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An efficient route for the synthesis of benzimidazo[2,1-a]isoquinolines and its condensed analogues has
been developed via the palladium-catalyzed cyclization/C–H activation of N-allyl and N-methallyl deriv-
atives of benzimidazoles.
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Fused imidazo[1,2-a]heterocycles moiety which is a key struc-
tural component of bioactive molecules was widely incorporated
in the design of multiple biologically active agents and has already
been known for its antimicrobial activity along with antiviral, anti-
ulcer, antihypertension, and cardiotonic properties. The synthesis
of various benzimidazoles fused with aza-aromatic ring systems,
such as benzimidazo[2,1-a]isoquinolines (I) and pyrido[1,2-e]pur-
ines (II), as anticancer agents,1 are reported in the literature. On
the other hand the benzo[d]imidazole subunit has been exclusively
used in the design of drugs such as Pimobendan, a dihydropyridaz-
inone-benzo[d]imidazole derivative that acts as a calcium sensi-
tizer, as well as a partial inhibitor of PDE-3 and is also effective
in both acute and chronic heart failure (Fig. 1).2.

There are various methods available for the synthesis of benz-
imidazo[2,1-a]isoquinolines and its condensed analogs.3–6 One of
the approaches involves Bu3SnH-mediated 6-exo-trig cyclization
of r-aryl radicals generated from 1-allyl-2-(x-bromoaryl)benzim-
idazoles7 and another approach involves microwave-accelerated
tandem process in which a Sonogashira coupling, 5-endo cycliza-
tion, oxidative aromatization, and 6-endo cyclization can be
performed in a single synthetic operation using 2-bromoarylal-
dehydes, terminal alkynes, and 1,2-phenylenediamines as starting
materials.8 Among these, palladium-catalyzed cyclization is a very
powerful method due to its tolerance of a wide variety of func-
tional groups, thus neatly avoiding protection group chemistry.
So in continuation of our efforts on C–C bond formation reaction,9

herein we report Pd(0)-catalyzed cyclization/C–H activation for the
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y).
synthesis of benzimidazo[2,1-a]isoquinolines and its condensed
analogs from N-allyl and N-methallyl derivatives of
benzimidazoles.

Attention was first focused on the construction of the starting
materials for the cyclization/C–H activation by N-allylation and
N-methallylation of benzoimidazole 3 and 4 (Scheme 1). At first
the aromatic bromoaldehydes 1 (1 mmol) were treated with a mix-
ture of 1,2-phenylenediamine (1 mmol), H2O2 (30%, 4 mmol,
0.4 mL), and NH4Ce(NO3)6 (0.1 mmol, 0.0548 g) at 50 �C for
10 min10 to get the benzoimidazole 2. Benzoimidazoles were
converted to N-allylated/methallylated products 3 and 4 (for struc-
tures, see Tables 2 and 3) by the reaction with allyl bromide/meth-
allyl bromide in the presence of sodium hydride in THF at reflux
temperature.

First the intramolecular Heck reaction was performed with N-
allylated derivatives 3a in the presence of Pd(OAc)2 (10 mol %),
PPh3 (0.25 equiv), Cs2CO3 (1.2 equiv) in DMF at 95–100 �C which
affords substituted benzimidazo[2,1-a]isoquinoline derivatives 5a
in 58% yield. Compound 4a on same reaction condition gave the
condensed analog 6a in 55% yield.
  I                                           II                                    

Figure 1. Some biologically active molecules.
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Scheme 1. Preparation of N-allyl and N-methallyl derivatives of benzimidazoles.

Table 1
Optimization of the reaction condition by using different types of catalysts, bases, and
solventsa

Base, Catalyst

Solvent, Heat

 3a R = H
4a R = Me

Solvent, Heat

R = H

R = Me

Base, Catalyst

N

N

N

N
Br

N

N

R

Entry Catalyst Base Solvent Yield (%)

5a 6a

1 PdCl2(PPh3)2 NaOAc DMA 87 85
2 Pd(PPh3)4 NaOAc DMA 56 50
3 PdCl2 NaOAc DMA NRb NRb

4 Pd(OAc)2 Cs2CO3 DMF 58 55
5 PdCl2(PPh3)2 Et3N CH3CN 15 15
6 PdCl2(PPh3)2 NaOAc CH3CN 30 26
7 PdCl2(PPh3)2 Na2CO3 DMA 52 45
8 PdCl2(PPh3)2 NaOAc PhCH3 Decomp.b Decomp.b

Decomp.: decomposition of starting material.
a Reaction conditions: substrate 3a or 4a (1 mmol), catalyst (10 mol %), base

(1.2 mmol), and solvent (5 mL) at 100–110 �C for 2 h.
b NR: no reaction.

