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the determination of the following coupling constants;
J1_5 = 6.3 HZ, Jl_s = 23 HZ, J5’5 = 3.6 HZ, J1’4 =
24Hz,J,4 = 1.6 Hz,andJi; = 1.9 Hz. The magnitude
of the coupling implies trans-cyclopropyl vicinal cou-
pling!®® and thus requires that the Cg-phenyl group
be exo. The absence of coupling between H, and H;
implies trans vicinal coupling and fixes the C;-phenyl
group in the exo position, !¢

Bicyclo[3.1.0Jhexene 2 is not the expected product
from orbital symmetry considerations but is the ther-
modynamically most favored isomer. In order to de-
termine whether the photoisomerization of a triphenyl-
substituted hexatriene is subject to orbital symmetry
interpretation, we have investigated the photochemistry
of the isomeric 1,2,6-triphenyl-(Z,Z,Z)-hexa-1,3,5-triene
(3). This material was obtained from the catalytic
hydrogenation of 1,2,6-triphenyl-(Z,Z)-hexa-1,3-dien-
5-yne (4). Dienyne 4 was in turn synthesized from
the Wittig reaction of cis-a-phenylcinnamyltriphenyl-
phosphonium bromide and phenylpropargyl aldehyde
followed by fractional crystallization of the two isomeric

dienynes. Irradiation of 3 in cyclohexane gave a new
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photoisomer (mp 132-133°) whose structure is assigned
as  4-exo,6-endo-3,4,6-triphenylbicyclo[3.1.0}Jhex-2-ene
(5) on the basis of its nmr spectrum:® § 2.01 (dd, 1,
C;H), 2.50 (m, 2, CiH and C¢H), 3.78 (t, 1, C:H),
6.32 (m, 1, C;H), and 6.8-7.3 (m, 15, aromatic). Ap-
propriate spin-decoupling experiments showed that J;,
= J1’4 = J2’4 = 2.0 HZ, J1’5 =6 HZ, and J5’5 = 8.0
Hz. The magnitude of the cis-cyclopropyl vicinal cou-
pling requires that the Cg-phenyl group be endo. In
accord with this assignment is the observation that H
is no longer shielded by the anisotropy of the double
bond and appears 0.8 ppm downfield from C¢H in
the exo,exo isomer 2. Again, J,; = 0 Hz, requiring
that the Cs-phenyl group be exo.

The fact that only 5 was isolated from the irradiation
of 3 implies that the stability of the final product is
not the major factor governing the photoisomerization
in the triphenylhexatriene system. These results indi-
cate that orbital symmetry control must be important
in these systems. It should be pointed out, however,
that 5 is not the isomer that would be predicted to be
formed from the irradiation of 3. The above observa-
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tions can be rationalized if it is assumed that the
abovereactions are consecutive photoreactions involving
initial cis—trans photoisomerization followed by bond
reorganization to the bicyclic isomer.
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In order to gain further evidence for the above
scheme, trienes 6 and 7 were independently synthe-
sized.?! When subjected to irradiation, 6 gave only 2
and 7 afforded 5 as predicted. Furthermore, in the
partial photolysis of 1, the presence of 6 could be
detected by nmr spectroscopy.

It appears that photoisomerization about the 1,2
double bond to relieve cis-diphenyl nonbonded inter-
actions is rapid relative to symmetry-allowed concerted
cyclization. In both cases the cyclization is observed
to occur only via the w4s + w2 route.?? This perhaps
is a reflection of the somewhat greater steric require-
ments of the w*a 4+ w3 path. Closure by the wis +
m%a route would also be expected from consideration
of the nodal structure of the lowest 7* level of the
transoid conformer of the hexatriene. Further work
on the importance of orbital symmetry control in 1,3,5-
hexatriene photochemistry in related systems is cur-
rently under way and will be the subject of future
reports.
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The Photolysis of Sulfur Ylides.
Diphenylsulfonium Allylide

Sir:

The utility of sulfur ylides in organic synthesis
depends upon a definition of their reactivity and the
availability of diverse ylides. In our work directed
toward these goals, we have examined the thermal,

photochemical, and catalyzed decomposition of di-
methylsulfonium phenacylide! as well as the properties
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of other new sulfur ylides.? One aspect of ylide
reactivity that remains to be defined is their ability to
undergo « elimination. In this paper, we wish to
report a new reaction of a sulfur ylide which relates to
this important question.

