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Abstract : 'I)arxen' s con&ensation 0% likh%ObrOmOaCekake wikh 4 -oxo~eUne tAlt~~OaCetfkS 81% OrhS 
the title %nrans> in moberate to goob gie~bs. b few of the 5-methplthio furan-2-carboxp'lares 
were desulphurixed to yield 5-unsubstituted derivatives 2 in good yields. The reaction of 
oc.&~seq>keC~ .&i&k~can&&+ a >%,IZh 112!Gz&smeeze!r.4~~ z&er i.&.s%ira~ ras&tisrB 7%??1- 
de& the corresponblng 5-merhy'lrhio-3-skyry1 fnran-2-carboxylares 7 along wirh %2-carberb- 
0xp-3-8~-~1 cpc20prop2-p2 )-5dtethhplthio furan-2-carboxplates g Zich are shown to be formed 
by conjugate addition elimination of lithiobromoacetate on 1. The corresponding&5-aryl- 
2,4-pentadienoyl)-(9a-b) andc<-(7-aryl-2,4,6-heptatrienoyl)-(a-u ketene dithioacetals gave 
the CorrespDaiDg 3-j 4-ary1-1,3-auka~~ieDy~>-~~~-~> ann 3-(6-8rg~-~,3,S-hexakrien~~>-l~-~ -- 
haethylthio furan-2-carboxylates exclusively in good yields. 

Methodologies for efficient synthesis of substituted furan rings are of practical importance 

since many furans containing compounds exist in nature and some of them exhibit interesting 

biological activities]. In a programmed research ond-oxoketene dithioacetals, we have exten- 

sively exploited their regioselective C-C bond forming reactions and developed efficient new 

synthetic methods for a number of carbocyclic and heterocyclic ring systems2. We further 

considered of interest to study these systems under Darzen's glgcidic ester synthesis condi- 

tions with a view to utilize these intermediates to develop simple and short method for a 

number of substituted and annelated furan-2-carboxylates (Scheme 1). Thea-oxoketene dithio- 

acetals have been utilized in past for the construction of furan ring by reacting them with 

dimethylsulphonium methylide to afford initially the co-responding 2,2-bis(methylthio)-2,5- 

dihydrofurans, which on acid treatment yielded the respective 2-methylthiofurans in good yiel- 

ds3'4 . In the present studies,we have explored the reaction of widely availableo<-oxoketene 

dithioacetals with brozmacetate carbanh~ to afford 3- or 3,4-substituted/annelated-furan-2- 

carboxylates in good yields. The reaction is applicable to wide structuralvariants of active 

methylene ketones via theird-oxoketene dithioacetals thus prOV%dbg a facile route for these 

furans. 

RESULTS ANDDISCU!ISION 

Darxen's glycidic ester condensation has been extensively investigated under different basic 

reaction conditions 5 . Omr attempts to condense d-oxoketene dithioacetals with bromoacetate 
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in the presence of different bases such as sodium ethoxide, sodium t-butoxide and butyllithi- 

urn failed to yield the expected condensation products. However, when the bromoacetate anion 

was generated by using lithium hexamethyldisilazide (HMDS) as base, the reaction followed the 

satisfactory course to yield the desired furans (Scheme 1). In a typical experiment, when & 

(1 eqv) was reacted with lithiobromoacetate (2 eqv) derived from HMDS at -78"C, the reaction 

mixture after work-up afforded the product which was characterized as ethyl 3-methyl-5-methy- 

lthio furan-2-carboxylate (4a) (57X) (Table 1). The structure and regiochemistry of &was 

established by its spectral and analytical data (experimental). Its unequivocal structural 

proof was further obtained by subjecting it to Raney nickel desulphurization to yield the 

known6 ethyl 3-methyl-furan-2-carboxylate (5a) (Scheme 1) which was found identical in all 

respects (superimposable i.r. and n.m.r. spectra). The other acyclic 3-substituted furan-2- 

carboxylates 4b-f were similarly obtained in 55-65% overall yields from the respective dithio- -_ 

acetals lb-f (Table 1). -_ However, the corresponding 3,4-dimethyl (4~) and 3-aryl-4-methyl (4h) 

derivatives were obtained in comparative lower yields under identical reaction conditions 

