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T}}e type II.pho_toelimination of a-benzylthioacetophenone (1) and a-benzylthio-4-acetylbiphenyl (2) has been
stpdled. A_k{netlc analysis of the two systems shows that the two ketones differ in quantum efficiency and
triplet reactivity. The low quantum yield and inability to quench the m—=* excited state of 2 is compatible

with an electron-transfer mechanism.

The first step in the photoelimination reaction of
a-amino acetophenones has been suggested to proceed
by transfer of an electron from the nitrogen atom to the
excited carbonyl group.? As a continuation of our
investigations on the photochemistry of carbony! com-
pounds that possess a heteroatom, we sought to define
the role of the nonbonding electrons of sulfur in the type
IT photoelimination of B-keto sulfides. It has been
reported that 8-keto sulfides that possess a hydrogen
bearing vy carbon®—% undergo conversion to ketones on
photolysis by a mechanism similar to that obtained in
the photochemistry of alkanones (Norrish type II
elimination).® The present work was initiated with
the hope of demonstrating the importance of electron
transfer in the photochemistry of a-alkyl thioaryl ke-
tones,

The major products of the solution-phase photolysis
of a-benzylthioacetophenone (1) in benzene were aceto-
phenone and a sulfur-containing polymer. The quan-
tum yield at 3130 A for the production of acetophenone
in benzene is 0.35. Irradiation of a-benzylthio-4-
acetylbiphenyl (2) gave comparable results, with the
quantum yield for ketone formation being 0.04. The
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sulfur-containing polymer is presumably derived by
further polymerization of the initially derived thio-
benzaldehyde.” In striking contrast to the photolytic
behavior of the analogous g-keto ether system,® no
thietanol formation was noted on photolysis of keto
sulfides 1 and 2. The different behavior noted in the
two systems may be related to the relative weakness of
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the C-8 bond (65 keal) as compared to the C-O bond
(85 keal).

B-Keto sulfides that do not possess ¥ hydrogens are
reported to give disulfides by homolysis of the carbon-
sulfur bond.»* Although a related mechanism can be
written to account for the formation of acetophenone,
we have found that irradiation of 1 or 2 in deuterio-2-
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propanol-2-d; did not lead to the incorporation of deu-~
terium in the acetophenone produced. A mechanism
involving homolytic C-S bond cleavage (see above)
would be expected to lead to some deuterium incorpora~
tion by abstraction from solvent. Consequently, it
would appear as though the intramolecular Norrish
type II scheme is the dominant path with thioketones
1 and 2. Similar results have been noted by Caserio
and coworkers with related systems.?

The lowest lying triplet state of 1 was demonstrated
to be n—* as evidenced from its phosphorescene emis-
sion spectrum in a methanol-ethanol glass (4:1) at
77°K. The 0-0 band of 1 corresponds to a triplet
energy of 72 keal and the vibrational spacing between
the 0-0 and 0-1 band is 1660 em~!. The 77°K lifetime
was determined as ca. 2.0 msee. In sharp contrast, the
triplet energy of 2 was determined to be 61 keal and the
radiative lifetime was 0.18 sec. These observations
verify that the low-lying triplet state of 2 is =™ in
nature,

Although the p-phenyl-substituted thioketone has a
low lying 3(w—=*) state, it still is capable of undergoing
photocycloelimination. This observation is somewhat
unusual since the ability of an aryl alkyl ketone to
undergo photoelimination is dependent on the nature
of the lowest lying triplet state, with *(n-7*) states
being reactive and *(z-r*) states being generally un-
reactive. By way of illustration, p-phenylbutyro-
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phenone has a low-lying m—=* friplet state and has been
reported to be stable to irradiation.!!

Photolysis of 1 in degassed benzene solution in the
presence of varying amounts of piperylene resulted in
the linear Stern—Volmer plot shown in Figure 1. The
slope of the Stern-Volmer plot equals k.7 where kg is
the rate constant for quenching the ketone triplet by
piperylene and = is the ketone triplet lifetime. As-
sumption of the value of 5 X 10° M1 sec™! for ky'?
allows calculation of 1/7 (7.0 X 10° sec—1). The large
value of 1/7 is very similar to the value obtained by
Lewis and Turro for a-ethoxyacetophenone® and is
indicative of a very reactive triplet state. On the other
hand, photoelimination of ketone 2 could not be
quenched by piperylene or 1,3-cyclohexadiene even
though its quantum efficiency is one-eighth that of ketone
1. The failure to quench the excited state implies that
the reaction of the triplet of 2 is faster than diffusional
control quenching (>10%" sec~!).13 The lack of correla-
tion between quantum yield and rate constant for pho-
toelimination of ketones 1 and 2 is similar to the results
reported by Wagner with simple alkyl phenyl ketones.!4

