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An Approach to Isoindole Skeleton via ortho Palladation
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An acid-induced cyclisation of the products of vinylation of ortho
palladated NN-dimethylbenzylamines by 3-buten—-2-one (II) leads to
isoindolinium derivatives (IV) as confirmed by an X-ray structural

study.

Cyclopalladated compounds have recently found various applications in organic
syntheses, among which routes to heterocycles appear to be very pr'omising.1 We communicate
here a simple approach to isoindolinium salts based on acid-promoted intramolecular
amination of activated carbon-carbon double bond of aminoaryl alkene obtained from ortho
palladated NN-dimethylbenzylamines (I) and 3-buten-2-one. The reaction between (I) and
the enone was first reported by Ho]ton.2 It was stated that (Ia) and the enone react in
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refluxing benzene or toluene in the presence of tertiary amines to afford (IIa) in a more
than 90% yield. We failed to reproduce this result. The highest yield obtained by ourselves
was 37% (refluxing benzene, 10 h, in the presence of NEt3). A high yield of (IIa) was
achieved, however, using a chloroform-acetic acid mixture as a solvent in the presence of
triethylamine. At room temperature after 15 h the yield of (Ila) was 90%. The product was
isolated according a procedure similar to that in ref. 3.

When the reaction was carried out under the same conditions but without addition of
triethylamine, the yield of (Ila) dropped to 34% and two additional products (IIIa) and
(Iva) were formed in 5 and 20% yield, respectively. After the reaction was completed,
soluble products (Ila) and (IIla) remained in solution, while (IVa) precipitated as brown
crystals together with palladium metal. The reaction mixture was filtered and to the
filtrate water was added. New cyclopalladated compound (IIIa)4 was isolated as a yellow
solid from the chloroform layer by column chromatography (silica gel-chloroform), while
(ITa) was extracted with CHC]3 from the water-acetic acid layer after neutralisation by
aqueous ammonia. The precipitate was extracted several times with hot methanol or
acetonitrile: concentrating the solution provided (IVa)5 as a brown solid. Dimethoxy-
substituted complex (Ib) exhibited a similar behaviour; (IIb),3 (I1Ib), and (IVb)6 were
obtained in 51, ca. <2, and 21% yield, respectively, under identical conditions. Complexes
(I11) are formed via the Tigand exchange reaction7 between primary products (II) and
starting compounds (I). 1H NMR data give sufficient information to assign a structure of
(II1). This, however, is not the case for (IV), since a similar 1H NMR pattern should be
observed for isomeric isoquinolinium compound having a six-membered heterocyclic ring.
Therefore, an X-ray structural study of (IVa) was performed.

The structure8 of the cation is presented below (the counter ion, tetrachloropalladate-
(II1) having a normal square planar configuration with a Pd-Cl1 bond length of 2.303(1) R, is
not shown). The cation involves the five-membered heterocycle in an envelope conformation,
and (IVa) is thus [1-(propyl-2'-one)-2,2-dimethylisoindolinium] tetrachloropaliadate(II).

A similarity of spectral features of (IVa) and (IVb) suggests that the latter also contains
the five-membered cycle and is thus [1-(propyl-2'-one)-2,2-dimethyl-5,6-dimethoxy-
isoindolinium] hexachlorodipalladate(II).

The heterocyclic products (IV) are formed via an acid-promoted intramolecular amination
of the primary products (II). Indeed, when acetic acid solutions of LideC'l4 are mixed with
chloroform-acetic acid (1:1) solutions of (II) and allowed to stand at room temperature
for 24 h, isoindolinium derivatives (IVa) or (IVb) are formed quantitatively.

Isoindoles, the chemistry of which has been intensively studied in recent years,9 are
not readily available compounds, thus, the approach put forward seems to be rather
advantageous. Although intramolecular amination of alkenes is a long known procedure (see
ref. 10 and the literature cited therein), its coupling with reactions involving
palladocycles can open new horizons of the former.

The cyclisation is a reversible process. On basification of (IV) with aqueous ammonia,
for example, the isoindolinium ring undergoes Hoffmann cleavage to produce starting
compounds (II).

We believe that palladium(II) is not directly involved in the cyclisation and serves as
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a precipitating trap for the isoindolinium cations. It has been found by spectrophotometry
that acidification of palladium free solutions of (IIa) by HC1 leads to a dramatic decrease
in absorption at 280 nm (€ = 15.9x103 dm3 mo'l'1 cm'1) to give a spectrum with a maximum at
270 nm (€ = 1.0x10° dm® mo1™! em™') due to conversion of (Ila) into the isoindolinium cation
with a Toss of conjugation between arene, alkene, and carbonyl Qf-systems. Addition of base,
on the other hand, restores the initial spectrum.

The cyclisation described here is typical of compounds with an activated double
carbon-carbon bond only. When the acyl group in (II) is replaced by phenyl, the cyclisation
does not occur and corresponding stilbenes have been isolated from acidic solutions as
hydrochloride sa'lts.7a At the same time the size of a heterocyclic ring formed depends on
the nature of enone reacting with starting palladocycle (Ia). When 2-methyl-1-penten-3-one
was used instead of 3-buten-2-one, in particular, the 1H NMR spectrum of the heterocyclic

product was consistent with structure (Va) having an isoquinoline ske]eton.11

A characteris-
3

tic resonance from C -CH3 protons appeared as a singlet, while a doublet should be expected

if a five-membered ring were formed. We are currently investigating other alkenes in this

reaction.
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