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NMR spectra of a series of 2-arylbenzimidazoles, 2-aryl-1,3-dimethylbenzimidazolium iodides, and 2-aryl-
1,3-dimethylbenzimidazolines were examined by correlating '"H and *C chemical shift values with the
Hammett substituent constants o. The signals corresponding to C-2 of the imidazole ring show good correlation
with the largest p values in each series. The p values for C-2 of the benzimidazoles and the benzimidazolium
ions were very close, but that of the benzimidazoline was about a half of the former series.
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Introduction

2-Aryl-1,3-dimethylbenzimidazolium ions (2) and 2-aryl-
1,3-dimethylbenzimidazolines (3) have been employed as
analogues of NAD" and NADH, respectively, for investi-
gation of the mechanism of hydride transfer that takes place
in numerous biological processes.! Unlike NAD" and NADH
that have no significant steric effect the 2-aryl substituent in
benzimidazole may cause significant stereoelectronic effect
on the hydride transfer. However, the unfavorable steric
effect on the hydride transfer between the analogues may be
partially compensated by the m- and p-substituent on the 2-
phenyl ring, depending on the nature of the substituent.

During the course of our investigation on the rate of
hydride transfer, we were interested in the effect of the
substituents of the 2-aryl group on the chemical shifts of the
'H and *C of the benzimidazole ring.” It can be expected
that the electronic nature of the 2-aryl group may affect the
reactivity at C-2 to or from which the hydride transfer takes
place. Here we report the interesting correlation of the
chemical shifts of 'H and '°C of 1, 2, and 3 of the benz-
imidazole ring with the Hammett substituent parameter o

Results and Discussion

2-Arylbenzimidazoles (1), 2-aryl-1,3-dimethylbenzimida-
zolium ions (2), and 2-aryl-1,3-dimethylbenzimidazolines
(3) were prepared by following the method of Craig et al.
with a slight modification.’ The syntheses are summarized in
Scheme 1.
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Purification of the products was done mostly by repeated
recrystallization from ethanol-water to obtain materials of
analytical purity, which are essential for meaningful corre-
lation of the chemical shifts and o

The solutions of the benzimidazole derivatives 1-3 for
NMR analysis were prepared by dissolving them in DMSO-
ds to 0.1 M concentration. The accurate assignments of the
chemical shifts were made with aid of "H-"H COSY and 'H-
13C HETCOR spectroscopy. The assignments are listed in
Tables 2-5. The compounds 1-3 have been reported, and
therefore, only the relevant values are listed for the corre-
lation with o

As expected, the benzimidazoles (1) show seven *C
signals for the carbons that compose the ring and the five 'H
signals for the protons including the N-H.* This is because of
the prohibited tautomerism of the proton from N-1 to N-3.
On the other hand, the benzimidazole skeletons in 2 and 3
are symmetric and only the five °C signals including the
13CH; are observed, as expected.

It is interesting to notice that the calculated values of the
chemical shifts for the carbon atoms of the benzene ring of
2-phenylbenzimidazole (1) and the observed values are
fairly close if 1 is considered a disubstituted benzene and the
substituents are -N=CH—C¢Hs and -NHCH3.®> For example,
the calculated value for C-3a is 137.0 ppm [base 128.5 +
ipso-N=CH-C¢Hs 24.7 + ortho-NHCHj3 (-16.2)] and the
observed value is 135.74 ppm. Similarly, the calculated
(observed) values are: C-4 122.9 (122.25); C-5 118.2
(119.41); C-6 127.8 (123.10); C-7 113.6 (111.92), and C-7a
137.0 (144.28).
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Table 1. Best Fit of the Single Substituent Parameter Equation for
'H and *C Chemical Shifts of 1-3 in Dimethyl Sulfoxide-ds (0.1
M) in Hz