The behavior of thioketone 2 is distinctly different
from 1 in two regards: lower quantum efficiency and
higher triplet reactivity. The difference in behavior
suggests different photoelimination mechanisms for the
two ketones. The sensitivity of 1 to triplet quenchers
indicates direct hydrogen atom abstraction by the n—=*
state. The low quantum yield and inability to quench
the 7—r* excited state of 2 suggests that the excited
state interacts with an electron on sulfur (k;) to form an
ion pair or a charge-transfer complex. Once formed,
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Figure 1.—S8tern~Volmer plot for quenching of acetophenone
formation from e-benzylthioacetophenone (1) in benzene.

ketones by amines.’5% In the charge-transfer complex
of the thioketone system, charge destruction and quench-
ing appears to be greater than hydrogen transfer (i.e.,
k2 > k). In the amine system, the rates of the two
reactions of the complex are comparable (ks ~ k;) and
consequently the quantum efficiency of photoelimina-
tion is larger in this system. Recently Cohen and
Guttenplan noted that aliphatic sulfides are good
physical quenchers for excited benzophenone and have
also suggested efficient interaction of the excited ketone
with the nonbonding electrons of sulfur.?”
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the charge-transfer complex can transfer a proton from
the benzylic carbon (ks;) or regenerate starting ketone
by back transfer of the electron (k,). Reverse electron
transfer (k) accounts for the less than maximum quan-
tum yield. This scheme is similar to the charge-trans-
fer mechanism suggested to occur in the photoelimina-
tion of a-amino ketones? and for the photoreduction of
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We have also studied the photoreduction of 4-acetyl-
biphenyl with aliphatie sulfides. Irradiation of 0.02 M
4-acetylbiphenyl and 0.1 M di-n-butyl sulfide led to a
high yield of pinacol. While this ketone undergoes
appreciable photoreduction with aliphatic sulfides, it is
not photoreduced by alcohols or hydrocarbons. This

(15) 8. G. Cohen and H. M. Chao, <bid., 90, 165 (1068); S. G. Cohen
and R. J. Baumgarten, ibid., 89, 3471 (1967); 8. G. Cohen, N. Stein, and
H. M. Chao, ibid., 90, 521 (1968).

(16) R. 8. Davidson, P. F. Lambeth, F. A. Younis, and R. Wilson, J.
Chem, Soc., 2203 (1969); R, 8. Davidson and P. F. Lambeth, Chem. Com-
mun., 511 (1968), 732 (1969).

(17) 8. G. Cohen and J. Guttenplan, ¢bid., 247 (1969).



3552 J. Org. Chem., Vol. 36, No. 23, 1971

observation provides further support for charge-trans-
fer interaction of the nonbonding electrons on sulfur
with excited 7—=* triplet states.

Experimental Section!®

a-Benzylthioacetophenone (1).—To a stirred solution contain-
ing 15 g of a-bromoacetophenone in 100 ml of benzene was added
a solution containing 9.4 g of benzyl mercaptan and 8.0 g of
triethylamine in 100 ml of benzene. After 12 hr the precipitated
salts were filtered and the filtrate was concentrated under reduced
pressure. Recrystallization of the crude solid from 95%, ethanol
gave 16 g (88%) of 1, mp 83-87°. The infrared spectrum was
characterized by bands at 5.99, 6.92, 7.20, 8.34, 10.00, 13.32,
14.25, and 14.65 p. The ultraviolet spectrum (959, ethanol)
had maxima at 242 myu (e 14,300), 278 (2000), and 330 (200).
The nmr spectrum (CDCl;) showed singlets at r 6.38 (2 H) and
6.27 (2 H), and multiplets centered at 2.68 (8 H) and 2.10 (2 H).
The mass spectrum exhibited the parent ion at m/e 274 and had
major peaks at 105, 91, and 77.

