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In runs in isopropyl alcohol the pinacol of phenan-
throne 7 was formed ca. one-fifth as fast as 8. Photo-
ketone and pinacol formation were quenched equally by 
naphthalene, signifying that the same triplet is responsi
ble for both reactions, or alternatively that two ex
ceedingly rapidly equilibrating states are involved, one 
in each reaction. The rate of hydrogen abstraction 
calculated from this data is kh

hi = 3 X 103 1. mole-1 

sec-1, which is slow compared to the acetophenone 
abstraction rate in the same solvent,14 suggesting either 
that a T-TT* triplet is the dominant species, that 
hydrogen abstraction is reversible, or that n-ir ab
straction rates vary. 

The rearrangement is only slightly solvent dependent 
and not suggestive of the reaction of a polar species. 
This accords with our recent finding that the /3 carbon 
of the enone moiety is not electron deficient.15 The 
very low rate and efficiency of rearrangement contrast 
with the dienone case and a different, less efficient 
mechanism is required. Such a mechanism is shown in 
Scheme I. The 4-10 bond formation of the last step 
may be concerted with the 10-5 migration of the 
carbon-1 methylene, and MO calculations indicate 

Scheme I 

* = r, if n-7r*,or • , if T-W* 

this to be favorable. The inefficiency is then seen to 
derive either solely from the requirement for a bond 
(1-10) fission and lack of a second double bond for 
interaction in the excited state or from this factor cou
pled with the intervention of a low energy 7T-T* triplet. 
Both factors differ in the dienone case. 
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Stereospecific Rearrangement of an Excited 
Triplet Ketone1 

Sir: 
Various attempts have been made to rationalize the 

photochemical rearrangements of conjugated cyclo-

(1) (a) Portions of this work were described at the Reaction Mecha-i 
nisms Conference, Corvallis, Ore., June 1964. (b) Related work on the 

hexenones.2-4 Among these attempts, it has been sug
gested2 that the rearrangements observed can be ac
counted for on the basis of homolytic fission of the 
1,10 bond (steroid numbering) with concomitant for
mation of a 5,10 double bond (giving an intermediate 
such as III) followed by readdition at C-5 and cycliza-
tion. This view suggests that for a cychc enone (I) 
with a single suitably disposed asymmetric center, 
photorearrangement should give an optically inactive 
product. Alternate possibilities3'4" suggest retention 
of optical activity. 

Irradiation (X >290 mju) of I in i-butyl alcohol gives 
II [70%; mp 86-87°; 5.82 and 1.65 /*; X£* Bt0H 238 
m/x (e 9380)] and IV [1.5%; 5.73, 6.15, and 11.15 M; 
x w . Eton 2 4 5 m M ( e 1 0 j 9 0o) and 282 mM (e 1200), 
T 4.56 and 5.12 (1 H, singlets, C=CH2)].6 Irradiation 
of II in ;-butyl alcohol gives IV as does acid treatment of 
11. The structures of II and IV were established by 
degradation to known compounds. Treatment of II 
with ethyl formate and base followed by hydrogen per
oxide oxidation and treatment with diazomethane gave 
V [5.75 and 5.80 p; ?C°H 228 m/j (e 8650)]. Treat
ment of V with sodium methoxide gave VI [5.75 

I I M e O 2 C V - " ^ 
MeO2COkJ " 

MeO2C 

i? 
CO2Me 

VI VII 
and 6.15 M; X^* Et0H 233 mju (e 10,300)]. Ozonolysis 
of VI followed by treatment with hydrogen peroxide 
and diazomethane gave VII, identical in infrared ab
sorption, v.p.c. retention time, and 2,4-dinitrophenyl-
hydrazone with an authentic sample.6 
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(5) Satisfactory analyses were obtained for all new compounds except 
VI and IV (crystalline derivatives of IV were analyzed). 

(6) Prepared by treatment of l-methyl-2-tetralone with sodium 
hydride and methyl bromoacetate. 
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Treatment of IV with benzaldehyde and base gave 
two isomeric dibenzal derivatives, mp 136.5-138.5°; 
5.94,6.19, and 11.18M; X ^ Et0H 239 mM (e 24,000) and 
347 HIM (e 30,100); mol wt 388; and mp 173-175°; 
5.93, 6.17, and 11.10 M; \£® Et0H 239 mM (e 20,400) 
and 347 mM (e 30,400); mol wt 388). Ozonolysis 

IV 
PhHC 

CHPh CO2H 

VIII 

of each dibenzal derivative separately gave VIII, iso
lated as the 2,4-dinitrophenylhydrazone which was 
compared with an authentic sample. 