(Table 1). 
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Scheme 1 

When the reaction was extended to cyclic ketene dithioacetals 2-2 (Table 2), the correapond- 

ing 3,4_annelated-5-methylthio-furan-2-carboxylatea g-44 were obtained in 52-692: overall 

yields. In all these reactions, the regiochemistry of the furana h-2 was unequivocally dict- 

ated by the structure of the starting dithioacetala 1. Some of the thiomethylfurana 4 were 

dmthiomethylated to the corresponding aulphur free furana 2 in high yields (Scheme 1,TmbIe 1,2). 

The reaction most probably proceeds by way of the intermediates 2 and 2 (Scheme 1) analogous 
3a,b to those proposed by Okaxaki in the addition of dimethylsulphonium methylide to1 . However 

our attempts to isolate either glycidic ester 1 or the dihydrofuran 3 in any of these experi- 

ments were not successful. The reaction was next extended toti-cinnamoyl (&-f),d-butenoyl 

(a ketene dithioacetals and their higher enoyl homologs 2-k and lla-b (Schemes 2,4,5). -- 



Darzen's read&on on oxoketene dithioacetals 7633 

Table 1: Synthesis of Ethyl 3.4-substituted furan-2-carboxylates 4 and 2 

entry: Starting material 
Product 

4. 1 
R1 R2 % Yield' 

1 la 4a Me H 57 

2 lb bb Et A 55 - 

3 Ic k 'II A 62 

4 la ca 2-naphthyl H 61 

5 le 4e 2-fury1 H 65 - 

6 If 4f H 63 - 2-thienyl 

7 .L& 4g Me Me 45 

8 & 4h 
4-6H4 

Me 40 

9 4a Gb Me H 83 - 

10 4b _;;;b Et H 82 

11 4c Pb H 87 - 2 

12 4e 5"b 2-fury1 H 76 

a Yield of pure isolated product; hoduct of Raney Nickel desulphurization of 5 

When & (1 eqv) was reacted with lithiobromoacetate, two products were isolated which were 

characterized as ethyl 5dnethylthio-3-styryl Euran-Ssarboxylate (7a) (20%) and ethyl 5-meth- 

ylthio-3-(2-~arbethoxy-3-phenylcycloprop-l-yl)furan-2-carboxylate (8a) in 42% yield, Apparen- 

tly, the cyclopropylfuran & is formed by conjugate addition elimination sequence of lithio- 

bromoacetate on the highly electrophilic /I-carbon of styryl group in 2 (Scheme 2). lhis was 

further confirmed by reacting 7d with lithiobromoacetate to afford g in 36% yield. The - 

other substituted cinnamoylketene dithioacetals 6b-e similarly afforded the mixture of the -_ 

corresponding c+_ and 8b-e in varying proportions (Scheme 2). However the corresponding 4- -- 

chloro (6f) and the&-butenoyl (&) ketene dithioacetals yielded only the corresponding cyclo- 

propylfurans E and & in good yields. When the conjugation was further extended the cyclo- 

propylfurans were not formed and the corresponding 3-enylfuran-2-carboxylates were the only 

products isolated. Thus the reaction ofd-(5-aryl 2.4-pentadienoyl) (C&-b'] anda-(7-aryl-2.4, 

6-heptatrienoyl) (b-b) ketene dithioacetals with lithiobromoacetate yielded only the corres- 

ponding 3-(4-aryl-1,3-butadienyl)-(lOa-b) and 3-(6-aryl-1,3,5-hexatrienyl)-(&-b)furan-2- _- 

carboxylates in 49-612 overall yields (Scheme 4 and 5). 

