
Tetrahedron Letters,Vol.25,No.l3,pp 1337-1340,1984 oo40-4039/84 $3.00 + .OO 

Printed in Great Britain 0 1984 Peroamon Press Ltd. 

STEREÓCHEMISTRY IN TRIVALENT NITROGEN COMPOUNDS. 

40. TORSIONAL BARRIERS IN N-2,4-DINITROBENZENESULFENYLBENZIMIDAZOLES. 
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N-2,4-Dinitrobenzenesulfenylbenzimidazoles exhibit substantial 

barriers to torsion about the sulfur-nitrogen bond (ca 19 kcal/mole). - 

While there have been numerous investigations of torsional barriers in sulfenamides, 

there have been no previous reports involving sulfenamides in which the nitrogen atom is 

part of a heterocyclic ring. 
2 

Previous attempts to prepare the sulfenyl derivatives of 

simple indoles were unsuccessful since sulfenylation occurred exclusively at C-3 yield- 

ing sulfides. 
3 

Only when both C-2 and C-3 positions are substituted can N-sulfenyl 

indoles be prepared by rearrangement of the isomeric indolenines. 
4 

In order to avoid the problem of C VS. N sulfenylation, we turned our attention to 

the sulfenyl derivatives of benzimidazoles. 
5 

Although such derivatives should be 

similar to the sulfenyl indoles, C-3 has been replaced by a nitrogen; and reaction at 

N-l or N-3 would furnish the same product. 

Accordingly, we prepared benzimidazoles 1 and 2 by reaction of o-phenylenediamine - - 

(or 4-chlorophenylenediamine for 2) with the corresponding carboxylic acid at 

llDo-130° c (with HCl catalysis for 2) 
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TABLE la 

Nó, 

compounds Rl 
R2 MP(~C) AVb RC AV 

(Hz) (22O) 
Tc(OC) kc +d AG 

(kcal/mol) 

3a H - 

3b H - 

3c H - 

3d H - 

4a Cl - 

4b 'Cl - 

4c(major) Cl - 

4c(minor) - 

CH2CH3 X39-191 45.9 

CI12C6H5 185-187 100.1 

CH2C1 158-160 25.8 

CH(CH3)C6H5 174-185 28.2 

CH2CH3 145-150 47.1 

CH2C6H5 160-173 102.9 

CH2C1 150-158 26.0 

23.5 

43.5 101 

70 120.5 

4.3 74 

6.25 17.5 

1.85 46.1 

1.4 69 

1.5 4.7 

4.3 

89 

97 

118.5 

80 

75 

74.0 18.85 

180 19.14 

3.1 19.6 

10.5 19.6 

80 18.62 

180 19.07 

12 19.0 

5.0 19.3 

al 
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cl 

Al1 spectra were measured on solutions in toluene-48 at 300 MHz. 

Chemical shift differences measured at ambient temperature (21-23OC). 

The value for 0 is the equilibrium constant for the two diastereomers which differ 

in confiquration at the S-N chira1 axis. The values for Compounds 4 correspond to 

the ratio of reqioisomers. Preliminary experiments suqqest that this is an 

equilibrium ratio. 

d) Free enerqies of activation were obtained by complete lineshape analysis at severa1 

temperatures near the coalescence point. The barriers for 3a,b and 4a,b are -- 

considered accurate to 20.1 kcal/mol based on assumed accuracy of ?l°C in the 

temperature. The standard deviations from the mean AG + on these compounds were 

0.05 kcal/mol. we consider the barriers for 3c,d and 4c to be less accurate -- 

(20.2 kcal/mol) because of uncertainties introduced by the larqe value for R 

(in 3d) and the small and highly temperature-dependent chemical shift differences - 

in 3c and 4c - _* 
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of torsion about the N-S bond depends not solely on steric hindrance in the transition state 

but on the difference in steric interactions between the ground and transition states. First, 

planarity at nitrogen decreases ground state steric interactions by increasing the CSNC 

dihedral angle (to ca. 900). In addition, - it maximizes the transition state energy by 

insuring that the geometry for maximum steric interaction coincides with the geometry of 

maximum overlap between p lene pairs on sulfur and nitrogen (four-electron interactions). 

Second, while interaction with the peri hydrogen on the phenyl ring can involve substantial 

steric hindrance in the torsional transition state, it would not lead to significant 

destabilization in the torsional ground state. This differential steric interaction with the 

peri hydrogen can lead to greater enhancement of the torsional barrier than interaction with 

a more bulky group which also occasions substantial interaction in the ground state. Finally, 

we may point out that this study demonstrates that substantial conjugation of the sulfenamide 

nitrogen does not lead to greatly decreased barriers, consistent with the previous observation 

of a substantial barrier in an N-sulfenylaniline. 
2 
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