New approaches to the preparation of azoxyfuroxans
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A new convenient method for the synthesis of 4,4"-azoxyfuroxans by reductive condensation of 4-nitrofuroxans (4-nitro-1,2,5-
oxadiazole 2-oxides) has been developed; the title compounds can also be synthesised by oxidation of 4-amino- and 4,4'-azo-
furoxans, and a general method for the synthesis of isomeric azofuroxans is suggested.

The first representatives of azoxyfuroxans '‘“zbxy-3,3-di- A mixture of hydrogen peroxide and,$0, was used as the

phenyl- and -3,2dimethylfuroxanslab) were synthesised by the oxidant. The studies showed that electron-withdrawing substituents

oxidation of 4-trioctylphosphinimino-3-phenyl(methyl)furoxans in position 3 of the furoxan ring (for example, CQNompound

under the action of MCPBA However, this method is incon- 4f) prevent the formation of azoxy derivatives. The oxidation

venient, because the latter needs to be specially prepared.

However, azoxy derivatives of the aromatic and heteroaromat 4 4-Azoxy-3,3"diphenylfuroxar: yield 52%, mp 190-192 °C (MeOH),

series exhibit various biological activities (antibacterial, anti-(jt.,1 190-192 °C).

cancer, antituberculous, and nematocidalerefore, it was 4,4'-Azoxy-3,3-dimethylfuroxarb: yield 58%, mp 187-189 °C (CHZI

reasonable to search for new, more convenient approaches(lio,! 187-189 °C).

the preparation of azoxyfuroxans with various substituents. 4,4'-Azoxy-3,3"-dihydroxymethylfuroxag: yield 27%, mp 103-104 °C,
The synthesis of aromatic azoxy derivatives is normally base8; 0.45 (CHCL:PrOH, 9:1).2H NMR (CDCl) 6: 4.75 (d, 2H, Ch),

on the transformation of amino-, azo-, or nitro-substituted®-96 (d, 2H, Ch), 5.05 d (1H, OH), 5.07 d (1H, OH}3*C NMR

derivatives using various oxidising or reducing agents. Unti{CDCly) 0: 54.04 and 54.72 (Cjj 111.42 and 111.59 (C-3 in furoxan

recently, it has been impossible to perform similar reactions iHnS?@PS&;ﬁ d:rndd &56%;8 6@"28'% fL[JI{I()_XI\?(nO)r]IngIg\I ’(\/'/'\C/'r';_lgca%s

the furoxan series, because the corresponding starting furqxiﬁ:N(O)]’ 1600 (furoxan ring), 2800, 2920 (CH), 3320 (OH).

derivatives were lacking. We have recently developed convenient

) ; : 4,4'-Azoxy-3,3'-diethylfuroxaih: yield 49%, mp 129-130 °C (CH
methods for the synthesis of amino- and nitrofuroxXans. R 0.47 (he);anezcgﬂi, 1:2). 1H lillMR (CSC|3)p6: 1.21 and (1.24?101

In this work, we studied the possibility of preparing azoxy-me), 2.63 and 2.96 (q, G IR (/cnrd): 1185 [N=N(O)], 1536, 1650
furoxansl' by the oxidative condensation of aminofuroxans, by(furoxan ring). MSm/z 270 (M).

oxidation of azofuroxans, and by reductive condensation of 4,4'-Azoxy-3,3-bis(2-methoxyethyl)furoxah yield 17%, mp 72.5—
nitrofuroxans. It seemed probable that the first two reaction33 °C, R 0.11 (benzene:EtOAc, 20:1H NMR (CDCL,) ¢: 2.99 and
would be efficient, since similar transformations with amino-3.27 (t, CH), 3.28 and 3.29 (s, Me), 3.70 and 3.77 (1,01 %C NMR

and azo-furazans proceed successffllyThe possibility of (CDCly) 6: 24.33 and 25.22 (Me), 58.76 (29H67.81 and 68.12
reductive condensation of nitrofuroxans seemed less probabléH.0), 110.77 and 110.94 (C-3 in furoxan ring), 156.90 and 160.18
because of the sensitivity of the furoxan ring towards reducindC-4 in furoxan ring). IRyfcm-): 1323 [N=N(O)], 1630 (furoxan ring);
agentsio S, m/z: 330 (MF).

