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Abstmct: 2-(Tr~mcthylsilylmethyNio~~~tI~yltb~o)~t~~yle~~e-i~3-it~an~i~e(l~, readily prepared by 
reaction of 2-bis(mrrhylrlldo)~~ti:y&ne-~,3-inda~udi~~9) with trirnethylsilylf~t~~yl~~rcaptat~e(l~~, 
was sltown to be the synthetic equivalent of alkylldene-thiocarbonyl ytide. Treutment of this 
comporotd with fluvride ions in the presence of reactive hetero-dipol~rophiies such as curbonyl 
compounds and active alkrms &rdcd I,3+w&r ~~dd~s, 2~~~d~-f,3-~~ola~~es ami 2- 
ul~iideneth;o~e~ies, by eur~nyZ-s~tj~ted counterparts and ~~‘~~tt ~siiylotio~. 

Thiocarbonyl ylides belong to one of the most important classes of 13-dipolar reagents for producing 

of five-membered ring sulfur-containing heterocycles such as thiophene derivatives, 1,3-oxathiolanes, and 

1,3-thiazolidinest Recently we reported that a~kylide~e-refine ylides can be generated by the 1,3- 

elimination reaction of N~~methylsil~methyl) substituted ketene N.S-acetals promoted by fluoride ions and 

f&-2} cycloaddition to various of dipolarophiles is achieved, giving N-containing 2-afkylidene-heterocycles.2 

Ketene N,S-acetals considered as precursors of azomethine ylides, are readily obtained by addition- 

elimination reaction of (trimethylsilylmethyl)amine with the corresponding ketene dithioacetals.23 

0 

1 

In the light of earlier findings? a convenient approach to the synthesis of alkytidene thiophene or I ,3- 

oxathiolane nucleus was cosidered to be the the pathway illustrated in Scheme 1. We report here results 

obtained using alkylidene-thiocarbonyi ylide. a new 1,3-dipolar reagent, derived from 2-(S-methyl-S’- 

trimethylsilylmethyl)methytene-1,3-indanedionet 1) as a method for synthesizing the 1.3-oxathiolane and 

thiophene nucleus via their 1,3-dipolar [3+2] cycloaddition to various dipolarophiles such as afdehydes, 

ketones, and activated alkenes. 

2-(Trimethylsilylmethylthio)(methylthio)methylene-l~-indanedione(l) was preparcd by the addition- 

elimination reaction of trimethylsilylmethyimercaptane (10) to 2-bis(methylthio)methylene- 1,3-indanedione 

(9).4 This reaction in tetrahydrofuran gave a separable mixture of 15 and 2-bis(trimethylsilylmethyi- 

thio)methy~ene- l&indanedione ( 11>6 in SO.7 and 20.3% yields, respectively. 

a-Thiocarbanions should be madiiy generated by the fluoride ion-pace d~ilylation of 

trimethylsifylmethyt sulfide under mild conditions and be conveniently applicable for obtaining of various 
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HS-CI-I~-SiMe, 
10 

11 

19-dipolar reagents such as thiocarbonyl ylides and related species.’ At the start of the present study. 

reaction of 1 with 2,6-dichlorobenzaldehyde (3f) in the presence of various fluoride ions were conducted to 

obta@ 2-(1,3-oxazolidin-Zylidene)-Windanedion derivative (60. The results are summarized in Table 1. 

Cesium fluoride as a fluoride ion source gave the best results in the reaction of 1 with 32 at room temperature 

in acetonitrile. Other fluoride ion sources such as TBAF and TASF also served well as catalysts to give the 

corresponding 6f, but lithium fluoride and silver fluoride were not effective for this 13-dipolar 

cycloaddition.* Thus cesium fluoride was used as the main fluoride ion source. As shown in Table 2, 

ketene dithioacetis, 1, reacted smoothly with various aromatic, a&unsaturated and aliphatic aldehydes and 

ketones bearing electron-donating and electron-withdrawing substituents. 

Table 1. Ractha of t(Mme~y~ylwtLJltLk)(methyltbk)metbylcl,J-laduedionc (1) 
with 2,cDkblOro- yde (30 h the -a of Fluorldc Ion 

0 
CHO 

+ a 
Activalor 

a- 

0 0 
1 3F 6f 

blry S.S-AcetaI(mmot.) Aldehyde(nund.) Aclivator Con&ions Yield(%) a) 

1 0.5 1.0 TASF(I.0 e&v.) TI-IF, rt, 2.5 h 52 

2 0.5 1.0 TBAF(O.l equiv.) THF.rt.2Oh 50 

3 0.5 1.0 TBAF(0.5 equiv.) THF.rt.2Oh 45 

4 0.5 1.0 CsF(1.2 equiv.) MeCN. rt.20 h 66 

5 0.5 1.5 CsF(1.2 equiv.) MeCN, rt. 20 h 59 

6 0.5 1.0 UFI 1.2 eauiv.) IkCN. rt. 20 h 0 

a) Isolated yyield 
TASF=Tris(dimethylamino)sulfur(trimethyIsily) Difluoride (Me.&$QMe$iF~) 
TBAF=Tetrabutylammonium lGoride~(CI$&NF 

