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.Smnary: Theproductsfranthephotocycloadditionofdime~l 
acetylenedicarboxylate to substituted benzo(b)thiophenes are 
slmhntode~mtheirradiating~velength. 

Sane tea years ago ws first repoti (2+2)11 cycloadditions of fused 6-5 heteroaranatic 

caqxxmds to alkynes.' Characteristic is the pbotoxearrangment, &servedwithbenso(b)thi~ 

phene amd benzo(b)furan, 2'3 but not observed with alkylated indoles, (l).4'5'6 

w have reinvestigated the sensitized photacycloaddition of banzo(b)thiophenes to dimethyl 

acetyleraedicarboxylateinordertomorefullydetermineitsmechanis Reportedhereinarethe 

properties of the first observed unrearranged1:1cyc loadducts fran alkyl substituted benso( 

thioI&enes and the parentbenzo(b)~ophenewithacetylenedicarboxylate. &u&J to their 

captureisthediscovery ofanintrarnolecularchargetransfermnplscsimilarto~tpreviously 

reported in the elegant work of Davis 4,5,6 imtmtprevicusly OlXfXV&WithOtherfusedhetero- 

aranatic cyclobutenes. Un3e.r the ccxrlitions of the original experiments, absorption in this 

charge transfer canplex leads to a facile conversion of the unrearrangedadducttotherearranged 

product. 

In a typical experinmt, benzo(b)thiophene (4.0 g, 0.03m) and dimethyl acetylenedicarlmxy- 

late (2 g, 0.14m) ware irradiated, in benzene (30.0 ml) with acetoplmmne (0.75 g) as sensi- 

tizer, throughPyrexwitha 450wattmedi~nnpressureHanoviamrcuryarc lamp, togiveonlythe 

rearranged adduct, IIIa. Whenthereationw~5carriedtosubstantial conversion in a Rayonet 

photDchanical reactor using 300 m lamps, a new yellow 1:l adduct (IIa) was also obtained. IIa 

ard IIIa were separated on Florisil by colum chmnatography. IIa is characterized by its 

N.M.R. spectrum (6H, 2 singlets; 3.856: 2H; Hl and H,-, = AB mltiplet, 4.786; 4H; multiplet; 

7.206) and a concentration indeper&nt charge transfer absorption (AZ 366 m; e=559). In 

cohtrast, the rearranged a&iuct shows no suchcharge transfer absorpticm, buthetypical 

absorption of a dihydrobenzo(b)thiophene below 280 mn. 
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Similar obsmvatimsweremadewith 3-mthylbenzo(b)thicphene Ibanddimethylacetylene- 

dicarboxyla~. The unrearranged &duct IIb, characterized by its mm qectnm (6H; 2 singlets, 
cl? 

3.836 3H; CR3 = 1.796; E-I; 4.46): shcwad the characteristic charge transfer abs0rpti.m (A_ = 

369 mn; ~=680). With tetralq&mdikenzo(b)thiophem?, Ic, and dimthylacetylene dicarboxylate, 

tkunrearrangedadduct, IIc,was separatedon fluorosilasaclearyellowsolid. Itsnmr 

spectnm showed two ester singlets (6H; 3.836; the four mthylene groups; brcad absorptim 

centered at 2.086 and the aranatic protons; 7.256). The W (As = 366, ~=854) is shcm in 

Figure 1. 

lResethreeexpxjm?rltsare sumnm-ized in Schema I. 

S&EYE1 

Ia; F+ =H 
Rii b; F$= 1%==3 

c; Rl and R2= -(cH2)4 

hv_S 
8 
"rn3 

+ 

IIa-c; yellow oil or solid 

Theunrearranged~~ts,IIa-candtherearrangedadducts 1IIa-c were irdependently 

irradiatedandconve~ toamixture identical incccrpositim of II and III, Table I. This 

establishes thataphotostatimary stateexistskt~ II and III. 

Qble I* 

Phokequilibration Studies 

3 

1IIa-c 

64 36 
70 30 
100 0 

hv ~ 

= hv 

No Sensitizer 

1IIa-c 

* Eachphotoequilibraticnuas carried outatambientteqeratures in a myonetphatochanical 
reactor, using 300 m&amps, 
bet- 1.3-1.5 x 10 M. 

andinknzene solvent (N2 plrged) usingccmcentraticms 



Illustrations of the differential absorptions of the unrearranged adducts, II, and the 

arranged adducts, III, are those obtained from tetrah@odibemo(b)thiophene and diwthyl 

acetylene dicarlmxylate (IIc, IIIc), Figure 1. The rearrangedadductabsorbsmst strongly at 

the mission maxinnm of the 300 nm Payonet lamps. Thus, undo these oxkditions, only IIc is 

obtained,Table I. With the Hanovia 450 watt lamp, which has substantial mission at 366 mn, 

only unrearranged adduct IIc absorbs and, under these conditions, mostly rearranged adduct 111~ 

derives. 

As wa have established in prior studies 
l-3 , rearrangmsnt of IIa-c* 1IIa-c procedes 

via an allylic biradical, IV, and product distribution 

Iv 

derives fran the typical electronic and steric effects affecting the reactions of these bi- 

radicals when canpetitive light absorption is possible. We have now identified the reason 

for the observation of only rearranged adducts, hamm~, and indicate it to bs the occur- 

rence of non-ccmpetitve light absorption by the tm stereoismaric adducts. 

0ir conclusion is that the charge transfer absorptions of the unrearranged adducts, II 

control the observed products. Further mechanistic studies of these interesting wavelength 

dependent systems are in progress. 
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