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THE STEREOCHEMISTRY OF THE [2+2]-CYCLOADDITIONS OF CYCLOPENTYNE - 

EVIDENCE FOR AN ANTISYMMETRICAL SINGLET GROUND STATE') 
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Institut fiir Organische Chemie der Universitat Gottingen, 

Tammannstr. 2, D-3400 Gattingen, Germany 

Summary: Cyclopentyne 2, as generated from dibromomethylenecyclobutane 1, adds 
stereospecifically cis to both cis- 
to 1,4-addition with 1,3-butadiz. 

and trans-2-butene and prefers 1,2- 
Thispoints to an antisymmetrical 

singlet ground state of the cyclopentyne diradical. 

We have recently found 1) that cyclopentyne 2, as generated from dibromomethy- 

lenecyclobutane 1, undergoes [2+21-cycloadditions with a variety of olefins, 

yielding bicyclo[3.2.0]hept-l(5)-ene derivatives. We have now investigated the 

stereochemistry of this unusual process and report here on our findings with 

cis-2-butene, trans-2-butene and 1,3-butadiene and consequences therefrom con- 

cerning the spin state and symmetry of the cyclopentyne diradical. 
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When dibromomethylenecyclobutane 1 1) - (4.0 mmol) was reacted with phenyllithium 

[2.0 ml (4.0 mmol) of a 2.0 m solution in benzene/ether (75/25)1 in cis-2-butene 

(40 mmol, 99% pure) and trans-2-butene (40 mmol, 99% pure) respectively for 15 

min at -4OOC and 45 min at O°C, single cycloadducts (36% from cis-2-butene and 

38% from trans-2-butene) 2) arose in both cases. The stereochemical differentia- 

tion proved difficult on the basis of the pure hydrocarbons but could readily be 

achieved upon epoxidation 3) . The cycloadduct of trans-2-butene yielded a single 

epoxide 4 4) -' which had lost the symmetry of its olefinic precursor and thus 

proved to be derived from 2 4) . The cycloadduct from cis-2-butene yielded a 1.3:1 

mixture of two stereoisomeric epoxides 6 4,5) and !74,5) , which had retained the 
symmetry of their olefinic precursor and thus proved to be derived from 5 4, It - - 
was hence obvious that cyclopentyne 2, as generated from dibromomethylenecyclo- 

butane 1, had added stereospecifically cis to both cis- and trans-2-butene. 
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To verify the now highly probable preference of cyclopentyne 2 for 1,2- rather - 
than 1,4-addition with conjugated dienes, we reacted dibromomethylenecyclobutane 

1') (2.0 mmol) with phenyllithium [I.0 m1,(2.0 mmol) of a 2.0 m solution in ben- - 
zene/ether (75/25)1 in 1,3-butadiene (20 mmol, 99% pure) as well. Indeed, within 

15 min at -4OOC and 45 min at -lO°C the [2+21-cycloadduct 8 4) was formed in 36% - 

yield2', no [2+4]-cycloadduct 10 being detectable 6) 
- . Pure 8 was found to be 

highly prone to polymerisation but could be readily transformed to the stable 

trans-1,3,5-hexatriene 9 4,7) via a thermally allowed conrotatory outward cyclo- - 
reversion. This process was complete within 2 min at +180°C. 

We feel that the observed stereospecific cis-addition of cyclopentyne 2 to - 
cis- and trans-2-butene and its preference for 1,2- rather than 1,4-addition 
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with 1,3-butadiene nay best be explained in terms of orbital symmetry control 

assuming an antisymmetrical singlet ground state 11 of the cyclopentyne dira- 

dical. This is in sharp contrast to what is known 8;9) for the structurally re- 

lated 1,2-dehydrobenzene, where a symmetrical singlet ground state 12 8) causes - 

nonstereospecific 1,2-additions and a strong preference for stereospecific 1,4- 

additions'). Nevertheless, the behaviour of cyclopentyne 2 is not without pre- 

cedence: 1,8_dehydronaphthaline adds stereospecifically cis to both cis- and 

trans-2-butene lo) and here in fact an antisymmetrical singlet ground state 13 - 
has been shown 8) to be involved. 

11 - 12 13 - - 

In summary, the stereospecific cis-addition of cyclopentyne 2 to both cis- 

and trans-2-butene and the selective 1,2-addition to 1,3-butadiene provide 

evidence for an antisymmetrical singlet ground state of the cyclopentyne dira- 

dical. As no calculations on the spin state and symmetry of cyclopentyne itself 

exist, a thourough theoretical study is clearly warranted. 
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