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he synthesis of novel bis(3-carbazolyl)methane-linked bis-benzimidazoles is described.

The construction of symmetrical bis-benzimidazoles on the bis-carbazolylmethane
scaffold was succeeded by condensation reaction of benzene-1,2-diamine derivatives with
bis(9-ethyl-9H-carbazole-3-carbaldehyde). The structural analysis of the targeted com-
pounds 4-7 was confirmed by NMR, FT-IR spectroscopy and mass spectrometry. The ther-
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mal stability of final products 4-7 was also studied by thermogravimetric analysis (TGA).
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INTRODUCTION

By virtue of existing various important biological
activities, there has been a growing interest over
the past decades for the synthesis of nitrogen conta-
ining heterocycles [1-5]. Among these heterocycles,
benzimidazole and carbazole platforms are impor-
tant type of nitrogen possessing building blocks due
to their diverse range of biological activity [5-10].

Benzimidazole is benzene and imidazole fused
with a bicyclic aromatic compound. The NH functio-
nal group in the benzimidazole scaffold is quite weakly
primary and relatively strong acidic. Benzimidazoles
are also an important class of benzo-fused heterocyclic
systems and have several of interesting pharmaceutical
activities ranging from antitumor to antimicrobial [11-
13]. Benzimidazole based heterocyclic structures disp-
lay significant activity against various viruses such as
HIV, herpes (HSV-1), and RNA influenza [14-16].

Bis-benzimidazole motifs are compounds consis-
ting of two benzimidazole units connected to each by
different linkages. Due to having interesting biological
properties bis-benzimidazole based compounds are de-
sired target for medicinal chemistry. For example, app-
ropriately substituted benzimidazoles have been disco-
vered to bind helix DNA and used telomerase inhibitors
[17-21]. The anticancer and antimicrobial activities of
bis-benzimidazoles based compounds have been studi-
ed by several groups [22-27].

Carbazoles are also another important class of nit-
rogen containing electron rich, rigid and fully aromatic
heterocycles, and appear in a large number of natural
compounds [10, 28]. The carbazole based compounds
have been explored in various area of chemosensor, so-
lar cells, and organic-light emitting diodes (OLEDs) [29-
32]. In addition carbazole containing compounds have
displayed diverse important biological properties such
as antimicrobial, antiviral, antitumor and antioxidant
activities [33-35]. Facile stability, easy functionalization,
good absorption and efficient emissive properties of the
carbazole core have made them very popular among
chemist. More specifically, one of the most important
subclasses of the carbazole ring systems is binary car-
bazole alkaloids connected through methylene linkages.
A range of bis-carbazole compounds have been isolated
from the natural sources and displayed interesting bio-
logical effects [36-37]. For example, as shown in Figure
1, Chrestifoline-A and Bismurrayafoline-A natural pro-
ducts isolated from Murraya euchrestifolia show mode-
rate antitumor activity [37].

It is well established that the construction of two
biologically active heterocyclic units into a single com-
pound represents a strategic approach to potential bio-
active systems [38-39]. Therefore due to the wide range
of interesting activities and properties of benzimidazole
and carbazole based compounds, the synthesis of novel
benzimidazole possessing bis-carbazole hybrid compo-
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Figure 1. Biologically active methylene bridged bis-carbazole natural
products.

unds has been focused and studied in this research.

MATERIAL AND METHODS

All reagents and solvents were purchased from commer-
cial companies and appropriately purified, when neces-
sary [40]. A Varian 500 MHz NMR spectrometer was
used to record *H NMR spectrum at 298 K. The deutero
dimethyl sulfoxide, (DMSO-ds) for NMR spectroscopy
was obtained from Merck. A Perkin Elmer Spectrum 100
FT-IR spectrometer was used to record FT-IR spectra. A
Bruker Daltonics microTOF was used for MALDI-TOF-
MS measurements. Merck silica gel plates, precoated
with silica gel 60 F254 (0.2 mm) on aluminium sheets was
used for analytical TLC. A Mettler Toledo TGA/SDTA
851TGA was used for TGA measurements by loading
compounds as powder into alumina pans and heated at a
ramp rate of 10 °C per minute from 25 °C to 700 °C under
a nitrogen gas atmosphere. Melting points were measu-
red using a Stuart SMP3 melting point apparatus and are
uncorrected.

