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INTRODUCTION

As a new method for drug discovery and improvement,
now a days cognizance on drug reprofiling as a way to become
aware of new treatments for illnesses. In this approach, the
actions of existing medicines [1], whose safety and pharmaco-
kinetic outcomes in people have already been showed clinically
and authorized for use, are tested comprehensively on the mole-
cular stage and the consequences used for the improvement
of latest drug treatments [2]. This process is based on the infor-
mation that we still do not understand the underlying mechanisms
of motion of many present drug treatments [3] and as such the
mobile responses that supply upward thrust to their major
consequences and aspect consequences are yet to be elucidated.
To this extent, identity of the mechanisms underlying the side
results of drugs gives a way for us to broaden safer tablets [4].
The outcomes can also be used for growing present pills to be
used as drug treatments for the remedy of other sicknesses.
Promoting this studies approach ought to offer breakthroughs
in drug discovery and development [5].

To acquire this outcome, huge amounts of money had been
invested to sell drug discovery and improvement [6]. Further-
more, to be able to increase the performance of drug discovery
and improvement, principal pharmaceutical organizations have
time and again merged with every other, and novel techniques
for drug discovery, which includes genomic drug discovery [7],
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excessive throughput screening and combinatorial chemistry
were installed. At the same time as it changed into consequently
notion that the start of the 21 century might be heralded with
the aid of an avalanche of new drugs coming onto the market,
the quantity of medication reaching the marketplace has
decreased year with the aid of year, which is because surprising
facet consequences and bad pharmacokinetics [8-10] of ability
drugs are being discovered at diverse degrees of scientific trials,
accordingly rendering the medicine no longer healthy to be
used on humans [11-13]. A big proportion of developable drugs
(high safety and appropriate pharmacokinetics) [14,15] have
simply already been discovered. However, a new strategy is
required for drug discovery and improvement, which speci-
alizes in the use of present drug treatments; in other words, to
rent a drug re-profiling method [16-19].

Palvix is a popular brand name for (S)-clopidogrel, is a
powerful oral antiplatelet drug frequently utilized to work
against coronary conduit, fringe vascular and cerebrovascular
illness [20]. Clopidogrel bisulfate (Palvix), is the subsequent
smash hit sedate on the planet, with worldwide deals of $9.1
billion in 2007 [21]. Clopidogrel is the best medicine to control
heart diseases, particularly patients who suffer with heart diseases,
contemporary stroke, or blood circulation ailment (peripheral
vascular disease). It is commonly known as an anti-platelet
drug and always improves blood flow rate steadily in internal
organ parts. For severe heart attack and unstable angina (poor



blood flow rate to heart), physicians may suggest this drug
along with aspirin (pain killer). This combination maintains a
uniform blood flow rate in vessels and stop blood clots.

In this work, different basic changes in clopidogrel have
been done in order to discover a new manufactured subordinates
with advanced exercises. A prolonged aliphatic chain is modified
and the presentation of aliphatic amines by utilizing changing
hydroxyl gathering, while at the same time protecting 6,7-
dihydrothieno[3,2-c]pyridine as a structure.

EXPERIMENTAL

All the required chemicals and solvents were procured from
Aldrich and Lancaster and utilized without further purification.
To monitor the reaction conditions, thin layer chromatography
(SI-TLC) commercial silica gel sheets and silica gel F254 on Al
(Aluminium) sheets Merck were used. An Agilent Resolutions
Pro FT-IR spectrometer was used to identify the functional
groups in the synthesized compounds using KBr pellets. Open
capillary tubes were used to determine the melting points and
are uncorrected. Waters Micromass Q-Tof micro instrument
was used to record the mass spectra of these new clopidogrel
drug derivatives. Bruker Avance III 600 NMR spectrometer
was used to get the 1H & 13C NMR (DMSO and CHCl3-d6) spectra.
Elemental analysis was done by using Perkin-Elmer 2400.
Completion of all the reactions were checked by using silica
gel SI-TLC plates (coated with SI-TLC grade silica gel, purchased
from Merck). Here the detecting agents for thin layer chromato-
graphy were (i) iodine vapors (Iodine in silica gel mixture in
iodine flask), (ii) PMA charing solution followed by heating
at 150 ºC. Purification of mixture by column chromatography
was performed over 60-120 particle size Merck silica and used
230-400 mesh size silica for flash chromatography.

