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propargyl bromide following the same procedure used for 1.7
The NMR analysis of 8 revealed 85% deuteration at the de-
sired position. Flash vacuum pyrolysis of 8 was carried out
under the same experimental conditions employed for 6. The
NMR spectrum of the deuterated 2-indanones derived from
8 gave an integration ratio, obtained from at least ten inte-
grations of aromatic/nonaromatic protons, corresponding to
an intramolecular deuterium kinetic isotope effect of ku/kp
= 1.00 £ 0.01. Such a value of ky/kp indicates that the ortho
C-H and C-D bonds in 8 are undergoing negligible or no force
constant changes in going into the rate-determining transition
state. Thus the observed ky/kp could be best accommodated
by assuming that at the rate-determining transition state the
oxygen-propargylic carbon {« carbon) bond in 1 is stretched
in advance of any significant bond formation between the
terminal acetylenic carbon (y carbon) and the reacting ortho
position. Therefore, the Claisen type rearrangement of 1 could
be classified as a nonsynchronous process in accordance with
Dewar’s conclusion.?

Attempts to determine the magnitude of the intramolecular
ku/kp in the Claisen rearrangement of allyl 2-deuteriophenyl
ether, at 200-220 °C in a sealed ampule, leads to some dis-
crepancy in the magnitude of the ky/kp. This is due to deu-
terium exchange!3 caused by the resulting phenol under such
experimental conditions.
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Triplet-Sensitized Photochemical Rearrangement of
Geranonitrile at Elevated Temperature

Summary: Photolysis of geranonitrile (8) at 132 °C furnishes
9 in a rearrangement that is not observed at 30 or 80 °C. This
novel transformation can be rationalized through 1,3 shift of

the cyano group in a biradical intermediate as shown in
Scheme II.

Sir: We recently reported the novel photochemical rear-

rangement of citral (1) at 80-190 °C to form bicyclic aldehydes

2 and 3, products not seen at 30 °C;! we noted that these re-
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actions could be accounted for by way of the biradical mech-
anism of Scheme I, but that other pathways, including con-
certed [,2, + »2, + ,2,] processes, were possible. In exploring

Scheme [
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this matter further we have examined the photochemical
behavior of the closely related geranonitrile (8) at elevated
temperature. We describe here the temperature-dependent
photochemical isomerization of 8 to 9 in a process that may
be mechanistically related to isomerization of citral to 2 and
3, but that provides an example of a new type of rearrange-
ment requiring overall 1,6 migration of the cyano group.

"SOHCN  Aw/sens
| 132°C ON

8 9
In agreement with earlier observations we found that the
triplet-sensitized photolysis of 8 in acetone as solvent at 30
°C gave as the only volatile products a ~4:1 mixture of the [2
+ 2] cycloadducts 10 and 11.2 We obtained similar results with
propiophenone as sensitizer in either benzene or chloroben-
zene at 30 °C and in benzene at reflux (80 °C). However, at 132

© 1978 American Chemical Society



3628 J. Org. Chem., Vol. 43, No. 18, 1978

XX

1
N
10
N
;&/ ~oH é><CN
-~
13
12

°C in refluxing chlorobenzene the propiophenone-sensitized
irradiation of 8 furnished a volatile product consisting of 9
{60%), 10 (30%), and 11 (10%). All photolyses in which chio-
robenzene was solvent were carried out with solid sodium bi-
carbonate added to the reaction mixture to prevent the pos-
sible accumulation of hydrogen chloride. In all experiments
interconversion of the cis and trans isomers of geranonitrile
(8) was rapid relative to other reactions, and a considerable
amount of polymer was formed. The volatile products were
isolated and purified by preparative vapor-phase chroma-
tography, and 9 was tentatively identified on the basis of its
spectroscopic properties® and the mechanistic considerations
discussed below. This assignment was confirmed by com-
parison of the new photoproduct with an authentic sample of
9 prepared by the known acid-catalyzed Beckmann frag-
mentation of a-fenchone oxime (12).4

A stepwise mechanism for formation of 9, 10, and 11 from
8 is shown in Scheme II. This involves interaction of the
double bonds of 8 to furnish biradicals 14 and 15, parallel to
the suggested formation of 4 and 6 in Scheme 1.? Closure of
15 to the bicyclic iminium species 16 and subsequent cleavage
of the cyclobutane ring in the opposite sense could then fur-
nish 9. Presumably this cyclization and rearrangement would
not be possible in 14 because of the trans stereochemistry of
the substituents. The postulated formation of 16 has rea-
sonable precedent in intermediates discussed by other in-
vestigators for several 1,4 transfers of a cyano group in radical
reactions.®7 In one of these earlier cases a labeling study has
shown this transfer specifically to be an intramolecular rear-
rangement.” We are unaware, however, of any previous report
of the 1,3 transfer of a cyano group in a free-radical process.
If the mechanisms of Schemes I and II are valid, irradiation
of 1 and 8 leads to analogous biradicals, but in the case of 1 the
observed rearrangements entail a 1,2 migration of the formyl
group, while in 8 the cyano group undergoes only a 1,3 shift,
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One possible factor contributing to the observed specificity
of rearrangement of the nitrile may be that a 1,2 shift in 14 or
15 would require an intermediate (see 17) with an sp2-hybri-
dized carbon atom in a strained three-membered ring. A
similar intermediate in the rearrangement of 4 to 5, and of 6
to 7, would have only sp3 carbons in the cyclopropane ring.

The present work then provides a second novel type of
photochemical rearrangement that can compete with {2 + 2]
cycloaddition at elevated temperature, and that can be ra-
tionalized through a biradical intermediate of the sort gen-
erally implicated? in such cycloadditions. We are continuing
our search for additional examples of such processes.®
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Poitediol, a New Nonisoprenoid Sesquiterpene Diol
from the Marine Alga Laurencia poitei

Summary: A new sesquiterpenoid diol, poitediol (1), has been
isolated from ethanol extracts of the red seaweed Laurencia
poitei (Lamouroux) Howe. The structure of poitediol, as de-
termined by X-ray crystallography, is composed of an un-
precedented and nonisoprenocid bicyclo[6.3.0]undecane
skeleton.

Sir: Red seaweeds of the genus Laurencia are known to pro-
duce regular terpenoids which contain halogens.! Brominated
compounds are more commonly observed, but many chlori-
nated examples are known. Structurally these compounds
appear to be the products of a bromonium ion induced cycli-
zation of acyclic precursors.2 We wish to report here the
structure of an unusual Laurencia metabolite, poitediol (1),
which contains neither the expected halogen substituents nor
regular sesquiterpenoid structure characteristic of metabolites
from this source. Recent investigations indicate that halogen
solvolysis and concomitant rearrangement may be the
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