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Within the scope of our rescarch aimed at utilization of 1,3-dipolar cycloaddition
reactions to heterocycles as well as to pesticide programme we report the 1,3-dipolar
cycloaddition of nitrile oxides /I, III and nitrones V to bis-maleimide derivative 1.
Although I is a commercial product and some aspects of its chemistry have been
investigated, its potential as a reactive dipolarophile has so far been neglected.

EXPERIMENTAL

The melting points are uncorrected, the *H and '3C NMR spectra of deuteriochloroform solutions contai-
ning tetramethylsilane as an internal reference were measured on a Varian VXR 300 spectrometer.

Chiorides of benzenehydroximic acids were prepared by chlorination' of the corresponding benzaldo-
ximes in chloroform, chlorides of methoxybenzenehydroximic acid were obtained by treatment of the
oximes with nitrosyl chloride?, 2,4,6-trimethylbenzonitrile oxide’ was prepared as described and J was
purchased as commercial product. C-Aryl-N-phenylnitrones were prepared from the respective benzalde-
hyde and phenylhydroxylamine according to ref.* and C-2,4-dichlorobenzoyl-N-phenylnitrone was prepared
by the established procedure® .

5,5'-(Methylenedi-4,1-phenylene)bis-3-aryl-4,6-dioxo-3a,4,6,6a-tetrahydropyrrolo[3,4-d)isoxazoles
Va - 1Vs

A solution of dry triethylamine (12 mmol) in ether (20 ml) was added dropwise at ~5 to 0 °C to a stirred,
cooled solution of the corresponding benzenehydroximic acid chloride (10 mmol) and / (1.8 g, 5 mmol) in
dry ether (30 ml) over 0.5 h. Each mixture was stirred overnight at room temperature, filtered from triethy-
lammonium chloride, and concentrated in vacuo. Column chromatography (chloroform) of each residue on
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In formulae V-VII

a X =H b, X = 4-OCHj ¢, X = 3-NO,
d, X = 4-CHy e, Ar = 2,4-Cl,CgHsCO f, Ar = 2-furyl
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TABLE 1

Characteristic data for compounds /V

Calculated/Found

Com- Formula M.p., °C
pound (M. w.) (Yield, %) % C % H % N
1Va C3sH22CI2N40s 140 63.17 3.30 8.42
(665.3) (88) 63.59 3.06 8.74
1Vb C3sH22C12N406 143 63.17 330 8.42
(665.3) (90) 63.51 3.40 8.36
Ve C3sH22NeO10 145 61.20 3.20 12.20
(686.2) (90) 61.15 3.68 12.63
Ivd C3sH22NeO10 175 61.20 3.20 12.20
(686.2) 95) 60.98 2.89 12.61
IVe C39H32N4010 180 65.30 4.46 7.82
(716.6) (90) 65.69 4.05 8.17
ivf C3sH2:BraN4Os 175 55.70 2.90 7.42
(754.3) (88) 55.40 3.05 6.97
Vg C3sH22NeO10 228 61.20 3.20 12.20
(686.2) (85) 61.24 3.33 12.60
IVh C37H28N4Os 160 71.10 4.48 8.97
(624.6) (95) 71.02 4.55 8.52
1Vi C3sH2Cl14N4Os 135 57.20 2.69 7.62
(734.3) (90) 57.10 2.40 8.03
1vj C41H36N4Os 195 72.35 5.29 8.23
(680.7) (80) 72.08 5.58 7.94
1Vk CasH2aN406 170 70.46 4.00 9.39
(596.5) 95) 70.50 4.30 9.49
il C35H22F2N40s 170 66.45 3.48 8.86
(632.5) (90) 66.41 3.75 8.35
IVm C35H22BraN4Os 130 55.70 2.90 7.42
(754.3) (95) 55.53 2.61 7.65
IVn C3sH22BraN4Os 210 66.45 3.48 8.86
(632.5) (90) 66.65 337 8.91
Vo C35H20C14N406 190 57.20 2.69 7.62
(734.3) (88) 5727 3.00 7.47
1Vp C33H22N6Os 150 66.22 3.67 14.04
(598.5) (88) 66.61 3.58 14.37
1vr C33H22NeO0s 160 66.22 3.67 14.04
(598.5) (85) 66.06 4.06 13.70
1Vs C33H22N6O0s 155 66.22 3.67 14.04
(598.5) (93) 66.55 3.85 14.18
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silica gel gave IV. The cycloaddition of 2,4,6-trimethyibenzonitrile oxide involved heating a mixture of the
nitrile oxide (10 mmol) and 7 (1.8 g, 5 mmol) in dry benzene (40 ml) at 80 °C for 4 h. The mixture was
then cooled and worked-up as described above. Characteristic data for compounds /V are listed in Tables I - IIL.

