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model studies,!%13 suggest that the two-electron oxi-
dation leading to I involves oxidation of iron(IIl) to
iron(IV) and the porphyrin ring system to a = cation
radical. The combination of these elements presents
a nearly complete structure for the active center of I
of the peroxidases and catalases.

In accord with previous results’® with catalase we
find that the CPO-H,O; reaction proceeds by a non-
scrambling mechanism.?? This is compatible with
the spectral evidence for the identity of I formed from
H;0, and m-CPB, if an additional mechanism, here
illustrated schematically, is operative for the oxidation
of H202 by L
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Photochemistry of a-Cyclopropoxyacetophenones.
An Unexpected Internally Sensitized

Cis-Trans Isomerization!

Sir:

The Norrish type 1I reactions of butyrophenone and
related aryl ketones represent one of the most thor-
oughly studied and best understood classes of photo-
reactions.? We have undertaken a program to explore
the synthetic prospects for these reactions.® For
example, it seemed possible that suitably substituted
a-cyclopropoxyacetophenones might provide a useful
route to substituted cyclopropanones, a family of
relatively inaccessible but interesting molecules. In-
deed, irradiation of benzene solutions of 1a with 313-nm
light produces acetophenone and cyclopropanone,?s
albeit in low yield, in addition to cyclization product
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was monitored by ir and nmr upon partial photolysis of Ia at —60° in
methylene chloride solution.
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IIIa. However, under identical conditions of excita-
tion, Id (cis-exo) did not produce detectable amounts
of dimethyleyclopropanone or significant quantities of
acetophenone. The principal reactions of 1d (cis-exo)
were found to be cyclization and isomerization of the
cyclopropane ring (Scheme I) to give, respectively,
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IIIb and Ib (trans).” The occurrence of isomerization
products represented a rather unexpected and novel
course of reaction and demanded closer mechanistic
scrutiny. Our study produced evidence that the
standard mechanisms for type II processes®? are in-
adequate for proper understanding of the data.

Table I summarizes quantum yield and kinetic data

Tablel. Quantum Yield and Kinetic Data/
T—l a

Compd kqor (X1078) $
Ia 21 2.4 0.077,> 0.018°
Ib 2.3 22 0.0060,? 0.00304
Ic 0.65 77 0.023,50.0011,4 0.0067¢
Id 4.4 1 0.015,60.0043¢
Ie 10.7 4.7 0.025,50.0078¢
Ila 1.6 31 0.99,% 0.42¢
IIb 8.9 5.6

a Assuming kq = 5 X 10? M~!sec™! in benzene at 25°. ° Dis-
appearance of ketone. ¢ Type II cleavage. ¢ Appearance of Id
(cis-ex0). ¢ Appearance of Ib (trans). / Plots of product forma-
tion vs. time were linear out to 15% conversion. Stern-Volmer
quenching was confined to this range.

for the photoreactions of la—e in benzene. The
ketones Ila-b are included for comparison. The
salient features of the data are (1) the tremendous drop
in reaction efficiency as one proceeds from Ila to la (a
factor of 13) and then from la to Id (a factor of 5);
(2) the increase in 1/r between la and Id (cis-ex0);
(3) the sizable effect of v deuteration on 1/r and @ for Id

(7) Upon extended irradiation, the photolysis mixture consists qf
70 % isomeric oxetanols and 5% acetophenone. No detectable olefinic
products were formed.
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(cis-ex0); and (4) although the mass balance for product
formation is good to moderate, the remarkably low
efficiency of net chemical transformation.

Consider the last point first. One notes that the
decrease in reaction efficiency may be explained in terms
of the standard mechanism for aryl alkyl ketones if
(1) reversible transfer hydrogen in the biradical IV is
exceedingly efficient relative to closure and cleavage,?
or (2) a new deactivation is possible for Id (and to a
lesser extent la) which effectively degrades electronic
excitation of triplets before v hydrogen abstraction
can occur.

With regard to methyl substitution in the ring, the
faster rate of deactivation of Id (cis-exo) and Ic (cis-
endo) vs. Ia suggests that the methyl groups are playing
an important electronic rather than steric role in the
deactivation process. On the other hand, the sub-
stantial deuterium isotope effect on 1/7 for Ie (d-cis-exo0)
vs. Id (cis-exo) suggests that degradation of electronic
excitation is coupled to the electronic influence of the
methyl groups via the v-CH bond! One can thus view
the deactivation as occurring via coupling of the elec-
tronically excited carbonyl group to the Cy-C; cyclo-
propane bond via a v-CH stretching motion.! This
motion, of course, implies a strong coupling between
the ~-CH stretching vibration and the C,~C; ring
stretching vibration; i.e., energy degradation involves
specific conversion of electronic energy into vibrational
energy associated with a normal mode of the y-HC.C;
unit. Significantly, we have observed that 1,1-dime-
thoxycyclopropane quenches acetophenone phospho-
rescence at a rate comparable to simple aliphatic ethers;
thus, cyclopropyl ethers, per se, do not appear to
possess special deactivation paths for standard n,=*
triplets.

In summary, we report that the introduction of
remote methyl groups into a-cyclopropoxyaceto-
phenone produces a surprising increase in the rate of
chemically nonproductive radiationless decay to
ground-state parent ketone. The low reaction effi-
ciencies, compared to model compounds, point to the
operation of a novel mechanism for radiationless
deactivation not previously encountered in type II
photoreactions.'® The observation of a deuterium
isotope effect on triplet ketone lifetime and isomer-
ization efficiency strongly implicates the y-H in both
the novel radiationless deactivation and ring isomer-
ization. We suggest that the fast rates of radiationless
decay may result from electronic vibrational coupling
in which the stretching of the C,~C; bond,!! induced by
excited ketone y-H interaction, serves as an energy sink.
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Carbon-13 Nuclear Magnetic Resonance Spectroscopy
of Naturally Occurring Substances. X. Pimaradienes!

Sir:

In continuation of our '*C nmr study of organic
natural products the first systematic analysis of diter-
penic compounds was undertaken. The following
chemical-shift data for the pimaradienic substances
1-4 were utilized for the determination of the otherwise
difficultly assignable ring C conformation of the A3®-
pimaradienes (4) as well as for the elucidation of the
biosynthesis of the virescenosides, fungal isopimara-
dienic glycosides.?

a, R=Me
b, R=CH,0H
¢, R=CO,H

O

T
v H

4a, R = C,H;; R’ = Me
b, R = Me; R’ =C,H,

Application of chemical-shift theory? to the noise
decoupled and off-resonance decoupled spectra! of the
nine compounds and inspection of cmr spectra of pi-
marol (1b) in the presence of the paramagnetic shift
agent,* Pr(dpmy)s, yielded the data collated in Table 1.
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