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w- 1.1-Bis(2-thienyllethaml reacts at rcrm tenperat- in the absence of light 

with electrondeficient alkenes such as lUE or MQ to give quantitatively 14 + 21 

cycloadducts derived fmm 1,l-bisl2-thienyllethylene. The process was mnitored by esr 

and it is sham that it is the first exanple of a cycloaddition involving a 

heterocyclic ring that -a through the fomtion of intediate radical ion pairs. 

Fm(poentation of the MQ adduct constitutes a straightforward new mute to the 

4.5dicyanohenzoIblthiophene skeleton. 

The Diels-Alder reaction is a 14 + 21 cycloaddition, a themlly allowed, six electron pmcess. The 

suhetitution pattern on the reacting diene and dienophile as well as the reaction condltiona 

difiea the m s e  of the reaction in the sense of pmceeding in a concerted fashion1 or Btepiise 

via biradicals2 or mitterionic3 intediates. On the other hand, the initial fomtion of 

dienedienophile electron donor-acceptor (E@dl ccnplexes was first suggested to he inportant in the 

context of cycloadditions hetween arenes and dienophiles.' The photochemical pmtion of 

cycloaddition reactions, hoth I 4  + 21 as well as I2 + 21 are kmmn. The violation of the 

Wmdward-tbffrrann rules for such a I48 + 281 stereoselective photochenical process has been 

explained by considering the direct involvmt of the C T  excited state of the EDA ccnplex. 

Tetracyamethylene (MUEI is a stmng electron acceptor which gives typical cycloaddition reactions 

with n-electron donors5 as well as the a ccnplex f ~ m t i o n . ~  The diple mment of the traneltion 

state in the them1 cycloaddition of omthylstyrene or 1,ldiphenylethylene to TCTUE is a s 4  to 

he larger than either that of the correspnding EDA -1ex or cycloadduct.' This is due, in - 
extent, to the contrihtion of a zwitterionic stnrture.' To our lolarledge, the involveoent of rad- 

ical ion pairs as intenmediateas in Diels Alder reactions has been ascertained only in one instance 

when studying the reaction of trans-2.3-bis(dinethyl~mthylenelnorbmane, a high-lying m 

diene, with MUE, a lar lying LIM) dienophile. 

We wish to reprt mw that 1.1-bis(2-thienyllethaml 11) when it is mixed with TCNE (21 at mom 

-ratwe affords in quantitative yield a white crystalline identified as the 

c y c l o a u  4 (see Scheme 11. The fomtion of 4 is easily underrrtmd as a [4+21 cycloaddition of 



1.1-bis(2-thienyllethylene (2).  f o n d  by dehydration of the alcohol (11, and MUE (1). 

The reaction is unusually fast since it takes place in less than 15 minutes and it does not need 

any source of heat or light to be pmted. Other vinylthiophenee participate in Diels-alder 

reactions to give a m t i c  cycloadducts unjer rather drastic mnditions." 

To get a deep insight into the m h a n i m  of the cycloaddition, c- (11 and (21 dissolved 

in mthylene chloride were nixed and the resulting solution was examined by esr sharing a very 

strong signal (g = 2.0069, H = 3428.3) whose intensity decreased with the fomtion of cycloadduct 

+I. This strongly suggests that the reaction occurs by electron transfer thmgh a mechanism of 

radical ion pairs as shown in Sch- 2. 

hien  we essayed the equinolgvlar reaction of alcohol (11 with 2,3dichlom-5.6dicyamhe11~~mne 

(ED.?) (2) the fomtion of 0.5 equivalents of the unsaturated armtic cycloadduct (11 and 0.5 

equivalents of the hydroquinone (81 was observed to take place. Carplete regioselectivity was 

observed since the chlorine substituted olefinic double bond does not participate at all as 

diemphile. The meacted almhol (1) was converted into 1.1-bis(2-thienyllethylene (2). hlrther 
addition to the reaction mixture of one dvalent of ED.? (2) resulted in the carplete 

tranafomtion of the reagents into the unsaturated cycloadduct (2) .  All the atove observations are 
readily rationalized by aesrming the initial fomtion of the intermediate a d d d  ( 5 )  that is 

mbseqxntly oxidized by 5 (see Scheme 3). The dehydrqenation of hydmamtic ccnpnvds by ED.? 
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(5) is well d m w e n t . 4  in the literature." The reaction of 1 with 5 was also mnitored by esr. 

An unresolved signal was detected at ~ O O O K  sqgesting also the participation of radical ion pairs 

as intermediates. Ha*ever no definitive conclusion can be reached in this case since the mixtures 

of 2  and 5 have been f d  actives in the esr." Other electron deficient olefins such as 

acrylonitrile, mthyl acrylate and dlmthyl acetylenedicarbxylate did not react with 1 under 

similar conditions. 

meed on the h e  rerrults we treated the cycloadduct ( + I  with OM equivalent of ( 5 )  giving 
rise to the a-tiaation to yield c-nd (9 )  in quantitative yield (see Schane 41. 



Cycloadduct (1) ia an unstable corpxud which in the process of pvification was transformed in a 

new pmchrt identified by mu and elerental a~lysirr as the bennothiophene (101 (see Scheme 5). 

Diels-Alder adducts derived £ran heptafulvalenes and DDQ have been sham to yield dicyamzulenes 

by a fomlly similar process." 

