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SYNTHESIS

Facile One-Pot Synthesis of 2,1,3-Benzoxadiazole N-Oxide (Benzofuroxan) Derivatives

Under Phase-Transfer Catalysis'

N.R. Ayyangar,* S. Madan Kumar, K. V. Srinivasan

National Chemical Laboratory, Pune 411 008, India

Several 2,1,3-benzoxadiazole N-oxide (benzofuroxan) derivatives are
synthesized from the corresponding o-chloronitrobenzencs in a one-pot
operation by stirring with sodium azide in dichloroethane in the
presence of benzyl tributylammonium bromide as a phase-transfer
catalyst. The moderate reaction conditions enable the isolation of the
intermediate reactive azido compounds.

The chemistry of furoxans (1,2,5-oxadiazole N-oxides) and
benzofuroxans (2,1,3-benzoxadiazole N-oxides) has been re-
viewed recently.? Benzofuroxans 3 possess wide ranging bio-
logical activity.? Vasodilatory activity has been observed in some
fused benzofuroxan derivatives.> Nitrobenzofuroxan, pyrido-
furoxan and some fused benzofuroxans have been found to
inhibit nucleic acid and protein synthesis in leucocytes.**
Some of these compounds show particular activity against
leukaemia,* and other forms of cancer cells.® Benzofuroxans
are also valuable starting materials for the synthesis of
biologically active quinoxaline oxides.” A variety of applica-
tions have been reported for benzofuroxan derivatives in dry
battery cells as depolarizing agents,® in photopolymerizable
compositions as selective inhibitors of thermal polymerization
for better resolutions,” in compositions useful as inhibitors of
styrene polymerization,!® and in pest control."!

Benzofuroxan has been obtained by the oxidation of o-quinone
dioxime.!? This method has limited practical utility since the o-
quinone or its monoxime is not readily available. Generally
routes involving a-nitroanilines as starting material, arc prefer-
red. In one method, o-nitroanilines have been oxidized to the
corresponding benzofuroxan by alkaline hypochlorite or by
phenyliodosodiacetate.!*!* However, the alkaline oxidation
conditions have been shown to have a detrimental effect on the
products.'® The other method, perhaps the most reliable one so
far for synthesizing benzofuroxans, is by the decomposition of o-
nitrophenyl azides usually by pyrolysis or less frequently by
photolysis.'® This method generally involves the synthesis of o-
nitrophenyl azide by a separate sequence of reactions,* !’
followed by theisolation and thermolysis of the azides in suitable
solvents in another step. We report in this communication, a
facile one-pot synthesis of benzofuroxan derivatives starting
from easily available o-chloronitrobenzenes, possessing electron
withdrawing substituent in para position to chloro group. The
interesting feature of the present method is the nucleophilic
substitution of chlorine by azide group followed by in situ
cyclization under solid-liquid phase-transfer catalysis (PTC)
conditions, hitherto not reported in literature. Moreover, the o-
chloronitrobenzenes are the most likely precursors for the
corresponding o-nitroanilines (starting materials for other ge-
neral routes).

Several benzofuroxan derivatives 3a—h were synthesized from
the corresponding o-chloronitrobenzenes 1a—h by stirring them
at 60°C with a suspension of powdered sodium azide in
dichloroethane in the presence of benzyl tributylammonium
bromide as a phase-transfer catalyst (PTC) (Table 1). The
reaction was extended to the synthesis of pyridofuroxan 6 from
the corresponding chlorodinitropyridine 4. The previously un-
known benzofuroxans and the new pyridofuroxan 6 have been
characterized by spectral data and microanalyses (Table 2). The
presence of a wzak electron-withdrawing group such as the

+

R! NO;  NaN3/CgHgCHaNIC,Hg )y Br™ (R . NOp
\Q: CICH,CH,CL , 30-55 °C \?I
91-97 % N
) “ (for2a-f) N3
R? L R2
1a-h 2 a-h
8]
1 f
RI_ A
o~ ’O
N
R?
3a-h
09N NO; 02N NO2
2 ~ l _analogous conditions N | 4
N” Cl N7 Ny
4 5
0
05N f
60 °C PINAN=N
Q2 0/(,_‘» > \N'
6

Table 1. 2,1,3-Benzoxadiazole N-oxides 3a-h and [1,2,5]Oxadiazole-
[3,4-b Jpyridine 1-Oxide 6

Prod- R’ R? Yield* m.p.

