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Abstract : 4.5Dicyanoimidazole has been reacted with mcemic and enantiopure alcohols 1 
under Mitsunobu conditions to give l-alkyl-4,5-dicyanoimidazole derivatives 2, which in turn 
have been transformed by hydrolysis and decarboxylation into l~alkylimidozoles 4 in good 
overall yield and high enantiomeric excess. The absolute stereochemistry of the compounds has 
been confiied by synthesizing 4c through an independent mute. 

The development of a methodology which allows the N-alkylation of imidazole derivatives with chiral 

alcohols in a stereocontrolled manner is of ourstanding synthetic importance, in light of the interesting and 

usually stcrccchcmishy-dependent antimycotic,’ antibacterinl,2 antiprotoaoaLz and enzyme inhbtting3 properties 

of several N-alkylmudazoles. 

In the lasr few years many research groups have been directing their efforts towards the preparation of pure 

enantiomers of the azole (imidazole or triazole) antifungal drugs, either by stereoselective synthesis or 

enantiomeric separation, but these efforts have been successfu14-6 only in few cases and never for compounds 

having the azole moiety directly linked to the stereogenic centre. 

We envisaged in the Mitsunobu reaction7 a possibility of synthesizing such compounds. Although it has 

been applied 10 a wide range of nuclecphiles, including hererocyclk compounds such as purine~,~ quinamlin- 

4(3H)-ones,9 and toxoflavin derivatives,‘0 to our knowledge the hlitsunobu reaction has not been used for the 

N-alkylation of tmidazole derivatives. The only infonation (no experimental details) in this regard concerns the 

reaction of both imidamle and 2-methyl-4(5)-ni~oioimdazole with methanol and Zphenyletbanol: while imidaaole 

itself is unreactive under the usual reaction conditions, the nitroimidazole derivative reacts to give a mixture of N- 

alkyl-2.methyl-4.nitroimidazole and the corresponding 5-nitro isonxx7 

Consequently, as part of our research pmject on antifungal imidamle compounds,” we decided to 

investigate the possibility of performing the alkylntion of a suitable imidazole derivative with alcohols 1 via the 

Mitsunobu reaction (Scheme 1). For this purpose, we chose the commercially available 4,5dicyanoimidazole as 

the imidazole substrate, since it is symmetrically substituted with two “activating”, electron withdrawing groups 

and because of the possibility of converting the Mitsunobu reaction products 2 into the desired N- 

alkylimidamles 4 by hydrolysis and decarboxylarion. In order tc establish the stereochemical outcome of the 

Mitsunobu reaction we used both racemic and enantiopure alcohols as the alkylating agents. The results of the 

reaction are sun-marized in Table 1. 

When dlethyl azodicarboxylate (DEAD) was added at 0 “C! to a THF solution of 4,5-dicyanoimidamle, 

triphenylpbosphine, and a primary or secondary alcohol 1, the Mitsunobu reaction occurred readily (0.5 h) to 

give the alkylated products 2 in moderate to good yields. t2 The reaction did not work when tertiary alcohols 
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were used. Enantiomerically pure alcohols always afforded a single enantiomer of 2 in high enantiomeric 

excess.13 

SCHEME 1 

I ii 

Reagents: i) 4,5-dicyanoimidazole, DEAD, Ph$ ii) NaOH, then HCI; iii) heat. 

For R, R’ and stereochemist~ see Tables 1 and 2. 

Table 1. Mitsunobu Reaction of Alcohols 1 with 4,5Dicyanoimidszole 

&rnpda R RI configuration yield [alD20c = C%P 
nf starting 1 of 2 (%)b 

Za H H 45 

2b Me n-Hexyl KS 68 

2c Me n-Hexyl R 65 +I.1 (c=2.91)e 97 

2d Me n-Hexyl S 67 -1.0 (c=2.18)e 97 

2e h%c Benzyl R,S 40 

2f Me Benzyl R 39 +58.8 (c&.85) 98 

2g Et Phenyl R,S 55 

2h Et Phenyl R 55 -44.3 (1x2.82) 41 

aThe reactions were performed in THF at 0°C to rwm temperature for 0.5 h with equimolar 
amounts of all the reagents. bNot optimized yields referring to isolated and purified materials. 
cMeasured in chloroform solution. dThe enantiomeric excess (ee) was determined by 3CO-MHz 1H 
NMR analysis in the presence of the chiral shirt reagent Eu(hfc)s. eDetermined with a mercury 
lamp at 546 nm. 
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When (R)-(+)-I-phenyl-l-propanol was tested, a 7~3 mixture of cnantiomers 2h was obtained, probably 

as a consequence of a reaction pathway involving partial retention of configuration at the benzylic carbon 

atom. 14J5 

Next we examined rhe hydrolysis-dccarboxylation procedure. For this purpose, the dicyanoimidazole 

derivatives Zb,c,e,f,g,h were treated with 10 N NaOH in EtOH under reflux for 24 h, followed by 

acidification of the solution, to give the dicarboxylic acids 3b,c,e,f,g,h. Usual methods of decarbaxylationt6 

did not give good results: finally we found out that a clean conversion of 3b,c,e,f,g,h to 4b,c,e,f,g,h could 

be performed in good yield by simply heating them in diphenyl ether at retlux for 0.5 h. *H NMR analysis in the 

presence of chiral shift reagents’3 showed ees 2 97% for compounds 4c and 4f, revealing that no racemisation 

had occurred during both the final steps, while compound 4h was obtained in racemic form rable 2). 

