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Within the scope of our research aiiiied a t  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 11, III and nitrones V to bis-maleiitiide derivative I. 
Although I is a coiiiiiicrcial product a n d  sotlie aspects of its cheiiiistry have been 
investigated, its potcntial as a reactive dipolarophile has so far been neglected. 

EXI'ERIM ENTAL 

The melting points are uncorrected, the '14 and 13C NMR spectra of deuteriochloroform solutions contai- 
ning tetramethylsilane as an internal reference were measured on a Varian VXR 300 spectrometer. 

Chlorides 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 oxide3 was prepared as described and I was 
purchased a s  commercial product. C-Aryl-N-phenylnitrones were prepared from the respective benzalde- 
hyde and phenyl hydroxylamine according to ref.4 and C-2,4-dichlorobenzoyI-N-phenylnitrone was prepared 
by the established procedure5 . 

5,5'-( Met hylcnedi-4.1-phenylene)bis-3-aryl-4,6-dioxo-3a,4,6,6a-tetra hydropyrrolo[3,4-d]isoxazoles 
IVa - IVs 

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 I (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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1.3-Dipolar Cycloaddition on Heterocycles 1983 
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In formulae II, IV  

0 ,  x - 4-CI 
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e. X = 2,5-diOCH, 

g, X = 3-NO, 

1, X = 2,4-diCI 

k, X = H  

m. X - 2-Br 

0 ,  X = 2,6-diCI 

r, Ar = 3-pyridyl 

b. X = 2-CI 

d. X = 4-NO2 

f, X = 4-Br 

h, X = 4-CH3 

J, X = 2,4,6-tri-CH3 

1, X = 4-F 

n. X = 2-F 

p. Ar = 2-pyridyl 

a. Ar = 4-pyridyl 
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1984 A-Tirnari, Figera, Pronayovi: 

V V I  

V I I  

In formulae V-VII Ar = 
X 

a , X = H  b, X = 4-OCHs C, X = 3-N02 

d ,  X - 4-CH3 8 ,  Ar = 2,4-CI,C,H3C0 J', Ar = 2-fury1 

vxxx 

IX H,C 

In formulae VIII. I X  Ar = @CH, 

H,C 
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1.3-Dipolar Cycloaddition on I leterocycles 1985 

TABLE I 
Characteristic data for compounds IV 

Calcula ted/Found 

% C  % H  % N  

Com- Formula M. p., 'C 
pound (M. w.) (Yield, %) 

I Va 

I v b  

I vc 

I Vd 

I Vr 

I Vf 

IVg 

I Vh 

I v i  

Ivj 

I v k  

I VI 

I Vm 

I VII 

I vo 

IVP 

I Vr 

I vs 

63.17 
63.59 
63.17 
63.51 
61.20 
61.15 
61.20 
60.98 
65.30 
65.69 
55.70 
55.40 
61.20 
61.24 
71.10 
71.02 
57.20 
57.10 
72.35 
72.08 
70.46 
70.50 
66.45 
66.41 
55.70 
55.53 
66.45 
66.65 
57.20 
57.27 
66.22 
66.61 
66.22 
66.06 
66.22 
66.55 

3.30 
3.06 
3.30 
3.40 
3.20 
3.68 
3.20 
2.89 
4.46 
4.05 
2.90 
3.05 
3.20 
3.33 
4.48 
4.55 
2.69 
2.40 
5.29 
5.58 
4.00 
4.30 
3.48 
3.75 
2.90 
2.61 
3.48 
3.37 
2.69 
3.00 
3.67 
3.58 
3.67 
4.06 
3.67 
3.85 

8.42 
8.74 
8.42 
8.36 
12.20 
12.63 
12.20 
12.61 
7.82 
8.17 
7.42 
6.97 
12.20 
12.60 
8.97 
8.52 
7.62 
8.03 
8.23 
7.94 
9.39 
9.49 
8.86 
8.35 
7.42 
7.65 
8.86 
8.91 
7.62 
7.47 
14.04 
14.37 
14.04 
13.70 
14.04 
14.18 
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silica gel gave IV. The cycloaddition of 2,4,6-trimethylhenzonitrile oxide involved heating a mixture of the 
nitrile oxide (10 mmol) and I(1.8 g, 5 mmol) i n  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 IV are listed in Tables I - 111. 