Synthesis of Bis-carbazolemethane Based Bis-
benzimidazole Compounds (4-7)

General Procedure: A reaction flask was charged with
compound 3 (1.0 mol equiv) and benzene-1,2-diamine
derivatives (2.1 mol equiv) in DMSO (5 mL). The reac-
tion mixture was stirred at 120 °C for 17-21 h. The re-
action progress was monitored by TLC using eluent
EtOAc:hexane (50:50). The reaction was completed and
worked-up once none of the starting material 3 was ob-
served by TLC analysis. The resulting reaction mixture
was diluted with EtOAc and brine solution. The organic
phase was then separated, washed with water several ti-
mes and dried under vacuum to give desired products 4-7.

Synthesis of bis(6-(1H-benzo[d]imidazol-2-yl)-9-
ethyl-9H-carbazol-3-yl)methane (4)

Compound 3 (0.12 g, 0. 27 mmol) and benzene-1,2-
diamine (62 mg, 0.57 mmol) was stirred in DMSO (4.5
mL) at 120 °C for 17 h. By following the general procedure
work-up protocol, the desired compound 4 (0.17 g, 99%
yield) was obtained as orange colour solid. mp 294-298

°C. 'H NMR (500 MHz, DMSO-ds): § 9.19 (br.s, 2H), 8.44
(d, *JHH = 8.4 Hz, 2H), 8.10 (s, 2H), 7.78 (d, *JHH = 8.6 Hz,
2H), 7.70 — 7.63 (m, 4H), 7.59 (d, *JHH = 8.4 Hz, 3H), 7.47
(d, JHH = 8.1 Hz, 2H), 7.36 — 7.25 (m, 5H), 4.44 (q, JyHH
= 6.9 Hz, 4H), 4.32 (s, 2H), 1.29 (t, ) HH = 6.9 Hz, 6H)
ppm; *C NMR could not be taken due to low solubility
of the compound 4; FT-IR: v 3337 (N-H, benzimida-
zole), 3059 (C-H, aromatic), 2974 (C-H, alkyl), 2915, 1627,
1601 (C=C, aromatic), 1483 (C-H, alkyl), 1377, 1346, 1309,
1233, 1153, 1026, 889, 806, 745 cm™; MALDI-TOF; calc
for CasHsaNs [M]*: 634.787; found [M - H]*:633.254.

Synthesis of bis(6-(6-chloro-1H-benzo|[d]
imidazol-2-yl)-9-ethyl-9H-carbazol-3-yl)methane
(5)

Compound 3 (75 mg, 0. 16 mmol) and 4-chlorobenzene-
1,2-diamine (50 mg, 0.34 mmol) was stirred in DMSO
(2.5 mL) at 120 °C for 17 h. By following the general pro-
cedure work-up protocol, the desired compound 5 (0.10
g, 91% yield) was obtained as brown colour solid. mp
259-261 °C. *H NMR (500 MHz, DMSO-ds): § 8.93 (br.s,
2H), 8.31 — 8.21 (m, 3H), 8.13 (s, 1H), 7.79 (d, *JHH = 8.6
Hz, 2H), 771 — 7.64 (m, 4H), 7.65 — 7.59 (m, 4H), 7.53
(d, JHH = 7.6 Hz, 2H), 7.31 — 7.24 (m, 2H), 4.47 (g, 3JHH
= 6.9 Hz, 4H), 4.36 (s, 2H), 1.33 (t, 3JHH = 6.1 Hz, 6H)
ppm; *C NMR could not be taken due to low solubility of
the compound 5; FT-IR: v 3392 (N-H, benzimidazole),
3159, 3056 (C-H, aromatic), 2975 (C-H, alkyl), 2159, 1629,
1603 (C=C, aromatic), 1483 (C-H, alkyl), 1400, 1347, 1234,
1159, 1044, 925 cm™; MALDI-TOF; calc for CasHs2Cl2Ns
[M]*: 703.671; found [M]*: 703.185.

