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Abstract -Bis- and tris-(benzimidazol-1-yl)methane deriva-tives are 
reported with different substituents at position 2 of the benzimidazole 
ring. When the substituents are large enough, these compounds, even 
the bis-derivatives, can be resolved using hplc on CHIRALPAK OT(+) 
columns. For some compounds, the racemization barriers have been 
measured and their steric origin ascertained (AGS = a + b MR, MR being 

the molar refractivity). 

In preceding papers,l.2 we have described the propeller-like conformation of poly- 

benzimidazolylmethanes and their spectral properties. In the first one,' the chromatographic 

resolution on microcrystalline cellulose triacetate (MCTA), the X-ray structures of the racemic and 

that of one enantiomer and the dynamic nmr study of tris(2-methylbenzimidazol-1-yl)methane (2a) 

were described. The second publication,Z dealt with bis(2-substituted benzimidazol-1-yl)rnethanes 

( I ) ,  with a, R = CH3, b, R = C~HS, d, R = t-C4Hg and e, R = 1-adamantyl. The use of 13C nmr 

spectroscopy as well as dipole moments and molar Kerr constants, allowed us to determine the 

major conformations of these last compounds in solution. 

'Permanent address: Department of Organic Chernist~y. Slovak Technical University. Bratislava, Czechoslovakia 
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R = CH3 (a), C2H5 (b), i-C3H7 (c), t-C& (d), 
1-adamantyl (e), CI (f), 1-piperidyl (g) 

In this paper, we report the synthesis, enantiomeric resolution and spectral characteristics of 

derivatives (1) and (2) for a, R = CH3, b, R = C2H5, C, R = i-C3H7, d, R = t-C4Hg, e, R = I-adamantyl, 

1, R = CI, and g, R = I-piperidyl. 

Synthesis. Derivatives (1) and (2) were prepared from 2-R-1 H-benzimidazoles (R being the 

substituent at position 2) by reaction with dichloromethane and trichloromethane (chloroform) 

under solid-liquid (KOH) phase transfer catalysis but with experimental conditions a little different 

from those described for compounds (la)?-5 and (2a).1,6 In the case of R = t-C4Hg and R = 1- 

adamantyl, the tris-derivatives (26) and (2e) cannot be obtained for obvious steric reasons. Only 

very small amount of compounds (36) and (3e), were isolated. Starting from 1 H-2,5,6- 

trimethylbenzimidazole, the tris-derivative (2h) was also prepared. 

Enantiornerlc resolution on a chiralpak OT(+) hplc column. The results obtained at 10°C 

with this column,7 are reported in Table 1; nearly baseline separations are obtained in most cases 
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except for l e .  The remaining compounds ( la - l c ,  i f ,  l g ,  2g) were not resolvable under these 

conditions. 

Chromatographic chiral separations were carried out on a CHIRALPAK OT(+) column (250 x 4.6 

mm). Reference: acetone (Vo); eluent: methanol [filtered over Millipore HV type (0.45 fim) and 

ultrasound degassed] ; temperatures and pressures: -10°C (21 bars), 0°C (19 bars), 10°C (17 

bars) and 14.5"C (16 bars); flow rate: 0.5 mllmin.; concentration: about 0.1 mg of racemic in 1 ml 

methanol (all solutions were filtered over Millipore HV type filters). UV Merck-Hitachi Lichtograph 

model L4000 (X = 254 nm) and 241 MC PERKIN ELMER polarimeters ( 1  = 436 nm) were used for 

the detection. The separation coefficient a is defined as ( V ~ - V ~ ~ O ) I ( V ~ - V O N O ) .  

