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Selective rcduction of a mixture of methyl 4-cl~loroi~~ctI~yl-?-tl~io~~l~c11ccnrboxyl;llc ( I )  a n d  the 5-chlo- 
rornethyl isomer I I ,  prepiired by chloromcthylation or  nicthyl 2-thiol,hencc;lrboxyl~~te ( I l l ) ,  gave pure 
4-chloromethyl derivative I and 5-n~cthyl-2-thiophcne~~1rboxyl~1tc (V) which on treatiiicnt with sulfuryl 
chloride was convertcd into the 5-chloromethyl isomer I/. 

For our syiithetic studies i n  the prostagliilidi11 chemistry' we ~iccdcd grcittcr ii l i iOUIitS of 
I I I C ~  hy I 4-c hloromc t hy 1-2- thiop ~ C I ~ C C ~ I  rbo~yl i i  IC (I)  id IIIC t hy  I 5-chloro~iicthy l-2- 
thiopheliecarboxyliite ( I I ) .  Whereas the 4-chloronicthyl dcriviitivc I hiis 110t beell 
described so far and syntheses of 4-(X-substitutcd iiicthyl) dcriviltives of 2-thiophe- 
necarboxylic acid (X = OH, CH,COO, or Br) i1rc rilthcr ~ o ~ i i p l i ~ i i t ~ d ,  U S U ~ I I I Y  giving 
low yields of products2, sonic a u t h 0 r s ~ 1 ~  cliii1ii to obtilili the pure 5-rhloromcthyl dcri- 
vat i vc 11 by c h10 roiiic t h y Iii t io 11 of I I ~ C  t 11 y I 2- t hi 01) 11 c ~iccii rbo X Y  1ii IC ( I I I ) .  Such st ii t c MC 11 ts 
are a t  variance with investigiitions of the Jii1)illicse iluthors"6 who iiftcr chlo- 
roiiiethylatiori of ester 111 isoliitcd ii mixture of 4-chloroiiicthyl illid 5-chloroniethyl 
derivatives (I and / I ,  respectively) illid a ~111i1ll iiliioUlit of liicthyl 4,5-1~is(chloromcthyl)- 
2-thioyhcnecarboxylate ( I V )  and identified the coiiipouiids by 'H NMR. This finding is 
in accord7 with the coursc of clcctrophilic rcilcliolis oil the thioplicne nucleus in  deri- 
vatives substituted i n  position 2 by clcctroIi-iicc.cptilig substitueiits (CN, CHO, COCH,, 
COOH). A siliiiliir iiiixture of producls Wiis obtiiilicd by Gogtc aiid ~ ~ l l i i b ~ r a t ~ ~ ~ ~  in  
chloroniethylation of ethyl 2-thi0p11~1ieciirb0~ylatc: they did not succeed i n  isolation 
(by distillation, crystalliziitio~i or chroliiiitogriiphy) of the individuiil rcgioisoiiicrs cvcn 
after convcrsioii into the corresponding ;icctoxyniethyl, liydroxyniclhyl, or foriiiyl dcri- 
va tivcs. 

I n  the preseiit piipcr wc describe it siniple nictliod of  sc1)iiriltilig a iiiixture of 
4-chloro1iicthyI it lid 5-chloromcthyl dcriviitivcs I iind I/, obtiiilled by chlo- 
r ~ ~ i i ~ t h y l i i t i ~ ~ i  of ester 111, biiscd 011 the different rcitctivity of their chloro~iiethyl 
groups. C h l ~ r ~ ~ i l ~ t h y l i i t i ~ ~ i  of ester I11 iic.cordi1ig to i1ffclrdcd il mixture contai- 
~ i i ~ i g  coliipoulids I ,  I / ,  I l l ,  and IV. On friictioliittioli of Ihis niixture we obtiiilicd the 
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starting es tc r I I I  (28 - 30%), a 1 : 2 niixturc of cstcrs / and // (about 48%) and the 
bis-derivative I V  (5%) .  The ratio of thc isonicrs / and II wiis dctcrniincd by 'H NMR 
spectroscopy according to a described proccdurc6. To inllucncc fiivouriibly the forma- 
tion of the 5-chloromcthyl derivative I t ,  we pcrfoniicd a scries of expcrinicnts under 

