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Abstract—A three-component reaction involving isoquinoline, dimethyl butynedioate and electrophilic styrenes is described. The
reaction proceeds through a Huisgen 1,4-dipolar cycloaddition pathway.

© 2005 Elsevier Ltd. All rights reserved.

The phenomenal success of the Huisgen reaction,
involving the cycloaddition of 1,3-dipolar species to m-
systems leading to five-membered heterocycles' paved
the way for devising the homologous version of this
reaction viz, 1,4-dipolar cycloaddition.? In his pioneer-
ing work, Huisgen demonstrated that the reaction of
isoquinoline and dimethyl butynedioate generated a
1,4-dipolar intermediate, by trapping it with phenyl iso-
cyanate, diethyl mesoxalate and dimethylazodicarboxy-
late.® Surprisingly, however, the synthetic potential of
the 1,4-dipolar cycloaddition, vis-a-vis the 1,3-counter-
part, remained uninvestigated. Recently, we showed that
1,4-dipoles can undergo cycloaddition to N-tosylimines
and o-benzoquinones leading to 2 H-pyrimido [2,1-a]iso-
quinoline* and  spiro[1,3]Joxazino[2,3-alisoquinoline
derivatives,’ respectively.

In view of the success of the reaction, it was surmised
that activated styrenes such as arylidenemalononitriles
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would participate in this reaction, and in the event
would lead to the formation of tetrahydrobenzoquinol-
izine derivatives. Our preliminary results on this novel
multicomponent reaction (MCR) are presented here.

In a pilot experiment, a solution of dimethyl butynedio-
ate 2 and benzylidenemalononitrile 3a in anhydrous
THF was treated with an equimolar quantity of isoquino-
line 1 at room temperature. Chromatographic separa-
tion of the reaction mixture afforded 4a and 4a’ as a
diastereomeric mixture in 81% yield (Scheme 1).°

The major diastereoisomer was isolated by repeated
chromatography and characterized on the basis of spec-
troscopic analysis.® A strong absorption at 1742 cm™ ! in
the IR spectrum of 4a indicated the presence of ester
carbonyl groups, whereas the absorption at 2239 cm ™
corresponded to the cyano groups. In the '"H NMR
spectrum, the ring junction proton resonated at 6 5.33
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Scheme 1. Reaction of isoquinoline and dimethyl butynedioate with dicyanostyrenes.

Keywords: Multicomponent reactions; Isoquinoline; Dimethyl acetylenedicarboxylate; 1,4-Dipolar cycloaddition.
* Corresponding author. Tel.: +91 471 2490406; fax: +91 471 2491712; e-mail: vijaynair_2001@yahoo.com

0040-4039/$ - see front matter © 2005 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2005.06.014


mailto:vijaynair_2001@yahoo.com

5334 V. Nair et al. | Tetrahedron Letters 46 (2005) 5333-5335

as a singlet and the other benzylic proton displayed a
singlet at ¢ 4.58. The two methoxycarbonyl groups were
visible at 6 4.00 and 3.49 as singlets. The hydrogens of
the enamine double bond appeared as doublets at o
6.36 (J =7.84 Hz) and 5.79 (J = 7.84 Hz).

The relative stereochemlstry of the major diastereoiso-
mer 4a was established by "H NOE difference spectro-
scopic studies. The major diastereomer was assigned
cis stereochemistry since selective irradiation of H, pro-
duced enhancements in the signals corresponding to Hy,
and H. (Fig. 1).
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Figure 1. Selected NOE correlations for the major diastereoisomer 4a.

The reaction was found to be general with respect to
various arylidenemalononitriles affording diastereo-
meric mixtures of the corresponding tricyclic derivatives
4b-k in moderate yields and 4b’—g’ in low yields (Table
1). The diastereomeric ratlos of the products were deter-
mined on the basis of "H NMR spectroscopy of the
mixtures.

The stereochemistry of 4h was assigned as cis by 'H
NOE difference spectroscopic studies. Selective irradia-
tion of H, produced enhancements in the signals corre-
sponding to Hy, and H. (Fig. 2).
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Figure 2. Selected NOE correlations for 4h.

Table 1. Reaction of isoquinoline and dimethyl butynedioate with various dicyanostyrenes

CO,Me CN

X
7Y, oN_THE. Ar @:‘h
N I ﬁ rt,23h
2N
CO,Me
1 2 3b-k 4b-k
Entry Styrene Products (cis:trans) Isolated yield (%)
1 R = 3-chlorophenyl, 3b 4b:4b’ S1:15 (2:1)
2 R = 3-nitrophenyl, 3¢ 4c:4¢’ 55:10 (2:1)
3 R = 4-methylphenyl, 3d 4d:4d’ 52:19 (2:1)
4 R = 4-fluorophenyl, 3e 4e 42 (1:1)
5 R = phenyl, 3f af-4f’ 49:13 (2:1)
6 R = naphthyl, 3g 4g:4g’ 64:25 (2:1)
7 R = 4-methoxyphenyl, 3h 4h 53
8 R = 4-(trifluvoromethyl)phenyl, 3i 4i 487
9 R = trans-cinnamyl, 3j 4j 58
10 R = Ph,CH-, 3k 4k 437
#Only one diastereoisomer formed. Diastereomeric ratio in parentheses.
Table 2. Reaction of isoquinoline and dimethyl butynedioate with aryl cyanoacrylates
CO,Me
N COEL ThE Ar
O+ =
rt, 23 h
CO,Me
1 2 5a-d
Entry Styrene Product Yield (%)
1 R = 3-chlorophenyl, 5a 6a 46
2 R = 4-fluorophenyl, 5b 6b 33
3 R = 3-nitrophenyl, 5¢ 6¢ 51
4 R = 4-nitrophenyl, 5d 6d 45
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Scheme 2. Mechanism of the formation of isoquinoline-fused tricyclic
systems.

The alkene component of the MCR is variable. The
reaction afforded single diastereomers, albeit in
lower yields, when aryl cyanoacrylates were used instead
of arylidenemalononitriles. The results are summarized
in Table 2. Surprisingly, no reaction occurred when
benzylidenemalonate was used as the third component.

Mechanistically, the reaction may be considered to pro-
ceed via the initial formation of the 1,4-dipolar interme-
diate 7 from isoquinoline 1 and butynedioate 2 followed
by its trapping with arylidenemalononitriles, presum-
ably by a two step process, to give the final product
(Scheme 2).

In conclusion, we have devised a novel three-component
reaction for the synthesis of tetrahydrobenzoquinol-
izine derivatives via 1,4-dipolar cycloaddition under
mild conditions. Further work is underway in this
area.
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1H), 7.45-7.38 (m, 4H), 7.30-7.25 (m, 2H), 7.10 (d,
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