1) was stable, obtained in crystalline

form and was found to be a potent inhibitor of p38 MAP kinase.
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The compound (1c) was next tested in vivo in suitable animal models. The
compound showed good inhibition in rat paw edema (RPE) model when tested

in Female Wistar rats (Table 4) and Figure 12.

Table 4: Rat paw edema studies in female Wistar rats

% inhibition of paw edema

Treatment group 1 hr. 3 hr 5 hr
Compound 1(c) (3 mg/kg| -12.11£3.95 -0.05£4.65 -5.98+3.61
p.o.)

Compound 1(c) (10 mg/kg| 21.33%6.89 12.19+3.17 1.54+5.16
p.o.)

Compound 1(c) (30 mg/kg| 50.00+4.50 21.92+3.38 17.00+£3.84
p.o.)

Compound 1(c) (100 mg/kg| 55.53+£3.78 34.77+2.17 21.08+3.14
p.o.)

3 Compound 1C (3mg/kg, p.o.)
B Compound 1C (10mg/kg, p.o.)
Bl Compound 1C (30 mg/kg, p.o.)
Bl Compound 1C (100 mg/kg, p.o)

60 —
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40

30

20

10

¥ 55 T0TTOS TR £ 0 30

-104

-20

1 3 5
Time intervals in hours

Figure 12: RPE profiling in Female Wistar Rats at different time points
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When compared to TAK-715, compound (1c) showed superior efficacy in RPE

model at different time points as shown in Table 5 and Figure 13.

Table 5: Comparison of Compound (1c) with TAK-715 in RPE model inFemale Wistar
Rats

Sl. Treatment | % inhibition paw edema

No group lhr 3hr 5hr

(mg/kg,
p.o.)

H

2.15

H

1 TAK-715 38.87 |+£(9.29 | 17.17 3.27 | 10.21

(30)

H

2.46

H

2 Compound | 53.11 | +|6.58 | 25.97 1.54 | 12.75

1(C) (30)

N=6

65 1 TAK-715 (30ma/kg)

60- Bl Compound 1C (30mg/kg)
55
50«

45- T
40-

354
30-

25-
20~
15
10+ —
Hm
0 Y
3

5

% Inhibition in paw edema

Time (h)

Figure 13: Comparison of Compound (1c) with TAK-715 in RPE model inFemaleWistar
Rats

The efficacy of the compound (1c) in terms of its in vivo anti-inflammatory

activity was further tested in Streptococcus pyrogenes induced arthritis model
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in streptococcal cell wall (SCW)-primed SD (Sprague-Dawley) rats. Tak-715 was

used as a comparator. The results are provided in Figurel4.

0.6+
- Normal-control
0.5 5 -w  Compound 1C {10mg/kg)
| -+~ Compound 1C (30mg/kg)
0.4- - -~ Compound 1C (100 mg/kg)
* | - TAK-T15 (30mgikyg)
-m Vehicle control

N=10

e
o

A1

Change in paw volume{mil}
L~
e

&
-2

-
ma
w &

Figure 14: Comparison of compound (1C) with TAK-715 in SCW model

The compound (1c) showed good reduction in paw volume when compared to
TAK-715.

b) Pharmacokinetic studies:

The compound 1(c) also showed good pharmacokinetic profile both in various

species as seen in Table 6below:

Table 6: Pharmacokinetic of Compound 1(c) in different animal species

Compound | Animal | Dose | Tmax Cmax T1/2 AUC (0-t) AUC (0-x)

No. (mg/ | (hr)xSD (vg/mlES | (hr)SD | (hr.ug/mlt | (hr.ug/ml)t
Kg) D SD SD

1(c) W.rat 30 2.00 0.27£0.13 | 3.19 £|1.17£0.25 | 1.44+t041
(N=4) 1.41 0.49

1(c) W.rat 30 4.00 *|0.35 *|7.15 £]|2.14%£0.31 | 2.45+£0.31
(N=6) 0.0 0.06 1.14

1(c) Balb/c | 30 0.25 *]0.62 +10.86 *|0.68+0.06 [0.71%0.07
mice 0.09 0.15 0.07
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1(c) Beagle | 10 0.33 +]0.24 +[2.37 +[0.56£0.06 |0.65+0.11
Dog 0.0 0.01 0.35
(N=2)

