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Novel Photorearrangements of Cyclic Cross-Conjugated
Dienones in Sulfuric Acid. Transformations Involving a
Stereospecific Symmetry-Forbidden Process

Sir:

The photochemistry of cyclic cross-conjugated dienones
in strong acids is remarkably dependent on the ring size.
The behavior of the six- and seven-membered dienones is il-
lustrated in eq 1! and 2, respectively. We report here two
types of new rearrangements of protonated dienones and
that one of them involves a stereospecific, orbital symme-
try-forbidden process.

C?H OH
v ‘ R
2 M
() = O
R" R
OH OH
-
R
R

In the dark, 2,8-cyclononadienone (1) and 2,11-cyclodo-
decadienone (7) in strong acids exist stable below room
temperature. The oxygen-protonated cis,cis dienone 1H? in
97% H>S0O,4 exhibits only one set of NMR signals due to the
enone moiety at 6§ (TMS as external standard) 7.20 (d, J =
12 Hz, CH=CHC=0%H) and 7.5-8.3 (m, CH=
CHC=0%H), whereas the cis,trans dienone 7H?3 gives two
sets of the vinylic proton signals at 6 6.76 (d, J = 12 Hz,
cis-CH=CHC=0%H), 7.30 (d, J = 15 Hz, trans-CH=
CHC=0%H), 7.1-7.5 (m, cis-CH=CHC=0%H), and
8.1-8.8 (m, trans-CH=CHC=0*H). When an H2SOy so-
lution of the dienone 1H placed in a Pyrex tube in an ice-
water bath was exposed to a 200-W high-pressure Hg arc, a
2:5 mixture of 2H and 3H was obtained. The photoreaction
was very clean and proceeded quantitatively (uv analysis).
The protonated cyclopentenone products were stable under
the reaction conditions and no further skeletal changes were
observed. Structures of 2H and 3H were established by iso-
lation of the deprotonated ketones 24 (ir (CCly) 1708
(C=0) and 1623 cm~! (C=C); NMR (CCly) 6 5.66 (brs,
=CH)) and 3 (ir 1710 cm~! (C=0); NMR § 6.03 (dd, J
= 6 and 2 Hz, CH=CHC=0) and 7.52 (dd, / = 6 and 3
Hz, CH=CHC=0)) by careful quenching of the photolys-
ate with solid NaHCOQj-ether at 0°. These ketones upon
dissolving in H»SO, regenerated 2H and 3H and by catalyt-

ic hydrogenation (Pd-C, C;HsOH gave the corresponding
known cyclopentanones. In a similar manner, photolysis of
7H gave a 7:3 mixture of 8H and 9H in quantitative yield.
Spectral characteristics of the deprotonated enones were: 8
ir 1710, 1692, and 1609 cm~!, NMR § 5.95 (br s, =CH); 9
ir 1710 em™!, NMR 6 595 (dd, / = 6 and 2 Hz, CH=
CHC=O0) and 7.37 (dd, J = 6 and 3 Hz, CH=
CHC=0). The cis-fused bicyclic enone 9 as well as the hy-
drogenated ketone was converted to the more stable trans
isomer upon treatment with K-CO;-C,HsOH.

OH
Re I _R
N
H,S0,
H,R =H
4HR=D
OH
R { R
hy
H,80,
THR=H
IOHR=D
OH p
+ 2]
H
9HR=H
12HR =D

When the reaction course was monitored by uv-visible
spectroscopy, absorptions of the starting protonated di-
enones decreased with simultaneous increase in absorptions
due to the protonated cyclopentenone products. The ob-
served occurrence of the isosbestic points in each case (222
and 273 nm for 1H and 215 and 268 nm for 7H) suggests
that both rearrangements are void of intervention of any
stable light-absorbing intermediates. The reaction in 96-
98% D,SO4 (deuterium content >99%) did not result in
deuterium incorporation in the products (except the oxy-
gen-deuteration), indicating that the overall transforma-
tions are intramolecular in nature.

Further insights into the salient feature of the photorear-
rangements were afforded by the reaction with deuterium
labeled substrates. The photolysis of the dideuterio deriva-
tive 4H in H,SOy4 gave a mixture of SH and 6H and irradia-
tion of 10H yielded the corresponding cyclopentenones 11H
and 12H. No appreciable loss of deuterium atom was
caused during the reaction and work-up (H,O quenching at
0°) conditions. Notably, the « methylene carbons of 5§ and
11 have contrasting configurations, as revealed by examin-
ing their Eu(fod)3-aided NMR spectra: the Hgis proton in §
is coupled to the vicinal angular proton with J = 6 Hz,
while the Hyzans proton in 11 is coupled with J = 3 Hz.?
Thus the double bond geometry of the starting dienones 4H
and 10H (cis,cis vs. cis,trans) is clearly reflected in the
stereochemistry of the photoproducts SH and 11H.

