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AN ALTERNATE SYNTHESIS OF
3,4-DIAMINOBENZOPHENONE AND OF MEBENDAZOLE'

N. R. Ayyangar’, R. J. Lahoti and Thomas Daniel

National Chemical Laboratory
Pune 411 008, INDIA

Methyl [5-(benzoyl)-benzimidazol-2-yljcarbamate or mebendazole (9)! is one of the
important benzimidazole carbamates currently in use as a broad spectrum human and veterinary
anthelmintic drug. The main intermediate for mebendazole is 3,4-diaminobenzophenone (5). It is
easily obtained by the reduction of 3-nitro-4-aminobenzophenone. Earlier we reported the preparation
of 3-nitro-4-amino-benzophenone from o-nitroanisole and benzoyl chloride by a Friedel-Crafts
reaction followed by ammonolysis.2 This communication describes a new and convenient synthesis of
5 in high yield and purity from methyl N-phenylcarbamate (1a) and from acetanilide (1b). An
important aspect in this one-pot synthesis from readily available starting material is the involvement of
an exceptionally stable phenyl dichlorocarbenium tetrachloroaluminate complex as a reactive species.?
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Our first approach for the synthesis of 5 from 1a involved benzoylation, nitration, hydrolysis
and reduction. Methyl N-phenylcarbamate (1a)* was benzoylated under mild conditions using
benzotrichloride in quantitative yield; under the same conditions, benzoyl chloride failed to react and
benzoic acid was recovered along with 1a. Compound 2a was nitrated with fuming nitric acid at low
temperature to give methyl (4-benzoyl-2-nitrophenyl)carbamate (3a) in quantitative yield. Alkaline
hydrolysis of 3a and subsequent reduction with sodium sulfide gave 5. All the intermediates were
characterized by spectral and elemental analyses. The synthesis of § from acetanilide (1b) was also
carried out’ under the same conditions in nearly quantitative yield. These routes are comparable and
provide alternate approaches to 5.

The reported methods for the synthesis of mebendazole (9) are mostly covered by patents
with sketchy descriptions of reaction conditions.® A few methods have also been reported which
involve either inaccessible reagents or high pressure.”® We have standardized the preparation of 9,
which can be carried out in a one-pot operation, from easily accessible starting materials. The
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required reagent (8)° is obtained from methyl chloroformate by stepwise reactions with potassium
thiocyanate, ammonia and dimethyl sulfate. The reaction of 8 with 3,4-diaminobenzophenone 5 gave
mebendazole 9 in 95% yield. The structure of 9 was in conformity with its spectral data.’

EXPERIMENTAL SECTION
Melting points were obtained in capillary tubes. IR spectra were recorded using a Perkin-Elmer
221 spectrophotometer and 'H NMR spectra were obtained using a Varian FT-80 spectrometer

using TMS as the internal reference. Mass spectra were recorded on a Finnigan Mat 1020
automated GC/MS spectrometer.

From Methyl N-Phenylcarbamate

Methyl N-(4-Benzoylphenyl)carbamate (2a).- To a cooled solution (0-5°) of anhydrous aluminium
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chloride (40 g, 0.3 mol) in ethylene dichloride (250 mtl), benzotrichloride (21.5 g, 0.11 mol) was
added over 15 min. This was followed by the addition of 1a (15.1 g, 0.1 mol) over 0.5 hr. The
reaction mixture was stirred for 5 hrs. Completion of the reaction was checked by TLC on silica gel
using petroleum ether and ethyl acetate (4:1) as the eluent. The reaction mixture was poured into
crushed ice (500 g) and conc. hydrochloric acid (10 ml). The resulting mixture was stirred at 70° for
0.5 hr. After cooling, the organic layer was separated, washed with water (3x250 ml) and dried. The
solvent was removed by distillation and the resulting product (2a) was crystallized from a mixture of
acetone and petroleum ether (v/v, 1:1) as cream white crystals (24.9 g, 98%), mp. 160°. IR (Nujol):
3310, 1730, 1640, 1590, 1460, 1420, 1380, 1330, 1290, 1230, 1080, 930, 850 cm’’; 'H NMR
(CDCLy): 8 3.73 (s, 3H, CH,), 6.7-7.8 (m, 10H, Ar-H and NH); MS: m/e (rel. int. %) 255 (M*, 100),
239 (20), 222 (71), 178 (100), 168 (20), 141 (21), 118 (40), 105 (89), 77 (86), 63 (44), 44(60).
Anal. Calcd. for C,;H,NO,: C,70.58; H, 5.09; N, 5.49
Found: C,70.34; H, 5.20; N, 5.32

