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Nitroimidazoles 1II.

Synthesis and Reactions of lodonitroimidazoles (1)

M. Hoffer, V. Toome and A. Brossi

The synthesis and some chemical reactions of various iodonitroimidazoles and methods
of distinguishing between the 4- and 5- nitro derivatives by UV and pK measurements

are described.

The interesting antiprotozoal activities of the anti-
biotic Azamycin (I) (1,2) and the synthetic drug
Flagyl (II) (3) prompted an extension of our own
work on imidazoles to include other nitroimidazoles.
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This report summarizes the synthesis and some
chemical transformations of various iodonitroimida-
zoles. Nitration of 2,4-(or 5-)diiodoimidazole (II)
(4), 2-methyl-4, 5-diiodoimidazole (V) (5) and 1,2-
dimethyl -4, 5 -diiodoimidazole (VII), obtained by
methylating V, yielded 2-iodo-4-(or 5-)nitroimidazole
(IV), 2-methyl-4~(or 5-) iodo-5-(or 4-)nitroimidazole
(VI) and a 7:3 mixture of 1,2-dimethyl-4-nitro-5-
iodoimidazole (VIII) and 1, 2-dimethyl4~iodo-5-nitro-
imidazole (IX) respectively.
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In these reactions one iodine atom is replaced by
the nitro group. This is in contrast to the findings
of earlier investigators who reported that the ni-
tration of chloro- and bromoimidazoles having a
hydrogen atom at either the 4 or 5 position yielded
the corresponding 4 or S5-nitro-substituted analogs
(6). 4,5-Dibromimidazole, which lacks a hydrogen
atom at the 4 or 5 position, could not be nitrated (7).
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Methylation of the readily accessible 2 -iodo-4
(or 5-)nitroimidazole (IV) yielded a mixture of the
two N-methylated imidazoles X and XI which could
be separated by differential solubility in acetone or
due to their different basicities. The ratio of X to
XI is largely dependent on the reaction conditions.
The 4-nitro derivative (XI) is the main product of
the reaction of IV with dimethylsulfate in the pres-
ence of alkali, whereas the 5-nitro derivative (X)
is practically the sole product when the reaction is
carried out in the absence of alkali. .
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Catalytic hydrogenation of the 4-nitroiodoimidazole
derivative (XI) in the presence of acetic anhydride
yielded the known 1-methyl -4 -acetamidoimidazole
(XIII) (8) and provided conclusive verification of
structure XI. The same product (XIII) resulted when
1-methyl - 4 —-nitroimidazole (XII) was hydrogenated
under similar conditions. The isomeric 5-nitro
derivative (X), on hydrogenation, yielded no re-
duction products which could be characterized.

The iodo group in IV is readily replaced with an
alkoxy group. Thus reaction of IV with sodium
methylate gives 2-methoxy-4 (or 5-)nitroimidazole
(XIV). Methylation of XIV yields, in contrast to
the results obtained with the corresponding iodo
derivative (IV), almost exclusively 1- methyl -2~
methoxy - 5 - nitroimidazole (XV). The isomeric 1-
methyl-2-methoxy-4-nitroimidazole (XVI) is obtained
from 1-methyl-2-iodo-4-nitroimidazole (XI) by re-
action with sodium methylate.
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The various 4- and 5-nitroimidazoles substituted
with iodo and alkoxy groups discussed above are
representatives of a large number of compounds
prepared. The prototypes mentioned here were
chosen for physico-chemical studies, in particular
UV spectroscopy and pK measurements, which were
found to be powerful tools for distinguishing between
4- and 5-nitroimidazole derivatives.

UV and pK-measurements with 4- and 5-nitroimida-
zoles:

Nitroimidazoles generally have two UV-absorption
bands between 220 and 400 mu, one with weak in-
tensity in the 220-260 my region (¢ = 3-5000) and
a stronger, main band in the 300-360 mu area (e =
6-12000). However, the exact position of the maxi-

Nitroimidazoles II. Synthesis and Reactions of Iodonitroimidazoles 455

mum and the shape of the curve is characteristically
altered by the position and the nature of the sub-
stituents and the pH of the solution. As demon-
strated in Fig. 1, there is a distinct difference
between the UV-absorption curves of 1-alkyl-4-nitro
and l-alkyl-5-nitroimidazole derivatives. Because
the linear conjugated systems X and XV are ener-
getically favored over the corresponding branched
conjugated systems XI and XVI, the position of the
main absorption maximum (in the 300-360 mu region)
of 1-alkyl-5-nitro derivatives is shifted approxi-
mately 5-20 mp for 2-iodo derivatives and 20 mu
for 2-alkoxy derivatives) towards the longer wave-
length. An even more characteristic difference
appears in the 220-260 mp region. In this area
all the 5-nitro derivatives investigated by us have a
distinct maximum, whereas the 4-nitro derivatives
exhibit only a more or less pronounced inflection.
These spectral features clearly permit the assign-
ment of the position of the nitro group in the 1-
alkyl-substituted nitroimidazoles.