Theti-oxoketene dithioacetals.thus serve as useful 3-carbon substrates for the synthesis of 

regioselectively substituted and annelated furan-2-carboxylates under the Darzen's glycidic 

ester condensation conditions in one pot reaction. It is pertinent to note that methyl 3- 

methyl furan-2-carboxylate and the corresponding 3-phenyl derivative have been synthesized 

earlier in two steps through Darzen's condensation on the respective &ketoacetals and subse- 

quent thermal rearrangement of the resulting glycidic esters 
6a 

. However the generality of the 

reaction has not been studied probably due to nonavailability of P-ketoacetals which are not 

easily accessible. Therefore the present method is more versatile and provides Sroater 



7634 A. DATTA et al. 
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*r_&;Me a*b ) *,_zt$y 
E 

$‘lJ g ,Ar=C6H5 ,52 % 

b, Ar= 4-MeOC6H4 , 51 “lo 

Scheme 4 
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Table 2: Synthesis of Ethyl 3,4-annelated furan-2-carboxylates (4) and (2) 

7635 

Entry 
Starting 
material 

Product 

6, 1 
% .Yield 

E102C ,O, x 

IT 

1 & &i, X=SMe 58 

Za &i 2, X=H 70 

3 !i kj, X=SMe 

E !?i 5j,X=H 

60 

05 

4k - 59 

6 II 56 

R’ 
7 lqR’= H 

aa 4!I! 
9 h&MzO 

4m,R’= H ;X= SMe 

&=H;X=H 

Q,d=MeOjX=SMe 

67 

80 

69 

a 

&I ,R’=H ; X= CH2 

Ip,Rl=Me i X=S 

Dasulphurization of 5 with Raney Nickel 

& ,R’=H ,X=Ctl2 55 

4_p,R1=MejX=S 52 
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flexibility in the choice of dithioacetals easily accessible from a variety of active nethy- 

lene ketones. 