Methyl N-(4-Benzoyl-2-nitrophenyl)carbamate (3a).- To an ice cooled (0-5°) solution of methyl
N-(4-benzoylphenyl)carbamate (25.5 g, 0.1 mol) was added dropwise fuming nitric acid (9.45 g,
0.15 mol) over 0.5 hr. The temperature was allowed to reach 25° in 15 min. The reaction mixture was
maintained at 25° for 0.5 hr, poured into ice and the product collected. Crystallization from methanol
gave 28.8 g (96%) of 3a as brownish yellow needles, mp. 300°. IR (Nujol): 3340, 1740, 1660, 1620,
1580, 1450, 1340, 1280, 1240, 1200, 1170, 1080, 1060, 970, 850, 810, 730 cm™; "H NMR (CDCL,):
3 3.88 (s, 3H, OCH,), 7.4-7.8 (m, 6H, Ar-H), 8.12 (dd, IN, 5.H), 8.72 (d, 1H, 3-H, J = 3Hz), 10.12
(bs, 1H, NH, partially exchangeable with D,0); MS: m/e (rel. int. %) 300 (M+, 68), 254 (75), 223
(54), 196 (8), 191 (11), 178 (100), 168 (9), 146 (28), 105 (41),77 (33), 59 (8).
Anal. Calcd. for C, N, ,)N,O,: C, 60.00; H,4.00; N, 9.33

Found: C, 59.81; H,4.15; N, 9.10

4-Amino-3-nitrobenzophenone (4).- Methyl carbamate (3a, 30 g, 0.1 mol) was slowly added as a
solid with stirring to 100 ml of 6% methanolic sodium hydroxide solution containing 5 ml of water.
The reaction mixture was heated at reflux (3 hrs) and excess methanol was distilled off. The residue
was poured into water and the product 4 separated. It was collected and crystallized from methanol to
yield 22.7 g (94%) of yellow needles, mp. 140°, lit." mp. 140°. 'H (CDCL,): 3260, 3200, 1660, 1630,
1570, 1530, 1490, 1450, 1420 cm’; '"H NMR (CDCL,): 8 6.3 (s, 2H, HN,), 6.66 (d, 1H, 5-H, J =
8Hz), 7.2-7.8 (m, 6H, Ar-H), 8.26 (d, 1H, 2-H, J = 1.5Hz); MS m/e (rel. int. %) 242 (M*, 18), 195
(6), 165 (100), 139 (5), 119 (44), 105 (62), 91 (14), 77 (32).

