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Abstract: A methodological study devoted to the Mannich-likalticomponent synthesis
of the antiplatelet agent (x)-clopidogr&) @nd the ethyl ester analogbiés described. The
process involves the formation of 2-chlorophenyiczbromide 2) and its subsequent
reaction with an alkyl glyoxylate and 4,5,6,7-taydrothieno[3,2-c]pyridine3). We
demonstrate that the organozinc rea@eatso constitutes a very convenient nucleophile
for the multicomponent synthesis of the benzylancioe of ticlopidine 9).
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Introduction

The development of new or improved methods for tteaightforward preparation of
pharmaceuticals has been the subject of greaesttever the last few years, e.g. for the prodaabio
generics. In this context, the synthesis of théptatelet agent clopidogrel, which was the secam t
selling drug in the mid 2000s, has been extensiwvelgstigated [1]. Curiously, in spite of their hig
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synthetic interest, the use of multicomponent pdaces [2-11] for the synthesis of (x)-clopidogré) (
has been only scarcely reported. For instancdyissdmpound can be regarded as the ester degvativ
of a non-naturala-amino acid, some well-established multicomponerdcg@dures allowing the
formation of this core unit have been used as #yeskep of its preparation. Accordingly, the systbe

of 7 has been reported recently by Kalinski and co-exw§12], either by using the Petasis [13-15] or
the Ugi [16, 17] reaction. Compared to the origipalented Sanofi multi-step synthesis of clopidbgre
[18], the use of these multicomponent proceduréswal the preparation o¥ both in a more
straightforward manner and with better overallgdge{Scheme 1).

Scheme 1Some representative examples of (+)-clopidogreirmses.
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Sanofi synthesis

Conditions and yields: i. 1. MeOH, HCOOH, 60 °C, MW, 2. THF-Hg(9:1), r.t., 81%; ii.
DMF, r.t., 49%; iii. MeOH, HSO,, heat, 92%; iv. HCI, MeOH, reflux, 5 h, 84%; v. GQ
heat, 83%; vi. KCO;, MDF, 90 °C, 4 h, 45%.

In previous papers, we reported a straightforwaydthesis of various nitrogen-containing
compounds by using a Mannich-type multicomponeattien between aromatic organozinc reagents,
amines, and carbonyl derivatives [19, 20]. It wadiaed that a wide range of structural units are
accessible using this methodology, but we did ne¢stigate the potential use of this procedureffer
preparation of pharmaceuticals. Consequently, wended herein to apply this methodology to the
synthesis of some famous drugs such as the aetgti@gents (+)-clopidogref) and ticlopidine 9).
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Results and Discussion

It was anticipated that both targets should bessibke through a three-component reaction between
2-chlorophenylzinc bromide), 4,5,6,7-tetrahydrothieno[3@pyridine @), and methyl glyoxylates]
[for the synthesis of (+)-clopidogrel)] or paraformaldehyde] [for the synthesis of ticlopidin®)].
The projected syntheses are outlined in Scheme 2.

Scheme 2Projected multicomponent synthesis of clopidogrel aiclopidine.
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As a starting point of the study, we turned oureratibn to the synthesis of methyl 2-(2-
chlorophenyl)-2-(6,7-dihydrothieno[3@pyridin-5(4H)-yl)acetate [(+)-clopidogrel4)]. As indicated
above, with our multicomponent process in hands,synthesis o7 might be achievable in one step
by using methyl glyoxylate as the carbonyl-contagnicompound. However, due to its ready
commercial availability, we envisaged carrying aantoptimization study starting from ethyl glyoxgat
[21] instead of methyl glyoxylate. It was anticipdtthat methyl glyoxylate should possess a similar
reactivity and therefore, we planed to make theaigbis compound only after the optimization step.
Alternatively, (x)-clopidogrel{) should also be reachable by a simple transeastdrdn of its ethyl
ester analogué. The synthesis of this latter was envisaged asvist 2-bromochlorobenzentg)(
would be converted into 2-chlorophenyl zinc bromi@g which would be allowed to react with
4,5,6,7-tetrahydrothieno[3,@pyridine 3) and ethyl glyoxylate4) to furnish the clopidogrel ethyl
ester analogué (Scheme 3).