Synthesis of (S)-1-phenylethane-1,2-diol (2): In nitrogen
atmosphere, (S)-2-hydroxy-2-phenylacetic acid (1), (2 g, 13.15
mmol) was completely dissolved in THF (15 mL) in a dried
two-necked flask. To this, added BH3·Me2S complex in THF
at 0 ºC slowly by dropwise and then the reaction mixture was
stirred for 30 min until the clear solution obtained. Formation
of (S)-1-phenylethane-1,2-diol was confirmed by thin layer
chromatography (SI-TLC), the reaction mixture was concen-
trated by rotary evaporation to afford a thick liquid. Before
dilution with water, a solution of K2CO3 was added and the
mixture was kept for 30 min under stirring. Pure distilled ethyl
acetate was added to extract the reaction mixture from aqueous
layer. Now the organic layer was dried over sodium sulphate.
To isolate the pure compound by silica gel column the organic
solvent hexane-ethyl acetate was evaporated at 40 ºC by rotary
evaporator. 20% ethyl acetate in hexane was utilized to elute
the pure white solid compound 2. m.p.: 64 ºC; 1H NMR
(CHCl3-d6, 300 MHz) δ (ppm) 7.30 (m, 5H), 4.76 (dd, H, J1 =
5.1 Hz, J2 = 7.0 Hz), 3.84 (brs, 2H, OH), 3.69 (d, H, J = 5.0 Hz),
3.62 (d, H, J = 7.1 Hz); 13C NMR (CHCl3-D, 50 MHz) δ (ppm):
140.58, 128.55, 127.96, 126.18, 74.79, 68.05.

(S)-2-Hydroxy-2-phenylethyl 4-methylbenzenesulfonate
(3): Under N2 atmosphere, (S)-1-phenylethane-1,2-diol (2, 1 g,
1 equiv.) was completely liquefied in 18 mL CH2Cl2 in a dried
two-necked flask. The reaction mixture was stirred at room

temperature until compound 2 was completely disappeared
on SI-TLC (thin layer chromatography). Formation of (S)-2-
hydroxy-2-phenylethyl-4-methylbenzene sulfonate was confir-
med by Si-TLC, the reaction mixture was concenterated by
rotary evaporation at 20 ºC to afford a thick liquid. Before
dilution with distilled water, a solution of NaCl was added
and the mixture was kept for 25 min under stirring. Pure
distilled ethyl acetate was added to extract the reaction mixture
from the aqueous layer. Now the layer was dried over sodium
Sulphate. To isolate the pure compound by silica gel column
then by using RV the organic layer was removed at 35 ºC.
About 20% ethyl acetate in hexane was utilized to elute a milky
white solid compound 3 with 88% yield. m.p.: 67 ºC; 1H NMR
(300 MHz, CHCl3-d6) δ (ppm): 2.46 (s, 3H), 2.53-2.62(bs,
1H), 3.92-4.02 (m, H), 4.09-4.15 (m,H), 4.96 (dd, 1H, J1,2 =
3.02, J1,3 = 8.30, 7.23-7.36 (m,7H), 7.78 (d, 2H, J = 8.30); MS
(ESI) m/z 292 (M)+.

(S)-2-(4,5-Dihydrothieno[2,3-c]pyridin-6(7H)-yl)-1-
phenylethanol (4): Dissolved (S)-2-hydroxy-2-phenylethyl 4-
methylbenzenesulfonate (3, 1 g, 3.42 mmol) and (4-7TDP·HCl)
(596 mg, 3.43 mmol) in 15 mL of Et3N and stirred the mixture
for 4 h at 80 ºC. After product formation which was shown by
SI-TLC, the reaction mixture was concentrated by rotary
evaporation to afford a thick liquid. To this reaction, mixture
was added in brine solution and kept for 20 min under stirring.
Pure distilled ethyl acetate was added to extract the reaction
mixture from the aqueous layer. Now the layer was dried over
Na2SO4. To isolate the pure compound by silica gel column
by using rotary evaporator, the organic layer was removed at
35 ºC. About 20% ethyl acetate in hexane was utilized to elute
a milky white solid compound 4 with 90% yield. 1H NMR
(300 MHz, CHCl3-d6) δ (ppm): 2.57-2.71 (m, H), 2.74 (d, H,
J = 3.78), 2.76-2.89 (m, H), 2.91-2.97 (m, 2H), 3.10-3.16 (m,
H), 3.63 (d, H, J = 14.35), 3.85 (d, H, J = 14.35), 4.84 (dd, J1,2

