Novel salts of an anti-platelet agent

1 Introduction

Clopidogrel, [Methyl a-5(4,5,6,7-tetrahydro(3,2-c) thienopyridyl) (2-
chlorophenyl)-acetate| (1) is an anti-aggregatory and antithrombotic drug
for the treatment and prevention of peripheral vascular, cerebrovascular,
and coronary artery diseases (1-3). It was first disclosed in its racemate
form in US patent number US 4529596. This document also provided a
process for preparing the racemic compound which involved condensation
of 4,5,6,7-tetrahydrothieno[3,2-c]-pyridine with substituted methyl 2-
chloro-o-chlorophenyl acetate to provide the compound of formula (1)

(Figure 1).
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Figure 1: Methyl a-5(4,5,6,7-tetrahydro(3,2-c) thienopyridyl) (2-
chlorophenyl)-acetate

The racemate was obtained as yellow oil which was purified by converting
it to its hydrochloride salt (white crystals; m.p. 130-140 °C). This
compound was found to inhibit blood platelet aggregation. Subsequently, it
was found that of the two optical isomers, only the dextrorotatory
enantiomer (la) (Figure 2) which exhibited a platelet aggregation inhibition
activity, the levorotatory enantiomer being inactive. Further, it was also
found that the inactive levo-rotatory isomer was less tolerated among the

two enantiomers (US 4847265).
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Figure 2: methyl alpha-5(4,5,6,7-tetrahydro(3,2-c)thienopyridyl) (2-chlorophenyl)-

acetate

The dextrorotatory isomer of methyl alpha-5(4,5,6,7-tetrahydro(3,2-
c)thienopyridyl) (2-chlorophenyl)-acetate (1a) can be prepared by forming
the salt of the racemic compound with an optically active acid in a solvent,
repeated re-crystallization of the salt until a product of constant optical
rotatory power is obtained, followed by the liberation of the dextrorotatory
isomer from the salt using a suitable base. Several combinations of known
resolving agents and solvent for re-crystallization have been attempted,
only the levo-rotatory camphor-10-sulfonic acid in acetone gave good
resolution and yields. The chiral levo-rotatory camphorsulfonic acid [(+)
CSA] (11) was reacted with the compound of formula (1) in inert solvents

such as acetone, dimethyl formamide, as shown below (Scheme 1):
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Scheme 1: Preparation of (+)-(S)- methyl alpha-5(4,5,6,7-tetrahydro(3,2-
cjthienopyridyl) (2-chlorophenyl)-acetate bisulfate salt using (+) CSA

The dextrorotatory base (la, Clopidogrel base) was also obtained as oil
which was purified through salt formation. Among the various salts
prepared, the bisulfate salt was found to be the most promising and was

taken up for development and subsequently got approved as Plavix®(1b).
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The compound (la) as its bisulfate salt [Clopidogrel bisulfate, (1b)] when
used alone or in combination with Aspirin is known to reduce risks of
cardiovascular mortality, non-fatal myocardial infraction and stroke in
patients with a history of atherothrombotic diseases (4). The compound (1a)
is an inactive pro-drug that gets converted to the pharmacologically active
metabolite in vivo through the hepatic metabolism to exhibit its anti-platelet
effect (5). It is first converted by the action of cytochrome P450 (P450) to the
corresponding 2-oxo derivative (a thiolactone), then in a second step it is
converted to the pharmacologically active, thiol-containing metabolite (6)
(Figure 3). The P450 isoforms involved in the bioactivation of the compound
(1a) have been suggested to be CYP1A2 in rats (7) and CYP3A in humans (8),
although the contribution of these P450s to produce the active metabolite is
still unclear. In addition, several recent clinical studies demonstrated that
CYP3A4, CYP3AS5, and CYP2C19 have a significant role in the formation of
the active metabolite from (1a) (9-13)

CO;Me CO,Me COyMe
s cl S cl HS cl
(1a) (inactive) 2-oxo derivative (inactive) Thiol metabolite (active)

Figure 3: Metabolic pathway of compound (1a)

The free base form (la) is unstable owing to a labile proton at the chiral
center and susceptible to racemization (1). As described earlier, the racemic
form of the base is less active and it is only the (s)-isomer which is
therapeutically effective. Therefore, the free base (la) must be stabilized by
salt formation through use of suitable acids. It is commercially available as
the bisulfate salt. The bisulfate salt was first disclosed in US patent no.
4847265. Several polymorphic forms of the bisulfate salt are already
described in the literature, of which the commercially marketed polymorphic
forms are commonly referred to as Form 1 & Form 2. The drug was initially
launched in the polymorphic Form 1 but later, switched to the polymorphic
Form 2 due to the greater stability and better pharmaceutical properties of

the Form 2. Nowadays, it is available commercially in the polymorphic Form
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2. Being a valuable pharmaceutical substance, its synthesis is protected by
several patents. Several alternate routes of synthesis of compound (1a) have
been reported in the recent literature including those involving the use of
catalytic asymmetric Strecker reaction (15), Mannich-like multi-component
synthesis (16); biosynthesis of certain key intermediates used in the

synthesis of the compound have also been reported (17-18).

2 Chemistry & Rationale:

(S)-o-chlorophenyl glycine is an important intermediate in the preparation of
compound (1la). Several processes have been reported for the preparation of
this key intermediate and its conversion to the open chain compound 8 (19-
23). However, many of these processes use chemicals, some of which are
strongly lachrymatory and mucous membrane irritants (24, 25). Use of such
chemicals poses difficulties during handling and up-stream processing;
further these chemicals are also unfavorable for human health and
environment. Therefore, in one aspect, an improved process for preparing
the compound (1a) has been designed involving intra-molecular cyclization
of the compound 8 using 1,3-dioxalane and catalytic amount of protic acid
to obtain the compound of formula (1) in its racemic form which was then
separated to its enantiomeric forms using levo-rotatory camphor sulfonic

acid [(+) CSA] (Scheme 2).

