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Abstract ——————Reactions of N-aryl-2,4,6-cycloheptatrien—1-imines
with p—substitutied benzonitrile oxides afforded 1,2,4—oxadiaza—
spiro[4.6]Jundeca—6,8,10-trienes via [2+4] type cycloadditions. The
study of substituent effects on the reaction rates suggested the
nucleophilic attacks of the imines to the nitrile oxides.

Nitrile oxides are known to be active 1,3—dipoles in 1,3—dipolar cyclmddiﬁon reactions
and have been extensively investigated from viewpoints of their utility for synthesis of
five membered heterocyclic compounds and of the elucidation of the reaction mechanism in
1,3—dipolar cycloaddition reactions.l However we were unaware of any reactions of
nitrile oxides with troponoid compounds, except for the reaction with 2,4,6~cycloheptatri-
en-1-one. 12

2,4,6—Cycloheptatrien—1-imines possess large dipole momenta due to contributions of 6r—
aromatic structures.Z Despite their aromaticities, 2,4,6—cycloheptatrien—-i—imines are fairly
active in cycloaddition reactions and are known to react only as 81'.'.'—ct:n:upon.ent.s.4 Previ-
ously, Gandolfi et al. reported an exceptional case; the reactions of 2,4,6—cycloheptatrien—
l-imines with diphenyl nitrile imine afforded [8+4] type adducts via [2+4] type cyclo-
addition reactions, where the imine acted as 2z —components. But they did not succeed
in the isolation of the [2+4] type eycloadducts.>4

We report here the first example of the isolation of the [2+4] type cycloadducts in the
reactions of N~aryl-2,4,6-cycloheptatrien—1-imines with p—substituted benzonitrile oxides.
A mixture of N-aryl-2,4,6-cycloheptatrien—1-imine (1) and two equimolar amounts of p-
substituted benzonitrile oxide (2) was stirred at room temperature for 30 min to give
[2+4] type adducts, 1,2,4-oxadiazaspiro[4.6]lundeca—6,8,10-trienes, in 77-98 % yields.5® The

results of the reactions were summarized in Table 1.
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Talbe 1. Results of The Reactions of N-Aryl-2,4,6-cycloheptatrien~
1-imines (1) with p-Substituted Benzonitrile Oxides (2)

cycloheptatriene nitrile adducts (3) yields/%
-1-imines (1) oxides (2)
1a 2a 3da 90
1b 2a 3 86
1¢ 2a 3c 92
1id ' 2a Jad 98
1b 2b 3e 1
1b 2¢ 3f 89
1b 2d g 95

The structural elucidation of 3 was accom—

plished on the basis of the spectral data. 0.2

1y and 13c Nmr spectra & g ved the exist— O o

ences of 7,7-disubstituted 2,4,6—cyclo- :m 0.0 HO

heptatriene and two aryl moieties. The “x

chemical shifts of the signals of Cg (ca "':": -0.2-

100 ppm) on oxadiazoline skeltons of 3 = OMe /O Me

well resembled to those of the anologous

compound.’ NOE experiments clarified the -0.4‘, ' Y . —

neighboring configuration of two aryl o4 o2 ?I'; 0.2 0-4
" groups, supporting the structures of 3. Figure 1. Correlation of Relative Rate

The relative rate ratios (ky/ky) of the Ratio with Hammett’s op

reactions of 1b with p—substituted benzo-
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nitrile oxides (2a-d) were measured in a similar way to our previous method.® The ratio
of 1.00 : 0.46 : 0.54 : 1.35 for 2a : 2b : 2¢ : 2d was obtained. There is a good linear
relation between their logarisms (log ky/ky) and Hammett’'s sigma values (op). The
positive p-value (+0.99) suggests the nucleophilic attack of 1 to 2.
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4. Gandolfi et al. reported that the [2+4] type adducts could be isclated in the reactions
of tricarbonyl(N—aryl-2,4,6—cycloheptatriene—1-imines)iron complex with diphenyl nitrile

imine.%2

5. Physical data of 3a—-g are as follows. 3a: mp 118-119°C (from toluene). Hrms: m/z
330.1343. Caled for Cg HigN50Os: m/z 330.1367. Ms m/z (rel intensity): 330 %, 19), 149
(100). 18 Nmr (CDClz) 6 3.71 (s, 3H, Me), 6.04 (m, 2H, H,), 6.42 (m, 4H, Hy and H,),
6.65-6.95 (m, 4H, aryl protons), 7.20-7.60 (m, 5H, phenyl protons). 13¢ Nmr (CDCL;) 6
55.3 (OMe), 99.6 (Cg), 114.0 (C,g), 125.8 (C;5), 127.3 (Cg, Cyy, and C;,), 128.2 (C; and
Cig)s 128.4 (Cy;g or Cy,), 129.0 (C;y or Cyg), 129.7 (Cg and Cg), 130.1 (Cyg), 130.9
(CIS)’ 153.9 (CB)’ 157.8 (CIQ)' 3b: mp 92-94°C (from benzene). Hrms: m/z 314.1410.
Caled for Cy1HigN,O: m/z 314.1417. Ms m/z (rel intensity): 314 (M+, 19), 149 (100). 1y
Nmr (CDClg) § 2.26 (s, 3H, Me), 6.04 (m, 2H, H,), 6.42 (m, 4H, Hy and H), 6.70-7.05 (m,
4H, aryl protons), 7.15-7.65 (m, 5H, phenyl protons). 13C Nmr (CDClg) & 20.9 (Me), 99.6
(Cx), 1258 (Cy,), 128.9 (Cg and Cyq), 127.4 (Cyp), 127.5 (C; and Cyq), 128.3 (C g or
Ciyq)s 128.4 (Cy4 or Cyg), 120.1 (Cyg), 129.4 (Cyg), 129.8 (Cg and Cg), 130.1 (C;5), 135.6
(Cyg)s 153.7 (Cg). 3e: mp 91-92°C (from benzene). Hrms: m/z 334.0893. Caled for
CyoHysN,OCL: m/z 334.0872. Ms m/z (rel intensity): 336 (MY, 5), 153 (100). !H Nmr
(CDCl3) 6 6.02 (m, 2H, Ha)’ 6.45 (m, 4H, Hy, and Hc)’ 6.74-7.22 (m, 4H, aryl protons),
7.25-7.70 (m, 5H, phenyl protons). 13C Nmr (CDClg) 6 100.2 (Cg), 125.4 (Cyp), 127.1 (Cg