= 3.77, J1,3 = 10.57), 6.75 (d, H, J = 4.53), 7.12 (d, H, J =
5.29), 7.23-7.48 (m, 5H); 13C NMR (CHCl3-D, 75 MHz) δ
(ppm): 25.16; 29.61; 50.76; 52.80; 65.24; 69.15; 122.88;
125.09; 125.79; 127.48; 128.32; 133.12; 141.91; MS (ESI) m/z
260 (M+H)+; HRMS calcd. for C15H18NOS: (M+H)+ 260.1109;
found: 260.1107.

1-((S)-2-(4,5-Dihydrothieno[2,3-c]pyridin-6(7H)-yl)-1-
phenylethyl)pyrrolidine-2-carboxamide (6a): Compound 5
was synthesized by adding mesyl chloride (MsCl) in diiso-
propylamine to a solution of compound 4 in methylene chloride
at 0 ºC. Then continue the stirring the mixture at room tempe-
rature for 50 min. Then follow the standard work up process
to isolate the compound 5. L-Prolinamide dissolved in triethyl-
amine was added to compound 5 and then refluxed this mixture
at 80 ºC for 4 h. After successful completion of the reaction,
the reaction mixture was concentrated by rotary evaporation
to afford a thick liquid. Added brine solution to the reaction
mixture was kept for 20 min under stirring. Pure distilled ethyl
acetate was added to extract the reaction mixture from aqueous
layer. Now the layer was dried over sodium sulphate. To isolate
the pure compound by silica gel column by using rotary
evaporator the organic layer was removed at 35 ºC. About 25%
ethyl acetate in hexane was utilized to elute a milky white solid
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compound 6a with 88% yield (Scheme-I). m.p.: 85-88 ºC;
[α]D +14º (0.6c, CH3OH); 1H NMR (300 MHz, CHCl3-D) δ
(ppm): 2.70 (dd, 1H, J1,2 = 4.53, J1,3 = 12.84); 2.78-3.00 (m,
6H); 3.12-3.23 (m, 2H); 3.40 (t, 1H, J = 6.80); 3.50-3.61 (m,
2H); 3.82 (d, 1H, J = 14.35); 4.17 (dd, 1H, J1,2 = 4.53, J1,3 =
10.57); 4.57-4.67 (m, 1H); 5.46-5.60 (bs, 1H); 6.75 (d, H, J =
4.53); 7.10 (d, 1H, J = 4.53); 7.23-7.40 (m, 5H); 8.32-8.55 (bs,
2H); 13C NMR (CHCl3-d6, 50 MHz) δ (ppm) 17.62, 24.24,
25.29, 27.46, 31.09, 50.95, 52.37, 52.78, 59.79, 61.08, 61.97,
122.78, 125.15, 127.65, 128.40, 133.21, 133.37, 138.18, 179.92;
MS(ESI) m/z 356 (M+H)+.

(S)-4-(2-(4,5-Dihydrothieno[2,3-c]pyridin-6(7H)-yl)-1-
phenylethyl)morpholine (6b): m.p.: 90-93 ºC; [α]D +19º (0.5c,
CHCl3); 1H NMR (300 MHz, CHCl3CHCl3-d6) δ (ppm): 2.34-
2.47 (m, 2H), 2.48-2.59 (m, 2H), 2.73-2.87 (m, 5H), 3.11-3.16
(m, H), 3.53-3.66 (m, 7H), 6.63 (d, H, J = 5.33), 7.00 (d, H, J
= 5.33), 7.23-7.32 (m, 5H); 13C NMR (CHCl3-D, 75 MHz) δ
(ppm) 24.13, 29.67, 31.90, 50.79, 51.14, 52.95, 66.51, 67.99,
123.27, 125.13, 128.03, 128.52, 128.66, 128.77, 132.73; MS
(ESI) m/z 329 (M+H)+.

