
SYNTHESIS OF 4-AMINO-7-HYDROXYBENZIMIDAZOLE 

* Alan R. Katritzky, ta Bogumila Rachwal," Stanislaw Rachwal," Peter J. 

and Krzysztof A. ZaklikaC 

a) Center for Heterocyclic Compounds, Department of Chemistry, University of 

Florida, Gainesville, FL 3261 1-720WSA 

h) Chemistry Department, University of Canterhury, Christchurch, New Zealand. 

c) Graphic Research Lahoratory. 3M Center, 201-3E-03. St. Paul, MN 

55144-lC00, USA 

Abstract - A simple and efficient synthesis of 4-amino-7-hydroxyhmzimidazole 

(2a) was developed involving condensation of 2.3-diaminophenol with triethyl 

orthoformate, coupling the 4-hydroxyhenzimidazole (6) thus ohtaincd with 

4-ethylhenzodiazonium chloride to give 4-(4-ethy1phenylazo)-7-hydroxy- 

henzimidazole (7) and hydrogenolysis of 7 to glve 2a. Acetylation of 2a w ~ t h  

acetic anhydride gave triacetyl derivative (8). the structure of which was proved 

hy X-ray crystallographic analysis. 

4-Aminophenol (1) is a frequently used starting material in organic synthesis. Recent applications of 1 involve 

preparation of ha11 coloring formulations,' varlous azo corn pound^,^ electrophotographic toners', photo- 

thermography rnate~ials,~ photochromic suhstances,' photography developers," various pharmaceutica~s,~ 

liquid crystalsR and heat resistant polyrners."~ our surprise, henzazole analogues (2) and (3) of 

4-aminophenol, which could have significant potential applications, appeared to he unknown. We now repon 

an efficient synthesis of 4-amino-7-hydroxyhenzimidazole (Za, X = CH, Y = N). 

t This paper is dedicated to Professor Fritz Sauter, holder of the Chair of Organic Chemistry of the Technical 

University of Vienna, in honor of his 65th hirthday, and in admiration of his success in promoting east-west 

understanding. 
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The literature procedure10 for the preparation of 4-hydroxyhcnz~midazole (3) is laborious involving 

successively: (i) hydrogenation of 3-nitro-2-aminophenol (4); (ii) refluxing the 2,3-diaminophenol(5) ohtained 

with a mixture of formic acid and acetic anhydride; (iii) suhlimation of the crude product to give a formyl 

derivative of 6 (in 42% yield) and (iv) hyarolysis with concentrated hydrochloric acid to give 6 as its 

hydrochloride. In our hands, this procedure gave a complex mixture contaimng 

4-hydroxy-2-methylbenzimidazole11 in addition to 6,  indicating that acetic acid can compete with formic acid 

in the cyclocondensation process. 

We now report that triethyl orthoformate converts diamine ( 5 )  quantilatively into henzimidazole (6). Problems 

associated with the high soluhility of 6 in water were avoided hecause the aqueous work-up was no longer 

needed. Attempted nitration of hydroxyhenzimidazole (6) produced a difficult to separate equimolar mixture of 

the 5- and 7-nitro derivatives. Coupling reactions with aryldiazonium salts are more selective. Thus, 

condensation of 6 with 4-ethylbenzenediazonium chlondc gave a mixture from which the pure azo compound 

hydrochloride (7). was obtained in 82% yield upon recrystallization from Ill%, HCllEtOH (1:l). 

HCI HCI 



Hydrogenolysis of 7 produced a mixture of the desired 4-amino-7-hydroxyhenzimidazole (2a) and 

4-ethylaniline which was easily separated hy removing liquid 6ethylaniline from solid 2a using ether. 

Coupling with unsuhstituted henzenediazonium chloride was less useful in this process due to the difficulty of 

separating aniline from Za. Compound ( ta )  is extremely sensitive to contact with air, changing from a white 

solid into a black mass within minutes. To ohtnin a stahle derivative which could he analyzed, amine (2a) was 

treated with acetic anhydride. The nmr spectra and CHN analysis indicated three acetyl groups had heen 

incorporated into the molecule. Because of five potential acetylation sites (including the possibility of two 

acetyl groups on the amino nitrogen atom), several possihlc structures had to he considered and the prohlem 

could not he solved on the hasis of the nmr spectra. X-Ray crystallographic analysis allowed us to assign 

structure (8) for the triacetyl derivative. 