£x1072

Fig. 1. UV spectra of 2-iodo -1 -methyl-4-nitro-
imidazole XI (—), 2-iodo-1-methyl-5-nitroimida-
zole X (- - - -), 2-methoxy-1-methyl-4-nitroimida-
zole XVI (—: -—- -—) and 2-methoxy-1-methyl-5-
nitroimidazole XV (----) in water at pH 6. 95. .
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TABLE 1

UV-Absorption Data and Apparent Dissociation Constants

Solvent and pH

A max in my

Compound of the solution Form (a) (i) = inflection €.1073 PKay (b) PKa, (b)

v Methanol 235 (i); 314 4,62; 7.85 -0.85 6,82
Buffer, pH 3.1 N 240 (i); 325 4.60;, 6.78
6M H,SO, CA 307 6.40
0.1N KOH CB 273; 363 3.38;, 9.40

X1 Methanol 240 (i); 315 5,00; 7.60 ~1,70
Buffer, pH 6.95 N 243 (i); 327 4.,50; 7,82
6M H,S0; CA 308 6.23

X Methanol 258; 323 4.08; 6.87 -0.14
Buffer, pH 6.95 N 262; 331 3.92; 6.80
6M HySOq CA 307 5.60

X1V Methanol 233; 330 3.78; 11.71 -0.90 6.06
Buffer, pH 3. 02 N 2317, 330 3.68; 13.20
6M H,SOy CA 225 (i); 307 3.50; 7.88
0.1N KOH CB 237, 285; 366 3.94; 3.35; 14.16

XVI Methanol 235 (i); 307 3.60; 6,80 -0.44
Buffer, pH 7.10 N 240 (i); 320 3.30; 7.42
6M H,S0, CA 230 (i); 294 3.30; 6.95

XV Methanol 247, 327 4.10; 11.50 -1.03
Buffer, pH 6. 90 N 248; 339 4,25, 12.30
6M H,S0, cA 225 (i); 305 3.65 9.20

(a) N = the neutral molecule, CA = conjugate acid and CB = conjugate base. (b)

deviation = 0. 06.

The main absorption band is strongly affected by
the pH of the medium (Table I). This change permits
the calculation of the apparent dissociation constants
from the equation (9):

€p -€

PKpy*+ = pH + log ———
€ -€BHT

where €p, €, eggt are the extinction coefficients,
respectively, of the neutral molecule, mixture of
the neutral molecule plus conjugate acid and the
conjugate acid--all at the same wave length.

For the protonation of imidazoles a number of
solutions of sulfuric acid were prepared in water
and the corresponding Hammett acidity values Hg
were obtained from published tables (10). In the
equation Hy was substituted for pH, a procedure
which has been used by others (11,12).

In the strong acid solutions the isosbestic points
were not well defined because of the so-called
"medium effect'". On the assumption that the
medium effect involves mainly lateral spectral shifts,

Average standard

the curves were shifted until they intersected at the
common isosbestic point (10).

The data in Table I clearly demonstrate that 2-
iodo-1-methyl - 5 - nitroimidazole (X) is a stronger
base than the 4-nitro isomer (XI) by about 1.5 pK
units. This differential also holds for the corre-
sponding pair of uniodinated isomers (13). The
reason for this difference is the fact that the proto-
nation of the imidazole ring takes place predomi-
nately at the imino nitrogen (13,14). In the case
of 2-iodo-1-methyl-5-nitroimidazole (X), the proton
accepting hetero atom is further away from the
inductive influence of the strong electron withdrawing
nitro group. This presumably outweighs any dif-
ferential stability of the linear conjugated system
(5-nitro derivatives) over the branched conjugated
system (4 -nitro derivatives). This difference in
the dissociation constants is, therefore, an additional
factor to be considered in assigning the position of
the nitro substituent.

The basicities of the 2-methoxy-4-(or 5-)nitro-
imidazoles are in the same order as those of the
2-iodo - 4 - (or 5-)nitroimidazoles. But in contrast
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with the 2-iodo secries, 1-methyl~2-methoxy-4-
nitroimidazole was found to be a stronger base than
the 5-nitro derivative (APK = 0.6). Because of the
relatively small differences between the basicities
of the isomeric 2-alkoxy-4-(and 5-)nitroimidazoles,
the pK's are of little value in differentiating between
the isomers. For these compounds, the assignment
can casily be made on the basis of the pronounced
differences in the UV spectra.