(S)-6-(2-(4-Methylpiperazin-1-yl)-2-phenylethyl)-4,5,6,7-
tetrahydrothieno[2,3-c] pyridine (6c): m.p.: 105-108 ºC; [α]D

+24.4º (0.6c, CH3OH); 1H NMR (500 MHz, CDCl3) δ (ppm):
2.14 (s, 3H); 2.36-2.50 (m, 2H), 2.55-2.59 (m, 2H), 2.72-2.90
(m, 5H), 3.14-3.16 (m, 1H), 3.53-3.66 (m, 7H), 6.63 (m, 1H),
7.05-7.15 (m, 3H), 7.25-7.35 (m, 3H); 13C NMR (CDCl3, 75
MHz) δ (ppm): 24.24, 29.76, 30.89, 44.22, 50.88, 51.22, 52.56,
67.01, 67.98, 123.09, 124.93, 128.10, 128.02, 127.78, 128.07,

132.24; MS (ESI) m/z 342(M+H)+; HRMS calcd. for C20H28N3S:
(M+H)+ 342.1378 ; found: 342.1373.

6-((2S)-2-(4-((4-Chlorophenyl)(phenyl)methyl)piper-
azin-1-yl)-2-phenylethyl)-4,5,6,7-tetrahydrothieno[2,3-
c]pyridine (6d): m.p.: 85-87 ºC; [α]D +57.2º (0.6c, CH3OH);
1H NMR (500 MHz, CDCl3) δ (ppm): 2.65-2.85 (m, 4H), 2.73-
2.80 (m, 4H), 3.15 (t, 2H), 3.33 (d, 2H), 3.44 (t, 2H), 4.14 (t,
1H), 4.20 (s, 2H), 5.14 (s, 1H), 4.65 (d, J = 3.23, 1H), 7.17 (m,
2H), 7.26 (m, 1H), 7.33 (d, 2H), 7.37 (m, 9H), 7.23-7.49 (m,
6H), 7.62-7.83 (m, 3H), 8.03 (s,1H), 9.64 (br, 2H); 13C NMR
(CDCl3, 50 MHz)  δ (ppm): 22.5, 40.5, 41.9, 46.5, 53.2, 54.6,
59.2, 84.5, 126.2, 128.2, 129.2, 129.3, 129.6, 131.8, 140.8, 142.7,
144.2, 149.5; MS (ESI) m/z 528(M+H)+; HRMS calcd. for
C32H34N3SCl: (M+H)+ 528.4564; found: 528.3356.

(S)-6-(2-(1H-Imidazol-1-yl)-2-phenylethyl)-4,5,6,7-
tetrahydrothieno[2,3-c]pyridine (6e): m.p.: 60-62 ºC; [α]D

+50.2º (0.6c, CH3OH); 1H NMR (200 MHz, CHCl3-D) δ (ppm):
2.62-2.85 (m, 5H), 3.01-3.16 (m, 2H), 3.94 (d, J = 3.23, 1H),
4.65 (d, J = 3.23, H), 4.52-4.63 (m, H), 6.13 (dd, H, J1,2 =
4.51, J1,3 = 10.63), 6.59 (d, H, J = 5.23), 7.12 (d, H), 7.26-7.49
(m, 6H), 7.62-7.83 (m, 3H); 13C NMR (CHCl3-d6, 50 MHz) δ
(ppm): 22.31, 57.80, 58.03, 62.41, 64.38, 112.41, 119.32, 120.06,
125.92, 128.09, 128.59, 128.84, 132.19, 144.63; MS (ESI) m/z
310(M+H)+; HRMS calcd. for C18H20N3S: (M+H)+ 310.1378;
found: 310.1373.

