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The preparation of 5H,10H-diimidazo[l,2-a:1',2'-d]pyrazine-5,10-dione

(2a) and its

2,3,7,8-tetrabromo- and 2,3,7,8-tetrachloro- analogs (2b and 2¢, respectively) is reported. These
dimers, when allowed to react with various anilines, afford imidazole-2-carboxamides (3a-c).

J. Heterocyclic Chem., 17, 409 (1980).

We sought to prepare N-substituted 4,5-dibromo- and
4,5-dichloroimidazole-2-carboxamides (3b-¢). Although
N-phenyl-4,5-diphenylimidazole-2-carboxamide (3d, Ar =
Ph) had previously been synthesized from 2,3,7,8-tetra-
phenyl-5H,10H-diimidazo[1,2-a:1',2'-d]pyrazine-5,10-
dione (2d) (1), the parent structure (3a) (2) and the cor-
responding 4,5-dihalo-substituted derivatives (3b-c) were
unknown at the time of this study. We now report the
preparation of S5H,10H-diimidazo[l,2-a:1’',2'-d]pyrazine-
5,10-dione (2a) (3) and its 2,3,7,8-tetrabromo- and
2,3,7,8-tetrachloro- analogs (2b and 2e, respectively),
which when allowed to react with anilines afford the
desired imidazole-2-carboxamides (3a-¢, Scheme I) (4).
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The precursor imidazole-2-carboxylic acids (la-¢) were ob-
tained from ethyl imidazole-2-carboxylate (3) (5) as outlin-
ed in Scheme II. Compound 5 was brominated using
bromine-acetic acid to afford 6, which on base hydrolysis
gave 4,5-dibromoimidazole-2-carboxylic acid (1b).
Imidazole-2-carboxylic acid (la) was prepared by treat-
ment of 5 with a 1 N sodium hydroxide solution (6).
Chlorination of la with sodium hypochlorite solution (7)
afforded 4,5-dichloroimidazole-2-carboxylic acid (lc) in
52% yield.
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As illustrated in Scheme I, the above imidazole-2-
carboxylic acids (la-c¢) were allowed to react with thionyl
chloride and the resulting dimers (2a-c) were obtained in
good yield. A plausible mechanism involves the inter-
mediacy of a ketenelike species as in equation 1, followed
by dimerization (8,9). Treatment of the dimers (2a-¢) with
two molar equivalents of various anilines in pyridine
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solvent at room temperature gave rise to the N-substituted
imidazole-2-carboxamides 8hown in Table I (3e-1), with the
exception of compound 3i. The latter 4,5-dibromo analog
was prepared by bromination of the parent imidazole-2-
carboxamide 3f. However, no suitable methods for
4,5-dichlorination could be found in analogous cases (10).
When the dimer 2a was allowed to react with ammonium

hydroxide, the known imidazole-2-carboxamide 4a was
isolated in 86% yield (11).

EXPERIMENTAL (12)

Imidazole-2-carboxylic Acid (la).

A mixture of 4.00 g. (0.029 mole) of ethyl imidazole-2-carboxylate (5) (5)
and 40 ml. of 1N aqueous sodium hydroxide solution was heated under
reflux for 4 hours, and the resulting solution was then chilled and made
acidic (pH 1.5) with dilute hydrochloric acid. The product precipitated
and was collected by suction filtration to afford 2.00 g. (64%) of 1a, m.p.
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Table 1
N-Substituted Imidazole-2-carboxamides (3e-l1)
X~
s
LS N)\ CONHR
Analyses, %
Compound X R Yield, m.p. °C Empirical Caled. Found
No. % formula C H N C H N
3e H Ph 74 215-217(a) C, H,N,0
3f H  4BrCH, 75 261262  C,HBrN,0  45.33 3.04 1586  44.88 3.06 15.70
3g H 3,4-Cl,CH, 34 233-234 C,,H,CLLN,O 46.92 2.76 16.41 46.88 3.14 16.22
3h Br Ph 76 252-254 C,oH,Br,N,0 34.78 2.03 12.17 34.92 2.07 12.39
3i Br 4BrCH, 89 (b) 268-269 C, H,Br,N,O  28.33 1.43 9.91 27.99 1.38 9.47
3j Cl 4.CICH, 98 265-266 C,,H,CI,N,0 41.42 2.09 14.49 41.49 2.22 14.37
3k Cl  3CF,CH, 70 198-199 C,H,CLF,N,O 40.78 1.86 12.97 40.76 2.24 12.75
31 Cl  3-AcCH, 65 272-273  C,H,CLN,0, 48.37 3.06 1410 4843 3.07 14.10

(a) Lit. m.p. 218-219° (Reference 2). (b) Compound was obtained by bromination of 3f.

169-170° dec (lit. (6) m.p. 163-164° dec.); ir (potassium bromide): 1640
c¢m™! (C=0); ms: m/e 112 (M*).

4,5-Dibromoimidazole-2-carboxylic Acid (1b).

Hydrolysis of ethyl 4,5-dibromoimidazole-2-carboxylate (6, 2.00 g.,
6.71 mmoles) in the same manner as described for 1a gave 1.66 g. (92%)
of 1b, m.p. 171-173° dec.; ir (potassium bromide): 1650 cm™*; ms: m/e
272, 270, 268 (M*).

Anal. Caled. for C,H;Br,N,0,: C, 17.79; H, 0.75; N, 10.38. Found: C,
17.62; H, 1.00; H, 9.93.

4,5-Dichloroimidazole-2-carboxylic Acid (1c).

