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Abstract——The thermal reaction of 2-alkenyl-3-azido-2-cyclohexen-
T-ones 1 in toluene gave azirino[1,2-a]indole derivatives 3 as

major products together with indoles 2

Cycloaddition reactions of organic azides or nitrenes to unsaturated double bond have been
investigated as a synthetic means of nitrogen heterocyc]es.1 In particular, recent advances in
azide-diene cycloaddition of w-azidodiene provided an important and versatile methodology for

2

pyrrolizidine alkaloid synthesis, Some investigations on the reaction pathway revealed that

dipelar cycloaddition of azide to olefin preceded to yield triazoline derivative, which lost

3 However, there were few reports on the

nitrogen with formation of aziridine and/or imine.
synthetic utilities of vinyl azide-olefin or -diene cyc1oadditions.4 because the cycloaddition
competed with the conversion to vinyl nitrene accompanied with azirine formation or Curtius—type
rearrangement.5 For example, the thermal reaction of a-azidostyrene in acrylonitrile gave

4b An intramclecular variant of this

azirine, l-vinylaziridine, and/or 1-pyrroline derivatives.
reaction was also done; the thermal reaction of 2-allyl-3-azido-2-cyclohexen-1-one (1a) in MeOH
gave 2-allyl-2-amino-3,3-dimethoxycyclohexanone, stemmed from azirine intermediate, and 2-methyl-
4-0x0-4,5,6, I-tetrahydroindole (2a) %2

To elucidate the synthetic utility of intramolecular vinyl azide-olefin cycloaddition, we
reinvestigated the thermal reaction of Z-alkenyl-3-azido-2-cyclochexen-1-ones 1 in toluene, and
found that the aziridine formation was a main pathway and the reaction was sensitive to the
sterec—electronic factor of alkenyl moiety of 1.

The reaction of 1a in toluene under reflux gave 2a and 1a,2,3,4,5,6~-hexahydro-3-oxo-1H-azirino-
[1,2-alindole {3a) in 20 and 21% yields, respectively. For a better understanding of the
reaction profiles, similar thermolysis of 2-{trans—cinnamyl)- {1b}), 2-~(trans-2-butenyl)- (1c), and

2-(3-methy1-2-butenyl)-3-azido-?-cyclohexen-1-one {1d) was examined, In these cases, 1H-
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azirino[1,2-a]indoles (3b-d) were cbtained as major products together with the corresponding
indoles (2b-d), but none of the products from azirine intermediate were isolated (Table 1)
Table 1. Thermolysis of 2-Alkenyl-3-azido-2-cyclohexen-1-ones 1 in Toluene

0 R 0

- RZ toluene, 4
—— +

|
Ny N CHR'R?

j=
IN

Reaction Yield (Z)a)
Rl R2 Time {min) 2 3
a H H 15 20 21
b 4 Ph a0 10 37P)
c H Me 30 trace 63¢)
d Me Me 30 9 80
a) Isolated yield. b) Single isomer. c¢) Mixture of exo/endo (4/1) isomers.

The structural elucidation of the 1H-azirino[1,2-a]indoles {3) was accemplished on the basis of
3

their analytical and spectral data, e.g., the 136 nmr spectrum of 3a showed six sp“-carbon

signals except for olefin and carbonyl carbon signals.

The azirinoindoles (3} were not so stable; on standing at room temperature for a long period or
heating in some soivents gave only polymeric products. This means that the indoles (2) were not
secondary products from azirinoindoles {3). The thermolysis of 1b in THF under refiux for 1 day
gave 2b (16Z), 3b (187), and the recovered 1b, but triazzoline derivative was not formed. Some
attempts to detect triazoline intermediates in W ninre spectra of reaction mixtures have failed,
and cnly starting azides and products were seen. In order to obtain any evidence for reaction
mechanism, the photolysis of la was examined. The irradiation (high pressure mercury lamp)

of the sclution of la in benzene gave Za (trace), 3a (50 %), and the unreacted la.