I ,  X = CH,CI I I ,  X = CHZCI 

VI, X = CH, I I I ,  X = H 

Y, X = CH, 

IV 

various reaction conditions. We proved t h i i t  with incrciising aniount of para- 
fornialdchyde the aniount of the bis-dcriviitivc i n  thc rciiction niixturc incrcascs. On the 
other hand, the mtio of I to // is not affcctcd by ii tcnipcriilurc cliiiligc i n  the range -15 "C 
to GO "C (see Table I). Subscqucnt trciitnicirt o f  the niixturc of chloro dcriv;itivcs I and 
II with zinc powder i n  arctic acid ;it room tcnipcraturc rcsultcd i n  prcfercntial 
reduction of the chlorine atom i n  the 5-chloroniclhyl dcrivativc / I  whcrcas the 4-chlo- 
roniethyl isomer I did not rciict. Fr;tctioii;iI distill;ition of thc rciiction niixture gave 
then pure nicthyl 5-1iicthyl-2-thiopl1c1icciirboxyl;itc (V) ;ind thc chloro dcrivative I i n  
good yields. With incrcasing tcnipcriiturc thc sclcctivity of thc rcduclioii decreased and 
perforiiiing the reduction a t  rcflux we idcntificd and isolatcd a niixturc of nicthyl dcri- 
vatives V and VI. Trcatnicnt of the ester I wiih zinc i n  boiling acetic acid affordcd 
pure methyl 4-1iiethyl-2-thiophcnec;lrboxyl;itc (VQ i n  almost quiintitiitivc yield. The 
desired mcthyl 5-chloromcthyl-2-thiophcncc;lrt~oxyl;ttc (/I> was prcpiircd i n  good yield 

TABLE I 
Chloromethylation of methyl 2-ihiophenecarboxylatc III (I'rocrdurc A )  

Yicld 
Reaction Ratio 

I : I1 IV temperature, 'C  
I t I1 

-25 to -35 0 0 - 
-15 to -10 17 -0.5 1 : 1.6 

0 to 5 41 1.5 1 : 1.7 
15 to 10 44 3 1 : 2.2 
25 to 30 48 5 1 : 2.0 
50 to 60 55 6 1 : 2.0 
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froin the estcr V b y  rcaction with su l fury l  chloridc i n  the presciice of a ca ta ly t ic  amount 
of a,a'-azoisobutyronitrile. 

EXPERIMENTAL 

The temperature data are uncorrected. The melting points were determined on a Boetius block (Zeiss, 
Jena). 'H NMR spectra were me:isured on a Brukcr AM 400 instrument i n  deutcriochloroform with tetra- 
methylsilane as internal standard, chemical shifts are given i n  ppni (b-scale). IR spectra were taken on a 
Perkin-Elmer 325 spectrometer i n  chloroform (wavenumbers i n  cm-'). 

Chloromethylation of Methyl 2-Thiophenecarboxylatc (Ill) 

Procedure A. Dry hydrogen chloride was introduced for 5 h at room temperature into a vigorously 
stirred mixture of ester Iff (64 g. 0.45 mol), pirafornialdrliyde (13.5 g, 0.45 niol), fused zinc chloride (9.0 g, 
0.066 mol) and dry l&dichloroethane (270 nil). After treatment with a water-ice mixture (200 ml), the 
organic phase was separated and the aqueous one was extracted with dichloroethanc (2 x 20 rnl). The 
combined organic portions were successively washed with water (30 nil). saturated sodium chloride solu- 
tion (30 ml), and water (30 nil). After drying over magnesium sulfale, tlic solvent was evaporated under 
diminished pressure. Fractionation of the residue (65.9 g) afforded 18.2 g (18%) of the starting ester I l l ,  
41.1 g (48%) of a mixture of chloromcihyl dcrivatives I and If, b.p. 102 - 112 'C/270 Pa (reported5 
100 - 120 'C/330 - 400 Pa) and 5.6 g (5%) of his-derivative fV, b.p. 135 - 142 'C / 7 5  Pa which soli- 
dified on cooling and nieltcd a l  71 - 73 'C (reported5 m.p. 77 - 78 'C'). 

Procedure B.  A mixture of eskr 111 (14.2 g, 0.1 mol), p;ir;ilortiiiildehyde (6.0 g, 0.2 inol), zinc chloride 
(4.1 g, 0.03 mol) and I,?-dichlorocthane (60 nil) was treatcd as described undcr A and afforded 2.15 g 
(15%) of the starting ester ffl, 10.9 g (57%) of a mixture of nionochlorometliyl derivatives I and 11, and 
3.7 g (15%) of bis-derivative IV .  

Reduction of Mixture of Chloro Derivatives f and If 

Procedure A. A mixture of cliloro derivativcs f and I1 (1 : 2.4; 52.0 g, 0.27 niol), zinc powder (17.6 g, 
0.24 niol) and acetic acid (190 nil) wiis stirred at rooin tcniprrature for 24 11. 'The undissolved material was 
filtered off and washed with chloroforni (100 nil). 'he  clear filtrate was dilulcd with ice-cold water (500 ml) 
and neutralized with sodium hydrogen carbonate. Alter separation of tlie organic phase tlie aqueous layer 
was extracted with chloroforni (3 x 100 ml) and  tlic combined organic portions were successively washed 
with saturated sodium chloride solution (100 nil), siturated solution of sodium hydrogen carbonate (100 ml), 
and water (100 ml). After drying over magnesiuni sulfate. tlie solvents were evaporated under diminished 
pressure and the residue (40.2 g) was fractionated to give 25.9 g (61%) of meiliyl derivative V and 12.1 g 
(23%) of 4-chloromethyl derivative I. 

