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Abstract
A reaction of an acid chloride with a diamine yielded a diamide. m-Toluic acid was chlorinated to m-toluoyl chloride

and subsequently reacted with 4-methyl-o-phenylenediamine in pyridine to obtain 3-methyl-N-[2-(3-methylbenzami-

do)phenylbenzamide (I). 2-(3-Methylphenyl)-1H-benzimidazole (II) has been obtained upon reacting o-phenylenedia-

mine with m-toluic acid in polyphosphoric acid and toluene. The compounds have been characterized by IR, NMR, mi-

croanalyses and GC-MS. The crystal structures of the compounds have been discussed. DFT calculations of the frontier

orbitals of the precursor compounds have been carried out to ascertain the groups that contribute to the HOMO and 

LUMO, and to study their contribution to the reactivity in the formation of the diamides and benzimidazoles. The

synthesis of the amide from a diamine was seen to be favoured in the presence of a good leaving group attached to the

carbonyl as in the case of acid chloride. However, the synthesis of benzimidazoles was found to be favoured in the pre-

sence of an excess of a protonating agent and high temperature. 
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1. Introduction
There are several reported means to access benzimi-

dazoles; v.i.z. condensation of o-phenylenediamine with
carboxylic acids in the presence of ring closing agents such
as polyphosphoric acid and hydrochloric acid,1 zinc acetate
catalysis at room temperature using o-phenylenediamine
and aldehydes,2 and copper(I) catalyzed intramolecular ary-
lation of formamidines to form 2-unsubstituted N-substitu-
ted benzimidazoles.3 Cascade reactions of o-haloacetanili-
de derivatives with amidine hydrochlorides have also been
catalyzed by copper(I) to yield benzimidazoles.4 Chiral
benzimidazoles have also been synthesized from o-dibro-
mobenzene by successive amination or imination followed
by acid-catalyzed ring closure to give benzimidazoles with
the substituted nitrogen atom bearing a chiral substituent.5

Acyl halides enable facile access to amides and they
are prepared using chlorinating agents such as thionyl

chloride, oxalyl chloride, phosphorus trichloride and
phosphorus pentachloride.6,7 The acyl halide is not abso-
lutely necessary: ZnO has been used as a catalyst in the
formation of amides from formic acid and amines under
solvent-free conditions at 70 °C,8 with excellent yield in
short reaction times with reusability of catalyst. Extension
to other catalysts have been reported, with catalytic
amounts of indium trioxide being used in the conversion
of carboxylic acid esters to primary amides,9 and Han et
al,10 have reported a process for preparation of amides
from esters and amines using a catalytic system compri-
sed of Group IV metal alkoxides in conjunction with addi-
tives including 1-hydroxy-7-azabenzotriazole (HOAt). In
this case, the ester-amide exchange proceeds using a va-
riety of structurally diverse esters and amines without
azeotropic reflux to remove the alcohol by-product.
Hydrogen peroxide has been used in the catalytic oxidati-
ve amidation between aldehydes and amines using Pd-
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Cl2–xantophos as a catalyst in methanol under acidic con-
ditions.11 N-Heterocylic carbene-based ruthenium com-
plexes have been developed as highly active catalysts for
direct amide synthesis from alcohols and amines.12 12-
Tungstophosphoric acid supported on silica-coated mag-
netic nano-particles has also recently been used in the mo-
del synthesis of 1,2-disubstituted benzimidazole derivati-
ves in water.13

The highest occupied molecular orbitals (HOMOs)
and lowest unoccupied molecular orbitals (LUMOs) ener-
gy gaps have been evaluated by DFT. The frontier orbitals
are useful in predicting the most reactive position in π-
electron systems and also explain several types of reac-
tions in conjugated systems.14 The conjugated molecules
are characterised by a small highest occupied molecular
orbital-lowest unoccupied molecular orbital gap (HOMO
and LUMO separation), which is the result of a significant
degree of intramolecular charge transfer from the end cap-
ping electron-donor groups through a π-conjugated path.15

