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A reaction sequence involving halogenation and replacement of the halo substituent by a nitro group using
dinitrogen tetraoxide has led to a general, convenient route to 5-nitrooxazoles. Reaction schemes employing
both bromine and iodine as the halo substituent have been investigated; however, the method using iodine
preceded by a mercuration step affords a better overall yield in the range of 20-50%. Both 2- and 4-nitro-
oxazoles can be prepared by this latter sequence, though in lower overall yields (4-12%).

J. Heterocyclic Chem., 18, 885 (1981).

The oxazole ring is resistant to the usual strong acid
nitration conditions. Oxazoles bearing phenyl substituents
nitrate under a variety of conditions; however, the nitro
group appears in the para position of the phenyl ring
(2a-d). Activated aminooxazoles do undergo nitration on
the oxazole ring (3) but the presence of phenyl sub-
stituents leads to dinitro derivatives. The alternative to
direct mnitration is a substitution reaction involving
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displacement of a labile substituent with nitrite. 4-Nitro-
isoxazoles have been prepared by a substitution process
on 4-haloisoxazoles (4). 3-Nitroimidazo[l,2-a]benzimid-
azoles were prepared (5) by refluxing the 3-bromo
derivative in dimethylformamide containing potassium
nitrite. By a presumed radical pathway dinitrogen tetraox-
ide has been shown to effect the conversion of
B-bromostyrene to [B-nitrostyrene (6). Much earlier
Stoermer reported the bromine in 2-bromobenzofurans
can be replaced by a nitro group using dinitrogen trioxide
(7). This heterogenous reaction is aided by periodically
blowing the bromine vapor away. Later Stoermer (8) was
able to accomplish this conversion in acetic acid solution
at an elevated temperature to boil away the bromine.
Recently Scherrer (9) in our laboratory has greatly expand-
ed the generality of this benzofuran nitration procedure
by using an olefinic bromine scavenger. This present
paper reports the successful extension of this reaction se-
quence to the preparation of a wide variety of unknown
nitrooxazoles. In addition a more convenient sequence in-
volving a mercuration step has evolved which makes the
overall conversion more versatile.

The oxazoles were prepared in standard fashion in fair
yield (see Table I) by reaction of a a-bromoketone with the
appropriate amide. Preparation of the nitrooxazole was
conducted either via the bromo- or iodooxazole. Scheme I
involves direct bromination of the oxazole followed by
replacement of the bromine with dinitrogen tetraoxide.
Direct reaction with dinitrogen tetraoxide fails. This work
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follows the initial discovery by Scherrer referred to above.
In addition Scherrer found that with a 2-iodo substituted
benzofuran the exchange reaction with dinitrogen tetra-
oxide is more facile and a scavenger is unnecessary (10).
An iodo substituent is readily introduced into the oxazole
ring by a mercuration/iodination sequence (11). Reaction
of this iodooxazole with dinitrogen tetraoxide provides a
superior route to S-nitrooxazoles (Scheme II) with poten-
tial application to the synthesis of 2- and 4-nitrooxazoles.
Yields in the best cases (not optimized) are above 50%
overall from the oxazole (Table II). Scheme II does not
work with ortho substituted 4-aryloxazoles which fail to
mercurate in the S-position presumably due to steric
effects. In this very specific case one must rely on Scheme
I to prepare the nitrooxazoles. Table II illustrates the
S-nitrooxazoles prepared using Scheme I and/or Scheme
I1. The latter scheme usually affords a slightly higher yield
and appears to be independent of substituents since both
aliphatic and aromatic oxazoles are converted quite readi-
ly to their corresponding nitrooxazoles. Scheme II is used
to prepare 2- and 4-nitrooxazoles in poor yield (Table III);
however, this represents the first synthesis of these classes

of nitro heterocycles.
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Table 1
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4-Aryloxazoles