Scheme 3Synthesis of the clopidogrel ethyl ester analdgue
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We then tried to define accurate reaction condétitor the preparation d by assessing a broad
range of reaction parameters like the amountsagerts, the medium temperature, the reaction scale,
the concentration of reagenéss. In a first series of experiments, we turned dterdion to evaluating
the effect of different amounts of organozinc redgen the three-component coupling efficiency. To
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this end, an initial set of conditions had to bdirgm. In a previous study dealing with the
multicomponent synthesis af-amino esters, it was noticed that a range of emylhalides react
efficiently at room temperature with amines andyketilyoxylate, provided that the latter is used in
excess. Thus, in a typical experiment, 2-chloroglzeémc bromide 2) was prepared in acetonitrile
from the corresponding aryl bromideaccording to the general procedure, closely reldte the
original procedure of Gosmini and coworkers [22:24&rious amounts [25] of this organometallic
reagent were then allowed to react with the arBilig mmol) in the presence of 2.5 equiv. [26] of
ethyl glyoxylate 4) [27], for 0.5-1 h at room temperature [28]. Résalre presented in Table 1.

Table 1. Influence of organozinc amouft.

Entry Organozinc 2 (equiv.¥ Time (h)  Conversion (%Y Yield (%)
1 1 1 0 -

2 2 1 0 -

3 2.5 1 <5 -

4 3 0.5 100 82(>95)
5 3.5 0.5 100 >g5

6 4 0.5 100 >95

4 Experiments were typically conducted with 7 mLacgtonitrile, 0.14 g (1 mmol) of the amiBg
0.5 mL (~2.5 mmol) of ethyl glyoxylate in toluenadal.2 g (19 mmol) of zinc dustRelative to
the amine3. © Consumption of the amir@ monitored by GC? Isolated yield® GC yield.

These experiments revealed that at least 2.5 e@fili2 are required for the reaction to start
(Table 1, entry 3). The minimum value for the coetigin of the reaction is 3 equiv. of the organozinc
(Table 1, entry 4). In that case, a 100% conversabserved after only 30 min at room temperature,
along with a very good isolated yield (82 %) [2B]is worth noting that beyond 3 equiv., the reacti
proceeds quantitatively (GC monitoring, Table liries 5 and 6). However, in a general manner, since
comparable isolated yields should be obtained whentitative GC yields are observed, it was not
intended to systematically extract the couplingipiais.

In another set of experiments, we examined theeanite of amount of ethyl glyoxylate on the three-
component coupling. Having previously demonstrdbked the organozinc specishas to be used in
sufficient excess to obtain efficient couplingse tlellowing experiments were realized on a 1 mmol
scale (amin®&) with a large excess @fin the reaction medium. Results are summarizédlyie 2.

Table 2.Influence of glyoxylate amourit.

