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Thermolysis of 3-ethoxy-2-azabicyclo[3.2.0)hept-2-en-4-ones yielded
2-ethoxy~3,4-dirhydropyridines, which is explained by [1,3] sigmatropic

rearrangement followed by cheletropic elimination of CO.

We report here a thermal conversion of imidic esters of 2-azabicyclo[3.2.0] -
heptane-3,4-diones (i}or 3) to 2=-ethoxy-3,4-dihydropyridines (3) under relatively
mild conditions, which we bhelieve [1,3] sigmatropic shift of an azabicyclo[3.2.0] -
heptene to an azabicyclo(2.2.llheptene followed by cheletropic elimination of
carbon monoxide.

The imidates L£ or 2} were prepared from Z-azabicyclo[3.2.0)heptane-3,4-diones
on treatment with Meerwein reaqent.2
When 7T-exo=-phenyl derivative (;g) was heated in toluene at 120° for 4 hr, a

gum was produced, the spectral data of which suggested that it is Z-ethoxy-5-
ethoxycarbonyl=-6-phenyl-3,4-dihydropyridine (%3).3 Confirming this assignment, it
gave the 3,4-dihydropyridone ({3)4(67% from kg) on acid hydrolysis (5%HC1-THF, r.t.)
and the 2-ethoxypyridine (23}5(84% from %E) on DDQ oxidataion.

7-Endo-phenyl isomer (gs) was stable under the similar condition, but changed
at 200° for 2 hr into the same dihydropyridine (23)(80%).3 The difference in re-
activity due to orientational difference of Cy-substituent is attributable to
retarding the [1,3] shift process by a 7-ende group. For thermally allowed supra-
facial [1,3] sigmatropic shift with inversicon of the configuration of the migrat-
ing center (C,), movement of a 7-ende substituent would require higher activation
energy than that of a 7-exo isomer due to increase of steric hindrance in a tran-
sition state.

The similar effect was observed in thermolysis of 7-ethoxy derivatives.

Formation of the dihydropyridine (;P)(~75%)3 at 200° from the ero-isomer (lb)
P
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completed within 2 hr, but required 20 hr from the endo-1scmer (%P).
7,7-Disubstituted derivatives alsc gave dihydropyridines, though forced
conditions were required, as expected. Thus 7-Et-7-Me derivative (ls) gave the
dihydropyridine (29)3 in 85% yield on heating at 200° for 20 hr. Both the 7-exo-
Me=-T-endo~0Ac and 7-exo-QAc-7-endo-Me derivatives, (i?) and (29), gave {200°,
16 hr) the same pyridine derivative (28)5 (47% from %g, 29% from %é}, which is the
product apparently due to thermal loss of acetic acid from the intermediavy
dihydropyridine (qg). Interestingly, the imidates recovered from the above
reaction mixture (27% from %9, 29% from gg) were contaminated with the other
sterecisomer (10% and 30%, respectively, as evidenced from the NMR spectral,

indicating that epimerization of C;-substituent was taking place.
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The 7-exo~ethyl derivative (Ls), did not produce the dlhydropyrldlné‘(if} on
heating at 200° for 8 hr, but it instead epimerized tc the 7-endo-ethyl isomer (is)
(60% yield), indicating that epimerization of C;-substituent occures as another
independent thermal process of the imidates. Since this thermal epimerization of
a 7-exo-substituent to a thermodynamically more stable 7-erndo isomer 1s likely to
proceed through biradical intermediate tg) as already suggested in epimerization
of ?—substltuted—Z—azabicyclo[3.2.0]heptane—3,4—d10nes,6 all of the above evidence
support that the smeocoth [1,3] shift from an exo-iscmer proceeds 1n a concerted
manner without through radical intermediate. In fact, no epimerizaticn was cbserv-
ed during the migration of the ezo-isomers, la and l1b. At high temperature homo-
lytic cleavage of C,-C; bond competitively occurs, which becomes predominant when
the migration is slow {1.e. in lc}.

Among two consecutive steps in formation of dihydropyriadaines, [1,3] shift
and cheletropic loss of CO, the first step 1s similar with the stereospecific [1,3]
rearrangement of/g to Eg reported by Berson.7' Including this, reported thermal

[1,3} shift such as vanylcyclopropanes to cyclopentenes 0, whether it is of
concerted or of biradical pathway, generally reguires high temperature (>250°).
In contrast to those, our aza(l.3] shift is facilitated probably by presence of
Cs;-ethoxyl and C,-phenyl groups, of course electron rich substituent at 7-exe
position being another accelerating factor. Such lowering the activation energy
of sigmatropic shift by substitution at a migrating terminus with an electron rich
substituent has been reported.ll

Direct fermation of the dihydropyridone (4a)(10%) in thermolysis (200°, 2 hr)
of a 2-~azabicyclo([3.2.0)heptane-3,4-diocne (;}}6 also suggests the participation
of the lactim form (13) in the reaction, although the radical pathway can not be

12

discarded in this case.
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Reference and Note

l. Dioxopyrrolines XVITI , Part XWT : T, Sano, Y. Horiguchi and Y. Tsuda,
Heterocycles, 1981, 18, in press.