EXPERIMENTAL (15)

2-Todo~4-(or 5-)nitroimidazole (IV).

2,4 - Diiodoimidazole (II) (4), 125 g. (0.38 mole), was added in
portions to a stirred nitration mixture prepared from 300 ml. of
nitric acid, d = 1.5, and 300 ml. of concentrated sulfuric acid chilled
to -15 to -20°. After the addition was complete, the mixture was
allowed to warm to 20-25°, which temperature was maintained for 2
{0 4 hours. The clear solution was poured with stirring into 1.5
volumes of ice water, and the precipitate was filicred. It was washed
repcatedly with 10% sodium iodide solution in order to remove free
iodine. Recrystallized from DMF or from 50% aqueous ethanol, the
product weighed 80 g. (85%), m.p. 281°,

Anal. Caled. for CqHgIN3Op: C, 15.07; H, 0.85; I, 53.11. Found:
C, 15.25 H, 0.82; I, 53.30.

1, 2-Dimethyl-4, 5~-diiodoimidazole (VII).

2-Methyl-4, 5-diiodoimidazole (V) (5), 58 g. (0.174 mole), was dis-
solved in 180 ml, of 1.5N sodium hydroxide solution and 25 ml. of
dimethylsulfate was dropped into the stirred solution at 40-50°, After
chilling, the product (white prisms) was filtered and recrystallized
from ethyl acetate. The yield was 54.5 g. (90%), m.p. 142°,

Anal. Caled. for CgHglhNy: C, 17.26; H, 1.74; I, 72.96.
C, 17.36; H, 1.75; I, 73.05.

Found:

4-(or 5-)Iodo-2-methyl-5-(or 4-)nitroimidazole (VI).

2-Methyl-4, 5-diiodoimidazole (V}, 70 g. (0.21 mole), was added
in portions to a stirred nitration mixture prepared from 140 ml. of
nitric acid, d = 1.5 and 140 ml. of concentrated sulfuric acid at -10°.
After stirring at 20-25° for 2-4 hours, the reaction mixture was
worked up as described for (IV). Recrystallized from DMF, the yield
was 42.5 g. (83%), m.p. 271-273°.

Anal. Caled. for CgHIN;Op: C, 18.98; 'H, 1.59; I, 50.16. Found:
C, 19.,24; H, 1.53; I, 50.65.

Nitration of 1,2-Dimethyl-4, 5-diiodoimidazole (VII).

1,2-Dimethyl-4, 5-diiodoimidazole, 75 g. (0.216 mole), was nitrated
with a mixture of 150 ml. of nitric acid, d = 1.5, and 150 ml. of
concentrated sulfuric acid, first at -10° for 10 minutes and then at
0-25° for 3 hours. The mixture was stirred into 500 g. of crushed
ice. The yellow nitration product contaminated with iodine was filtered.
The iodine was removed by steam distillation, and the resulting
product, 40 g. of a mixture of 1,2-dimethyl-5-iodo-4-nitroimidazole
(VIIN) and 1, 2-dimethyl-4-iodo-5-nitroimidazole (IX) was separated by
the following procedure.

a. 1,2-Dimethyl-5-iodo-4-nitroimidazole (VIII).

The nitration product, 40 g., was slurried with 400 ml. of 3N
hydrochloric acid at 25-30° for 30 minutes. The undissolved material
was filtered and recrystallized from acetone, yield 25 g., m.p. 204-
205°.

Anal. Caled. for CgHgIN3O,: C, 22.47; H, 2.26; I, 47.54. Found:
C, 22.73; H, 2.30; I, 47.83.

b. 1,2-Dimethyl-4-iodo-5-nitroimidazole (IX).

The acidic filtrate from above was filtered through a column of
charcoal (10 g. Norit A), the filtrate was neutralized with ammonium
hydroxide and the precipitated product was recrystallized from alcohol
to yield 12 g. of long, well-shaped yellow prisms, m.p. 150-151°.

Anal. Caled. for CgHgINgO,: C, 22.47; H, 2.26; I, 47.54. Found:
C, 22.80; H, 2.39; I, 47.79.

2-Todo-1-methyl-4-nitroimidazole (XI).