12 

~~~g,Ar=C&ig ,58% 

t&Ar=4-MeOC6H4,49 % 

Scheme 5 

EXPKRIMENTAL sEcI?oN 

Melting points vere determined on a Thomas Hoover apparatus and are uncorrected. 

spectra were obtained on a Perkin Elmer 297 spectrophotometer. 
1 
H n.m.r. spectra 

ded on Varian M-390 spectrometer and are reported in Sunits downfield from He4Si. 

ctra were obtained on Jeol D-600 spectrometer. 

he i.r. 

fire recor- 

Mass spe- 

All the ketene dithfoscetals &-E. k-g, 9a,b and 1la.b were prepared according to -_ -_ 

reported procedure7a-f. 

earlier 

General Procedure for the synthesis of Ethyl 3,4-substituted and annelated-5-methylthio furan- 

2-carboxylates (4a-p, 7a-e, 8a-g. 1Oa.b. 12a.b): 

To a nitrogen flushed 100 ml three necked flask equipped with nitrogen inlet, septum inlet and 

magnetic stirrer was added a solution of lithium bis(trimethylsilyl)amide8 (3.4g. 0.02 m) in 

dry TW (15 mL) and the flask was cooled to -78°C. A solution of ethyld-bromoacetate (3.2g, 

0.02mj in &r-v Trip 110 mLj was then added dropwise IS minj to the cooled mixture and stirred 

for 10 min. The corresponding dithioacetal (0.01 m) dissolved in dry THF (20 mL) was then 

added over a period of 10 min. and the mixture was stirred at -7S'C for 30 min. followed by 

further stirring at room temperature for 12 h. The reaction mixture was then poured over satu- 

rated aqueous ammonium chloride (100 mL), extracted with ether (3x50 mL). the combined organic 

layer washed with water (1x100 mL), dried (anhyd. Na2S04) and the solvent was removed to give 

the crude product which was further purified by passing through neutral alumina column. Elution 

with hexane yielded the pure product in good yield. 

thy1 3+nethyl-5-methylthio furan-2-carboxylate (4a); viscous liquid; IR:$ (CC1 ): 1710 cm-1 

'H NMR (CC14): 1.33(t,J=6Hz,3H,CH CH ); 2.23(s,3H,CH ); 2_45(s,3H,SCH ); 4.%Stfq.J=6&2H,CH ; 
6.09(s.lH,&4). (Found: C.53.82; fi,&O. Calc. for ?zH,203S: C.53.97y3H,6.04%). m/x 200(1&, ) 
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thy1 3-ethyl-5-methylthio furan-Z-carboxylate (4bl; viscous liquid; IR: 3 
-1 

'H NMR(CC14): 1.03-1.53(m,6H.CH2CH3); 2.46(s,3H,SCH ); 2.76(q,J=7Hz,2H,CH2mx); 4.22(g,J=7&, 
(CC14); 1700 cm ; 

31C~*~~~~~:~~',s,1H,K4). (Found: C.56.15; H,6.6$ Calc. for CloH1403S: C,!!6.05; H,6.58%). 

Ethyl 3-(2-paphthyl)-S-methylthio furan-2-carboxylate (4d); viscous liquid; IR: 
1720 cm &; 'H NMR (CC14): 1.24(t.J=6Hz,3H,CH2CH3); 2.54(s,3H.SCX3); 
6.52(s,lH&4); 7.32-8.0$(m,7H 
$5.16X). m/z 312(1OO%,M ). 

arom). (Found: F.69.35; H.5.10. Calc. for C18H1603S: 