Cl 

Th = 2-Thienyl 

Scheme 5 

Alcohol ll-I is a stable mnpound in the dark and it is mtemrthy that it undergoes very fast 

dehydration in the presence of TQE 11) or DDQ (5). The dehydration reaction is not directly 

related to the fomtion of the cycloadduct since, as sham ahove, the olefin (21 is also generated 

in 50% yield in the equinolecular reaction of land 5. Cmpund (21 is unstable and polyrerizes 

rapidly when norrcry~talline'~ and, for this reason, frm the synthetic point of view the mute 

reported herein to the heterocyclic skeleton8 i. 1, 2, and 10 is advantageous since it avoids 

handling the precursor olefin giving quantitative yields. 

-AL 

'H and I3c rmr spectra were recorded in a B-ker WP-80 SY or AC-200 apectmneter. klting pints 

are uncorrected and were determined with a Kofler hot-stage apratus. Esr -tra were masured in 

a B-ker W 200 quiprent. 

Reaction of 1.1-bisl2-thienyllethanol (1) with T(NE. To a solution of (0.21 g, 1 m l l  in 10 ml 

of mthylene chloride. 10.128 g, 1-1) was added at man tenperatwe with vigomus stirring. 

Idiately, the solution bgame dark. After 15 min, the solvent was evaporated, and the resulting 

solid was washed with CC1 and recrystallized f m  chlomform. Cycloadduct (i) was obtained (0.31 

g, 98%). np 148'~. Anal. Calcd for C,6HBN,SZ: C, 59.98; H. 2.51; N, 17.48; S, 20.01. Found: C. 

59.98; H, 2.41; N, 17.47; S. 20.23. 'H Nnr (CDCl3I: 3.58 (m. 2Hl. 4.67 (m, 1Hl. 5.80 (dd, J = 6 and 

2 Hz, 1H). 6.62 (dd. J = 6 and 2 Hz. 1HI. 7.00 (m, 2H). 7.35 (t, J = 3 Hz, 1H). Nnr (arC13): 
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Reaction of 1.1-bisl2-thienyllethanol (11 with CCQ. DoQ (0.456 g, 2 -11 was added at rom 

teneerature with vigomus stirring to a solution of alcohol (1) (0.21 g .  1 -11 In mthylene 

chloride (10 dl. Irmediately the solution becam dark and a solid appeared. After 15 mi" with 

stirring, the guspension was filtered. The resulting solid was identified as the hydroquinone (81 
(0.225 g, 49 % based on OD21 by conversion into the corresponding diacetate, " n p  180"~. 13c MN 

( W 6 L  : 101.41(~1, 113.66Is1, 129.22lel. 150.89(s). The solvent of the filtrate was evaporated 

and the solid residue washed with El,. After filtration, cycloaddud (21 was obtained (0.40 g. 97% 
based on the alcohol). 'H Mnr (CD3OXD31: 5.87 ( s ,  lHI, 6.72 (dd, J = 3.5 and 4.5 Hz. lH1, 6.87 (d, 

J = 5.5 Hz. 1Hl. 7.07 (m. 2HI. 7.48 (d. J = 5.5 Hz. 1Hl. 13c MN (El3): 54.861s). 110.05(dl, 

112,37(sI, 126.14(sl, 126.56(81, 126.71(dI, 128.17(d1, 128.37Idl. 128.58(dl, 129.86(dl, 133.28(sI, 

134.67(s). 135.46Isl. 136.781s). 176.96(s), 178.04ls). 

The plrification of 2 by c o l m  chmtcgraphy (silica gel1 with chloroform as eluent, gave rise to 

henzolblthiophene (10). np 206-208'~. -1. Calcd for C,,H6N2S2: C. 63.13; H, 2.27; N. 10.52; S, 

24.08. Found: C, 63.27; H, 2.29; N, 10.23; S, 24.20. 'HNnr (ca'13): 7.28 (dd. J = 5 and 3.7 Hz. 

lHI, 7.61 (dd, J = 1 and 5 Hz. 1HI. 7.73 (dd, J = 1 and 3.7 Hz, 1H). 7.75 (d, J = 5.6 Hz. 1H1, 7.85 

(s, 1H). 7.93 (d, J = 5.6 Hz, 1Hl. 13c Mnr (ClKl31: 108.64l81. 113.18(s). 115.021~1, 116.05LsI. 

123.53ldl. 125.76(dl, 128.40(d1, 128.85Id1, 129.03(dI. 133.57ld). 135.13(sl, 138.88(sl, 141.66(s). 

142.25(s). 

Oxidation of cycloaddwt 4 by UQ. To a solution of 4 (0.32 g, 1 -11 in 10 ml of mthylene 

chloride, CCQ (0.22 g, 1 nmll was added at roan t-rature with vigorous stirring. Inmdiately 

the solution bffane dark and a solid precipitated. After 5 mi" stirring the suspenslon was 

filtered. The precipitate was identified as the hydrcquiwne 8 (0.2 gl by conversion into the 

corresponding diacetate, " np 180°c (ethanol). The liquid mse was evaporated to yield -wd 

19) (0.304 g, 96 %),  np 150°c (decarp.1. 'H Mnr (arl31: 5.90 (s ,  1Hl. 7.05 (dd, J = 4 and 5 Hz, 

1HI. 7.25-7.50 (m, 3HI. 7.58 (d. J = 5 Hz, 1 ~ 1 . ' ~ ~  Nnr (El3): 41.5919). 106.26(d), 109.17(s), 

109.68Is1, 123.261s). 126.38(dI. 128.49ld). 129.37(dl, 131.23(dI, 134.95Isl. 135.70(s), 143.79(s). - 
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