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Irradiation of barbaralane (lc) afforded four products (3, 4,
5 and 6). The formation of 3, 4 and 5 suggests that lc initially
rearranges to bicyclo[4.2.1]nona-2,4,7-triene (7), which then
converts into these products. This suggestion was supported by
control experiments. The possible mechanistic pathways for these

photochemical rearrangements were outlined.

The thermal behavior of the bridged homocycloheptatrienes (1) depends on the
nature of the bridge: bullvalene (la), dihydrobullvalene (1b) and barbaralane (lc),
upon heating, rearrange to cis—9,lO—dihydronaphthalene,2) bicyclo[3.3.2]deca-2,7,9-

4) respectively. In contrast, the photochemi-

trieneB) and T7-vinylcycloheptatriene
cal behavior of 1, apart from their reaction mechanisms, seems to be independent of
the nature of the bridge, since the same type of photochemical interconversion took
place between la and bicyclo[4.2.2]deca-2,4,7,9-tetraene (2)5> and between semibull-
valene (1d) and cyclooctatetraene.6) We wish to describe here the photoreaction of

barbaralane (lc) which adds some knowledges on the energy surface of the excited

molecule of the C9H10 hydrocarbons.

X
la X= CH=CH , 1c X= (CHyp),
1b X=(CHp), , 1d X=(CH,)p 2

When a solution of lc (1.8 x 1072 M) was irradiated using a Rayonet photoreactor
(MGR 2537 A) at room temperature, four products shown in Table were formed. The
products 3 and 4 exhibit nmr spectra characteristic of exo- and endo-tricyclo-
[4.2.1.02’5]nona—3,7—dienes and their structures were determined by comparison of

retention time in vpc and nmr spectra with those of authentic samples.7)
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Table
starting irradiation products and yields (%)
materials time
lc 3 4 5 6 7
lc 5 hr 28.6 5.9 14.0 14.9 9.2 -
7 18 min. 30.7 7.9 23.7 25.1 - 3.3
3 hr 5.9 9.5 28.0 30.6 trace -
*
7 2.5 hr 6%.0 - - - - 1.0
*
lc 12.0 hr 41.8 - - - _ _

*  benzophenone-sensitized irradiation

The nmr spectrum of product 5 (M" 118) shows eight groups of peaks; 5‘ 1.%2 (m,
2H), 1.79 (g, J=12.0, 1.9 Hz, 1H), 2.06 (m, 1H), 2.11 (m, 1H), 2.79 (m, 2H), 3.10
(m, 1¥). 5.36 (q, J=5.9, 2.8 Hz, 1H) and 5.85 (g, J=5.9, 2.4 Hz, 1H). The coupling
constant (5.9 Hz) of the olefinic protons indicates the presence of the cyclopentene

&% 3040, 1630, 1600, 1009 and 746 cm™T) suggests the

ring and the ir spectrum () EZX

existence of a cyclopropane ring and a cis-double bond. The decoupling experiments
which clarified the situation of all protons, coupled with the reaction mechanisms
described below, enable us to determine the structure of 5 as tetracyclo[4.2.l.04ﬁ8
05’7]nona—2—ene. Osmium tetroxide selectively oxidized the olefinic bond affording
the corresponding diol (mp 80-83°),8) whose nmr spectrum showed that the other parts
of molecule 5 remains unchanged.

Despite of the difficulty in isolation of pure 6 due to proximate retention time
of 5 and 6 in vpe, the nmr spectrum of a mixture (5 and 6) made possible to assign
the following signals to 6; a pair of olefinic protons at5 6.34 and 5.73 (poth,
splitted q, J=8.4, 6.5, 1.5 Hz), and geminal methylene protones atd 1.75 (m, 1H,
overlapped with one of the cyclopropyl protons) and 0.57 (q, J=9.7, 2.0 Hz, 1H).
Appearance of one geminal methylene proton in such a high field shows that it suffers

from the shielding effect due to the double bond. Thus, the structure of 6 was

04,8

assigned as tetracyclo[4.3.0. .05’7]nona-2-ene by comparison of its nmr spectra

with that of tetramethoxycarbonyl derivative of 6 which was synthesized by Eberbach

n.9

and Prinzbac Molecular model indicates that orne of the geminal protons is

located above the olefinic bond.
These photoroducts (3, 4, 5 and 6) did not interconvert each other under the

10)

thermal (vpec) and photochemical conditions, indicating thus those to be primary

products.
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The formation of 3, 4 and 5 suggests that lc initially converts into bicyclo-
[4.2.1]nona-2,4,7-triene (7), which in turn affords 3, 4 and 5. While 3 and 4 are
products originated from the [n2 + n2] cycloaddition in the diene part of 7, the
formation of 5 could be explained in terms of the [n2 + n2] cycloaddition between
an isolated olefinic bond and a double bond in the diene moiety.ll)

To confirm the intermediacy of 7, the photoreaction of 7 was carried out under
the same condition as that of lc. As expected, the reaction proceeded rapidly.
After only 18 min. of irradiation, 97% of the stafting material was consumed and four
products 3, 4, 5 and barbaralane (lc) were obtained (see Table). The formation of
%, 4 and 5 should support our previous assumption. Furthermore, it is noteworthy
that barbaralane (lc) was produced by the direct irradiation of 7. This suggests
that a concerted [6“2 + n2 + n4] process would be involved in the photoreaction of 7
in addition to the well documented di-m-methane rearrangement. Absence of 6 in the
photolysate of 7 (at least at an early stage of the irradiation) illustrates that 6
is originated from lc presumably via a [ &2 + ;2] cycloaddition, but not from 7.

Contrary to the direct irradiation, lc was a sole product in benzophenone-
gsensitized reaction of 7 and lc remained unchanged even after prolonged irradiation

under this condition (see Table).

O = A5 — Ay
| N
=

DA

6 5

568

In connection with the photochemistry of bullvalene (la), the formation of 7
from lc is a subject to discussion. The present results will cover at least three
interpretatiohs for this rearrangement: i) A direct concerted rearrangement of lc
via [6’2 + 2 g2 4 n2] process. ii) A two-step pathway; Initial conversion of

)12)

lc to a thermally labile intermediate (8 followed by retro [<72 g2t n2]

cycloreversion. The intermediate (8) could be formed either via the manner
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analogous to the formation of the thermally labile compound (9) from bullvalene
(la)sb’13) or via some alternatives. iii) A pathway via a radical intermediate (10)
which can be interconvertible to either 1lc or 7. The similar transient was proposed

)

in the photointerconversion between la and 2.Sc However, it is uncertain at pre-
sent whether the photorearrangement of lc to 7 proceeds via single or via the combi-
nation of these pathways.
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