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TYPE II PHEQOTCREACTICH OF BENZOYLYVALERATES,

STEREQCHENMICAL COWIROL TN 1,4-PIRADICAL CYCLIZATION

Departmer

i
Hosaneishi, Tokyo 13L,

The 6= and p=-oxcester II vhotoreacticn to rmive

i

the sterecolisomeric cyclobut

respectively; the ethouycarbonyl roup

in the esters delermines

radical cyclizaticn.

The Type II photoprocessos of phenyl ketcones have been the supject cf
intence investigation. The intermediacy of a 1,k-biradical is now well
stablished ]) The steric repulsive interaction between the phenyl grour and the
Y—substituent in the trarsition state of 1l,Lk-biradical cyclization enhances the

formaticn ¢f the trans—cyclobutanol.“)’)) A little is known gbout the neirkbor-

PH ? ?H
L T il
13thELCII JCH,R S - ‘
= 2 (trans) (cis)
inx "roun effects other than the steric interaction in the l,L=biradical inter-
ediate. 5)5k) We report here that the ethoxycarbonyl grour in benzcylvaleratc 1

and 2 determines the mode of the l,4-biradical cyclization; the lL-benzoylvalecrate
1 undergoes tne Type II cyclization to give the cis-cyclobutanol 2, whereas the
2~benzoylvalerate 5 yields the trans-cyclobutanol 6.
Irradiation of ethyl h=benzoyl-l-methylvalerate (1) in benzerne under

nitrogen with a 450 ¥ high-pressure mercury lamp through a Pyrex filter gave cis-
2=ethoxycarbonyl-L ,=dimethyl-l-phenylcyclobutanol (c) and iso=butyrophenone (é)
in 26 and 35% yield, respectively. The ir spectrum of 2 showed the characteristic
hydroxy and carbonyl absorption at 3%.75 and 1735 cm—l, respectively. On the other
hand, irradiation of ethyl 2-benzoyl-L-methylvalerate (2) under the same condi-

3

tions gave the iszomeric trans-cyclobutanocl and ethyl benzoylacetate (7) in ¢ rnd

€
6 also showed the characteristic

87% yield, respectively. The ir zpectrumor
hydroxy and carbonyl absorption at 3480 and 1720 cm™ —

resvectively.

b
The stereochemistry of the isomeric cyclobutanol 2 and & was determined by

nmr spectroscopy. The nmr spectrum of 2 showed two cinglets at ¢ 0.58 and 1.7%4

attributable to the cis- and the trans-rmethyl groupn, respectively. The

peak of the alkyl group cis to tne phenyl grour on cyclcbutanols showes the

upfield shift.a) The cis=- and the trans-methyl signal in the cyclobutanol é

appeared at & 0.74 and 1.26, respectively. The cis-methyl group of 2 and the
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trans-methyl proup of & are found slightly further upfield than the correnponding
methyl group of the isomers. “The upfield shift can be explained in terms of dia-
magnetic anisotropy by the carconyl group. Therefore, the stereochemistry of 2
and é was determined to ve c¢is and trans, respectively. The ir absorption of
carbonyl group (é, 1720 intramolecular nydrogen-tonded and 2, 17%5) strongly
supports the stereochemistry. The following chemical evidences also support the
structure ot the cyclobutanol 2 and 6. The cyclobutanol & was easily and guanti-
tatively converted to the &-oxoester 1 by heatin in venzene (k = 7 x 1C'b :ec_l;
EA = 25 kcal/mole). Cn the other hand, the cyclobutanol Z was hardly converted
to the (-oxoester under the same conditions. The cyclobutanol Z rearranged quan-
titatively to the b-oxoester 1 by refluxing in benzene containing acetic acid.
These results indicate that the hydroxy group participates in the reaction of 6,
$0 that the hydrexy group is cis to the ethoxycarbonyl grour.

Formation of the cis-cyclobutanol 2 from the Type II photocyclization of the
t-oxoester 1 can be explained in terms of repulsive interaction
tetween the lone-palr electirons on nydroxy oxygen and carbonyl )
n-electrons in the transition state of 1,L-biradical cycliza- 0zt
tion., Production of the trans-cyclobutanol & from the p-oxo-

ester 5 can be explained in terms of intramolecular hydrogen

bonding bLetween the hydroxy grour and the ethoxycarbonyl group

@
=2

in the process of the 1,4-biradical cyclization.
The Type II photoreaction of the benzoylvalerate 1 and 5 was efficiently
quenchned with 1,%-pentadiene, so that the reaction takes place from the n,m*

triplet state.
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