These results indicate that a nitrene intermediate might be responsible for the formation of these

6 A similar reaction pathway had been demonstrated by Tamura and his co—workers4a'5b

products,
in the thermelysis and photolysis of 2-alkyl- and 2-allyl-3-azido-2-cyclohexen-1-ones,

Similar thermolysis of 3-azido-2-(?-cyclohexenyl)-2-cyclohexen—1-one {le) gave carbazole (Ze} in
6774 yield. The inspection of molecular model of azirino[2,3,1-jk]carbazole (4) elucidated that
the formation of 4 would be unfavorable due to its ring strain On the other hand, 3-azido-2-
{2-methyl-2-propenyl)-2-cyclchexen-1-one {1f) was heated under reflux in tcluene to yield 3-
methy1-5,6,7,8-tetrahydro-5-oxoquinoline (5) in 38% yield, which may be formed via the

nucleophilic attack of C-C double bond to nitrene yielding a dihydropyridine ring.
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The development of this intramolecular vinyl azide-olefin cycloaddition reaction and further

investigations on the reaction mechanism are now in progress.

EXPERIMENTAL’

2-Alkenyl-1,3-cyclchexanedicnes were prepared similarly to the method for 2-allyl-1,3-
cyc]ohexanedione.8
Preparation of 3-azido-2-alkenyl-2—cyclohexen-1-ones (1). General Procedure: a solution of
methanesulfonyl chloride (4.8 mmol) in dry THF (2 m1) was added to the sclution of 2-allyl-1,3-
cyclohexanedione (4.0 mmol) and triethylamine (4.8 mmol) in dry THF (9 ml) at 0 °C and the
reacticn mixture was stirred for 1 h at rcom temperature. After filtering off the precipitates,
the THF was evaporated to dryness. The residue was subjected to a short silica gel column
chromatography(chtorcform) to give the sulfonester in a quantitative yield. 2-Al11yl-3-methane-
sulfonyloxy-2-cyclohexen-1-one: pale yellow oil; 1r(NaC1)cm_1: 1670{CC), 1350, 1180(302); W nmr
§: 1.9-2.2(m, 2H, 5-H), 2.50(br t, 2H, 6-H, J= 8 Hz}, 2.92(br t, 2H, 4-H, J= 8 Hz), 3.12(br d,
2H, -CHp-, J= 8 Hz), 3.23(s, 3H, -CH3), 4.9-5.2(m, 2H, =CH,), 5.6-6.0{m, 1K, =CH-).  Sodium azide
(5.2 mmol} was added porticnwise to the solution of 2-allyl-3-methanesulfonyloxy-2-cyclohexen-1-
one (4.0 hmo?) in 20% aquecus methancl {12 m1) at 0 °C and the reaction mixture was stirred for 14
h at rcom temperature, The mixture was concentrated to a half volume and extracted with ether (5
x 30 m1).  The ethereal layer was washed with brine and dried over anhydrous magnesium sulfate.
The ether was evaporated to dryness. The residue was subjected to basic alumina column
chromatography {ether/hexane=1/1) to give azide la in 85% yield.
2-A11y1-3-azido-2-cyclohexen-1-one {1a): pale yellow oil; ir(NaCl) em™1; 2095(N3), 1645(C0): Ty
nmr &: 2,0-2.3(m, 2H, 5-K), 2.44{br t, 2H, 6-H, J= 9 Hz}, 2.77{br t. 2H, 4-H, J= 9 Hz), 3.09(d,
2H, -CHy-, J= 9 Hz}, 4.9-5.2(overlapping, 2H, =CHy), 5.6-6.1(m, 1H, =CH-); ms m/z: 177(MH).
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3-Azido-2-(trans—cinnamyl)-2-cyciohexen-1-one {1b): yellow cil; yield: 91Z based on 2-(trans-

cinnamy1}-1,3-cyclohexanedione; ir(NaCl) cm_1: 2G90(N3). 1650(C0OY; 1H nmr §: 1.9-2.2(m, 2H, 5-H),
2.3-2.8(overlapping, 4H, 4- and 6-H), 3.15(br d, 2H, -CHo-, J=8 Hz), 5.9-6.5(overTapping, 2H,
~CH=CH-), 7.2(m, 5K, phenyl}; ms m/z: 253(M*).