The HOMO and LUMO are the main orbitals that deter-
mine chemical stability of any species.16 The HOMO re-
presents the ability to donate an electron whilst the LU-
MO represents the ability to accept an electron. The ener-
gy of the HOMO is directly related to the ionization po-
tential whilst the energy of the LUMO is related to the
electron affinity. The energy difference between HOMO
and LUMO orbitals, known as the energy gap, determines
the stability or reactivity of molecules.17 The energy gap is
a critical parameter in determining molecular electrical
transport properties because it is a measure of electron
conductivity.18 The hardness of a molecule also corres-
ponds to the gap between the HOMO and LUMO orbi-
tals.19

In an attempt to synthesize a 2-substituted benzimi-
dazole by exploiting the ease of loss of the chloride, m-to-
luic acid was chlorinated to obtain m-toluolyl chloride
which was then reacted with o-phenylenediamine in the
presence of pyridine. This did not form benzimidazole but
a diamide, with two moles of m-toluolyl chloride reacting
with one mole equivalent o-phenylenediamine to form the
diamide. It was however, also demonstrated that benzimi-
dazole formation can be achieved by a reaction of o-
phenylenediamine with the corresponding carboxylic acid
(not the acyl halide) under acid-catalysed conditions (Fi-
gure 1). The crystal structures of I and II have been provi-
ded, and also discussed briefly, as conclusive evidence of
the syntheses routes for diamides and benzimidazoles.
DFT studies of the frontier orbitals (HOMO and LUMO)
have been useful in studying the reactivity of the precur-
sor compounds and in predicting the groups that contribu-
te to these frontier orbitals. This helped in predicting the
reactions that can happen at the sites that make up the
frontier orbitals. The lack of reactivity of 2-(3-methylp-
henyl)-1H-benzimidazole towards oxidation reactions has
also been explained similarly and contrasted with com-
pounds that undergo oxidation of their methyl groups.

2. Experimental Methods

2. 1. Reagent and Instrumentation
Analytical grade reagents and solvents for synthesis

and analysis which included m-toluic acid and o-phenylene-
diamine were obtained from Sigma Aldrich (USA) whilst
pyridine, thionyl chloride, hexane, methanol, ethyl acetate
and dimethyl sulfoxide were obtained from Merck Chemi-
cals (SA). The chemicals were used as received (i.e. without
further purification). 1H NMR and 13C NMR spectra were
recorded on a Bruker Avance AV 400 MHz spectrometer
operating at 400 MHz for 1H and 100 MHz for 13C using
DMSO-d6 as solvent and tetramethylsilane as internal stan-
dard. Chemical shifts are expressed in ppm. FT–IR spectra
were recorded on a Bruker platinum ATR spectrophotome-
ter Tensor 27. Elemental analyses were performed using a
Vario Elementar Microcube ELIII. Melting points were ob-
tained using a Stuart Lasec SMP30 whilst the masses were
determined using Agilent 7890A GC System connected to a
5975C VL-MSC with electron impact as the ionization mo-
de and a triple-axis detector. The GC was fitted with a 30 m
× 0.25 mm × 0.25 μm DB-5 capillary column. Helium was
used as carrier gas at a flow rate of 1.63 mL/min with an
average velocity of 30.2 cm/s and a pressure of 63.7 kPa. 

2. 2. Preparative Work

3-Methyl-N-[[2-(3-methylbenzamido)phenylbenzami-
de (I)

