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During the last few years the photochemistry of cyclopropene derivatives has attracted
considerable interest.] Singlet states react by o-bond cleavage to give products which are
explicable in terms of the chemistry of viny]carbenes,z’3 while triplet states, generated by

sensitization techniques, give 2+2 dimers4 or cyc]oadducts.s’6

Recent MO calculations suggest
that the singlet excited state of cyclopropenes can readily open in an unactivated process to
relieve the strain energy present in the ring.7 Triplet states, on the other hand, have a
barrier to ring opening and are therefore long-lived enough to encounter another ground state
molecule leading to dimerization. We now wish to report the first example of a singlet state
reaction of a cyclopropene in which the three-membered ring has been retained.

We had previously found that the direct irradiation of 3-allyl-3-methyl-1,2-diphenyl-
cyclopropene (1) afforded 1,2-diphenyl-3-methylbicyclo[3.1.0]hex-2-ene (3) as the exclusive
photoproduct.8 The most reasonable explanation to account for the formation of 3 involves
ring opening of the electronically excited singlet state of 1 to a vinylcarbene intermediate
(2). The formation of the vinylcarbene can be viewed as the result of an initial heteroly-
tic cleavage and rotation of the disubstituted carbon atom.9 Both electrons occupy an in-plane
og-orbital with only two electrons in the conjugated w-orbital. Extended HGCke] calculations
carried out on the parent system show that the vinylcarbene correlates with the excited singlet

10

state but not the ground state. Attack of the carbene carbon on the neighboring double bond

generates the bicyclo[3.1.0]hexene skeleton.
Irradiation of the related cyclopropene 4 yields products derived from both cyclopropenyl

ring opening and from a-cleavage. Rupture of the cyclopropene o~bond leads to bicyclo-

hexene 5 (80%) while a-cleavage affords the isomeric cyclopropene 6 in 20% yield.
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The photochemistry of cyclopropene / was found to proceed differently from 4 in that the
major products (8 and Q) are now derived from a-cleavage (60% overall). The two minor
components (40% overall) in the reaction mixture (10 and 1]1) can be considered to be
formed from a transient vinylcarbene intermediate which either inserts into the methyl
group3 or undergoes addition to the neighboring wm-system. The photochemical reactions
encountered on direct irradiation of 7 proceed through the singlet manifold since sensitiz-

ation with thioxanthone gave tricyclo[?.2.0.02’6]hexane 12 as the exclusive photoproduct.]]
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We have found that the successive introduction of methyl groups on the a-carbon
dramatically increases the importance of a-cleavage relative to ring opening. Thus,
irradiation of cyclopropene 13 afforded a 1:1 mixture of the isomeric cyclopropenes 13
and 16 as the exclusive photoproducts. Similar results were encountered with cyclopropene
14; aithough in this case, the ratio of 15:16 was 1:3. Control experiments showed that
13 and 14 were not interconverted under the photolytic conditions. The formation of 15
and 1§ from the radical pair 17 is to be expected since the transition state prefers to

12

localize the odd electron on a phenylated carbon. Further irradiation of 15 and 16 did

not afford 13 or 14 but instead gave indenes derived from a vinylcarbene intermediate.]3
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We propose a mechanism analogous to that accepted for the type I reaction of ketones
to account for the formation of the rearranged cyclopropenes. Introduction of methyl
groups on the « or y-position of the allyl side chain will stabilize the radical pair
intermediate 17 enough to allow fragmentation to compete efficiently with ring cleavage.
Cyclopropene ], without this stabilization, yields only ring opened products. This same
reasoning can explain the behavior of 13 (or 14), where disubstitution prevents ring
cleavage from competing with side chain fragmentation.

The above results allow the following generalizations to be made regarding the photo-
chemistry of allyl-substituted cyclopropene derivatives: (1) Excited cyclopropene singlets

give products consistent with o-bond cleavage to vinyl carbenes whereas triplet states
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undergo intramolecular 2+2 cycloadditions; (2) Cyclopropene singlets have very inefficient
intersystem crossing efficiencies which accounts for the absence of tricyclo[2.2.0.02’6]-
hexanes from direct irradiation experiments; {3) Side chain fragmentation can compete

with ring cleavage as a primary process when stable radicals are produced.
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