The polymorphic Form 2 of the bisulfate salt of compound (1a), claimed in
US 6429210, is patent protected till atleast 2018. Although a valuable
therapy, non-responsiveness or poor responsiveness to therapy with the
compound (1b) is widely prevalent leading to higher risk of death,
myocardial infraction and stroke (26). Also, a major drawback of the
bisulfate salt is that there is an increase in the amount of the inactive
metabolite, (+)-(S)-(o-chlorophenyl)-6,7-dihydrothieno[3,2-c]-pyridine-5(4H)-
acetic acid (27, 28) over the six month period. All of these may sometimes
lead to variability in the effectiveness in different bisulfate preparations
available commercially (29, 30). Therefore, there exists a need to prepare

new salts of compound of formula (1la) which may provide certain
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advantages over the bisulfate salt. US 4847265 states that attempts to make
several acid addition salts of (1a) were not successful and the salts could not
be isolated in pure crystalline form. Certain solvated forms of the benzene
sulfonate salt of (1la) have been reported in EP 1480985 (31) (the toluene
and dioxane solvates). Other organic salts of the compound of formula (1a)
have also been reported (32-35). However, none of these salts are reported to
have any advantages over the bisulfate salt and does not appear to overcome
the problems with the bisulfate salt discussed above. Another aim of the
present work is therefore to solve some of these problems through the
formation of alternate salts of the (1la). Preparation of alternate salts is the
only viable route because the base is an oil (US 4847265). Attempts to
crystallize the base were unsuccessful and therefore, making alternate
polymorphic form of the base was not feasible. Inorganic acid salts of the
compound (la) were already reported and the HCl and HNO3 are expected to
have similar problems as the bisulfate salt as each of them are strong acids.
Therefore, attempts have been made to prepare organic acid salts of

compound (1la), preferably with weak organic acids.

Crystalline solids are generally preferred over the amorphous forms for the

following reasons among others:

- They are easier to purify (for example by recrystallization);

- can have a defined purity required for the approval of a
pharmaceutical;

- is readily detectable and identifiable by customary methods such as
XRPD, (X-ray powder diffraction), Raman spectrum, IR (infrared
spectrum), and it has a reproducible physical quality;

- a better chemical stability during storage;

- is generally less hygroscopic than the amorphous form.

Also, crystalline active ingredients are generally more stable than
corresponding amorphous active ingredients. Problems with the degradation

of the active ingredients can also be avoided.
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The amorphous form of an active ingredient may also comprise unwanted
quantity of solvents. These are generally difficult to remove, since re-

crystallization is not possible.

The amorphous form contains more energy than the crystalline form. This
may lead to the random pattern of the distribution of the molecules of the
amorphous form rearranging spontaneously with release of energy, and
partial dissipation of energy. This may result in changes in the activity of the
active ingredient without this being directly evident in a measurable
parameter of the active ingredient. The consequence is a significant effect on
the reliability of the active ingredient and thus a risk for the patient. Also, it
is difficult to prove that different batches of the amorphous active ingredient

are identical.

Because of these and other reasons including pharmaceutical processability
etc. crystalline salts of the compound (1a) are preferred. Therefore, the aim

was to prepare organic acid salts of compound (1a) in crystalline form.

2.1 Chemistry

The compound of formula (1la) and its organic salts were synthesized as
described in Scheme 2. 2-chloro epoxy cinnamyl alcohol 2 was heated with
sodium azide and ammonium bromide in a mixture of ethanol and water to
yield the azido diol derivative 3 (36-38). Oxidation of 3 using sodium
metaperiodate and catalytic amount of RuCls in a mixture of acetonitrile,
water and carbon tetrachloride gave 4 (36, 39, 40) which was subsequently
esterified by treating with thionyl chloride in methanol to give azido ester 5.
Reduction of azide group under catalytic hydrogenation conditions using
palladium on charcoal as catalyst gave the intermediate 6. Coupling of 6
with 7 in presence of sodium bicarbonate in dimethyl formamide gave
intermediate 8. The preparation of 8 as described herein is as per processes
known in the literature and the characterization data for all the
intermediates matched with those reported and have not been reproduced.
Heating of 8 in 1,3-dioxalane and methanolic HCl at 70 °C resulted in

cyclization to give the racemic compound 1 (41) in quantitative yield.
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Resolution of 1 using (1S)-(+)-camphor-10-sulfonic acid yielded the dextro-
rotatory isomer (la) which was subsequently converted to its organic salts

(1c) by the treatment with appropriate acids in suitable solvents.

N3
o N3
OH
©f<‘/\OH a ©\)\‘/\O ©\/\ﬂ @(OMQ d
Cl Cl oH
2 3

CO,Me CO,Me Cone

7 8 1 1(a) 1(c)
Scheme 2: Reagents and conditions: (a) NaN;, NH4Br, ethanol and water, 75 °C, 2

hours (b) sodium metaperiodate, RuCl;.H;O, acetonitrile, CCli,, water, room
temperature, 6 hours (c¢) thionyl chloride, MeOH, (d) Pd/C (10%), H., MeOH, 54
hours (e) 2-thiophene ethanol tosylate (7), NaHCO;, dimethyl formamide, reflux, 2
hours (f) methanolic HCI, 1,3-dioxolane, 70 °C, 8 hours (g) (1S)-(+)-camphor-10-
sulfonic acid hydrate, acetone, water (h) organic acids, suitable organic

acid/solvents.

Among all the organic salts attempted, only the benzene sulfonate salt of
compound (la) was obtained in both crystalline and amorphous form while
the other salts which could be isolated were obtained in amorphous form.
The crystalline benzene sulfonate salt was initially obtained as either the
toluene or dioxane solvates; subsequently, it was also possible to prepare
the non-solvated form. Since the aim was to prepare the acid addition salts
of (1a) in crystalline form, the crystalline benzene sulfonate salt was selected
for further studies. The stability, dissolution profile of the non-solvated
crystalline form was compared with the dioxane and toluene solvates of the
benzene sulfonate salt of (1la). The efficacy of the non-solvated crystalline
form was compared with the dioxane and toluene solvates of the benzene
sulfonate salt of (1a) in terms of their ability to inhibit the ADP induced (ex

vivo) platelet aggregation in rat blood sample.
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3 Results and discussions

The cyclization of 8 using dioxalane provided the compound 1 in very good

yield (~95%). Resolution of 1 using camphor sulfonic acid gave the (+)-(S)

isomer (la) with very good chemical and chiral purity. The following organic

salts of compound (1a) were prepared (Table 1):

Table 1 : Salts of Compound (1a)

Sl. No. | Salt prepared Melting Nature
point
1. Mesylate 62-66 °C Amorphous
2. p-toluene sulfonate (tosylate) 70-73 °C Amorphous
3. sulfosalicylic acid 100-105 °C | Amorphous
4. Oxalate 92-94 °C Hygroscopic
S. Acetate - No solid isolated
6. Gentisate - No solid isolated
7. Napsylate - No solid isolated
8. Benzene sulfonate (from DCM) | 85-90 °C Amorphous
0. Benzene sulfonate (from THF)) | 85-90 °C Amorphous
10. Benzene sulfonate (from | 86-87 °C Crystalline
toluene) (toluene solvate)
11 Benzene sulfonate (from [ 91- 93 °C Crystalline
dioxane) (dioxane solvate)
12 Benzene sulfonate (from IPA) 130- 135 °C | Crystalline
(unsolvated)