3-Azido-2-(trans-2-butenyl)-2-cyclohexen-T-one (1c): pale yellow oil; yield: 86% based on 2-
(trans-2-butenyl)-1,3-cyclohexanedione; ir(NaCl) em™ 1 2080(N43, 1650(C0)s TH nmr §: 1.65(br d,
3H, —CH3. J= 5 Hz), 1.9-2.3(m, 2H, 5-H), 2.44{t, 2H, 6-H, J= 8 Hz), 2.68(t, 2H, 4-H, J= 8 Hz).
3.0(br s, -CHy-}), b5.3-5.6{overlapping, 2H, -CH=CH-); ms m/z: 191(M).
3~-Azido-2-(3-methyl1-2-butenyl)-2-cyclohexen-1-one (1d): yellow oil; yield: 96% based on 2-(3-
methyl-2-butenyl)-1,3-cyclohexanedicne; ir(NaCl) em 2095(H3), 1655(CC); T nmré 1.73(s, 6H,
CH3), 1.9-2.3(m. 2H, 5-H), 2.4-2.7(overiapping, 4H, 4- and 6-H), 3.98{br d, 2H, -CHy—, J=8 Hz),
4.9-5.2(m, M, =CH-); ms m/z: 205(M™).

3-Azido~2-(2-cyclohexenyl)-2-cyclohexen-1-one {le): pale yellow oil; yield: 417 based on 2-(2-
cyclohexenyl)-1,3-cyclohexanedione; ir(NaCl) em 1 2090(N3}. 16506(C0); ™ onmr 8 T.2-2.1{ov, 6H,
_CHZ_)’ 2.1-2.3(m, 2H, 5-H}, 2.42(t, 2H, 6-H, J= 8 Hz), 2.70{t, 2H, 4-H, J= 8 Hz), 3.5-3.%{(m, TH,
-CH), 5.3-5.9(overlapping, 2H, -CH=CH-}% ms m/z: 217(M™).
3-Azido-2-(2-methy1-2-propenyl)-2-cyclohexen-1-one (1f): paie yellow oil; yield: 72%Z based on 2~
(2-methy1-2-propeny1)-1,3-cyclohexanedione; 1ir(NaCl) em™ 2080(N3), 1640{CC); TH nme &2 1.71(br
s, 3H, CH3), 1.9-2.2{m, 2H, 5-H), 2.41(t, 2H, 6-K, J= 8 Hz), 2.67(t, 2H, 4-H, J= 8 Hz), 2.97(s,
2H, -CHp-), 4,52, 4.68(2 br s, 1H each, =CHp); ms m/z: 191(M*),

Thermolysis of 2-alkenyl-3-azido-2-cyclohexen-1-ones (1).  General Procedure: a solution of 2-
allyl-3-azido-2-cyclchexen-T-one {1a)(3.4 mmol) in dry toluene (30 ml) in the presence of
molecular sieves 4A (5 g) was heated under reflux for 15 min. After filtering off the molecular
sieves, the reaction mixture was concentrated to dryness. The residue was subjected to silica
gel column chromatography to give 2a (hexane/ethyl acetate=1/1) and 3a (hexane/ethyl acetate=1/3)\.
2-Methyl-4-oxo0-4,5,6, 7-tetrahydroindole {2a): colorless prisms; mp 204-205 °C (h‘t.lla mp 204 °C);
V3¢ nmr6 12.8(CH3). 22.8(7-C), 24.0(6-C), 37.8(5-C), 102.7(3-C), 120.7(2-C), 129.0(3a-C),
143.4(7a-C), 194.6(4-C).