m-Toluic acid (1.36 g, 0.01 mol) was refluxed in
thionyl chloride for 3 h. The thionyl chloride was distilled
off and the product (m-toluolyl chloride) dried under va-
cuum for 16 h. o-Phenylenediamine was reacted with m-
toluolyl chloride under reflux in pyridine for 12 h. The
pyridine was distilled off and the crude product was dis-
solved in a small quantity of methanol and placed on a co-
lumn. It was then eluted with hexane:ethyl acetate by gra-
dient elution starting from 0% ethyl acetate up to 100%.
The elution was started with 50 mL of hexane (100%),
followed by 250 mL hexane:ethylacetate (1:20), and then
250 mL of hexane:ethylacetate (1:10), the column was
further eluted with 250 mL of hexane:ethyl acetate (3:20)
which gave the product. The elution was continued with
500 mL of hexane:ethyl acetate (1:5). and then with 250
mL of hexane:ethyl acetate (3:10) followed by 250 mL of
hexane ethyl acetate (1:1), it was further eluted with 200
mL of ethyl acetate (100%). The column was then washed
with 250 mL methanol (100%). Mp 148–150 °C. Yield
32%. 1H NMR (ppm): 10.02 (s, N–H), 7.74 (m, 2H), 7.66
(m, 4H), 7.42 (m, 4H), 7.30 (m, 2H), 2.36 (s, 6H). 13C
NMR (ppm): 20.9 (CH3), 124.6 (Ar–H), 125.6 (Ar–H),
125.7 (Ar–H), 128.0 (Ar–H), 128.5 (Ar–H), 131.3
(Ar–H), 132.4 (Ar–H), 134.1 (Ar–H), 137.9 (Ar–H),
165.8 (C=O). IR (νmax, cm–1): 3272 (N–H), 2916 (C–H),
1644 (C=O), 1596 (C=C), 1513 (C–N), 1276 (C–O).
Anal. Calcd for C22H20N2O2: C, 76.72; H, 5.85; N, 8.13.
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Found: C, 77.15; H, 6.30; N, 8.15. LRMS (m/z, M+):
Found for C22H20N2O2 344.41, calcd mass 344.90. 

2-(3-Methylphenyl)-1H-benzimidazole (II) 
52 g of polyphosphoric acid, in 10 mL of toluene,

was heated at 120 °C for 30 min. m-Toluic acid (13.6 g, 0.1
mol) and o-phenylenediamine (0.1 mol) were added and
the mixture was heated at 165 °C for 6 h. 20 mL of water
was added with stirring and then sodium hydrogen carbo-
nate was added until effervescence ceased. The product
was recrystallized from methanol:THF (1:1) and obtained
as a white solid. Mp 213–215 °C, Yield 89%. 1H NMR
(ppm): 12.88 (s, 1H, N–H), 8.04 (d, 1H, Ar–H), 7.99 (d,
1H, Ar–H), 7.66 (m, 1H, Ar–H), 7.54 (s, 1H, Ar–H), 7.41
(m, 1H, Ar–H) , 7.31 (m, 1H, Ar–H), 7.20 (m, 2H, Ar–H),
2.41 (s, 3H, CH3), 

13C NMR (ppm): 151.5 (C=N), 138.1
(Ar–H), 130.4 (Ar–H), 130.2 (Ar–H), 128.77 (Ar–H),
127.0 (Ar–H), 123.6 (Ar–H), 121.9 (Ar–H), 115.0 (Ar–H),
21.0 (CH3), IR (νmax, cm–1): 3052 (N–H), 2986 (C–H),
2879 (C–H), 1661 (C=N), 1590 (C=C), 1487 (C–N). Anal.
Calcd for C23H24N2O3: C, 74.97; H, 6.71; N, 11.66. Found:
C, 74.67; H, 6.42; N, 11.95. LRMS (m/z, M+): found for
C14H12N2 208.20, calcd mass 208.26.

2. 3. X-Ray Crystallography

X-Ray diffraction analyses of I and II were perfor-
med at 200 K using a Bruker Kappa Apex II diffractometer
with monochromated Mo Kα radiation (λ = 0.71073 Å).
APEXII20 was used for data collection and SAINT,20 for
cell refinement and data reduction. The structures were
solved by direct methods using SHELXS–2013,21 and refi-
ned by least-squares procedures using SHELXL-2013,22

with SHELXLE,22 as a graphical interface. All non-hydro-
gen atoms were refined anisotropically. Carbon-bound H
atoms were placed in calculated positions (C–H 0.95 Å for
aromatic carbon atoms and C–H 0.99 Å for methylene
groups) and were included in the refinement in the riding
model approximation, with Uiso (H) set to 1.2Ueq (C). The
H atoms of the methyl groups were allowed to rotate with
a fixed angle around the C–C bond to best fit the experi-
mental electron density (HFIX 137 in the SHELX program
suite,22 with Uiso (H) set to 1.5Ueq (C). Nitrogen-bound H
atoms were located on a difference Fourier map and refi-
ned freely. Data were corrected for absorption effects us-
ing the numerical method implemented in SADABS.21

2. 4. Computational Studies

The calculations were carried out using Gaussian 09
program. Molecular geometries of the singlet ground state
of all the compounds were fully optimised in the gas pha-
se at the density functional theory (DFT) level of theory
using the hybrid B3LYP functional together with 6-
31++G basis set. For each compound a frequency calcula-
tion was carried out to ensure that the optimized molecu-
lar structure corresponded to a minimum, thus only positi-
ve frequencies were expected. The HOMO and LUMO re-
sults were viewed in Avogadro.