Molecular

uct (%) “C) Formula® or
Lit. m.p. (°C)

3a NO, H 95 72 723

3b CHO H 97 69 68-69*

3¢ COCH, H 9% 102 CHN,0,
(178.2)

34 COCHs H 88 142 C3HgN,0,
(240.2)

3e Cl H 42 49 4316

3f CN NO, 92 169  CH,EN,0,
(249.1)

3¢ CF NO, 91 124 126-127%*

3h O,H H 88 128 128-129%3

6 , 92 106 C{H,N,0,
(182.1)

* Tsolated yicld.
b Satisfactory microanalyses obtained: C +0.21, H +0.15, N +0.32.

chioro, has resulted in lower yields of the benzofuroxan 3e
(42%) (Table 1). However, in the absence of an additional
electron-withdrawing substituent at the para position to the
chloro group in 1, there was no formation of benzofuroxan.

The concentration profile of the reactants and products in a
typical reaction sequence of la to 3a is shown in Fig. 1. The
curves have been plotted by analysing aliquots of reaction
mixtures at different intervals of time by TLC/FID. The forma-
tion of benzofuroxans 3 from o-chloronitrobenzenes 1 at low
temperatures favors the concerted elirination of a nitrogen
molecule followed by intramolecular cyclization, without the
involvement of an intermediate nitrene species. Such mechani-
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Table 2. Spectral Data for Compounds 3¢, d, f and 6

Papers 617

IR (Nujol)

MS
m/e (rel. intensity, ")

178 (423); 162 (19); 147 (44): 103 (65); 77 (44)

240 (98); 224 (21); 151 (35): 106 (35): 105 (100); 103 (34):
77 (98): 75 (87)

206 (57); 190 (11): 176 (66); 130 (14): 116 (7); 100 (100);
99 (79)

Product UV (CH,0H)
Zmax (nM) (lOg €) viem ™)

3c 372 (3.72) 1670, 1600, 1570, 1470, 1450, 1410,
1400, 1370, 1270, 1240, 1160. 1130

3d 372 (3.92) 1650, 1610, 1570, 1530, 1480. 1460,
1370, 1240, 1180

3f 399 (3.04) 1620, 1600, 1590, 1525, 1475, 1380,
1350, 1330, 1115

6 390 (3.26) 3010, 1590, 1530, 1455, 1430, 1340,

1235, 1170, 1060

182 (50); 166 (8); 152 (10): 106 (17); 78 (100)

Table 3. Azides 2a-f

IR (Nujol)*

Product  Reaction Yield® m.p. Molecular MS mije (rel. intensity. %)*
Temp. (‘C) (%) (°'C) Formula® or viem ™)

Lit. m.p. ("C)

2a 29 97 66 66-67%"

2b 29 96 74 74-75°% -

2¢ 50 92 84 CgHEN,O, 2112, 1670, 1600, 1520, 1450, 206 (10); 176 (100); 160 (80); 145 (95):
(206.2) 1350, 1240, 1160, 1010 115 (60); 101 (95)

2d 55 91 105 C,3HgN, Oy 2110, 1645, 1600, 1520, 1435, 268 (10); 240 (100); 224 (42); 149 21);
(268.2) 1340, 1280, 1155, 1060 105 (35)

2f 50 94 142 C,H,NO, 2210, 2115, 1610, 1530, 1460, 234 (30): 207 (50); 205 (98); 190 (40):
(234.1) 1340, 1270, 1220, 1100 177 (35); 176 (100): 130 (42); 100 (95)

* Yield of isolated Product.
> Satisfactory microanalyses obtained: C +0.32, H £0.25, N +0.36.

stic pathways involving azido compounds, occurring at tempe-
ratures below that required for the generation of a nitrene
species has been shown to follow either a concerted process or
one involving an initial 1,3-dipolar cycloaddition, followed by
nitrogen loss.*8 20
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Figure 1. Concentration — Time Curves

In separate experiments, o-nitrophenyl azides 2a—f could be
obtained from the corresponding o-chloronitrobenzenes in ex-
cellent yields by carrying out the reactions under PTC condi-
tions. The moderate PTC reaction conditions enabled us to
isolate the reactive azides (Table 3). The reaction of o-chloroni-
trobenzenes 1 with sodium azide in dichloroethane under iden-
tical conditions but in the absence of PTC did not yield any o-
nitrophenyl azides 2. The unreacted o-chloronitrobenzenes 1
could be completely recovered.

¢ Spectral data of only new azides are given.

To ascertain the role of PTC in the cyclization of the azides to
benzofuroxans, two experiments were carried out starting from
2b at 60°C in 1,2-dichloroethane as solvent for 4 h both in the
presence and absence of PTC. The percentage yield of 3b against
time was plotted (Fig.2). The data points were generated by
withdrawing aliquots of reaction mixture at different intervals
and analysing the components by TLC/FID. In the presence of
PTC, complete conversion to 3b could be achieved in 3 h,
whereas in the absence of PTC, the conversion of 3 h was to an
extent of 85 % only. In the absence of PTC complete conversion
could not be ontained even after 4 h (Fig. 2).
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Figure 2. A Plot of Percentage Yield of 3b From 2b Against Time

[n order to ascertain the effect of temperature in influencing the
course of the reaction of 1d leading either to the azide 2d or to
the cyclized product 3d, we performed experiments at three
different temperatures namely 52.5°C, 55 C and 57°C respecti-
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vely for 6 h, following the described general procedure. Care
was taken to control temperature within +0.1°C using a
constant temper:ture bath. The products 2d and 3d in the
reaction mixtures were estimated by TLC/FID analysis. The
results are summarized in Table 4. The results indicate that the
reaction temperature is a critical parameter determining the
selectivity of formation of 2d or 3d.