Table 1 

Compound -10°C O"C 1O0c 14.5% 

k'l a k'l a k'1 a k'l a 

Bis l d  0.35 1.22 0.34 1.35 0.33 1.43 0.32 1.45 

Bis le  1.91 1.09 1.87 1.16 1.74 1.17 1.72 1.18 

~ r i s  2a 0.78 1.33 0.71 1.32 0.64 1.31 0.61 1.30 

Tris2b 1.13 1.21 1.02 1.26 0.94 1.34 0.68 1.33 

Tris 2c 0.92 1.46 0.93 1.50 0.92 1.45 0.91 1.44 

Tris 21 1.88 1.63 1.83 1.62 1.62 1.56 1.59 1.53 

Tris2h 1.19 1.26 1.06 1.27 0.98 1.26 0.94 1.26 

Few examples of resolution of residual enantiomers8.9 of Ar3CH systems are known, 2a being one 

of the rare cases reported in the literature. We have extended the resolution to a whole family of 

such derivatives, and, more significantly, we report two examples of resolution of Ar2CH2 systems. 

Racemization experiments. Preparative separations of enantiomers were achieved on MCTA 

at room temperature (25%) as previously described,' the enantiomeric purity being checked by 'H 

nmr spectroscopy in CDC13 in the presence of Pirkle's alcohol;l in all cases, the (+) enantiorner 

appears first. Surprisingly, the tris-derivative (29) was resolvable on this chiral support. 
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Racemizations were carried out on enriched samples in diglyme at different temperatures by 

measuring the decrease of the rotatory power with time. The data were processed using the 

RACEM program;lo the results correspond to first-order kinetics. Here are the barriers thus 

determined: 2a, AG*343 = 119.12 f 0.1 7 kJ mol-1; 2b. AG*360 = 125.60 f 0.17 kJ mol-1; 2c, AG*3g3 

= 129.81 f 0.17 kJ mol-1; 2h, AG*3d3= 115.73 f 0.17 kJ mol-1. 

Amongst the steric effect~,l1-~3 we have selected three: ESO, ven and MR. For the three compounds 

that form an homogeneous set, 2a-2c, these parameters have the following values: EsO (-1.24, - 
1.51 and -2.09),11 ~~ f i ( 0 .52 ,  0.56 and O.76)12 and MR (5.7, 10.3 and 15.0).13 The corresponding 

baniers are linearly related to these parameters: 

AG* = 120.46 - 11.73 Eso, n = 3, r = 0.95 [ I ]  
AG*= 102.17 + 36.96 ven, n = 3, r = 0.88 [21 
AG* = 112.97 + 1.1485 MR, n = 3, r =  0.99 PI 

Thus, the barrier to the racemization in these 'propeller-like' compounds is of steric origin. 

EXPERIMENTAL 

Melting points were determined in a capillary tube and are uncorrected. Analytical thin layer 

chromatography was performed on silicagel Merck Kieselgel 60 F254 with a thickness layer of 0.2 

mm and column chromatography on silicagel Merck 60 (70-230 mesh) using 

dichloromethanelethanol (9515) as eluent. 1H Nmr (200.13 MHz) and 13C nmr (50.32 MHz) spectra 

were obtained using a Bruker AC-200 instrument. Chemical shifts (8 )  in ppm and coupling 

constants (4 in Hz were measured using Me4Si as internal standard. The chemical shifts are 

accurate to 0.01 and 0.1 ppm for I H  and 1% nmr, respectively. Coupling constants are accurate to 

0.2 Hz for I H  nmr and to 0.5 Hz for 1% nmr. 

The starting 2-substituted 1 H-benzimidazoles were obtained as follows: 2-methyl-, 2-ethyl-, 2-i- 

propyl-, 2-t-butyl-, 2-chloro- and 2,5,6-trimethyibenzimidazoles were commercial products. 2- 

Adamantyl-1 H-benzimidazole was prepared according to Sasaki's procedure14 and 2-(1- 

piperidyl)-1 H-benzimidazole according to Ricci and Vivarelli's procedure.15 
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Synthesis of bis(benzimidazo1-1-y1)methanes. Derivatives (la, 1 b, l d  and l e )  have already been 

described.' The remaining compounds ( l c ,  I t ,  l g )  were prepared by the same experimental 

procedure (Table 2). 

