Tetrahedron Letters,Vol.23,No.41,pp 4281-4284,1982 0040-4039/82/414281-04$03.00/0
Printed in Great Britain ©1982 Pergamon Press Ltd.

1
CYCLOPALLADATED IMINES IN SYNTHESIS 2 :
A New SYNTHESIS OF ISOQUINOLINES

I.R. Girling and D.A. Widdowson*
Department of Chemistry, Imperial College, London SW7 2AY.

SUMMARY: Reaction of cyclopalladated arylimines with acrylonitrile, followed by thermolysis
gives tsoquinolines by an electrocyclic ring forming process and a subsequent elimin-

attve aromatisation step.

Recent]y], we described the preparation of the complexes (1) and their reaction with styrene in
acetic acid-trifluoroacetic acid to produce, after hydrolysis, 2-formylstilbenes (Scheme 1, X=Ph).

These were converted, via the derived N-methylimines to ﬂ-methy1-3-pheny1isoquinolinesz.
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However, a more direct route to the isoquinoline ring system could be envisaged in which
the imino-nitrogen was incorporated directly into the isoquinoline ring via an electrocyclic

reaction (Scheme 2) which equilibrates the iminostyrene (2) with the closed form (3)3.

Although
the equilibrium would be expected to lie predominantly to the left, the overall transformation
would be accomplished if in (2), X was a suitable leaving group which allowed an irreversible
aromatisation step4. The insertion process of Scheme 1 is favoured by electron withdrawing

groups X,5 and the two requirements could be combined in the use of acrylonitrile (X = CN) as

the initial substrate.
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In the event, acrylonitrile inserted smoothly into the palladated imine (1, R = H} in
the presence of triethylamine. The crude isolated imine (2, R = H) (78%) was heated to

> 160° in an inert solvent (mesitylene) to generate isoquinoline in 24% overall yield.

Scheme 2
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By using diphenyl etheq/mesity]ene (95:5) as solvent, the entire procedure could be
carried out without isolation of the imines (2, X = CN). However, it was necessary to remove
the volatile components, in vacuo and filter off the precipitated palladium and triethylamine

hydrochloride before heating in the second stage.

A typical reaction procedure is: The compiex (1) (0.015 mol)*was added to excess
acrylonitrile (2 m1) and triethylamine (2 m1) in diphenylether/mesitylene (50 m1). The mix-
ture was degassed and heated to 80-110° under nitrogen during 8-12 h. The solids and volatiles
were removed as described above and the solution heated to 180-200° under nitrogen during 8-

13 h. Work up for basic products (successive treatments: Et20, H,0, aq. HCI, aq. Na2C03)
and flash chromatography over silica H60 {eluant ether-petroleum ether} gave the isoquinolines

(Table).

Complex (1, R = 5~Me) was not previously reported: Found, C, 45.563; H, 5.08; Cl, 11.41

N, 4.39. 024H326’Z2N2Pd2 requires: C, 45.59; H, 5.1; Cl, 11.22; N, 4.43%; & (CDclg) 1.51

(9H, s), 2.28 (3H, s), 7.0 (3H, m), and 7.76 (1H, 8); & (CDCZ3—d5—pyr7ldine) 1.64 (9H, s),

2.09 (3H, s), 5.7 (1H, m), 6.81 (1H, br d, J 7.5 Hz), 7.18 (1H, br d, J 7.5 Hz), and 7.88

, ~7
(1H, s); S (nugjol) 1604 em ~.
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TABLE

Synthesis of Isoquinolines

a
Run (1, Rn =) STAGE 1 STAGE 2 (4, Rn =) (%)
% h ° h
1 H 110 9 190-5 13 H (47)
2 5-C1 110 8? — -
3 5-Me 100 12 190 12 6-Me (56)
4 5-Me0 110 g — —
5 4-Me0 110 12 200 8 7-Me0 (42)
6 3-Me0 95 14P — —
7 4,5-(Me0)2 100 12 180 8 6,7-(Me0)§ (10)
a
ALl isoquinoline products showed the expected spectral properties and/or m.p.'s which
were identical with those reported in the literature.
b These reactions were repeated with toluene as solvent and it was shown that insertion of
acrylonitrile had not occurred.
e

6, 7-Dimethoxyisoquinoline was purified by chromatography on basic alumina HEO.

In contrast to the styrene insertions], these acrylonitrile reactions show a pronounced
substituent effect which is readily explained if an initial equilibrium complexation of the
olefin is followed by a rate determining insertion reaction. This reaction is expected to be
facilitated by an increase in the positive character of the palladium atom6 and here shows
some of the characteristics of an electrophilic aromatic substitution7. Thus a w-donor
substituent p- to palladium (Table, Runs 5,7) allows ready insertion but when 0- or p- to
the imine function (Table, Runs 2, 4, 6), inhibits insertion by lowering the positive charac-
ter of the palladium. Remote inductive effects (Table, Run 3) do not significantly change

the reaction7.
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