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- 1-Substituted 4,5-diarylimidazoles are prepared in high yields by the reaetion of 

I - ( b e n z o t r i a z o l - 1 y l ) N - t r i p h e n y l p h o s p h ~ y l m i n e  with pnmary amines and the 

treatment of the resultingintermediates with a-diary1 ketones. 

Betmip [ l ~ ( b e n z o t t i a z o l - l - y l ) - N - t r i p h e n y l p h o s p h ~ m i n e l  (1) is a new synthon of considerable utility. 

In  communications we have demonstrated the usefulness of Betmip in a novel synthesis of primary 

amines,' and in the preparation of csrbodimides, imines, isothioeyanates, aziridines and secondary a m i n e ~ . ~  The 

present paper is concerned with the application of Betmip to the synthesis of I-substituted 4,5-diarylimidazoles 

from prima?. amines and a~diketones. 

Substituted imidazoles, many of which play impartant roles in biologically significant processes, have been 

prepared by a variety of synthetic methods.QIthough most substitution patterns can be realized by these 

methods, few simple, straightforward routes to 1.4,5-trisubstituted imidazoles have been reported. Such 

imidazoles have been synthesized by novel cyclaadditions, exemplified by reactions of TosMIC derivatives, 

tosylbenzyl isoeyanide and a-tosylbenzyl isoeyanide with aldimines,' and by the dimerization ofN~methylLC~ 

phenylnitrone in the presence of potassium cyanide to give I-methyl-4,5-diphenylimidazoIee6 

Many methods of imidazole synthesis, such a s  the classical Radziszewski reaction, involve the use of a- 

funetionalized carbanyl compounds such as a-diketones and ammonia with o r  without added aldehyde." 

Formamide is a convenient substitute for ammonia, and in the presence of formic acid 4,5~disubstituted imidazales 

are formed7 from diary1 ketones, although ketones possessing a.hydmgens undergo self-condensation reactions. 



We have shown that  the Betmip molecule undergoes displacement of benzotriazole by primary amines and the 

resnltingintermedistes (21, on treatment with o-diary1 ketones, @ve 1,4.5-trisubstituted imidazoles (3) in good 

yields (see Table 1). The reaction can be carried out  in one pot, without isolation of 2, and the work up and 

isolstion procedures are straight~forward. The use of various primary aliphatic amines, Betmip, and a-diketones 

such as b e n d  and phenmthrenequinane gave good results, and the reaction was successfully extended to include 

4-dimethylsminoaniline. The activation by the strongly electron donating dimethylamino group was essential. 

Use of the less nueleophilie p-toluidine, with Betmip and phenanthrenequinone, resulted in the isolation of the 

known phenmthrol9,lOiox~~01e,~ without incorporation of the amine moiety. 
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Table 1 Preparation of 1.4.5-Trisubstituted imidazales 3 

No Yield Molecular mp C(%) H(%) N(%) 

(%I Formula ("1 Required (Found) 

Use of the  unsymmetrical a-diketone, p~chlorodibenzoyl, led to the exelusive formation of 4~@-chlorophenyl)-5- 

phenylimidarale (34, as confirmed by an X-ray analysis. This corresponds to the expected initial attack of the 

more nueleophilie iminophasphorane nitrogen a t  the activated earbonyl. Figure 2 shows a perspective view and 

atom labelling of t h e  crystal structure. Atom coordinates, bond lengths and bond angles are given in Tables 2-4. 

The imidazole ring i s  planar with geometry comparable with that of other imidazole structures except for a slight 

stretching of the C(4) - C(5) band: such stretching has  been observed with similarly substituted imidazoles. The 

three phenyl rings are planar to within 001.4 and their meamplames inelined to the imidslole meanplane a t  angles 

of 82.0' (benzyl), 29.8" (4-phenyl) and 62.5" (5-phenyl). The two adjacent phenyl rings a t  C(4) and C(5) a re  

mutually inelined a t  an angle of 58.6". There are no unusually short ( 4 4 A )  intermolecular contacts between non~ 

hydrogen atoms. 



