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standable in terms of biradical 10 and eq 1. Forma­
tion of an alternative biradical 11 from 2 is also con­
ceivable, and collapse of this species could lead to 
cyclobutanol 12 and possibly to 4,4-dimethyl-2-iso-
butylcyclohexanone (13). It is noteworthy that we 
found neither of these possible products (< 1 %). 

O OH 
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c, R - OH 
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Turning to synthetically more interesting examples, 
we found that photochemical isomerization of 3 (40 hr, 
68 % conversion) gave a 9:1 mixture of bicyclic products 
143 and 153 in 64%9 yield. The structures of these 
methyl ketones were firmly established by the following 
three sets of experiments. First, Baeyer-Villiger oxi­
dation14 of 14 with trifiuoroperacetic acid and subse­
quent saponification gave erccfo-c/s-bicyclo[4.2.0]octan-
7-ol (16). The ir spectra of this alcohol from 14 and 
of its derived phenylurethane (mp 119-120.5°) were 
identical with those of authenticI5 16 and its derivative 
(mp 119.5-120°). Second, 14 was independently pre­
pared from the known16 unsaturated nitrile 17. Hydro-
genation of 17 over palladium on carbon gave 18,3 

which on reaction with methylmagnesium bromide 
followed by hydrolysis yielded 14. Third, base-cata­
lyzed equilibration of 14 and 15 gave identical mixtures 
of the two ketones, with the exo isomer 15 predominat­
ing (5:1). Preferential formation of the less stable 
endo isomer 14 in the photochemical reaction is con­
sistent with kinetically controlled protonation17 of an 
initially formed enol (see eq 1) from the less hindered 
exo side. 
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(14) W. D. Emmons and G. B. Lucas, / . Amer. Ckem. Soc, 77, 2287 
(1955). 

(15) A. C Cope and R. W. Gleason, ibid., 84, 1928 (1962). We are 
grateful to Professor Gleason, who generously provided the ir spectra 
of authentic 16 and its exo epimer, and of the derived phenylurethanes. 

(16) I. Fleming and J. Harley-Mason, / . Chem. Soc, 2165 (1964). 
(17) H. E. Zimmerman, J. Amer, Chem. Soc., 19, 6554 (1957), and 

references cited therein. 

Irradiation of the cycloheptyl-substituted ketone 4 
(72 hr, 90% conversion) gave similar results. In this 
case, however, the yield of ketones 19 and 20 (10:1) 
was diminished to 31 %,9 and we observed concomitant 
formation of at least two cyclobutanols (10 %).18 Inde­
pendent synthesis of 19 and 20 from the previously 
described16 nitrile 21 followed the path described above 
from 17. This, together with base-catalyzed equilibra­
tion favoring exo isomer 20 (7:1), fully confirmed 
the structures assigned. We found no evidence for 
photochemical formation of trans fused isomers of 19 
and 20, although cis- and ?ra«5-bicyclo[5.2.0]nonane 
(22) are thought to differ little in stability.19 
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In the cases described this reaction provides cyclobutyl 
ketones conveniently and easily. Its generality and 
applicability to construction of more complex systems 
are presently under investigation. 

(18) We will give details of these alcohols in our full paper. 
(19) N. L. Allinger, M. Nakazaki, and V. Zalkow, J. Amer. Chem. 

Soc, 81, 4074 (1959). 
(20) Fellow of the Alfred P. Sloan Foundation and author to whom 
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Partial Photoresolution of 
Tris(l,10-phenanthroline)chromium(IIl) Using an 
Analog of the Pfeiffer Effect1 

Sir: 
Rates of thermal isomerization of enantiomeric com­

plexes may differ in the presence of optically active 
counterions2 such that the equilibrium position does not 
correspond to a fully racemic mixture. This is the 
Pfeiffer effect.8 A recent observation that the photo-
racemization of Cr(phen)3

3+ (phen = 1,10-phenan-
throline) is sensitive to counterions4 suggests the possi­
bility of what we believe to be a new method of photo­
chemical resolution. Selective intervention of an 
optically active counterion in the relaxation processes 
of excited enantiomeric complexes can lead to a photo-
stationary state corresponding to partial resolution. 

The photoracemization of resolved5 (+)589-Cr(phen)3-
Cl3 at a concentration of 0.00073 M in a medium of 
3.00% potassium antimony D-tartrate proceeds with a 

(1) We thank the National Research Council of Canada for financial 
support. 

