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highly reactive intermediate of its iron tricarbonyl com-
plex, which cannot be isolated.?
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The photolysis of 1-phenyleyelohexene in methanol,
with or without triplet sensitizer, yields the ionic
addition product, l-methoxy-l-phenyleyclohexane.?
This reaction was found to be susceptible to acid
catalysis.? No other adducts or reduction products
have previously been reported for this reaction. Re-
cent reports of hydrogen atom abstraction reactions
for electronically excited olefins® prompted us to re-
examine the photolysis of l-phenyleyclohexene in
methanol.

The photolysis of degassed solutions of 1-phenyl-
cyclohexene (I) (0.2 3) in methanol for 96 hr at 2537
or 3000 afforded four major products: phenyl-
cyclohexane (II), 139, l-methoxy-1-phenyleyclo-
hexane (III), 269, 1-hydroxymethyl-1-phenylcyclo-
hexane (IV), 79, and a dimer of 1-phenyleyclohexene
of undetermined structure (V), 469,. Yields are
based on reacted 1-phenyleyclohexene. Quantum
yield for disappearance of I at 3000 A was 0.12. The
reaction products were separated by column chro-
matography (AlQs;) and the characterized products

(1) H. M. Rosenberg and M. P. Servé, presented in part at the 181st
National Meeting of the American Chemical Society, Los Angeles, Calif,,
March~April 1971.

(2) (a) P. J. Kropp, J. Amer. Chem. Soc., 91, 5783 (1969); (b) M. Tada
and H. Shinozaki, Bull. Chem. Soc. Jap., 48, 1270 (1970).

(3) (a) J. Nasielski, M. Jauquet, E. Vander Donckt, and A. Van Sinov,
Tetrahedron Lett., 4859 (1969); (b) M, P. Servé, H. M. Rosenberg, and R.
Rondeau, Can. J. Chem., 47T, 4295 (1969); (c¢) H. M. Rosenberg and M. P,
Servé, J. Amer. Chem. Soc., 92, 4746 (1970); (d) T. S. Cantrell, Chem.
Commun., 1633 (1970).
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gave ir spectra which were identical with those of
authentic samples. It is noted that in previous stud-
ies?P the radiation exposures were considerably less
than in the present study and that irradiation of a
methanol solution of 1l-phenyleyclohexene (Er = 62
keal/mol*) containing 3-methoxyacetophenone (Fr =
72.5 keal/mold) at 3500 A gave the first three products
(I1, 111, IV) in the above ratios and only trace amounts
of dimer. 1-Phenylcyclohexene was unreactive at
3500 A in the absence of sensitizer. A solution of
3-methoxyacetophenone in methanol and a similar
solution containing 1-phenyleyclohexene were photo-
lyzed simultaneously at 3500 A. The quantum yield
for disappearance of 3-methoxyacetophenone in the
first solution was significantly lower than the quantum
yield for disappearance of 1-phenyleyclohexene, thereby
indicating the occurrence of triplet energy trans-
fer rather than hydrogen atom transfer ‘‘chemical
sensitization.”” 1,3-Cyclohexadiene (Er = 52.5 keal/
mol®) quenched the photochemical formation of II,
III, and IV, but not V, on irradiation at 3000 A.
These data are consistent with the following mecha-~
nism.

CH
Ej(° '+ .CHOH -2

CeHls

CeHs
1 + CHOH —> . + CH O™
oHs N CeH;
+ + CHO0- —» ©<OCH3

(or CH;O0H)

In the above mechanism we have assumed that
phenyleyclohexane is formed zia a hydrogen abstrac-
tion process, although there is evidence for photore-
duction of some olefins.” We have also treated the
formation of products from free radical and carbonium
ion as irreversible. Although we have represented
hydrogen abstraction and protonation as involving °I
directly, we do not preclude prior decay of the triplet
to ground state trans molecule.

Stern—Volmer quenching studies of 1-phenyleyclo-
hexene were performed in degassed acetonitrile solu-

(4) D. F. Evans, J. Chem. Soc., 1351 (1957).

(5) N.C. Yang, D. 8. McClure, 8. L. Murov, J. J. Houser, and R. Dusen-
berry, J. Amer. Chem. Soc., 89, 5466 (1967).

(6) R. E. Kellogg and W. T, Simpson, ¢bid., 87, 4230 (1865).
(7) J. A. Marshall and A. R. Hochstetler, Chem. Commun., 206 (1968).
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tions containing varying concentrations of methanol
and 1,3-cyclohexadiene. Relative quantum yields
for formation for products II, III, and IV were de-
termined by glpe. Stern—Volmer plots (eq 1) were

o/® = 1 + kqr[Q] 9]
linear. %, and 7 represent quenching rate constant and
triplet lifetime, respectively. Values for kqr and ~

are given in Table I, in which k, is assumed to be
1.1 X 10 sec—13

TasrLe I

QUENCHING OF THE REACTION OF 1-PHENYLCYCLOHEXENE
wITH METHANOL BY 1,3-CYCLOHEXADIENE IN ACETONITRILE

[Methanol],
102 M kqr, M1 7, 1078 gec
8.3 655 5.95
12.5 484 4.40
16.7 394 3.58
20.8 329 2.99

Rate constants for unimolecular triplet decay (kp)
and the sum of bimolecular rate constants for hydro-
gen atom and proton abstraction (k. + ks) were ob-
tained from the plot of 1/7 vs. [methanol] according
to eq 2

1/7 = ko + (k2 + ks)[methanol] (2)

and were found to be 0.60 X 107 and 1.31 X 108 M !
sec™!, respectively. From the product ratios, k =
1.07 X 108 M1sec™t and k; = 0.23 X 108 M~ gec™L.
These values are subject to the assumptions pre-
viously stated.