The benzene sulfonate salt was only obtained in crystalline form. The

pharmaceutical properties,

toxicity and efficacy of the non-solvated

crystalline benzene sulfonate salt were compared with the dioxane and

toluene solvates of the benzene sulfonate salt.
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3.1 Comparison of stability of the non-solvated benzene sulfonate of
compound (1a) with the toluene-solvate and dioxane-solvate of the
benzene sulfonate salt of (1a) under accelerated stability study

conditions:

The stability of the three forms of the benzene sulfonate salt (BSA salt) of
(1a) was studied by loading the APIs in a stability chamber at a temperature
of 40 °C £ 2 °C and relative humidity of 75% + 5%. The samples were
analyzed after 3 days, 8 days, 1 month and 2 months and the data is
provided in table 2. The non-solvated benzene sulfonate salt remained
stable, did not change colour throughout the period of study while, the

solvated forms turned to light cream colour. Further, no change in purity

was observed for the non-solvated benzene sulfonate salt while there was

drop in purity for both the solvated forms.

Table 2:

Stability data of solvated and non-solvated forms of BSA salt of

(1a) at 40°C £ 2°C temperature and 75% + 5% relative humidity.

Sr. | Type of Test Time period
No salt
Initial 3 Days 8 Days 1 Month |2 Month
Light
Off white | Off white | Off white Light cream
cream
Toluene Appearance | colored colored colored colored
colored
1 solvate of powder powder powder powder
powder
(1a).BSA
Purity by
99.85 % 99.77 % 99.62% |98.30% |92.63 %
HPLC
Light Light
Dioxane Off white | Off white Light cream
cream cream
2 solvate of | Appearance | colored colored colored
colored colored
(1a).BSA powder powder powder
powder powder
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Purity by
99.99 % 99.99 % 99.95% |99.76 % |99.47 %
HPLC
Off white | Off white | Off white | Off white | Off white
Non- Appearance | colored colored colored colored colored
solvated powder powder powder powder powder
form of
Purity by
(1a).BSA HPLC 99.88 % 99.88 % 99.93 % |99.67% |99.82 %

3.2 Dissolution profile and stability data of formulated (1a).BSA non-

solvated form, the toluene solvate and the dioxane solvate.

In another study, the non-solvated benzene sulfonate of (1a), the toluene

and dioxane solvates were each formulated into tablets to study their

dissolution profile. The results are depicted in Figure 4. The results clearly

demonstrated the superior dissolution profile of the non-solvated form

(102.6%) as compared to the solvated forms.
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Figure 4: Dissolution profile of the tablets prepared using the three forms of

compound of formula (1a) (Initial analysis)

Subsequently these tablets were loaded into a stability chamber at a

temperature of 40°C £+ 2 °C and relative humidity of 75% + 5%. Tablets

containing the solvated forms of the benzene sulfonate salt of (la) were

found to have mottled appearance after 3 days which further increased
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towards the end of study. Also dark brown spots developed on the surface of
these tablets. The tablets formulated using the non-solvated benzene
sulfonate of (la) were found to be absolutely normal in appearance
throughout the period of study. Subsequently, purity of the samples was
estimated by HPLC and the results are depicted as % fall in purity in Figure
5. The non-solvated benzene sulfonate tablets were purer (97.27%) than the

solvated forms at the end of the study.
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Figure 5: Percent fall in purity during 15 days stability on 40°C/75 RH

The dissolution profile of the three samples was studied again at the end of
15 days of stability test wherein the dissolution profile of the solvated
benzene sulfonate tablets were found to have decreased significantly as
compared to the non-solvated counterpart on storing for 15 days at a
temperature of 40 °C + 2 °C and relative humidity of 75% =+ 5% as shown in

Figure 6.
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Figure 6: Dissolution results of the non-solvated form, the dioxane-solvate and the
toluene solvate forms of the benzene sulfonate salt of compound (1a) tablets kept

for stability studies (15 days, 40 °C/75 RH)

In another study, the stability of the non-solvated crystalline benzene
sulfonate salt of (la) was studied both under accelerated conditions (40
°C/75% R.H.) and long-term. The salt was found to be stable both under
stressed condition and upon long term storage. Further, formation of (+)-(S)-
(o-chlorophenyl)-6,7-dihydrothieno[3,2-c]-pyridine-5(4H)-acetic acid (the
inactive metabolite) was not detected in these studies. Therefore, it is
expected that the variability in effectiveness reported for the bisulfate salt

(1b) will be reduced with this new salt.

The new non-solvated form of the benzene sulfonate salt of (1a) was found to

have good pharmaceutical properties suitable for further development.

The single crystal of the non-solvated benzene sulfonate salt of formula (1a)

is given in Figure 7.
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Figure 7: Single crystal analysis of the non-solvated benzene sulfonate salt of (S)-

(t)  (t)-Methyl

showing absence of any solvent molecule.

(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetate,

In a subsequent study the efficacy of the non-solvated benzene sulfonate

salt of (la) was compared with bisulfate salt ex-vivo and the results are

provided in Table 3.

Table 3: Inhibition of ex-vivo platelet aggregation in rats

% Inhibition of platelet aggregation

Conc. Of| Non-solvated
Time (hours) The bisulfate Form II salt
ADP (uM) benzene sulfonate
of (1a) (approved drug)
salt of (1a)
5 2 83 %5 64 + 8
24 74 £ 8 536
48 60 + 3 50+ 6
2 70 £ 6 517
24 62 +8 359
10 48 50 £ 5 356
2 64 £ 6 44 £ 6
24 52+8 238
20 48 40 £ 6 205
2 72+£5 45+ 7
40
24 557 34+6
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48 525 385

From the above table it can be concluded that the non-solvated benzene
sulfonate salt of formula (1a) showed very good anti-platelet efficacy at all
time points and ADP concentrations, with maximum efficacy after 2 hours

which reduced gradually after 24 & 48 hours.

4 Conclusion

The novel process using dioxalane for cyclization of 8 gave the final
compound (la) in good yields. The process disclosed herein therefore
represents an alternate scalable route for the preparation of the compound
1. Among the various organic salts of compound (1a), prepared, only the
benzene sulfonate salt was obtained in crystalline form. The benzene
sulfonate salt was obtained as solvates of dioxane and toluene as well as a
novel non-solvated form. The non-solvated benzene sulfonate salt of
compound (1la) showed good stability and more importantly, there was no
formation of the inactive metabolite, (+)-(S)-(o-chlorophenyl)-6,7-
dihydrothieno[3,2-c]-pyridine-5(4H)-acetic acid, in long term storage.
Therefore, it is expected that the non-solvated benzene sulfonate salt of
compound (la) will be able to overcome the problem associated with the

marketed bisulfate.