Table 2 

Compd t cat KOH Yield rnp R1 Analysis (%) 
(h) ( m W  (mmol) 4 ("C) Found Cakd 

C H N C H N 

Synthesis of tris(benzimidazo1-1-y1)methanes. In a round-bottom flask provided with a refrigerant 

and mechanical stirring were introduced 10 mmol of 2-substituted 1 H-benzimidazole, 50 ml of 

trichloromethane, tetrabutylammonium bromide (see Table 3) and carefully powdered potassium 

hydroxide (see Table 3). The mixture is vigorously stirred at room temperature during the time 

indicated in Table 3. The solids are filtered off, the solvent was evaporated under vacuum and the 

residue was purified by column chromatography over silica gel using dichloromethanelethanol 

(9515) as eluent. 

Table 3 

Compd t cat KOH Yield mp Rf Analysis(%) 
(h) (mmol) (mml) (%) ("C) Found Cakd 

C H N  C H N 
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The1H and $312 nmr characteristics of these compounds are reported in Tables 1-4 

Table 4 
1H Nmrdata for bis(2-substituted benzimidazol-I-yl)methanes, chemical shifts (6) 

and coupling constants (Hz) in CDC13 

R H4 H5 H6 H7 CH2 R 

iC3H7 7. 78(d) t 7.08 to 7.30 + 6.41(s) 3.19 (m);1.33(d) 
1 c J4,5= 7.4 

CI 7.67(d) e 7.17 to 7.35 + 6.48(S) - 
1 1  J4,5=7.3 

piperidyl 7.50(d) t 6.94 to 7.12 -+ 7.25(d) 6.18(s) 3.29(s):1 .85(br s); 
1 g J4,5=7.6 J6,7=6.3 I.7l(br s) 

5: singlet; d: doublet; br: broad signal. 

Table 5 
I3C Nmr data for bis(2-substituted benzimidazol-1-yl)methanes, chemical shifts (6) 

and coupling constants (Hz) in CDC13 

i-CsH7 159.4 142.2 119.7 122.5 122.9 108.8 134.0 51.5 26.9;21.4 
1C (c.m.) 3 ~ =  5.4 1~=161.1 IJ= 159.8 1~=161.1 1~=161.0 3J= 7.8 IJ.151.7 

3J= 8.8 3J= 7.5 3~-7.3 3 ~ -  8.0 3J= 8.2 3J= 7.8 

CI 139.8 141.6 120.0 123.7 124.3 109.5 134.0 52.9 - 
1  f 3 ~ ~ 5 . 3  IJ=162.7 1~=161.4 1~=161.9 IJ=163.7 3 ~ =  8.8 IJ=152.7 

3 ~ ~ 8 . 6  3J.7.8 35-7.4 3J.8.1 3~=8.3 3 ~ =  8.8 

piperidyl 158.3 141.3 118.3 121.7 122.4 109.4 132.9 51.7 52.8; 25.6 
l g  3~=6.0 1~=161.0 1~-160.1 1~=159.0 IJ=162.0 3J= 8.1 IJ.153.3 23.9 

3Jd.3  3~=7.3 3~=7.7 3~=7.2 3~=8.0 3J= 8.1 

(c.m.) : mmplex muitiplet. 
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Table 6 
IH  Nmr data for tris(2-substituted benzimidazol-1-yl)rnethanes 

chemical shifts (6) and coupling constants (Hz) in CDC13 

7.69(d) 7.23(ddd) 6.92(ddd) 6.57(d) 8.27(s) 3.03(v.b.);3.03(v.b.) 
piperidyl J45=7.8 J56=7.3 J46=1.2 J67=8.2 1.56(b) 

2 g J57=1.0 

s: singlet; d: doublet: m: multiplei; b: broad 

Table 7 
13C Nmr data fortris(2-substituted benzimidazol-1-yl)methanes, chemical shifts (6) 

and coupling constants (Hz) in CDC13 

piperidyl 159.0 141.3 119.1 123.1 123.2 111.7 133.2 75.3 52.325.5; 
2g %-5.6 1~-162.2 1~.161.6 1~-160.4 lJ.164.8 ( c m )  'J-(n.m.) 23.8 

3.J-9.4 3J.7.9 3~.7.7 3 ~ = 6 . ~  3~=8.6 

(c.m.) : amplex muiliplet: (nm.): not measurable. 