5,5'-(Methylenedi-4,1 -phenylene)bis-2-phenyl-3-ary1-4,6-dioxo-2,3,3a,4,6,6a-hexahydropyrrolo- 
[3,4-d]isoxazoles M - IX 

C-Aryl-N-phenylnitrones V(10 mmol) and I(l.8 g, 5 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-(2,4dichlo- 
robenzoy1)-N-phenylnitrone involved a stirring at room temperature for 24 h. Characteristic data for 
compounds VI - IX are presented in Tables IV - VIII. 

TABLe 11 
'H NMR data for compounds IV 

Com- 
6, ppm: J, klz 

C H t  
pound 

H-6a" J3& 6. H-3aa CH? ~ . m m C  

IVa 5.65 9.6 4.93 3.99 7.15 - 7.% - 
I V b  5.64 9.9 5.27 3.97 7.13 - 7.49 - 
IVC 5.82 9.9 5.53 4.00 7.19 - 8.73 - 
IVd 5.82 9.6 5.47 4.00 7.18 - 8.35 - 
IVe 5.71 9.6 5.31 4.00 7.06 - 7.34 3.10, 3.79 

5.73 9.6 5.37 4.06 7.16 - 7.87 - IVf 
- w9 5.80 9.6 5.50 4.00 1.18 - 8.73 

I v h  5.69 9.6 5.32 3.98 1.14 - 7.81 2.32 
Ivi 5.80 9.3 5.30 3.98 1.17 - 7.76 - 
IV 5.19 9.3 4.93 4.01 6.92 - 7.39 2.10, 2.21 
IVk 5.12 9.6 5.36 3.99 I. 15 - 7.93 - 
IVI 5.73 9.6 5.38 4.01 1.15 - 8.02 
IVm 5.78 9.6 5.33 3.98 1.18 - 7.67 - 
IVn 5.75 9.3 5.26 3.96 1.15 - 7.83 - 
IVO 5.70 9.6 4.88 3.99 7.17 - 7.40 - 
W P  5.81 9.6 5.41 4.0 1 1.18 - 8.12 - 
IVr 5.78 9.9 5.41 4.01 1.20 - 9.11 - 
IVS 5.14 9.6 5.37 4.01 7.17 - 8.73 - 

- 

a Douhlet; *singlet; ' multiplet. 
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TABLE 111 
13C NMR data for compounds IV 

6, PPm 

Corn- 
pound c-3' C-3ab c-4' C-6' C4ab CH; CH; 

~~ , r c l l J  

IVa 

I Vb 

I V C  

I Vd 

IVC 

Wf 

IVg 

IVh 

IVi 

IVj 

151.98 54.79 169.82 170.77 80.63 
(137.40, 129.81, 129.70, 129.32, 129.16, 129.01, 126.23, 125.22) 

152.74 56.26 169.30 171.06 80.08 

(141.37, 139.16, 131.90, 131.30, 131.22, 130.62, 129.81, 126.11) 

152.48 55.08 171.05 171.96 82.01 

(147.96, 141.84, 134.00, 130.60, 129.43, 128.97, 127.14) 

152.68 54.90 170.90 171.80 82.20 

(148.52, 141.73, 133.36, 129.65, 129.38, 129.21, 127.08, 123.91) 

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

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

152.47 55.05 171.03 171.95 81.97 

45.83 

41.00 

45.59 

45.46 

45.54 

45.83 

45.60 

(147.95. 141.83, 133.99, 136.61, 129.65, 129.41, 128.93, 127.13, 125.44) 

150.47 55.09 171.12 172.23 81.20 45.81 
(141.46, 141.04, 129.70, 129.64, 129.47, 127.95, 127.07. 124.31) 

152.25 57.79 170.66 172.55 81.18 46.02 

(142.22, 136.40, 133.66, 133.13, 130.3, 129.81, 128.24, 127.24, 125.46) 

154.15 58.80 170.69 173.12 80.46 40.49 
(142.24, 139.63, 136.94. 130.01, 129.77, 128.86, 128.71, 127.06. 123.46) 

- 

- 

- 

- 

56.49, 56.82 

- 

- 

21.12 

- 

19.64, 21.00 
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TABLE 111 
(Cotititiurd) 

Com- 
pound c-3" c-3ab c-4" C-6" C-6ab CH; CH: 

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) 

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) 

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) 

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) 

