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SYNTHESES OF BICYCLOCAPROLACTAM SYSTEMS

BY THE PHOTO-RING-EXPANSION OF N-SUBSTITUTED SUCCINIMIDESl
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Synthetic application of the photo-ring-expansion was studied
with bicyclo N-substituted succinimides and a variety of bicyclo-
caprolactams were photochemically synthesized with retention of

their endo and exe configurations.

We have recently found that alicyclic imides 1 such as N-substituted
succinimides and glutarimides undergo photocyclization, to afford keto lac;am
2, with ring-expansion by the two carbon unit derived from the side chain as
shown in Scheme I.2 By utilizing this novel ring-expansion reaction,
syntheses of variety of seven— and eight-membered lactam derivatives are
reported.3 As an extension of the application of this reaction in hetero-
cyclic chemistry, we now wish to describe photochemical synthesis of capro-

lactams containing bicyclo ring systems,
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Scheme I
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The bicyclo-succinimides used in this study were prepared as follows:
The endo-bicyclo[2,2,1]-5-hepten~2,3-dicarboxylic imides 3 ( X=CH, )é were
prepared by condensation of the appropriate amine and the endo anhydride, or
alkylation of tﬁe endo imide Qg; and the N-substituted imides g ( X=CHz ) thus

i

obtained were hydrogenated to the bicyclic imides b-e. The N-substituted

exo imide 8a was prepared by ethylation of the exc imide which was obtained by
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hydrogenation of 23.4 In a similar manner, the endo oxo imide 5g was pre-
pared by ethylation of 25 which was obtained from 22, whereas the ex0 0x0 imide

8b was prepared from 8d obtained by reduction of 22.5
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A solution of the substituted imide 5 in acetonitrile ( 10 mM ) was
irradiated with a 60 W low-pressure mercury lamp for 40 min, and the results
are tabulated in Table I. Major photo-products were purified by column
chromatography ( silica gel } and identified by tﬁeir spectra and elemental
analyses.6

In all cases the expected bicyclo keto lactams having two additional car-
bons in their ring were readily obtained in moderate isolated yields, accompa-
nied by some amount of the N-unsubstituted imide, the product of the Borrish
type II elimination in accord with the general rule ( Scheme I ).

Again, the.principal feature of the Norrish type II processes of the
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Table I

Photo-products from the Cyclic Imides 3,8,10
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Product  Yield® wp°C
(%)
6b 63 162-4(dec.)
c 34 180-3(dec.)
d 26%) 184-6(dec.)
. {36d) 2146 (dec.)
e 29 219-21(dec.)
B 66 212-4(dec.)}
9a 59 207-9(dec.)
b 73 247-50(dec.)
1 46 171-3(dec.)

Elimination Recovered
Product (7) (%)

9 4

& 28

- 6

13 3

12 4

10 19

12 5

a}
b}
c)

d)

Recovered imides were not calculated.

accompanied by 7a (26 Z).

accompanied by 7b (30 7).

The diastereoisomers were separated by column chromatography

(silica gel).
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bicyclic imides is not the elimination but rather the cyclization in faver

of the ketc lactam synthesis. In the case of 5c and 3d the amido alcohols
lg, b with a y-unsaturated bond were isolated in some significant amount.

The formation of 7 may be rationalized by considering a S-hydrogen transfer
of the intermediate biradical 12, a similar mechanism suggested in our previ-
ous paper,7 to be involved in the general pattern of the photolysis of N-
substituted phthalimides. It is worth noting that the initial endo and exo
configurations of the starting substrates 2, g were retained in the ring—
expanded photo-products without interruption by other side reactions such as
a-cleavage. Irradiation of the simple models such as 3z and 8d resulted in
recovering the starting compounds without changing the configuration confirm-
ing the above observation. Further synthetic application of this photo-
reaction will be reported elsewhere.
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