Compound Recrystallization Empirical Analysis

No. X R Yield Solvent Mp Formula Caled.  (Found)
C 62.0 61.7

1 p-Cl CH, 47% hexane 87-89° C,,H,CINO H 4.2 (4.1)
N 7.2 (1.3)

C 62.0 61.9)

2 o-Cl CH, 16% (distilled) bp 110-123/ C,,H,CINO H 4.2 4.1)
0.5 mm N 7.2 (1.1)

C 63.6 (63.6)

3 p-Cl C,H; 40% hexane 60-61° C,,H,,CINO H 4.8 4.9)
N 6.8 6.8)

c 70.4 (70.3)

4 p-Cl C.H, 62% chloroform/hexane  126-128° C,;H,,CINO H 3.9 3.7
N 5.5 (5.5)

C 67.8 (67.8)

S p-F CH, 28% hexane 52-54° C, H,FNO H 4.5 (4.4)
N 7.9 (7.9)

C 50.4 (50.3)

6 o-Br CH, 34% (distilled) bp 121-4/ C, HBrNO H 3.4 (3.4)
2.3 mm N 5.9 (5.8)

C 76.3 (76.6)

7 p-CH, CH, 36% hexane 47-48° C,H,,NO H 6.4 (6.4)
N 8.1 8.1)

C 69.8 (70.1)

8 p-OCH, CH, 50% ether/hexane 98-100° C,,H,)NO, H 59 (5.8)
N 7.4 (7.3)

C 58.5 (58.9)

9 p-NO, CH, 28% ethanol 155-156° C, H,N,0, H 4.4 (3.8)
N 13.6 (13.8)

EXPERIMENTAL (15)

General Procedure for the Preparation of 4-Aryloxazoles.

A mixture of 0.2 mole of bromoketone and 0.5 mole of amide were
heated at 120-140° for three hours. This mixture was poured onto ice and
partitioned between ether and water. The organic layer was washed with
dilute sodium hydroxide solution, dilute hydrochloric acid solution and
saturated sodium chloride solution. The organic layer was dried over
magnesium sulfate. The oxazole was purified by distillation or filtration
through silica gel eluting with carbon tetrachloride and recrystallizing
the solid from an appropriate solvent. The details of the unknown
oxazoles are recorded in Table I.

General Procedure for the Synthesis of Nitrooxazoles.
Scheme 1.

The oxazole was dissolved in carbon tetrachloride (10 cc/g of solid) and
one equivalent of bromine was added dropwise with stirring. After 0.5
hour at ambient temperature the carbon tetrachloride layer was
decanted away and the solid was partitioned between ether and saturated
sodium bicarbonate solution. The organic layer was washed with aqueous
sodium bisulfite solution then saturated sodium chloride solution. The
organic layer was dried over magnesium sulfate. The isolated bromo-
oxazole was dissolved in dichloromethane (10 cc/g of bromooxazole) and
two equivalents of 3-cyclohexene carboxylic acid was added. At ambient
temperatures two equivalents of nitrogen tetroxide dissolved in dichloro-

methane (10 cc/g of nitrogen tetroxide) was added slowly. The reaction
was stirred overnight at room temperature. The organic solution was
washed sequentially with aqueous sodium bisulfite solution, 5% sodium
hydroxide solution and saturated sodium chloride solution. The organic
layer was dried over magnesium sulfate. The details of the compounds
are recorded in Table II.

Scheme II.