The oxidation of 4- and 3-aminofuroxa#gnd5 by KMnO, tC4C’L|1 .-é|z_|oc-|3,31-.(i|)p[1He %I\;lgo()[(f? yield 96%, mp 160--162 °G 0.45
. 1 , 5, 1:1). ¢ DMSO)4: 7.5 (m, 3HmM- andp-CH
in the presence of HCl (Scheme 1) was used to obtain thg Ap 7,65 (m, 2H,0-CH in Ar). IR ¢/cm): 1330, 1465, 1610
starting isomeric 4,4 and 3,3azofuroxans2 and 3 The  (fyroxan ring). UV (EtOHZ,,/nm): 227, 270. MSiVz 350 (MF).
synthesis of compound® and 3 is of independent interest, 4 4-Azo-3,3-dimethylfuroxadb: yield 96%, mp 156-158 °GR, 0.4
because only a few representatives of these structures geHCl,:CH,Cl,, 1:1). 1H NMR (CDCL) d: 2.45 (s, Me). IRs(cm1):
described in the literatuéé.12 This reaction was established to 1400, 1540, 1655 (furoxan ring). UV (EtOH,,/nm): 263, 352. MS,
apply to both 4- and 3-aminofuroxaind5 and to be almost m/z 226 (M).
independent of the second substituent in the aminofuroxan. 4,4'-Azo-3,3-diethoxycarbonylfuroxaw: yield 68%, mp 128-129 °C,
The possibility of direct oxidation of aminofuroxans to azoxy- R 0:51 (CHC)). ™H NMR ([?Hglacetone): 1.26 (t, Me3] 7.2 Hz), 4.40
furoxans was studied using 4-aminofuroxdnsnly, since it is (@ CH,3J7.2 H2).13C NMR (PHglacetone): 14.17 (Me), 64.39 (Ch),
knowrtt that 3-aminofuroxans give a mixture of compounds 103.82 (C-3 in furoxan ring), 155.89 (C-4 in furoxan ring), 162.29

- - - - C=0). IR ¢/cmr2): 1620, 1630 (furoxan ring), 1720 (C=0), 2960 (CH);
by the action of oxidants of the peroxide type, which are thpsé 3,3"Diacetyl-4,4-azofuroxared: yield 22.5%, mp 123-125 °CR,
usually used for these transformations in the furazan geries; g4 (benzene:methanol, 10:0.8).NMR ([2HJDMSO0) : 2.63 (s). IR

(v/cmr1): 1330, 1370, 1500, 1630 (furoxan ring), 1650 (CO), 2940 (CH).

R NH; R N=N R UV (EtOH, 4,,,,/nm): 261, 342. MSVz: 282 (MF).
H i I I I I 4,4'-Az0-3,3'-bis(2-methoxyethyl)furox2inyield 7%, mp 89.5-91 °C,
N. _N N_. _N No. _N R; 0.18 (benzene:EtOAc, 20:2H NMR (CDCL) d: 3.46 (t, CH), 3.63
o O o O 0 o (s, Me), 4.02 (t, CHD). 13C NMR (CDCl) 6: 25.24 (CH), 58.54 (Me),
dad 2ad 66.31 (CHO), 107.72 (C-3 in furoxan ring), 165.3 (C-4 in furoxan ring).

IR (v/cmrY): 1118, 1622 (furoxan ring), 2840, 2870, 2915, 2950, 3000
(CH). MS,m/z 314 (MWr).

