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1-Azabicyclo[3,2,0]hept-3-ene-2,7-diones. A New Heterocyclic System

By N. Hatanaka, H. OrTA, O. S1IMAMURA,* and M. YosHIDA
(Department of Chemistry, Faculty of Science, Tokyo University, Hongo, Tokyo, Japan)

Summary 4-Methoxy-1-azabicyclo[3,2,0Thept-3-ene-2,7- be (IV), since it gave adipic acid on hydrogenation with

dione (III) has been prepared both by a Beckmann
rearrangement of 4-methoxy-o-benzoquinone 1-(O-phenyl-
sulphonyljoxime (I) followed by ring contraction and
by cyclization of 5-cyano-3-methoxypenta-cis-2,trans-4-
dienoic acid (V).

THE oxime ether (I),! m.p. 100—101°, on being heated at
60—70° in aqueous pyridine, gave colourless crystals (409,)
of a compound, m.p. 128-5—129-5°, whose structure was
established as 4-methoxy-1-azabicyclo[3,2,0Thept-3-ene-2,7-
dione (III), a methoxy-derivative of a new class of hetero-
cyclic system (IX). This structure is supported by the
following spectral properties: M, 153, Apax (EtOH) 219
and 278 nm (log € 4-18 and 1-28, respectively), vmax (KBr)
1615 (C=C) and 1780 and 1760 cm~! (CO stretching
vibrations of B- and y-lactams,? respectively), the n.m.r.
spectrum (in pyridine) shows signals at §5:32 (1H, s,
CH=C), 3-68 (3H, s, OMe), 3-00 and 3-22 (1H each, J 17 Hz,
CH,), and this latter signal further coupled to a methine
proton at §-12 p.p.m. (1H, t, J 4-8 Hz), this coupling being
confirmed by irradiation at the methine proton frequency.
A possible pathway for the formation of (II1I) is as shown.
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The structure of this ring system is further supported by
ring opening experiments. The compound (III) was un-
affected by heating under reflux with ethanolic HCI, but
boiling with NaOH in aqueous ethanol gave a dicarboxylic
acid (85%), C;HzO;, m.p. 197-5—198-5°. This acid must

platinum oxide in methanol, with concomitant hydrogeno-
lysis of the methoxy-group. Also, the n.m.r. spectrum
[(CD,),SO] shows a pair of doublets at § 6:38 and 8-36
P-P-m. (Jirans 16 Hz) which correspond to frans-vinylene
protons. The corresponding ethoxy-derivatives (VII),
m.p. 39—40°, and (VIII), m.p. 165—168°, were prepared
in a similar way from (VI), m.p. 89° (decomp.).

Treatment of (III) with sodium methoxide in boiling
anhydrous methanol for 7h afforded a cyanocarboxylic
acid (53%) [C,H,NO,;, m.p. 148—151° (decomp.), Vmax
(KBr) 2225 cm~1 (C=N)], which was converted into the
dicarboxylic acid (IV) (659,) on alkaline hydrolysis in
aqueous ethanol. The n.m.r. spectrum [(CD,),SO] of
the cyanocarboxylic acid exhibits signals due to vinylene
protons at § 6-15 and 8:10 p.p.m. (Jy,qns 16 Hz), which are
shifted to higher field than the corresponding peaks of the
dicarboxylic acid (IV). Evidently this shift is caused by
structural change in the substituent attached to the
vinylene group;? therefore the cyanocarboxylic acid is the
3-methoxy-acid (V) rather than the 4-methoxy-isomer.
Similarly, treatment of (I1I) with sodium hydride in boiling
1,2-dimethoxyethane or with sodium borohydride in
ethanol at room temperature gave the same acid (V) (53
and 819, respectively), but no reduction products. Evi-
dently, the ring opening begins with proton abstraction
from C-6 by a methoxide or hydride ion, probably with
synchronous scission of the C-5-N bond, formation of a
double bond between C-5 and C-6, and migration of oxygen
which may be envisaged as occurring from C-7 to C-2 with
simultaneous breaking of the C-N bond to form a carboxy-
late and a nitrile group.

Heating the cyanocarboxylic acid (V) at 168° for 30 min
resulted in the reformation of the heterocycle (III) in 589,
yield. This finding enabled us to prepare the parent com-
pound, l-azabicyclo[3,2,0]hept-3-ene-2,7-dione (IX), as a
colourless oil (329%,) by pyrolysis of the corresponding
acid4 (X) at 160° for 20 min. Its n.m.r. spectrum (CDCly)
is in accord with the structure: § 6-30 and 7-58 (each 1H,
dd, [.,s 6 and J,inyiene 2 Hz), 2-90 and 3-04 p.p.m. (2H,
Joem 17 Hz, both resonances further split by interaction
with the methine proton, J 6 Hz), and a methine proton
signal comprising nine peaks centred at & 5-30 p.p.m.
(.]methylsne 6 and vaim/lene 2 HZ)' Although acid (X) con-
tains a double bond in the #rams-configuration, it seems
possible that a muconimide structure (IT) is an intermediate
in this transformation in keeping with the mechanism
proposed for the formation of (III) from (I); in fact it is
known that o-cyanobenzoic acid, on being heated, gives
phthalimide.®
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