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Electron Transfer Mediated Photoreductions of c,B-Unsaturated Ketonesl
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ABSTRACT: The photoreduction of a,B-unsaturated ketones with triethylamine-alcohol solutions yields dikydro- and
pinacol products. With 2 to 3 M triethylamine in methanol, the photoreduction occurs with good efficiency.
Protonation by methanol of the semi-enone intermediate occurs ai the B-carbon to yield the dikydro product .

The photoreactions of ¢,B-unsaturated ketones with tertiary amines have been reported2 to proceed by a
single electron transfer (SET) mechanism. The intermediacy of the nucleophilic radical anion or semi-enone (1--)
was established through an investigation of the photochemistry of a series of tetralones with tertiary amines in
alcohols. Only two products were obtained: 2 (97%) and 3 (3%) (Eq. 1).3
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A mechanistic study of this reaction suggested that the semi-enone (1--) reacted through an internal

X = OTs, OMs, O.CCF3 Br
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nucleophilic displacement generating the cyclopropylcarbinyl radical 4a which rapidly opens to form neopentyl
radical 4b. The equilibrium mixture of 4a and 4b reacts either by hydrogen abstraction or by a second electron
transfer followed by protonation to give 2 and 3. Based on these results, we anticipated that photoreduction of 1 by
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TEA = Trigthylamine 7a cis
DABCO = Diazabicyclo[2.2.2Joctane 7b trans
PMP = 1,2,2,6,6-pentamethylipiperidine

protonation of the semi-enone would be the principal reaction in the absence of a good leaving group at the 10-
methyl position. We report here our results on the photochemistry of several a, P -unsaturated ketones with tertiary

amines in methanol.
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A key feature of this study is the use of methanol as the solvent and proton source. For example, when
carvone (5) was irradiated at 350 nm with a series of tertiary amines, both carvonecamphor (6) and dihydrocarvone
(7) were formed. Increasing the amine concentration from 0.5 M to 3 M (triethylamine, TEA) increased the ratio of
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7:6 from 1:1 10 6:1. Both the carvone disappearance and the dihydrocarvone appearance efficiencies displayed
parabolic dependence on the TEA concentration over the range from 0 to 7 M. At higher TEA concentrations,
quenching and other reactions such as amine-enone adduct formation intervene. In the concentration range between
0.1 M and 3.0 M TEA, a linear double reciprocal relationship with a slope of 1.2 M-} was determined which is in
accord with a bimolecular amine-triplet enone reaction pathway.

The reduction .of carvone to dihydrocarvone is quenched by piperylene with a Stemn-Volmer slope of 123
M-1. Likewise, carvonecamphor production is quenched with a Stern-Volmer slope of 35 M-1. Lifetimes of
6.8x10°9 sec and 1.9x10"9 were calculated for the two precursors of 6 and 7, respectively [if kq=kqifr=1.8x1010 M-
s1 (for mellmnol)].4 From the quenching studies, the precursor of 6 was assigned to the triplet of §5 whereas the
precursor to 7 was most likely a triplet exciplex.zd' 6

Photoreductions of other cyclic enones gave similar results. A series of octalones (8), e.g., phenanthrone,
‘Wieland-Miescher ketone, cholestenone, testosterone and 9-methyl-3-octalone photolyzed in TEA-methanol mixtures
(Eq 3) gave pinacols (10) as the major products typically formed in 85-90% yields. The reduced products (9) were
the minor products formed in 5-10% yields along with small amounts of the known photorearrangement products,
¢.g., lumiketones (11).
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Monocyclic enones (12), viz, lsophomne and 3,4-diphenylcyclohexenone, on photolysis in TEA-alcohol
also gave pinacols 14 in >80% yields and minor yields of dihydro product. 2-Cyclohexenone and 4,4-
dimethylcyclohexenone gave a mixtures of [2+2] dimers in addition to the pinacols as the major product and reduced
product was obtained as the minor product (<10%). Analysis of variety of solvents including methanol, 2-propanol,
tetrahydrofuran, acetonitrile, and benzene established that photoreduction was most efficient in methanol.
Triethylamine was found 1o be the most efficient tertiary amine in affording the photoreduction.

