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USE OF MERCAPTOACETALDWYDE DIMER IN A NOVEL THIENOANNELATION 

SEQUENCE. A SHORT SYNTHESIS OF TICLOPIDINE' 

Owen W. Gooding* and Colin C. Beard 

Institute of Organic Chemistry. Syntex Research, 3401 Wview Avenue. 

Palo Alto. CA 94304, USA 

Abswct - A short synthesis of ticlopidine (1) was achieved by condensation of mercaptoacetaldehyde 

dimer (2) with piperidone (3b) in the presence of lithium diisopropylamide followed by dehydration. 

The teuahyhisoquinoline analog N-(2-cNombenzyl)-4,5,6,7-tetrahyhthien0[3~2s_lpyridine (ticlopidine) (1) is a 

medicine widely prescribed for prevention of stroke and other cardiovascula~/cerebnvascula~ conditions caused by 

platelet aggregation.2 Ticlopidine and its analogs have been prepand3 by methods generally applicable to 

iscquinolinesP employing various ring annelation mthodologies to build the &membered, niuogen-containing ring 

onto the aromatic thiophene ring. Of these the ~ o ~ z - F r i ~ ~  and the ~ictet-Spcngld methods a n  the most 

commonly used 

We envisioned a potentially shoner ticlopidine synthesis thienoannelation of piperidone (3b) employing a 

mercaptoacetaldehyde synthon. Sequential aldol condensation/nuclwphilic sulfur addition/dehydration would give 

ticlopidine directly. Mercaptoacetaldehyde is available only as its dimer. 2,5-dihydmxy-1.4-dithiane (2). Dimer (2) 

has been used for thiophene synthesis by reaction wirh: (1) activated nitriles affording 2-aminothiophenes (Gewald 

n a c t i ~ n ) , ~  (2) -8-unsaturated aldehydes affording 2.5-dihydmthiophene-3-carbo~aldehydes,~~~ or a,P-unsaturated 

ketones affording 3-acyl-25-dihyhthiophenes following dehydration? and (3) vinylphosphonates affording 

3-carboxylated 2,5-dih~hthiophenes.~ We n p n  here the use of dimer (2) in a novel thienoannelation sequence 

resulting in a one-pot synthesis of ticlopidine. 
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In initial experiments a mixture of commercially available piperidone (3a) (1 equiv.) and dimer (2) (0.7 equiv.) in THF 

at -20 "C was mated dmpwise with lithium diisopropylamide mono(tcaahydrofuran) complex W A )  (2.5 equiv.) 

(Scheme 1). After5 h a t  this temperature an aqueous workup followed by silica gel chromatography afforded: 

recovered 3a (13%). diol(4) as a diastenomeric mixture (59%). and side pmduct (5) (20%)? Dehydration was 

Scheme 1 u 

accomplished in 85% yield by a a m e n t  of diol(4) with 10% w/w H2S04 (60 'C, 4 h) affording deschlomticlopidine 

(6), isolated as the free base. Similar results were obtained when the procedures wen: repeated using piperidone 

(3b).I0 

A plausible mechanism involves an equilibrium behueen the dilithiated dimer (7) and monolithiated 

mercaptoacetaldehyde (8) (Scheme 2). The free aldehyde (8) present in the mixture could then condense with the 

piperidone enolate (9) to form the reactive intermediate (10) which would undergo rapid inWmolecuLv nuclwphilic 

addition affording 4 as the predominant product. The side pmduct (5) could arise from aldol condensation of enolate 

(9) with kemne (3) prim to the desired condensation with the frec aldehyde (8).11,12 

Scheme 2 

2 LDA - 
HO LIO 

2 - 7 - - 8 

3 - - 
LiO 

9 - 



HEEROCYCLES, Vol. 32, No. 9, 7997 1779 

Efforts to optimize the reaction conditions were met with limited success. The bases LiNHz. NaOEt, NaH, LiH, and 

potassium t-butoxide all gave slower reaction or caused dimer decomposition. Lithium hexamethyldisilazidc gave 

results comparable to LDA and so offend no advantage. The use of other dipolar, a p d c  solvents gave inferior 

results. All permutations on order of addition, including concomitant addition of reactants to LDA, caused nduced 

yields. Varying temperature fmm -78 OC to nflux showed that 0 OC was optimum. giving complete naction in 1 hour. 