5 Experimental Section

5.1 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 (Vimax in cm-1, using
KBr pellets or Nujol). The 'H NMR spectra were recorded on a Brucker
Avance-300 spectrometer (300 MHz). The chemical shifts () are reported in
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parts per million (ppm) relative to TMS, either in CDCl3 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). I3CNMR spectra were recorded on Brucker Avance-400 at 100
MHz either in CDCl3 or DMSO-ds solution. Mass spectra (ESI-MS) were
obtained on Shimadzu LC-MS 2010-A spectrometer. HPLC analysis were
carried out at Apax 220 nm using column ODS C-18, 150nm * 4.6 nm * 4 u
on AGILENT 1100 series.

5.2 Preparation of Epoxy alcohol (2) from o-chloro cinnamyl alcohol

To 1.5 litres of dichloromethane in a triple neck round bottomed flask was
added 50 gm of cinnamyl alcohol at a temperature of 0-5 °C. To the reaction
mixture was added 66.54 gms of meta chloro perbenzoic acid with stirring,
in lots. The temperature was maintained at room temperature. The reaction
mixture was stirred at 0 to 5 °C for 3 hours and the stirring was continued
slowly at room temperature overnight. The progress of the reaction was
monitored by T.L.C., until all the starting material was consumed. To this
reaction mixture was added saturated sodium meta bisulfite aqueous
solution, followed by the addition of aqueous NaOH whereby two layers got
separated. The organic layer was separated out, while the aqueous layer was
re-extracted with 300 ml of dichloromethane. The organic layers was washed
with 300 ml. of D. M. water and was dried, concentrated under reduced
pressure, and purified by usual procedure yielding the desired 7.0 gm of
epoxy alcohol.

5.3 Preparation of 3-azido-3-(o-chloro)-propane-1,2-diol (3) from 2,3-epoxy o-
chlorocinnamyl alcohol (2)

20 gm of epoxy alcohol obtained above, was taken in a round bottomed flask
and 35.5 gm of NaN3 and 6.27 gm of NH4Br was added to it. To the mixture
was added 350 ml ethanol and 60 ml water and it was stirred for 2 hours at
75 °C under reflux. The solvent was evaporated when the salt precipitated
out of the reaction mixture. To the salt was added 70 ml of dichloromethane,

filtered and the residue was rejected. To the filtrate was added 100 ml of
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water when two layer got separated. The lower MDC was separated, and
dried. The solvent was evaporated at 40 °C under reduced pressure to give

20.2 gm of the diol.

IR (cm™!) (CHCI3): 3384 (-OH stretch); 2106 (Ns)

IHNMR (CDCls): & 1.96 (t, 1H), 2.4 (d, 1H); 3.7 (t, 2H), 3.9-4.0 (q, 1H); 5.2 (d,
1H), 7.2-7.5 (m, 4H).

ISCNMR (CDCl3): 8 ppm 62.56, 63.73, 73.06, 127.4, 128.7, 129.7,130.02,
133.7, 133.91.

MS :m/z288.1 (M+H)*, 245.2 (M+NHq)*

5.4 Preparation of azido acid (4) from 3-Azido-3-(o-chloro phenyl) propane-1,2-
diol (3).
In a 1 litre round bottomed flask was taken 11 gm of the azidodiol obtained
above and to it added 92 ml of acetonitrile, 87 ml of CCl4 and 131 ml. D. M.
water, when two layer was formed. To the mixture was added 4.0 eq. sodium
metaperiodate and 236 mg of RuCls.H20, when the colour changed to brick
red. The reaction mixture was stirred for 6 hours at room temperature and
kept overnight. To the mixture was added 200 ml of ether, the organic layer
was filtered out through hyflow bed, washed with water and dried over

anhydrous NaxSO4 to give 6.0 gm (64.5%) of azido acid.

IR (cm-1) (CHC1s): 2928 (NH), 2110 (Ng), 1725 (CO)

IH NMR (CDCls): 5.59 (s, 1H), 7.3-7.36 (m, 2H), 7.42-7.48 (m, 2H), 9.5 (b,
1H)

13C NMR (CDClg): & ppm 61.99, 127.5, 128.87, 130.19, 130.7, 131.5,
134.02, 173.8.

MS: m/z 210 (M+H)*

5.5 Preparation of azido ester (5) from corresponding azido acid (4):

1.0 gm of azido acid obtained above was taken in a round bottomed flask
and 5 ml of methanol was added to it and the solution was stirred for 30
minutes. To the reaction mixture was added 0.9 grams of thionyl chloride

drop wise. The reaction mixture was stirred for 3 hours at room
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temperature. The excess solvent was evaporated under reduced pressure. To
the residue was added 25 ml MDC, the organic layer formed was washed
with a 1% solution of NaHCO3 and then with D. M. water and the organic
layer was dried with anhydrous Na;SO4. The excess solvent was evaporated
under reduced pressure when the azido ester was obtained in ~ 90% yield

(0.9 gm).

IR (cm-1): 2108 (N3), 1751.2 (CO)
IH NMR (CDCls): 3.79 (s, 3H), 5.5 (s, 1H), 7.31-7.46 (m, 4H);

1I3C NMR (CDCl13s): 6 ppm 53.03, 62.02, 62.02, 127.3, 128.7, 130.0, 130.4,
132.05, 133.09, 169.06.

MS : m/z 243.2 (M+NH4)*

5.6 Preparation of amino ester (6) by reduction of azido ester (5) using
Palladium on charcoal

1gm of azido ester prepared above was dissolved in 20 ml MeOH and added
to the metallic container of Parr apparatus. To it was added Palladium
charcoal (10%) and the container was shaken for 54 hours under hydrogen
pressure. After completion of the reaction, the reaction mixture was filtered,
the solvent evaporated under reduced pressure and 25 ml of MDC added to
the reaction mixture. The amino ester obtained was purified by conventional

techniques, when 250 gm (28.4%) of the purified product was obtained.

IR (cm™!) : 3381 (NH-stretch), 1738 (CO), 1126 (CN stretch)

IH NMR (CDCls): § 2.0 (bs 2H), 3.72 & (s, 3H, OCHg), 5.05 (s, 1H), 7.24-7.28
(m, 2H), 7.33-7.40 (m, 2H)

MS : m/z 200 (M+H)*

5.7 Preparation of the compound of formula (8) by coupling 2-thiophene
ethanol tosylate (7) with amino ester derivative (6)

4gm of the amino ester (6) obtained previously was taken in a round
bottomed flask & to it was added 1.4 eq. of 2-thiophene ethanol tosylate (7),
20 ml of dimethyl formamide and 2 eq. of NaHCOs. The mixture was

refluxed for 2 hours, kept overnight and the excess solvent was evaporated
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under reduced pressure. The crude product was purified using conventional

techniques to obtain 0.9gm of (8).

