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The thermal reaction of the 7-vinyl-2-azabicyclo[3.2.0)heptane-
3,4-dione yielded different products depending on the sterecchemistry of
7-vinyl group. The endo isomer, either the lactam (2) or the imidates
[E) afforded a Cope product Lg or’a)(3,3—51gmatrop1c shift} exclusively.
on the other hand, the ¢xc isomer gave rather complex results. The
lactam (2) afforded a hydroindole (E) {(1,3-shift) and the Cope product
(Eg suggesting the formation of a biradical species as an intermediate.
The rmidate (;9) yielded a dihydrepyridane (%&) (1,3-s1gmatropic shirft

followed by cheletropic loss of CO) as a major product.

Previously, Sanc and Tsuda2 reported the thermal rearrangement of S-ethoxy-
carbonyl-l-phenyl-7-exeo=-vinyl-2Z2-azabicyclo[3.2.0]heptane-3,4-dione (ée) to a hydro-
indele derivative (@_‘}3). Recent separation3 of both the 7-exo (2‘._13) and 7-endo (.’12)
1somers from the photo-cyclcoadduct of butadiene to a dioxopyrroline {;5) prompted
us to reinvestigate this thermolysis in relation to the stereochemistry of 7-vinyl
group, since formation of the hydreoindole (es) £rom {E, 1f the reaction proceeds
in a concerted manner, requires antarafacial 1,3-shift with retention of the con-
figuration of the migrating center, and this is, however, highly difficult by geo-
metrical reasons. Epimerization of 7-substituent duraing thermolysis was also sug-

gested to be possible.3’4
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Therefore, thermclyses of two sets of sterecisomers of 7-vinyl group, gs,R
and 3a,b, were examined.

A

The exo isomer (23), on heating in xylene at 140° for 4 hr, afforded two cry-
stalline products, A: Cy7Hi;NOs, mp.222-224°, (20%),° and B: C,,H,,N0¢, mp.178~
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183°, (21%),6 which were separated by repeated fracticonal crystallizations. The

NMR spectrum of the reaction mixture revealed that the product is a l:1 mixture of
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f’and E; ﬁ,had two olefinic protons (§.6.0) in the NMR spectrum and was 1dentical
with the Diels-Alder product cof the dioxopyrroline ({3) with butadiene.7 It was
thus elucidated as the hydroindole (és). E'had two olefinic protons (§+~5.50) in

the NMR spectrum. Its IR spectrum showed the absorptions of a C=N (1580 cm™') and
an OH {3120 cm™'), in addition to a five membered-ring ketone {1785 cm™!)} and an
ester carbonyl (1740 cm ™'}, but no band of a lactam carbonyl being observed. The

UV spectrum (Amax 309 nm, € 8,500) indicated the presence of an Ar-C=N- chromophor.
Thus it was elucidated as és, d-ethoxycarbonyl-i-hydroxy-3-(3',4'~methylenedioxy-
phenyl}=-2-azabicycleo[4.2.1)nona-2,6-dien-9-one.

In contrast to %9, the ends isomer (3a) yielded Sa (40%, after purification)
as an only isolable product on a similar thermolysis, The NMR spectrum of the
reaction mixture was almost superimposable with that of 29, indicating no formation
of és.

Re-investigation of the thermolysis of the exo isomer (2b) at a similar condi-
tion described above afforded a 2:1 mixture {NMR spectrum) of i? 9&) and ?B (Ev,
from which the previously reported hydroindocle (@E)Z, mp,228-230°, was isolated in
40% yield after chromatography (E was unstable under hydrolytic condition and
easily decomposed on chromatogragphy) .

Thermolysis of the endo isomer (%e) again afforded ie (gum)6 as a scle product,
whose structure was assigned by spectral resemblance with Sa.

Formation of E'from the endo isomer (E) appeared tc be a result of [3,3]-sigma-
tropic rearrangement of the enol form (z)(a Cope product). 1In cases of the exo
isomer Q@, direct formation of EJis geometrically impossible. It was shown,
however, that an equilibration of 7-2x¢ and 7-¢nd¢ substituent can occur under a
thermal condition and that the 7-endo iscmer was thermcdynamically more stable than

the 7-exo isomer.a'4

We therefore consider that the thermolysis of E‘proceeds as
follows. Homolytic fission of C;-C; bond produces a biradical species (E) which
then collapses into either the endo isomer (2) or the hydroindole (i} by recombi-
nation or by combination at the methylene terminus accompanying with [1,3]-shift,
the former product then rearranges 1nto’2.