2. The imidates la and 2b were reported in ref. 1. Following new imidates gave
satisfactory spectral data and micro-analyses.
1b: mp.100-102°, £3: mp.94-95°, %9: mp.81-83°, %S: mp.l00-105°, is:mp.l22-127°
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10.

11.

12.

2¢: mp.55-57°¢, 2d: mp.112-113°. For the stereochemistry, see ref. 6.
;;e dihydropyridines gave the following spectral data. The yield was calculated
on hydrolysis to a dihydropyridone (see ref. 4).
3a; gum. TIR(CH,Clz}: 1750, 1700(sh), 1685, 1620, 1600, 1580. uv AC'833"° (e):
™ 222(13,000), 293(7,800). NMR{CDCl:}: 8 0.90(3H, t, J=7 Hz), 1.27 (3H, t,
J=7 Hz), 3.00(1H, 4, J=8 Hz), 3.02(1H, 4, J=5 Hz)}, 3.70{1H, d4d, J= 5 and 8§
Hz), 3.93(2H, g, J=7 Hz), 4.33(2H, g, J=7 Hz), 7.0-7.4(10H, Ar-H).

3b; gum. IR(CH:Clp): 1750, 1720, 1680, 1620. WV ADIREE"S (o) 228(8,800), 288
(6,000}, NMR(CDCls): & 0.87(3H, t, J=7 Hz), 1.08(3H, t, J=7 Hz), 1.23(3H,
t, J=7 Hz), 2.81(lH, &, J=5 Hz} 2.91{1H, &, J=5 Hz), 3.63(2H, g, J=7 Hz},
3.93(1H, £, J=5 Hz), 4.00(2H, g, J=7 Hz), 4.36(2H, g, J=7 Hz), 7.1-7.4(5H,
Ar-H) .

3e; gum. IR{film): 1750, 1720, 1690, 1600. UV 2 DIgEame ) 294¢5,600) .
NMR{CPCl:}: & 0.90(3H, t, J=7 Hz), 0.93(3H, t, J=7 Hz), L1.17{3H, s), 1.30
(3H, t, J=7 Hz), 1.50{2H, m), 2.53{2H, ABg, A$=23 Hz, J=17 Hz), 3.97(2B,
q, J=7 Hz), 4.28{(2H, q, J=7 Hz), 7.30(5H, m}.

For ég and i?, see T. S5anc, Y. Horiguchi, Y. Tsuda, and Y. Itatani, Heterogycles,

1978, 9, 1s1.

de; mé?108—110°. IR(Nujol): 1690, 1660, 1630(sh). NMR(CDCi;): & 0.90(6H, t,

3= Hz), 1.18(3H, s), 1.63(2H, g, J=7 Hz), 2.65(2H, ABg, 48§=20 Hz, J=18 Hz),

3.92(2H, g, J=7 Hz), 7.30(5H, b.s, Ar-H).

5a; mp.102-103.5°. IR(Nujol}: 1700, 1590. UV A PrRER™S(e) 1300(17,900) .

MMR(CDCls): & 1.09(3H, t, J=7 Hz)}, 1.40{3H, t, J=7 Hz}, 4.18(2H, g, J=7 Hz),
4.57{2H, q, J=7 Hz), 7.36-7.70(10H, m, Ar-H), 8.13(lH, s, Cy-H).

5b; mp.65-66°. IR(Nujol): 1685, 1580. UV A PIGESN® .y . 288(12,700). NMRICDCL,):
§ 1.03(3H, t, J=7 He), 1.43(3H, t, J=7 Hz). 1.50(3H, t, J=7 Hz), 1.13(2H, q,
J=7 Hz), 4.20{2H, q, J=7 Hz), 4.60(2H, g, J=7 Hz), 7.30(1H, s, Cy-H), 7.4-
7.5%(5H, m, Ar-H).

c; colorless gum. TR(CH,Cl.): 1720, 1700, 1600. uv APH%8"¢(e): 281(11,030).
MMR (CDC1,): & 1.05(3H, t, J=7 Hz), 1.41(3H, t, J=7 Hz), 2.25(3H, s, CHj},
4.12(28, g, J=7 Hz}, 4.50{2H, g, J=7 Hz}, 7.2-7.6(5H, m, Ar-H), 7.87(lH, s,
Cuy—H).
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