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PHOTOREACTIONS OF 8-METHYLENE- AND 8-DICYAN0METHYLENE-TRICYCL0[3.2.2.02’4]N0N-6—ENE])
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8-Methylenetricyc10[3.2.2.02’4]non-6-ene (4) gave 8-methylenetetracyclo-
[4.3.0.02’4.05’7]nonane (6) on photolysis, whereas the dicyano-derivative (5)
afforded two different-types of products, 8-dicyanomethy]enetricyc]o[3.3.1.02’4]'
non-6-ene (9) and 9,9-dicycano-8—methy1enetricyclo[3.2.2.02’4]non-6-ene (10).

In a previous paper, we reported the photoreaction of homobarrelene (1) giving homosemibull-
valene (2) as the major product.z) This result stands in marked difference with the result report-
ed by Daub and Sch]eyer3)who claimed that barbaralane (3) is the sole product. In addition to
studying the photochemistry of 1, we have done a comparative study with 8-methylenetricyclo[3.2.2.

02’4]non-6-ene (4) and its dicyano-derivative (5). Several structural features present in 4 and
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5 led us to investigate their photochemistry. Since the 1,4-diene chromophores of 4 and 5 have a

different geometry from that of 1, these compounds might be affected in the efficiencies of the

4) With the dicyano-derivative (5), a

photoreactions or show different photochemical behavior.
charge-transfer interaction between the dicyano-substituted double bond and either the cyclopropane
ring or the C6-C7 double bond is anticipated. The CT-interaction in 5 might influence the photo-

chemical behavior.

Compounds 375) and §_6) were synthesized from the corresponding ketone by a Wittig reaction
and a malononitrile condensation, respectively. The presence of any CT-interaction could not be
determined in the absorption spectrum with certainty. When a 20 % acetone-benzene solution of
4 was irradiated with RUL-3000K lamps using a quartz vessel, 8—methy1enetetracyc10[4.3.0.02’4.05’7]
nonane (6), a normal di-m-methane rearrangement product, was obtained in 41 % yield. Irradiation

of 4 in benzene gave again 6 in slightly lower yield (36 %) at a slower rate. In contrast, the
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o
direct irradiation of 4 in a cyclohexane solution with RUL-2537A lamps gave only 1.3 % yield of 6
even after the prolonged irradiation. Compound 6 was a sole photoproduct of 4, and the formation
of 6', other possible di-m-methane rearrangement product, could not be observed.  Quantum yield for

the formation of 6 was determined to be 0.036 in acetone-sensitized condition.g) On the other hand,

N

Ql

a value of 0.119 was obtained for the formation of 2 on the photolysis of homobarrelene (1).

8

Compared with the phatorearrangement of homobarrelene, the lower quantum efficiency for 6 can be
attributed the free-rotor effect induced by the C8-exo-doub1e bond of 4. It is also of interest
to compare the photoreaction of 4 with those of 5-methylenenorbornene (7) and its benzo-analogue
(§)_9,10) These structurally related compounds are reported to give the products by the direct ir-
radiation more effectively, where 7 gives the normal di-r-methane rearrangement product and 8 jso-
merizes to the highly strained system 1ike 6'. In contrast to these results, it is noteworthy
that the sensitization by excited acetone or benzene is effective for the photoreaction of 4.
The irradiation of the dicyano derivative (5) brought about a dramatic change in the photo-
chemistry. When 5 was irradiated under triplet-sensitized conditions, the expected product(11)
)

was not formed. Contrary, the direct irradiation resulted in the formation of 2']]) and 19 !2
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They were isolated in 69 % and 5 % yield, respectively, after the irradiation of 5 in hexane. In

/‘l
CNCN

11

a acetonitrile solution, the yield of 9 was decreased to 37 % and a significant increase of 10 (18
%) was accompanied upon the irradiation.

It was proved by control experiments that both photoproducts, 9 and 10, independently origi-
nated from the starting material, respectively. The formation of the major product (9) might sug-
gest a novel photorearrangement involving the o-bonds, because the C6-C7 double bond and 8-dicyano-
methylene group of 5 seem to be kept as the C6-C7 double bond and 8-dicyanomethylene group in the
molecular structure of 9. The formation of the minor product (10) is derived from a 1,3-carbon

shift that has been sometimes observed in the photoreactions of dicyano-vinyl compounds.]3)
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Plausible reaction pathways for 6, 9 and 10 are summarized in Scheme 1. Triplet-sensitized

excitation of 4 gives diradical intermediate 12, in which cleavage of the b-bond occurs with great
facility giving rise to the more stable product 6. On the other hand, the formation of 6', which
induced from the a-scission, was inhibited by the molecular strain. In the photoreaction of the
dicyano-derivative (5), no generation of the normal di-m-methane rearrangement product (11) sup-
ports that 12 is not suitable as the common intermediate for the photoreactions of 4 and §}]4)
Instead of 11, the formations of 9 and 10 were observed on photolysis of 5. Especially, the
photorearrangement of 5 leading to the tricyclic compound 9 is noteworthy. The product 9 might
originate from 11' which is an alternative, constrained di-w-methane rearrangement product of 5.
However, the formation of the precursor 11' has a disadvantage for its molecular strain. Even

if 11' was derived from the different intermediate such as polar species 13, it seems to be incom-
patible with the phenomenon that the yield of 9 was depressed in acetonitrile solution. Now, a
concerted [20 + 20] process between the C]—C7 bond and the C8-C9 bond is proposed as another plausi-
ble route for the formation of 9, although there is no precedent for such transformation. The
sharp contrast in the photochemical behaviors between 4 and 5 represents a noticeable polar effect

in the photochemistry of cyclic 1,4-dienes and a new photochemical transformation leading to 9 has

been uncovered.
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