1 2 3
P r P r P r

CH, - - 469 0814 231 0931
N-H 1052 0895 - - - -
2-H - - 81.5 0975
4-H 1106 0917 633 0876 154 0.835
5-H 132 0610 647 0858 231 0916
6-H 302 0853 647 0858  23.1 0916
7-H  -867 0813 633 0876 154 0.835
BCH; - - ~195 0584 235 0796
2-C -361.7 0975 -3404 0988 -—1725 0.902
3a-C -13.0 0324  -33 0279 -39.8 0.985
4-C 635 0983 114 0834 409 0989
5-C 599 0949 416 0957 437 0994
6-C 1079 0970  41.6 0957 437 0994
7-C 479 0941 114 0834 409 0.989
7a-C -368 0896  -33 0279 -39.8 0.985
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Figure 1. Correlation between ¢ and '>C chemical shifts of C-2 in
1-3 in DMSO-db.
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The substituent effects on the chemical shifts are typically
analyzed by the single substituent parameter (SSP) and dual
substituent parameter (DSP) approach, which are represent-
ed by Equations 1 and 2, respectively.®

o= po+ do )
d= pio1 + pror + 60 2)

Although DSP analysis may be more meaningful than SSP
analysis because it shows both inductive and resonance
contribution independently, we have found that SSP analysis
is suitable for the purposes of our examination. The results
of substituent correlation are listed in Table 1.

One of the striking phenomena is the reverse correlation of
the C-2 signals of 1-3 with o as shown in Figure 1. It should
also be noted that the magnitudes of the slopes (p) are close
for 1 (-361.7 Hz) and 2 (-340.4 Hz), which is approxi-
mately twice of that for 3 (—172.5 Hz). It is conceivable that
the C-2 of 3 is sp-hybridized and the electronic effect of the
phenyl ring is not as effectively transmitted as in 1 or 2 in
which the C-2 is sp*-hybridized. The negative correlation of
the chemical shift with o was reported, just to mention a few
examples, for the ipso-Cs of p-substituted biphenyls,’ the a-
Cs of p-substituted styrenes,® and the o-Cs of m- and p-
substituted cinnamoyl fluorides.” However, it seems unusual
that the magnitudes of the slopes are close for the carbons in
the neutral (1) and the charged (2) imidazole rings. In addi-
tion, the average chemical shift values of the 2-C in 1 and in
2 are very close: 150.89 (+ 1.03) ppm for 1 and 150.05
(£ 1.00) ppm for 2, which seem to be unusual for the same
reason.

The observation may be useful in understanding the nature
of the chemical shift. In general, the chemical shift is believ-
ed to be affected most by the local diamagnetic shielding of
p electrons around the nucleus, paramagnetic shielding, and
neighbor anisotropy effect.'’ The fact that the chemical shift
values for C-2 of 1 and 2 are very close and that the
magnitudes of the p values are close may be an indication of
the significant contribution of the 2-phenyl ring through the
resonance structures I-III for 1 and IV-VI for 2.
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Reverse correlation is also observed for C-3a(7a) of 3.
However, the magnitude of slope is close to those for C-4(7)
and C-5(6) that show normal correlation.

As shown in Table 1, the correlations of *C with o are
better having 7 values in the range of 0.90-0.99 than those of
'H with o that show 7 values ranging 0.81-0.92, with a few
exceptions. One of the striking exceptions is that C-3a of 1
and 2 show absolutely no correlation with » values of 0.324
and 0.279, respectively. In contrast, C-7a of 1 show a fair
correlation (» = 0.896) with a negative slope (p=—-38.6 Hz).
C-3aand C-7a in 1 are different in that the former is bonded
to an sp>-hybridized N atom while the latter is bonded to an
sp>-hybridized N atom. The lone pair electrons on N-1 may
be positioned to form a hydrogen bond between N-1 and
ortho-H of 2-phenyl ring. The electronic effect of the sub-
stituent on the phenyl group may also be transmitted to the
benzimidazole ring through the hydrogen bridge in addition
to ipso-C-C-2 bond. In this way the effect is more effectively
and linearly transmitted. This may be the reason that C-7a
shows a good correlation.

A similar kind of positioning for the lone pair electrons on
N-3 to form N-3-ortho-H hydrogen bond is not likely.
Therefore, the substituent effect on C-3a may be transmitted
through C-2-N-3-C-3a, which is in good contrast to the
transmission through ortho-H-N-1-C-7a. The chemical shift
of the starred atoms along the latter bonds in 1 show a
reverse correlation. Because the starred C-7a shows reverse
correlation, C-3a which is adjacent to C-7a is expected to
show a normal correlation, as marked &*. However, C-3a
can be considered to be an alternating atom which is the part
of C-2-N-3-C-3a bonds. Because C-2 shows a reverse corre-
lation C-3a is also expected to show a reverse correlation, as
marked 6~. As a result of the two conflicting effects, the
chemical shift values of C-3a may show no correlation (p =
—13.0 Hz, » = 0.324).