3-0x0-18,2,3,4,5,6-hexahydro-1H-azirino[1,2-a]indele (3a): colorless oil, ir{NaCl) em 1 1650(C0);
W onme §: 1.45(br d, 1H, 1-Hendo, J= 2.5 Hz), 1.9-2.2(m, 2H, 5-H), 2.2-2.4(m, 2H, 4-H), 2.4-
2.7(overlapping, 3H, 1-Hexo and 6-H), 2.7-3.1(overlapping, 3H, la- and 2-H); 13¢ nmr § @ 23.7,
26.0, 30,5, 37.0, 39.9, 41,5, 128.0(2a-C), 179.9(6a-C), 197.8(3-C); ms m/z: 149(Mt),
2-Benzyl-4-cx0-4,5,6, 7-tetrahydroindele (2b): colorless prisms: mp 265-266 °C; ir(KBr) em s
3300(NH), 1625(CO); TH nmr§: 2.1-2.2(m, 2H, 6-H), 2.27(s. 2H, —CHZ—), 2.46{(t, 2H, 5-H, J= 6.2
Hz}, 2.80{t, 2H, 7-H, J= 6.2 Hz), 7.24(br s, 1H, 3-H), 7.4(m, 5H, phenyl), 8.0-8.2(br s, TH, NH);
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13C nmr(CDC13+DMSO—g6)5: 11.2(CH2). 22.9(6-C), 23.8(7-C), 35.0(5-C), 116.9(2-C), 118.8(3-C),
125.5, 125,9, 130.1, 135.2(phenyl), 127.2(3a-C), 143.0(72-C), 193.0(4-C); ms m/z: 225(M),

Found: C, 79.95; H, 6.77: N, 6.30. Caled for CgHyghO: C, 79.97: H, 6.71: N, 6.22.
3-0xo-1-phenyl-1a,2, 3,4, 5,6-hexahydro-1H-azirino[1,2-a] indele (3b): pale yeliow crystals; mp 256—
260 °C{dec); ir(KBr) em™ s 1650(C0); T nmrs: 1.9-2.2{m, 2H, 5-H), 2,3-2.4(m, 2H, 4-H)}, 2.4-
2.7(overlapping, 3H, 1- and 6-H), 2.9-3.2(overlapping, 3H, la- and 2-H), 7.2-7.4{m, 5H, phenyl);
13C nmr §: 22.7(1-C), 26.2{1a-C), 30.9(5-C), 37.0(2-C), 50.1(6-C), 53.7(4-C), 126.2, 127.7, 128.5,
137.9(phenyl}, 127.8(2a-C), 178,5(6a-C), 197.4(3-C); ms m/z: 225(M%).

1-(exo-Methy1)-3-oxo-1a,2, 3,4,5,6-hexahydro-1H-azirino[1,2-a]indole (3c-exo): colorless prisms; mp
77 9C; ir(KBr) cm™': 1650(C0): 'H nmr&: 1.32(d, 3H, CHy, J= 5.9 Hz), T.6-1.8(m, TH, 1-H), 1.9-
2,1(m, 24, 5-H), 2.3-2.4(m, 2H, 4-H), 2.5-2.8(everlapping, 4H, ta-, 2-H, and 6-H), 2.93(dd, 1H, 2-
H, 3= 14.3, 1.8 Hz); 13C nmr §: 18.0(CH3), 22.6(1-C), 26.2(1a-C), 29.7(5-C), 36.9(2-C), 48.0(6-C),
49,0{4-C), 128.1{2a-C), 178.9{6a-C), 197.6(3-C); ms m/z: 163(M1), Found: C, 73.70: H, 8.22; N,
8.48.  Calcd for CqgHygNO: C, 73.59; H, 8.03; N, 8.58.

The formation of 3e—endo was confirmed by the T and 13¢ nmr spectra of reaction mixture; TH nr
§: 1.08(d, CH3, J= 6.2 Hz); '3C nmr 6 : 26.4(CHj).

