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Palladium-catalyzed cyclization/cyclopropanation can be used to convert a range of substituted cyclic
N-aryl allyl/methallyl amines efficiently and selectively to the corresponding fused tetrahydropyridine/
cyclopropane-fused isoquinoline derivatives via b-hydrogen elimination or a domino sequence.
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Among numerous approaches towards the synthesis of hetero-
cycles as well as carbocycles, the palladium-catalyzed cyclization/
cyclopropanation has proven to be a novel and versatile method.1–3

Since several reactions take place in a sequential fashion, cyclo-
propanation can be used for the synthesis of polycyclic organic
molecules. Fused cyclopropane moiety is a basic unit of biologi-
cally active natural products such as CC-1065 and duocarmycin.4

The construction of substituted pyridine frameworks has also been
used by numerous groups in the total synthesis of alkaloids and
other nitrogen containing natural products such as decumbenine
B,5 carnegine,6 antidesma7 and krukovine.8 Lamellarin D, which is
one of the most potent lead candidates for anticancer chemother-
apy and is an inhibitor of topoisomerase I, can also be synthesized
using the Heck reaction.9

Based on these reports we have developed a methodology for
the synthesis of fused tetrahydropyridine derivatives via a palla-
dium-catalyzed intramolecular Heck reaction10 of substituted
cyclic derivatives of N-aryl allyl amine (5a–5j) and cyclopropane-
fused isoquinoline derivatives via palladium-catalyzed cyclopropa-
nation11–14 of N-aryl methallyl amines (6a–6f).

The starting materials for this palladium-catalyzed reaction
were prepared by alkylation of bromomethylvinyl bromides 3 with
monoallylated aniline derivatives 4. At first the bromovinyl alde-
hydes 1 were reduced to get bromomethylvinyl alcohols 2 with
NaBH4 in CH3CN at room temperature (25–30 �C). Then these bro-
momethylvinyl alcohols 2 were brominated using PBr3 in CCl4 to
ll rights reserved.

y).
get bromomethylvinyl bromides 3. On the other hand monoallyla-
tion of aniline derivatives was achieved from 4-substituted ani-
lines and allyl bromides by using KF-Celite in CH3CN at reflux
temperature. After this, bromomethylvinyl bromides 3 were alkyl-
ated with monoallylated aniline derivatives 4 in the presence of
Et3N in DMF at 60 �C to get the precursors 5 and 6 for the Heck
reaction (Scheme 1).

The precursors 5a–5j on reaction with Pd(OAc)2 (10 mol %),
PPh3 (0.25 equiv) and Cs2CO3 (1.2 equiv) in DMF (6 mL) at 90–
100 �C yielded the fused tetrahydropyridine derivatives 7a–7j
(Table 1) in excellent yield15 via 6-exo-trig cyclization (Scheme 2).

But when N-methallylated derivatives 6a–6f were subjected to
the Heck reaction under the same reaction conditions15 they gave
cyclopropa[d]fused isoquinoline derivatives 8a–8f (Scheme 3,
Table 2).

A plausible rationale for the formation of the products (8a–8f) is
shown in Scheme 4. At first an alkenyl palladium intermediate is
formed by oxidative addition of Pd(0) to the sp2 C–Br bond which
undergoes addition to the unactivated double bond to produce an
alkylpalladium which is again added to the unactivated double
bond followed by b-H elimination to afford the cyclopropane-fused
compounds16–18 (Scheme 4).

Both electron-donating and electron-withdrawing substituents
are compatible with this reaction except the nitro group. These reac-
tions can also be performed with acetonitrile as a solvent and Et3N as
a base. A reaction temperature of 100 �C and a time of 5–6 h were
found to be optimum. Lower temperatures and shorter reaction
times lead to incomplete conversion of the starting materials to
the products.



CHO

Br

NaBH4 (2 equiv.)

Br

OH

X = Cl, CH3, F
1.2 mmol

Br

Br
 PBr3 (0.5 equiv.)

CH3CN, rt. CCl4, rt.

NH2

X

Br
R

(1 mmol),

KF-celite (1.25 mmol),
 CH3CN, reflux
    R = H, Me

1 2
85-95%

3
90-95%

N

X

RR

10%

+

HN

X

R

4
90%

(1 mmol)

(1 mmol)

TEA
(1.2 mmol),

DMF, 60 oC
2 h

5 R = H
6 R = Me

80-85%

Br

N

R

Cl

Scheme 1. Alkylation of bromomethylvinyl bromides with monoallylated aniline derivatives.

Table 1
Pd(0)-catalyzed intramolecular reaction of N-aryl allyl derivative 5

Entry Substrate Product Time (h) Yield (%)

1
N

Br
Cl

5a

N Cl

7a

5 82

2
Br

N

5b

N

7b

5.5 80

3 N

Br

Cl

5c

N

Cl

7c

5 90

4 N

Br

CH3

5d

N

CH3

7d

5 85

5 N
Br

Cl

5e

N Cl

7e

6 88

6
Br

N

5f

N

7f

5.5 80
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Scheme 3. Pd(0)-catalyzed intramolecular cyclization of N-aryl methallyl derivative 6.
Cs2CO3 (1.2 equiv), DMF, 90–100 �C.

Table 1 (continued)

Entry Substrate Product Time (h) Yield (%)

7 N

Br

Cl5g

N

Cl
7g

5 90

8
Br N

Cl
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N

Cl
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9
Br N

CH3
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N

CH3
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Cl
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Scheme 2. Pd(0)-catalyzed intramolecular cyclization of N-aryl allyl derivative 5.
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In conclusion, we have developed a general methodology for the
synthesis of fused tetrahydropyridine derivatives and cyclopro-
pane-fused compounds by a palladium-catalyzed domino reaction.
This methodology can also be used for the synthesis of various
types of nitrogen containing natural products and other heterocy-
clic compounds.
N
R1

X

h3

F

8
70-80%

Reagents and conditions: 5a–5j (1 equiv), Pd(OAc)2 (10 mol %), PPh3 (0.25 equiv),



Table 2
Pd(0)-catalyzed intramolecular reaction of N-aryl methallyl derivative 6

Entry Substrate Product Time (h) Yield (%)

1 N
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Scheme 4. A plausible rationale for the Pd(0)-catalyzed cyclopropanation reaction. Reagents and conditions: 6a–6f (1 equiv), Pd(OAc)2 (10 mol %), PPh3 (0.25 equiv), Cs2CO3

(1.2 equiv), DMF, 90–100 �C.
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