5,5'(Methylenedi-4,1-phenylene)bis-2-phenyi-3-aryi-4,6-dioxo-2,3,3a,4,6,6a-hexahydropyrrolo-
[3.4-d}isoxazoles VI ~ IX

C-Aryl-N-phenylnitrones V (10 mmol) and 7 (1.8 g, S mmol) in dry toluene (50 ml), were heated under reflux
for 2 — 4 h. The reaction mixture was then cooled and the solvent was evaporated under reduced pressure,
the residue was purified on silica gel (chloroform) to give VI — IX. The cycloaddition of C-(2,4-dichio-
robenzoyl)-N-phenylnitrone involved a stirring at room temperature for 24 h. Characteristic data for
compounds VI — IX are presented in Tables IV - VIIL

TABLE 1]
'H NMR data for compounds /V

Com- 8, ppm; J, Hz
pound H-6a" 34, 6a H-3a" CH,’ Haron® CH,’
1Va 5.65 9.6 4.93 3.99 7.15-7.96 -
IVb 5.64 9.9 5.27 397 7.13 - 7.49 -
Ve 5.82 9.9 5.53 4.00 7.19 - 8.73 -
vd 582 9.6 547 4.00 7.18 - 8.35 -
Ve 5.7 9.6 5.31 4.00 7.06 - 7.34 3.70, 3.79
Ivf 573 9.6 537 4.06 7.16 - 7.87 -
Vg 5.80 9.6 5.50 4.00 7.18 -8.73 -
1Vh 5.69 9.6 532 3.98 7.14 - 7.81 2.32
i 5.80 9.3 5.30 3.98 7.17 - 17.76 -
1vj 579 9.3 4.93 4.01 6.92 - 7.39 2.10, 2.21
1Vk 572 9.6 5.36 3.99 7.15-7.93 -
Ny 573 9.6 5.38 4.01 7.15 -8.02 -
Vm 5.78 9.6 533 3.98 7.18 - 7.67 -
1Vn 575 93 5.26 3.96 7.15-7.83 -
o 5.70 9.6 4.88 3.99 7.17 - 7.40 -
Vp 5.81 9.6 5.41 4.01 7.18 -8.72 -
1vr 5.78 9.9 5.47 4.01 7.20-9.11 -
1Vs 5.74 9.6 5.37 401 7.17-8.73 -
% Doublet; ® singlet; © multiplet. .
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TABLE 11

3C NMR data for compounds [V

5, ppm
Com- b R
pound c.3° C-3a C-4° C-6° C-6a CHy CH,*
(Carom)

Va 151.98 54.19 169.82 170.77 80.63 45.83 -
(137.40, 129.81, 129.70, 129.32, 129.16, 129.01, 126.23, 125.22)