5 Conclusion:

The compound of formula (1) was difficult to obtain in solid form. The
crystalline form was unstable and difficult to store. Attempts to obtain
alternate crystalline forms were therefore not attempted. The compound (1) was
stabilized through salt formation. The bisulfate salt (1c) was obtained in
crystalline form and was found to be stable. It showed good anti-inflammatory
properties both in vitro and in vivo. Further, it showed good pharmacokinetics
profile across species. Based on all of these the bisulfate salt (1c) of compound

1 has been selected for further development.

6 Experimental Section:

6.1 Synthesis

6.1.1 Synthetic Materials and Methods

Reagents and solvents were obtained from commercial suppliers and used
without further purification. Flash chromatography was performed using
commercial silica gel (230-400 mesh). Melting points were determined on a
capillary melting point apparatus and are uncorrected. IR spectra were
recorded on a Shimadzu FT IR 8300 spectrophotometer (Vmax in cm-!, using
KBr pellets or Nujol). The 'H NMR spectra were recorded on a Brucker Avance-
300 spectrometer (300 MHz). The chemical shifts (6) are reported in parts per
million (ppm) relative to TMS, either in CDCls or DMSO-ds solution. Signal
multiplicities are represented by s (singlet), d (doublet), dd (doublet of doublet),
t (triplet), q (quartet), bs (broad singlet), and m (multiplet). *CNMR spectra
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were recorded on Brucker Avance-400 at 100 MHz either in CDCls or DMSO-ds
solution. Mass spectra (ESI-MS) were obtained on Shimadzu LC-MS 2010-A
spectrometer. HPLC analysis were carried out at Amax 220 nm using column

ODS C-18, 150nm * 4.6 nm * 4 x on AGILENT 1100 series.

6.1.2 Preparation of compound of formula (8)

Step 1

Preparation of Tert. butyl nitrite (7)

Placed sodium nitrite (5.135 Kg) in water (2.027 L) and contents were cooled at —
5 to 0 °C. To the solution was added dropwise a cooled (0 °C) mixture of t-
BuOH (5 Kg) and aq. H2S0O4 (3.378 Kg) at -5 °C for over 2 hrs. After completion
of addition the two phase solution was stirred at O °C for another 1 hour. The
two phases were separated. The yellow organic phase was washed with mixture
of aq. NaHCO3; and NaCl solution (1L), dried over sodium sulphate and stored
at-10 to 0 °C (4.25 Kg).

Step 2

Preparation of 4-[2-ethvl-4-(4-fluoro-phenvl)-thiazol-5-vl]-2-iodo- pyridine (8)

The iodo compound 8 was prepared by reacting the amine intermediate of
formula 6 with the tert butyl nitrile 7 and iodine in the presence of suitable
solvent. Initial reactions using methylene chloride were not successful and
provided product with low yields. The reaction is exothermic and it was difficult
to control. Also, the reaction required very high mole excess of t-butyl nitrite (8
Meq) and the reaction time was quite high (16 hours at RT). The product was
purified by column chromatography but still was reddish in colour. To
overcome these problems several modifications of the reaction conditions were
tried. Initially, the reaction was carried out in different solvents and also the
reaction temperature was altered as provided in Table 7 below. It was found

that higher temperature was more suitable.
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Table 7: Screening of solvents for preparation of compound (8):

Solvent Temperature ( °C) Yield
Methylene Chloride 25 10%
Chloroform 25 <10%
Methylene Chloride 70 25%
Acetonitrile 27 15%
Ethylene glycol 65 32 %
Toluene 70 30%
Benzene 70 27%
Methyl iodide 70 36%
Diiodomethane 75 40%

Increasing the reaction temperature to 70-75 °C also reduced the reaction time

to about 2-3 hours. In a second effort at optimization, the mole proportion of

the amine 6, t-butyl nitrite 7 and iodine were varied. Several alternatives were

tested by varying the mole proportion of the nitrile and iodine. A mole ratio of

1:2:1 was found to be optimum. The purification process was optimized

performing column chromatography using SS316 Naustch filter and vacuum

instead of glass column and air pressure. Various solvents were attempted for

eluting the product as provided in Table 8:

Table 8: Screening of solvent(s) for elution of compound (8):

Sl. No. Solvent/solvent mixture Elute

1. Hexane Diiodomethane

2 4 % EtOAc Mixture of impurities

3. 4% EtOAc in Hexane Non-polar impurities

4 6% EtOAc in Hexane Product (IIA) with non-polar

5. 10-20% EtOAc in Hexane

impurities

Iodo product (IIA)
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In an interesting observation it was found that the mode of addition of the
reagents also played a crucial role in helping control exothermicity. Thus, when
the amine 6 was added to a mixture of t-butyl nitrite, iodine and
diiodomethane, the exothermic reaction could be controlled. The reddish colour
was removed by washing with suitable weak base, preferably by washing with

sodium bisulfite solution.
Process:

To a mixture of diiodomethane (12.5 Kg) and iodine (0.850 Kg), was added
dropwise tert-butyl nitrite (0.750L) over a period of 1 h at 25 - 30 °C
(exothermic). To the reaction mixture was added 4-[2-ethyl-4-(4-fluorophenyl)-
1,3-thiazol-5-yl|pyridin-2-ylamine (1 Kg) at room temperature (28 °C) in one lot.
The mixture was heated to 70 - 75 °C for 1 h.

Mobile phase (for TLC): Ethyl acetate: hexane (1:1)

After completion, the reaction mixture was dumped into saturated sodium
bicarbonate solution (20 L). To the solution was added dropwise saturated
solution of sodium thiosulphate (5 L) at RT. The mixture was stirred for 1h to
remove colour of iodine. The suspension was filtered on hyflo powder.
Subsequently it was washed with ethyl acetate (1.25 L). The solvents were
evaporated under reduced pressure. After complete removal of diiodomethane,
the contents were extracted with ethyl acetate (15 L) and chloroform (2 x 5 L).
The combined organic layer was washed with saturated aq. NaHSOs (5 L),
water (5 L) and 5% brine solution (10 L), dried over anhydrous sodium
sulphate, filtered through hyflow and solvents were evaporated under reduced

pressure to yield dark brown semi solid.

Purification:

The crude product was adsorbed over silica-gel (220-400) (2 Kg). It was filtered
over Naustch filter using vacuum. Elution with 5-20 % EtOAc in hexane

yielded desired iodo compound. Wt. pure product: 0.645 Kg (42 %)).
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1IH NMR (CDCls, 300MHz): 61.44 (t, 3H), 3.07 (g, 2H), 7.02-7.07 (m, 2H), 7.10-
7.11 (m, 1H), 7.43-7.49 (m, 2H), 7.65-7.66 (m, 1H), 8.22-8.24 (m, 1H).

13C NMR (CDCls): 14.09, 27.13, 115.63, 115.84, 118.46, 122.75, 126.75,
130.05, 130.95, 134.15, 141.97, 150.65, 151.14, 161.63, 164.10, 173.079.

6.1.3 Preparation of R- (-)-S-Isopropyl-S-phenyl sulfoximine (9)
Step 1:

Preparation of racemate of the sulfoximine compound of formula (9)

Q
S CHCl, i
7 e - O
NH

(13) @) (9)

The compound of formula () 9 was prepared by known processes [40, 41]. The
process comprises slow addition of sulfuric acid to the Isopropyl-sulfinyl-
benzenel3 in chloroform. It was observed that if conc. H2SO4 is added rapidly,
the suspension (reaction mixture) turns pale brown to dark brown when
brought at room temperature, and non-polar impurities are generated whereby
the reaction has to be discarded. Subsequently sodium azide is added to the
reaction mixture to obtain the racemic sulfoximine of formula 9. The crude
sulfoximine was purified by dissolving in methanol and isolated as the
hydrochloride salt which was subsequently basified to obtain pure racemate of
9.