Table 2
Pd(0)-catalyzed intramolecular reaction of N-allylated benzoimidazole derivativesa

NaOAc, PdCl2(PPh3)2

DMA, 100 oC, 2 h

3a-3c 5a-5c

N

N
Br

N

N

R2 R2

R2 = H, OMe

NaOAc, PdCl2(PPh3)2

DMA, 100 oC, 2 h

3d-3h 5d-5h

N

N
Br

R3

N

N

R3

R1

X

X
R1

R1

X

X
R1

R3 = H, Me, F
R1 = H, OMe
X = H, Cl

Entry Substrate Product Yield
(%)

1

N

N
Br

3a

N

N

5a

87

2

3b
N

N
Br

OMe

5b
N

N

OMe

81

3

3c
N

N
Br

OMe

5c
N

N
OMe

79

4

3d
N

N
Br

5d
N

N
90

5

3e
N

N
Br

Me
5e

N

N Me 85

6

3f
N

N
Br

F
5f

N

N

F

80
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Optimization of the reaction condition was done with 3a and 4a
as the model substrates by changing different types of catalysts,
bases, and solvents. When the reaction was carried out in acetoni-
trile poor yields were obtained (Table 1, entries 5 and 6) and in the
case of the PdCl2 catalyst no cyclized product was isolated (Table 1,
entry 3). 3a and 4a on treatment with PdCl2(PPh3)2 (10 mol %),
NaOAc (1.2 equiv) in DMA at 100–110 �C afforded 5a and 6a in
80–90% yield (Table 1, entry 1).

With the optimized reaction conditions, [PdCl2(PPh3)2

(10 mol %) as a catalyst, NaOAc (1.2 equiv) as a base, and DMA as
a solvent at 100–110 �C], we examined the generality and sub-
strate scope of this cyclization reaction of substituted N-allylated
derivatives 3a–3h to afford substituted benzimidazo[2,1-a]iso-
quinoline derivatives 5a–5h in good yields11 via 6-exo-trig cycliza-
tion as shown in Table 2. Here compounds 3a–3c gave the
products with exo cyclic double bond but in case of the compounds
3d–3h isomerised products were obtained. This difference may be
due to the steric interaction between the methyl group and the
peri hydrogen of naphthyl ring which makes the isomerised prod-
ucts unstable in case of the compounds 3a–3c (Fig 2).
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Figure 2. Steric interaction between methyl group and peri hydrogen of naphthyl
ring.
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On the other hand N-methallylated derivatives 4a–4e with
same Heck reaction conditions afforded highly condensed analogs
of benzimidazo[2,1-a]isoquinoline 6a–6e (Table 3) in good yields11

via 6-exo-trig cyclization followed by C–H activation.
Table 3
Pd(0)-catalyzed intramolecular reaction of N-methallylated benzoimidazole derivativesa

N

N
Br

Me
NaOAc, PdCl

DMA, 100 oC

4a-4e

R4R1

R1
X

X

R4 = H, OMe
R1 = H, OMe
X = H, Cl

Entry Substrate

1

4a
N

N
Br

Me

2

4b
N

N
Br

Me
OMe

3

4c
N

N
Br

Me

OMe

4

4d

N

N
Br

MeOMe

OMe

5

e4
N

N
Br

Me

a Reagents and conditions: 4a–4e (1 equiv), PdCl2(PPh3)2 (10 mol %), NaOAc (1.2 equiv
A plausible rationale for the formation of the products (6a–6e)
is shown in Scheme 2.

Initially an alkenyl palladium (II) intermediate was generated
by oxidative addition of Pd(0) to the sp2 C–Br bond which under-
goes addition to the inactivated double bond to produce an alkyl-
palladium which underwent cyclization with the aromatic ring
through C–H activation.12 Since no elimination is possible due to
the absence of a b-H in the alkylpalladium intermediates, C–H acti-
vation is facilitated.

The ORTEP structure of the condensed analog of benzimi-
dazo[2,1-a]isoquinoline 6a is shown below (Scheme 3).

In conclusion, we have developed a general methodology for the
synthesis of benzimidazo[2,1-a]isoquinoline and its highly con-
densed analogs by Pd(0)-catalyzed cyclization/C–H activation. This
N
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, 2 h
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), DMA (5 mL), 100–110 �C.
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Scheme 2. A plausible rationale for the Pd(0)-catalyzed cyclization followed by C–H activation.

Scheme 3. ORTEP structure of condensed analog of benzimidazo[2,1-a]isoquinoline
6a.
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methodology can also be used for the synthesis of various types of
benzimidazoisoquinolines and benzimidazolequinones natural
products which have been reported to exhibit potent biological
activity.
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