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Abstract - A new, productlvs synthesis of 3-cyano-2.5dihydrothic-phene-l,l- 

-dloxlds (3) la described. this substituted sulfoltne eervee 08 a stable 

precursor of 2-cyano-1,3-butadlana and CM be used in the Dials-Alder ftac- 
tlons ulthout isolation of tha unstable dime. 

The Dislm-Aider reaction6 of 2_cymno-1,3-butrdlan l ysear to proceed in high 

yield only with electron-deflclent dlenophilem. but C MMR &owe that in 

ewe camem the product8 art a mixture of regioisomerlc cycloadducts. 

The Dicla-Alder rcactlon ir undoubtodly onto of the cornerntonea of orutnnic chcri- 

stry . In this contcat, a ronarkablc number of I ,3-dicnua havo boon prcparcd with 

suitably posit inncd clcctron-donor or -acceptor subat itucnta, rcndcring Lhu dicnu 

thermally rractivc and allowing sfficicnt rogiocontrol in 4-2 cycloeddition. 
I 

One gcncral method of 1,3-dicnc synthcHis which has bsen Ahown to bc* fitcrctonpeci- 

fit ia the chclrtropic cxtrulrion of l ulphur dioxide from Z,S-dihydrothiophcnc-l,l- 

-dioxide% (3-sulfolenon), which occura in a completely %taraoapccific disrotatory 

L 
mannor. 

Recent studies 
.?,4 from two different ruscarch groups on the succsssful alkylation 

and l cylation of 2, s-dihydrothiophenc- 1,l -dioxidca AS well ad on the? possibi I ity 

to add their c carbanione to carbonyl compoundn including 0, fi-unsaturaLcd kctoncs 

with high rrgioselcctivity, have greatly cxpandcd the applicability of this nctho- 

dology, 

Further, Trka jana ct al + 5 
have reported that the thcraolytic desult’onylation of 

3-aulfolenes can bc caaily performed operating at lower tcmporaturo and with many 

different reaction conditionn with roirpcct to those generally employed in the 

vapour phase thcrmolysis. 

Continuing our rcrearchnn on 4-cyrno-3-oxo-tctrahydrothiophcne (11, in this paper 

UC winh to doscribc a now rrimple ncthod to synthoalze Rulfonc (3), a stable. cry- 

atalllne compound which can be considered the synthatic equivalent of 2-cyano-1,3- 

-butadicne and ita reactivity with nomc rtprasentativo dicnophilss. 

The required I-cyano-3-oxo-tetrahydrothiophcne (1) was prepared in SO% overall 

yield through Dicckmann cyclization of the Michael adduct between acrylonitrilc 

and methyl thloglycolatc in the prerrtncc of rodlur methoxide in refluxing methanol 

according to a procedure dencribcd in the patent litarature. 
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0 < coaue 
CN 

NmOMa; MaOH; 118. 
l 

BH -tl 3 
(1) 

Siodiur borohydridc rcduct 1 on of (I) f u 11 owed by treatment of cl-u dr- wduc I i nrr 

nixturo with ncthansulfsnyl chloride in the prcssncc of an cxccss af tricthylaninrg 

afforded thv 3-cyano-2,5-dihidrothiophcnc (2) in 72% overall yield. 

uati oxidized to the nicely crystalline sulfonc (3) 

using n-chlor-oprrbcnroic: acid rccordrng LO the +lcIntosh’s twcc.r~!~lw in 9-T% v’c.l(?. - 

When 3-cyano-2,5-dihydrothiophcnc-l,l-dioxide (31 YUR huatcd in rcf luxing tolrrc*nev, 

a nodcrately rapid evolution of aulphur dioxide occurred and in thr abwncc raf 

added dicnophilc a high yield of 1,4-dicyano-4-vinylcyclohext~nt: (4) was forwd. hca 

trrcen of irrnnwric aatr:riale could bc dcttxtbd by thin layer chroaatography or by 

proton or carbon NM, 

Tha dimcr (4) showed the Ram@ mc?lting point of thu compound rc:portr*d hy Hsrvc*l 4-t. 

al. 
7 as the main product inolatcd from dimcrtration oP 2-cyano-1,3-butndisnc, in 

turn obtained by cracking the acetate of vinyl ketone cyanohydrin. 

Acid hydrolysirc of (4) produced a quantitative yield of mikanecic acid, a tcrpc- 

noid dicarboxylic acid firlit isolated from thu alkaline hydrolysis of thr? alkr- 

loids Mikanoidlns and Sarracinc, which has been the object of rcvcral syntht*tic 

ntudics. 
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Whti+n a dic*nophilc (54-l) uali incorporrted In the reaction mixture, TLC analysis 

wvcaled the formation of following coapounds: a) only the direr (4); b) the 

t:xpectod product; c 1 l mixture of dimcr (4 1 and the oxpectcd product. In general, 

ttba- obtaincsd dnto rrhoucd that dicnc (3%) rcactcsd ucll with nlcctron-dcficicnt 

dir.nophi Is:%. (Table) 

Thcs rc*giowIt*ct.ivity of the Dicls-Alder reactions of (3) ?ICCPS to bc! variable. The 

cycloaddition reaction with dienophilca (Sg-1) produced (I mixture of 1 ,3 and 1 ,4 

cycloadducts in approximately 3: 1 ratio gri indicated by 13 C HMR spectra. For 

instanccn (fi) shoucd the foilowing sign&in: b 174.82, 174.46, 143.44, 144.87, 

119.37, 112.27, 111.09, 52.27, 37.53, 38.07, 28.03, 28.52, 26.0, 25.24. 24.22 and 

23.55, which a& clc*orly due to the prcsrncc of two rcgioiannrrs. The sdmc 

coaplcxity uas obsclrvrd in tht. cxamplc (II ), (12) and (u). The USC of Lewis sc.id - - 

cataly.sls is blbrrrg invcstigatcd as A possibility to improve the rpgiowlsctivity 

of tlli- t r;tnhformcrt ion. 