1f the above argument 1s correct, formation of the imidate (E) will facilitates
the Cope rearrangement. In fact, the endo i1somers (QE,EQ, on treatment with excess
Meerwein reagent in CH2Cl: at room temp. for 20 hr, directly afforded the Cope
product Qv in a guantitative yield. 23: CyqHyNOg, mp.91—93°6, and 2&: CygH21NOy ,

6

mp.99-101°. In contrast to 5, they were stable to chromatographic purificat:on.
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The NMR spectra of 2313 were almost superimposable with those of 2353 respectavely,
except for the signals due to OEt group, supporting the assigned structures. Appar-
ently, fixation of the C=N double bond greatly reduced the activation energy of the
Cope rearrangement.

Similar treatment of the e¢xs iscomer (EE) with Meerwelin reagent gave the cor-
responding imidate (lg?}, mp.96-237°, in 80% yield. Thermolysis of %gb gave a dif-

ferent result from that of the lactam (2b). On heating under reflux in toluene for
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30 min. followed by mild acid hydrolysis (5%HCl, r.t., 30 min.}, it afforded a
dihydropyridone (lEP), mp.112~114° (60%}, the hydroindole (QE)(4%), and the Cope
product {25)(10%). The structure of 129 was elucidated by comparisons of the
spectral data with those of the known 3,4—dihydro—a-pyridones.8 This result indi-
cates that the thermolysis products of 10b are E}, {3 and’g. The major path
(formation of a dihydropyridine) is explained by [1,3] sigmatropic shift of C; to
C; follewed by cheletropic elimination of CO from an intermediary 2-azabicyclo-
[2.2.1]heptan-7~-one (13).9 However, the fact that the e2xec i1somer (;gp) yielded
the Cope preoduct (29), though in minute amount, again suggested that a biradical
specles (;?) by homeolytic cleavage of C;-C; bond would partially participate,
since the exo isomer (kg) is geometrically impossible to gaive the Cope product (2).
The biradical (%é) would collapse into either the hydroindole {33) or the ende
isomer (E}, the latter then being rearranged into the Cope produce (9).
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Prepared in the manner as described in ref. 3.
2a: mp.175-177°, 2§: mp.l72-174°. They gave satisfactory spectral data.
6. é;: IR(Nujol): 1775, 1735, 1720 em” !, NMR{CDCl;}: 0.83(3H, t, J=7 Hz), 2.6-3.0
(4H, m}, 3.60(2H, m), 6.00(2H, bs, olefini¢ H), 6.09(2d, s}, 6.6~-7.1(3H, m).
5a: IR(Nujol): 3120, 1785, 1740, 1580 cm='. UV A Ke% (ch: 228(LZ,9060), 274{7,600},
309(8,500). WNMR(CDCl,): 1.G3{3H, t, J=7 Hz), 2.2-3.1{4H, m), 4.17(2H, g,
J=7 Hz), 5.50{(2H, bs, olefinic H}, 6.0{2H, 8), 6.9-7.5(3H, m).
5b: IR(Nujol): 3400~3200, 1780, 1740, 1600, 1570 cm~ ', NMR(CDCls): 1.00{3H, t,
J=7 Hz), 2.6~3.1(4H, m}), 4.13(24H, q, J=7 Hz}, 5.40-5.63(2H, m), 7.0-8.0
(5H, m).
9a: IR{(Nujol}: 1780, 1730, 1580 cm™ ', NMR(CDCla): 1.10(3H, t, J=7 Hz), 1.25(3H,
t, J=7 Hz)}, 2.67(2H, m), 2.90(2H, m), 3.55(2H, gd, J=2 and 7 Hz), 4.2{(2H, g,
J=7 Hz), 5.45(2H, m, olefinic H), 6.05(2H, s), 6.80(1H, d, J=8 Hz), 7.22(lH,
dd, J=2 and 8 Hz}, 7.53(1H, d, J=2 Hz}.
9b:; IR(Nujol): 1785, 1740, 1605 cm™'. NMR (CDCl,}: 1.07(3H, ©, J=7 Hz), 1.30
(34, t, J=7 Bz}, 2,3(1H, m), 2.6-3.0(3H, m), 3.67(2H, q, J=7 Hz}, 4.17(2H,
q, J=7 Hz), 5.57-5.37(2H, m}), 7.0-8.C(5KE, m).
13b: mp.112-114°. IR(Nujol): 1715, 1660, 1640 sh, 1600 cm™'. NMR(CDCls}: 0.9
~ (34, t, J=7 Hz), 2,7-2.95{2H, m}, 3.1-3.4(1H, m), 3.95(2H, q, J=7 Hz),
5.1-5.44{2d4, m}, 5.8-6.35(1H, m), 7.35(5H, m).
7. In acetie anhydride, 160°C, 2 hr, followed by acid hydrolysis{5%HCLl-MeCH) ,
6% vield.
T. Sano, Y. Horiguchi, Y. Tsuda, and Y. Itatani, Heterocycles, 1978, 9, 161.
See Part ¥XVIII. ~
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