6.1.4 Preparation of (-) sulfoximine of formula (9)

Various resolving agents for resolution of (9) were tried e.g. tartaric acid,
Camphor sulfonic acid, mandelic acid etc. (-) di-p-tolyl tartaric acid (DTTA) in
suitable solvents was found to be useful. The various solvents tried are listed in
Table 9.
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Table 9: Solvent screening for preparation of R-(-)-S-{Isopropvl)-S-(phenvl)-sulfoximine

(12) through formation of the DTTA salt

Sl. Racemic (-) DTTA Solvent Diasteriomeric | Yield | Chiral
No. Sulfoximine | acid salt (%0) purity
(ee)

1. 600 mg 1.393 g (1.1 | Acetone/DIPE | 800 mg 43 37.72 %
eq.)

2. 800 mg 1.69 g (1.0 | Acetone/EA 270 mg 11 51.68 %
eq.)

3. 115 mg 121 mg (0.5 | Methanol/ 110 mg 31 32.7 %
eq.)

DIPE

+17 mg
Formic acid
(0.5 eq)

4. 910 mg 2.11 g (1.1 | Acetone/CAN | 940 mg 33 46.12 %
eq.)

S. 347.7mg 806.7mg(1l. | Isopropyl 705mg 37 58.48%
1) Acetate /DIPE

6. 1.07g 2.479gm Acetonitrile/D | 2.312 70 55.14

IPE

7. 2.1gm 3.32gm Acetonitrile 1.3gm 20.0 71.68
(0.75eq) %

8. S52¢g 5.54 g (0.5 | Acetonitrile S52¢g 64.4 71.2
eq.) %

Thus, acetonitrile was selected as the optimal solvent. A mixture of acetone and

isopropyl ether (IPE) improved the yield significantly but the chiral purity was

compromised. It was also found that use of 0.5 mole equivalent of the (-) DTTA

increased the yield significantly while retaining the chiral purity. Accordingly,
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the resolution was carried out using 0.5 mole equivalents of (-)-DTTA in
acetonitrile. The DTTA salt was subsequently treated with aqueous NaOH to
obtain the chiral sulfoximine of formula (9) having chiral purity of 93.57 % and
HPLC purity of 99.7 %.

Process:

Take 835 mg racemic sulfoximine of formula (9) (4.557 mmoles) and dissolve it
in 5 ml. acetone. Stir the reaction mass at 45-50 °C and add to it 1.758 gm
(4.551 mmoles) of (-) Di-p- tolyl-L-tartaric acid in a single lot. First clear
solution was formed. After 20 minutes a white precipitate was observed. The
mixture was cooled at 25-30 °C and filtered. The solid mass was washed with
10 ml acetone. The crude DTTA salt obtained was purified by recrystallization

in acetone to increase the chiral purity.
Weight of the diastereomeric salt: 1.780 gm;
Chiral purity: e.e.> 97%.

Neutralization of the above diastereomeric salt by adding 10 % NaOH solution
till pH becomes basic in DCM & water system provides the free chiral

sulfoximine.
Weight of (-) sulfoximine: 350 mg;

Chiral purity: e.e.> 97%.

6.1.5 Preparation of R-(+)-S-(Isopropyl)-S-(phenyl)-N-[4-{2-ethyl-4-(4-
fluorophenyl)-13,-thiazol-5-yl}-pyridin-2-yl]sulfoximine (1)

The compound 1 was prepared by following the general process described by

Jorg Sedelmeier and Carsten Bolm [39]. 4-[2-ethyl-4-(4-fluoro-phenyl)-thiazol-

5-yl]-2-iodo- pyridine 8 was treated with R-(-)-S-(Isopropyl)-S-(phenyl)-

sulfoximine 9, copper (I) iodide, cesium carbonate and N, N’-Dimethyl ethylene

diamine in suitable solvent and the mixture was heated for extended period to
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obtain the compound 1 as an oil. The reaction was also dependent on the

solvent being used and various solvents were tried as provided in the Table 10

below.