3. Results and Discussion

3. 1. Synthesis and Crystal Structures 
The synthesis of the diamides was readily achieved

by the nucleophilic attack of the carbonyl by the diamine

Figure 1. A synthesis scheme of 3-methyl-N-[2-(3-methylbenzamido)phenylbenzamide (I) and 2-(3-methylphenyl)-1H-benzimidazole (II).
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with the subsequent loss of a hydrogen chloride gas and
this process is aided by the presence of a base such as
pyridine to take up the protons from solution (Figure 1).
The acid-catalysed synthesis of benzimidazole (Figure 1)
proceeded by the protonation of the hydroxyl group and
the subsequent attack of the carbonyl carbon by one of the
amines with the loss of water from the carboxylic acid.
The subsequent protonation of the carbonyl enables it to
be attacked by the other amine group leading to the loss of
water. This reaction is driven by high temperature and ex-
cess of protons. In the formation of the diamides the ease
of loss of the chloride makes it easy for the amide to be
formed but the absence of a proton source to protonate the
carbonyl makes the second attack of the carbonyl by the
other amine impossible. This resulted is the formation of
an amide on the second amine of the diamines (diamide
formation) rather than the cyclization to form a benzimi-
dazole. 

The FTIR spectra for compounds I and II are provi-
ded in Figures S1–S2 in the Supplementary Information.
The 1H NMR and 13C NMR spectra for the compounds I
and II are also provided in Figures S3–S6 in the Supple-
mentary Information.

Compound I was recrystallized from ethyl aceta-
te:hexane (1:3) and obtained as colourless crystals,
whilst compound II was recrystalized from DMSO:
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Table 1 Crystallographic data and structure refinement summary

for compounds I and II

Property Compound I Compound II
Empirical formula C22H20N2O2 C14H12N2

Formula weight 344.40 208.26

Temperature 200 200

Crystal system trigonal monoclinic

Space group R–3 P21/c
a (Å) 28.7614(9) 12.3990(6)

b (Å) 28.7614(9) 9.7826(5)

c (Å) 11.7819(4) 9.6028(4)

α (°) 90 90

β (°) 90 110.615(2)

γ (°) 120 90

Volume (Å3) 8440.5(7) 1090.18(9)

Z 18 4

D (Calc) (g/cm3) 1.220 1.269

F(000) 3276 440

Crystal size (mm3) 0.21 × 0.28 × 0.54 0.08 × 0.23 × 0.56

μ(MoKa)( /mm ) 0.079 0.076

Tot., Uniq. Data, Rint 16186, 4646, 0.021 12429, 2692, 0.014

[I > 2.0 sigma(I)] 2944 2217

Nref 4646 2692 

Npar 302 150

R 0.0511 0.0392 

wR2 0.1554 0.1115

S 1.02 1.03

Figure 2. An ORTEP view of compound I showing 50% probability displacement ellipsoids and the atom labelling.
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Table 2 Selected bond lengths (Å), bond angles (°) and torsion angles (°) of compounds I and II 

Bond lengths (Å)
I II

O(1)–C(2) 1.238(1) N(1)–C(21) 1.387(2)

O(2)–C(3) 1.239(2) N(2)–C(2) 1.362(1)

N(1)–C(2) 1.339(1) N(1)–C(2) 1.322(2)

N(1)–C(21) 1.416(2) N(2)–C(22) 1.377(2)

N(2)–C(3) 1.356(2) C(1)–C(13) 1.507(2)

C(2)–C(11) 1.553(1) C(2)–C(11) 1.464(2)

N(2)–C(22) 1.422(2) C(11)–C(12) 1.393(2)