IR (cm-1): 3018.4 (NH stretch), 1736 (CO)

IH NMR (CDC13): 6 2.1 (b, 1H), 3.0 (m, 1H), 3.3 (m, 1H), 8 3.5-3.6 (m, 2H),
5.65 (s, 1H), 6.8 (d, 1H), 6.9 (dd, 1H), 7.1 (dd, 1H), 7.3-7.45 (m, 3H), 8.0 (dd,
1H);

13 C NMR: & ppm 30.44, 48.89, 52.33; 61.5, 123.5, 124.9, 126.7, 127.2,
128.5, 129.1, 129.7, 134.0, 136.0 and 142, 172.59.
MS :m/z310.2 (M+H)*

5.8 Cyclization of open chain compound (8) to (1)

To 2.0 gm of the HCI salt of the ester (8) obtained above was added 5 ml of
1,3-dioxolane and 0.5 ml of methanolic HCl. The mixture was stirred for 8
hours at 70 °C, the excess dioxolane was evaporated under reduced
pressure. The residue was dissolved in 60 ml dichloromethane, basified with
10% NaHCOs, the organic layer was washed with water and the excess
solvent was evaporated under reduced pressure to obtain 1.68 gm (~ 95%) of

compound of formula (1) as free base.

IR (Cm-1): 1740 (CO);

IH NMR (CDCls): § 2.88 (s, 4H), 3.6-3.8 (s, 3H, m, 2H), 4.9 (s, 1H), 6.6 (d,
1H), 7.0 (d, 1H), 7.2-7.7 (m, 4H);

13 C NMR (CDCl13): 25.54, 48.3, 50.6, 52.14, 67.8, 122.7, 125.2, 127.1,
129.4, 129.7, 129.9, 133.2 133.8, 134.7 and 171.34;

MS m/z 322.1 (M+H)*

5.9 Preparation of (S)-(+)-Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieno|[3,2-
c]pyrid-5-yl)acetate (1a)

2 g (0.0173 mol.) of Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-

c]pyrid-5-yl)acetate was dissolved in 10 ml acetone and the reaction mixture

was stirred for 10 min, followed by reflux. To the reaction mixture, 1.49 g

(1S)-(+)-camphor-10-sulfonic acid hydrate in 0.8 mL water was added

followed by 1 mL acetone. Then whole reaction mixture was refluxed for 1
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hr. and cooled gradually. This was later stirred overnight at room
temperature. The clear solution was cooled further at 0 to -5 °C, wherein
precipitate was obtained. The salt formed was added to ethyl acetate and
water, which was later basified with NaHCOs3, the organic layer was washed
with water, concentrated under reduced pressure, to give free base 0.386 g

with chiral purity = 99.85 % (+)-isomer (e.e. = 99.7 %).

IR (cm™1): 1740 (CO)

IH NMR (CDCls): § 2.88 (s, 4H), 3.6-3.8 (s, 3H, m, 2H), 4.9 (s, 1H), 6.6 (d,
1H), 7.0 (d, 1H), 7.2-7.7 (m, 4H);

BC NMR (CDCl13s): 25.54, 48.3, 50.6, 52.14, 67.8, 122.7, 125.2, 127.1,
129.4, 129.7, 129.9, 133.2 133.8, 134.7 and 171.34

MS: m/z 322.1 (M+H)*

5.10 Preparation of mesylate salt of (S)-(+) (+)-Methyl (2-chlorophenyl)-(6,7-
dihydro-4H-thieno|[3,2-c]pyrid-5-yl)acetate (1a)

The compound of formula (l1a) was dissolved in methanol. To it 20 gm of
methane sulfonic acid was added. The reaction mixture was refluxed for 30
hours and the methanol was distilled off under vacuum to provide the

mesylate salt in amorphous form.

m. p: 60-70 "C (soften)

XRD: Amorphous

DSC: No melting peak

IR (KBr, cm1): 1743, 1649, 1510, 1434, 1155 & 1042

5.11 Preparation of mesylate salt of (S)-(+) (+)-Methyl (2-chlorophenyl)-(6,7-
dihydro-4H-thieno|[3,2-c]pyrid-5-yl)acetate (1a)

19.14 gm of compound (la) was dissolved in 200 ml. of acetone. To the

solution was added 3.86 ml. of methane sulfonic acid in one lot. The mixture

was refluxed with stirring for 2 hours and then distilled off under reduced

pressure at 50-55 'C. It was dried at 40-50 'C for 45 minutes to obtain the

mesylate salt.
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Weight: 23 gms
M.P. = 60-64 C.
XRD: Amorphous
% water: 2.4%.

5.12 Preparation of mesylate salt of (S)-(+) (+)-Methyl (2-chlorophenyl)-(6,7-
dihydro-4H-thieno|[3,2-c]pyrid-5-yl)acetate (1a)

To 3.8 gm of compound (la) was added 40 ml of acetone and stirred to

dissolve. To the solution was added 0.76 ml of methane sulfonic acid in one

lot. The mixture was stirred and refluxed for 2 hours and then cooled to

room temperature. No solid was formed. Subsequently, the solvent was

distilled off under reduced pressure at 50-55 'C, scratched and dried to

obtain the mesylate salt.

Weight: 4.7 gms
M.P. = 62-66 C
XRD: amorphous
% water: 3.60%
IR: 1751.2 cm™!

5.13 Preparation of mesylate salt of (S)-(+) (+)-Methyl (2-chlorophenyl)-(6,7-
dihydro-4H-thieno|[3,2-c]pyrid-5-yl)acetate (1a)

To 3.8 gm of compound (la) was added 45 ml of acetone and stirred to
dissolve. To the solution was added methane sulfonic acid 0.76 ml (1 mole
equivalent) in one lot. The mixture was stirred and refluxed for 1 hour and
then cooled to 25-30 'C. No solid was obtained. The solvent was distilled off
under reduced pressure to obtain a sticky mass. It was dissolved in 30 ml of
DCM and then the solvent was distilled off. Then high pressure was applied
when a solid mass was obtained upon scratching. However, the solid
became hygroscopic on standing. It was dissolved in DIPE and kept for

crystallization. No solid was obtained.
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The reaction was carried out using other solvents such as toluene, THF,
acetonitrile wherein the mesylate salt was always obtained in amorphous

form. None of the reactions yielded crystalline mesylate salt of (1a).