Table 10: Solvent screening for preparation of compound of formula (1)

Sl. No. |lIodo compound | Sulfoximine Solvents Yield % purity
9) (12)
1. 959 mg 377 mg Toluene 1.05¢g HPLC = 86.31%
(HPLC= 88.0 %)
2. 55.9 mg 25 mg DMF No reaction | ---
3. 959 mg 377 mg Toluene 925 mg | HPLC = 91.44%
(Crude)
350 mg
(Pure)
4. 500 mg 233 mg Toluene 417 mg HPLC =97.37%
Chiral= 87.16 %
S. 500 mg 223.3 mg Benzene 350 mg HPLC=99.1 %
Chiral=70%
6. 20.82 g 93¢ Cyclohexane |19.0g HPLC = 98.99
%
Chiral = 85 %

Based on the above, cyclohexane was used as the solvent and when the

mixture was heated at 80 °C, the reaction time was reduced to 8-10 hours.
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Process:

Placed 4-[2-ethyl-4-(4-fluoro-phenyl)-thiazol-5-yl]-2-iodo- pyridine (9, 34.5 g),
R-(-)-S-(Isopropyl)-S-(phenyl)-sulfoximine (12, 13.9 g}, copper (I) iodide (cuprous
iodide, 4.8 g), cesium carbonate (69 g) and N, N’-dimethyl ethylene diamine (4.8
mL) in toluene (200 mL) and reaction mixture was heated at 100-110°C with

stirring overnight.

After completion, the content were poured over water and filtered over hyflo,
aq. layer extracted with ethyl acetate. The combined organic extract was
washed with water, brine, dried over sodium sulphate and solvents were

evaporated under reduced pressure to yield brown oil (48 g)

Purification

The crude product was adsorbed over silica-gel (230-400). Elution with 20 %
ethyl acetate: hexane yielded desired product. The pale-yellow oil was stirred in
hexane: di-isopropyl ether (50 mL, 100:5) overnight. The white-off-white solid
was filtered, washed and dried under reduced pressure. This solid compound

was found to be unstable and readily decomposed on exposure to air.
Wt. of product: 22.5 g
6.1.6 Preparation of crystalline compound (1)

Procedure:

200 mg of the chirally impure compound of formula 1 obtained above (chiral
purity 85:15) was dissolved in n-heptane (25 ml) & stirred till a clear solution
was formed. The clear solution was kept at room temperature (25-30 °C) for 10-
15 days, when a white needle shaped crystalline solid mass appeared. On the
wall of the conical flask a spherical shape solid mass was deposited, and at the
centre of the flask needle shaped crystals were formed. The two crystalline

masses were analyzed separately.
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Analysis showed that the needle shape crystals are 100 % chirally pure (chiral
HPLC = 100 %; chemical HPLC = 99.61 %) while the spherical shaped solid

crystals were the racemic compound (chiral HPLC = 53:47).

i  M.P=108-110°C
i)  ESI-MS = 465.9 (M+H)*

111) MF: C25H24FN3082; MW: 465.11
iv) NMR :400 MHz (6 in CDClg)

1.28-1.26 (d , J = 6.8 Hz, 3H), 1.44 -1.41 (dd , J = 7.6, 6.8 Hz, 6H),7.88-
7.86 (d,J=7.6 Hz, 2H),3.08- 3.02

(t,J=6.8, 6.8 Hz, 1H), 6.56- 6.55

(q,J=7.6,7.6 Hz, 2H), 3.62- 3.59
(d, J= 4.4 Hz, 1H), 6.85 (s, 1H), 6.99-

6.92 (t, J= 8.7 Hz & 8.8 Hz, 2H), 7.46 -7.42 (dd , J= 5.6, 3.2 Hz, 2H),7.54
751 (dd,J =8, 3.2 Hz, 2H),7.61-7.59 (d,J = 7.2 Hz, 1H), 7.88-7.86 (d ,
J = 7.6 Hz, 2H), 7.96-7.94 (d, J = 5.2 Hz, 1H).

6.1.7 Preparation of HCI salt (1a):

0.5 gm of compound 1 prepared above was dissolved in methanol (10 ml). It

was stirred at 5-10 °C using a magnetic stirrer for 10 minutes and to it was

added methanolic HCI at 5-10 °C with stirring till the pH became acidic. The

solution was stirred for 20 minutes at 5-10 °C. Subsequently, the solution was

evaporated on a rotavapour and the solid was isolated.