C(2)–C(41) 1.400(2) C(12)–C(13) 1.389(2)

Bond angles (°)
I II

O(1)–C(2)–N(1) 122.6(2) C(2)–N(2)–C(22) 106.9(1) 

N(1)–C(21)–C(26) 120.9(2) C(2)–N(1)–C(21) 104.9(1)

O(1)–C(2)–C(11) 124.5(1) N(1)–C(2)–N(2) 112.9(1)

O(1)–C(2)–C(41) 107.8(1) N(2)–C(2)–C(11) 122.3(1) 

O(2)–C(3)–N(2) 121.8(2) N(1)–C(2)–C(11) 124.7(1)

N(1)–C(2)–C(11) 112.9(1) N(1)–C(21)–C(22) 109.7(1)

O(2)–C(3)–C(31) 120.9(2) N(2)–C(22)–C(21) 105.5(1)

C(2)–N(1)–C(21) 125.2(2) N(1)–C(21)–C(26) 130.1(1)

C(3)–N(2)–C(22) 126.8(1) C(2)–C(11)–C(16) 121.3(1) 

Torsion angles (°)
I II

C21–N1–C2–C11 180.0(1) C21–N1–C2–N2 –0.3(1)

C22–N2–O3–O2 5.3(1) C21–N1–C2–C11 –178.6(1)

C2–N1–C21–C22 138.9(2) N1–C2–C11–C12 –27.3(2)

O1–C2–C11–C16 –166.8(1) N1–C2–C11–C16 151.9(1)

N1–C2–C11–C16 11.4(1) N2–C2–C11–C12 154.6(1)

O2–C3–C31–C3 175.8(1) N1–C21–C22–N2 -0.3(1)

C2–C11–C16–C15 179.4(1) C2–N1–C21–C26 178.6(1)

C11–C12–C13–C14 0.3(1) N2–C2–C11–C16 –26.2(2)

N1–C21–C22–N2 –3.9(1) N1–C21–C22–C23 177.9(1)

N1–C21–C26–C25 177.7(2) N1–C21–C26–C25 –177.3(1)

Figure 3. An ORTEP view of compound II showing 50% probability displacement ellipsoids and the atom labelling. 
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THF (1:2) and obtained as a white solid. The computed
and crystallographic data and selected bond lengths and
bond angles for all the crystal structures are provided in
Tables 1 and 2. Selected torsion angles are also provi-
ded in Table 3. The ORTEP diagrams for compounds I
and II are presented in Figures 2 and 3. Compound I
crystallized in the trigonal space group R–3, while com-
pound II crystallized in the monoclinic space group
P21/c.

The bond distances of N(1)–C(2), and N(2)–C(3),
which were 1.339(2), and 1.356(2) Å, respectively, were
consistent with the C–N bond of the amide of compound I
whilst N(2)–C(22) and N(1)–C(21) were 1.422(2) and
1.416(2) Å, showing the C–N with the carbon being part
of the aromatic ring system. Compound I exhibits a disor-
der in one of its toluene rings with a disorder ratio of
0.675:0.325.

The bond distances of O(1)–C(2) and O(2)–C(3)
which were 1.238(3) and 1.239(2) Å, respectively, in
compound I show usual C=O double bond character. The
bond lengths are comparable with the average bond length
of C=O bonds on the CCDC database which is 1.228 Å.22

The torsion angles C22–N2–C3–O2 and C21–N1–C2–O2
in compound I were 5.3(3)° and 180.00(3)°, respectively.
The torsion angles are consistent with the O–C–N–C tor-
sion angles of amide-containing compounds on the CCDC
database.23 The O(1)–C(2)–N(1), O(1)–C(2)–C(11) and
O(1)–C(2)–C(41) bond angles which were 122.62 (2),
124.50 (4) and 107.80(7)°, respectively, were the angles
around the sp2 carbon atoms of the carbonyl in compound
I. The disorder in the molecule was clearly shown by the
two different angles around C(2) with one angle being
narrower than the other. These are comparable to the ave-
rage O–C–N bond angle on the CCDC database which is
122.30°.23 In compound II, the two aromatic rings are pla-
nar as seen from the torsion angles; N1–C21–C26–C25
= -177.3(12), N1–C21–C22–C23 = 177.88(11) and
N1–C2 1–C22–N2 = -0.31(13). The dihedral angle bet-

ween the toluene ring and the benzimidazole ring is ap-
proximately 27°. 