Table 4. Eftect of Temperature on the Yield of 2d and 3d

Entry Reaction Temp. (°C)

Yield (%)

No. e
2d 3d

1 2.5 96.5 33

2 852 93.4 5.2

3 57.0 86.5 134

In order to compare the performances of other PTC systems, a

set of three experiments were performed, starting from 1b

under identical conditions &s per the general procedure using

18-crown-0, polyethyleneglycol-1000, and benzyl tributyl-

phosphonium bromide respectively. The unreacted 1b and the

products 2b and 3b in the reaction mixture were estimated by

TLC/FID analysis. The yield data is recorded in Table 5. A

comparison of yield data of 3b in Tables 1 and 5 indicates that

benzyl tributylammonium bromide seems to be an optimal

PTC system for the one-pot synthesis of benzofuroxan deriva-

tives.

Features of the present method are:

- one-pot synthesis of henzofuroxans from easily available
starting materials in the presence of an optimal PTC system;

-- excellent yields of products under moderate reaction condi-
tions;

- moderate reaction conditions which enables the isolation of
the intermediate azides in excellent yields;

- shorter reaction times; and

- simple work-up procedures.

Table 5. Effect of Dther PTC Systems on the Formation of Benzo-
furoxan

Entry PTC Syster Yield (%)

No. -

b 2b 3b
{ 18-Crown-6 3.3 94.4
2 Polyethyleneglycol-1000 33 83 885
3 Benzyl tributylphosphonium bromide 24 918

Conversion of o-Chloronitrobenzenes 1 to 2,1,3-Benzoxadiazole N-oxides
3 and of 2-Chloro-3,5-dinitropyridine (4) to 6-Nitro-[1,2,5]oxadiazolof3.4-
blpyridine 1-Oxide (6); General Procedure:

o-Chloronitrobenzene derivative 1 or pyridine derivative 4 (0.01 mol)
and powdered sodium azide (650 mg, 0.01 mol) are added to a vigo-
rously stirred solution of benzyltributylammonium bromide (PTC)
(356 mg, 1 mmol) :1 1,2-dichloroethane (50 ml). The mixture is slowly
heated up to 60°C in 0.25 h and maintained at 60°C for 6 h. Complete
conversion of the o-chloronitrobenzene derivative is contirmed by TLC
analysis on silica g1 using n-hexane/benzenc (12:8) as eluent and color
development by iodine vapors (the order of ¢lution being chloronitro-
benzene 1. benzo;pyridofuroxan 3, followed by the azide 2). The
reaction mixture is cooled to 28°C and filtered. The filtrate is washed
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first with 1 normal hydrochloric acid (100 ml) and subsequently with
water (50 ml). The organic layer is separated and dried with sodium
sulfate. The solvent is distilled on a steam-bath and the residue is
crystallized from absolute alcohol to yield the pure benzofuroxan 3 or
pyridofuroxan 6.

Isolation of the Azides 2: For the conversion to the azides 2, the reaction
mass is stirred at the temperature indicated in the Table 3 for 6 h.
Complete conversion o 1 is again contirmed by TLC analysis using the
same eluent system as described above. The same isolation procedure as
already described is followed. The crude product on crystallization
from dichloromethance/ether (1:1) yielded the pure azide 2.

TLC/FID Estimations:

The TLC/FID estimations of 1, 2 and 3 were carried out on latroscan
TH-10 TLC/FID analyser (New-Howells Associates Ltd., U.K.) con-
nected to a two-pen flat-bed type strip chart recorder VP-6621A
(National, Japan). A mixture of benzene (Analar grade, British Drug
Houses, Ltd.) and r-hexane (80:20 v/v) was used for development. An
aliquot of reaction mixture (1 ml) withdrawn at different intervals of
time was given a wash first with dilute hydrochloric acid (10% w/v,
5ml) and then with water (5 ml). The samples were spotted in volumes
of 1 pl each with a fine microlitre syringe on chromarods. The rods were
cluted twice in the development tank for better separation. Standard
solutions of the pure components were also spotted and eluted under
identical conditions. The cstimations were done by calculating the areas
under the recorded peaks. Each estimation was & mean of at least four
consecutive spottings and elutions.
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