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The n,n* singlet excited state photochemistry of bridged cycloheptadienones of general
structure 1 involves a [3,3] sigmatropic ring opening to a homoconjugated bicyclic ketene 2,
which has been directly observed by low-temperature infrared spectroscopy ! These ketenes can be
usually trapped by protonic nucleophiles to give the corresponding acid derivatives, or, in the
absence of nucleophiles, undergo thermal recyclization to starting dienone and/or dimerization 2
Recently, 1t has been shown by Hart and Love3 that highly substituted ketenes (3, R=Me, Ph) pro-
duced by the photolysis of bicyclo[3 2 l]octadienones (4b), being unreactive towards nucleophiles

substantially change the course of the thermal reaction, giving tetracyclic cyclobutanones 5 by

a "nmormal" Tr2 +7T2£l intramolecular cycloaddition 4,5
s
X X
hv
\  emm—d
4+
P~
o] o/
L 2
X~ electron pair, CHZ’ CH=CH, o—C6H4, ROZCN—NCOZR
R R
R R
R
. R A R R
—
R R \,
= R
o™ o}
4 a, R=H 3 5 R=Me, Ph

b, R=Me, Ph

3759



3760 No 39

In this connection and in continuation of our earlier search for photochemical diversities

b,6

of bridged cycloheptad1enones,2 we wish to report a unique substituent effect on the reacti-
vity of ketenes (3), which reflects the role of the keteme function in directing intramolecular
cycloadditions

Thus, 3-chloro-bicyclo[3 2 1]octa-3,6-d1en-2-one (8), [m p 44-450; Vhax (chloroform) 1695
cm_l, Amax(cyclohexane) 270 nm (s 2300), 360 (90), nmr (CDC13)5 2 52 (2H,m), 3 32 (1H,m) 3 56
(1H,m), 6 20 (1H,d,d,J=5 5, 3 OHz), 6 71 (1H,d,d,5 5,3 0), 7 41 (1H,d,7 0)] was synthesized by
oxidation ("active Mn02”)7 of the mixture of chloroalcohols 7, obtained by the Ag+ promoted hy-

dr01y5158 of the readily accessible dichloride 6 9
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Irradiation of chloroketone 8 in ether (1% solution) using 135008" llght,10 gave a single
photoproduct by glpc11 which was assigned structure 10 based on 1ts spectral data, ir (CHC13)
1805 cm°1 (a-chlorocyclobutanone), nmr (CDC13) shows no vinyl protons, three proton signals at
§ 211, 2 32 and 2 82, and a complex four proton multiplet at § 1 74 Chlorocyclobutanone 10
completely converts back to 8 on heating in chloroform (sealed tube ) to 135° (ca 25hr ), in

perfect analogy to interconversion §7§_3 Interestingly, no 1someric chloroketone 11 has been
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However, in sharp contrast to the behaviour of 3 (R=Me, Ph)s, irradiation 10 of 8 1n
moist ether solution afforded a mixture (ca 1°4 by nmr) of 10 and the hygroscopic chloroacid
12 [rmr (CDC13) 8162 (1Hm), 1 94 (1H,m), 2 52 (3H,m), 3 84 (d,J=11 Hz}, 5 76 (2H,?)] 12

Chlorocacid 12 on reaction with diazomethane gave the corresponding methyl ester 13, indis-
tainguishable from the ester obtained by photolysis of 8 in methanol solution

Clearly, the photolysis of 8 involves the formation of chloroketene 9 which, in comparable
rates, can either react with nucleophiles or undergo intramolecular 2+2 cycloaddition

More remarkable, however, 1s the dramatic substituent effect on the direction of cycliza-
tion compared to the reaction of unsubstituted évls Apparently, a-chloro substitution of ketene
(9) lowers the transition state energy for 2+2 cycloaddition compared with that for the compet-
ing [3,3] sigmatropic ring closure, thus leading to exclusive formation of the thermodynamically
less stable 10 This enhancement 1in reactivity 1s in accord with the well known higher reacti-
vity of a-haloketenes as compared with unsubstituted ketenes in cycloaddition reactions 14

Finally, 1t should be noted that in addition to the substituent effect, geometrical factors
play a critical role in directing the reaction Preliminary studies of the phototransformations
of 3-bromo-bicyclo[3 2 2]nonatriene (lﬁ)ls and benzochloroketone EE}G showed that they do not
give cyclobutanones, but instead undergo rearrangements similar to that of the corresponding

parent ketones

Br C1
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