(R)-2-(4,5-Dihydrothieno[2,3-c]pyridin-6(7H)-yl)-1-
phenyl-N-((S)-1-phenylethyl)ethanamine (6f): m.p.: 101-103
ºC; [α]D +68.9º (0.5c, CHCl3); 1H NMR (200 MHz, CHCl3-D):
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Scheme-I: Reagents and conditions: (i) BH3.Me2S, THF, 0 °C, RT; (ii) TsCl, Et3N, tributyltin oxide, CH2Cl2, 0 °C, RT; (iii) 4,5,6,7-
tetrahydrothieno[2,3-c]pyridine hydrochloride (4-7TDP·HCl), Et3N, Reflux, 75-80 °C, 4 h; (iv) MsCl, diisopropyl amine, 0 °C,
RT; (v) R-H, Et3N, reflux, 75-80 °C, 50 min, 5 h
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α (ppm) 1.34 (d, 3H, J = 6.80), 2.33 (dd, 1H, J1,2 = 3.21, J1,3 =
12.27), 2.52-2.73 (m, 3H), 2.76-2.97 (m, 2H), 3.30-3.39 (m,
2H), 3.41-3.50 (m, 2H), 6.61 (d, 1H, J = 5.10), 7.04 (d, 1H, J =
5.10), 7.09 (d, 2H, J = 6.61), 7.15-7.34 (m, 8H); 13C NMR
(CHCl3-d6, 50 MHz) δ (ppm): 24.33, 25.49, 29.70, 50.70, 52.86,
54.75, 56.52, 122.45, 125.19, 126.45, 126.77, 127.21, 128.29,
128.37, 133.31, 133.81; MS (ESI) m/z 363 (M+H)+; HRMS
calcd. for C23H27N2S: (M+H)+ 363.1895; found: 363.1893.

(S)-6-(2-(5,6-Dihydrothieno[2,3-b]pyridin-7(4H)-yl)-2-
phenylethyl)-4,5,6,7-tetrahydrotheno[2,3-c]pyridine (6g):
1H NMR (500 MHz, CHCl3-D) δ (ppm): 2.70-2.83 (m, 7H), 2.88
(dd, 2H, J1,2 = 5.94, J1,3 = 13.86), 3.16 (dd, J1,2 = 5.94, J1,3 =
12.87); 3.53-3.70 (m, 4H), 3.85 (t, 1H, J = 5.93), 6.61 (dd, 2H,
J1,2 = 4.95, J1,3 = 9.90), 6.97(dd, 2H, J1,2 = 4.95, J1,3 = 10.89),
7.19-7.37 (m, 5H); 13C NMR (CHCl3-d6, 75 MHz) δ (ppm):
25.17, 25.77, 29.65, 47.95, 50.58, 51.10, 53.47, 60.92, 66.91,
122.38, 122.41, 125.20, 125.32, 127.17, 128.15, 128.39, 133.29,
133.35, 133.78, 134.09, 140.15; MS (ESI) m/z 381(M+H)+;
HRMS calcd. for C22H25N2S2: (M+H)+ 381.1381; found: 381.1380.

Synthesis of (1S)-2-(4-((4-chlorophenyl)(phenyl)methyl)-
piperazin-1-yl)-1-phenylethanol (7): Dissolved (S)-2-hydroxy-
2-phenylethyl 4-methylbenzenesulfonate (3, 1 g, 3.42 mmol)
and 1-((4-chlorophenyl)(phenyl)methyl)piperazine (665 mg,
3.43 mmol) in 15 mL of triethylamine and stirred the solution
for 4 h at 85 ºC. Subsequently the product formation which
was shown by SI-TLC, the reaction mixture was concentrated
by rotary evaporation to afford a thick liquid. To this thick
liquid added water (10 mL) and kept under stirring for 20 min
and added pure distilled EtOAc (3 × 100 mL) to extract product
from aqueous layer. The organic layer was washed with water
(4 × 75 mL) and with saturated brine (50 mL), dried by adding
MgSO4. To isolate the pure composite by silica gel column
the organic solvent, ethyl acetate was vaporized by RV. About
20% ethyl acetate in hexane was utilized to elute a yellow
solid compound 7 with 85% yield (Scheme-II). 1H NMR (300
MHz, CHCl3-D) δ (ppm): 1.79-1.98 (bs, 2H), 2.68-2.86 (bs,
H), 3.09-3.25 (bs, H), 3.25-3.75 (m, 5H), 4.76 (dd, 3H, J1,2 =
3.02, J1,3 = 8.30), 7.21-7.36 (m, 14H); 13C NMR (CHCl3-d6, 75
MHz) δ (ppm): 40.84, 53.64, 126.35,127.55, 128.95, 129.05,
129.58, 132.05, 140.55, 143.06; MS (ESI) m/z 407(M+H)+.