The rearrangement of I to II proceeds via an ex
cited triplet state.lb'7 The reaction proceeds at a com
parable rate in the presence of dibenzothiophene as 
sensitizer (greater than 90% of the light absorbed by 
dibenzothiophene) and in the absence of the sensitizer. 
Furthermore, the reaction is almost completely quenched 
by 0.03 M piperylene.8 

Complete resolution of I and II was accomplished 
via the corresponding pyrrolidinium d-camphor-10-
sulfonates, a new method for resolution of racemic ke
tones.9 The rotations of the ketones were I, [a] 27D 
+ 332 and -332° , and II, [a]27D +42.5 and -42 .3° . 
Table I summarizes the results of irradiation of the 

Table I. Summary of Irradiations of Optically Active I" 

Run 
—[a] 27D, d e g — 
I II 

Dura
tion 

of 
irra
dia
tion, 
hr6 

Yield 
of II, 

% 

Reten
tion 
of 

opt. 
act., % 

1 
2 
3 
4 

+332 
+ 332 
-332 
-332 

- 4 0 . 2 
-40 .5 
+40.9 
+41.0 

5 
18.5 
6 

18.5 

65 
27 
80 
37 

95 
96 
96 
96 

" All rotations were measured at c 1. b All irradiations were 
carried out in f-butyl alcohol at 28-30° using a 550-w Hanovia type 
A mercury lamp filtered through Pyrex. 

enantiomers of I. The rotations of the product were 
taken on the solid product II after chromatography on 
silica gel and treatment with charcoal in solvent, but 
without crystallization. The rotation of II is opposite 
in sign to that of I so that slight contamination of II 
with I would lower the apparent retention of optical 
activity. In all runs using both enantiomers a min
imum of 95 % retention of optical activity was observed. 
The photochemical rearrangement thus is stereospeciflc, 
and mechanisms which involve complete fission of the 
1,10 bond with concomitant formation of an inter
mediate having a plane of symmetry (e.g., Ill) can be 

(7) H. E. Zimmerman, J. Pure Appl. Chem., 9, 493 (1964). See also 
ref lb. 

(8) This quenching involves reaction with piperylene in addition to 
energy transfer. 

(9) W. R. Adams, O. L. Chapman, J. B. Sieja, and W. J. Welstead, 
Jr. ,/ . Am. Chem. Soc, 88, 162(1966). 

excluded for the photochemical rearrangement of I to 
II. 

Irradiation (X >290 m/z) of I in aqueous acetic acid 
(75%) gives several new products, IXa,b (30%), 

HOAc 

II + 

IV + 

IXa, b 

X (1 %), and XI (3 %), in addition to II (<2 %) and IV 
(5%). Control experiments show that IXa,b and IV 
are produced from II in the dark under the conditions 
of the experiment. Control experiments suggest that 
X and XI are derived from I in a photochemical step, 
but the small amounts of these compounds in the crude 
product render this conclusion tenuous. The structures 
of IXa,b (2.88 and 5.75-5.80M), which we have been 
unable to separate, rest on dehydration by phosphorus 
oxychloride in pyridine to IV, which has been degraded 
to a known compound. Keto alcohols X and XI were 
identified by comparison with authentic samples. 

The relationship of the photochemistry of the cross-
conjugated cyclohexadienones2'4d'10 to the photochem
istry of the 2-cyclohexenones is now more clearly in 
focus. The two series show structurally similar types 
of rearrangement (alkyl shifts) and similar stereo-
specificity and nucleophilic solvent incorporation (in 
the case of the cyclohexenones, at least, this is often the 
result of a subsequent dark reaction).4 They differ 
substantially in quantum efficiency10'7 and the rate of 
reaction of the triplet {i.e., triplets of 2-cyclohexenones 
can be quenched while those from cyclohexadienones 
cannot).10,7 
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A New Method for the Resolution of Ketones 

Sir: 

Resolution of racemic ketones and aldehydes, though 
of frequent interest in mechanism studies and synthesis, 
remains a difficult problem. Several approaches to 
this problem have been suggested, prominent among 
which are optically active carbonyl reagents such as 
hydrazines,1 semicarbazides,2 diols,3 dithiols,4 semi-

(1) C. Neuberg, Chem. Ber., 36, 1192; (1903); C. Neuberg and M. 
Federer, ibid., 38, 866 (1905). 
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