To determine the stereospecificity of the reaction, the cycloaddtion of 1 with cis and tran~ 

disubstituted dioplarphiles was carried out. The thiocarbonyl ylides examined so far in the hterdture have 

been shown to undergo streospecific cycloaddition. Interestingly, treatment of 1 with dimethyl fumarate( 5a) 

or dimethyl mahte(5b) at room temperature for 20 hr. in the presence of cesium fluoride afforded 

cycloadduct dimethyl 2-( 1.3-dioxindan-2-ylidene)-4,5-dihydro-thiophene-rrans 3,4-dicarboxylate(8a) as the 

exclusive product without a sterocontrokd mode. Exposure of this compound to cesium fluoride metal- 

assisted the rising of a carbonyl group of indanedione and concomitant desilylation to form the stabilized 

1.3-dipole(12) as shown in Scheme 3. In these reactions, compound Ug could be isolated as a stable 

cesium salts of 8 from the reaction mixture and was converted to the corresponding mixture of expected cis 
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Table 2. Reaction of 2-(Trim~hylsUyime~yithio~~thyithio)m~hyi~~i,~ind~n~tone (1) 
with Aidehydes (3) and Ketones (4) in the Presence of Fiuoride Ion’ 

0 0 R’ 
SMC 

* .’ 
R’\ CSF 

c=o - 
S-CH2-SiMes+ R2/ 

3’ 
R’ 

0 
1 394 

Entry R’ R2 Product Y ieid(%)b mp(“C) 

1 C6HS H (*I 6a 71 216 

2 C&kMe(4) H (W 6b 44 237 

3 C&WMe(4) H W) 6c 21 215 

4 C&-OMe(3) H (W 6d 33 142 

5 C&-CL(4) H (W 6e 66 226 

6 C,H,-Ciz(26) H t3f) 6f 64 288 

7 C,H,-C&(4) H (W 6g 45 237 

8 C,H.,-CN(4) H (3b) 6h 51 237 

9 C6H.,-NO,(Z) H t3t) 61 54 223 
10 I-naphthyi H (3J) 6J 78 176 

11 CH=CH-C,H, H (3k) 6k 11 170 

12 COOEt CooEt (4a) 7a 85 131 

13 C&+9(4) Me (4b) 7b 36 231 

‘All ~C~~OIBS were carried out m a system of 1 (0.5 mmd). 3.4 (1.0 mmol). and CsF (0.6 mmol) 

in MeCN at rt. bykid after isolation by silicagel column chromatography. 

and frans alkylidene thiophene3,4_dicarhoxylates derivatives ,8a lo and b1 ‘(Ratio of cis and nuns: 10: 1 by 

)H-NMR spectra). 

The cycloaddition behavior of an unsymmetrically substituted dipoiarophile was studied to determine 

the regioselectivity of the reaction. When methyl acrylate(k) was used as a dipolarophile. cycloadduct & 

was obtained exclusively. The structure of &was rigorously established by )H-NMR, IR, and MS spectra.t* 

8a %b 

Scheme 3 

General procedure: a solution of dimethyl fumarate (1.5 mmol), ketene dithioacetal (1) (0.5 mmol). 

and cesium fluoride (0.5 mmol) in dry acetonitrile (6 ml) was stirred at room temperature for Xl hr under a 

nitrogen atmosphere. After evaporating the solvent, the residue was treated with 10 ml of water and 

acidified with lN-HCl solution. The mixture was extracted with ethyl acetate. The organic layer was 

separated and dried over sodium sulfate, and the solvent was evapomted. After purification of the crude 
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product by silica gel column chromatography, the thiophene 8a, mp 167-171 ‘C. was obtained in 81% yield. 

It is evident from the present data that the new ketene dithioacetal. 1, is the synthetic equivalent of 

alkylidene-thiocarbonyl ylide. The reaction shows complete regiospecificity in the cycloaddition with 

heterodipolarophiles and mono substituted oleftns. 
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Satisfactory spectral (IR.lH-NMR, and MS) data were obtained for all new compounds in this work. 

13: mp 266-269°C. tan crystals, lR(KBr) v cm- 1: 1725,1660(CO); lH-NMR(9OMHz. DMSO-D6)6: 

2.01(1H, dd, J=7.9, 11.2Hz, 5a-H). 3.29(1H, dd, J=9.3,11.2 HZ, 5b-H), 3.41(3H, s, OMe),3.59(3H3. s. 

OMe), 4.@l(lH, dd, J=7.9,9.3 Hz, 4-H) 7.1 l-7.78(4H, m, aromatic-H); Fab ms: 479(M++l): 

Cl7Hl306SCs=478.243. 

8a: mp 16817O”C, tan crystals, IR(KBr) v cm- 1: 1730,1670(CO); lH-NMR(%MHz, CDCI3)6: 

3.41( lH, dd, J=6.0. 11.7 Hz, 5a-H). 3.78(1H, m. 5b-H).3.72(3H, s, OMe),3.74(3H, s, OMe), 3.77( 1H. 

m, 4-H). 5.SO(lH, d, J=2.0 ,3-H), 7.66-7.91(4H, m. aromatic-H). 

This compound could not be isolated from the reaction mixture, no matter has many attempts made. 

However a doublet was seen at 5.75 ppm (J=6.0 Hz) due to 3-position at thiophene ring in lH-NMR 

spectrum. 
8c: IR(KBr) v cm-l: 1670,1660(CO); lH-NMR(%MHz, DMSO-D6)8: 2.36(1H, m, 4a-H), 2SO(lH, 

m, 4b-H), 3.28(2H, m, IH), 3.73(3H, s. OMe), 5.24(2H, dd. J=1.9.7.8 HZ, 3-H), 7.347.94(4H. m, 

aromatic-H). 
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