5.14 Preparation of p-toluene sulfonate (tosylate) salt of (S)-(+) (+)-Methyl (2-
chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetate (1a)

3.2 gm of p-toluene sulfonic acid and 5.5 gm of the compound of formula

(la) was dissolved in acetonitrile at RT. It was refluxed for 20 hours and

then the solvent was removed by heating when 8.7 gm of the toluene

sulfonate salt.

m.p. 75 °C;
DSC endothermic-no melting peak;
XRD: amorphous.

5.15 Preparation of p-toluene sulfonate (tosylate, p-TSA) salt of (S)-(+) (+)-Methyl
(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetate (1a)

3.8 gm of compound (la) was dissolved in 20 ml of diethyl ether and 9.24
gm of p-TSA was dissolved in 40 ml of diethyl ether with stirring and to it
was added the solution of compound (la). A sticky material was obtained.
Part of it was added to pet ether, and stirred, no solid was obtained. The rest
of the sticky mass was dissolved in acetone (40 ml) and the solvent was
distilled off in vacuum. The solid obtained was dried at 25-30 °C. The solid

became sticky after some time and was difficult to handle.

5.16 Preparation of p-toluene sulfonate (tosylate) salt of (S)-(+) (+)-Methyl (2-
chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetate (1a)

7.6 gm of compound (la) was dissolved in 70 ml of acetone. To it was added
9.5 gm of p-toluene sulfonic acid and the mixture was refluxed for 1 hour
and the solvent was distilled off. The residue was stirred in 60 ml of
diisopropyl ether (DIPE) for 15 minutes, filtered and washed with DIPE to
obtain a solid. Part of the solid became sticky and so the solid was dissolved

in acetone 7.0 ml and refluxed for 15 minutes and then the solvent was

distilled off to get a solid upon applying high vacuum for 30-40 minutes.
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Weight of solid: 9 gms
M.P. = 70-73 °C.
XRD: amorphous

5.17 Preparation of p-toluene sulfonate (tosylate) salt of (S)-(+) (+)-Methyl (2-
chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetate (1a)

3.8 gms of compound (1a) was dissolved in 40 ml of diisopropyl ether (DIPE).
To it was added 2.24 gm of Tosic acid.H20 and the mixture was stirred in a
water bath at 70-72 °C for 1 hour when an oily layer separated. The solution
was stirred with intermittent scratching for 1 hour when a sticky solid was
obtained. This solid was dissolved in 50 ml of acetone when a clear solution
was obtained. The solvent was distilled off and high vacuum was applied for
1 hour at 25-30 °C. A solid mass was obtained which again became sticky
when kept overnight. The product was again dissolved in 60 ml of DIPE,
stirred for 30 minutes, filtered, washed with DIPE, suck dried and then
dried at 50-60 °C for 1 hour to give an off-white powder.

Weight of solid: 5.67 gms
M.P. = 75-76 °C

XRD: amorphous

DSC: no peaks.

5.18 Preparation of p-toluene sulfonate (tosylate) salt of (S)-(+) (+)-Methyl (2-
chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetate (1a)

a) 3.8 gms of compound (la) was dissolved in 25 ml of acetone and to it
was added 2.24 gm (1 mole eq.) of Tosic acid.H20 when a clear
solution was obtained. It was stirred for 23 hours at room
temperature. The solvent was distilled off on a water bath at 50-52 °C
under reduced pressure, scratched and then vacuum was applied
when a solid was obtained.

Weight of solid: 6 gms
M.P. = 67-72 °C
XRD: amorphous
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IR: 1751 cm!

b) 1 gm of the product obtained in step (a) was dissolved in 10 ml of
diisopropyl ether and stirred for 15 minutes at 25-30 °C. The mixture
was filtered and washed with minimum amount of DIPE and then
dried at 40-42 °C.

Weight of solid: 900 mg
XRD: amorphous

c¢) 500 mg of the product obtained in step (a) was dissolved in S ml of
acetone and then precipitated by addition of 10 ml of DIPE. The
mixture was stirred, scratched, filtered and dried.

Weight of solid: 300 mg
XRD: amorphous

Therefore, attempts to prepare the crystalline p-TSA salt of compound (1a)

were not successful and the salt was always obtained in amorphous form.

5.19 Preparation of sulfosalicylic acid (SSA) salt of (S)-(+) (+)-Methyl (2-
chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetate (1a)

3.8 gms of compound (la) was dissolved in 25 ml of MeOH and to it was
added 3 gms of 5-sulphosalicylic acid and the mixture was stirred for 40
minutes and then cooled. No solid separated. The mixture was refluxed for 1
hour and then cooled to 25-30 °C and the solvent was distilled off to get a
solid.

Weight of solid: 6.1 gms
% water: 3.71 %

M.P. 70-75 °C

XRD: Amorphous

5.20 Preparation of sulfosalicylic acid (SSA) salt of (S)-(+) (+)-Methyl (2-
chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetate (1a)

a) 3.8 gm of compound (la) was dissolved in 25 ml of acetone and to it
was added 3 gm of 5-sulfosalicylic acid in one lot. The clear solution

obtained was stirred at 25-30 °C for 30 minutes, no solid separated
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out. The solution was then refluxed for 45 minutes, cooled and stirred
at 25-30 °C for another 30 minutes. The solvent was distilled off, and
the solid was taken in 25 ml of DCM, stirred and distilled under
normal pressure. Traces of the solvent were removed under reduced

pressure.

Weight of the solid: 6.4 gms

% water: 2.16%

M.P. = 100-105 °C (decomposed)
XRD: Amorphous

b) 1 gm of the compound obtained in step (a) above was stirred in ethyl
acetate for 60-65 minutes. The solution was filtered, washed with

minimum (2 ml) of ethyl acetate, dried at 50-52 °C.

Weight of solid: 759 gms
M.P. = 102-105 °C
XRD: Amorphous

5.21 Preparation of oxalate salt of (S)-(+) (+)-Methyl (2-chlorophenyl)-(6,7-
dihydro-4H-thieno|[3,2-c]pyrid-5-yl)acetate (1a)

3.8 gms of compound (la) was dissolved in 40 ml of acetone and to it was

added 1.57 gm of aspartic acid which remained un-dissolved. The mixture

was heated at 60-62 °C on a water bath. The solvent was then distilled off,

cooled, added water, scratched and then added 50 ml of acetone. Still no

clear solution was obtained and no solid could be isolated.

