Nucleophilic Trapping of Photochemically Generated
Zwitterions. Evidence for the Intermediacy of
Zwitterions in the Photochemical Rearrangement of
Cyclohexadienones!

Sir:
1t was postulated a decade ago that bicyclic zwitter-

ions 2 were intermediates in the photorearrangement of

2,5-cyclohexadienones 1 to bicyclo[3.1.0Jhex-3-en-2-
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ones (3) (lumiketones).? This postulate has been gen-
erally accepted,?® although direct experimental evidence
requiring the intermediacy of zwitterions in this photo-
chemical rearrangement has been lacking, as pointed out
previously. We now report some experimental evi-
dence which demonstrates that zwitterions which can be
trapped by nucleophilic reagents are intermediates in the
photochemical lumirearrangement in at least one
case."8

The variety of reactions which ensue on irradiation of
4-methyl-4-trichloromethyl-2,5-cyclohexadienone  (4)
provides a handle to the elucidation of reaction mech-
anism because of the sensitivity of the system to changes
in reaction medium.%® It was shown that irradiation of
4 in methanol gives ethers 5 and (in acidic solution) 6,
products that most reasonably arise as shown below
from an intermediate zwitterion 7.49° However
experimental proof of the intermediacy of 7 in the re-
arrangement of 4 to lumiketone 8 has been lacking until
now.

If 4 is irradiated in methanol, zerz-butyl alcohol, 2-
propanol, or CF;CH,OH in the presence of lithium or
tetramethylammonium chloride, a new product 9 is
formed at the expense of ethers of type 5. The prod-
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uct, mp 52-53°, has the formula CsH;Cl;0, from its
elemental analysis and parent mass spectral peaks at
mje 224, 226, and 228. The carbonyl band in the in-
frared at 1735 cm~! is consistent with an a-chloro-2-cy-
clopenten-1l-one system. The nmr spectrum of 9 is very
similar to that of ethers 5** with a methyl singlet at &
1.86 ppm, two olefinic protons (doublets of doublets) at
6.43 and 7.60, a proton, Hy, at 4.47 coupled to H, and
H,, and a proton H; at 4.14 (d) coupled to H,. Only
structure 9 is consistent with these data.

9 OH
-Cl
--H Q1
CH; C CH, cCy,
9 10

Compound 9 is not formed from dienone 4 and LiCl
in the dark. Irradiation of 4 in solutions containing
lithium or tetramethylammonium iodide and bromide
gave products other than 9, according to glpc analysis,
presumably the 5-bromo and 5-iodo analogs of 9.
Thus, 9 arises as does 5 from intermolecular nucleophilic
attack on zwitterion 4, and not by an intramolecular re-
arrangement.

Varying the concentration of LiCl in methanol, it was
shown that 9 and 5 (R = Me) are formed competitively
from a common intermediate. In terz-BuOH and
CF;CH,0OH, where lumiketone 8 is a major product of
irradiation of 4, addition of LiCl diminished the yields
of lumiketone 8 as well as ethers 5, with concomitant
formation of chloro adduct 9.!!

If zwitterion 7 is an intermediate in the formation of 5,
8, and 9, but not in the formation of p-cresol, +? the fol-
lowing scheme applies (eq 1-9). The deactivation of 7

(11) Analysis was by glpc on 5% VO-225 on Chromosorb G at 150—
170°, with acenaphthene as internal standard added after irradiation on
amerry-go-round apparatus, with a 450-W Hanovia high-pressure lamp,
Corning 0-52 filters, room temperature.
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to ground-state dienone, although a symmetry-forbidden
reaction, is included because of some evidence that this
may be the pathway for the residual inefficiency (usu-
ally 15-259) observed in these rearrangements,!'?'3
From this scheme, the lifetime of zwitterion 7 in the ab-
sence of added chloride is

/7, = ki + k2 + k[ROH] (10)

and the following relationships for product yields as a
function of chloride concentration can be derived, where
@, (the yield of zwitterion 7) = k7.

(Do/®)s = (Po/®)s = 1 + ky7,[Cl7] (1D

P

ﬁ = kyr,[Cl7) (12)
The quantitative data for competitive formation of 8
and 9 in CF;CH,OH as a function of LiCl concentra-
tion, plotted according to the expressions on the left side
of eq 11 and 12, respectively, give excellent straight lines
of common slope, 7.8 = 0.4 M—!, as required by the ki-
neticscheme. The slope k47, cannot be broken down to
give values of ky, k., and k; because of the current lack
of information about the magnitude of k,. Similarly,

(12) K. Liu, unpublished results from these laboratories.
(13) H. E. Zimmerman and G. Jones, II, J. 4dmer, Chem. Soc., 92,

2753 (1970); D. 1. Schuster and W. V. Curran, J. Org, Chem., 35, 4192
(1970).
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the data for formation of ethers 5 (R = isopropyl) and 9
in 2-propanol as a function of [LiCl], plotted as above,
also give straight lines of common slope = 2.03 = 0.15
M-, In this solvent p-cresol is a major product, and
addition of LiCl up to 1 M reduced its yield by at most
10%,* much less than the effect on the yield of 5. This
is consistent with the scheme and the earlier postu-
late*® that p-cresol is derived directly from the dienone
triplet by a hydrogen abstraction-radical fragmenta-
tion pathway,* and that the zwitterion is a later inter-
mediate along the reaction pathway. Quenching ex-
periments show that all photoproducts of 4 are derived
from a common triplet excited state intermediate. '

Addition of LiCl was found to have no effect on the
efficiency of formation of lumiketone from 4,4-diphen-
ylcyclohexadienone! (11) and a-santonin (12),!% suggest-
ing that the zwitterions from these two dienones have
much shorter lifetimes 7, than for 7. This is reasonable
if 7, in nonnucleophilic solvents is determined mainly by
the rate constant k, for [1,4] sigmatropic rearrangement
to lumiketone. In the intermediate stage of this re-
arrangement, positive charge should be localized to some
extent on C;.  Thus, the rearrangement rate should be
decreased in the case of 7 — 8 because of the electron-
withdrawing CCl, group, in contrast to the stabilization
offered by phenyl and alkyl substituents, increasing k; in
the cases of 11 and 12.
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The Interpretation of Vibrational Spectra. By D. SteeLe (Univer-
sity of London). Barnes and Noble, Inc., New York, N. Y. 1971.
67 pp. $4.00.

This softbound volume is a workbook for teaching interpretation
of infrared spectra of organic molecules. There is an 1l-page
introduction to vibrational spectroscopy, and the rest of the book
consists-of the spectra-of 26 compounds, sach of which ie analyzed
on the following page for the structural information that can be
deduced from it. An unusual feature of the book is a ‘“Flow
Chart,” reproduced on an inside fold-out of the front and back

* Unsigned book reviews are by the Book Reviews Editor.

covers. It is a systematized key to infrared spectra, wherein to
look up a given band frequency and find out, firstly, the possible
origins of it, and, secondly, other bands to look for that will confirm,
extend, or modify the interpretation. It is all very handy, but
the book is such a wee thing!

Crystal- - Structures.--Second - Edition - Volume &  Part 2 Ry
R. W. G. Wyckorr (University of Arizona). Wiley-Interscience,
New York, N. Y. 1971, viii+ 615pp. $37.50.

This latest volume in this standard work attests to the steadily
mounting rate at which crystal structures of organic compounds
are being determined. In order to keep the large amount of mate-
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