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In order to determine the propensitv that simple acyclic 1,7-dienes exhibit toward

intramolecular cycloaddition and to ascertain their preference, if any, for either "crossed"
or "straight" cyvcloaddition (3), we have investigated the photochemistry of diethyl-
trans,trans-deca-2,8-diene-1,1N-dicate (I) and its cis,trans and cis,cis geometric isomers
I1 and III (4) (See Fig. 1).

Direct photolysis of the a,B-unsaturated diesters I-III led solely to migration of the
double bonds into the B,y-position, the details of which will be reported elsewhere. The
present communication is concerned with the triplet energy sensitized reactions of I-III
which ultimatelv led exclusively to intramolecular cvclobutane ring formation.

Photolysis (5) of 1-2% acetone solutions of diethyl-trans,trans-deca-2,8-diene-1,10-dioate

(1) afforded a mixture of six products II-VII plus starting material. Following the course
of the photolysis bv vapor phase chromatography and isolation using preparative vpc (6) showed
the initial photolvsis mixture to be composed primarily of compounds I, II, and III in a ratio
of approximately 3.8 : 3.5 : 1.0, Continued irradiation gave increasing amounts of products
IV-VII at the expense of I, II, and III until a photostationary mixture consisting of IV (432),
V (17%), VI (33%), and VII (7%) (7) was eventually attained (8.5 hrs starting with 0.5 g of I).
At this point compounds I-III had been totally consumed. The same photostationary state
mixture was obtained, within experimental error, when pure diethyl-cis,trans~deca-2,8-diene-
1,10-dioate (II) was photolyzed in acetone or when the photolysis of I was carried out using
acetophenone (benzene solvent, Pyrex filter) as the triplet energv sensitizer. On the other
hand, photolysis of diethyl-cis,cis-deca-2,8-diene-1,10-dioate (III) gave a slightly different
IV-VII photostationary state mixture composed of IV (26%), V (17%), VI (49%), and VII (87) (7).
The bicyclo[4.2.0]Joctane adducts IV-VII were separated by preparative vpc (6). Cémpounds
1V, V, and VI were identified by direct comparison with authentic samples prepared by the
photoaddition of diethyl maleate to cyclohexeme (Ba) and by hydrolysis to the corresponding
known (8) dicarboxylic acids. The trans,cis-diester VII, available only in minute quantities
in an impure state, was characterized by its sodium ethoxide catalyzed epimerization to the

more thermodynamically stable trans,anti,trans-diester IV (8b,9).
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FIG. 1 - PHOTOLYSIS RESULTS
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DISCUSSION

The results presented above are striking in that only straight cycloaddition is observed
for the three possible geometric isomers of diethyl deca-2,8-diene-1,l10-diocate for which n

y = 4,
7 ( (CH,)n
(cH,)n — - w or  (CHyn

straight crossed

As has been noted (10), crossed cycloaddition usually predominates (in the absence of
prohibitive steric constraints) for dienes in which n = 2, and straight cycloaddition is
favored for dienes with n values of 3, no n =

4 gystems having been previously investigated to
the best of our knowledge.

It was of particular interest for us to observe this specificity

in a 1,7-diene system since the "rule of five" (10), a mnemonic which correctly predicts the

major cycloaddition paths taken by 1,5 and 1,6-dienes, is inapplicable in this case.
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The present results with the deca-2,8-diene-1,10-dicates are probably most straight-
forwardly rationalized on the grounds that formation of the most stable diradical intermediate
through a cvclic six-membered transition state determines the crossed vs straight nature of

the cycloaddition.
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The steric course followed in these cyclizations is difficult to explain for two reasons,
a) cis,trans double bond isomerization in I ~ III is faster than cycloaddition, and b) photo-
product VI is invariably formed in greater amounts than V even though V has been shown (11)
to be thermodynamically more stable than VI. On the other hand IV is always formed in
preference to VII which is compatible with their observed rvelative thermodynamic stabilities (11).
Evidently, factors other than thermodynamic stability govern the closure of the putative
diradical intermediate VIII, at least in the case of formation of V and VI, or else one or
more of the cycloadditions is concerted. It should be noted that the products IV - VII can
in theory arise from concerted n; + "; internal cycloaddition (12) of I and II (i.e., I + IV + VI
and IT + V + VII).

Nevertheless, the postulate of diradical intermediates is supported by a) the initiation
of the cvcloadditions from triplet excited states, and b) the failure to observe products
derived from concerted wg + w; cycloaddition of the cis,cis-diene III, even when III is used
as the starting material.

Since the direction ({.e., straight or crossed) of light induced intramolecular cyclo-
addition reactions of non-conjugated dienes cannot alwavs be rationalized on the basis of
radical stability, most notably in the case of 1,5-hexadiene and its derivatives, we are
currently investigating the possibility that certain reactions of this type, regardless of the
stability of the diradicals involved, may be explicable in terms of conformational effects
coupled with consideration of the nodal properties of the dienes' excited state highest occupied

molecular orbitals.
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