Synthesis of bis(9-ethyl-6-(6-methyl-1H-benzo[d]
imidazol-2-yl)-9H-carbazol-3-yl)methane (6)

Compound 3 (0.10 g, 0. 22 mmol) and 4-methylbenzene-
1,2-diamine (56 mg, 0.46 mmol) was stirred in DMSO (3
mL) at 120 °C for 17 h. By following the general procedure
work-up protocol, the desired compound 6 (0.14 g, 95%
yield) was obtained as brown colour solid. mp >300 °C.
IH NMR (500 MHz, DMSO-ds): 8 9.14 (br.s, 2H), 8.40 (d,
SJHH = 8.2 Hz, 2H), 8.14 (s, 2H), 7.99 — 7.86 (m, 1H), 7.80
(d, *JHH = 8.6 Hz, 2H), 7.62 (d, *JHH = 8.3 Hz, 2H), 7.57
(d, *JHH = 8.1 Hz, 2H), 752 (d, *JHH = 8.3 Hz, 3H), 747
(s, 2H), 7.16 (d, *JHH = 7.9 Hz, 2H), 4.47 (g, JJHH = 6.5 Hz,
4H), 4.36 (s, 2H), 2.54 (s, 6H), 1.32 (t, JJHH = 6.7 Hz, 6H)
ppm; *C NMR could not be taken due to low solubility
of the compound 6; FT-IR: v_ 3385 (N-H, benzimida-
zole), 3056 (C-H, aromatic), 2975 (C-H, alkyl), 2917, 1630,
1600 (C=C, aromatic), 1444 (C-H, alkyl), 1346, 1233, 1023,
949 cm™; MALDI-TOF; calc for CasHssNe [M]*: 662.841;
found [M]*: 662.272.
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Synthesis of bis(9-ethyl-6-(6-nitro-1H-benzo[d]
imidazol-2-yl)-9H-carbazol-3-yl)methane (7)

Compound 3 (0.10 g, 0. 22 mmol) and 4-nitrobenzene-
1,2-diamine (70 mg, 0.46 mmol) was stirred in DMSO (3
mL) at 120 °C for 21 h. By following the general procedure
work-up protocol, the desired compound 7 (0.13 g, 85%
yield) was obtained as brown colour solid. mp 202-204 °C.
1IH NMR (500 MHz, DMSO-de): 8 9.00 (s, 1H), 8.94 (s, 1H),
8.45 — 8.34 (m, 1H), 8.32 — 8.25 (m, 2H), 8.23 (d, *JHH =
7.2 Hz, 1H), 8.14 (s, 1H), 8.12 — 8.04 (m, 3H), 7.80 (d, *JHH
- 8.3 Hz, 1H), 7.76 (d, *JHH = 8.3 Hz, 1H), 7.76 — 7.67 (m,
2H), 7.65 (d, JJHH = 8.3 Hz, 1H), 7.60 (d, JJHH = 7.8 Hz,
2H), 7.53 — 7.46 (m, 2H), 7.27 (t, *JHH = 7.2 Hz, 1H), 4.52
— 441 (m, 4H), 4.34 (s, 2H), 1.31 (t, JJHH = 7.1 Hz, 6H)
ppm; *C NMR could not be taken due to low solubility
of the compound 7; FT-IR: vmax 3333 (N-H, benzimida-
zole), 3185, 3067 (C-H, aromatic), 2954 (C-H, alkyl), 1876,
1629, 1599 (C=C, aromatic), 1472 (C-H, alkyl), 1426, 1330
(Ar-NO»), 1292, 1235, 1127, 1023, 947 cm™; MALDI-TOF;
calc for CasH32NsOa [M]*: 724.781; found [M]*: 724.148.