L HC H
6 6 N i: * N\
\ *
* 4N,// : * IN//’
b HoOH HaC

A similar kind of hydrogen bonding is not likely with 2
because the two nitrogen atoms should share the positive
charge. On the other hand, the magnetic environment at C-
3a(7a) should be affected most the positively charged N
atom. This may be the reason that the chemical shift of C-
3a(7a) is not linearly correlated with o (p=-3.3, » = 0.278).
In the case of 3, the electronic effect of the 2-aryl substituent
may be transmitted to C-3a(7a) through both ipso-C-C-2 and
ortho-H-N-1(3) bonds. Because C-3a(7a) is a starred atom,
it should show a reverse correlation. Indeed, the p value is
—39.8 Hz with a good correlation coefficient (» = 0.985).

Then a question may be raised: why do C-4, C-5, C-6, and
C-7 of 1-3 show a normal correlation? The electronic effect
that is transmitted through bonds should be weaker as the
distance from the substituent increases. This is the reason
that the p values of C-2 is the largest among the values listed

H
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in the Table 1. The carbon atoms such as C-4~C-7 are far
apart from the 2-aryl group. So their chemical shifts may not
be significantly influenced by the electronic effect of the aryl
substituent that is transmitted through bonds. On the other
hand, they are likely to be affected by the electronic effect
transmitted through space. Through-space transmission is
most effective at the end of the dipole. This may be the
reason that C-5 and C-6 show larger p values than do C-4
and C-7. The magnitude of the through-space transmission
may be close among 1, 2, and 3. But the effect of conju-
gation is still present in 1, and either a positive or negative
charge is like to be present at C-4 and C-6 as shown in VII-
X. The second largest p value (107.9 Hz) for C-6 of 1 may
be consistent with such a rationale.

Unlike *C chemical shifts, the 'H chemical shifts show
inconsistent correlation with o. All of them show normal
trends except H-7 of 1. Although we cannot provide a proper
explanation for the exception, the electronic effect transmitt-
ed through bonds seems to be predominant over the through-
space transmission and the starred-unstarred alternating
phenomena seems to appear in this case.

In conclusion, the substituent chemical shift correlations
examined with the benzimidazoles, benzimidazolium ions,
and benzimidazolines show that the electronic effect of the
substituent in the phenyl ring is transmitted with approxi-
mately the same magnitude to an sp*-hybridized carbon
atom regardless of the presence of a positive charge. The
magnitude of the electronic effect transmitted to an sp’-
hybridized carbon atom is approximately half of that to an
sp*-hybridized carbon atom.

Experimental

Nuclear magnetic resonance (NMR) spectra were record-
ed on a Bruker DPX-400 FT NMR spectrometer in the
Central Lab of Kangwon National University at 400 MHz
for 'H and 100 MHz for "*C and were referenced to tetra-
methylsilane. The concentration of the solution was 0.10 M
in DMSO-ds. Each solution was prepared in a 1 mL cylin-
drical volumetrical flask by weighing the compound into the
flask and filling with solvent containing 1%-TMS. A portion
(0.6 mL) of the solution was transferred into an NMR tube

Table 2. '"H NMR Chemical Shift Values (Hz) of Benzimidazoles
(1) in DMSO-ds

o NH 4-H 5-H 6-H 7-H

la 0.34 522539 3076.05 2893.51 2893.51. 3041.86
1b 037 5215.62 3074.045 2883.29 2900.45 3016.93

1c 0.39 5216.04 3075.73 2882.76 2899.81 3019.63
1d“  -0.07 5176.08 3020.78 2880.60 2885.40 3072.02
le 0.15 518933 3069.72 2880.67 2885.36 3022.56

1f 0.226 5199.08 3069.08 2878.78 2894.73 3016.105

1g 0.232 5211.27 3067.98 2885.02 2889.11 3021.95
1h®  -0.17 514925 3012.19 2874.88 2879.57 3060.12
1i 0.00 520228 305520 2884.20 2893.16 3055.62