Table 2. Synthesis of I-Alkylimidaaoles 4 

compd R R’ absolute overall yield [a]$ob ee (9&C 
configuration of 4 of 4 (%)= 

4b Me n-Hexyl RS 62 

4c MC n-Hcxyl s 50 +1&O (c=l.l)d 97 

4e Me Benzyl R,S 44 

4f Me Benzyl s 40 t93.3 (FO.75) 98 

4g El Phenyl KS 25 

4h El Phenyl S 28 0 0 

a-d: see b-e in Table 1 

To establish the absolute configuration of the products, 

octylamine $7 by an independent route (Scheme 2). 

SCHEME 2 

we synthesized 4c starting from (S)-(+)-2- 

OMe 
HS 4c 

Reagents: i) brumoaceraldehyde dimethyl aceIs& ii) KSCN, HCI; fi) Ni/Ra 

Compound 4c was prepared m good overall yield and was shown to be identical (‘H NMR, IR, MS, 
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optical rotation) to the product obtamed by the Mitsunobu-hydrolysis-decarboxylation procedure. It is 

interesting to note that the seqnence reported in Scheme 2 could be an interesting alternative way to prepare &ii 

1-alkylimidazoles; more work in this direction is under study in our laboratory. 

In conclusion, we have demonstrated that N-alkylimidaroles can be prepared in good overall yield through 

a three-step sequence starting from 4,5-dicyanoimidazole and alcohols. This procedure has a major advantage 

over more conventional routes (i.e. alcohol + aikyl hnlidc + N-alkylimidaullc) in that it allows the 

unprecedented preparation of enantionlerically pure derivatives with an absolute configuration opposite to that of 

the starting alcohols, as expected on the basis of the Mitsunobu reaction mechanism. In contrast, 

bemylimidazole derivatives mcemise during the final step. 

Acknowledgements. Thanks are due to Dr. P. Lombardi, Menarini Ricerche Sud SpA, for helpful 

discussions. Two of us (VS. and G.T.) thank Menarini Ricerche Sud SpA for a fellowship. The support of this 

research by Menarini Ricerche Sud SpA and the EEC Programme “Human Capital and Mobility” (contract n. 

ERBCHRXCT 920027) is gratefully acknowledged. 

References and Notes 

1) A.K. Saksena, V.M. G’ m avallabhan, A.R. Cooper, D. Loebenberg in “Annual Reports in Medicinal ‘j 

Chemistry”, Vol. 24, R.C. Allen, Ed., Academic Press, 1989, p. 111. 

2) M.D. Nair, K. Nagarajan in “Progress in Drug Research”, Vol. 27, E. Jucker, Ed., Birkhauser Verlag, 1983. 

p. 163. 

3) A.M.H. Brodie in “Design of Enzyme Inhibitors as Drugs”, M. Sandier and H.J. Smith, Eds., Oxford 

Science Pnblicarions, 1989, p. 503. 

4) D.M. Rotstcin, D.J. Kertesz, K.A.M. Walker, D.C. Swinney, J. Med. Chem., 1992,35, 2818. 

5) T. Konosu, Y. Tajima, N. Takeda, T. Miyaoka, M. Kasahara. H. Yasuda, S. Oida, Chem. Pharm. Bull., 

1990,38, 2476. 

6) R.P. Tucker, A.F. Fell, J.C. Berridge, M.W. Coleman, Chiraliry, 1992,4, 316. 

7) 0. Mitsunobu, Synz/zhesis, 1981, 1. 

8) A. Toyota, N. Katagili, C. Kaneko, Chem Phnrm. BuK, 1992.40, 1039. 

9) M.S. Manhas, W.H. Hoffman, B. Lal, A.K. Bose, J. Chem. Sac.. Perkin Trans. I, 1975,461. 

10) F. Yoneda, T. Nagamatsu, Bull. Chem. Sot. Jpn., 1975,48. 2884. 
11) S. Massa, G. Stefancich, F. Corelli, R. Silvesui, A. Mai, M. Artico, S. Panico, N. Simonetti, Arch. 

Phorm., (Weinheim), 1989,322, 369 and references therein cited. 

12) Not optimized yields refer tO isolated and ptnified materials. All the compounds gave satisfxacrol-y 

microanalyses and showed spectroscopic data in accordance with the assigned strnctures. 

13) The enantiomeric excess (ee) was determined by 300.MHz tH NMR analysis (CDQ) in the presence of the 

chiral shift reagent europium(III) tris[3-(heptafluoropropylhydroxymethylene)-[+)-camphorato] [Eu(hfc)3]. Is 

the case of 4f, europium(lI1) tris(d,d-dicampholylmethanate) has been used. 

14) V. Farina, Terra/~&on Lerr., 1989.30.6445 and references therein. 

15) J. Freedman, M.J. Vaal, E.W. Huber, J. Org. Chem., 1991.56, 670. 
16) (a) G. Casini, L. Goodman, Ccm J. Chem., lY64.42. 1235. (b) E. piers, R.K. Brown, Cnn. J. Chem., 

1962,40, 559. 

(Received in UK 6 December 1993) 