Allyldimethylsulfonium salts upon base treatment
had been found to principally undergo rearrangement to
derivatives of 4-methylthio-1-butene and thus precluded
studies of the corresponding allylides.®*® On the
other hand, diphenylsuifonium allylide (IT) can facilely
be generated from its corresponding salt 1.4+ If «
elimination to vinylcarbene occurred, intramolecular
trapping to yield cyclopropene would be expected.
Thus, providing such an intramolecular olefin trap
should avoid the problem of intermolecular trapping of
the carbene by starting sulfur ylide.

Thermal (from —78 to 100°) and metal-catalyzed
decomposition of the ylide generated no cyclopropene.
Two methods of detection were employed. In the
first technique, all volatiles were passed through a
pentane solution containing cyclopentadiene at 0°—a
method shown independently to trap cyclopropene
quantitatively. Alternatively, spiro[4.2}hepta-2,4-diene
(III) was employed in the reaction mixture. Both
dienes have been shown to produce the endo Diels-
Alder adducts IV and V.

5 Ay 4

Photolysis of the ylide solution containing the diene
III at —78° decolorized the bright yellow solution in
less than 1 hr.® Vpc analysis revealed two peaks.
The shorter retention time peak (509 relative yield)
corresponded to V; a collected sample was identical
in every respect with an authentic sample of V (see
Scheme I). The second peak (5097 relative yield)
corresponded to three compounds in the ratio of
10:3:1, Preparative thick layer chromatography sep-
arated the components. Each was isomeric with
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Scheme I. Photolysis of Diphenylsulfonium allylide
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starting ylide 11.5 The major material exhibited nmr
absorptions at § 4.69 (doublet, 1 H, J = 7.3 Hz),
4,95 (doublet with fine splitting, 1 H, J = 17 Hz),
5.02 (doublet with fine splitting, 1 H, / = 9.5 Hz),
6.0 (multiplet, 1 H), and 7.2 (muitiplet, 10 H). Its
mass spectrum showed a molecular ion peak at m/e
226 as well as a base peak at m/e 117 corresponding to
loss of PhS. Its ultraviolet spectrum had Ag., nm (e)
at 252 (4240) indicative of a thiophenyl ether chromo-
phore. The data clearly support structure VI. The
remaining two components were present in smaller
amounts. Compound VII (the second most abundant
component) exhibited a pair of doublets at § 3.43 (J =
7.0 Hz) and 3.65 (/ = 7.5 Hz) for a total of 2 H, a
multiplet at 6.0 for 2 H, and aromatic absorptions for
10 H centered at 7.2, The mass spectrum shows a
molecular ion at m/e 226 as well as intense peaks for loss
of PhS (117), PhSCH=CH (91), and PhSCH=CHCH,
(77). Its ultraviolet spectrum with Ap,, nm () at
248 (6500) and 264 (6700) was quite similar to phenyl-
propenyl sulfide. These data clearly indicate the
assigned structure VII present as a mixture of cis and
trans isomers. Compound VIII showed a doublet
further split for 2 H at & 3.62 (/ = 6 Hz), a multiplet
for 2 H at 6.2, and an aromatic multiplet for 10 H
centered at 7.2. Its mass spectrum possesses in ad-
dition to a molecular ion peak at m/e 226 relatively
intense peaks for loss of Ph (149), PhS (117), and
PhSCH=CH (91). The ultraviolet spectrum shows a
single maximum at 252 nm (e 5100) indicative of
overlapping PhS and styryl chromophores. The struc-
ture shown was assigned on this basis; it probably is a
mixture of cis and trans isomers.

The formation of phenyl-migrated products could
arise either by a concerted or nonconcerted path. For
the former, we can treat our system as a butadiene
occupied by five electrons and a phenyl radical. De-
pending on the electronic configuration of the excited
state either 1,2 or 1,4 migration would be a symmetry-
allowed process. Furthermore, since d orbitals are
undoubtedly involved in bonding of sulfur ylides their
role in determining the preferred pathway obscure
interpretations based on orbital symmetry. Scheme II
outlines a nonconcerted path for the rearrangement.
Simple homolysis of the phenyl-sulfur bond followed
by recombination would generate the observed prod-
ucts. Preferential coupling would be expected to
occur at the « carbon since it is the site of highest
electron density. The formation of cinnamylphenyl
sulfide in addition to l-phenylthio-3-phenylpropene

(6) All new compounds exhibited satisfactory analytical data,
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Scheme II, Mechanistic Interpretations
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was not unexpected since base-catalyzed double bond
isomerizations proceed facilely in such systems.