An intramolecular hydrogen bond exists in com-
pound I between a nitrogen N(2)–H atom and the oxygen
(O1) of the adjacent carbonyl on the same molecule. The
oxygen (O2) of a carbonyl and nitrogen N(1)–H atom of
one molecule form hydrogen bonds with the nitrogen
N(1)–H atom of another molecule and the oxygen (O2)
atom of its carbonyl, respectively. This allows two mole-
cules of compound I to form a dimer (Figure S7). The di-
sorder in compound I is indicated in Figure 2 on one of
the toluene rings. The packing of compound I shows eigh-
teen molecules in the unit cell (Figure S8). The intermole-
cular hydrogen bond in compound II occurs between a ni-
trogen N(2)–H and the adjacent nitrogen N(1)–H atom of
an adjacent molecule (Figure S9). The packing of com-
pound II shows four molecules in the unit cell (Figure
S10). 

3. 2. HOMO-LUMO Analysis

Table 3 gives the computed HOMO-LUMO ener-
gies for o-phenylenediamine, m-toluolyl chloride, m-to-
luic acid, 3-chlorotoluene, 4-nitrotoluene and compounds
I and II. The frontier orbitals of m-toluic acid, which was
used in the synthesis of compound II, are shown in Figu-

Table 3: Summary of the HOMO-LUMO energies for o-phenyle-

nediamine, m-toluolyl chloride, m-toluic acid, and compounds I
and II. 

HOMO LUMO HOMO-LUMO
(kJ/mol) (kJ/mol) Gap (kJ/mol)

o-Phenylenediamine –520.93 –37.70 483.23

m-Toluoyl chloride –692.24 –197.04 495.20

m-Toluic acid –684.65 –165.64 519.01

Compound I –620.93 –163.23 457.70

Compound II –573.91 –144.61 429.30

Figure 4. The atomic orbitals composition of the frontier molecular orbital for m-toluic acid. 
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re 4. The HOMO is delocalised over the entire molecule
except the carbonyl group whilst the LUMO is largely
delocalised over the entire molecule except the methyl
group. This indicates that during charge transfer in a
reaction the molecule is stabilised by delocalization of
electrons over the entire molecule and also confirming
the susceptibility of the carbonyl to attack by the o-
phenylenediamine. 

The frontier orbitals of m-toluoyl chloride, which
was used for the synthesis of compound I, are shown in
Figure 5. The HOMO is delocalised over the entire mole-
cule except the chloride, and the LUMO is also delocali-
sed over the entire molecule except the methyl group. This
confirms the susceptibility of the molecule to attack by o-
phenylenediamine (a nucleophile). During charge transfer
in this reaction the molecule is stabilised by delocalization

of electrons over the entire molecule. The contribution of
the carbonyl carbon atom and the chloride to the LUMO
confirm the susceptibility of carbonyl attack by nucleop-
hiles and subsequent loss of chloride.

Figure 6 shows the frontier orbitals of o-phenyle-
nediamine which was used in the syntheses of com-
pounds I and II. The HOMO is delocalised over the enti-
re molecule while the LUMO is largely delocalised over
the nitrogen atoms and portions of the benzene ring. The
high electron density on the nitrogen atom enables it to
attack the carbonyl centre in the synthesis of a diamide.
In the synthesis of benzimidazoles in an acidic medium
there is no loss of a proton but the delocalization of the
HOMO on the nitrogen allows the diamine to attack the
highly susceptible protonated carbonyl of the carboxylic
acid.

Figure 5. The atomic orbitals compositions of the Frontier molecular orbitals for m-toluolyl chloride. 

Figure 6. The atomic orbitals compositions of the frontier molecular orbital for o-phenylenediamine.
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Figure 7 shows the frontier orbitals of compound I.
The HOMO is largely delocalised over the benzene ring
contributed by o-phenylenediamine, the nitrogen and the
carbonyl groups while the LUMO is delocalised over the
benzene ring contributed by o-phenylenediamine and one
of the benzene rings contributed by m-toluolyl chloride.
The disorder in the molecule observed from its crystal
structure is understood since the rings contributed by 
m-toluolyl chloride would have different reactivities.

