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New general, regiospecific methods of synthesis of isomeric 3(4)-aryl-4(3)-nitro-1,2,5-oxadiazole 2-oxides are suggested
based on the cyclization of nitro-substituted a-nitrooximes; these methods involve the action of nitrosylating reagents on
B-nitrostyrenes and 2-aryl-2-oximino-1,1-dinitroethanes, respectively.

A limited number of examples of the synthesis of 3(4)-aryl-4(3)-
substituted nitrofuroxans (1,2,5-oxadiazole 2-oxides) 1 and 2 is
known,' and the methods reported are not of a general nature.
The 3-nitro-derivatives 2 in particular are difficult to obtain.
Here we suggest new regiospecific methods for synthesis of 1
and 2. An assumption about the possibility of furoxan ring
closure in Ar- and NO,-substituted a-nitrooximes forms the
basis of these methods. The synthesis of arylalkyl-1,2,5-oxadia-
zole 2-oxides using the dehydration of arylalkyl-substituted
a-nitrooximes has been reported.®® The position of the NO,-
group in the starting a-nitrooxime determined the regiospecifi-
city of this cyclization reaction: the oxygen atom in the NO
moiety in the product always appeared on the same side as the
substituent that was adjacent to the NO,-group in the starting
a-nitrooxime. Stabilization of the oxime fragment (in the
absence of the NO-form) and conversion of the NO,-group into
the aci-nitro form were found to be the important conditions
for the dehydration process. It seemed likely that for a-nitroox-
ime 3 (in this case it has been synthesized) these conditions
could be realized, but that the conversion of the NO,-group
into the aci-nitro form could be hindered.

An addition reaction of N,0O, to the C=C bond of B-nitro-
styrenes 5 was used to obtain 3 and at once 3-aryl-4-nitro-1,2,5-
oxadiazole 2-oxides 1 were obtained. Analogously to refs. 7-10
it might be supposed that the process occurs via the pseudo-
nitrosite 6, a-nitrooxime 3 and its aci-nitro form according to
Scheme 1.t

a-Nitrooximes 4 were obtained by the interaction of hydro-

xamic acid derivatives 7 and dinitromethane sodium salt (cf.
ref. 11) as dipotassium salts 8 (Scheme 2). Compound 4a had
been reported previously as a monopotassium salt.!'}
The possibility of achieving the aci-nitro form of a-nitrooximes
4 and its ability to cyclize to form the furoxan ring were
investigated in two ways using 8e: by adding dry HCl in diethyl
ether to the reaction mixture and by treatment with concen-
trated H,SO, with heating. As expected from the work in ref. 12
the transformation of aci-nitro form obtained from 8e into the
nitro derivative 4e appeared to be more preferable than the
cyclization process leading to the formation of 2e, which was
obtained in low yields in both cases (Scheme 3).t
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Scheme 1 Reagents and conditions: i, NaNO, (10-15 moles), AcOH,
20-25°C, 72 h; 1a 50%, 1b 21%, 1¢ 26%, 1d 22%
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Scheme 2 Reagents and conditions: i, N,N-dimethylformamide (DMF),
~10—0°C, 15 h; 20°C, 3 h; ii, AcOK, MeOH, 10°C, 82-87%
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Scheme 3 Reagents and conditions: i, HCI, diethyl ether, 20°C (2e 4%);
ii, HoSO4, 0°C, 0.5 h, 60-70°C, 0.5 h (2e 14%); iii, AcOK, MeOH, 10°C
(4e, 8¢ 90 and 80%, respectively)

The cyclization of 4 to form 4-aryl-3-nitro-1,2,5-oxadiazole
2-oxides 2 was successfully carried out by the interaction of
nitrosylating reagents and 8. A mixture of le and 2e was
obtained by the interaction of 8¢ and N,O,, and on treatment of
8¢ with NaNO, in AcOH only compound 2e was isolated.
Probably, both anionic centres are nitrosylated on treatment of
8e with N,O,, forming the intermediate 9. The latter is trans-
formed into cyclic compounds 1e and 2e with equal probability
after elimination of nitrogen oxides via intermediate 10. This
result indicates that the process may be free radical in character
(Scheme 4).1

The regiospecificity of the cyclization of compound 8,
according to Scheme $, allows us to propose that in this case the
first step of this process is nitrosylation of the dinitromethyl
anion moiety of compound 8, and the oxygen atom of the
oxime group in the intermediate 11 attacks the nitrogen atom of
the nitroso group. The fact that the yields of compounds 2
increased from 50-55% to 68-80% when AcOK was added to

1 All new compounds synthesized gave satisfactory elemental analyses
and were characterized by '"H NMR, '3C NMR, '“N NMR, "N NMR
and mass spectra.

1b: m.p. 91-92°C; 'H NMR [(CD,),S018-7.96 (m, 3H, Ar), 8.35 (m,
IH, Ar); *C NMR [(CD;),S0] 8 109.24 (C? of furoxan ring), 158.20 (C*
of furoxan ring); MS m/z (relative intensity %) M™* absent, 176 (15),
148 (44), 134 (309, 102 (100).