3,4-Diaminobenzophenone (5).- Sodium sulfide hexahydrate (60.1 g, 0.25 mol) was dissolved in
250 ml of hot water and was filtered to give a clear solution. 4- Amino-3-nitrobenzophenone (4) (24.2
g, 0.1 mol) in 50 ml water was warmed to 85° and sodium sulfide was added in a dropwise manner (4
hrs). The mixture was heated at reflux with stirring for 5 additional hrs, cooled, diluted with water and
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the product that separated was collected. Crystallization from a mixture of benzene and petroleum
ether (v/v, 1:1) afforded 5 in 19.1 g (90%), mp. 115°, lit."! mp. 115-117°. UV A__, MeOH: 253 nm (€
= 13165), 365 nm (e = 9680); IR (Nujol): 3460, 3380, 3210, 1660, 1610, 1590, 1560, 1450, 1320,
1290, 1160, 1140, 1080, 920, 850, 820, 800, 750, 720, 710 cm; 'H NMR (CDCL,): & 3.40 (bs, 4H,
HN, exchangeable with D,0), 6.32 (d, 1H, 5-H, J = 8Hz), 6.76-7.38 (m, 6H, Ar-H), 7.43 (d, 1H, 2-H,
J =3Hz); MS: m/e (rel. int. %)135 (M*, 100), 107 (27), 91 (18), 80 (14), 77 (21).
Anal. Calcd. for C )N, )N,0: C, 73.58; H, 5.66; N, 13.12

Found: C,73.90; H,5.60; N, 13.25

Preparation of 3,4-Diaminobenzophenone (5) from Acetanilide.- The reaction procedures for the
benzoylation of acetanilide, the subsequent nitration, hydrolysis and reduction are similar to those
from methyl N-phenylcarbamate (1a) described above.
4-Acetamidobenzophenone (2b).- White needles from aqueous ethanol, yield 23.4 g 12 (98%), mp.
156°, 1it.”> mp. 156°; IR (Nujol): 3340, 1700, 1620, 1575, 1450, 1375,1310, 1250, 1160, 1020, 860,
740 cm!; '"H NMR (CDCL,): § 2.12 (s, 3H, CH,), 7.2-7.9 (m, 9H, Ar-H), 8.12 (bs, 1H, HN,
exchangeable with D,0); MS: m/e (rel. int. %) 239 (M*, 68), 197 (62), 180 (3), 162 (10), 141 (14),
120 (100), 150 (5), 92 (8), 77 (3).
Anal. Caled. for C,H|,NO,: C,75.31; H, 5.43; N, 5.85

Found: C,75.12; H,5.35; N, 5.60

4-Acetamido-3-nitrobenzophenone (3b).- Brownish yellow needles from methanol, yield 26.9 g
(95%), mp. 144-145°; IR (Nujol): 1700, 1640, 1605, 1570, 1510, 1440, 1360, 1330, 1280, 1220,
1160, 980, 840, 730, 690 cm; 'H NMR (CDCL,): § 2.33 (s, 3H, OCH,), 7.2-7.8 (m, 5H, Ar-H), 7.93-
8.11 (dd, 1H, 6-H); 8.62 (d, 1H, 2H, J = 3Hz), 8.86 (d, 1H, 5H, J = 9Hz), 10.4 (bs, IH, NH,
exchangeable with D,0); MS: m/e (rel. int. %): 284 (M*, 10), 242 (59), 165 (100), 138 (19), 119
(16), 105 (32),91 (9), 77 (42).
Anal. Calcd. for C ;H ,N,0,: C, 63.36; H, 4.22; N, 9.40

Found: C, 63.24; H, 4.14; N, 9.26

Preparation of Mebendazole (9).- To a solution of potassium thiocyanate (10.2 g, 0.11 mol) in ethyl
acetate (70 ml) was added methyl chloroformate (8.9 g, 0.09 mol) over about 10 min. After stirring at
60° for 1 hr, the reaction niixture was cooled to 0-5° and aqueous ammonia (25%, 7.3 g) was added
slowly and stirring was continued for 15 min. The residue obtained on removal of ethyl acetate was
warmed with dimethyl sulfate (15.1 g, 0.12 mol) and 50 ml of water for 30 min. The pH of the
solution was brought to 6.0 by the addition of aqueous sodium hydroxide. To this solution was added
3,4-diaminobenzophenone (13 g, 0.06 mol) and the mixture was heated between 85-90° for 3 hrs.
The product that separated out on cooling was collected and pressed dry. Crystallization from acetic
acid gave 16.91 g (95%) of 9 as a colorless product, mp. 303°, lit.” mp. 300°.
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