Yield: 2.0 g

Table 11: Preparation of HCI salt of compound 1

Batch No.  Quantity M.P. % Chloride % water by
by IC KF
1 2.172 g 78-80 °C 9.49% -
2 12 g 78-85 °C 10.61% -
3 1.0¢g 78-85 °C 9.60% -
4 25¢g 80-85 °C 10.62% 1.04%
5 3.0¢g 80-84 °C 8.15% -
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6 6.78 80-84 °C 10.2% -

The HPLC purity was found to be more than 98% for all the batches.

6.1.8 Preparation of para-toluenesulfonate salt (1b):

0.5 gm of compound 1 prepared above was dissolved in 10 ml of acetone. It
was stirred at 5-10 °C using a magnetic stirrer for 10 minutes. To it was added
204 mg of para-toluene sulfonic acid (PTSA) dissolved in 2 ml of acetone. The
solution was stirred for 30 minutes at 5-10 °C. Subsequently, the solution was

evaporated on a rotavapour and the solid was isolated.

Yield: 1.4 g
6.1.9 Preparation of the bisulfate salt (1c):

0.5 gm of the free base 1 was taken in methanol. To it was added methanolic
H2S04 at 5 — 10 °C till the solution turned acidic. The solution was stirred for
30 minutes using a magnetic stirrer. Subsequently, the solution was

evaporated on a rotavapour to obtain the bisulfate salt.

Table 12: Preparation of bisulfate salt of compound 1:

Batch No.  Quantity M.P. % sulfate by % HPLC
IC
1 1.170 g 175-177 °C  32.33 % 99.18%
2 14 g 173-175°C  28.41% 99.23%
3 104 g 173-175°C  27.88% 98.61%
4 8¢g 173-175°C - -
5 275 g 173-175°C  30.98% 99.06

6.1.10 Preparation of phosphate salt (1d):

0.5 gm of compound 1 prepared above was dissolved in 10 ml of ethanol. It
was stirred at 5-10 °C using a magnetic stirrer for 10 minutes. To it was added

phosphoric acid (H3PO4) dropwise till acidic. The solution was stirred for 30
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minutes at 5-10 °C. Subsequently, the solution was evaporated on a

rotavapour and the solid was isolated.

Yield: 0.6 g (Mo. Wt. 560.6)
6.1.11 Preparation of the citrate salt (1e):

0.5 gm of the free base 1 was taken in toluene. To it was added citric acid
dissolved in toluene at room temperature till the solution turned acidic. The
solution was stirred for 60 minutes using a magnetic stirrer. Subsequently, the

solution was evaporated on a rotavapour to obtain the citrate salt.

Table 13: Preparation of citrate salt of compound 1:

Batch No.  Quantity M.P. % HPLC
1 175 mg 60-66 °C 98.30%
2 130 mg 60-66 °C 98.85%

6.2 Biological studies on compound of formula (1) and its various salts.

6.2.1 Evaluation of LPS induced TNF-alpha inhibitory activity of compounds in
human whole blood assay

Two microliters of the vehicle /NCEs/prednisolone was incubated in duplicate
with the human whole blood at 37 °C for lhr. After incubation, LPS (1ng/ml,
final concentration) was added in the blood sample. It was further incubate for
5 hr at 37 °C. After completion of 5h, blood samples were transferred into ice
bath to stop the release of TNF-a. Samples were then centrifuged at 3500 rpm
for 10 minute at 4 °C. Plasma was separated & stored in deep freeze till the
estimation of TNF-o by using commercially available TNF-a kits (BD

Biosciences).
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The plasma was diluted 25 times with assay diluent for estimation of TNF-a.
The reagent preparation and assay procedure was performed as per

manufacturer’s (BD Biosciences) instructions.