Entry  Glyoxylate 4 (equiv.¥ Time (h) Conversion (%f Yield (%)°

1 1.25 15 43 -

2 2 0.5 100 78>95)
3 2.5 0.5 100 82 (>95
4 5 0.5 100 75 (>9%

& Experiments were typically conducted with 7 mL aetonitrile, 0.7 mL (6 mmol) of 2-
bromochlorobenzene, 0.14 g (1 mmol) of the amiel.2 g (19 mmol) of zinc dust, 0.13 g
(0.6 mmol) of CoBy. ® Relative to the amin®. © Consumption of the amir& monitored by GC?
Isolated yield? GC yield.
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These experiments indicate that a quantitative wopsion of the amin& (and a 78 % vyield) could
be achieved, after 30 min reaction time, startnognf2 equiv. of ethyl glyoxylate (Table 2, entry R)
can be noted that the use of larger amounts of gthgxylate gave similar results (Table 2, enti@es
and 4). Taken together, the results presentedbie$d and 2 indicate that both reagents otherttian
amine3 have to be used in excess. Consequently, the amgteg be used as the limiting reagent and a
rise of its amount should result in the decreaséhefreaction efficiency. This hypothesis could be
verified as following: starting from the optimumrabtions defined in entry 2 of Table 2, the amine
amount was increased from 1 to 2 mmol, resultinthenimportant decrease of its consumption from
100 to 15 %, even after 2 h at room temperaturarti8gyy from the optimized conditions (Table 2,
entry 2), we next envisaged to assess the influehttee reaction temperature. Results are presented
Table 3.

Table 3.Influence of the reaction temperattite.

Entry Temperature (°C) Time (h) Conversion (%)  Yield (%)

1 0 2 25 -
2 25 0.5 100 78(>95Y)
3 60 0.3 100 >d5

% Experiments were typically conducted with 7 mL acetonitrile, 0.7 mL (6 mmol) of 2-
bromochlorobenzene, 0.14 g (1 mmol) of the an8n®.4 mL (-2 mmol) of ethyl glyoxylate in
toluene, 1.2 g (19 mmol) of zinc dust, 0.13 g (@rBol) of CoBg. ° Consumption of the amirg
monitored by GC° Isolated yield? GC yield.

It can be noted that while the reaction substrdtesot undergo coupling at 0 °C (Table 3, entry 1),
a moderate rise of the temperature to 25°C alrgmdyides efficient conversions in short reaction
times (Table 3, entry 2), while at 60°C, the reattgoes to completion in less than 20 min (Table 3,
entry 3).

All previously-described experiments were realipeda 1 mmol scale (of amif®. Thus, we next
tried to change the reaction scale by using ineasnounts of the amirgain the presence of 2 equiv.
of glyoxylate4 and at least 3 equiv. of the organozn&esults are presented in Table 4.

Table 4.Scale-Up?

Entry Amine 3 (mmol)  Time (h) Conversion (%)’ Yield (%)°

1 1 0.5 100 78
2 5 1 100 89
3 30 15 100 75

% Experiments with 1 mmol o8 were typically conducted with 7 mL of acetonitril@.7 mL

(6 mmol) of 2-bromochlorobenzene, 0.4 mL (~2 mmof) ethyl glyoxylate in toluene, 1.2 ¢
(29 mmol) of zinc dust, 0.13 g (0.6 mmol) of CeBFor scale-up, all amounts were increased
proportionally to maintain similar concentratioA€onsumption of the amir monitored by GC.

¢ Isolated yield.

A scale-up of the reaction appears feasible. Indgietlar conversions and yields are obtained with
an amine amount ranging from 1 to 30 mmol. Howefartechnical reasons, we did not try to raise
the amine amount above this latter quantity.
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In a second part of the study, we tried to extérednethod to the synthesis of (x)-clopidogteby
simply exchanging ethyl glyoxylatd)( for methyl glyoxylate%). Unfortunately, preliminary
experiments realized using (neat) methyl glyoxytawulted in failure as no conversion of the andine
was detected, even after several hours under gediwo hypotheses were envisaged to explain these
failures: methyl glyoxylate is supplied as a mietwf the aldehyde and the corresponding hydrate. In
that case, a part of the organozinc might be lesthintly through acid-base reaction with the hydrat
However, the chromatographic monitoring of a testction did not reveal a significant loss of the
organozinc reagent upon mixing, thus allowing udiszard this hypothesis. Another possibility lies
the lack of reactivity of the polymeric form(s) wiethyl glyoxylate. The well-known tendency of this
compound to polymerize rapidly, following a stroegothermic reaction, may account for a difficult
reverse reaction. We thus envisaged a depolymignizatep by applying a vigorous heatingbtprior
to the three-component coupling. Unfortunately,vamtional heating using an oil bath did not allow
obtaining7, even in trace amounts.