Figure 1 Perspective view and atom labelling of the X-ray stmeture of 4-(p-chlorophenyl)-5-phenylimidazole 3c 

EXPERIMENTAL 

Column chromatography was carried out on MCB silica gel (230-400 mesh). Melting points were determined with 

a Kofler hot stage apparatus and are uncorrected. 'Hand, 13C nmr spectra were recorded on a Varian VXR 300 

MHz spectrometer in CDCI3 using TMS as an  internal reference for 'H spectra and CDCI8 for 13C nmr spectra 

(abbreviations used: s singlet; d doublet; t triplet: q quartet: qu quintet; m multiplet: bs broad singlet and dd 

doublet of doublets). Elemental analysea were performed on s Carla Erba-1106 instrument under the supervision 

of Dr. D. Powell. 

Representative Pmeedure For The Preparation Of Imidazoles 3 

To a solution of betmip2 (2.5 g, 6.1 mmol) in THF (100 ml) was added cycloheptylamine (0.69 g, 6.1 mmol). After 

refluxing the resulting solution for 12 h, b e n d  (1.3 g. 6.1 rnrnol) was added and the mixture reflured for a further 





1-Dodecylphenanthm19,104imidau)Ie (3g): 'H Nmr 0.88 (t, J=7Hz, 3H), 1.22 (m, 18H1, 1.92 (qu, J=7Hz, 2H1, 

4.43(t,J=7Hz,2H),7.56-7.62(m,3Hj,7.70(t,J=BHz, 1H),1.82(s, 1H),8.09 (m, lHj ,  8.64(d, J=BHz, 1H),8.70(d, 

J=8Hz, lH),8,75(m, IH). 13CNmr 14.1, 2 2 6 , 2 6 5 ,  29.0, 293.29.37, 29.44, 29.44, 29.5, 30.2, 31.8, 48.0, 120.7, 

122.3, 123.0, 123.2, 124.2, 124.8.124.9.125.3, 126.6, 126.2, 127.5,127.9, 128.9, 138.7, 141.7. 

Crystal lography 

Crystal data a t  - 1 2 5 T  : CZ1HI7N2CI, Mr = 309.4. tetraganal, space group P43, o = b = 9.465(4), e = 19.538(8) A, 

U=1750(2) A3, F(000) = 720.2 = 4. D, = 1.31 g em-3, k(MoKa) = 2.21 em.', o-scan. 28,,, = 60", N = 2627. No = 

2128,225parameters,S= 1.31,R=0.046,Rw =0.050. 

Intensity data were collected a t  -125°C with a Nieolet R3m four-circle diffractometer by using monochromatized 

MoKn (A = 0.71069A) radiation. Cell parameters were determined by least squares refinement, the setting angles 

of 25 aeeurstely centred reflections (20 > 15') being used. Throughout data  eolleetion the intensities of three 

standard reflections (008, 040,400) were monitored a t  regular intervals and this indicated no significant crystal 

decomposition. The spaee poups  F4> and F43 were distinguished by collecting all Friedel equivalents and merging 

and refiningin both space groups. The intensities were corrected for Lorentz and polarization effects and for 

absorption by a procedure based on azimuthal v-scans. Reflections with I > 3 d I )  were used for structure solution 

and refinement. 

The structure was solved by direct method, and refined by blocked cascade least-squares procedures. All "on- 

hydrogen atoms were refined with anisotopic thermal parameters. Hydrogen atoms were included in ealeulated 

positions with isotropic thermal parameters equal to the isotropic equivalent of their carrier atoms. The fvnctian 

minimized was Xw( I F, I .  I PC 112, with w = [o2(F,)+O.O0096(F~~I-'. All calculations (including diagrams) were 

performed on a Nova 4X computer using SHEIXTL.9 Final atom coordinates, bond lengths and bond angles are 

listed in Tables 2-4. Tabulations of hydrogen atomic coordinates, anisotropic thermal parameters, structure factors 

and equations of meanplanes are available from the author P. J. S. 
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Table 2. Atomic coordinates (~10') and isotropic thermal parameters (A2xl@) 

Equivalent isotropic U defined as one third of the trace of the orthaganalised V, tensor 

Origin defining coordinate 

Table 3. Bond lengths [A) 



Table 4. Bond angle8 ( 0 )  
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