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Selective one-pot synthesis of 11-arylmethylidene-11H-isoindolo[2,1-a]-
benzimidazoles and 6-arylbenzimidazo[2,1-a]isoquinolines from

o-alkynylbenzaldehydes and o-diaminobenzenes

Valentin D. Gvozdev, Konstantin N. Shavrin, Esfir G. Baskir, Mikhail P. Egorov
and Oleg M. Nefedov

Experimental

GLC analysis was performed on a Hewlett-Packard 5890 Series Il instrument with an HP-1
capillary column (30 m x 0.153 mm) and a Hewlett-Packard 3396A automated integrator. The
'H and ¥C NMR spectra were recorded on a Bruker AC-200p spectrometer using the solutions
of test compounds in CDClz and TMS as an internal standard. High resolution mass spectra were
recorded on a Bruker micrOTOF Il instrument with electrospray ionization (ESI). The
measurements were performed on the positive ions (capillary voltage 4500 V). Masses were
scanned in the range of m/z from 50 to 3000 Da, using an external or an internal calibration
(Electrospray Calibrant Solution, Fluka). Solutions of compounds in acetonitrile were injected
using a syringe, the flow rate 3 dm® min™. Nebulizer gas was nitrogen (4 dm® min™), the

interface temperature was 180 °C.

Quantum chemical calculations of structure, vibrational frequencies, and potential energy
surfaces (PESs) were carried out on using the Gaussian 09, revision D.01, software package! at
B3LYP level with 6/31+G (d,p) basic set. All found structures were verified by examination of
their Hessian matrix as minima (all frequencies real) or transition states (one imaginary
frequency). The identities of transition states to particular reactions were established by IRC
calculations. Solvent effects from the DMSO environment were included using the polarizable

continuum model (PCM).



Starting aldehydes 1la-c were prepared by palladium-catalyzed cross-coupling of
commercially available 2-bromobenzaldehyde with the corresponding arylacetylenes
(phenylacetylene?, (2-thienyl)acetylene and (4-tert-butylphenyl)acetylene?) in EtsN.

Synthesis of 2-[2-(alk-1-ynyl)phenyl]benzimidazoles 3b,c from o-alkynylbenzaldehydes
la,b and o-diaminobenzenes 2a,b (general procedure). To a solution of aldehyde 1 (2 mmol) in
DMSO (3 ml), a solution of the corresponding o-diaminobenzene 2 (2 mmol) in anhydrous
DMSO (3 ml) was slowly added. Then NH4Br (39 mg, 0.4 mmol) was added, and the resulting
mixture was stirred for 24 h at room temperature in the contact with dry air. Then water (30 ml)
and CH2Cl> (30 ml) were added, and the organic layer was separated. The aqueous layer was
additionally extracted with CH2Cl> (3%x10 ml). The combined organic layers were washed three
times with water, dried over anhydrous Na,SOs, and the solvent was evaporated. The residue
was subjected to recrystallization from light petroleum — THF mixture to give a target products
3b,c.

N 5,6-Dimethyl-2-[2-(phenylethynyl)phenyl]-1H-
! |l benzimidazole 3b was prepared from aldehyde la and diamine
Y, _ _

A /1// 2b with 67% yield. 'H NMR, §: 2.61 (s, 6H, 2CHs3), 7.36-7.53
477N
I T " (m, 5H, C3H, C*H, C°H, Ph; C'H, C*H), 7.54-7.73 (m, 5H, C?,
5 1
e \\\/ N CS, Ph; C3, C*, C°, o-phenylene), 8.52-8.60 (m, 1H, C°H, o-

'g\aa/ \\s_CH3 phenylene), 10.82 (br. s, 1H, NH). °C NMR, 6: 20.4 (2CHa),

4=5< 89.0, 94.4 (C=C), 115.2 (broad, C* C7), 119.2, 122.2 (C?, o-

§hs phenylene; C1, Ph), 128.7, 128.8, 129.1, 132.2 (C3, C* C5, C®, o-

phenylene), 129.1, 129.4, 131.4 (C?, C3, C*, C5, C8, Ph), 130.7 (C!, o-phenylene), 133.6 (C°, C°),
137.2 (broad, C%, C'?), 149.6 (C?).

