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PHOTOISOMERIZATION OF CIS,TRANS-1,5-CYCLODECADIENE.

RELATIVE REACTIVITIES OF CIS,TRANS- AND glg,CIS-l,S-CYCLODECADIENES.1
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Photoisomerizations of several cyclooctadienes® and cyclodecadienes® have been

reported. In some cases, geometrical and/or positional isomerization of one or both C=C

occurj 2b; €53 in some, intramolecular cycloaddition to form cyclobutane derivatives
occurs;zc’d’sd’e and with cis,cis-1,5-cyclooctadiene, intramolecular cycloaddition occurs in a

""crossed" fashion to produce tricyclo[j.}.o.oz’Gjoctane.ea’b’e

The structural features respon-
sible for the rather individual behavior of each cyclic diene have not been clearly identified.
Some but not all radical additions to ¢is,cis-1,5-cyclooctadiene yield substituted
bicyclol3.3.07octanes as products.* These processes involve transannular C-C bond formation
resembling that in the photoisomerizations of the same diene. Radical (and ionic) additions
to cis,trans-1,5-cyclodecadiene apparently occur exclusively by transannular (1,6) C-C bond
formation;® that is, the tendency for such a transannular process is much greater with cis, trans-
1,5-cyclodecadiene (I) than with cis,cis-1,5-cyclooctadiene. Therefore, we considered the pos-
sible photoisomerization of I to be of interest. 1In spite of the strong driving force for sub-
stituted cis-decalin formation in addition reactions, however, we have been unable to find any

evidence for intramolecular cycloaddition-- "straight" or "erossed"3®-- in the photoisomeriza-

tions. Instead, I is photoisomerized cleanly to the previously unreported isomer, cis,cis-1,5-

&
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cyclodecadiene (II).
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Irradiation (2537A, quartz flasks, nitrogen atmosphere) of solutions of 15%26 ip
ethyl ether containing small amounts of copper{I) chloride or xylene produces a mixture of I
and II.7 After about 100 hr, the relative amounts of I and II do not change further (1:11 ~
1:4). Prolonged irradiation leads to the diversion of the dienes to some high-boiling, yet
unidentified materials, but gas chromatographic analysis of a solution (xylene sensitizer)
after 8 hr irradiation revealed II as the only product from I. The photostationary state is
more rapidly established from II as starting diene (less than 30 hr with xylene sensitizer).

I and II are conveniently separated by preparative gas chromatography on a Carbowax
20M column, % in. x 12 ft., heated at 80°; II has a longer retention time than I. The isomeric
dienes are readily distinguished by their infrared and nmr spectra. The infrared spectrum of
IT includes absorptions at 13.52 and 14.0y {cis C=C) but none at 10.02 and 10.43y (trans C=GC),
which are in the spectrum of I. The nmr spectrum of II is consistent only with the 1,5-diene
assignment; it comsists of four multiplets of equal area centered at -5.38 (C=CH), -2.34
{(c=CCHp}=], -2.16[(C=CCHeCHo}2], and -1.50 ppm [(CHoCHp}o]. (Chemical shifts are relative
to internal tetramethylsilane.) Association of the absorptions with the protons indicated
was confirmed by decoupling experiments.

IT undergoes thermal rearrangement to cis-1,2-divinylcyclohexane (III) but, in
contrast to photoconversion of I and II, at a much slower rate than I does. The conversion of
I to III"’® was more than 99% complete after 4.5 hr of heating at 125° (179 complete after

1 hr), but only 3% of II was converted to III by the same heating.
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Both I and II react rapidly with trifluoracetic acid without external heating to form
cis-1-trifluoroacetoxy-cis-decalin, bp 99-100.5° (9 mm), which was hydrolyzed by 2M aqueous
sodium hydroxide to g;g,gig-l-decalol,sa mp 90-91°, in quantitative yield. A qualitative
estimate of the relative rates of reaction of the dienes was made by noting the times for dis-
appearance of olefinic proton absorptions in the nmr spectra of the dienes in trifluoroacetic
acid solutions. After 6 min, the reaction of I appeared to be about 90% complete, and that of

1I to be about 50% complete, These reactions are very convenient sources of cis,cis-l-decalol.
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