R NH, R N=N R 3,3'-Az0-4,4'-diphenylfuroxaBa: yield 96%, mp 196-197 °@; 0.65
H i I I I T (hexane:ethylacetate, 3:IH NMR ([2Hg]DMSO) ¢: 7.65 (m, 3Hm-
N N N N N N andp-CH), 8.05 (m, 2Hp-CH). IR (v/cmr1): 1335, 1475, 1570 (furoxan
~o” ~o ~OTN 4 O ring). UV (EtOH,4,,/nm): 216, 252, 349. MSwz 350 (M).
(O 3,3'-Az0-4,4'-dibenzoylfuroxaBe yield 67%, mp 143-144 °CR,
5ae 33e 0.57 (acetone}fH NMR ([2H]DMSO) é: 7.42 (m, 2Hm-H in Ar), 7.7
a R=Ph (m, 1H,p-H in Ar), 7.9 (m, 2H,0-H in Ar). 13C NMR ([2Hg]DMSO) ¢:
b R=Me 124.0 (C-3 in furoxan ring), 128.5, 129.2, 130.1, 132.8 (Ar), 148.5 (C-4
¢ R=COFEt in furoxan ring), 167.3 (C=0). IRvfcm-1): 1325, 1390, 1460, 1500,
d R=COMe 1600, 1630 (furoxan ring), 1680, 1700 (C=0). UV (EtGH,/nm):
e R=COPh 263, 293, 380.
Scheme 1Reagents and conditions, KMnO, (1.5-2 mol), HCI/HO/ 3-Hydroxymethyl-4-nitrofuroxarbg: yield 16%, oil, IR and NMR
CH,Cl,, 20 °C, then HOOC—COOH. spectral data are identical with thosesgfin ref. 17.
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o AcOH/H,O mixture, resulting in its partial reduction fi.
) 3-Nitrofuroxans7ab (4-methyl-3-nitro- and 3-nitro-4-phenyl-
N furoxans were studied) do not form the expected-&;8xy

R NH, R =N R R NO, oxar € Sl :
H i - [ H derivatives with zinc dust in AcOH; they decompose under the
Ne N ™ N__N Ne N. NN reaction conditions.
o © o* O 0 2go¥ O ?
bR if 0% of 5% RN R N=NC R
= Me (1] (J .
f R=CON, 1g 27% 6g 16% | }\1 . ’\! }\1 ,\|l ,\l( + 2
R = C H ~NA7 ~N A7 ~N A~
g R=CHO 0¥ O 0” © o ™o
Scheme 2Reagents and conditionis H,O, (85%) (2.5 mol)/conc. 80, 6ab,h,i lab,hii (only 2i)
20 °C, 30 min, then 30 °C, 30 min and 65 °C, 30 min.
. . . . R NO»
was carried out using hydrogen peroxide of different concentra- H . a R=Ph
tions. With dilute hydrogen peroxide, the starting compound ,\l Ll — = decomposition b R = Me
4f is unchanged, while an increase in the concentration of RN h R=Et
hydrogen peoxide leads to the formation of 4-nitrofuroxan 7ab i R=CH,CH,0OMe

6f. The oxidation of 4-aminofuroxans with electron-donating
substituents4b,g gives a mixture of azoxy derivativelh,g
(predominantly) and nitrofuroxaréb,g (Scheme 2).

A peroxide type oxidant (peracetic acid) was also used for Thus, the reductive condensation of 4-nitrofuroxénis a
the oxidation of isomeric azofuroxa@sand 3. The isomeric new and convenient method for the preparation dfakdxy-
diphenylazofuroxanga and3a were studied. It was found that furoxans1l. It is noteworthy that nitrofurazans (methyl- and
only 4,4-azo-3,3-diphenylfuroxar?a formed an azoxy derivative phenylnitrofurazans were studied) do not form azoxy derivatives
la(Scheme 3). The isom8a was not affected by the oxidant. under the action of the Zn/AcOH mixture. This reaction is
Evidently, this transformation is sterically hindered by thespecific for 4-nitrofuroxans only.
N-oxide groups. All new compounds had satisfactory elemental analysis data
and their structures were confirmed by IR, NMR and mass
spectroscopy.#

Scheme 4Reagents and conditionis Zn dust (1.5-2.5 mol), ACOH4®.
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Scheme 3Reagents and conditiaris30% HO, (24 mol), AcOH (170 mol),
Ac,0 (110 mol), 80-90 °C, 7 h, then reflux with addition ofC4 until
colourless.
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