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Ethyl 3{2-pyridyl)propionate formation results from irradiation of 342-pyridyl)propanal diethylacetal in
acetonitrile. This photoreaction is unique to the heteroaromatic pyridine and only occurs in acetonitrile. A
minor product, 1-aza-2-methyl-3-(2-ethanal diethylacetal}4-ethoxycycloocta-1,3,5,7-tetraene, is also obtained.
The irradiation of 2-methyl-6-(2-pyridyl)-2-pentene in the presence of various sensitizers results in addition to

the alkene side-chain to produce oxetanes.
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Cyclization reactions of radical intermediates has
received intense investigation in the last few years [1]. The
application of this synthetic methodology has allowed for
the synthesis of many interesting and complex molecules.
Stereocontrol, control of regioselectivity, and product con-
trol are challenges that have required attention in inter-
and intra-molecular cyclizations. Many of the recent ex-
amples have successfully dealt with these issues. We are
interested in the synthesis of heterocyclic systems using
similar methodology with regiocontrolled side chain addi-
tion to heteroaromatic compounds.

We have previously reported on the unexpected stereo-
selectivity of the Paterno-Buchi reaction between alken-
oxy-substituted pyridines and acetophenone [2]. We now
report our results from photochemical investigation of al-
kenyl- and acetal-substituted pyridines.

Synthesis of the alkenylpyridine compound 1 was ac-
complished in one step by alkylation of the anion of 2-
methylpyridine with 5-bromo-2-methyl-2-pentene [3] (see
Equation 1). Irradiation of this compound in various pho-
tograde solvents (e.g. acetonitrile, ¢-butyl alcohol, tetrahy-
drofuran, or cyclohexane) with a 450 W high-pressure Hg
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lamp through quartz for extended periods of time resulted
in recovery of starting material. Photolysis in the presence
of hydrogen abstractable solvents (e.g. methanol or i-pro-
pyl alcohol) gave unidentifiable high MW non-aromatic
material. When sensitizers were employed, photoaddition
to the alkene moiety was observed. Thus, irradiation in
acetone gave oxetane products 2 and 3 in a 26% yield (3:1
respectively) at 93% conversion [4] as shown in Equation
2. Pinacol was also obtained from coupling of the presum-
ed acetone radical anion intermediate.
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The photolysis of pyridine 1 and 5 equivalents of aceto-
phenone [5] in acetonitrile (107* M) resulted in the forma-
tion of one major diastereomeric oxetane [6]. The acetone
photoaddition to the side chain alkene proceeded with
minimal regioselectivity which appears to have been dic-
tated by steric factors. Acetophenone addition, on the
other hand, occurred with much higher regioselectivity in
this study which is consistent with our previous work [2].
The major stereoisomer, cis-2,3,3-trimethyl-2-phenyl-4-(3-
(2-pyridyl)propyl)oxetane [7], was obtained in 65% yicld
after total conversion of hexenylpyridine 1. A minor
amount of the coupled 2,3-dihydroxy-2,3-diphenylbutane
was also isolated. Identification of the Paterno-Buchi
product was based on spectral data and comparison to the
previously reported oxetane [2]. The reason for these cthi-
cient and selective photocycloadditions may be intermo-
lecular aromatic ring interaction in the ground or excited
state between the pyridine and the acetophenone.

Irradiation with xanthone also resuits in 2 + 2 reaction
with the side chain alkene [8]. The product of this addition
was primarily the regioisomer expected from steric control
as in oxetane 2. Attempts to promote electron transter in
photoreactions of the alkenyl pyridine by adding tetra-
cyanoethylene were unsuccessful.

We have also examined the photochemistry of 3-(2-
pyridyl)propanal diethylacetal 4. This compound wax
available in our lab as a precursor to 3-(2-pyridyl}-1-pro-
panol which was needed for related studies. The synthesis
of the acetal was performed in the same manner as the
alkenyl pyridine using 2-bromoacetaldehyde dicthylacetal
as the electrophile [9]. At low conversions (ca. 20%). irradi-
ation of the acetal substituted pyridine in acetonitrile (10
M) with a 450 W Hg lamp gave an 80% yield of cthyl 342
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pyridyl)propionate [10] as shown in Equation 3. At higher
conversions the yield of the ester photoproduct dimin-
ished and a minor photoproduct, 1-aza-2-methyl-3-(2-eth-
anal diethylacetal)-4-ethoxycycloocta-1,3,5,7-tetraene [11],
appeared.

Equation 3
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This photooxidation of the acetal to the ester was not
observed when t-butyl alcohol or cyclohexane were em-
ployed as solvents. Formation of the ester is presumably a
result of initial inter- or intramolecular hydrogen abstrac-
tion from the acetal followed by electron transfer from the
radical species to form the stabilized cation. The cation
would then undergo dealkylation to give the observed
ester. Alternatively, the radical species could react with
oxygen in solution to yield an orthoformate type interme-
diate that would ultimately result in formation of the ester
and ethoxide. We note that this second pathway includes
oxygen as a reactant, but ester formation was observed
even in deoxygenated experiments [12]. The latter
mechanism also results in ethoxide formation which is a
fragment found in the minor photoadduct.

Independent irradiation of the pyridyl ethyl ester in ace-
tonitrile established that it was indeed photolabile, since it
was converted to intractable material. However, none of
the minor photoproduct cyclooctatetraene was formed
from the ester photolysis. In addition, time studies in-
dicate that the minor product is not a result of secondary
photochemistry. We are uncertain as to the mechanism in-
volved in the formation of this compound.

Our discovery of the unexpected, but potentially useful,
photooxidation of pyridine acetal 4 directed us to the
study of other acetals. Synthesis and photolysis of 3-phen-
ylpropanal diethylacetal in acetonitrile unfortunately gave
no photooxidation. The all carbon analog was photostable
even with prolonged irradiation and when pyridine was
added to the photomixture. It should be noted that other
methods for oxidation of acetals to esters have been re-
ported [13]. We are continuing to investigate the general-
ity and mechanism of this photochemical transformation.
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