“3'.CHs: 958.85 Hz (52.40). "4'-CHj: 945.80 Hz (52.36).
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Table 3. °C NMR Chemical Shift Values (ppm) of Benzimidazoles (1) in DMSO-ds
o 2-C 3a-C 4-C 5-C 6-C 7-C 7a-C
la 0.34 150.54 135.50 122.50 119.64 123.48 112.07 144.20
1b 0.37 150.23 135.50 122.48 119.60 123.50 112.04 144.15
1c 0.39 149.95 135.50 122.47 119.60 123.49 112.04 144.15
1d* -0.07 151.92 135.54 122.19 119.37 123.02 111.85 144.36
le 0.15 150.98 135.61 122.29 119.40 123.09 111.90 144.34
1f 0.226 150.66 135.52 122.36 119.47 123.30 111.93 144.23
1g 0.232 150.75 135.55 122.40 119.50 123.32 111.98 144.26
1h* -0.17 151.94 135.49 122.14 119.25 122.90 111.75 144.35
1i 0.00 151.82 135.74 122.25 119.41 123.10 111.92 144.28

93'.CHs: 21.59 ppm. ®4'-CH;: 21.52 ppm.

Table 4. 'H NMR Chemical Shift Values (Hz ) and >*C NMR Chemical Shift Values (ppm) of Benzimidazolium Ions (2) in DMSO-ds

CHs 4/7-H 5/6-H CH; 2-C 3a/7a-C 4/7-C 5/6-C
2a 1564.31 3265.60 3113.07 33.31 149.37 132.18 114.01 127.32
2b 1569.22 3270.95 3122.40 33.33 149.35 132.20 113.99 127.34
2¢ 1569.85 3270.57 3119.57 33.39 149.20 132.17 113.98 127.30
24d° 1558.97 3247.40 3096.58 33.50 150.85 132.18 113.94 127.11
2e 1555.76 3256.81 3102.63 33.45 150.07 132.20 113.97 127.19
2f 1564.15 3264.35 3108.98 33.47 149.84 132.23 113.99 127.21
2g 1557.65 3253.77 3105.74 33.38 150.00 132.23 113.95 127.24
2h? 1556.20 3251.77 3100.95 33.39 151.05 132.23 113.93 127.11
2i 1556.42 3252.13 3098.88 33.48 150.76 132.19 113.95 127.14

For 'H: “3'-CHs: 1014.40 Hz (52.10). *4-CHs: 1000.21 Hz (52.10). For '3C:“3'-CHs: 21.49 ppm. *4'-CH: 21.81 ppm.

Table 5. "H NMR Chemical Shift Values (Hz ) and *C NMR Chemical Shift Values (ppm) of Benzimidazolines (3) in DMSO-djs

CHs 2-H 4/7-H 5/6-H CH; 2-C 3a/7a-C 4/7-C 5/6-C
2a 901.74 1870.67 2555.99 2492.54 33.67 92.89 142.29 106.44 119.72
2b 897.95 1869.01 2555.58 2491.34 33.67 92.84 142.27 106.45 119.74
2c 902.90 1871.84 2560.17 2496.12 33.68 92.78 142.25 106.44 119.73
24d° 889.84 1829.62 2550.36 2482.27 33.62 93.58 142.46 106.27 119.54
2e 895.24 1860.02 2558.14 2492.41 33.55 92.90 142.35 106.37 119.64
2f 895.74 1862.31 255791 2492.85 33.58 92.84 142.31 106.40 119.67
2g 896.22 1858.55 2557.76 2493.36 33.60 92.91 142.32 106.41 119.68
2h? 887.16 1828.02 2550.52 2482.22 33.51 93.57 142.46 106.24 119.50
2i 894.90 1845.50 2550.95 2484.14 33.57 93.72 142.43 106.28 119.55

For 'H: “3'-CH: 840.85 Hz (52.10). *4'-CHs: 841.07 Hz (52.10). For '*C: “3'-CH: 21.53 ppm. 4'-CHj: 21.39 ppm.

and the spectrum was obtained at 20 °C. The chemical shift
values are listed in Tables 2-5 only for the protons (in Hz)
and carbons (in ppm) of the benzimidazole rings because the
benzimidazoles 1, 2, and 3 are all known compounds.'!
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