We then turned our attention to the microwave (M¥}ivation of the reaction. Thus, in a
preliminary step, methyl glyoxylate was subjectedat focused microwave irradiation (50 W for
20 min). After addition of both other reagetand3, a 40 % conversion and a 32 % isolated yield
were obtained (Scheme 4).

Scheme 4Synthesis of (+)-clopidogrel}.
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Even though this result could not be further imga\V30], it indicates that the synthesis of
(x)-clopidogrel ) from methyl glyoxylate), 4,5,6,7-tetrahydrothieno[3@pyridine @) and
2-chlorophenyl zinc bromide€) following a Mannich-like multicomponent procedures
clearly possible.

We then tried to obtain (£)-clopidogrél)(through transesterification of its ethyl analo@uén this
purpose, some common methods were evaluated. Resalsummarized in Table 5. The first point to
note concerns the overall difficulty of transedy@ng 6, probably due to the presence of a nitrogen
atom close to the ester function. Consequentlacah catalysis of the reaction is not efficient§leab,
entry 1) and the acid has to be used in excessqbalentry 2). This is also the case with iodialerie
or in conjunction with indium) which must be us@&deixcess to obtain a significant conversion of the
starting amine (Table 5, entries 4 and 5). Besultgsare obtained with methylate ions as a
transesterification agent, with a quasi-quantigtoonversion o6 into (x)-clopidogrel {), after a
30 minutes heating period.
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Table 5. Transesterification of clopidogrel analogife

/s /s
5 5
Conditions
Cl 'N - Cl 'N
OEt MeOH, reflux
(0]

6

OMe
0]
7

Entry Conditions Time (h) Conversion (%)’ Yield (%)
1 H,SO,, cat. 18 <5 -

2 H,SO,, excess 18 88 85

3 MeONa, excess 0,5 90 B
4 l,, cat. 18 <5 -

5 In + L, excess 18 72 68

2 Experiments were typically conducted with 2 mL roéthanol and 0.68 g (2 mmol) &f °
Consumption of Clopidogrel analog8emonitored by GC° GC yield.? Isolated yield.

In a third part of the study, we attempted to sgsike ticlopidine9) by a three-component reaction
between 2-chlorophenylzinc bromidd®,( paraformaldehyde8] and 4,5,6,7-tetrahydrothieno[3,2-
clpyridine @). Thus, the organozire (> 3 equiv.) was allowed to react with the anfnand
paraformaldehydeB] (1.8 equiv., depolymerized prior to use by al2lating period at 60 °C) for 1 h
at 60 °C. This experiment resulted in the formatbthe expected target in 95 % vyield, thus pooptin
out the relevance of this strategy for the synthesthe benzylamine backbone (Scheme 5).

Experimental

General

Scheme 5Synthesis of ticlopidin®.
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Solvents and reagents were purchased from comrhesuppliers and used without further
purification. All reactions were monitored by gabkramatography (GC) using a Varian 3400
chromatograph with a capillary DB1 column (I = 5@ 0.32 mm, df = 0.4 um). Reactions involving
microwave heating were realized using a CEM Discasystem. NMR spectra were recorded in
CDCls, at 400 MHz fH) and 100 MHz ¥C) on a Bruker Avance Il 400 spectrometer. Chensbifts
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(9) are reported in parts per million (ppm) relatieethe residual solvent signal. Coupling constant
values {) are given in Hertz (Hz) and refer to apparenttiplitities, indicated as follows: s (singlet);

d (doublet); t (triplet); q (quartet); m (multipjetdd (doublet of doublets). ESmass spectra were
recorded on a Trace 200 chromatograph with a eapilicolumn CPSILSCB/MS (I=25m,

@ =0.25 mm, df = 0.12 pum). Characterization détdne coupling products matched the data reported
in the literature [31-33].