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) 

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) 

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) 

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) 

a Singlet; doublet; triplet; quartet. 
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1.3-Diwlar Cvcloaddition on tleterocvcles 1989 

TABLE IV 
Characteristic data for compounds VI - 1X 

CalculatedFound 
Com- Formula M. p., 'C 

(Yield, %) pound (m. w.) 96 H % N  % C  

Vla 

Vlb 

Vlc 

Vld 

VlC 

VIf 

VIla 

VIlb 

VIIC 

Vlld 

Vll f 

VIll 

IX 

74.99 
75.30 

72.40 
72.36 

66.98 
67.24 

75.37 
75.58 

62.16 
62.46 

70.48 
70.51 

74.99 
74.80 

72.40 
72.44 

66.98 
66.64 

75.37 
75.50 

70.48 
70.33 

76.05 
76.28 

76.05 
76.33 

4.82 
5.06 

4.96 
4.70 

4.06 
4.10 

5.16 
5.45 

3.40 
3.60 

4.40 
4.70 

4.82 
4.73 

4.96 
4.80 

4.06 
4.20 

5.16 
5.33 

4.40 
4.55 

5.78 
5.50 

5.78 
5.34 

7.44 
7.39 

6.89 
6.77 

9.97 
9.69 

7.17 
6.82 

5.91 
6.04 

7.64 
7.37 

7.44 
7.50 

6.89 
6.95 

9.97 
9.69 

7.17 
6.88 

7.64 
7.34 

6.69 
6.74 

6.69 
6.50 
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TABLE v 
'H NMR data for compounds M, VlII 

6, ppm; J ,  Hz 
Com- 

pound H-3' H-6ab J38, 6. H-3ab CHI' H8,0111' CH3' 

Ma 5.74 5.07 7.2 3.99 3.89 6.50 - 7.57 - 
Mb 5.68 5.06 7.2 3.94 3.89 6.52 - 7.46 3.80 
MC 5.85 5.11 7.5 4.03 3.90 6.48 - 8.45 - 
Md 5.71 5.08 7.8 3.98 3.90 6.52 - 7.45 2.36 

6.10 5.04 7.5 4.17 3.85 6.28 - 7.45 - MC 
5.68 5.18 7.2 4.17 3.91 6.32 - 7.39 - 

MI1 5.27d 5.17 7.2 4.03e 4.00 6.91 - 7.25 2.30, 2.48 
Mf 

'Singlet; doublet; multiplet; doublet: doublet of douhlcts with J 3 . ~ ,  = 5.7 Hz. 

TABLE VI 
I3C NMR data for compounds M, Vlll 

6 PPm 

Com- C-3b c-3ab c-4' C-6" Cdab CHzC CH3d 
pound 

('UCd 

Vla 69.92 57.29 174.19 172.70 77.25 41.03 - 

Vlb 69.52 57.22 174.25 172.77 77.23 40.99 55.32 

(148.84, 141.15, 138.62, 129.73, 129.61. 129.41, 129.09, 126.51, 126.24, 122.98, 114.31) 

(159.33, 148.73, 141.11, 129.58, 129.33, 128.81, 127.79, 126.30, 126.21, 114.42, 114.29, 
114.20) 

(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) 

(148.85, 141.12, 137.94, 135.62, 129.58, 129.37. 129.09, 126.41, 126.22, 122.90, 114.33) 

(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) 

(150.28, 147.61, 142.83, 129.64, 129.24, 129.13, 126.25, 123.40. 115.14. 110.68, 108.42) 

(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) 

Vlc 68.97 57.03 173.53 172.20 77.23 41.03 - 

Vld 69.76 57.29 174.22 172.73 77.22 41.03 21.10 

Wer 72.0 I 58.24 174.47 172.80 78.39 39.45 - 

77.04 41.03 - Vlf 64.25 53.60 173.82 172.75 

Vlll 69.91 56.79 174.38 170.78 76.83 41.07 20.82, 21.2 

' Singlet; doublet; triplet; quartet; e(s,  C=O). 
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1.3-Dipolar Cycloaddition on Heterocycles 1991 