To a stirred solution of 75 g. of (IV) in 1N sodium hydroxide solution
was added 33 ml. of dimethylsulfate through a dropping funnel. The
temperature was maintained at 60-75°, After cooling, the product
was filtered, dried and slurried with 200 ml. of acetone in order to

Nitroimidazoles II. Synthesis and Reactions of Iodonitroimidazoles 457

dissolve the isomeric 5-nitro derivative. The product (XI) was filtered
by suction and washed on the filter with 50 ml. acetone. Recrystallized
from DMF or 50% aqueous alcohol, it formed pale yellow prisms
which weighed 55 g. (69%), m.p. 240°

Anal. Caled. for C;H,INgO,: C, 18.98; H, 1.59; I, 50.17,
C, 19.28; H, 1.63; I, 50.23.

Found:

2-Todo-1-methyl-5-nitroimidazole (X).

Method A. The acetone filtrate above from the isomeric 4-nitro
derivative was evaporated in vacuo and the residue was recrystallized
from 50% aqueous alcohol. The product, m.p. 147-150°, was contami-
nated with the isomeric 4-nitro derivative. Method B. A stirred
mixture of 23.9 g. (0.1 mole) of IV, 40 ml. of dioxan, and 11 ml.
of dimethylsulfate was refluxed for 1 hour. After cooling, 100 ml.
of acetone was added and the resulting slurry of the methosulfate of
the product was filtered. It was dissolved in 100 ml. of water and
the solution was neutralized with ammonium hydroxide with chilling.
The precipitate was filtered and recrystallized from 50% aqueous
alcohol. The melting point was 152° (m.m.p. with the material pre-
pared by method A, 150°), and the yield was 12 g. (47%).

Anal, Caled. for CHyINgO,: C, 18.98; H, 1.59; I, 50.17. Found:
C, 19.25; H, 1.55 I, 50.19.

1-Methyl-4-acetaminoimidazole (XIII) (8).

Compound (XI) or (XI), 5 g., in 180 ml. of acetic acid and 10 ml,
of acetic anhydride was hydrogenated at 50-100° (initial pressure,
500 psi) in the presence of 2 g. of anhydrous sodium acetate and
2 g. of 10% palladium-charcoal catalyst. After evaporation of the
solvent, extraction with chloroform and crystallization from alcohol
1-methyl - 4 - acetaminoimidazole (8), m.p. 248-249°, was obtained.
The picrate melts at 217°,

Anal. Caled. for CgHgN3O: C, 51.79; H, 6.52; N, 30.19.
C, 51.68; H, 6.54; N, 30.01.

2-Methoxy-4(or 5-)nitroimidazole (XIV).

Found:

2-Todo~4(or 5-)nitroimidazole, 47.8 g. (0.2 mole), was added to a
solution of 10 g. (0.435 mole) of sodium in 200 ml. of methanol.
Toluene (600 ml.) was added, the mixture refluxed with stirring for
2 hours and then 400 ml. of methanol and toluene were distilled.
The sodium salt of the product deposited as a gelatinous mass which
gradually turned crystalline. It was filtered, dissolved in 100 ml.
of hot water and the solution was acidified with 10 ml. of acetic acid
and chilled. The crystalline product was filtered, washed with water,
and recrystallized from methanol to give 18 g. (63%), m.p. 219° dec.

Anal. Caled. for CyHgNgOg: C, 33.57; H, 3.52; N, 29.37; OCHg,
21.69. Found: C, 33.88; H, 3.71; N, 29.02; OCHz, 21.32.

2-Methoxy-1-methyl-5-nitroimidazole (XV).

Compound (XIV), 14,3 g. (0.1 mole), was dissolved in 50 ml. of 3N
sodium carbonate solution at 60-70°, 11 ml. of dimethylsulfate was
added and the mixture was stirred for 20-30 minutes. After chilling,
the resulting crystals were filtered and recrystallized from ethyl
acetate to give 9 g. (58%) of product, m.p. 138°.

Anal. Caled. for CzHyN3Og: C, 38.22; H, 4.49; N, 26.75.
C, 38.46; H, 4.50; N, 27.02,

Found:

2-Methoxy~1-methyl-4-nitroimidazole (XVI).

Compound (XI), 25.3 g. (0.1 mole), was refluxed vigorously with an
excess of strong methanolic sodium methylate solution (prepared from
5 g. of sodium in 50 ml. of methanol) for approximately 7 minutes.
The decolorized solution was immediately poured into 200 ml. of ice-
cold saturated ammonium sulfate solution, and the product was ex-
tracted with 200 ml. of ethyl acetate. The solvent was evaporated
in vacuo and the crystalline residue was recrystallized from water
or methanol to yield 7 g. (44-51%) of product, m.p. 144-144.5°

Anal. Caled. for CgHqN3Og: C, 38.22; H, 4.49; N, 26.75. Found:
C, 38.13; H, 4.12; N, 26.66.
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