Vb 152.74 56.26 169.30 171.06 80.08 41.00 -
(141.37, 139.16, 131.90, 131.30, 131.22, 130.62, 129.81, 126.11)

ve 152.48 55.08 171.05 171.96 82.01 45.59 -
(147.96, 141.84, 134.00, 130.60, 129.43, 128.97, 127.14)

vd 152.68 54.90 170.90 171.80 82.20 45.46 -
(148.52, 141.73, 133.36, 129.65, 129.38, 129.21, 127.08, 123.91)

Ve 152.99 55.67 170.64 172.58 80.58 45.54  56.49, 56.82
(152.78, 151.85, 141.72, 129.70, 129.45, 129.30, 127.06, 127.01)

vf 152.99 55.17 171.06 172.06 81.61 45.83 -
(141.78, 131.91, 129.94, 129.69, 129.45, 127.10, 126.47, 124.55)

1vg 152.47 55.05 171.03 171.95 81.97 45.60 -
(147.95, 141.83, 133.99, 136.61, 129.65, 129.41, 128.93, 127.13, 125.44)

1Vh 150.47 55.09 171.12 172.23 81.20 4581 2112
(141.46, 141.04, 129.70, 129.64, 129.47, 127.95, 127.07, 124.31)

i 152.25 57.79 170.66 172.55 81.18 46.02 -
(142.22, 136.40, 133.66, 133.13, 130.20, 129.81, 128.24, 127.24, 125.46)

vj 154.15 58.80 170.69 173.12 80.46 40.49  19.64,21.00

(142.24, 139.63, 136.94, 130.01, 129.77, 128.86, 128.71, 127.06, 123.46)
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TasLE 111
(Continued)
8, ppm
Com- a b a a b ¢ d
C-3 C-3a C-4 C-6 C-6a CH, CH;
pound
(Carom)
1Vk 153.87 55.59 171.35 172.43 81.64 45.93 -
(142.04, 131.29, 129.96, 129.73, 129.13, 128.25, 127.40, 127.35)
wi 152.60 55.26 170.99 172.00 81.37 45.30 -
(141.82, 141.60, 134.63, 130.41, 130.29, 129.62, 126.98, 126.87)
1Vm 153.70 56.95 169.51 171.42 80.43 45.87 -
(133.67, 131.88, 131.37, 129.69, 129.24, 128.00, 127.75, 126.28, 122.27)
1Vn 150.22 55.98 169.78 171.27 80.43 45.90 -
(141.39, 132.95, 132.83, 130.32, 130.30, 129.69, 126.34, 124.67, 124.62)
Vo 149.96 56.66 168.87 171.63 79.90 45.64 -
(141.28, 132.03, 129.76, 129.69, 128.95, 128.23, 125.98, 125.18)
1Vp 154.64 55.15 170.24 171.66 81.77 45.00 -
(149.66, 146.72, 141.53, 137.12, 129.71, 129.29, 126.98, 125.27, 123.06)
Ivr 151.73 55.01 170.90 171.90 81.40 45.33 -
(151.36, 148.55, 141.61, 135.09, 129.61, 129.30, 129.14, 127.01, 123.77)
IVs 152.50 54.68 170.74 171.69 82.00 45.35 -

(150.21, 141.66, 134.47, 129.57, 129.29, 127.01, 121.72)

? Single(; b doublet; © triplet; d quartet.
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TABLE IV
Characteristic data for compounds VI - 1X