Anal. Caled for C;HuOS: C, 74.35; H, 5.82; 8, 13.23.
Found: C, 74.33; H, 5.77; 8, 13.58.

a-Benzylthio-4-acetylbiphenyl (2).—To a stirred solution con-
taining 15.2 g of a-bromo-4-acetylbiphenyl in 100 ml of benzene
was added a solution containing 9.4 g of benzyl mercaptan and
6.5 g of triethylamine in 100 ml of benzene. After 12 hr the
precipitated salts were filtered and the filtrate was evaporated
to give a crude solid. Recrystallization of the solid from 959,
ethanol gave 10.5 g of 2 (819), mp 110-111°, The infrared
spectrum was characterized by bands at 5.99, 6.23, 7.17, 8.38,
9.98, 12.02, 13.17, and 14.32 x. The ultraviolet spectrum
(959 ethanol) showed a maximum at 283 mpy (¢ 28,000). The
nmr spectrum (CDCl;) showed singlets at = 6.37 (2 H) and 6.27
(2 H) and had a multiplet centered at = 2.60 (14 H). The mass
spectrum exhibited a molecular ion at m/e¢ 318 and had major
peaks at 196, 181, 1533, 91, and 77.

Anal. Caled for CuH;08: C, 79.21; H, 5.70; S, 10.07.
Found: C, 79.06; H, 5.67; S, 9.85.

Coirradiation of 4-Acetylbiphenyl with Di-n-butyl Sulfide.—A
solution containing 4.0 g of 4-acetylbiphenyl and 20 g of di-n-
butyl sulfide in 250 ml of benzene was irradiated for 3 hr with a
530-W Hanovia lamp using a Pyrex filter. Removal of the
solvent left a crude solid which was recrystallized from ethyl
acetate to give 1.9 g (479%,) of 1,2-dibiphenyl-1,2-dimethylethane-
1,2-diol, mp 223-225°. The infrared spectrum of this material
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was identical with that of the pinacol prepared by the reaction of
aluminum amalgam with 4-acetylbiphenyl.

Anal. Caled for CpsHpO,: C, 85.24; H, 6.64. Found: C,
84.96; H, 6.65.

Quantum Yield Determinations.—All quantitative measure-
ments were made on a rotating assembly with a central light
source (internal water-cooled mercury arc lamp, Hanovia type
L-450-W). Samples in 13-mm Pyrex ampoules were placed in
holders on the assembly approximately 6 cm from the immersion
well. The light was filtered by circulation of a solution con-
taining 46 g of nickel sulfate hexahydrate and 14 g of cobaltous
sulfate heptahydrate per 100 ml of water through the inner
jacket.? This solution permitted the following wavelength dis-
tribution to pass through: 6%, 2967; 20%, 3025; 629, 3130,
3340 A. All studies were made at room temperature. Samples
in 13-mm Pyrex test tubes were degassed to 5 X 107° mm in
three freeze-thaw cycles and then sealed. Benzophenone—
benzhydrol actinometry was used for quantum yield determi-
nations. An actinometer quantum yield of 0.69 was used when
the concentration of benzophenone and benzhydrol in benzene
was 0.1 M.1* Reliably reproducible output rates of 4.86 X 10
quanta sec were recorded. After the irradiation the degree of
reaction was determined by vapor phase chromatography (6 ft
X 0.25 in. 10% SE-30 methylsilicone gum rubber on Diatoport
S). The conversions were run to 15% or less. The mass
balance in these runs was generally better than 969%. For the
quenching studies samples were prepared and analyzed as for
quantum yield determinations except that varying amounts of
piperylene were added to the solutions. Five concentrations of
piperylene, in addition to blanks containing no piperylene, were
used for the Stern-Volmer plot.

Phosphorescence Emission Studies.—The emission spectrs
were made on an Aminco-Bowman spectrophotofiuorometer
with a phosphoroscope and transmission attachments. The
spectrophotofluorometer was equipped with a 1P21 photomulti-
plier and a high-pressure xenon lamp, as supplied by the manu-
facturer. All emission spectra were recorded using EPA (ethyl
e‘gher—isopentane—ethanol, 5:5:2 volume ratio) as solvent. The
solvent was checked for emission each time a spectrum was re-
corded. No interference due to solvent was found at any time.
All compounds having relatively long radiative lifetimes were
recorded on a xy plotter. Samples having short radiative life-
times (<100 msec) were measured by photographing the decay
curve on an oscillograph. The chopper was rotated manually to
obtain the decay curve. The logarithmic intensities of the
decay curve were plotted »s. time and the slope of the line at a
logarithmic value of 2.303 gave the mean lifetime (7).

Registry No.—1, 2408-88-0; 2, 31593-31-4; 1,2-
dibiphenyl-1,2-dimethylethane-1,2-diol, 10426-00-3.
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