RESULTS AND DISCUSSION

The most reactive positions of the carbazole core 1
with respect to electrophilic substitution are the C3
and C6 positions. It is noteworthy that the carbazole-3-
carbaldehyde is capable of undergoing further functiona-
lization at the C6 position and thus may serve as precur-
sors for novel compounds. Aldehyde functional groups
are suitable precursor to benzimidazole through the con-
densation reaction with benzene-1,2-diamine derivative.

It proved that formaldehyde is reactive under acidic
conditions in the presence of carbazole [41-43]. Following
the literature method, the suitable carbazole mono-al-
dehyde building block 2 was prepared from the reaction of
N-ethyl carbazole 1 with phosphoryl chloride and dimethyl
formamide via the Vismeier-Haack reaction which is well
established method for the formylation of various aroma-
tic compounds, since heteroaromatic compounds undergo
formylation at the electron rich positions when treated with
Vilsmeier-Haack reagents (Figure 2) [44]. In the event that
C3 position of the carbazole is blocked by aldehyde functio-
nality, C6 position becomes the only active site for a further
reaction through the aromatic system.

Methylene bridged bis-carbazole 3 was previously re-
ported by Sengul et al [43]. In this protocol from the Vils-
meier-Haack reaction of N-ethyl carbazole 1 bis-carbazole
3 was isolated as a by-product in 4% yield. This low yielding
formation of the compound is unfortunately not useful for
the synthetic modifications. In the same study, an alternati-
ve approach for preparation of methylene bridge containing

bis-carbazole was likely described in high yield [43]. The-
refore following the high yield product production protocol
which involves treatment of formyl carbazole 2 with formal-
dehyde (CHCO) in the presence of catalytic amount of ace-
tic acid at 100 °C, the compound 3 was obtained almost in
quantitative yield (Figure 2).

Once the two aldehyde functional group containing
methylene bridged bis-carbazole 3 in hand, condensati-
on reaction was attempted to form benzimidazole rings
on both C3 and C3’ positions of the bis-carbazole. Several
protocols have been used for the synthesis of benzimida-
zoles, and therefore one of the most common protocols for
synthesis of benzimidazoles is surely the condensation of
benzene-1,2-diamine derivative with carbaldehydes [45-47].

In this study, the synthesis of various benzimidazo-
le derivatives of methylene bridges bis-carbazoles was
achieved in high yield with condensation reaction in
dimethylsulfoxide. Reaction between compound 3 and
4-substitue benzene-1,2-diamine derivatives (R = H, Cl,
Me, NO3) in DMSO at 120 °C produced the correspon-
ding benzimidazole compounds 4-7 in 85-99% yield (Fi-
gure 2).
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N
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diamines

Figure 2. Reagent and conditions: i) DMF, POCls, reflux; ii) HCOH,
CH3COOH, 100 °C; iii) 4-substitue benzene-1,2-diamine derivative (R =
H, Cl, Me, NO.), DMSO, 120 °C.

The characterization of the new compounds 4-7 was
determined using NMR and FTIR spectroscopy along with
mass spectrometry. The spectroscopic data of the compo-
und 4 is characteristic for the other remaining derivatives.
The successful construction of the new benzimidazole
heterocyclic units in the main platform was clearly iden-
tified by '"H NMR analysis of the starting material and its
corresponding product. The 'H NMR spectrum of starting
material 3 has a singlet at § 10.04 ppm assigned to carbonyl
aldehyde (CHO) proton. The examination of the 'H NMR
spectrum of target compound 4 indicated that disappea-
ring of carbonyl CHO proton signals and displaying a new
broad singlet signal at § 9.19 ppm belong to NH proton of
the newly formed benzimidazole rings as shown in Figure 3.
Thus, *H NMR spectrum indicated that construction of the
new heterocyclic unit in the main platform had successfully
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occurred. In addition, two protons signal belongs to CHa
signal at § 4.32 ppm indicates the methylene bridge in the
main structure, four protons quarted signals at § 4.44 ppm
and a six protons triplet signals at § 1.29 ppm are also show
the N-ethyl moiety of the carbazoles. Due to low solubility
of the final compounds 4-7, their *C NMR spectra could
not be performed.
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Figure 3. 'H NMR spectrum of compound 4.