Calculated/Found

Com- Formula M. p., °C
LW Yield, %
pound (m. w.) (Yield, %) % C % H % N
Via C47H36N4Os¢ 138 - 140 74.99 4.82 7.44
(752.7) (70) 75.30 5.06 7.39
Vib C49HaoN4Os 140 - 142 72.40 4.96 6.89
(812.8) (76) 72.36 470 6.77
Vic Ca7H34N6O10 135 66.98 4.06 9.97
(842.7) (70) 67.24 4.10 9.69
Vid Ca9HaoN4Os 175 75.37 5.16 717
(780.8) (72) 75.58 5.45 6.82
Vie CaoH32C1aN4Os 160 - 162 62.16 3.40 591
(946.6) (84) 62.46 3.60 6.04
Vif Ca3H32N4Os 130 - 140 70.48 4.40 7.64
(732.7) (60) 70.51 470 7.37
Vila Ca7H36N40Os 135 74.99 4.82 7.44
(752.7) (25) 74.80 413 7.50
Viib Ca9HaoN4Og 150 72.40 4.96 6.89
(812.8) (20) 72.44 4.80 6.95
Vilc Ca7H34NeO10 145 66.98 4.06 9.97
(842.7) (28) 66.64 4.20 9.69
viid Ca9H40N4Os 138 - 140 75.37 5.16 7.17
(780.8) (26) 75.50 533 6.88
vif Ca3H32N408 168 - 170 70.48 4.40 7.64
(732.7) (30) 7033 4.55 734
viii Cs3HasNaOs 113 - 115 76.05 578 6.69
(836.9) (60) 76.28 5.50 6.74
X Cs3H4sN4Os 135 76.05 578 6.69
(836.9) (31 76.33 534 6.50
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TABLE V
'H NMR data for compounds VI, VIII

S, ppm; J, Hz
Com- PP
pound H3°  He6a® J5 &  H3a®  CH Haon® CH*
Via 574 5.07 72 3.99 3.89 6.50 - 7.57 -
Vib 5.68 5.06 72 3.94 3.89 6.52 - 7.46 3.80
Vic 5.85 5.11 75 4.03 3.90 6.48 - 8.45 -
Vid 57 5.08 78 3.98 3.90 6.52 -7.45 2.36
Vie 6.10 5.04 75 4.77 3.85 6.28 - 7.45 -
vif 5.68 5.18 7.2 4.17 391 6.32 - 7.39 -
Vi 527 517 7.2 4.03° 4.00 6.91 -7.25 2.30, 2.48
“Singlet; ® doublet; © multiplet; ¢ doublet; © doublet of doublets with J3 3, = 5.7 Hz.
TABLE VI
3¢ NMR data for compounds VI, VIII
8, ppm
Com- c.3b C3a C-4° C-6° C6a® CHy* CH,!
pound
(Carom)
Via 69.92 57.29 174.19 172.70 77.25 41.03 -
(148.84, 141.15, 138.62, 129.73, 129.61, 129.41, 129.09, 126.51, 126.24, 122.98, 114.31)
Vib 69.52 57.22 174.25 172.77 77.23 40.99 5532
(159.33, 148.73, 141.11, 129.58, 129.33, 128.81, 127.79, 126.30, 126.21, 114.42, 114.29,
114.20)
Vic 68.97 57.03 173.53 172.20 77.23 41.03 -
(148.61, 148.16, 141.29, 140.55, 132.77, 130.09, 129.65, 129.60, 129.92, 126.17, 123.53,
121.81, 114.29)
Vid 69.76 57.29 174.22 172.73 77.22 41.03 21.10
(148.85, 141.12, 137.94, 135.62, 129.58, 129.37, 129.09, 126.42, 126.22, 122.90, 114.33)
viIef 72.01 58.24 17447 172.80 78.39 39.45 -
(147.68, 141.16, 138.09, 134.70, 131.65, 130.10, 129.69, 129.54, 129.32, 127.64, 126.10,
123.90, 111.23)
vif 64.25 53.60 173.82 172.75 77.04 41.03 -
(150.28, 147.61, 142.83, 129.64, 129.24, 129.13, 126.25, 123.40, 115.14, 110.68, 108.42)
Vil 69.91 56.79 174.38 170.78 76.83 41.07 20.82,21.2

(149.12, 141.20, 138,02, 137.04, 130.88, 130.18, 129.75, 129.32, 128.81, 126.30, 126.15,

123.77, 116.47)

° Singlet; ® doublet; ¢ triplet; dquar(et; € (s, C=0).
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TasLE VII
'H NMR data for compounds ViI, IX