Ethyl 3_ 2-fury1 -5-methylthio furan-2-carboxylate (4e); viscous liquid; IR: v 

( 

(CC14);1720 

): 1.36(t,J=6Hz,3H,CH CH ) 2.46(s 3H SCH )* 4.32(q.J=6Hz,2H,wCH 1; 6.36- 
::4Ofd.:=~,::k_4')* 6.66(s,lH tl-4);27~~4~d,J=2Hz:~-;')~37:54(d,J=3~,lH,~-5'?j? (gound: C, 
57.28; H.4.72. &lc. ;or C,2H120iT: C,57.12; H.4.79X). m/z 252(100%,M ). 

Ethyl 3-(2-thienyl)-5-methylthio furan-2-carboxylate (4f); viscous liquid; IR:7),,(CC14); 

-I; lH NMR(CC1 ); 1.36(t.J=7Hz,3H,CH CH ): 2.46(s.3H.SCH ): 4.36(q.J=6Hz,2H,CH CH ); 
kYZ(iYlH,H_4); 7.06(i,lH,&4'); 7.35(d,J=2&y?H,&3'); 7.76(d$2Hz,l$!&5'). (Fou& C? 
53.81; H,4.46. Calc. for C12H1203S2: C.53.70; H,4.50%). m/z 268(1OO%.M ). 

Ethyl 3,4-dimethyl-5-methylthio furan-2-carboxylate (4g); viscous liquid; IR: I) (CC1 ); 1710 

;:,G2CH3). (Fouid: C.56.13; H,6.52. C&'-;? for C10H1403S~3C.56.05; H.6.58zj. 32 214(1OO%,M ). 
L 'H NMR(CC1 ): 1.40(t.J=7Hz,3H,CH CH ); 2.18(s,3H,CH ); 2.48(s,6H,SCH ,CH r4.2Otq,J=$He, 

Ethyl 3-(4-methoxyphepyl)-4-methyl-5-methylthio &&n-i-carboxylate (4h); viscous liquid; IR: 
I) (CC1 ); 1715 cm A; 'H NMR(CC1 ); 1.21(t,J=7Hz,3H,CH CH ); 1.9O(s,3H,CH ); 2.48(s,3H,SCH ); 
3.flts,3H!OCH ); 4.10(q,J=7Hz,2H,Ck CH ); 6.79-7 20(m,4H2aFsm). (Found: C.zj.88; H,5.90. Cais. 
for C16H1804F? C.62.72; H.5.92X). i?z 306(1OO%,M*). 

Ethyl 6_plet~ylthio_cyclopenta[cJfuran-2-carboxylate (41); viscous liquid; IR: i) 
-I 'H NMR(CC1 ): 1.39(t,J=6Hz 3H CH CH )* 2.29-2.99(m,6H, ring CH >; 2.4q:IE!&l ); 1710 cm ; 

4.28(q.J=6~,2H,CH2Cl$. (Found: 
226(1OO%,M ). 

C.58148; Hf6?!6: Calc. for C11H1403S: Cr;f8.32; H,6.28i).??/x 

Ethyl 7-methylthio-cyc$ohgxa[cJ furan-Lcarboxylate (4i); white solid (CHCl,); q .p.,45-47"C; 
1R:I) ( 'A NMR(CCl ): 1.34(t.J=6Hx,3H,CH CH ); 1.60-1.82(m,4H,ring CH 1; 2.42 
(s,3~~~'2!~~2~2(:,4H,ring CH4); 4.20(q,J=QHx,2H,C&$). (Found: C,59.82; H,6.zJ. Calc. 
for C12H1603S: C.59.97; H,6.71%). z?z 240(1OO%,M >. 

Ethyl 8+t~ylthio_cyclohepta[&furan-2-carboxylate (4k); viscous liquid: IR:Y 
17~~ cm ; H -1 ) I m(t J=OHZ 3~ LH tiH I* I 44 186(m,6H,ring CH 1: 2.42&?k!ki>; 
2.42-2.62(m,2H,ring (k2;; ;.84-;.02(m:2H:ri~g-~~):.4.~6~~,J~~,2H,~2~3). (Found: &6?49; 
H.7.10. Calc. for C13H1803S: C.61.38; H,7.13%). m/z 254(1OO%,M ). 

Ethyl 2-q&4ylthio(3H)indano[2,l-c] furan-8-carboxylate (41); viscous liquid; IR:U (ccl); 
A 'A NMR(CC1 ): 1.44(t J=6Hz,3H CH 

t~t~dY;z,L!H CH CH ); 4.20-7.46(:.3H aromj; 
2.56(s,3H,SQ3); 3.70(s,2H,ring 

4' 
; 4.q4 

.23(m$lH,arom). 
Calc. for C;5Ei40$: C,65.67; H,5.li%). m/z 274(1OO%,M ). 

(Found: C,65.57; HT .12. 

Ethyl 2-methylthio-3,~-d/hydronaphtho[2,l-c]furan-9-carboxylate (4m); viscous liquid; IR: 