2-1sopropyl-4-oxo0-4,5,6, 7-tetrahydroindole (2d): yellow prisms; mp 173-174 °C; ir(KBr) em ¥
3200(NH}), 1600(C0); TH nmr &: 1.20(d, 6&H, CH3. J= 8 Hz), 2.1-2.3(m, 2H, &-H), 2.50{(br t, 2H, 5-H,
J= 7.2 Hz), 2.6-2.%(overlapping, 3H, -CH and 7-H}, 6.25(br s, TH, =CH-), 8.9-9.4(br s, TH, NH); ms
m/z: 177(M%), Found: C, 74.71; H, 8.70; N, 7.92. Calcd for CHH]SNO: C, 74.54; H, 8.53; N,
7.90.

1,1-Dimethyl-3-oxo0-Ta,2,3,4,5.6-hexahydro-1H-azirino[1,2-a]irdole (3d): colarless oil; ir(NaCl)
em1: 1650(C0), 'H nmr §: 1.09, 1.38(2s, 3H each, CH3), 1.9-2.1(m, 2H, 5-H), 2.1-2.7(overlapping,
4H, 4-H and 6-H), 2.7-2.9(overlapping, 3H, 1a- and 2-H); P3¢ nor 6 12.4(CH4), 22.4{1-C). 26.9(1a-
C) 27.4(CH3). 27.5(5-C), 36.9(2-C}, 4B8.8(6-C), 53.4{4~C), 131.3(2a-C), 174,4(6a-C), 196.7(3-C);
ms m/z: 177(M%),

4-0x0-1,2,3,4,5,6,7,8-0ctahydrocarbazole (2e): colorless prisms; mp 226-227 °C; ir(KBr) e 1
3240(NH), 1615(C0}; 4 amr §: 1.7-1.8(overlapping, 4H, 6- and 7-H), 2.0-2.2(m, 2H, 2-H), 2,43(t,
2H, 3-H, J= 6.5 Hz), 2.52(t, 2H, 5-H, J= 5.8 Hz), 2.7-2.8{overlapping, 4H, 1- and 8-H)}, 9.1-
9.4(br s, 1H, NH); 13¢ nmr §:22.4, 22.6, 22.9, 23.0, 23.2, 24.2(1-, 2-, 5-, 6-, 7-, and 8-C),
38.5(3-C), 116.0(4b~C), 117.9(8a-C), 127.9{4a~C), 143.1(9a-C), 195.4(4-C); ms m/z: 189(MT),
Found: €, 74.71; H, 8.70: N, 7.92.  Calcd for CqqHygNO: C, 74.54; K, 8.53; N, 2.90.
3-Methy1-5-0x0-5,6,7,8-tetrahydroquinaline (5): colorless prisms; mp 42-43 °C; ir(NaC1) em™ s
1690(C0); TH nmr 6: 2.1-2.2(m, 2H, 7-H), 2.37(s, 3H, CH3). 2.68(t, 2H, 6-H, J= 6.2 Hz), 3.12(t,
2H, 8-H, J= 6.5 Hz), 8.08(d, 1H, 2-H, J= 2.2 Hz), 8.51(d, 1H, 4-H, J= 2.2 Hz); '3C nmr&:
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18.0(CH3). 22,0(8-C), 32,1(7-C), 38.6(6-C), 127.5(4a-C), 131.8(3-C), 135.0(4-C), 154.1(2-C}),
160.8(8a-C), 198.4(5-C); ms m/z: 161{M*). Found: C, 74.35; H, 7.08; N, 8.68, Cated for
CqigHqNO: G, 74.57; H, 6.88; N, 8.69,

The products 3a, 3b, and 3d did not gave satisfactory analytical data owing to the instability.
Photolysis of 2-allyl-3-azido—-2-cyclohexen-1-one (l1a)  The deoxygenated benzene solution (10 ml)
of 1a (1.1 mmol) in Pyrex sealed tube was irradiated by high pressure mercury lamp {100 W) at room
temperature for 48 h,  The benzene was evaporated te dryness, which was subjected to silica gel

column chromatography to give 2a, 3a, and 1la.
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