A labeling study was undertaken to determine the origin of B-hydrogen in the carvone study since the
reduction in methanol-tertiary amine mixtures could occur either by protonation of the semi-enone or by direct
hydrogen abstraction by the B-carbon7 as outlined in Scheme 1. A series of deuterated methanols (CH30D,
CD30D and CD30H) and a deuterated amine, 2,2,6,6-terramethyl-1-rrideutcromethylpiperidine (PMP N-CD3), were
employed and the products were analyzed by GC-MS. Incorporation of five deuterium atoms in dihydrocarvone



was observed for both CD30D and CH30D. Three of the five deuterium atoms were exchangsble under the reaction
conditions (2.3-2.5 ppm, Figure 1). Afomhdemerinm(l.Oppm.zHNm.Figme 1) was incorporated on the a-
methyl group by a reversible 1,4-hydrogen abstraction. The remaining deuterium atom was incorporated at the p-
position of the semi-enone oriented cither in an axial or equitorial configuration in a 3:1 ratio (1.35 ppm, 3a, and 2.1
ppm, 3e, equitorial). No deuterium incorporation was observed for CD30H or PMP (N-CD3). Figure 1 shows the
assignment of each deuterium atom of trans-dihydrocarvone by 1H and 2H NMR.

Scheme 1. Potential Sources of B-Hydrogen
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Figure L. 1H and 2H NMR Spectrum of trans-Dihydrocarvone
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Table 1. Quantum Efficiencies for Carvone as a Function of Deuterated Solvent ([TEAl= 0.7M)

Solvent 10304;(5) 1030g(7) 1030,5(6)
CH30H 21 (£2) 5.0 &.5) 1.5 (£.6)
CH30D 20 (£3) 32 £3) 1.8 (+.4)
CD30D 21 (£2) 32@3) 1.8 (£.2)
CD;0H 22 (+3) 5.4 (24) 1.6 (£.6)

Solvent Isotope Effect* ¢H/0D ¢H/0D ¢H/¢D
CH30H/CH30D 1.05 1.56 0.83
CH30H/CD30H 095 0.93 0.94

* Error limit was 1 0.15

Isotope effects on the quantum efficiencies in deuterated solvents (Table 1) indicated that the formation of
dihydrocarvone (7) is ca. 1.6 times slower in methanol O-d . This primary kinetic solvent isotope effect indicates
that the proton transfer transition state is very "reactant-like".8 In contrast, a kinetc isotope effect of ca. 1.0 was
observed for the disappearance quantum efficiencies of carvone and appearance efficiencies of carvonecamphor,

In general, it appears that irradiation of o,B-unsaturated ketones by tertiary amines in methanol produces
mixtures of B-protonated and pinacol coupling reduction products. Conditions necessary to control the partitioning
of the two pathways are currently under investigation,

Acknowledgements: Support by the University of Kansas General Research Fund is gratefully acknowledged.

References:
1. Presented at the 199th National Meeting of the American Chemical Society, Boston, MA, April, 1990,
2. a) Cookson, R.C.; Hudec, J.; Mirza, N.A. Chem. Commun. 1968, 180.
b) Pienta, N.J.; McKimmey, J.E. J. Am. Chem. Soc., 1982, 104, 5501.
c) Pienta, N.J. J. Am. Chem. Soc.,1984, 106, 2704,
d) Dunn, D.A.; Schuster, D.I. J. Am. Chem. Soc., 1985, 107, 2802.
€) Xu, W: Jeon, Y.T.; Hasegawa, E.; Yoon, U.C.; Mariano, P.S. J. Am. Chem. Soc. 1989,111, 4421,
f) Devadoss, C.; Fessenden, R.W. J. Phys. Chem. 1990, 90, in press.
. Givens, R.S.; Awwater, BW. J. Am. Chem. Soc. 1986, 108, 5028.
. Murov, 8.1. "Handbook of Photochemistry", Marcel Dekker, Inc. New York, 1973, p. 55.
Malatesta, V.; Willis, C.; Hackett, P.A. J. Org. Chem. 1982,47, 3117,
. Cohen, S.G.; Parola, A.; Parsons, G.H. Chem. Rev. 1973, 73, 141.
. a) Ayral-Kaloustian, S.; Wolff, S.; Agosta, W.C. J. Am. Chem. Soc., 1977, 99, 5984.
b) Wolff, S.; Schrieber, W.C.; Smith, A.B. Agosta, W.C. J. Am. Chem. Soc., 1972,94, 7797.
8. Schowen, R.L. Prog. Phys. Org. Chem. 1972, 9, 275.

N v AW

(Received in USA 17 July 1990)