2-[2-(2-Thienylethynyl)phenyl]-1H-benzimidazole 3c was
// 4\\ prepared from aldehyde 1b and diamine 2a with 78% vyield. *H
" ~s”  NMR (DMSO-dg), 6: 7.10 (dd, 1H, C*H, Thi, 3] 5.2 Hz, 3] 3.6 Hz),
N 7.20-7.30 (m, 2H, C°H, C®H), 7.36 (dd, 1H, C°H, Thi, 3J 3.6 Hz, *J
PN 1.2 Hz), 7.52-7.61 (m, 2H, C*H, C°H, o-phenylene), 7.62-7.76 (m,
I 7a—1 4H, C®H, o-phenylene; C3H, Thi; C*H, C'H), 7.91-8.02 (m, 1H,
33\ /6 CP®H, o-phenylene), 10.30 (br. s, 1H, NH). 3C NMR (DMSO-ds), 6:
86.7, 95.5 (C=C), 115.4 (broad, C* C7), 120.8, 122.2 (C? o-
phenylene; C2, Thi), 122.3 (C®, C%), 127.7, 129.1, 129.5, 129.8, 129.9, 132.6, 132.7 (C3, C*, C%,
C8, o-phenylene; C3, C*, C°®, Thi), 132.4 (C, o-phenylene), 139.4 (broad, C3, C'?), 150.4 (C?).



Characterization data for compounds 4b-e and 5b-e

/645\4 (11Z)-11-Benzylidene-7,8-dimethyl-11H-isoindolo[ 2,1-

//1/1\\/4/ a]benzimidazole 4b was prepared from aldehyde la and
N ? diamine 2a and isolated in 52% vyield by double
l| L /To\ga/g\s/(fH?' recrystallization from hexane-THF mixture. *H NMR, §: 1.97
~F e | (s, 3H, 8-CHs), 2.28 (s, 3H, 7-CHs), 5.38 (s,1H, C°H), 7.07 (s,

NN ey
° i % 1H, CHPh), 7.39-7.54 (m, 8H, C?H, C®H, C®H; Ph), 7.72-7.79

(m, 1H, C'H), 7.95-8.02 (m, 1H, C*H). 3C NMR, J: 20.0 (CHs), 20.1 (CHs), 109.2 (CHPh),
114.8 (C%), 120.4, 120.6, 121.4 (Ct, C*, C®), 127.2 (C!9), 128.1, 129.5 [doubled intensity, two
overlapped signals] (C2, C3; C* Ph), 128.5, 130.3 (C?, C3, C°, C®, Ph), 128.9, 132.8, 135.4, 140.4
(Cl, c%, C%: C!, Ph), 131.6, 131.7 (C7, C8), 147.1 (C%%), 157.1 (C*). HRMS, m/z 323.1537,
calculated for C2sHigN2, [M+H]": m/z 323.1543.

//3\4 (112)-11-(2-Thienylmethylidene)-11H-isoindolo[2,1-
//1/2\ - a]benzimidazole 4c was prepared from aldehyde 1b and diamine 2a
TN . and isolated in 69% yield by column chromatography [hexane-THF
/L b/?'o\Ta/ \T (3:1) as eluent]. 'H NMR, &: 5.98 (d,1H, C°H, 3J 8.2 Hz), 6.96 (s,
\\,\,/56\6/7 1H, CHThi), 6.97 (dd, 1H, C®H, %J 8.2 Hz, 3] 7.5 Hz), 7.07 (d, 1H,
C3H, Thi, 3J 3.5 Hz), 7.16 (dd, 1H, C*H, Thi, 3J 5.3 Hz, 3J 3.5 Hz),
7.19 (dd, 1H, C'H, 33 8.0 Hz, 3] 7.5 Hz), 7.44-7.56 (m, 3H, C?H, C*H; C°H, Thi), 7.68—7.80 (m,
2H, C°H, C'H), 7-96-8.04 (m, 1H, C*H). 23C NMR, &: 101.7 (CHThi), 113.3 (C9), 119.4, 120.3
120.6 (C*, C* C9), 122.2, 122.3 (C’, C8), 125.8 (C*%), 126.7, 127.0, 128.9, 129.0, 129.3 (C?, C?;
C3, C* C5, Thi), 127.8, 132.8, 135.2, 139.4 (C, C*, C%; C2, Thi), 147.8 (C%), 157.7 (C*).
HRMS, m/z 301.0798, calculated for C19H12N2S, [M+H]*: m/z 301.0794,