Figure 1. Perspective view and atom lahelling of one of the two independent molecules of 8. 

Figure I shows a perspective view and atom Iahelling of one of the two independent molecules of 8. Tahle 1 

lists the hond lengths and angles. The geometry and conformations of the two crystallographically independent 

molecules arc the same within experimental error. The henzimidazole ring system is planar to within 0 .020~ .  

The C- and N- acetyl groups are approximately coplanar with the henzimidazole plane (angles between the 

meanplanes 11.1 and 11.3O for the C-acetyl and 8.6 and 5.9' for the N-acetyl) while the 0-acetyl group is 

inclined at angles of 66.4 and 65.9" for the two independent molecules. Intermolecular hydrogen bonds link the 

molecules with N(4)H honded to O(71) of an adjacent molecule with the following parameters: N(4) ... O(7l) = 

2.99 A, H(4) ... O(7l) = 2.2 A, N(4) - H(4) ... O(7l) = 145". 



Tahle 1. Bond lengths (A) and angles (') for the two independent molecules of 8. 

EXPERIMENTAL 

Melling points were determined with a Thomas Hoover capillary melting point apparatus and are uncorrected. 

'H and "C nmr spectra were recorded on a Varian VXR 30() spectrometer in DMSO-d6 with TMS as the 

reference. 23-Diaminophenol (5,  mp 166 C; lit.," mp 164-165'C) was ohtained in 98% yield by catalytic 

reduction of 2-amino-3-niuophenol(4), purchased from Aldrich. 

4-Hydroxybenzimidazole (6): A mixture of 2,3-diaminophenol (1.24 g, 10 mmol) and triethyl orthoformate 

(1.48 g, 10 mmol) and a catalytic amount of p-toluenesulfonic acid was heated at 120°C till no more ethanol 

distilled off. Toluene was then added to completzly =move the ethanol. The solid residue was recrystallized 

from EtOH to give pure 6 (1.20g, 90%). mp 182-183°C. 'H Nmr 6 6.67 (d, J = 7.2 Hz, 1 H), 7.06 (m, 2 H), 

8.08 (s, 1 H), 9.6 -10.9 (hs, 2 H, OH and NH). "C Nmr S 105.6, 107.2, 123.3, 129.0, 138.8, 140.2, 147.3. 

Anal. Calcd forC7H6N20: C, 62.68; H, 4.51; N, 20.88. Found: C, 62.29; H, 4.54; N, 20.64. 
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7-(4-Ethylpheny1azo)-4-hydrouybenzimidazole hydrochloride (7): 36% Hydrochloric acid (24 ml) was 

added dropwise top-ethylaniline (9.5 ml, 77 mmol) kept in an icelsalt bath. After 10 min, a solution of NaN02 

(6.8 g, 99 mmol) in water (40 ml) was added portionwise to maintain a temperature of O0C. The reaction 

mixture was stirred for 15 min. In the meantime, a solution of 4-hydroxyhenzimidazole 6 (9.4 g, 70 mmol) in a 

mixture of EtOH and H20 (60 ml + 60 ml) was added in one ponion to a sodium acetate solution (54 g) in 

water (200 ml) while stirring at 0-5°C. To this solution, the ahove the diazonium salt was added portionwise at 

such a rate that the temperature of the reaction mixture was never higher than 5'C. Formation of a heavy red 

precipitate was ohserved. After the addition the reaction mixture was left at room temperature for 1 h. The 

precipitate was filtered off and washed with water to give the crude product which was purified hy 

recrystallizauon from a mixture of 10% HCI and EtOH (1:l) to give hrown-red needles (15.3 g, 82%), mp 

268-270°C. lH Nmr: 6 1.23 (t, J = 7.6 Hz, 3 H), 2.68 (q, J = 7.6 Hz, 2 H), 6.86 (d, J = 8.5 Hz, 1 H), 7.38 (d, J = 

8 .3Hz ,2H) ,7 .80(d , J=8 .5Hz ,  1 H) ,7 .96(d ,J=8.3Hz,2H),8 .28(s ,  1H). I3CNmr: 6 15.3,28.0, 109.8, 

121.2 (2 C), 127.7, 128.5 (2 C), 129.3, 132.3, 132.8, 141.4, 145.3, 149.7, 156.1. Anal. Calcd for Cl5HI5N,OCI: 

C, 59.51; H, 4.99; N, 18.51. Found C, 59.32; H. 4.61; N, 18.59. 