An equimolar mixture of the oxazole and mercuric acetate was heated
on a steam cone for 1-3 hours. Complete solution occurred followed by
generation of a crystalline solid. The mixture was triturated with ether.
The solid was washed with ether and air dried. This organomercurial was
suspensed in carbon tetrachloride (2-4 cc/g of solid). A warm solution
containing one equivalent of iodine in carbon tetrachloride was added
dropwise as decolorization occurred. (In the preparation of S-iodo-
oxazoles this decolorization occurred in less than a minute. With 2- and
4-iodooxazoles decolorization took 1-2 hours.) The resulting mixture was
filtered. The filtrate was washed with dilute sodium bisulfite solution and
dried over magnesium sulfate. After removing the drying agent 3-4
equivalents of nitrogen tetroxide was added to the filtrate. (In the
preparation of 5-nitrooxazoles the reaction was complete in 30-60
minutes. However, the reaction generally took longer, 5-24 hours, for
2-and 4-nitrooxazoles.) The reaction mixture was washed with dilute
sodium bisulfite solution and dried over magnesium sulfate. The details
of the compounds are recorded in Tables II and III.
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Compound
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(a) Short path distillation, bp.

Synthesis of Nitrooxazoles

Table II
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5-Nitrooxazoles

% Yield Recrystallization
Scheme I Scheme II Solvent Mp
8 21 benzene/hexane 85-88°
20 32 hexane 84-85°
17 nil ethyl acetate/ 110-112°
petroleum ether
30 40 ethyl acetate/ 104-105°
hexane
26 hexane 71.73°
11 chloroform/ 136-138°
hexane
15 nil ethyl acetate/ 109-112°
petroleum ether
36 41 ethanol 125-128°
9 45 methanol 98-101°
24 48 methanol 85-96°
9 40 methanol 114-117°
2 43 methanol 117-121°
26 bp 80/2.5 mm
19 (a)
52 ethyl acetate/ 127-129°
hexane
10 51 benzene/hexane 138-140°

Empirical
Formula
C,H,N,0,
CIDHGNZOS
C,,H,CIN,O,
C,,H,CIN,0,

C,,H,CIN,0,

C,,H,CIN,0,

C,.H,BrN,0,
C,.H,BrN,0,
C,H,FN,0,
C,,H,N,0,
C,H,N,0,
C, H.N,0,
C,H,.N,0,
C,H,,N,0,
C,oH,N,0,
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Analysis
Calcd.
56.8
3.2
14.7
58.8
39
137
50.3
29
11.7
50.3
2.9
11.7
52.3

3.6
11.1
59.9

3.0

9.3
424

2.5
9.9
42.4
2.5
9.9
54.1
3.2
12.6
60.5

4.6
12.8
56.4

4.3
12.0
47.8

3.1
16.3
52.2

6.6
15.2
54.5

7.1
14.1
58.8

3.9
13.7
67.7

3.8
10.5

887

(Found)
(56.4)
3.1)
(14.7)
(59.1)
(3.8)
(13.5)
(50.5)
2.9}
(11.8)
(49.8)
(3.0)
11.7)
(52.1)
3.6)
(11.0)
(59.6)
2.9)
9.2)
(42.5)

(2.5)
(10.1)
(42.6)

(2.6)

9.9)
(53.9)

3.1)
(12.6)
(60.2)

@.5)
(12.9)
(56.0)

@)
(11.9)
419

@7
(16.1)
(52.4)

(6.6)
(15.1)
(54.6)

(6.9)
(13.9)
(58.7)

3.8)
(13.6)
67.7)

3.7
(10.5)
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Table 111
Compound Recrystallization Empirical Analysis
No. Yield Solvent Mp Formula Calcd. (Found)
0N N C 58.8 (58.6)
26 L @ 5% methano] 109-110° C,H,N,0, H 39 4.0)
BRSO N 13.7 13.7)
02N N o 50.3 (50.5)
27 |l ® 4% s 92.94° C,.H,CIN,0, H 3.0 @7
p-CICgHS” ™0 "CHs N 11.7 (12.0)
Ph C 67.7 (67.4)
28 | j\“’ 12% methanol 105-107° C,;H,.N,0, H 38 (3.6)
Ph 0 N2 N 10.5 10.7)

(a) Starting oxazole lit. (12). (b) Starting oxazole lit. (13). (¢} Starting oxazole lit. (14).
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