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The light induced ring closure of cycloheptatrienes to bicyclo-[3, 2, 0]~hepta-2, 6-dienes
is generally directionally specific in those cases where theoretically two bicyclic products
may be formed (1). We have recently rationalised this fact in terms of the effect of
substituents on the diréction of polarisation in the excited state (1), which according to our

analysis must be as shown in 1 for cycloheptatriene itself.
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The rules for ring closure of monosubstituted compounds are summarised in the following

table. One or more examples of the ring closure of the cycloheptatriene types starred in

electron donating
substituent

electron withdrawing
substituent

position|ring closurel position|ring closure

1* 1, 1 .
2" . 2* 1,
3® 1,4 3® .

® observed experimentally

the table have been observed (1-7) and in all cases the reaction proceeds in the predicted
direction.
We wish to report here the first example of the electrocyclic ring closure of a

cycloheptatriene carrying a 1-electron withdrawing substituent and that ring closure does
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in fact proceed in the manner predicted by our rules.

The irradiation of a 0.012M solution of l-carboethoxy-cycloheptatriene (2) in benzene
(Hanovia medium pressure mercury arc; pyrex) was monitored by glc. 1) After 100 hr.
the reaction mixture consisted of three products which were photostable in pyrex, namely
3-carboethoxy-bicyclo-[3, 2, 0]-hepta-2, 6-diene (5, 4%), 6-carboethoxy-bicyclo-

[3, 2, 0]-hepta-2, b6-diene (6, 76%) and l-carboethoxy-bicyclo-[3,2, 0]-hepta-2, 6-diene

(7, 19%) and the 2- and 3-carboethoxy-cycloheptatrienes (3 and 4, total 1%). 6 and 7 must
be the consequences of direct ring closure of 3 and 4 respectively, which together
constitute 91% of the total photoproduct after 35 min. Irradiation of a mixture of 3 and 4
(3:4 = 4:1) gave a similar final product distribution; 5 (2%), 6 (70%) and 7 (26%)2). This

showed that the light induced conversion of 2 to 3 is reversible. Apart from those mentioned
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1)A small amount of ethyl phenylacetate present in the starting material was unchanged
throughout the reaction.

2)

The remaining material (2%) consisted of 3 and 4.
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no other products could be detected and no material was lost due to polymerisation. The
three bicyclic dienes 5, 6 and 7 were isolated by preparative glc.

G. Linstrumelle (7) has previously reported the quantitative photochemical conversion
of 2 (Hanovia high pressure mercury arc; benzene solution in pyrex) to 3,which
underwent further reaction to give 33), 6 and 14). The production of a bicyclic product
directly from 2 was not ‘reported.

The NMR. spectrum of 3-carboethoxy-bicyclo-[3, 2, 0]-hepta-2, 6-diene (5) showed
signals due to a carboethoxy function, an allylic methylene group (7.467), two ring
junction protons (6.22 and 6.617) and three olefinic protons. Two of the latter gave rise
to a pair of doublets (J = 3 cps) at 3.92 and 3. 727, typical of two cyclobutene vinyl protons
in the bicyclo-[3, 2, 0]-hepta-2, 6-diene system (9). The remaining olefinic signal, a
quartet (J = 2 cps) at 3. 207, must therefore have been due to the p-proton of the aff-
unsgaturated ester function in 5 or 8. That this signal was virtually identical in shape and
chemical shift (3.257) to that arising from the C(2)-proton in 9 (10) strongly suggested that
the ester function was at C(3) as in 5. This was confirmed as follows.

a) The ratio of 6:5 in the irradiation mixture varied from 2:1 (15 min.) to 19:1 as the
reaction proceeded. The alternative structure 8 would have arisen via ring closure of
2-carboethoxy-cycloheptatriene (3) as did 6. Their relative amounts would therefore have

remained constant under conditions where neither is photoreactive. Since this was not the

case structure 8 could be excluded.

3)1

4)The light induced rearrangements of 6 and 7 in quartz have previously been described
by us (8).

t was shown that the conversion of 3 to 4 is reveraible.
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b) As expected the carboethoxy-cycloheptatrienes can be thermally interconverted via
1, 5 hydrogen shifts (7, 11). We have however been able to thermally ring open each of the
bicyclic dienes 5, 6 and 7 to give their " parent" cycloheptatrienes under conditions which
do not lead to significant thermal isomerisation of the latter. As anticipated the product
thought to be 3-carboethoxy-bicyclo-[3, 2, 0])-hepta=-2, 6-diene (5) gave predominantly the
1-carboethoxy-cycloheptatriene (2) thus confirming its structure.

The light induced photoisomerisations of two other cycloheptatrienes which possess
electron withdrawing substituents at C(1), namely l-cyano- (4) and 1-benzoyl-
cycloheptatriene (12),have previously been described. In both cases only formation of the

corresponding 2-substituted cycioheptatriene was observed.
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