
Tetrahedron Letters 46 (2005) 8531–8534

Tetrahedron
Letters
Palladium–copper catalysed heteroannulation of acetylenic
compounds: an expeditious synthesis of isoindoline

fused with triazolesI
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Abstract—A convenient and general method for the synthesis of isoindoline fused with triazoles from ortho-iodobenzyl azide and
acetylenes through palladium–copper catalysis is described.
� 2005 Elsevier Ltd. All rights reserved.
Developing new synthetic methods for novel nitrogen-
containing molecules has always been a frontier area
of organic synthesis.1 Among a large variety of com-
pounds, isoindoline derivatives are of particular interest
because of their diverse biological activities and clinical
applications. The core ring structure is present in many
heterocycles that have been shown to elicit a wide array
of biological effects including NMDA receptor antago-
nism,2a modulation of estrogen2b and dopamine D3

and D4 receptors,2c,d inhibition of selective serotonin
reuptake2e and anti-bacterial activity.2f Similarly, the
1,2,3-triazole nucleus is a structural motif found in large
number of compounds possessing activities, such as
anti-HIV,3a anti-microbial3b and anti-bacterial3c activi-
ties and has also found many applications in chemical
industries.3d Fused triazoles have also found widespread
use as anti-allergic agents4a and potent glycosidase
inhibitors4b amongst others.4c–e Although a variety of
approaches to isoindolines5 and triazoles6 have been de-
scribed, to our knowledge the synthesis of isoindoline
fused with triazoles which could perhaps be an impor-
tant building block (or a novel pharmacophore), has
not yet been reported.
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As part of our continuing interest in the development of
novel heterocyclic ring structures7 of biological signifi-
cance, the (3+2) cycloaddition strategy has promoted
us to investigate the construction of isoindoline fused
with triazoles in a single operation under palladium–
copper catalysis. It is worth mentioning that the azido
group has emerged as a useful chemical handle in syn-
thetic chemistry and bioconjugate chemistry as well,
soon after the discovery of its (3+2) cycloaddition with
alkynes by Huisgen et al.8 This classic reaction is even
being carried out in living systems in order to under-
stand the chemical biology.9

Here, we report that treatment of ortho-iodobenzyl
azide10 1 with acetylene substrates 2a–j in DMF in
the presence of triethylamine and a catalytic amount
of bis(triphenylphosphine)palladium(II) chloride and
cuprous iodide furnished isoindolotriazoles 3a–j in good
yields (Scheme 1 and Table 1). Optimum yields were
obtained when the reaction mixture was stirred at room
temperature for 12 h followed by heating at 115 �C for
10 h. Heating gave some polymeric products, thus
I

N3

+ C C R N N

N

R

1
2a-j

3a-j

H
CuI /Et3N/DMF

115 oC, 10 h

Pd(PPh3)2Cl2

Scheme 1.

mailto:cchinmay2@ yahoo.com
mailto:cchinmay2@ yahoo.com


Table 1. Palladium–copper catalysed heteroannulations of azides 1 with acetylenic compounds 2a–j leading to isoindoline fused with triazoles 3a–j
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a Satisfactory spectroscopic (1H NMR, 13C NMR, IR and mass) and analytical data were obtained for all the compounds synthesised.
b The yields (based on o-iodobenzyl azide 1) are isolated yields of chromatographically pure materials.
c Partial desilylation took place under our reaction conditions.
d TBS represents tert-butyldimethylsilyl.
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lowering the product yields. Heating at lower tempera-
tures gave a mixture of the desired cyclised product 3
and the acyclic condensation product. The acyclic prod-
uct (A, Scheme 2) may be an intermediate in the forma-
tion of product 3. Bis(triphenylphosphine)palladium(II)
chloride was found to be the catalyst of choice. Cuprous
iodide was an essential co-catalyst. In the absence of
either palladium catalyst or cuprous iodide no product
was formed. This reaction was found to be equally
applicable to both aromatic and aliphatic acetylenes.
The acetylenic components 2 could also carry various
substituents like methyl, methoxy, formyl, ether, tert-
butyldimethylsilyl (TBS) and other moieties, without
affecting the heteroannulation process (entries 3–5 and
10 in Table 1). The chiral sugar acetylene derivative 2h
was also found to be compatible (Table 1, entry 8).
Partial desilylation of 2i took place under our reaction
conditions (Table 1, entry 9). The yields were generally
found to be good except in the case of propargylated
acetylenes (entries 5, 7 and 8). Modest yields, observed
in these cases, could be attributable to a possible
depropargylation reaction.11

The mechanism of the reaction may proceed according
to Scheme 2. The catalytic cycle begins with the forma-
tion of an active Pd(0) species7a,12 accompanied by the
formation of an acetylenic dimer.13 Next, coupling
through a Sonogashira reaction12 could lead to the for-
mation of acylic product A. Presumably, the acyclic
product A is converted to the cyclised product through
copper-coordinated intermediate species B.14 DMF, as
a dipolar aprotic solvent, may also facilitate the intra-
molecular [3+2] cycloaddition of B.15

Thus, we have described the first successful palladium–
copper catalysed reaction for the synthesis of isoindoline
fused with triazoles from readily available starting mate-
rials. This reaction relies on carbon–carbon bond forma-
tion followed by cycloaddition of azide to the internal
alkynes (generated in situ) under appropriate reaction
conditions. Notably, cycloadditions of azide to the
internal alkynes failed under click chemistry reaction
conditions.6a–c Our newly developed method is opera-
tionally simple and we believe that this method will find
applications in organic and medicinal chemistry as well.
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Scheme 2. Proposed reaction mechanism.
General procedure: A mixture of ortho-iodobenzyl azide
1 (2 mmol), (PPh3)2PdCl2 (0.07 mmol), CuI (0.14 mmol)
and triethylamine (12 mmol) was stirred in DMF (14 ml)
under an argon atmosphere for 1 h. The acetylenic com-
pound 2 (2.5 mmol) was then added and the mixture
stirred at room temperature for 12 h followed by heating
at 115 �C for another 10 h. DMF was evaporated under
reduced pressure and the residue was extracted with
ethyl acetate (3 · 40 ml). The combined organic layers
were dried (Na2SO4), filtered and the solvent removed
in vacuo. The residue was purified by chromatography
on silica gel (with 30–50% ethyl acetate in hexane as
eluent) to obtain the desired product 3. Thus, starting
with 1 (518 mg, 2 mmol), and hex-1-yne 2f (206 mg,
2.5 mmol), a colourless solid product 3f (281 mg, 66%)
was isolated. mp: 75–78 �C, 1H NMR (300 MHz,
CDCl3) dH 0.94 (t, J = 7.3 Hz, 3H), 1.39–1.51 (m, 2H);
1.76–1.86 (m, 2H), 2.99 (t, J = 7.3 Hz, 2H), 5.33 (s,
2H), 7.37–7.53 (m, 3H), 7.62 (d, J = 7.4 Hz, 1H); 13C
NMR (75 MHz, CDCl3) dC 13.66, 22.13, 25.41, 31.44,
50.74, 120.60, 123.96, 127.50, 128.30, 128.52, 139.17,
140.50; IR (KBr) mmax 3073, 2948, 2860, 1454, 1355,
1302 cm�1, mass spectrum (FAB): m/z = 214 (M+H)+,
198, 184, 170, 156, 142; Anal. Calcd for C13H15N3: C,
73.21; H, 7.09; N, 19.70. Found: C, 73.23; H, 7.12; N,
19.73.
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