//3\<\ (112)-6-Methyl-11-(2-thienylmethylidene)-11H-isoindolo[2,1-

//1/2\5/5 a]benzimidazole 4d was prepared from aldehyde 1b and diamine 2c

- l%m/“\ ' . and isolated in 62% yield by column chromatography [hexane-THF

l|\4 /|\<\No\|f|/ \T (3:1) as eluent]. *H NMR, &: 2.71 (s, 3H, CHz), 5.86 (d, 1H, C°H, 3
N/Sa 7

8.1 Hz), 6.87 (dd, 1H, C®H, 3J 8.1 Hz, 3] 7.5 Hz), 6.94 (s, 1H,
i, CHThi), 7.01 (d, 1H, C™H, 3 7.5 Hz), 7.07 (d, 1H, C?H, Thi, 3 3.5
Hz), 7.17 (dd, 1H, C“lH, Thi, 3J 5.3 Hz, 3] 3.5 Hz), 7.43-7.57 (m, 3H, C2H, C3H; C5H, Thi), 7.70-
7.77 (m, 1H, CH), 8.03-8.10 (m, 1H, C*H). 13C NMR, &: 17.1 (CHs), 102.2 (CHThi), 111.9 (C°),
120.8, 122.0, 123.0, 123.9 (Ct, C* C', C®), 127.6, 127.7, 129.7, 129.9 [doubled intensity, two
overlapped signals] (C?, C3; C3, C*, C®, Thi), 129.0, 130.3, 133.8, 136.2, 140.3 (C®, C!*, C*, C%,



C2, Thi), 147.7 (C%), 157.1 (C*). HRMS, m/z 315.0946, calculated for CaoH14N2S, [M+H]*: m/z
315.0950.

s HsC (11Z)-11-(4-tert-Butylbenzylidene)-11H-
1/6/ >/4/\1/CH3 isoindolo[2,1-a]benzimidazole 4e was prepared from
) //1/ \\2/3 M aldehyde 1c and diamine 2a and isolated in 48% yield by
T|/ \Tla/n\N\ " column chromatography [hexane-THF (5:1) as eluent]. *H
3\/“a\4<\1° T NMR, : 1.42 (s, 9H, 3CH3), 5.64 (d,1H, C°H, %] 8.4 H2),
';‘/Sa\fs%? 6.80 (dd, 1H, C®H, 3J 8.4 Hz, 3J 7.8 Hz), 7.10 (s, 1H,

CHCeHat-Bu), 7.15 (dd, 1H, C7H, 3] 7.8 Hz, 3] 8.0 Hz), 7.32-7.43 (m, 2H, CsH, CsH in CsHa),

7.46-7.60 (m, 4H, C2H, C3H; C2H, CgH in CeHa), 7.74 (d,1H, C®H, 31 8.0 Hz), 7.79-7.86 (m, 1H,

ClH), 7.98-8.05 (m, 1H, C*H). 3C NMR, &: 31.4 (3CHs), 34.9 (C(CHs)s), 110.3 (CHCsHat-Bu),

114.4 (C%), 120.3, 120.7, 121.8 (C, C*, C%), 122.7, 122.9 (C7, C8), 125.7 (C8, C® in CsHa), 127.0

(C11%), 129.6, 129.9 (C2, C?), 130.1 (C2, C® in CeHa), 130.5, 132.7, 137.6, 140.7 (C1, C*, C%: C*

in CeHas), 148.7 (C%), 152.0 (C* in CsHa4), 158.0 (C*). HRMS, m/z 351.1855, calculated for
CasH2oN2, [M+H]™: m/z 351.1856.