To a solution of sodium hydroxide (4.30 g., 0.107 mole) in 300 ml. of
sodium hypochlorite (5.25%, 0.214 mole) was added 12.0 g. (0.107 mole)
of imidazole-2-carboxylic acid (la) in one portion at room temperature
(7). The reaction was exothermic and the temperature rose to 50°. After
the reaction mixture returned to room temperature, it was cooled and
acidified to pH 1.0 with concentrated hydrochloric acid. The resulting
solid was collected by suction filtration and was added to water (500 ml.).
Concentrated hydrochloric acid was then added dropwise to the slurry
until all the solid went into solution. The aqueous solution was extracted
with ethyl acetate and the combined extracts were dried and evaporated
to afford a light yellow solid, which was washed with hexane (100 ml) to
give 10.0 g. (52%) of 1c; m.p. 159-160° dec.; ms: mle 184, 182, 180 (M*).

Anal. Caled. for C,H,CI,N,0,: C, 26.54; H, 1.11; N, 15.48. Found: C,
26.30; H, 1.32; N, 15.53.

General Procedure for Compounds 2a-c.

The imidazole-2-carboxylic acids (la-¢c; 35 mmoles) and 35 ml. of
thionyl chloride were heated under reflux for 2 hours. The reaction mix-
ture was cooled and poured onto 125 ml. of benzene. The resulting
precipitate was collected by suction filtration and washed with ether.

A. 5SH,10H-Diimidazo[1,2-a:1'-2'-d]pyrazine-5,10-dione (2a).
This compound was obtained as a white dihydrochloride salt in 70%
yield, m.p. 169-170°C dec.; ir (potassium bromide): 1755 cm™* (C=0)
nmr (DMSO0-d¢): 6 7.34 (s); ms: m/e 188 (M*), 94.
Anal. Caled. for C,HN,0,-2HCL C, 36.96; H, 2.33; N, 21.55.
Found: C, 36.52; H, 2.82; N, 21.62.
B. 2,3,7,8-Tetrabromo-5H,10H-diimidazo[1,2-a:1',2"-d]pyrazine-5,10-
dione (2b).

This compound was obtained as a yellow dihydrochloride salt in 72%

yield, m.p. 330-331°C dec.; ir (potassium bromide): 1755 cm™! (C=0),
ms: m/e 508, 506, 504, 502, 500 (M*), 254, 252, 250.

Anal. Caled. for C,Br,N,0,-2HCI: C, 16.63; H, 0.34; N, 9.70. Found: C,
16.64; H, 0.24; N, 9.63.

C. 2,3,7,8-Tetrachloro-5H,10H-diimidazo[1,2-a:1',2"-d]pyrazine-5,10-
dione (2¢).

This compound was isolated as a bright yellow solid in 68% yield, m.p.
310° dec., ir (potassium bromide): 1750 cm™* (C=0); ms: m/e 332, 330,
328, 326, 324 (M*), 166, 164, 162.

Anal. Caled. for C,CI,N,0,: C, 29.48; H, 0.00; N, 17.19. Found: C,
29.31; H, 0.25; N, 17.40.

General Procedure for Compounds 3e-h,j-1 (Table I).

A solution of 3 mmoles of 2a, 2b or 2¢, and 6 mmoles of the ap-
propriate aniline in 10 ml. of pyridine was allowed to stir at room
temperature for 4-18 hours. The reaction mixture was then poured into
water and the resulting precipitate was collected by suction filtration.
The solid was washed with water until the washings became colorless,
and the product was then washed with a small amount of ethanol. Com-
pounds 3j and 3k were recrystallized from ethanol-water. Nmr, ir and ms
data were consistent with the structures shown in Table I.

N{4-Bromophenyl}4,5-dibromoimidazole-2-carboxamide (3i).

To a solution of 3f (0.50 g., 1.8 mmoles) in acetic acid (10 ml.) was add-
ed dropwise bromine (0.57 g., 3.6 mmoles) in acetic acid (10 ml.). After 1
hour, the reaction mixture was poured into water and the resulting solid
was collected by suction filtration to afford 0.68 g. (89%) of 3i, m.p.
268-269°; ms: mle 427, 425, 423, 421 (M*) (see Table I for additional
characterization data).

Imidazole-2-carboxamide (4a).

To a solution of ammonium hydroxide (50 ml.) at 10° was added 1.0 g.
(3.8 mmoles) of 5H,10H-diimidazo[1,2-a:1',2'-d]pyrazine-5,10-dione
dihydrochloride (2a) portionwise. The temperature was maintained at
10° for 1 hour and then allowed to come to room temperature. The
precipitate was filtered and washed with water. After drying in a vacuum
oven at 40° overnight 0.73 g. (86%) of 4a was obtained: m.p. 312-313°
dec. (lit. (11) m.p. 290° dec.); ms: m/e 111 (M*).

Ethyl 4,5-Dibromoimidazole-2-carboxylate (6).

To a solution of ethyl imidazole-2-carboxylate (5) (3, 5.00 g., 35
mmoles) in acetic acid (25 ml.) was added dropwise bromine (12.4 g., 77
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mmoles). The reaction mixture was slightly exothermic during the addi-
tion period (30 minutes). After 2 hours, the mixture was poured into
water and the resulting solid was collected by suction filtration to afford
6.66 g. (63%) of 6, m.p. 154-156°; ir (potassium bromide): 1740 cm*;
nmr (deuteriochloroform): 6 1.40 (3H, t), 4.40 (2H, q), 12.3 (NH, bs);
ms: mle 300, 298, 296 (M*).

Anal. Caled. for C;HBr,N,0,: C, 24.18; H, 2.03; N, 9.40. Found: C,
24.45; H, 2.07; N, 9.44.
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