(2) N. R. Davies and F. P. Dwyer, Trans. Faraday Soc, 50, 24 (1954). 
(3) P. Pfeiffer and K. Quehl, Chem. Ber., 64, 2667 (1931). 
(4) N. A. P. Kane-Maguire and C. H. Langford, manuscript in 

preparation. 
(5) C. S. Lee, E. M. Gorton, H. M. Neumann, and H. R. Hunt, 

Inorg. Chem., 5, 1397 (1966). 
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Figure 1. Observed rotation as a function of irradiation time at 
25° for a solution of 0.00050 M Cr(phen)3Cl3 obtained by ion ex­
change separation from a solution 0.00073 M in complex containing 
3% potassium antimony D-tartrate. The latter solution was the 
one irradiated. (The dilution was necessary to achieve complete 
recovery of the complex from the resin.) Note that the half-time 
for photoracemization of a comparable resolved sample was 27 
min. 

half-time of 27 min at 25° under unpolarized illumina­
tion with the 350-nm lamps of a Rayonnet photoreac-
tor. Light intensity in the reactor was gauged by 
ferrioxalate actinometry.6 The quantum yield for 
isomerization is approximately 0.016. Thermal race-
mization is entirely negligible (^/a — 17 days at 25°). 

Figure 1 shows rotations at 546 nm achieved by 
irradiating comparable solutions ofracemic Cr(phen)3

3+ 

in the presence of antimony D-tartrate. These are 
reported as rotations of the metal complex after separa­
tion of the total sample from the dextrorotatory anion 
on a Dowex 1-X4 anion-exchange column (chloride 
form). The levorotatory isomer predominates. (In 
the absence of irradiation, the work-up yields inactive 
solutions.) Figure 1 indicates that the system ap­
proaches a steady-state rotation after 88 min of ir­
radiation, which corresponds to three racemization 
half-lives for resolved Cr(phen)3Cl3. The steady-state 
rotation corresponds to a 1.7% resolution. An essen­
tially identical degree of photoresolution was achieved 
using an initial complex concentration of 0.0004 M. 
This is consistent with the absence of a specific chloride 
counterion effect on photoisomerization.4 A slightly 
higher percentage resolution was obtained in 6% anti­
mony D-tartrate (2.4 %). 

Table I shows the steady-state specific rotations com­
pared to a resolved sample at the several wavelengths 
available on the Perkin-Elmer 141 polarimeter used in 
this study. They are consistent with the attribution of 

Table I. Comparison of Steady-State Specific Rotation with 
(+)S89-Cr(phen)3Cl3 

X, nm 436 546 
[a](steady state) - 5 3 . 1 - 2 8 . 4 
[a]((+)-Cr(phen)aCl3) +3460 +1716 

578 589 
- 2 4 . 0 - 2 1 . 9 

+ 1402 +1320 

steady-state rotation to Cr (phen)3
3+. Further, the par­

tially photoresolved samples undergo photoracemiza­
tion in times similar to photoracemization of the con­
ventionally resolved complex. 

Irradiation of solutions for periods considerably 
longer than those shown in Figure 1 results in photosub-
stitution of resolving agent for a coordinated phenan-

(6) C. G. Hatchard and C. S. Parker, Proc. Roy. Soc, Ser. A, 235, 518 
(1956). 

throline. Under these conditions, a highly levorotatory 
orange solution is obtained after separation on the 
anion resin. The relative rotations at the Perkin-Elmer 
wavelengths available are markedly different from those 
shown in Table I. In addition, this species was not 
observed to photoracemize. 
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Evidence for a Change in Rate-Determining Step in 
the Acid-Catalyzed Hydrolysis of a Vinyl Ether 

Sir: 

During the past few years there has been intense in­
terest in the detailed mechanisms of the acid-catalyzed 
hydrolyses of acetals1 and vinyl ethers.2 Part of this 
interest stemmed from a desire to understand catalytic 
processes in detail,la,2a~g while renewed interest in the 
mechanism of acetal hydrolysis has been stimulated by 
the resemblance of their hydrolytic processes to the ac­
tion of certain glycosidic enzymes.la,b 

In this communication we wish to report the syn­
thesis of 9-methoxyoxacyclonon-2-ene3 (IHb), and the 
kinetic investigation4 of its hydrolysis in wholly aqueous 

I II Ilia, R = H 
b, R=CH3 

buffered solutions. In acid solutions, this material can 
potentially hydrolyze by two main mechanisms, i.e., 
initial protonation on endocyclic or exocyclic oxygen 
atoms of HIb followed by rate-determining cleavage to a 
stabilized oxonium ion' (A-1 mechanism, Scheme I), or 

Scheme I. A-I Hydrolysis Mechanism 
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