General procedure for the synthesis of 2-chlorophenyzinc bromide (2). A 25 mL round-bottom flask
was flushed with argon and charged with acetoaitfl mL). Dodecane (0.04 mL), zinc dust (1.2 g,
18 mmol), trifluoroacetic acid (0.04 mL) and 1,bxdimoethane (0.1 mL) were added and the solution
was heated under vigorous stirring until gas waslved. Heating was stopped and the solution
allowed to cool for 15 min. 2-Bromochlorobenzede .7 mL, 6 mmol) and cobalt bromide (0.13 g,
0.6 mmol) were added to the mixture which wasetirat ambient temperature for additional 30 min,
resulting in the formation of 2-cholorophenyl zimomide @) in ~75 % vyield [34].

Multicomponent synthesis of ethyl 2-(2-chlorophenyl)-2-(6,7-dihydrothieno[ 3,2-c] pyridin-5(4H)-
yacetate (6). To a 25 mL round-bottom flask, flushed with argaras added acetonitrile (2 mL) and
ethyl glyoxylate 4, ~50 % w/w solution in toluene, 0.4 mL, 2 mmoDhel resulting solution was
heated at 60 °C for 20 minutes then cooled dowrodon temperature. The amifeg0.14 g) and the
solution of organozin@ were successively added and the mixture was dtiiwe 30 minutes. A
saturated ammonium chloride solution (30 mL) wadealdand the organic products were extracted
with dichloromethane (2 50 mL). The organic fraction was washed with w48 mL), dried over
MgSO, then concentrated under reduced pressure. Themegarude oil was purified by silica gel
chromatography using a 89/9/2 pentangAtEt; mixture as an eluant to furnighas a pale yellow oil
(0.262 g, 78 %)*H-NMR: 6 7.71 (ddJ = 7.6,J = 2.0 Hz, 1H), 7.41 (dd] = 7.6,J = 2.0 Hz, 1H), 7.28
(dd,J = 5.6,J = 1.6 Hz, 1H), 7.28-7.25 (m, 1H), 7.06 ®= 5.1 Hz, 1H), 6.67 (d] = 5,1 Hz, 1H),
4.88 (s, 1H), 4.22-4.14 (m, 2H), 3.75 ®= 14.1 Hz, 1H), 3.63 (d] = 14.1 Hz, 1H), 2.88-2.89 (m,
4H), 1.22 (t,J = 7.1 Hz, 3H);"*C-NMR: ¢ 171.0, 134.8, 134.1, 133.5, 133.4, 130.0, 12929,4],
127.2, 125.4, 122.8, 68.1, 61.2, 50.7, 48.4, 26463; MS (ESI): m/z = 335 (1), 264 (37), 263 (18),
262 (100), 207 (10), 154 (14), 152 (46), 138 (125 (22).

Multicomponent synthesis of methyl 2-(2-chlorophenyl)-2-(6,7-dihydrothieno[ 3,2-c] pyridin-5(4H)-
yl)acetate [(x)-clopidogrel (7)]. To a 25 mL round-bottom flask, flushed with argamas added
acetonitrile (2 mL) and methyl glyoxylage(0.18 g, 2 mmol). The flask was placed in the owave
oven and heated for 30 min at 50 W. The andr(®.14 g) was added and the resulting solution was
submitted to the action of an additional 50 W ol@min program. The solution of organozihevas
added to the flask and the resulting mixture wasdduefor additional 30 minutes at 50 W. A saturated
ammonium chloride solution (30 mL) was added ane dnganic products were extracted with
dichloromethane ¢50 mL). The organic fraction was washed with w#8& mL), dried over MgS©
then concentrated under reduced pressure. The mggacrude oil was purified by silica gel
chromatography using a 89/9/2 pentangAtEt; mixture as an eluant to furnighas a pale yellow oil
(0.103 g, 32 %)*H-NMR: ¢ 7.70 (dd,J = 8.0,J = 1.0 Hz, 1H), 7.41 (dd} = 8.0,J = 1.6 Hz, 1H), 7.25-
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7.15 (m, 2H), 7.00 (d] = 4.0 Hz, 1H), 6.61 (d] = 4.0 Hz, 1H), 4.85 (s, 1H), 3.70 @z 12.0 Hz, 1H),
3.64 (s, 3H), 3.57 (d] = 12.0 Hz, 1H), 2.82 (s, 4H}*C-NMR: § 171.3, 134.7, 133.7, 133.2, 130.0,
129.8, 129.5, 127.2, 125.3, 122.8, 67.8, 52.2,,58B8, 25.5; MS (ES): m/z = 320 (1), 264 (41), 263
(18), 262 (100), 154 (14), 152 (44), 138 (16), (28).