In summary, the results shored that the sulfonc (3) could bc consrdcrcbd a strblc. 

masked fern of 2-cyano-1,3-butadianc and the reactivity of the latter annwerod the 

cxpcctationfl of a Aynthrtically valuable 1,3-dicnc, 

AcknoulsdpePt. Financial support of this work by Minister0 Pubbitca Istruzionc 

(H.P.1. 60%) Ln gratefully acknowledged. 
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Melting polntu and boiling points art uncorrected. Rcectlon courmea and product rtxture were 
routinely umltored by thin-layer chromatography (TLC) on sllice gel precoattd Merck plmteu. 

I~frarsd (IR) spectra wra waswad on a Pm-kin tlmar 297 spactroobter. Nuclear ugnetlc rt8on8nct 

( H NyR) l pectrs were obtained with a Brucktr 200 spectrometer for solution in CDCl 

poalttm me plven in parta per rllllcm downfield frcm tatrmethylallanc aa on interna P 

ud peak 

8tnndard. 

All drying operations were carried out with anhydrous mrqnesiu sulphate. 

3-cymno-2,~dlhydrvthlophtne (2). To en Ice-cooled end stirred rolutlon Of 

*-cyano-3-oxo-tttrlhydrothlophtn8 (1) (1.4 g, 0.01 roll in %tW 9% (50 ~11, sodium borohydride 

(0.38 g, 0.01 -1) uab added. The resultlnp sumpennion warn stirred at room temperature for 2h. The 

rtactlon mixture wan cooled at O*C and carefully acldlfled with acctlc acid to pH=6 and evaporated 

In vecuo. rhe realdue ram pmrtitioncd between water and ethyl l cet.8tt, the organtc layer ~68 

washed with rater (2x20 ml) l nd then, ulth brine (2x20 ml) nnd evaporated In V~CUO. the crude 

alcohol wan dissolved 1 n methyl tne chloride (20 al) and to the 1 ce-coo led 

solution triethyl uine (5.6 al 1 0.04 Ml1 fol 1 owed by weyl ch loride (1. 

i rtwd rtmultrng 

0.02 0011 were 

added dropuiae. The reaction q lxture warn stlrrsd at rcxm temperature for 0.5h, diluted ul th 

wthylcne chloride (30 ml), the orgmic layer warn rnmhed with hydrochloric acid 5% (10 ml). The 

&led organic srtractm were evmporated in vacua md the 011 _x rpsldw dlatllled at b.p.: EWC l t 
0.1 II Hg to give (21 In 72% yluld. IR (neat): 2200, 1640 ca ; 

6.8 (a. lti). 

H WR 0X13): 4 3.0 (br a, 4Hl; 

Zcyano-2,%dlhydrothlophene-l,l-dioxide (3). To an ice-cooled end stirred solution of 

3-cyantr2,S-dLhydrothiophsne (2) (1.1 g, 0.01 Doll in aethylene chlorlda (50 all, 

m-chloroperbentolc acid (3.5 g. 0.02 sol) uas l ddtd in four portiona end the eolutlon stirred for 

3h at O*C and overnight at room temperature. The filtered eolutlon was waahtd with saturated 

aqueous sodium carbonrtc (50 ml), dried, and concantmted to give a crude aolld which VW flash 

chroutographed cluting uIth ethyl acetate/petroleum ether 6:4 to glva pure (3) (1.3 

aa a nicely crystnllinc solld melting to 151.C. fR (K&-l: 2250. 1630, 1330, 1130 

(DMSO-d 1 b 4.1 (m, 4Hl; 7.2 (a, 1H). 

Ceners16 procedure for the Dlsls-Alder resctlona of (3). To 4 

3-cymc+-2,5-dlhydrothiophenu-l,l-dloxlde (3) (0.14 g. 0.001 mol) In tolusno (20 al) 

sgproprlats dicnophlle (0.01 mol) and the solution hea ted at rsflux overnlght. I 

dlenophllaa (5c.e.f) only 0.001 ml zero med. 
the l olvcnt and excess of dienophllt ueru evaporated at reduced prtoaure and the 

chromatographed eluting ulth the solvent mixture indicated ln thm table. 

solution of 

wu added the 

:n the cue Of 

residue flash 

Ntkaneclc Acid. A ample of 0.095 g IO.6 m.wll) of (4) uan dlamolvad in 2 cc. of acetic ncld and 

5 cc. of concentrated hydrochloric acid. The resulting l olutlon waa heated under reflux for eight 

hours, then solvents were evaporated l nd the eolld reriduc won dissolved In m saturated sodium 

hydrogen carbonate bolutlon. The aqueous phase warn first extracted with ethyl ether, then 

rcldlfied with SX hydrochloric acid solution and extracted with ethyl acetat@. The orpanlc extract 

warn dried over l nhydrous l odlru sulfate and tveporated under reduced praerure to afford mlkaneclc 

acid l 8 l aolld w 
n.p.: 239-24C.C. 

r 
ich WE rscrystalllzed from ethyl ether/petroleum ether; yaeld: 0.118 g (65%); 
H NllR (DUSO-d 1: 

12.4 (s.b., 
8 1.52.63 (m, 6Hl; 5.1 (m. 2H); 5.9 ta. 1H); 6.65 Im, lhl; 

2H) aa reported In the literature. 
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