By omitting the isolation of diol(4) the two steps wen successfully combined into a one-pot procedm without 

signir~cant reduction in yield The optimized expnimntal procedures for the synthesis of ticlopidine arc given below. 

N-(2-Chlmbenzvl)-4.5.6.7-tewh~drothienol3,2l~e (1); One-wt orocedure: 

A mixture of N-(2-~hlmbenzyl)4piperidOne (10.0 g, 44.7 mmol). mercaptoacelaldehyde dime1 (4.77 g. 31.3 mmol). 

and 450 ml of dry THF was cooled to 0 "C under nimgen. To this stirnd suspension was added lithium 

diisopropylamide mono (teuahydrofuran) complex (74.7 ml. 112 mmol, 1.5 M in cyclohexane) dropwise over a 5 min 

period Stirring was continued for 70 min at which time reaction was judged complete by tlc (silica gel. 75:25 ethyl 

acetatehexane). The yellow solution was quenched with 50 ml of saturated aquwus ammonium chloride solution and 

the cooling bath was removed. After warming to 20 OC the solution was mooled to 0 OC and mated dropwise with 

concenmted sulfuric acid (15 ml). This mixture was then heated to reflux and the TEE was removed by distillation. 

The residue was diluted with water (425 ml), cooled to 20 OC, and basified to pH = 9 with 50% sodium hydroxide 

solution. The fm base was then extracted with ether (3 x 150 ml) and the exuacts were dried ( K z q )  and 

concenmted &yg.g~ to 13.2 g of crude product. Chromatography over silica gel (150 g) using 1288 ethyl 

a ceWexane  as eluent afforded 6.77 g of pure ticlopidine base as a clear oil (58%). The hydrochloride salt was 

obtained by ueament with anhydrous HCl in methanol. lhis  material had physical and specad properties identical to 

an authenic sample of ticlopidine obtained from Syntex Research and had spectral propertics consistent with those 

,ported" 
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Physical data for compound 4: Ir (neat) 3375,2934 cm"; 'Hnmr (CDCI3) S: 7.33-7.23 (m, 5H), 4.28 (d, J = 

4.5 Hz, IH), 4.00-3.60 (br s, 2H exchanges with D20), 3.60-3.46 (q, AB, 2H), 3.25-3.20 (dd, J = 4.5.12.1 Hz, 

1H),3.18-3.14(d,J= 11.6Hz, 1H),2.83-2.79(m, lH),2.75-2.68(ddQJ=1.9,5.3,6.0Hz, 1H),2.55-2.49(dd, 

J =  5.3, 11.6Hz, lH), 2.36-2.27 (m, IH), 2.10-2.04 (m, 2H), 1.63 (t, J = 11.6Hz, 1H); ms ( d z )  266 (Mt+l), 

265 (hi+), 232.218, 188, 174,91; Anal. Calcd for C14H19N02S: C, 63.36: H, 7.22: N, 5.28. Found: C, 63.42: 

H, 7.25; N, 5.28. 

Obtained by alkyladw of 4-pipidone, commercially available as the hydrate hydrochloride (Aldrich), with 

o-chlorobenzyl chloride in the presence of methylamine in 12-dichlomthane (nflux. 24 h, 79%). Physical 

data for compound (3b): Ir (KBr pellet) 1715,1330, 1135,764 an-'; 'Hnmr (CDCI,) 6: 7.53-7.19 (m, 4H), 

3.74 (s, W), 2.83 (I. J = 6.2Hz14H), 2.47 (I, J =6.2Hz. 4H); m (I&) 223 (M+), 125, 112.98; Anal. Calcd for 

C12H14NOCI: C,64.43;H.6.31:N,6.26. Found: C,&4.35;H,6.53;N,6.13. 

1. March. "Advanced Organic Chemishy," 3 rd Ed., Wiley, New York, 1985, pp. 829-835. 

Competition from the ketone condensing with itself appears to limit the scope of this reaction. Attempts to 

apply these reaction conditions to cyclohexanone invariably Lead to complex mixtures of polymeric materials 

as judged by nmr spccmscopy. Therefore, this reaction seem to be limited to enolizable carbonyl compounds 

which are stable to the rather harsh reaction conditions (0 OC. 1 h). 
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