Synthesis  of  methyl  2-(2-chlorophenyl)-2-(6,7-dihydrothieno[ 3,2-c] pyridin-5(4H)-yl)acetate,
[(x)-clopidogrel (7)] from 6: A 10 mL round-bottom flask was flushed with argordaharged with
methanol (2 mL). Small portions of sodium (0.2 ¢, 8imol) were added at 0 °C and the mixture was
stirred until complete dissolution. Tlreamino este6 (0.68 g, 2 mmol) was added and the resulting
solution was refluxed for 30 minutes then cooleevidldo ambient temperature. Water (10 mL) was
added and the organic products were extracted dictioromethane ¢20 mL). The organic fraction
was washed with water (10 mL), dried over MgS(dd concentrated to dryness. The crude oil was
purified by silica gel chromatography using a 83/8éntane/RO/NEt; mixture as an eluant to furnish

7 as a pale yellow oil (0.340 g, 52 %).

Synthesis of 5-(2-chlorobenzyl)-4,5,6,7-tetrahydrothieno[ 3,2-c] pyridine [ticlopidine (9)]. To a 25 mL
round-bottom flask, flushed with argon, was addeet@anitrile (3 mL) and paraformaldehyde (0,17 g,
4 mmol). The resulting solution was heated at 62 h and the aming (0.31 g, 2.2 mmol) was
added. A solution of organozirt (~10 mL, containing ~7.5 mmol ArZnBr) obtainedléoVing the
general procedure but starting from 10 mmol of @dwchlorobenzenel) was then added and the
resulting mixture was stirred for an additional &th60 °C. A saturated ammonium chloride solution
(60 mL) was added and the organic products wenaexid with dichloromethane X800 mL). The
organic fraction was washed with water (100 mLjedliover NaSO, then concentrated under reduced
pressure. The remaining crude oil was purified fjcas gel chromatography using a 93/5/2
pentane/ChLCI,/NEt; mixture as an eluant to furnishas a pale yellow oil (0.55 g, 95 %H-NMR: &
7.54 (ddJ=7.4,J=19Hz, 1H), 7.38 (dd] = 7.6,J = 1.6 Hz, 1H), 7.40-7.25 (m, 2H), 7.10 (d, J =
7.5 Hz, 1H), 6.72 (dJ = 5,1 Hz, 1H), 3.86 (s, 2H), 3.68 (s, 2H), 2.894(m, 4H);**C-NMR: 6 135.9,
134.3, 133.7, 133.4, 130.7, 129.5, 128.3, 126.8,31222.7, 58.3, 53.0, 50.7, 25.4; MS (BSin/z =
265 (42), 264 (45), 263 (100), 262 (78), 228 (32p (31), 110 (77), 89 (13).

Conclusions

In conclusion, the results presented in this stundljcate that a three-component Mannich-type
reaction involving an arylzinc reagent as the nojohele can constitute a very reliable methodolagy f
the synthesis of commercial drugs displayingo@&mino ester or a benzylamine core. Indeed,
(x)-clopidogrel ) and its ethyl analogu& as well as ticlopidinedj were obtained in satisfactory to
high yields through this practical and straightfard/ procedure. A current research interest concerns
the application of this methodology as a key stefle preparation of a larger range of pharmacalti
drugs and synthetically useful scaffolds.
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