8, ppm; J, Hz
Parameter
Vila Viib Vilc Viid vilf 124
H-3,s 5.74 5.67 5.85 5.72 5.67 5.25°
H-6a, d 5.04 5.04 5.10 5.07 5.15 5.17
34 6a 7.5 7.5 7.5 7.5 7.5 7.2
H-3a, d 3.97 3.94 4.01 3.97 4.14 4.04°
CH,, s 3.91 391 3.92 392 3.94 3.99
H-3'.d 522 5.17 5.27 523 5.21 511
J3a 6'a 9.3 9.0 9.0 9.0 9.0 8.7
H-3a’, dd 4.12 3.90 4.12 4.00 3.96 4.01
H,rom 6.50 -7.56 6.54-745 647-845 651-743 635-742 6.92-727
CHa, s - 3.79, 3.76 - 2.35,2.32 - 2.49, 2.30
“ Doublet with J; 3, = 6.0 Hz; b doublet of doublets.
TasLE VIII
13C NMR data for compounds VI, IX
o, ppm
Parameter
Vila® vis® Viic® viid® viIfe x!
c-3,d 69.91 69.51 68.95 69.75 64.23 69.91
C-3a,d 57.26 57.18 57.00 57.29 53.62 56.78
C-4,s 174.21 174.29 173.50 174.22 173.86 174.45
C-6, s 172.72 172.81 172.18 172.74 172.80 171.57
C-6a, d 77.29 77.28 77.24 7723 77.08 76.86
Cc-3,d 71.42 71.12 70.57 71.37 66.67 68.97
C-3a, d 54.60 54.52 54.33 54.63 52.68 51.52
C-4',s 173.52 173.81 173.25 173.69 173.36 174.28
C-6,s 171.43 171.65 171.34 171.55 171.59 170.85
C-6'a, d 77.08 77.12 77.04 77.03 77.08 77.06
CH,, t 41.02 41.00 41.04 41.04 41.06 41.06
CHj, q - 55.33 - 21.27 - 21.828
55.23 21.10 21.24

9148.87, 147.39, 141.25, 141.15, 140.88, 138.53, 134.53, 129.74, 129.58, 129.41, 128.95, 128.14, 127.52,
» 126.52, 126.24, 126.03, 124, 77, 122.99, 118.76, 114.30 (C-arom).

®159.78. 159.33, 148.76, 147.35, 141, 25, 140.86, 136.65. 129.75,129.56, 129.35, 129.14, 128.75, 128.70,
127.83, 126.24, 126.19, 124,79, 122.92, 119.07, 114.43, 114.39, 114.22 (C- arom)
€148.61, 148.46, 148.16, 146.05, 141. 36 141.23, 140.69, 136.68, 133.62, 132.79, 130.12, 129.92, 129.62,

,129.03, 126. 17, 126.08. 123. 55, 123.25, 122.66, 121.81, 119.95, 114.27 (C-aro

4148.86, 147.32, 141.25. 140.85, 138.70, 137.93,
122,92, 119.00, 114.33 (C-arom).

€ 150.34, 150.32, 147.65, 147.00, 146.77, 143.42,
129.15, 128.81, 126.40, 126.82, 123.41, 118.75,
/149.13, 147.29, 141.30, 140.78, 138.02, 137.64,
130.21, 129.86, 129.80, 129.73, 129.66, 128.74,

£21.35 and 20.84.
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m).
131.30, 129.75, 129.58, 129.37, 128.74, 126.42, 124.77,

142.82, 141.32, 140.99, 129.79, 129.65, 129.59, 129.26,
115.13, 110.91, 110.80, 110.69, 108.41 (C-arom).
137.00, 136.89, 135.56, 134.14, 131.86, 130.89, 130.89,
126.75, 125.83, 124.84, 119.08, 116.48 (C-arom).
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