The photo-induced transformations 1H — 2H and 7H —
8H have thus proved to proceed via a stereospecific intra-
molecular shift of 8 hydrogen of the dienones. Apparently a
concerted transfer of the vinylic hydrogen to give the photo-
products directly is impossible, and only a two-step mecha-
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nism consisting of an initial photochemical process to cause
the 8,8-bonding and subsequent rapid thermal reaction of
the reactive intermediates is in accord with the experimen-
tal findings. The first photochemical disrotatory cyclization
of the nine-membered cis,cis dienone 1H leads to the bicy-
clic cation 13 having a cis ring fusion, whereas the 12-mem-
bered cis,trans dienone 7H gives rise to the trans-fused bi-
cyclic intermediate 14. These electrocyclizations are sym-
metry allowed, and an analogous mechanism has been ad-
vanced for the case of the six-membered dienones (eq 1).!
Subsequent thermal suprafacial [1,4] hydride shifts 13 —
2H and 14 — 8H, regardless of the forbiddenness of the

OH
OH R R

O

13 14

processes,® conclude the overall photoinduced rearrange-
ments.” Cationic [1,4] sigmatropic rearrangements have
been known to proceed only with inversion at the migrating
center.® Although a [1,,4,] shift within a cationic species
has been predicted to occur in certain cases,’ no experimen-
tal evidence relevant to this prediction has been available.
An explanation for the observed “symmetry-forbidden”
pathway may be provided by the fact that the process in-
volves migration of hydride. The symmetrical, low-lying
(13.6 eV} 1s orbital can interact effectively with the second
highest occupied molecular orbital of the 1,3-diene unit
(butadiene ¢, 11.34 eV), thereby strongly stabilizing the
transition states of type 15.° The smooth intramolecular

Ro®

HO

15

change evading the possible intermolecular pathway (de-
protonation from 13 or 14 followed by enol-keto tautomeri-
zation) would imply the transformation to be energetically
concerted.!® Furthermore, the present sigmatropic shifts
would be facilitated by considerable thermodynamic driving
force; an oxygen atom present in 13 or 14 does not stabilize,
or even destabilizes, the cationic system because the het-
eroatom is located at the central carbon of the allylic moi-
ety,!! whereas the product 2H or 8H which can be repre-
sented by an oxonium ion-terminally hydroxylated allyl
cation resonance hybrid is a very stable compound.

The other type of photorearrangements 1H — 3H and
7H — 9H is considered to occur by a [,25 + ,2s] mecha-
nism; intramolecular addition of the vy-carbon-hydrogen
bond (in the case of 7H, that adjacent to the cis-CH=CH
bond) across the diagonally situated carbon-carbon double
bond leads to the bicyclic cyclopentenone products. The
possible intermediacy of the hydroxyallyl cations in these
reactions is highly unlikely in view of the fact that the
species 13 (R = H) generated by reaction of H,SO4 and
2,8-cis,trans-cyclononadienone!? (0°, in the dark) gave
only 2H.
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An Electron Spin Resonance Study of Alkyl- and Aryl-
Substituted Germyl Radicals!
Sir:

Although extensive studies of carbon-centered free radi-
cals have been made by electron spin resonance, there have
been relatively few reports on free radicals centered on
group 4B elements other than carbon.? Particularly on
germyl radicals, no report except HiGe.? CliGe.,* and
Me3Ge-® radicals has appeared. The present report de-
scribes information gained from electron spin resonance
about several phenyl- and alkyl-substituted germyl radicals.
So far as we are aware, this work also represents the first
observation on the delocalization of an unpaired electron
into a phenyl ring from the heavy group 4B atom-centered
radicals. Because of the known stability of the triphenyl-
methyl radicals, examination of electron spin resonance
spectra of such phenyl-substituted group 4B radicals is of
great interest.®

The organogermyl radicals were generated by abstrac-
tion of hydrogen from the corresponding organogermanes
with photochemically generated teri-butoxy radicals.®® The

R;GeH + (CH,;),CO- —> RsGe- + (CH,),COBH

g factors and hyperfine coupling constants (hfcc) for a se-
ries of organogermyl radicals are given in Table I. As a typ-
ical example, Figure | shows the spectrum of the triphenyl-
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