TABLE VII 
I t {  NMR data for compounds VII, IX 

6, ppm; J ,  Hz 
Para meter 

VIIa Mlb VIIC M l d  Vllf IX 

H-3, s 
H-6a, d 

K3a, d 
Jh, 6 

CH,, s 
H-3'. d 
J3'a, 6'8 
tl-3a'. dd 

5.74 
5.04 
7.5 
3.97 
3.91 
5.22 
9.3 
4.12 
6.50 
- 

5.67 
5.04 
7.5 
3.94 
3.9 1 
5.17 
9.0 
3.90 

3.79, 3.76 
7.56 6.54 - 7.45 

5.85 
5.10 
7.5 
4.01 
3.92 
5.27 
9.0 
4.12 
6.47 
- 

5.72 
5.07 
7.5 
3.97 
3.92 
5.23 
9.0 
4.00 

2.35, 2.32 
' 8.45 6.51 - 7.43 

5.67 
5.15 
7.5 
4.14 
3.94 
5.21 
9.0 
3.96 
6.35 - 7.42 
- 

5.25" 
5.17 
7.2 
4.04' 
3.99 
5.11 
8.7 
4.01 
6.92 - 7.27 
2.49, 2.30 

Doublet with J 3 ,  3a = 6.0 tk; ' doublet of doublets. 

TABLE VIII 
"C NMR data for compounds VII, IX 

6 ,  PPm 
Parameter 

WIa " Vllbb Vllc' VIld Vllf I X J  

C-3, d 
C-3a. d 
C-4, s 
C-6, s 
C-6a, d 
C-3', d 
C-3'a, d 
C-4', s 
C-6', s 
C-6'a. d 
C H ~ ,  1 
Cl13. q 

69.91 
57.26 

174.21 
172.72 
77.29 
71.42 
54.60 

173.52 
171.43 
77.08 
4 1.02 
- 

69.5 1 
57.18 

174.29 
172.81 
77.28 
71.12 
54.52 

173.81 
171.65 
77.12 
41.00 
55.33 
55.23 

68.95 
57.00 

173.50 
172.18 
77.24 
70.57 
54.33 

173.25 
171.34 
77.04 
41.04 
- 

69.75 
57.29 

174.22 
172.74 
77.23 
71.37 
54.63 

173.69 
171.55 
77.03 
41.04 
21.27 
21.10 

64.23 
53.62 

173.86 
172.80 
77.08 
66.67 
52.68 

173.36 
171.59 
77.08 
41.06 
- 

69.91 
56.78 

174.45 
171.57 
76.86 
68.97 
51.52 

174.28 
170.85 
77.06 
41.06 
21.828 
21.24 

148.87, 147.39, 141.25, 
126.52. 126.24, 126.03, 
159.78, 159.33, 148.76, 
127.83, 126.24, 126.19, 
148.61, 148.46, 148.16, 
129.03, 126.17, 126.08. 
148.86, 147.32, 141.25, 
122.92. 119.00, 114.33 1 
' 150.34, 150.32, 147.65, 

129.15, 128.81, 126.40, ' 149.13, 147.29, 141.30, 
130.21, 129.86, 129.80, 

g21.35 and 20.84. 

141.15. 140.88. 
124.77; 122.99; 
147.35, 141.25, 
124.79, 122.92, 
146.05, 141.36, 
123.55, 123.25, 
140.85, 138.70, 

'Carom)  
I - --  
147.00, 146.77, 
126.82, 123.41, 
140.78, 138.02, 
129.73, 129.66, 

138.53. 
118.76. 
140.86, 
119.07, 
141.23, 
122.66, 
137.93, 

143.42, 
118.75, 
137.64, 
128.74, 

134.53. 129.74. 
114.30 (C-arom 
136.65. 129.75, 
114.43, 114.39, 
140.69, 136.68, 
121.81, 119.95, 
131.30. 129.75, 

142.82, 141.32, 
115.13, 110.91, 

, 137.00. 136.89, 
126.75, 125.83, 

129.58, 129.41, 128.95, 128.14, 127.52, 
I .  
129.56, 129.35, 129.14, 128.75, 128.70, 
114.22 (Carom). 
133.62, 132.79, 130.12, 129.92, 129.62, 
114.27 (Carom). 
129.58, 129.37, 128.74, 126.42, 124.77, 

140.99, 129.79, 129.65, 129.59, 129.26, 
110.80, 110.69, 108.41 (Carom). 
135.56, 134.14, 131.86, 130.89, 130.89, 
124.84, 119.08, 116.48 (Carom). 
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