9 (CC1 ); 1710 cm *; LH l?MR(CIKX3): 1.34(t,J-6Hx.3H,CH2CZi3); 2,44(s,3H,~_ ); 2.52-2.94(m, 
4flfng ck ); 4.36(q,J=6Hx,2H.CH CH ); 7.14-7.46(m,3H arom); 8.46-8.64(~,1H a&m). (Found: 

-' C.66.79; $5.53. Calc. for C16H1603 2: C.66.64; H,5.59%). m/z 288(1OO%,M ). 

Ethyl 2-methylthio-6-met~oxy-3,4-dihydronaphtho[2,l-c]furan-9-carboxylate (4n); viscous liquid; 
IR:‘3 ( ) 1.36(t J=6Hx 3H CH CH ) 2.42(s 3H.SCH ); 2.53-2.88 
(m,4~n~)f;'??2~,3~ O&~??&~ J-6Hx &CH b 5; &-&.85(m.26 arom$ 8.46-8.q(m. 
1H arom). (F&d: &64.20:'H,y?62. &c.'for C;7~;8z$:3C.64.15; H,5.65%). m/z 318(1OO%,M 1. 

Ethyl 2~ethylthio-6.5~ihydro(3~)~nzocyclohepta[2,l-c]furan-9-carboxylate (40); viscous 
liquid; IR:‘3 (CC1 ); 1700 cm I; ̂ A NMR(CCI ): 1.3O(t,J=6l&,3H, 
CH2); 2.16-2.$$b,4dring CH2); 2.5O(s.3H.SC&; 4.2O(q,J-&Ix,2H, _2 -,): 7.24-7.32(m,3H arom); 

CH&I#); 1.78-2.24(m,2H,ring 
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7.44-7.64(9,1H arom). 
302(1Oo%,M ). 

(Found: C,67.68; H,5.90. Calc. for C17H1803S: C.67.52; H,5.99%). m/x 

Ethyl 2~thylthio-7-nethyl-3,4_0ihydro-[l]~~4,5-c]_furan-l0-carboxylate (4~); viscous 

4.3~(~,JdHx,2H,CH CH-$; 
CH,); 2,36(s,3H,CH ); 

C,61.05; H,5.4&.3m/x 

General Rocedure for Raney Nickel Desulphurization of Furans 4a-c e i-&g : _ -*-9, 

To a solution of the appropriate methylthiofuran (0.005 m) in ethanol (25 ml) freshly prepa- 

red W4 Raney Nickel (@5g) was added and the reaction mixture stirred at room temperature for 

1 hr. It was then filtered through Kieselguhr, washed with hot chloroform (3x15 ml), and the 

solvent is evaporated from the combined filtrate to give the crude desulphurixed product,which 

was further purified by passing through neutral alumina column (elution with hexane). The 

spectral and analytical data of furans thus obtained are given below. 

Ethyl 3-methyl furan-2-carboxylate (5a)6bpiscous liquid; IR: 3 (CC1 ) 1700 cm-'; 'H NMR 
(Ccl,): 1.36(t,,J=6Hx,3H,CH2CH3): 2.30(s,3H,CH3); 4.30(q.J=6Hx,!!!&H2ti3); 6.26(d.J=3Hx,lH, 
s-4); 7.36(d,J=3Hz,lH,&5). 

viscous liquid: IR:3 (CC1 ) 1710 cm-l- 'H NMR 
,J=7Hx,ZH,CH CH >; 4.3p$&J5d,CH CH ); 6:36(d,J=3Ha, 
C.64.38; H,??O9? Calc. for C9H120y?: Cz64.26; H,7.19%). 

Ethyl 3-phenyl furan-2-carboxylate (5~); viscous liquid: IR:3 (CC14) 1705 cm-'; 'H NMR 
(CDCl ); 1.26(t,J&x,3H,CH2CH3); 4.36(q,J=6Hz,2H,CH CH ); 6.6!!@,J=2Hz.lH.~-4); 7.36(d,J=ZHa, 
lH,&; 7.43-7.7O(m,5H arom). (Found: C,72.38; H,5??4.3Calc. for C13H1203: 
m/z 216(95%.M+>. 

C,72.20; H,5.59%). 

Ethyl 3-(2-furyl) furan-2-carboxylate ; viscous liquid: IR: 3 (CC14) 1710 cm -l; 'H NMR 

z-4); 7.40(d,J=3Hx,2H;&,2fi=$; 7150 