$Hs 9,10-Dimethyl-6-phenylbenzimidazo[2,1-a]isoquinoline
5b was prepared from aldehyde la and diamine 2b in 84%
F N/ %™ yield. 1H NMR, : 2.15 (s, 3H, CHs), 2.39 (s, 3H, CH3), 6.22 (s,
\?‘ 1H, C8H), 6.87 (s, 1H, C°H), 7.56-7.73 (m, 8H, C?H, C3H, C*H,
° 5 Ph), 7.75 (s, 1H, C!H), 8.82-8.91 (m, 1H, C'H). 3C NMR, ¢:
J1 20.4 (CH3), 20.8 (CH3), 112.1, 114.3 (C° C?%), 119.7 (C'Y),
123.2 (C'?), 125.0, 126.6, 127.7, 129.7, 129.8 (Ct, C?, C3, C*;
C* Ph), 128.9, 129.6 (C?, C3, C®, C®, Ph), 129.3, 130.3, 131.5, 133.4, 135.0 (C°, C*¥°, C"? c!i&
C!, Ph), 137.6 (C®), 142.9 (C*), 147.8 (C*?%). HRMS, m/z 323.1546, calculated for C2sH1sNy,
[M+H]*: m/z 323.1543. These spectra are in good agreement with previously published data*.

6-(2-Thienyl)benzimidazo[2,1-a]isoquinoline 5¢c was prepared

from aldehyde 1b and diamine 2a in 78% vyield. *H NMR, ¢: 6.53
i \\m\// (d, 1H, CBH, 3J 8.0 Hz), 7.06 (s, 1H, C°H), 7.07 (dd, 1H, C°H, 3J
\’$ 8.0 Hz, 3 7.7 Hz), 7.24 (dd, 1H, C*H, Thi, 3] 5.3 Hz, %] 3.3 Hz),
a\B/é\243 7.34 (d, 1H, C3H, Thi, 3J 3.3 Hz), 7.39 (dd, 1H, C'°H, 3J 8.2 Hz, %J
7.7 Hz), 7.59 (d, 1H, C°H, Thi, 3J 5.3 Hz), 7.61-7.73 (m, 3H, C?H,
C3H, C*H), 7.98 (d, 1H, CH, %J 8.2 Hz),8.82-8.91 (m, 1H, C'H).
13C NMR, §: 113.8, 115.4 (C5, C8), 119.6 (C1), 121.6, 124.4 (C°, C9), 123.2 (C'?), 125.1,
126.8, 127.6, 128.1, 128.4, 129.8, 130.2 (C, C?, C3, C* C8, C* C°®, Thi), 130.5, 131.1 [doubled



intensity, two overlapped signals], 134.5 (C5 C78, C!& C2 Thi), 143.9 (C*), 148.0(C'?).
HRMS, m/z 301.0790, calculated for C19H12N2S, [M+H]*: m/z 301.0794. These spectra are in
good agreement with previously published data.*

H3(i‘,\ 11-Methyl-6-(2-thienyl)benzimidazo[2,1-a]isoquinoline 5d
/=% was prepared from aldehyde 1b and diamine 2c in 65% vyield. H
—1la
ps N/ NMR, 6: 287 (s, 3H, CH), 6.40 (d, 1H, C°H, %J 8.4 Hz), 7.00 (dd,
1 12a a—s

TI/ \sz/ Sy 1H, C°H, 3J 8.2 Hz, 31 7.2 Hz), 7.07 (s, 1H, C°H), 7.23 (d, 1H, C1°H,

| .
A D75 H2), 727 (dd, 1H, CH, Thi, 20 5.2 Hz, 23 35 H2), 7.37 (dd,

| 4/ 1H, C%H, Thi, % 3.5 Hz, 4 1.2 Hz), 7.62 (dd, 1H, C°H, Thi, %) 5.2

: Hz, 4J 1.2 Hz), 7.65-7.73 (m, 3H, C2H, C3H, C*H), 8.91-9.00 (m,
1H, CIH). 3C NMR, &: 17.2 (CH3), 111.2, 115.3 (C5, C8), 121.5, 124.5 (C°, C19), 123.5 (C?),
125.3, 126.7, 127.5, 128.0, 128.3, 129.8, 130.0 (C%, C?, C3, C* C3, C*% C>, Thi), 129.6 (CY),
130.2, 130.9 [doubled intensity, two overlapped signals], 134.6 (C5, C™, C12; C2 Thi), 143.4
(C42), 147.4(C'%). HRMS, m/z 315.0942, calculated for C20H1aN,S, [M+H]*: m/z 315.0950.