N

N

Cl

OH

(7)

OTs

OH

(i)

(3)

Scheme-II: Reagents and conditions: 1-((4-chlorophenyl)(phenyl)methyl)-
piperazine hydrochloride, Et3N, Reflux, 75-80 °C, 4 h

RESULTS AND DISCUSSION

As shown in Scheme-I, the designed synthetic route began
with reduction of commercially available (+)-(S)-mandelic acid
(1) with borane-dimethyl sulfide afforded the corresponding
(S)-1-phenylethane-1,2-diol (2). Compound 2 was confirmed

by spectral data showing characteristic peaks and its ESI-MS
showed 292(M)+ further confirming the structure. The selective
primary tosyl-protection of compound 3 was synthesized by
treatment of p-toluenesulfonic acid (pTSA) in presence of
tributyltin oxide and triethylamine with compound 2, which
was confirmed by 1H NMR and ESI-MS spectra.

 Compound 4 was synthesized by nucleophilic substi-
tution of compound (S)-2-hydroxy-2-phenylethyl-4-methyl-
benzenesulfonate by 4-7TDP·HCl in presence of triethylamine.
Both compounds 3 and 4-7TDP·HCl were dissolved in triethyl
amine. To isolate compound 4, different work up processes
was followed, where addition of water to reaction mixture gave
75% yield, whereas addition ice to reaction mixture gave 90%
of yield. Compound 5 was synthesized by adding methanesulfonyl
chloride to a solution of (S)-2-(4,5-dihydrothieno[2,3-c]pyridin-
6(7H)-yl)-1-phenylethanol in anhydrous pyridine and diiso-
propylamine at 0 ºC. After standard workup procedure, comp-
ound 5 was separated from reaction mixture by using column
chromatography on silica gel.

Finally, the synthetic approach for 1-((S)-2-(4,5-dihydro-
thieno[2,3-c]pyridin-6(7H)-yl)-1-phenylethyl)pyrrolidine-2-
carboxamide from compound 5 and L-proline. Herein, the
reaction mechanism involves nucleophilic substitution SN

2. To
isolated the expected compound added ice and CH2Cl2 to the
reaction mixture. By using column chromatography separated
compound 6a. To investigate the best conditions for this reaction,
various other bases viz. K2CO3, pyridine, NaOH, KOH, Ba(OH)2

were also investigated.
The molecular structures of the quinazoline compounds

were identified by FTIR, 1H NMR, Carbon-13 NMR, ESI-
MS and elemental analysis. The peak at 2900-3055 cm-1 in IR
spectrum confirmed the presence of carbon hydrogen bond,
peak at 1590-1560 cm-1 evidenced the presence of alkene
(C=C) bond and 1214 cm-1 stretching showed the presence of
C-N bond. All compounds exhibit the same peak at 1214 cm-1

which evidenced the presence of tertiary amine functional
group. Absorption band in the range between 3600-3100 cm-1

indicated the presence of -CONH2 in compound 6a. In the same
way, remaining compounds were confirmed by 1H & 13C NMR
and mass analyses. Singlet at δ 2.14 ppm indicates the presence
of -CH3, which evidenced the formation of compound 6c. Com-
pound 6e was confirmed by the the strong signal 310 (ESI-Ms)
in mass spectra. Appearance of 363 in the mass spectra and
exhibited doublet at δ 1.33 ppm of -CH3 and respective peaks in
13C NMR confirmed the formation of compound 6f.

Compound 7 was synthesized via the nucleophilic substi-
tution of -OTs group with 1-((4-chlorophenyl)(phenyl)methyl)-
piperazine hydrochloride in excess of triethylamine at 80 ºC.
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