1074 HETEROCYCLES, Vd.  35, No. 2,1993 

ACKNOWLEDGMENTS 

We are indebted to ClCYT of Spain for financial support (Project number PB90-0226-C02). One of 

us (V.B.) thanks the Spanish Ministry of Education (MEC) for a grant. 

REFERENCES 
1. C. Foces-Foces, F.H. Cano, M.M. Ripoll, R. Faure, C. Roussel, R.M. Claramunt, C. Lopez, D. 

Sanz, and J. Elguero, Tetrahedron Asymmetry, 1990,1,65. 
2. S.B. Bulgarevich, M.D. Gwntfest, D.Ya. Movshovich, V. Bobosik, R.M. Claramunt, C. Lopez, 

and J. Elguero, J. Mol. Struct., 1992, 274, 197. 
3. S. JuliA, P. Sala, J. del .Maze, M. Sancho, 0. Ochoa, J. Elguero, J.P. Fayet, and M.C. Vertut, J. 

Heterocycl. Chem., 1982,19, 1141. 
4. R.M. Claramunt, J. Elguero, and T. Meco, J. Heterocycl. Chem., 1983, 20, 1245. 
5. E. Diez-Barra, A. de la Hoz, A. Sanchez-Migallon, and J. Tejeda, Heterocycles, 1992, 34, 

1365. 
6. S. Julia, J.M. del Mazo, L. Avila, and J. Elguero, Org. Prep. Proc. Int., 1984,16, 299. 
7. Y. Okamoto, I. Okamoto, H. Yuki, S. Murata, R. Noyori, and H. Takaya, J. Am. Chem. Soc., 

1981, 103, 6971. These columns are available from Daicel Chemical Industries, Ltd., Japan. 
We thank DAICEL and J.T. Baker (Dewenter, Holland) for the "University Program" conditions. 

8. P. Finocchiaro, D. Gust, and K. Mislow, J. Am. Chem. Soc., 1974, 96, 3198. 
9. E. Gur, Y. Kaida, Y. Okamoto, S.E. Biali, and Z. Rappoport, J. Org. Chem., 1992,57,3689. 
10. C. Roussel, M. Adjimi, A. Chemlal, and A. Djafri, J. Org. Chem., 1988, 53, 5976. 
11. 0. Exner, A Critical Compilation of Substituent Constants in N.B. Chapman and J. Shorter 

'Correlation Analysis in Chemistry', Plenum Press, New York, 1978, pp. 439-540. Eso: p. 448 
and 526, Taft's steric parameter corrected for hyperconjugation by Palm. 

12. C. Silipo and A. Vittoria, Three-dimensional Structure of Drugs in C. Hansch 'Comprehensive 
Medicinal Chemistry' Vol. 4, Pergamon Press, Oxford, 1990, pp. 153-204.ven, Charton's steric 

effective value, p . 170 and 196. 
13. C. Hansch, Recent Advances in Biochemical QSAR in N.B. Chapman and J. Shorter 

'Correlation Analysis in Chemistry', Plenum Press, New York, 1978, pp. 397-438. Molar 
Refractivity, MR, p. 405. 

14. T. Sasaki, S. Eguchi, and T. TON, Bull. Chem. Soc. Japan, 1969,42, 161 7. 
15. A. Ricci and P. Vivarelli, G z z .  Chim. Ital., 1967, 97, 741. 

Received, 7 t h  December, 1992 