4-Amino-7-hydroxybenzimidazole hydrochloride (2a): The suspension of compound (7) (2.66 g, 10 mmol) 

in MeOH (50 ml) was placed in a reactor for hydrogenation and palladium catalyst (PdC - 10%. 0.50 g) was 

added. After it was closed, 20 kG/cm2 pressure of hydrogen was applied and the reaction left at room 

temperature for 2 h. After opening. the crude reaction mixture was filtered (to remove camlyst), washed very 

quickly with mcthanol and the solvent was evaporated under vacuum. Trituration of the dark solid residue with 

ether gave 2a (1.35 g, 72%). mp 320925°C which decomposed quickly on exposure to air. 'H Nmr: 6 1.83 (hr 

s, 2 H), 2.51 (hr s, 2 H), 6.18 (d, J = 8.0 Hz, 1 H), 6.34 (d, J = 8.0 Hz, 1 H), 7.93 (s, 1 H). I3c Nmr: 6 104.6, 

106.9, 107.9, 130.0, 136.3, 136.5, 138.7. 

1-Acetyl-4-acetamino-7-acetoxybenzimidazoe (8): A solution of 7-amino-4-hydroxyhenzimidazole 

hydrochloride (0.30 g, 2 mmol) in acetic anhydride ( I  ml, 10 mmol) was heated under reflux for 1 h. Toluene 

( 1 0  oil) was added and the excess of acetic anhydride was distrlled off to give 0.85 g of solid 8. 

Recrystallization of crude 8 from EtOH gave fine white needles (0.42 g. 94%)). mp. 201°C. IH Nmr: 6 2.20 (s, 

3 H), 2.28 (s, 3 HI, 2.77 (s. 3 H), 7.06 (d. J = 8.6 Hz, 1 H), 8.09 (d, J = 8.6 Hz, 1 H), 8.88 (s, 1 H), 10.02 (hr s, 

1 H,NH). "CNmr: 620.7.23.9, 24.3, 115.6, 119.6, 123.8, 125.8, 128.4, 132.5, 137.0, 144.0, 167.6(carbonyl), 

169.2 (2 carhonyl). Anal. Calcd for CI3Hl3N3O4: C, 56.72; H, 4.76; N, 15.27. Found C, 56.83; H, 4.75; 
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Crystal data for 8 at -143'C: CI3H~,N3O4, MW = 275.3, orthorhomhic, space group Pna2,. a = 14.531(2), h 

= 12.487(3), c = 13.561(2) k ,  U = 2460.6(8) kS,  F((XN)) = 1152, Z = 8, D, = 1.486 g cm-l, p(Mo-Ka) = 1.13 

cm-I, 0.42 x 0.34 x 0.25 mm, o scans, 20,,, = 52". N = 2519, 367 parameters, S = 1.07, WR(F~) = 0.127, R = 

0.059 for 1590 reflections with 1>2o(I). 

Intensity data were collected at -143'C with a Nicolet R3m four-circle diffractometer by using 

monochromatized Mo K a  (1 = 0 . 7 1 0 7 ~ )  radiation. Cell parameters were determined by least squares 

refinements, the setting angles of 28 accurately centred reflections ( 2 0  > 27') heing used. Throughout data 

collections the intensities of three standard reflections were monitored at regular intervals and this indicated no 

significant crystal decomposition. The intensities were corrected for Lorenz and polalization effects hut not for 

ahsorption. 

Tahle 2. Atomic coordinates (x104) and isotropic thermal parameters (kx103) fnr 8 

"Equivalent isotropic U defined as one third of the trace of the orthogonalised U,, tensor 

The structure was solved hy direct methods, and refined on F2 using S H E L X L ~ ~ . "  All non-hydrogen atoms 

were refined with anisotropic thermal parameters. Hydrogen atoms were included in calculated positions with 

isotropic thermal parameters 1.3 times the ismopic equivalent of their carrier carhons. The rotational 



orientations of the methyl groups were deduced from Fourier syntheses. The function minimized was 

Zw(FO2-F:), with w = [a2(FO2) + 0.078P21-1 where P = [max(FoZ + 2F:)]13. Attempts to refine the structure in 

a higher symmetry space group were unsuccessful. Final atom coordinates are listed in Table 2. Tabulations of 

hydrogen atom coordinates, anisotropic thermal parameters, structure factors and equations of meanplanes are 

availahle from the author P.J.S. 
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