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REGIOSELECTIVE PHOTOCHEMICAL CYCLOADDITIONS OF
2-TRIMETHYLSILYLCYCLOPENTENONE

Joha S. Swenton*'® and Edward L. Fritzen, Jr. 1P
Department of Chemistry, The Ohio State University, Columbus, Ohio 43210

Summary: Photocycloadditions of 2-trimethylsilylcyclopentenone to isobutylene, methylene
cyclohexane, and isopropenyl acetate using stannous chloride-filtered light affords regio-
specifically the head-to-tail cycloadducts. Desilylation of these compounds affords the
respective cycloadducts of cyclopentenone in good yield.

While photochemical cycloadditions of cyclic enones to olefins have been of extensive
value 1n organic synthesis, the low regioselectivity in the reactions with simple olefins has
detracted from the synthetic method. Thus, photocycloaddition of cyclopentenone to propene?
shows virtually no regioselectivity while its reactions with isobutylene®'* afford a low yield of
cycloadducts in the ratio 2. 6:1% (head-to-tail:head-to-head). One approach to circumvent
this synthetic complication would utilize 0 -substituted enones which undergo regiospecific
addition. This would be followed by cleavage of the substituent under mild conditions to
afford cycloadducts of the parent cycloalkenone. A trialkylsilyl-substituted system seemed
an interesting case since photocycloaddition followed by treatment with fluoride ion would
achieve the overall objective (Scheme). We report here the effect of a trimethylsilyl group
in directing regiospecific photocycloaddition of cyclopentenone and the desilylation of these

adducts under mild conditions to products of the parent system.
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Scheme. Sequence for Regiospecific Photocycloaddition

The title compound was prepared by utilization of the anion 2 in analogy with our
recent studies of 2-lithioquinone bisketals. %7 Metalation of la followed by treatment with
trimethylsilyl chloride (2 equiv), addition of water, and workup afforded 3a (bp 60-62°C/5
torr). Similarly, 3b (mp 40-41.5°C) was obtained in 72% yield. Preliminary studies of 3a
and isobutylene afforded three products [5 (519, 6 (18%), and 7 (16%)P when irradiated with

Pyrex-filtered light from a 450-watt Hanovia medium-pressure source. However, time

1951



1952 No. 22

[\
0_0

LA 0
é,ar n-BuLi %u L)(CHZ)SICI Si(CH3)y
(CHll  THr~  (CHghl 2)Hp ol

1g n=2 2 30 (88%)
b n=3 b (72%)

dependency studies of the product ratios suggested 7 was a secondary irradiation product;

indeed, 7 was the major product on extended irradiation of 3a and isobutylene or of 5.
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Utilization of a 0.4 M stannous chloride-filter solution circumvents the problem of secondary
irradiation’ (Figure), and reaction afforded an 82% distilled yield of 5 and 6 (ca. 80 :20).
While 5 and 6 could be separated

by silica gel chromatography, it o8l

is more expedient to desilylate the A

-

mixture and separate the two
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tions of the cycloadducts. In all Figure. UV Spectra of 3a, 5, and SnCl, Solution
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cases the reactions were characterized by good yields (not optimized) of easily purified cyclo-
adducts which were readily desilylated under mild conditions. Unfortunately, the directing
effect of the trimethylsilyl group is not sufficient to afford regiospecific reactions with mono-
substituted olefins (i. e., propene} and the cyclohexenone analog, 3b does not undergo photo-

cycloaddition to isobutylene under our reaction conditions.

Table. Photocycloaddition and Desilylation Results®

b e
siCH, Lm
3a (M) Olefin (M) R, Ry R2R1
0.02 CH,=C(CH,); (1.25) 5 (51%), 6 (18%), 7 (16%)° 74%
0.04 CH,=C(CH;), (2.49) 5 (66%), 6 (16%) --
0.02 cH=() (0.22) R, = R, = ~(CH,)— (76%) 66%
0.05 CH,=CH, (--) R, = R, = H (58%) --
0.02 CH,=C(CH,)(OAc) (1.45) R, = CH;, R; = OAc (70%)d 80%
0.38 CH=CH(CH,) (3.88) mixture of regioisomers (87%) 76%

®Yields have not been optimized for the photocycloadditions or the desilylations.
Compound purity and structure were established by VPC, IR, PMR, exact mass measure-
ment, and *C NMR.

bIrra,dia.t:ions wer e conducted using light from a 450-watt Hanovia medium pressure
source with the immersion well filled with 0.4 M SnCl, in 10% HCl (path length ~5 cm).
Irradiations were conducted by placing the material to be irradiated in pentane alongside the

light source in a 0°C bath.
chrex filter.
dOnly one stereoisomer has been detected, mp 45-48°C.

eDesilylations were performed by stirring a solution of cycloadducts in DMSO with 1.5
equiv of KF: 2H,O for 3 h. Dilution with water followed by extraction with ether afforded the
desilylated products.

The ready availability of large quantities of 3a'® together with its higher yields and
better regioselectivity in cycloaddition reactions than cyclopentenone indicates that it is much
preferred to the latter compound for many photocycloadditions. Presumably, this would also
be true for congeners of 3a. Furthermore, facile procedures for elimination of B-silyl deri-
vatives suggest utility of these adducts in the regioselective syathesis of bicyclic olefins.!!
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