6.2.2 Paw Edema study:

Male wistar rats were weighed on the day of experiment and based on which
the volume of formulation was calculated so as to administer a single dose of
the specified mg/kg of body wt. The animals were dosed in the morning one-
hour before to carrageenan injection (1% w/v, 0.1ml/rat sub-planterly). The
Paw volume was measured one hour before and at 0, 1, 3 & 5 hour after

Carragenan injection using Ugobasile Plethysmometer

6.2.3 SCW induced arthritis in SD rats study:

Female Sprague dawley rats were primed with an intra-articular injection of
20ul of PGPS (peptide glycan polysaccharide) at 0.5 mg/ml of rhamnose
solution in the right ankle. At 2 weeks the paw swelling were measured with
plethysmometer and rats assigned to groups of similar distribution of initial
paw swelling. Rats then received their first dose of compound followed 1 h later
by an i.v. injection of 0.5 ml of PGPS (0.5 mg/ml of rhamnose solution) in the

tail vein. Compounds were dosed and paw volume measured for 3 days.

6.2.4 Pharmacokinetic studies:

Pharmacokinetics of the test compound was studied via per-oral route of
administration in appropriate species (wistar rats of 8 to 10 weeks of age or
beagle dogs). Animals were fasted for 18 hours and food was supplied after 4
hours of administration of the test compound. There was free access to water
throughout the study. A homogenous suspension of the test substance was
prepared in 0.5 % w/v CMC in normal saline and a per-oral dose of 30 mg/kg
was administered. After the administration of the test compounds, blood

samples were withdrawn at various time intervals through retro-orbital plexus
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and collected into heparinized micro centrifuge tubes. Plasma was separated by
centrifugation at 4000 rpm for 5 min at ambient temperature and analyzed

immediately. Remaining samples were stored at -20 °C until analyzed.

Analysis was carried out by taking an aliquots of 180 uL plasma and 20 uL of
internal standard (Atorvastatin) and was extracted with 2.5 mL of extracting
solvent (ethyl acetate: acetonitrile 80:20, v/v) in glass test-tube by vortexing
with spinix vortex mixture for a minute. This was then centrifuged at 2000 rpm
for 2.0 min. The supernatant was transferred to another glass test-tube and
the solvent was evaporated under nitrogen using Zymark evaporator at 40 °C.
Finally, the tubes were reconstituted with 0.1 mL diluent (acetonitrile:
methanol: water 40:40:20, v/v/v). The reconstituted samples were analyzed on
Agilent 1100 Series HPLC system with a mobile phase of 0.05 % v/v
trifluoroacetic acid in water: acetonitrile (32:68, v/v); flowing at a flow rate of
1.0 mL/min through a Kromasil 250 mm x 4.6 mm x 5 u column maintained at
30 °C. Chromatographic separation was achieved within 15 min. Agilent
software version Chemstation Rev.A.09.01. (1206) was used to acquire and
process all chromatographic data. Quantification was based on a series of
calibrators ranging from 0.031 to 32 ug/ml, prepared by adding test
compound to drug free rat plasma. Quality control samples were analyzed in

parallel to verify that the system performs in control.

6.2.5 Statistics
Data from whole blood assay, paw edema and SCW models were analysed

using Graph Pad Prism software. Difference between treatment groups as well
as difference between treatment groups and control were compared using
ANOVA followed by Dunnet’s test.

Pharmacokinetic parameters namely - maximum plasma concentration (Cmax),
time point of maximum plasma concentration (tmax), area under the plasma
concentration - time curve from O hour to infinity (AUC,..) and half-life of drug

elimination during the terminal phase (ti/2) were calculated from plasma
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concentration versus time data, by standard non-compartmental methods,
using the WinNonLin software version 4.0.1 procured from Pharsight

Corporation, USA.
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Characterization Data
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4-(2-ethyl-4-(4-fluorophenyl)thiazol-5-yl)pyridin-2-amine (6)
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4-[2-ethyl-4-(4-fluoro-phenyl)-thiazol-5-yl]-2-iodo- pyridine
(8)
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Intermediate Sulfoximine
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Compound (1)
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HCI salt of Compound (1)
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PTSA salt of compound (1)
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Bisulfate salt of compound (1)
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Phosphate salt of compound (1)
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Citrate salt of compound (1)
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