Figure 8 shows the frontier orbitals of compound II.
The HOMO and LUMO are largely delocalised over the
entire molecule except the methyl group. This confirms
the stability of the molecule to attack by an incoming
group, possibly due to charge transfer via delocalization
over the entire molecule. This also confirmed the inability
to convert the methyl group on compound II to a carboxy-
lic acid by a reaction with potassium permanganate or to
an aldehyde by using selenium dioxide. 

4. Conclusions

3-Methyl-N-[2-(3-methylbenzamido)phenylbenza-
mide (I) has been synthesized by the reaction between

m-toluolyl chloride and o-phenylenediamine. 2-(3-
Methylphenyl)-1H-benzimidazole (II) has been synthe-
sized from a reaction of o-phenylenediamine with m-to-
luic acid in polyphosphoric acid and toluene. In the
synthesis of the amide from a diamine, the presence of a
good leaving group attached to the carbonyl as in the ca-
se of acyl chlorides seems to enable the reaction to pro-
ceed with ease. The presence of an excess of a protona-
ting agent and high temperature seem to promote the for-
mation of benzimidazoles. The reactivities of the various
functional groups on the compounds based on the contri-
bution to the frontier orbitals have been predicted. The
lack of oxidation of the methyl group on the benzimida-
zole has been discussed. 

5. Supplementary Material

CCDC numbers 1013218 and 1014054 contain the
supplementary crystallographic data (CIF) for this artic-
le. These data can be obtained free of charge from or e-
mail deposit@ccdc.cam.ac.uk. Supplementary data as-
sociated with this article can be found in the online ver-
sion.

Figure 7. The atomic orbitals compositions of the frontier molecular orbital for compound I.

Figure 8. The atomic orbitals compositions of the frontier molecular orbital for compound II.
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Povzetek
Reakcije kislinskih kloridov z diamini dajejo diamide. m-Metilbenzojsko kislino smo pretvorili v m-toluil klorid ter ga

nadalje reagirali s 4-metil-o-fenilendiaminom v piridinu in tako pripravili 3-metil-N-[2-(3-metilbenzamido)fenilbenza-

mid (I). 2-(3-Metilfenil)-1H-benzimidazol (II) smo pripravili z reakcijo med o-fenilendiaminom in m-metilbenzojsko

kislino v polifosforni kislini in toluenu. Obe spojini smo karakterizirali z IR, NMR, elementno mikroanalizo ter

GC–MS. V razpravo sta vklju~eni tudi kristalni strukturi pripravljenih spojin. S pomo~jo DFT izra~unov energij mejnih

molekulskih orbital za prekurzorske spojine smo ugotovili, katere skupine prispevajo h HOMO in LUMO in nadalje

preu~ili njihov vpliv na reaktivnost pri tvorbi diamidov in benzimidazolov. Izkazalo se je, da je nastanek amidov iz dia-

minov prednosten v prisotnosti dobrih izstopajo~ih skupin vezanih ob karbonilni skupini; tak{en primer so kislinski klo-

ridi. Po drugi strani pa je nastanek benzimidazolov prednosten v primeru, ko uporabimo prese`ek protonacijskega rea-

genta in ko reakcije izvajamo pri visokih temperaturah.
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Figure S1 IR spectrum of compound I 

   



 

 

Figure S2 IR spectrum of compound II 

 

 

 

Figure S3 
1
H NMR spectrum of compound I  

 

 

 



 

 

 

Figure S4 
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C NMR spectrum of compound I. 

 

 

 

Figure S5 
1
H NMR spectrum of compound II  

 



 

 

Figure S6 
13

C NMR spectrum of compound II  

 

 

 

Figure S7 Inter and intramolecular H–bonding in compound I 



 

 

 

Figure S8 Packing and interaction of atoms in the unit cell of compound I 

 

 

 

Figure S9 Inter H–bonding in compound II  

 



 

 

Figure S10 Packing and interaction of atoms in the unit cell of compound II 
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