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Photodesulfurization of a Sulfoxide
Sir:

Photoracemization of sulfoxides,! dehydrative pho-
torearrangements of thiachroman 1-oxides,? and pho-
tocleavage of an episulfoxide? have been reported.
Photochemical loss of sulfur monoxide from a sulfoxide
has not been described.* We felt it would be of interest
to attempt this type of extrusion reaction by the
sensitized photolysis of cis- and frans-1,3-dihydro-1,3-
diphenyl-2-thiaphenalene 2-oxides (I).® On sensitized
irradiation, sulfoxide I did not undergo loss of sulfur
monoxide but rather suffered an unusual photode-
sulfurization reaction.

Purified benzene solutions (0.04 M) of either cis- or
trans-1 (Er = 58.5 kcal/mol)® irradiated with 366-mu
light absorbed only by benzophenone (0.055 M) gave
rise to 1-benzoyl-8-benzylnaphthalene (II, Er = 58.2
kcal/mol),® mp 139°, as the sole reaction product (80 %
isolated yield).” The structure of II was confirmed by
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Figure 1. Plot of per cent [II] formed vs. time.

its oxidation to 1,8-dibenzoylnaphthalene (III).# No
photoepimerization between the two isomers of I was
observed during the course of reaction.?

A water-cooled Hanovia Type L 450-W medium-
pressure lamp fitted with Corning color filters O-52
and 7-54 was employed as the 366-my light source. The
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quantum yield for the benzophenone-sensitized de-
composition of cis-1 was found to be 0.23 while that of
trans-1 was 0.10.' All of the above reactions were
run on a merry-go-round apparatus in sealed Pyrex
tubes degassed by three freeze-thaw cycles at 10-5
torr. The actinometer used for these measurements
was the benzophenone-sensitized isomerization of 0.10
M trans-stilbene (® = 0.43),1!

The decomposition of 1 seemed most likely to occur
by initial carbon-sulfur bond rupture of the sulfoxide,
giving rise to the diradical IV. We have been unable to
obtain any evidence for the presence of long-lived
intermediates derived from IV in this reaction. During
the reaction, no significant coloration developed, and
only the presence of sulfoxide, ketone, and sensitizer
could be detected by careful spectroscopic and chro-
matographic (thin layer) examination. Furthermore, a
zero-order plot of the formation of II against time using
a constant intensity lamp gave a straight line, as shown
in Figure 1. These results may be explained by: (1)
a one-quantum process in which no long-lived inter-
mediate is involved in the formation of ketone from
1V; (2) a two-quantum mechanism which proceeds by
way of a thermally stable intermediate which is photo-
chemically transformed into ketone II. This trans-
formation could be sensitized not only by benzophenone
but also by the triplet states of sulfoxide I and ketone
I1, assuming the Er value of the intermediate was <58
kecal/mol.!?

Benzophenone-sensitized irradiation of c¢is-I in
benzene solution also was carried out with various
concentrations of either cis-piperylene or 1,3-cyclo-
hexadiene present. These data show (Table I) that
with the concentrations of piperylene or cyclohexadiene
which were used the reaction does not proceed through
a quenchable excited state of the sulfoxide (I*). Again,
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(10) Analyses were carried out using nmr. Compound II showed
sharp singlet resonance for the methylene protons at & 4.17. The nmr
spectra of cis- and trans-I are given in ref 5.
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Table I
[Quencher]= [Quencher])/ Statistical? Obsd ®/P(obsd)/
No. [cis-T]e [Ph.COJ= or [Q] [eis-T] &/P, /P, &/ (stat)
1 3.60 5.56
2 3.80 5.48 3.18¢ 0.84 0.54 0.71 1.3
3 3.77 5.48 4.28¢ 1.14 0.47 0.68 1.4
4 3.66 5.48 8.34¢ 2.28 0.31 0.55 1.8
5 3.89 5.44 14.80¢ 3.81 0.21 0.37 1.8
6 3.56 5.65 2.044 0.57 0.64 0.73 1.1
7 3.53 5.48 3.904 1.11 0.48 0.54 1.1
8 3.46 5.63 7.704 2.23 0.31 0.37 1.2

s Concentration X 10~2 M. *&/®, = [cis-I}/lcis-I] + [Q)).

ketone II was the sole product of reaction, and no
evidence for an intermediate was observed. Thus, the
two-quantum process (mechanism 2) would seem to be
ruled out since the presence of a quencher should
result in the increase of intermediate at the expense of
product. Therefore the one-quantum mechanism
shown below most adequately accounts for all of the
above observations.

Ph,CO + Ay —> Ph,CO*3 n

Ph.CO*? 4- Q —> Ph,CO + Q** (Q = quencher) 2)

Ph,CO*3 + I —> I* 4 Ph,CO
(I* = excited nonquenchable state of I) (3)

* + Q—y—> @®
*—>1 (5)
I* —>[IV] —> I (O]

The absence of quenching (reaction 4) implies that
the initially formed triplet state of I (Eyx = 58.5 kcal/
mol) undergoes rapid relaxation to a lower triplet
state which cannot be effectively quenched by piperylene
or cyclohexadiene. Relaxation of this type is known
for the stilbenes. 1!

The detailed pathway by which ketone II is formed
from the diradical IV has not been determined. How-
ever, it is felt that the reaction probably goes through a
short-lived intermediate species. One possible inter-
mediate of this type would be the heterocycle V. A
reaction path involving V does not appear to be favor-
able since it could decompose in a dark reaction to both
ketone II (hydrogen transfer followed by loss of sulfur)
and oxide VI!? (loss of sulfur). Oxide VI has been
found to be completely inert to both sensitized and
direct irradiation and can be readily detected in very
small quantities. No oxide has been found in the
photoreactions of I.

The sulfine VII could be an intermediate in the
reaction of I also. Sulfines are known to thermally
decompose to give olefins'* and photochemically to
undergo loss of sulfur to give carbonyl compounds.!®
Assuming its thermal behavior is similar to previously
reported examples, VII would not appear to be an
intermediate either.

We feel that the most viable intermediate in this
reaction is the three-membered-ring heterocycle VIII
which may be formed directly from the diradical IV.
Loss of sulfur from VIII in a dark reaction would be
expected to be facile even at room temperature.
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¢ cis-Piperylene.

4 1,3-Cyclohexadiene.

Several other experiments including flash photolysis
and direct irradiation of I are being carried out to test
these hypotheses. In addition, the scope and utility
of this reaction are being investigated with several other
sulfoxides.
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Strained Ring Systems. VIL.!
Benzobicyclo[2.2.0]hexa-2,5-diene
(Hemi Dewar Naphthalene)

Sir:
Benzobicyclo[Z.2.0]hexa;2,5-diene (“hemi  Dewar
naphthalene”) (1) has been of interest to us in that it is a

simple entry into a family of compounds which in-
corporate two of the classically proposed structures of

‘benzene fused in a single molecule.? It is half-way to

“Dewar naphthalene” (2), and offers a convenient route
to the synthesis of substituted benzobicyclo[2.2.0]-
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hex-2-enes (3) for other studies.

Our synthesis of 1 began with the reaction of benzyne
and cis-3,4-dichlorocyclobutene.? The adduct 4, mp
79-79.5° (sealed tube), is assigned the cis-exo structure
on the basis of its nmr spectrum? which exhibits ab-
sorptions centered at 7 2.80 (aromatic, multiplet, J =
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