(CDC13); 1.36(t,J&Hx 3H CH CH ); 4 33 Hz,2H,CH CH )* 6.33-6.!!@m.lH,&-G'): 6.83(d.J=3Ha. 

C11Nlo04: C.64.07; H,4.88%). m/x 
H$.1H,&).3(~ound: C.64.22; H.4.79. Calc. for 

206(1OO%,M ). 

Ethyl cyclopentajclfuran-2-carboxylate (51); viscous liquid; IR: 3 (Ccl,) 1710 cm-'; 'H 
NMR (CC14); 1.33(t,J=6&,3H,CH CH ); 2.23-2.93(m,6H,ring CH ): 4.20EfJ=6Hx,ZH,CH C2-l ); 7.10 
(s,lH flefinic). 
(41.&M ). 

(Found: C.66.38T3H,6.68. Calc. for CloH12$: C,66.64; H,6.71%).-$a3180 

Ethyl cyclohe&[c]furan-2-carboxylate (5j); viscous liquid: IR: 3 (CC1 ) 1700 cm-';'H NMR 
(CDCl ); 1.36(t,J=dXx,3H,CH CH ); 1.50-1.86(m 4H ring CH )* 2.40-!?!~3(m,2&ring CH )* 2.73- 
2.93&2H.ring CH2); 4.33(qqJ&x,2H CH CH 
Calc. for CllH1403: C.68.02; H,7.26%j.-2 3 

);'7.16(s.lH-glifinic). (Found: C,68.1i$ H.7.06. 

Ethyl-~,4-dihydronaphtho[2,l~]furan-2-carboxylate (5m): viscous liquid: 1R:V (CC1 ) 1700 

1 'H NMR(CDC1 )- 1.36(t J=6Hx,3H,CH CH ). 2.53-2.93(m,4H,ring CH2); 4.33(qsHx,2& 
i: CA ). 7.03-7.33(&3H aroi, 1H olefin?cTJ &36-8.63$m,lH arom). 
C&.3fAr C15H1403: 

(Found: C.74.25; H.5.80. 
C.74.36; H.5.82X). m/z 242(1OO%,M ). 

Ethyl 3-gtyryl-5-methylthio furan-2-carboxylate (7a); viscous liquid: 1R:V 
1600 cm *; 'H NMR(CC1 ); 1.33(t.J=6Hz,3H,CH CH ); 

(CC14); 1690, 

6.56(s,lH,fl-4); 6.83($,J=16Hx,lH olefinic); 7. * -? 
2.46(s,3H,SCH ); 4.33(q,Jzfix,ZH.CH CH ); 

6-7.56(m,5H arom -3; 7.60(d,J=16Hz41H oigfiaic). 
(Found: C.66.49; H,5.50. Calc. for C16H1603S: C.66.64; H,5.59%). m/z 288(1OO%,M ). 

Ethyl 3-(4_methoxystyryl)-5-methylthio furan-2-carboxylate (7b); viscous liquid; 1R:Y 
(CC1 ); 1669 cm &; 'H NMR(CDC1 ): 1.43(t,J=7Hx,3H.CH CH ): 2.53(s,3H,SCH ); 3.86(s,3H.m_3); 
4.4Ofq J=7HzV2H CH CH ); 
2H are; + 1H olLf&c?. 

6.66(z,lH,H-4); 6.83-7.03(mf2F3arom + 1H olefi;;?c); 7.33-7.60(m, 

318(21%,Y+). 
( Found: C.64.21; H.5.63. Calc. for C17H1804S: C.64.12; H,5.69%). m/z 

Ethyl 3-(3,4-dimethoxystyryl)-5-methylthio furan-2-carboxylate (7~); white solid (CHC13): 
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finiy$. &ound: C,68.70; H.5.74.. Calc. for C 
ZH,CH CH ); 6.6O(s,lH,H_~); 6.73-7.13(m,3li.18 arom+ZH olefinic); 7.26-7.63(m,4H arom+2H+ole- 

18H1803S: C&8.76; H,5.77%). m/z 314(79%,M ). 

Ethvl 3-f4-(4+nethoxyehenvl)-1.3-butadienvl1-5-methvlthio furan-2-carboxvlate (1Ob);viscous 

Ethyl 3-(6-phenyl-1,3,5rheptrienyl)-5-methylthio furan-2-carboxylate (12a); viscous liquid: 
CH ) 2.5O(s,3H SCH ); 4.36(q 
&&I (Found: C:7OT&i; H,5.88: 

Ethyl 3-[6-~4~thoxyphepJ1)-l,3,5-heratrienyl]furan-2-carboxylate (12b); viscous liquid: 
(CC1 ) 1705 cm - 'A NMR(CDCl ): 1.36(t,J=7Hz,3H,CHCHH); 2.46(s,3H,SCH ); 3.76(s, 

