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aOrganic Chemical Technology Research Group of the Hungarian Academy of Sciences, Budapest University of

Technology and Economics, H-1521 Budapest, PO Box 91, Hungary
bEGIS Pharmaceuticals Ltd, H-1475 Budapest, PO Box 100, Hungary

cDepartment of Organic Chemical Technology, Budapest University of Technology and Economics, H-1521 Budapest,

PO Box 91, Hungary

Received 1 June 2005; revised 25 July 2005; accepted 1 August 2005
Abstract—New reactions of 6,7-dimethoxy-3,4-dihydroisoquinoline and 3,4-dihydro-b-carboline with various electron-deficient ole-
fins are described. �One-pot� generation and cycloaddition of the 1,3- and 1,4-dipoles formed from these heterocycles with a range of
alkene dipolarophiles affords cycloadducts in good yields with high regio- and stereoselectivity.
� 2005 Elsevier Ltd. All rights reserved.
Dipolar cycloadditions, especially the most extensively
studied bimolecular 1,3-version have found wide appli-
cation in the synthesis of a great variety of heterocyclic
systems. The importance of this reaction in organic syn-
thesis is mainly due to its ability to generate five-mem-
bered heterocyclic rings containing several contiguous
stereogenic centers in one synthetic operation.1 Beside
the large number of known routes,2 the deprotonation
of iminium salts is a very attractive method for the gen-
eration of azomethine ylides derived from nitrogen
heterocycles.3

The 1,3-dipolar cycloadditions of azomethine ylides
derived from dihydroisoquinolinium salts by deproto-
nation were previously studied in detail in our
laboratory.4 The dipoles produced by dehydrohalogen-
ation were reacted with a wide range of dipolarophiles,
for example, maleimides, maleates, b-nitro-styrenes,
etc. We have also investigated the use of isoquinolinium
salts in our new methodology applied for the simulta-
neous in situ generation of azomethine ylides and
base-sensitive dipolarophiles.5 Recently, we have de-
scribed a simple one-pot process for the alkylation of
dihydroisoquinoline 1a followed by dehydrohalogen-
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ation of the quaternary salts and an in situ trapping of
the azomethine ylides thus formed with several dipolaro-
philes.6 During this study, chloracetonitrile or ethyl
chloroacetate was used as alkylating agent. Our previ-
ous work, however, revealed that in the absence of any
dipolarophile, this reaction also gave an unusual dimer
2 indicating that the dipole can react with the unreacted
1a as dipolarophile.4b During our ongoing work to
extend the utility of this one-pot method, the reaction
was carried out with b-nitro-styrene, the formation of
pyrrolo[2,1-a]isoquinoline cycloadduct 3 being expected
(Scheme 1).

To our surprise, when a 1:1 molar mixture of 6,7-di-
methoxy-3,4-dihydroisoquinoline 1a and b-nitro-styrene
(4a Ar = Ph) in EtOH was treated with an excess of
either chloracetonitrile or ethyl chloroacetate at room
temperature, the same product, hexahydro-isoquino-
lino[1 0,2 0:2,3]pyrimido[6,1-a]isoquinoline 7a was formed
in good yield (Scheme 2).7,8 Similar results were ob-
tained with a series of nitro-olefin analogues 4 (Table
1), the assignment of stereochemistry of the cycload-
ducts 7 being based on NOE data. To rationalise this
transformation, we suggest initial addition of isoquino-
line 1a to b-nitro-styrenes 4 resulting in the formation
of betaines 5, the mesomeric form of which as 1,4-dipole
6 can react with an additional molecule of isoquinoline
1a to give the pentacycles 7 as single diastereomers
(Scheme 2).
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Scheme 1. Reagents and conditions: (i) ClCH2CN, Et3N, EtOH, rt; (ii) PhCH@CHNO2, ClCH2CN, Et3N, EtOH, rt.
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Scheme 2. Reagents and conditions: (i) Et3N, EtOH, rt.