1e: m.p. 92-93°C; '"H NMR [(CD5),SO] 5 8.35 (m, 3H, Ar), 8.63 (m,
1H, Ar); MS m/z 252 (M*, 3%), 222 (50), 176 (100), 148 (60), 130 (26),
118 (4), 102 (90).

1d: m.p. 101-102°C; 'H NMR [(CD),S0} 5 7.98, 8.36 (H, Ar, *J4p
9.6 Hz); MS m/z M* absent, 194 (28%), 176 (3), 148 (60), 118 (70), 102
(100).

le:m.p. 126-127°C; '"H NMR [(CD,),S0158 4.1 (s, 3H, MeO), 8.73 (s,
2H, Ar); MS m/z 327 (M*, 9%), 311 (2), 297 (8), 281 (20), 267 (3), 251
(100), 223 (88).

1f: m.p. 56.3-57.5°C; '"H NMR (CDCl,) 8 7.72 (s).

1'f: m.p. 56.0-57.5°C; '*C NMR [CDCl,, "J('*C-'*N)/Hz] 3 108.7
(ring C* 'J 24.5), 157.7 (ring C%), 118.4 (i-C, Ar, 2J 1.0), 130.3 (0-C, Ar,
3J 1.5), 132.6 (m-C, Ar), 126.7 (p-C, Ar, 37 0.5); *N NMR (CDCl,)
(MeNO,) 8 —16.2 (N?); '“N NMR (CDCl;) (MeNO,) 3 —35.4 (NO,).

2b: m.p. 127-128°C; 'H NMR [(CD,),S0O] 5 8.0 (m, 3H, Ar), 8.45 (m,
1H, Ar); *C NMR [(CD,),S0] 5 119.58 (i-C, Ar), 146.9 (CNO,, Ar),
125.23, 133.18, 133.40, 135.24 (Ar), 127.20 (ring C?), 150.09 (ring C*);
MSm/z252(M™, 13%), 222 (68), 206 (100), 160 (15), 130 (17), 106 (34).

2¢: m.p. 117-118°C; '"H NMR [(CD»),S0] 5 8.35 (m, 3H, Ar), 8.50 (s,
1H, Ar); MS m/z 252 (M *, 24%), 222 (63), 176 (90), 148 (59), 130 (36),
102 (100).

2d: m.p. 132-133°C; 'H NMR [(CD,),SO] 8 7.98, 8.36 (Ar, H, *J.s
9.6 Hz); '*C NMR [(CD,),S0] & 130.91 (i-C, Ar), 123.87 (m-C, Ar),
131.33 (0-C, Ar), 149.55 (p-C, Ar), 128.17 (ring C*), 151.49 (ring C*);
MS m/z252(M*, 33%), 236 (5), 222 (100), 206 (14), 176 (100), 160 (12).

2e: m.p. 149-150°C; '"H NMR [(CD,),S0] 8 4.08 (s, 3H, Me), 8.70 (s,
2H, Ar); °C NMR [(CD;,),S0] 3 64.75 (MeO), 120.82 (i-C, Ar), 130.99
(0-C, Ar), 144.53 (m-C, Ar), 149.36 (p-C, Ar), 127.8 (ring C?), 140.36
(ring C*);, MS m/z 327 (M™*, 16%), 311 (3), 297 (10), 281 (31), 267 (3),
251 (100), 222 (21).

2f:m.p. 80.0-81.3°C; '"H NMR (CD Cl;) v 7.72(s).

2'f: m.p. 80.5-81.3°C;!*C NMR [CDCl,, "J ('*C-'*N)/Hz] 3 126.1
(ring C?), 150.5 (ring C* '/ 2.6), 122.4 (C', Ar, %/ 6.2), 130.5 (0-C, Ar, *J
2.0), 132.5 (m-C, Ar), 127.3 (p-C, Ar, 3J 0.6); '*'N NMR (CDCl;)
(MeNO,) 3 ~12.0 (N°); '*N NMR (CDCl;) (MeNO,) 8 —39.7 (NO,).

8a—f: IR v/cm ™' 1300-1380 (NO, s), 1500-1550 (NO; as).
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Scheme 4 Reagents and conditions: i, N,O, (5 moles), CHCI,, 10°C
(le +2e 26%)

the reaction mixture before carrying out the nitrosylation
procedure supports this scheme. According to pK, data for 4e
(determined by UV spectroscopy) and AcOH (pK, of the
dinitromethyl fragment 2.25, of the oxime fragment 4.45 and of
AcOH 7.75), the quantity of the anionic form 11 in the reaction
mixture must be increased as a result of such action. The
participation of the oxime moiety in the ring closure was
confirmed by the synthesis of '*N-labelled compound 2'f from
the corresponding 7'f. *N and '*C NMR spectroscopy showed
that the label was completely transferred from the starting
compound to 2'f. All compounds 2 were easily isomerized to 1
on heating in toluene (Scheme 5).t
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Scheme 5 Reagents and conditions: i, AcOK, NaNO,, AcOH, 15-20°C,
(2a 74%, 2b 78%, 2¢ 79%, 2d 80%, 2e 68%, 2f 56%, 2'f 50%); ii,
toluene, reflux, 3 h (1 78-85%)
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