5.22 Preparation of oxalate salt of (S)-(+) (+)-Methyl (2-chlorophenyl)-(6,7-
dihydro-4H-thieno|[3,2-c]pyrid-5-yl)acetate (1a)

20 gm of compound of formula (1a) and 6.3 gm of oxalic acid are dissolved

in 130 ml of dichloromethane. The solution was refluxed for 40 hours. A

sticky solid was obtained which could not be used for characterization.
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5.23 Preparation of oxalate salt of (S)-(+) (+)-Methyl (2-chlorophenyl)-(6,7-
dihydro-4H-thieno|[3,2-c]pyrid-5-yl)acetate (1a)

3.8 gm of compound (la) was dissolved in 25 ml of acetone and to it was
added 1.49 gm of oxalic acid.2H>0 in one lot when a clear solution was
obtained. The solution was stirred-refluxed for 6 hours and the solid was
distilled off to get a low melting solid which was difficult to isolate and
characterize. The product was dissolved in 100 ml of DCM. The solvent was
distilled off under atmospheric pressure. Again a pasty material was
obtained. The mass was dissolved in 30 ml of pet ether, filtered, washed to
get a sticky solid. It was taken in 30 ml acetone, dissolved, the solvent
distilled off, scratched and the mass again taken in pet ether and stirred for

1 hour. It was filtered and washed with pet ether and dried.

Weight of solid: 2.8 gm
M.P. 92-94 °C (hygroscopic)

5.24 Preparation of oxalate salt of (S)-(+) (+)-Methyl (2-chlorophenyl)-(6,7-
dihydro-4H-thieno|[3,2-c]pyrid-5-yl)acetate (1a)

3.8 gms of compound (la) was dissolved in 24 ml of acetone and to it was
added 2.49 gm of oxalic acid.2H20 (1 mol equivalent) in one lot. The clear
solution was stirred at 25-30 °C for 24 hours. The solvent was distilled off
and a sticky solid was obtained. To it was added 24 ml of DCM, stirred and
solvent distilled off at atmospheric pressure. A sticky material was obtained.
This was stirred in 90 ml of pet ether at 60-80 °C, when again a sticky solid
separated. This was again dissolved in DCM and then distilled; the solid was
stirred again in 20 ml of pet ether, filtered and dried.

Weight of solid: 2.5 gm
M.P. = 90-92 °C (hygroscopic).

The following salts were also attempted: acetate, napsylate, gentisate.

However, they could not be isolated in solid form.
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5.25 Preparation of besylate salt of (S)-(+) (+)-Methyl (2-chlorophenyl)-(6,7-
dihydro-4H-thieno|[3,2-c]pyrid-5-yl)acetate (1a)

19.14 gms of compound (la) was dissolved in 151 ml of acetone and a clear
solution was obtained. To it was added a solution of benzene sulfonic acid
(9.4 gms) in acetone (40 ml). The mixture was stirred with reflux for 2 hours.
Then the solvent was removed under reduced pressure on a water bath at
50-55 °C. To it was added 100 ml of DCM and the solvent was distilled off
under atmospheric pressure. Subsequently high vacuum was applied first at
50-55 °C and then at 20-25 °C. The solid was scratched and dried at 65-70

°C for 30 minutes.

Weight of solid: 27.2 gms
M.P. = 85-90 °C
XRD: amorphous

5.26 Preparation of besylate salt of (S)-(+) (+)-Methyl (2-chlorophenyl)-(6,7-
dihydro-4H-thieno|[3,2-c]pyrid-5-yl)acetate (1a)

The compound of formula (1a) was dissolved in THF. To it, benzene sulfonic
acid was added at 20 'C, and the reaction mixture was heated to reflux
temperature for 10 hrs. The solvent was evaporated to dryness under
reduced pressure to obtain the besylate, salt of formula (la) in the

amorphous form.

M.P.: 92 + 3 °C;
XRD: Amorphous;
DSC: No melting peak

% water: 2.5 % by weight

5.27 Preparation of besylate salt of (S)-(+) (+)-Methyl (2-chlorophenyl)-(6,7-
dihydro-4H-thieno|[3,2-c]pyrid-5-yl)acetate (1a)

3.8 gms of compound (la) was dissolved in 30 ml of acetone and to it was
added 1.86 gm of benzene sulfonic acid in 8 ml of acetone. The mixture was

refluxed for 2 hours and then the solvent was distilled off under reduced
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pressure at 50-55 °C on a water bath. High vacuum was applied
subsequently at 25-30 °C for 30-40 minutes. The solid was scratched and
dried at 50-55 °C for 1 hour.

Weight of solid: 5.2 gms
M.P. = 85-95 °C

% water: 1.85%

IR: 1751.2 cm™!

XRD: amorphous

5.28 Preparation of besylate salt of (S)-(+) (+)-Methyl (2-chlorophenyl)-(6,7-
dihydro-4H-thieno|[3,2-c]pyrid-5-yl)acetate from acetone/toluene (1a)

1) 4.0 gm (12.5 mmol) of compound (la) was dissolved in toluene (30 ml)
and 2 gm (12.5 mmol) of anhydrous benzene sulfonic acid in acetone
(10 ml) was added to it. It was kept for some time and scratched with a
glass rod, when the product was obtained as solid which was filtered
through suction. The solid was dried overnight in a desiccator attached

to a vacuum pump.

Weight of solid: 3.92 gms
M.P. = 86-87 °C; by DSC: onset: 81 °C, peak: 90 °C.

IH NMR: 2.42 (toluene), 3.07-3.55 and 4.02-4.40 (4H), 3.85 (3H), 4.87-
5.21 (1H), 5.76 (1H), 6.70-6.86 (1H), 7.25-8.04 (10H)

XRD: Crystalline
The experiment was repeated once. The data are provided below:

i) Weight of solid: 3.95 gms
M.P. = 87-88 °C
'H NMR: 2.42 (toluene), 3.07-3.55 and 4.02-4.40 (4H), 3.85 (3H), 4.87-
5.21 (1H), 5.76 (1H), 6.70-6.86 (1H), 7.25-8.04 (10H)
XRD: Crystalline
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The product obtained was the toluene solvate.

5.29 Preparation of besylate salt of (S)-(+) (+)-Methyl (2-chlorophenyl)-(6,7-
dihydro-4H-thieno|[3,2-c]pyrid-5-yl)acetate from dioxane(1a)

1) A solution of 5.37 gm (33.97 mmol) of anhydrous benzene sulfonic
acid in dioxane (10 ml) was added to 10.92 g (33.97 mmol) of
compound (la) in dioxane (35 ml) with stirring at 10 °C. Ethyl acetate
(20 ml) was added to the solution and the mixture was kept in a deep
fridge overnight. The solution was allowed to come to room
temperature; adsorbates were removed by filtration and washed with

ethyl acetate. The product was dried in vacuo at room temperature for

48 h.