The formation of the Diels—Alder adduct 111 demon-
strates the intermediacy of cyclopropene. However,
such a discovery does not unambiguously indicate the
intermediacy of the carbene IX. Alternatively, 1,3
bonding in the ylide to generate the cyclopropyl anion
X followed by B elimination also yields cyclopropene.
The great endothermicity associated with such a ring
closure in the present case (going from a highly stabi-
lized anion to a highly localized charge-separated
species) either suggests the improbability of such a path
or that 1,3 bonding occurs during internal conversion
(i.e., as the energy of the excited state dissipates by non-
radiation processes). Such a ring closure is unpre-
cedented. The apparent ability of other sulfur ylides
to undergo « elimination during photolysis suggests the
likelihood of the carbene pathway in the present case.
The present results clearly rule out the intermediacy of
carbenes in thermal decompositions of sulfur ylides.
The present results also illustrate the utility such «
eliminations may play in synthesis since the yield of
trapped cyclopropene (25% yield based on ylide) is
greater than other corresponding « eliminations (e.g.,
allyl chloride or vinyldiazomethane). Since the spiro-
diene III can be demonstratedtotraponly about one-third
to one-half of the formed cyclopropene, the actual yield of
such an « elimination is much higher than that of the
isolated adduct.
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Photoreduction of «-Trifluoroacetophenone by
Alkylbenzenes. Another Charge-Transfer Process
Sir:

Although photoreduction of ketones is probably the
most studied of photochemical reactions, there have

been relatively few studies of the inductive effects of sub-
stituents on excited state reactivity.! We have com-

pared the behavior of a-trifluoroacetophenone to that
of acetophenone itself > 2 and find that the excited triplet
of the former is photoreduced by electron transfer from
such weak donors as alkylbenzenes.

The actual reduction proceeds similarly for both
ketones, in that bibenzyls, pinacols, and cross-coupling
Quantum

products account for all the reacted ketone.

hv

PhCOCX, + ArCHR, —
X=HF R=H, Me
OH
ArCR.CR,Ar + ArCR,CPh +

CX;

3

yields of product formation were measured for both
ketones in degassed benzene solutions as a function of
concentration of toluene, cumene, and p-xylene. Re-
sults plotted according to eq 1 gave linear plots with the

slopes and intercepts indicated in Table I. Ygp repre-
k
$ppl= Ygp P 1 d

! = Yo poi(14 1) M

sents the actual yield of bibenzyl; P, the probability that
intermediates other than the excited state proceed on to
products rather than reverting to ground states of reac-
tants; [S], the concentration of alkylbenzene; kg4, the

Table I. Kinetic Data for Photoreduction of Acetophenone and
a-Trifluororacetophenone by Alkylbenzenes in Benzene

ke,
108 ka,
M-t 108
Ketone Substrate Yes YseP® kgfk® sec™lc sec™!d
PhCOCH; p-Xylene 0.44 0.10 1.0 0.70¢ 0.7 (0.5)
PhCOCH; Cumene 0.39 0.18 2.5 0.28 0.7
PhCOCH; Toluene 0.39 0.13 5.8 0.12 0.7
PhCOCF; p-Xylene 0.35 0.04 0.09 97.0c 9.0(7.0)
PhCOCF; Cumene 0.34 0.06 2.7 3.3 9.0
PhCOCF; Toluene 0.32 0.05 1.2 7.5 9.0
PhCOCF; Toluene-a-ds 0.31 0.015 1.2 7.5 9.0
@ Reciprocal of intercept of plots according to eq 1. ? Slope/in-

tercept of plots according to eg 1. ¢ Slope of plots according to eg
2. 4Values in parentheses are the intercepts of plots according to
eq 2.

rate of radiationless decay of the ketone triplet; k., the
rate constant for interaction of ketone triplet with sub-
strate. Reduction of both ketones at 3660 A was
quenched with naphthalene at various concentrations of
p-xylene. Stern-Volmer plots were linear, as were
plots of 1/7 (calculated from the S-V slopes) vs. [S], the
slopes of which equal k,. The k, values for the other
substrates were determined from the measured kq/k,
values and the assumed constant value of kq.

/7 = kg + k{S] )
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