Table 1. Isoquinolino[1 0,2 0:2,3]pyrimido[6,1-a]isoquinolines prepared
by the reaction of 1a and 4

Entry Ar= Product Yield (%)

1 Phenyl- 7a 88
2 4-Methoxyphenyl- 7b 84
3 3-Methoxyphenyl- 7c 83
4 3,4-Dimethoxyphenyl- 7d 78
5 3,4-Methylendioxyphenyl- 7e 85
6 3-Nitrophenyl- 7f 92
7 4-Chlorophenyl- 7g 88
8 Trichloromethyl- 7h 65
9 3-Pyridyl- 7i 78
10 2-Furyl- 7j 69
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The conceptual framework of 1,4-dipolar cycloadditions
was laid down by Huisgen.9 Reactions similar to ours
have been described in his early studies10 followed by
9a R = CO2M
9b R = H

8a R = CO2Me
8b R = H
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Scheme 3. Reagents and conditions: (i) Et3N, EtOH, rt.
other workers who observed this process as an un-
wanted side reaction during attempts to synthesise alka-
loid derivatives.11 Since then, such reactions have
remained unexplored, except for some isolated reports12

and the development of an intramolecular variant.13

Therefore, aiming at assessing its scope and limits, we
next chose to investigate the reaction of isoquinoline
1a with dimethyl acetylenedicarboxylate 8a (DMAD).
The reactivity of nitrogen-containing heterocycles to-
wards DMAD is well documented,14 usually it involves
the initial addition of the N-heterocycle to DMAD to
form 1,4-dipolar intermediates, which undergo further
reaction with DMAD leading to a variety of heterocyclic
compounds.15 Huisgen has already shown that the 1,4-
dipole derived from 3,4-dihydroisoquinoline 1b and
DMAD can react with either DMAD or 1b depending
on the amount of DMAD used.9a The 1,4-dipole can
also be trapped with external dipolarophiles,10a this
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observation has been used in a number of novel three-
component reactions.16

Interestingly, isoquinoline 1a proved to be a more pow-
erful dipolarophile than 1b (and DMAD), as it gave
exclusively the pentacyclic 2:1 adduct 9a even with an
excess of DMAD. A similar result was observed with
methyl propiolate 8b, however in this case a 1:1 mixture
of stereoisomers 9b and 10 was obtained (Scheme 3).

The reaction of 1b and N-phenylmaleimide was investi-
gated by Huisgen et al. and they obtained and character-
ised a 2:1 adduct 12 in moderate yield.10c In contrast, the
6,7-dimethoxy analogue 1a behaved differently again, a
novel spiro-heterocycle 14 precipitated from the ethan-
olic solution in good yield, even with excess of 1a. The
reaction starts with the addition of 1a to N-phenylmalei-
mide affording the betaine 11 (vide infra), which con-
verts by a formal 1,2-prototropy to azomethine ylide
i
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Scheme 5. Reagents and conditions: (i) N-phenylmaleimide (2 equiv) EtOH,

Table 2. b-Carbolino[1 0,2 0:2,3]pyrimido[6,1-a]b-carbolines 16 pre-
pared by the reaction of 15 with nitro-olefins

Entry Ar Yield (%)

1 Phenyl- 72
2 4-Methoxyphenyl- 66
3 3-Methoxyphenyl- 69
4 3-Nitrophenyl- 75
5 3-Pyridyl- 58
13 capable of capturing another molecule of N-phenyl-
maleimide as dipolarophile (Scheme 4).17 Only a few
literature precedents are available for this type of 1,2-
prototropic formation of azomethine ylides leading to
spiroheterocycles.18

Finally, we studied the reactivity of 3,4-dihydro-b-carb-
oline 15 with N-phenylmaleimide and nitro-olefins.19

The reactions proceeded smoothly again at room tem-
perature in EtOH giving products (16 and 17) in good
yields, similar to those observed with 1a (Scheme 5,
Table 2).
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