?&f* 4.3&(q.J=7Hz 2H'CH CH ); 6.3&6.93(m,5H olefinic+34 arom); 7.05-7.06@28 arom$lH 
ol;fi;;;i,j. (Found: C,6;.2;1; &?%.Calc. for C21H2204S: C,67.08; H,5.98%). m/z 370(15&M ). 
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Darzen's reaction on oxoketene dithioacetals 1639 

q .p. 98OC; IR:-$ (KBr): 1680 cm -l; 
3.7E<a.6K,~_2):~~~~~~,JP?Kz,Ur,CK 

'H l@lR(CBCl ): 1.3O(t,J=7Hx,3H,CH CH ); 2.4O(s,3H SCH )* 

-25' I- 6.&&?i,g~~: &eO-7.53G&-&x?z f 1K c&id*); 

7.8@d,J=IbBz~IB olefinic>. ]Founa: C, 2.19;F1,5.72. C&c. for C&Rfl~TB: C,b2.t&;B,5.X%&>. 
m/z 348(73%,M ). 

Ethyl 3-(3,4aethylengdipxystyryl)-5-methylthio furan-2-carboxylate (7e); viscous 1iquid;IR: 
,3H,SCH ); 4.36(q,J=6Hx, 
1H ole??nic). 7.50(d 

: Lb1.43; 'H,L.XW. mix 

Ethyl 3-[2-carbethoxy-3-phenylcy~loprop-l-yl]-5~ethylthiofuran-2-carboxylate (8s); viscous 
liquid; IR:V (CC1 ) 1720 cm * 'H NMR(CBC1 ): 1.13-1.56(m,6H,CH CH ); 2.5O(s,3H.SCH ): 
2.2~-2.43Jm,l~~~c~o~~opyl); 2.P3~3.D31m,l-R, &lopro@>; 3.23-3.4~~~~~~,cyc~opro~~~>~33.4b 
(a,IH@); 7.13-7.46(a~a,5R arom). 
H,6.22%). m/z 374(24%.M ). 

(Found: C,&4.U5; B,3.B3. CaIc. for C201?2205S: C,64.23; 

Ethyl 3-~2-carbethox~-3-(3,4-dimet)loxpphenyl}c~cclqprap-l-yl~-5~thyZthio furan-2-carhcy~ate 

(t,=6Hx,3H,CH CH ); ,cyclopropyl); 
3.53-4.03(m,2H,CH CH +6H,CCH ); 

% CH ); 2.83-2.96(m,lH,cyc opropyl): 9 
4~~3(q.J=7Hx,ZH,CH CH ); 6.16(s. 

lH,H_4); 6.73-7.U6(m,3H arom). (Found: C,60.6?$ l&.00. &c. for C.&L&S: C~&J.&: 8.6.03%). 
m/z 434(16%,M+). 

ZH,CH CH3); 6.16(a,lH&4); 
C,59:$6; H.6.07%). m/z 464(74%,M ). 

6.66ib 

Eth 1 3- P-carbethox y-3-(3,4 -methylenedioxyphenyl)cyclpprop-1-yl]-hethylthio 

1: Ethyl 3- 2-carbethoxy-3-(4-chlorophen 1 c 
viscous liquid; IR:3 (CC1 ) 1720 cm a 'H NMR(CC1 ); l.OO(t,J=7Hz,3H,CE Cll ); 1.36(t,J=THz, 
3H,CH CH ); 2.13-2.33~~lH,c$clopropyl);'2.46(s 3H S&l )* 2.53-2.76(m,lH &spropyl); 3.56- 
3.76~~,l~,cyclopropyl); 3.96(q.J=7Hz,2H,CH CH )I 4:36@,;=7Hx,2H,CH_ CH3)i 6.13(s,lH&4); 
7.20-7.43(bra,4H ayom). 
408, 410(59, 23%,M ). 

(Found: C,64.21; Hf5??7. Cslc. for C20F21C165S: C&64.32; H,5.66%).m/x 

p.:viacoua Ethyl 3-[Z-carbethoxy-3-(4+neth 1) clo ro 
liquid: IR:V (CC1 ) 1720 cm I; 'H RMR(CC14): 1.13-1.63(m,6H,CH_ CH +3H.M_ ); 1;63-2.03(m, 
1H.cyclopropyv.f 2.4%(a,3H,SCH ); 2.76-2.96(m,lH,cyclopropyl); 3.433.53(m,2H,CH CH ); 5.93 
(s,lH&4). (Found: C,57.60; $6.42. Calc. for C15H2005S: (3.57.71; H.6.45%). mK231&62%,M ). 

Ettyl 3-~~-p~en~~-~,~--Lqtadiene~~-~~t~~~t~io furan-Z-car&axrlate cl&j; viscous lio_uid;~~r 
k,(CCl,) 1710 cm *; 'H NMR(CBC13): 1.43(t,J=6Hz,3H,CH2a_3); 2.50(a,3H.SCl13); 4.40(q,J=6Hx, 