Weight of solid: 13.11 gms
M.P. = 91- 93 °C; by DSC: onset: 85.4 °C, peak: 96.4 °C

IH NMR: 2.97-3.44 and 3.82-4.26 (4H), 3.78 (3H), 4.77-5.11 (1H), 5.67
(1H), 6.61-6.77 (1H), 7.23-7.93 (10H), 3.67 (4H, % dioxane)

XRD: Crystalline

The experiment was repeated once. The data is provided below:
i1) Weight of solid: 13.11 gms
M.P. =90- 91 °C.

IH NMR: 2.97-3.44 and 3.82-4.26 (4H), 3.78 (3H), 4.77-5.11 (1H),
5.67 (1H), 6.61-6.77 (1H), 7.23-7.93 (10H), 3.67 (4H, % dioxane)

XRD: Crystalline
The product obtained was the dioxane solvate.

5.30 Preparation of besylate salt of (S)-(+) (+)-Methyl (2-chlorophenyl)-(6,7-
dihydro-4H-thieno|[3,2-c]pyrid-5-yl)acetate (1a)

The base of formula (1a) (60 g) was dissolved in isopropanol at 50-55 °C. To

it was added benzene sulfonic acid (30 g) dissolved in isopropanol at 50-55

°C. The reaction mixture was stirred for 20 hr. The solid was filtered and

washed with isopropanol and dried in a vacuum oven for at least 20 hr. to
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give the besylate salt of formula (I), which on characterization was found to

be crystalline form.

M.P. 130-135 C;
m.p.: 126-130 ‘C;
XRD: Crystalline;
DSC: 130.5-135.9 C.

5.31 Preparation of besylate salt of (S)-(+) (+)-Methyl (2-chlorophenyl)-(6,7-
dihydro-4H-thieno|[3,2-c]pyrid-5-yl)acetate (1a)

The base of formula (1a) (5 g) was dissolved in methyl tertiary butyl ether. To
this, benzene sulfonic acid (2.5 g) dissolved in methyl tertiary butyl ether
was added at 50-55 "C. The reaction mixture was seeded with crystalline
besylate salt of formula (I) (50 mg) and the reaction mixture was stirred for
at least 24 hr. The solid was filtered and washed with methyl tertiary butyl
ether and dried in vacuum oven for at least 20 hr. to give besylate salt of the
compound of formula (la), which on characterization was found to be

crystalline form.

M.P. 135.1£ 2 °C.
XRD: Crystalline

5.32 Preparation of besylate salt of (S)-(+) (+)-Methyl (2-chlorophenyl)-(6,7-
dihydro-4H-thieno|[3,2-c]pyrid-5-yl)acetate (1a)

3.82 gms of compound (la) was dissolved in 25 ml of diethyl ether with

continuous stirring. Separately 2gm of benzene sulfonic acid was dissolved

in 25 ml of diethyl ether and this solution was added drop-wise to the

solution of the base (la) over 10 minutes at 25-30 "C. The solution was

stirred for 22-24 hours when solid separated. It was filtered, and the solid

was dried at 60-65 "C.

Weight of solid: 1.79 gms

XRD: Crystalline
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M.P. = 135-138°C

DSC: 129 (onset) — 132.7 (peak)

DSC, TGA and single crystal analysis conclusively proved that the benzene
sulfonate salt of the compound of formula (l1a) prepared according to the

present process is a non-solvated form.

5.33 Biological studies

5.33.1 Evaluation of efficacy of the crystalline form of the besylate salt of formula
(1a) with the marketed bisulfate salt (Form 2) at various time points in
inhibiting ADP induced (ex vivo) platelet aggregation in the rats.

Materials and methods:

1. Test item details:
Sl. Salt name Purity (%) Melting
No. point (°C)
1. Crystalline besylate | 99.5 136.6
of formula (1a)
2. Clopidogrel bisulfate | 99.6 176
salt (Form II)
il. Dose formulation

The salt forms were formulated in saline containing 5% ethanol

and each rat received 5 ml/kg p.o. volume.

1ii. Storage conditions

Solutions of test compounds were always prepared fresh before use

and were not stored.

iv. Test system & Experimental Design

Species: Wister Rat
Sex: Male
Body weight range: 200-250 g

Age of initiation: 6-8 weeks

Route: Oral

Frequency of dosing: Once

Volume of administration: 5 ml/Kg
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Duration of study: 10 days
Blood collection: 2 hours, 24 hours and 48 hours post treatment

(different set of animals were used for each time point)

V. Group and dosage levels
Group Treatment Dose No. of animals
I Vehicle control - 6+6+6
II Crystalline besylate | 10* 6+6+6

of compound of

formula (1a)

II Clopidogrel bisulfate | 10* 6+6+6
(Form 2)

* Equivalent to the base

Vi. Methodology (Ref: Journal of Thrombosis and Haemostasis, 2007, 5,
1545-1551).

The formulations of the salts were always prepared freshly in vehicle. The
vehicle (10 mg/kg/5 ml) were administered to non-fasted rats. At 2, 24 & 48
h after initial dosing, 8 ml of blood was collected by cardiac puncture (after
anaesthetizing the rats) from which the platelet rich plasma was isolated
and the platelet aggregation was measured using 2.5 % (w/v) sodium citrate

was used as the anti-coagulant.

The main pharmacodynamics measure was the inhibition /reduction of ADP-
induced platelet aggregation of platelet-rich plasma (PRP) quantitated using
optical density filter at 405 nm as a measurement point in kinetic mode. To
obtain PRP, a citrated tube of blood was inverted 3 to 5 times for gentle
mixing and centrifuged at room temperature for 10 minutes at 200g. After
centrifugation, the upper turbid layer of PRP was removed, and the residual
blood was centrifuged for 5 minutes at 2000 g to obtain platelet-poor plasma
(PPP). The PPP was used as the baseline optical density for platelet
aggregation. A total of 180 uL of PRP containing 3 x 108 platelet/ml was
incubated at 37 °C in the 96 well plate for 3-5 minutes, followed by the
addition of ADP (20 uL) at a final concentration of 10, 20 & 40 ymol/L with
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intermittent shaking mode. Optical density readings were measured every 1-
minute with intermittent shaking up to 5 minutes. Platelet aggregation was
expressed as the change in optical density at 5 minutes, compared with PPP

as a reference and converted to % aggregation.
vii. Calculations and statistical evaluation

Statistical analysis of % aggregation was performed by one-way ANOVA
(Analysis of Variance) followed by Bonferroni post hoc test. All these
analyses were done using Graph pad Prism software. Results are
expressed as mean £ SEM and differences of P<0.05 were considered

statistically significant.
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Toluene solvate of the benzenesulfonate salt of compound
(1a)
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PerkinElmer Thermal Analysis
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Dioxane solvate of the benzenesulfonate salt of compound
(1a)
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Unsolvated benzenesulfonate salt of compound (1a)
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PerkinEimer Thermal Analysis
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