24 HETEROCYCLES, Vel. 36, No. 1, 1993

and Cy,), 127.7 (C¢ and C;q), 128.0 (Cy4), 128.1 (Cqq or Cy4), 128.8 (Cy4 or Cyq), 128.8
(Cyg), 129.9 (Cg and Cg), 130.5 (Cyg), 131.3 (Cyg), 136.9 (Cyg), 153.3 (C3). 3d: mp 120-
121°C (from toluene). Hrms: m/z 378.0354. Caled for CooH5NoOBr: m/z 378.03687. Ms m/z
(rel intensity): 380 (M*, 13), 378 (M*, 14), 103 (100). 'H Nmr (CDCly) & 6.06 (d, 2H,
H,), 6.50 (m, 4H, Hy and H,), 6.68-7.70 (m, 9H, aromatic protons). 13C Nmr (CDCI5) 6
100.2 (Cg), 119.1 (Cqg), 125.4 (Cys), 127.1 (Cg and Cyy), 127.7 (C; and Cyq), 128.2 (Cya
or Cp,), 128.2 (Cy7), 128.8 (Cyy or Cyq), 129.9 (Cg and Cg), 130.5 (Cyg), 1318 (Cyp),
137.4 (Cqg), 153.2 (C3). 3e: mp 131~-132°C (from benzene). Hrms: m/z 344.1522. Caled for
CgoHggN50p: m/z 344.1522. Ms m/z (rel intensity): 344 (M+. 12), 328 (100). 4 Nmr
(CDC13) 8 2.20 (s, 3H, Me), 3.70 (s, 3H, OMe), 5.92 (m, 2H, Ha), 6.30 (m, 4H, Hy, and
H,), 6.50-7.50 (m, aromatic protons, BH). 13C Nmr (CDCly) 6 20.9 (Me), 55.2 (OMe), 99.3
(Cy), 113.8 (Cyy), 117.9 (Cqo), 127.0 {Cg and Cy4}, 127.3 (Cy7), 127.6 (C; and Cyg), 129.3
(Cyg), 129.8 (Cg, Cg and Cyg), 130.0 (Cyg), 135.7 (Cyg), 153.5 (Cg), 161.0 (Cy5). 3f: mp
142-143°C (from benzene). Hrms: m/z 328.1583. Caled for CaoHogNaO: m/z 328.1575. Ms
m/z {rel intensity): 328 (M+,4), 117 (100), 78 (100). 1H Nmr (CDCla) 6 2.27 (s, 3H, Me)},
2.32 (s, 3H, Me), 6.04 (m, 2H, H,), 6.42 (m, 4H, Hy, and H)), 6.72-7.44 (m, BH, aromatic
protons). 13C Nmr (CDCl) 6 20.9 (Me), 21.4 (Me), 99.4 (Cy), 122.8 (Cyp), 126.9 (Cq
and Cy4), 127.3 (Cy7), 127.6 (C7 and Cyq), 128.1 (Cyg or Cq4), 128.1 (Cy4 or Cyg), 129.3
(Cyg), 129.7 (Cg and Cg), 135.5 (Cyg or Cyg), 135.7 (Cyjg or Cyg), 140.3 (Cyp), 153.7
{Cq). 3g: mp 90-92°C (from benzene). Hrms: m/z 350.0978. Caled for Cg H{;NoOCL m/z
350.0998. Ms m/z (rel intensity) : 348 (M%, 2), 133 (100). 14 Nor (CpCly) & 2.20 (s, 3H,
Me), 5.90 (m, 2H, H ), 6.40 (m, 4H, Hy, and H,), 6.60~7.50 (m, 8H, aromatic protons). 13¢
Nmr (CDClg) & 21.0 (Me), 99.9 (Cg), 124.4 (Cyy or Cy5), 127.1 (Cg and Cyy), 127.3 (Cy ),
127.5 (C7 and Cyq), 128.7 (C;3 or Cy,), 128.5 (Cy4 or Cyg and Cjg), 129.8 (Cg and Cg),
130.0 (Cyg), 135.3 (Cyg), 136.1 (Cy5 Or Cqg), 152.9 (Cg).
8. Upon heating at 60°C for 50 h 3c gave an isomer (4)

whose structure was tentatively specurated to be shown f

in the figure according to the following spectral data: Ms 0-

m/z (rel intensity): 334 (M%, 8), 180 (100). lH Nmr (CDCL,) : Jk
d 2.55 (dd, 2H, Hy and Hb). 5.30-5.55 (m, 2H, H, and Hd), N Ph
8.15 (d, He). 6.87 (d, H_f), 7.10-7.50 (m, SH, aromatic pro— ¢ H] A‘r
tons). The detailed investigation on this reaction is now [

in progress.
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