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Photochemical Isomerization and Radical Fragmentation of
10-Hydroxymethyl-A'°-2-octalone'®

By Davip I. ScHUSTER* and DoNALD F. Br1ZZOLARA
(Department of Chemistry, New York University, University Heights, Bvonx, N.Y. 10453)

PreviousLy,!® we have found that photochemical
fragmentation of dienone (I) to give p-cresol was
in competition with that isomerization which gave
the lumi-product (II). Detailed kinetic studies
showed that both processes originated from the
same excited state of (I), identified as the 3(xn, 77%)
state, and that the chemistry of this excited state
is in accord with a diradical-like structure! The
use of photochemical fragmentation to probe the
structure of excited states of ketones has now
been demonstrated with 10-hydroxymethyl-Al»®-
2-octalone, (III),2 which reveals further the
nature of the reactive excited state(s) of cyclo-
hexenone derivatives.?
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The photolysis of (III) was studied in dilute
solution in chloroform, toluene, cumene, benzene,

and t-butyl alcohol using a Hanovia 450 w high-
pressure mercury lamp with Pyrex filters. Corex
filters were used in some chloroform runs. The
product mixture was quite rich in the first four
solvents, as indicated by gas chromatographic
analysis.} Two of the components were readily
identified as the Al®-2-octalone (IV) and the
A%10-2-octalone (V) by direct comparison} with
independently prepared material4 In addition,
the component corresponding to (IV) was isolated
from the photochemical reaction mixture by pre-
parative g.l.c. and its spectra were identical with
the known compound. A minor product derived
from further isomerization of (V) was recently
shown to have structure (VI}.> Compound (VII)
was prepared from (IV) by the reaction with
sodium hydride in tetrahydrofuran wusing the
procedure of Biichi, Eschenmoser, ¢f al.,® and was
also shown to be present in the chloroform photo-
lysis mixture.] The structure of (VII) was
indicated by its method of synthesis, an i.r.
carbonyl band at 1710cm.~?, a single vinyl
hydrogen (5-4 p.p.m.) and other consistent n.m.r.
resonances, and an end absorption in the ultra-
violet.

+ F & M Model 810 Gas Chromatograph with flame ionization detector on a 6-ft. SE-30 column, 15% on Chromo-
sorb W A /W, DMCS treated, at 150°. Benzil was used as an internal standard for the results given in the Table.

1 Co-injection on two different columns.
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In contrast with the complex reaction mixtures
in the other solvents, in t-butyl alcohol only one
major product was observed (g.l.c.). After
photolysis for more than 500 hr., there was still
509, of unreacted starting material, while com-
parable (and competitive) irradiations in the other
solvents were usually complete in 10 hr. The
product was isolated by preparative g.l.c. and
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shown to be the lumi-product (VIII). Infrared
bands at 3550, 3400, and 1710 cm.~! indicated the
presence of hydroxyl and carbonyl groups, with
the stretching frequency of the latter as expected
for a bicyclo[3,1,0]hexan-2-one.” The u.v. spec-
trum showed only end absorption with a shoulder
at 223 mu. The n.m.r. spectrum contained no
vinyl hydrogen resonance, a broadened signal at
3-67 p.p.m. (2H) for the methylene protons of the
hydroxymethylene group [same position as in
(ITI)], and complex resonances between 1-0—2-7
p-p-m. The mass spectrum showed the molecular
ion at m /e 180 and major fragments at m /e 149 and
150 [as also seen in (ITI)] indicating loss of the
elements of CH,O and CH,OH, almost surely from
the hydroxymethylene group.

The Table gives the yields of the wvarious
products formed in each solvent in representative
runs. Hexachloroethane was an additional pro-
duct in chloroform (isolation and g.l.c. com-
parison}) and bibenzyl was formed in toluene.}
There is a major unidentified product (6-5%) in
chloroform, and a component in toluene produced
only on extended irradiation. Photolysis of
(VIII) was studied in benzene, chloroform, and
toluene. Compounds (IV-VII) were not formed in
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any solvent; bibenzyl and hexachloroethane were
produced in toluene and chloroform, respectively,
and a new unidentified product in toluene corres-
ponded to the component formed from (III).
Variable amounts of undistillable materials were
formed in all except the t-butyl alcohol runs.

The results above indicate a competition between
rearrangement to form the lumi-ketone (VIII) and
fragmentation to unsaturated ketones with formal
loss of the elements of CH,O. Mechanistically,
the reactive excited state behaves as expected for
a diradical species, (IX). Asshown in the Scheme,
(IX) can abstract hydrogen from a suitable solvent
donor (chloroform, toluene, cumene), followed by
fragmentation to -CH,0OH and the enol (X).
Formation of solvent products of type R-R argues
strongly for this formulation. t-Butyl alcohol is
not reactive toward hydrogen abstraction, hence
in this solvent the competitive rearrangement
pathway is dominant, as seen in analogous re-
arrangements.® The benzene results are puzzling,
as hydrogen abstraction is surely unimportant
from this solvent.”™ Perhaps the starting material
(ITII) or the lumi-ketone (VIII) serves as the
hydrogen source in this case.
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The reactions reported here are mechanistically
related to the competition between pinacol

TABLE

Productst from photolysis of 10-hydroxymethyl-At*-2-octalone (I1I)

Solvent Time (hr.) (I1I)
CHCl, .. .. .. .. 4 26
Toluene . .. .. .. 10 17
Cumene .. .. .. .. 10 25
Benzene .. .. .. .. 10 23

ButOH .. .. .. .. 300 25

Yields (%)

aw) ) (V1) (VID) (VIII)
22 2:3 2:5 63 3.4
— 8-7 13 — 13
— 9-0 19 — 7-8
— 10 13 — 16
— — — — 45
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formation and isomerization to the lumi-ketone
reported for the enone (XI) by Zimmerman, et al.8¢
In both systems (III} and (XI), the results seem
best understood on the basis of a competition
between hydrogen abstraction and rearrangement
by a diradical-like excited state. In the case of
(XTI), the excited state has been clearly established
to be a triplet state, probably (but not necessarily)
with an #=,7* configuration.!¢ The possibility
that more than one excited state may be involved
in these reactions cannot be rigorously excluded
on the basis of the available evidence presented
in this or the earlier study.8¢
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Finally, the fragmentation reaction reported
here is formally analogous to the photoconversion
of (XII) into (XIII) recently reported by Jeger and
his co-workers.? In the case of (XII), however,
the fragmenting group (CH=O) is part of the
chromophore being excited, which is not the case
with the CH,OH group in (III). Thus, the
fragmentation of (XII) may proceed by a totally
different mechanism from that of (III). Indeed,
decarbonylation of other 10-formyl steroid deri-
vatives is a ready process in the absence of an
additional carbonyl group when the formyl group
is attached to a saturated backbone as well as in
the presence of a By carbon—carbon double bond 1
The yield of the fragmentation product (XIII)
(159,) is also low in comparison with that of other
products (559) retaining the formyl group.
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