Conversion of aldehyde functional group to the corres-
ponding benzimidazole was also confirmed through com-
parison of the FT-IR analysis of the target product 4 and its
starting material 3. In the FT-IR spectrum of the compo-
und 4 a new broad peak observed between 3500-2900 cm™
belongs to benzimidazole N-H stretching (Figure 4). In ad-
dition, the disappearing of aldehyde carbonyl (C=0O) bond
stretching peak at 1672 cm™ was proved the successful con-
densation reaction was carried out.
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Figure 4. FT-IR spectrum of compound 4.

Final confirmation of the structure of the targeted bis-
benzimidazole 4 was provided through MALDI-TOF mass
spectrometry. The mass spectrometry of compound 4 sho-
wed molecular ions at 633 ([M-HJ") (Figure 5).

Thermal Analysis of Bis-benzimidazoles 4-7

The thermal stability of compounds 4-7 were investiga-
ted by thermogravimetric analysis (TGA) via progres-
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Figure 5. MALDI-TOF spectrum of compound 4.

sing the weight loss of a sample upon linearly increasing
the temperature (heating rate of 10 °C per minute up to
700 °C) under nitrogen gas flow. Bis-benzimidazoles 4-7
were found stable in air at room temperature and showed
high thermal stability. As shown in Figure 6, the thermal
stability of 4 was the highest due to 62% of the compo-
und remained intact up to 543 °C. The compound 6 and 5
showed good thermal stability by remaining 49% of 6 and
30% of 5 intact up to 561 °C and 545 °C, respectively (Tab-
le 1). While decomposition of compounds 4 and 5 showed
one step TGA curve, compound 6 displayed two steps.
Between 381°C and 458 °C, bis-benzimidazole 6 lost 12%
of its weight. This was followed by further 21% of weight
loss at the second step. As compound 6, the nitro substi-
tuted bis-imidazole 7 presented different decomposition
pattern by showing three steps TGA curves. An initial
weight loss of 9% was observed at 173 °C, the second one
was detected at 314 °C with a weight loss of 12%, and at
the final step at 553 °C with a weight loss of 11% obser-
ved and overall 64% of compound 7 remained. Once the
temperature reached to 700°C, it can clearly seen that the
most stable bis-benzimidazole derivative is compound 7
due to loosing only 36% of weight loss whereas compound
5 is the least stable one by weight loss of almost 70%. It is
noteworthy that these compounds represent outstanding
thermal stability. In addition it was observed that both of
the compounds 4 and 7 lost their weight less than both
5 and 6, because initial mass of both bis-benzimidazoles
4 and 7 retained over 62% and 64%, respectively, even at
700 °C.

CONCLUSION

In this study,
benzimidazole was prepared and characterized. In addi-

a range of carbazole linked bis-

tion, the thermogravimetric analysis (TGA) results of the
final bis-benzimidazoles 4-7 displayed outstanding ther-
mal stability. These kind of frameworks can be potenti-
ally used in variety of areas ranging from organic devices
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Figure 6. TGA curves of bis-benzimidazoles 4-7.
Table 1. The results of TGA analysis.
Range Peak Weight Residue at
C d St
OMPOURE SHEE (o) (°C) loss(%)  700°C (%)
4 1% 424 -543 518 25 62
5 1% 350 - 545 425 57 30
1 381-458 429 12
6 49
2nd 465-561 512 21
1+ 58-209 173 9
7 2nd 220-410 314 12 64
3rd 440-680 553 11

to biologically active molecules.
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