/11:10 6-(tert-Butylphenyl)benzimidazo[2,1-a] isoquinoline
N 1& //9 5e was prepared from aldehyde 1c and diamine 2a in 72%
1 /llZ/a /7a\8 R 1 . 3 3
T/krb Y yield. 'H NMR, &: 1.48 (s, 9H, 3CHs), 6.55 (d, 1H, C8H, 3J
7
|\ o /é\ PN 8.2 Hz), 6.93 (s, 1H, C°H), 7.06 (dd, 1H, C°H, 3J 8.2 Hz, 3J
4 5 1 5

| | cn.  7.7Hz),7.42 (dd, 1H, C°H, 3J 8.2 Hz, 31 7.7 Hz), 7.52-7.73

2 /4 /2 8
ST, (M TH, CH, C°H, C*H; CoHa), 8.03 (d, 1H, C1'H, % 8.2

3

"¢ ' Hz),8.80-8.90 (M, 1H, C'H). 3C NMR, &: 31.5 (3CHs), 35.1
(C(CHa)s), 113.1, 114.1 (C®, C?®), 119.5 (C), 121.5, 124.5 (C®, CY9), 122.3 (C'?), 125.3, 126.7,
127.7,128.1 (C%, C?, C3, C*), 125.9 (C3, C®in CsHa), 129.1 (C?, CO in CgHa), 130.6, 131.6, 131.8
(C', C12: Clin CgHa), 137.6 (C°), 143.6 (C*), 148.3 (C'??), 153.4 (C* in CeHs). HRMS, m/z
351.1852, calculated for C2sH22N2, [M+H]™: m/z 351.1856. These spectra are in good agreement

with previously published data.®

References

L' M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, G.
Scalmani, V. Barone, B. Mennucci, G. A. Petersson, H. Nakatsuji, M. Caricato, X. Li, H. P.
Hratchian, A. F. Izmaylov, J. Bloino, G. Zheng, J. L. Sonnenberg, M. Hada, M. Ehara, K.
Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T.
Vreven, J. A. Montgomery, Jr., J. E. Peralta, F. Ogliaro, M. Bearpark, J. J. Heyd, E. Brothers, K.
N. Kudin, V. N. Staroverov, T. Keith, R. Kobayashi, J. Normand, K. Raghavachari, A. Rendell,
J. C. Burant, S. S. lyengar, J. Tomasi, M. Cossi, N. Rega, J. M. Millam, M. Klene, J. E. Knox, J.



B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts, R. E. Stratmann, O. Yazyev, A. J.
Austin, R. Cammi, C. Pomelli, J. W. Ochterski, R. L. Martin, K. Morokuma, V. G. Zakrzewski,
G. A. Voth, P. Salvador, J. J. Dannenberg, S. Dapprich, A. D. Daniels, O. Farkas, J. B.
Foresman, J. V. Ortiz, J. Cioslowski and D. J. Fox, Gaussian 09, Revision D.01, Gaussian, Inc.,

Wallingford CT, 2013.

2X.Du, S. Yang, J. Yang and Y. Liu, Chem. Eur. J., 2011, 17, 4981.

3 K. K. Wang, H-R. Zhang and J. L. Petersen, J. Org. Chem., 1999, 64, 1650.
4J. Peng, G. Shang, C. Chen, Z. Miao and B. Li, J. Org. Chem., 2013, 78, 1242.

5 V. Rustagi, T. Aggarwal and A. K. Verma, Green Chem., 2011, 13, 1640.


http://pubs.rsc.org/en/results?searchtext=Author%3AVineeta%20Rustagi
http://pubs.rsc.org/en/results?searchtext=Author%3ATrapti%20Aggarwal