Methyl . ~ - m ~ ~ i y l - 2 - / l r i o p ~ r i ~ a r ~ l a / e  0, b.p. 125 - 125 'C I2.4 kl'a (rcprted' b.p. 107 - 10s "C / 2.4 Wa). 
'H NMR spectrum: 2.53 s, 3 M (CH,); 3.83 s, 3 l i  (OCII~); 6.75 d, 1 I I  (11-4); 7.6 rn, 1 H (H-5, J = 3.7). 
1R spectrum: 3 020 m, 2 960 m, 1 705 s, 1 470 s, 1 260 s. 

Methyl 4-chlorome~i1yl-2-/lriopii~~iecarboxyfr1te (I), b.p. 98 - 101 'C / 270 Pa. For C+-I,CIO2S (190.5) 
calculated: 44.09% C, 3.67% H, 18.64% CI, 16.80% S; found: 44.25% C, 3.98% H, 18.90% CI, 16.82% S. 
'H  NMR spectrum: 3.86 s, 3 Ii (OCH,); 4.55 s, 2 I I  (CII~CI); 7.49 m, 1 I I  (11-3); 7.76 d, 1 H (H-5, J = 1.5). 
IR spectrum: 3 020 m, 2 970 in. I 715 s, 1 450 s, 1 265 s. 730 s. 

Procedure B. A mixture of chloromcthyl derivatives f and fl ( 1.6 g, 13.6 mmol; ratio 1 : 1.4), zinc 
powder (0.89 g, 13.6 mmol) and acetic acid (10 nil) was rcfluxed under vigorous stirring. The reaction 

Collect. Czech. Chem. Commun. (Vol. 57) (1992) 



1486 Kozniik, Palefek: 

mixture was worked up as described under A, yielding 1.6 g (75%) of a 1.2 : 1 mixture of methyl deri- 
vatives V and VI, m.p. 105 - 112 'C/2 .2  kPa. 

Methyl 4-Methyl-2-thioplieiiccarboxylnte ( V I )  

A stirred mixture of chloro derivative I (0.4 g, 2.1 nimol), zinc powder (0.17 g, 2.1 mniol) and acetic acid 
(3 ml) was boiled for 4 h. Tlie usual work-up procrdure gave 245 nig (82%) of ester VI boiling at bath 
temperature 102 - 105 'C and 2 kPa (reported' b.p. 100 - 103 ' C  / 2 kPii). ' I 1  NMR spectrum: 2.25 s, 3 H 
(CH3); 3.86 s, 3 H (OCH,); 7.23 m, 1 I 1  (1-1-3); 7.60 d. 1 Ii (11-5, J = 1.5). 

Methyl 5-Chlorom~thyl-2-1liio~1lienecarboxylate ( I I )  

A solution of ester V (35.5 g, 0.23 nitnol), sulfuryl chloride (25.6 g. 0.19 niol). u,u'-azoisobutyronitrile 
(63 mg, 0.38 nimol) in benzene (430 nil) was hciitrd under nitrogen for 1 11. Another portion of u,u'-azoiso- 
butyronitrile (60 mg) was then added and the hc;iting was continued. Further two 60 nig portions of the 
mentioned catalyst were added at 1.5 h intcrvals. The reaction mixture was cooled, washed with water 
(2 x 100 ml). saturated sodium hydrogen carbon;ite solution (100 nil) and watcr (50 nil) and dried over 
magnesium sulfate. After evaporation of the solvents uiidcr diminished pressure the residue (39.4 g) was 
distilled to give 22.2 g (62%) of the starting ester V and 14.9 g (34%) of the 5-chloroniethyl ester 11, b.p. 
94 - 96 'C I65 Pa b.p. 93 'C / 27 Pa and 103 'C / 66 Pa, rcspcctively). ' I1  NMR spcctrum: 3.89 s 3 H 
(OCH,); 4.76 s, 2 II (CII'CI); 7.06 m, 1 I 1  (H-4); 7.63 d. 1 I I  (11-3, J = 3.8). IR spectrum: 3 010 m, 2 960 m, 
1 720 s. 1 470 s, 1 260 s, 760 s. 

The authors u r r  iitdr61c.d lo tlrr Aiiirlyticirl Dc,pcrrImcirt of llrc Crirtrcrl L(rlorcrtorirs of lhr Iiistilrrtr 
(Dr L. l l r l ~ ~ i c ,  Ilrcid) /or prrformiiig llrr clrmriital  (riialyses r i d  lo llir NMIt Dqxrrlmeirt of llir snmr I iu l i lv t r  
(Dr R. Ilra6a1, IIrad) for mrasrrrcmciits of Ilir NMR spectra. 
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