Experimental Section

Materials.—1-Phenylcyclohexene, phenylcyclohexane, and 3-
methoxyacetophenone were purchased from the Aldrich Chemical
Co. Cyclohexadiene was obtained from Matheson Coleman and
Bell. 1-Hydroxymethyl-i-phenyleyclohexane was prepared ac-
cording to the method of Wilt and Roberts.! 1-Methoxy-1-
phenyleyclohexane was prepared as follows: A solution of 1-
phenyleyclohexanol (8.6 g, 0.05 mol) and concentrated sulfuric
acid (3 drops) in 50 ml of methanol was stirred at room tempera-
ture for 15 hr. The solution was then poured into a separatory
funnel containing 150 ml of ether and 100 ml of a saturated so-
dium chloride solution. The ether layer was separated, washed
with a 59, sodium bicarbonate solution, and dried over anhydrous
sodium sulfate. Removal of the ether yielded a liquid which upon
distillation gave l-methoxy-1l-phenylcyclohexane (7.5 g, 82%),
bp 91-92° (0.6 mm). Anal. Caled for CisHisO: C, 82.06;
H, 9.54. Found: C, 82.15; H, 9.67.

Photolysis of 1-Phenylcyclohexene.—A degassed solution of
3 g of l-phenylceyclohexene in 100 ml of methanol in a quartz
vessel was irradiated for 96 hr in a Rayonet photocheglical re-
actor containing lamps having peak emission at 3500 A. Four
major products were isolated by column chromatography (AlyOs):
phenyleyclohexane  (13%),  l-methoxy-1-phenyleyclohexane
(269%), 1-hydroxymethyl-1-phenyleyclohexane (79), and the
dimer of l-phenyleyclohexene (46%). The first three products
were identified by comparison of ir spectra with those of authentic
samples. The fourth product exhibited a mass spectral parent
peak of 316 corresponding to a dimer of 1-phenylcyclohexene.
It had the following spectral properties: ir (thin film) 3020,
2900, 1450, 920, 735, 700 cm™!; nmr (60 MH,;, CCL) 7 8.5 (m,
16 H), 7.15 (m, 2 H), 2.75 (m, 10 H).

Kinetic Study.—All quantitative measurements were made on
a rotating assembly with a central light source (internal water-
cooled mercury arc lamp, Hanovia Type L-450-W). Samples in
12-mm Pyrex vessels were placed in holders approximately 6 cm
from the immersion well. The light was filtered by a 1-mm Corex

(8) P.J. Wagner and I. Kochvar, J. Amer. Chem. Soc., 88, 3665 (1966).
(9) J. W. Wilt and D. D. Roberts, J. Org. Chem., 27, 3434 (1962).
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jacket fitted over the light source. Samples in 12-mm Pyrex test
tubes were degassed to 102 mm in three freeze-thaw sequences.
After the last thawing, an atmosphere of helium was placed over
the solutions. The solutions were irradiated to about 159, com-
pletion at a constant temperature of 25.7°. Excess solvent was
removed under reduced pressure. The extent of reaction was
measured by glpe, 3% SE-30 column, using l-dodecane as an
internal reference. Both the loss of 1-phenylcyclohexene and the
production of products was measured, the first method being
easier to monitor.

In a typical run, 1 ml of 0.05 M 1-phenylcyclohexene in aceto-
nitrile was added to each of the reaction vessels. To each vessel
was also added 1 ml of a 0.5 M methanol in acetonitrile solution
and a variable amount of a 0.3 M 1,3-cyclohexadiene in aceto-
nitrile solution. Reaction vessels were then brought to equal
volume by the addition of the appropriate amount of acetonitrile.

Attempted Sensitization of the Reaction of 1-Phenylcyclohexene
in Methanol.—A solution of 1-phenyleyclohexene (0.80 g, 0.005
mol) in methanol (50 ml) was divided into two portions. To one
portion was added 3-methoxy acetophenone (1.5 g, 0.01 mol).
Both solutions were degassed, placed under a helium atmosphere,
and irradiated at 3500 A. After 96 hr, the sensitized solution had
reacted to about 30%, completion while the unsensitized solution
had failed to react.

Registry No.—I, 771-98-2; I dimer, 32239-45-5; III,
32249-58-4; methanol, 67-56-1.
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The Clemmensen reduction of ketones has been
reviewed? and mechanisms?h ¢ accounting for major
products have been proposed. We have used the
Clemmensen reaction to reduce the carbonyl group of
2-acetonaphthone (1) and have observed the hydro-
carbon products 3, 4, and 5, formation of which requires
reduction of the naphthalene nucleus (Scheme I).
The maximum combined yield (169,) of these hydro-
carbons was realized when boiling toluene and mossy
zinc amalgam were used (Table I). Other combina-~
tions of reagents studied and the yields of the resulting
volatile hydrocarbons as well as nonsteam-volatile
products are reported in Table 1.

The conventional Clemmensen reduction?* (pro-
cedures D and E) of 1 gave low yields (30-409%,) of 2
and mainly condensation products which include 7, 8,
and 9. In addition, since distillation of the condensa-
tion products resulted in some pot residue, polymeriza-
tion products may be present.

(1) (a) National Science Foundation, Science Faculty Fellowship, 1970~
1972, Grant 60052; (b) Undergraduate Research Assistant, 1970.
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gate, Quart, Rev., Chem. Soc., 28, 522 (1969).
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