May-Jun 1990

Regio- and Stereoselective Oxetane Formation

1167
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Carbonyl 2+ 2 photoaddition occurs selectively to the alkene moiety of 3{4-methyl-3-pentenoxy)pyridine.
Photolysis of alkene containing pyridines in acetophenone gives rise to an oxetane which is obtained with ex-
tremely high diastereoselectivity as shown by analysis of the major 2 + 2 photoproduct. A second photopro-
duct, 2,3-dihydroxy-2,3-diphenylbutane, is obtained as a result of acetophenone coupling.
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We have been interested in photochemical reactions in-
volving heterocyclic systems for utilization in the develop-
ment of synthetic methodology. Recent literature is re-
plete with examples of exploiting light-induced reactions
for the ultimate synthesis of unnatural and natural hetero-
cyclic compounds [1]. In our attempt to examine the chem-
istry available via sensitization of the pyridine moiety, we
found that good yields of Paterno-Buchi products are ob-
tained from photolysis of alkene-substituted pyridines in
the presence of standard triplet sensitizers. We now report
the results of this regio- and stereoselective photocycload-
dition.

Synthesis of the typical pyridine compound 1 was ac-
complished in one step by alkylation of hydroxypyridine
with 5-bromo-2-methyl-2-pentene under standard ether
synthesis conditions [2]. Irradiation of this compound in
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various photograde solvents (e.g. acetonitrile, t-butyl alco-
hol, tetrahydrofuran, or cyclohexane) with a high-pressure
Hg lamp through quartz for 5 hours resulted in recovery of
starting material. Our studies have shown that 2-methyl-6-
(2-pyridyl)}-2-pentene is also photoinert under these condi-
tions. In the presence of acetophenone [3] (8 eq) in acetoni-
trile (10~ M), photolysis of the pentenoxy-substituted pyri-
dine 1 gave rise to cis-2,3,3-trimethyl-2-phenyl-4-{2(3-
pyridinoxy)ethyljoxetane 2 in 61% yield [4]. Relative ste-
reochemistry of the oxetane product was verified by 500
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MHz NOE analysis and the assignment of chemical shifts
was confirmed by lanthanide shift reagent (LSR) studies
[5] A significant by-product of the photoreaction was 2,3-
dihydroxy-2,3-diphenylbutane [6]. The Paterno-Buchi pho-
tochemical reaction has also been observed upon photoly-

sis of the alkene-substituted pyridines in acetone [7].

The acetophenone cycloaddition results were interest-
ing because although one would predict the high regiose-
lectivity, the diastereoselectivity (> 30:1) is not predictable
[8). The regiochemistry of the observed product is consis-
tent with a stepwise-like mechanism which is typical for
this photocycloaddition. The high stereoselectivity of the
product, on the other hand, is not indicative of a stepwise
process, especially in light of molecular mechanics calcula-
tion (MMX) [9] that show the two possible stereoisomers 2
and 3 vary in energy by only 0.3 kcal/mol. This energy dif-
ference is insufficient to justify the high selectivity result-
ing from irradiation at 30°.
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If one assumes there is diradical nature in the interme-
diate of the oxetane formation [10}, then the reaction ap-
pears to involve initial oxygen-carbon bonding. This type
of process precludes parallel approach of the 7 systems
since that pathway is symmetry forbidden. Thus, the likely
mechanistic pathway involves perpendicular approach of
triplet [11] acetophenone (n,7*) to the moderately elec-
tron-rich alkene followed by = (alkene) — n (ketone) inter-
action which results in oxygen-carbon bond formation.
The observed stereoselectivity [12] would presumably
result from the steric interaction inherent to the perpen-
dicular approach since calculations rule out product con-
trol. Bond rotation prior to spin flip [13] may be inhibited
by the excessive substitution on the putative radical cen-
ters.

An alternative explanation is that the oxetane formation
is concerted. This mechanistic route would explain the
high stereoselectivity. The regioselectivity is difficult to
justify unless one invokes dipolar interactions. We are
continuing our investigation in this area.
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