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Summary: The isoquinolyl-zirconation of various unac-
tivated alkynes was investigated by a one-pot, three-
component reaction of two different alkynes with a nitrile
in the presence of 1 equiv of CuCl. The true nature of
the resulting products of novel eight-membered oxazir-
conacycles containing an intramolecular Zr-N coordi-
nation was established using X-ray crystallography.

Reaction processes that can provide a significant
amplification of molecular complexity from simple build-
ing blocks occupy a special place in organic synthesis.
In this sense, carbometalation of alkynes would be a
powerful method for generating alkenyl organometallics,
which represents an important access to stereodefined
CdC double bonds.1 Functionalized carbometalations
such as allyl-, acyl-, dienyl-, vinyl-, and alkynylmeta-
lation2 of alkynes are of particular interest, as they
provide synthetically useful functionalized di-, tri-, and
tetrasubstituted alkenes. There are few reports, how-
ever, of heterocycle-incorporated carbometalation as

shown in eq 1, in which a heterocycle group is directly

introduced into a C-C double-bond unit. Although by
utilization of heteroaryl halides, palladium-catalyzed
heterocyclized carbopalladation of alkynes followed by
trapping with oxygen or nitrogen nucleophilic reagents
has been reported,3 the metal-containing intermediate
of carbometalation has not been examined.

In this paper, we report novel zirconium-mediated
heterocyclized carbometalation of unactivated alkynes
in the presence of CuCl to afford air-stable isoquinolyl-
zirconation products by a one-pot, three-component
reaction of two different alkynes with a nitrile (eq 2).

This reaction provides a versatile procedure for the
synthesis of functionalized isoquinoline derivatives after
hydrolysis. We also report the unique X-ray structure
of the zirconium-containing complex.

The synthesis of isoquinoline ring systems has re-
ceived considerable attention, since they widely occur
in natural alkaloids and have pharmacological activi-
ties.4 During our studies of new processes for heterocycle
formation, we found that azazirconacyclopentadienes5

derived from highly selective coupling of an alkyne and
o-halobenzonitrile reacted with DMAD (dimethyl acety-
lenedicarboxylate) in the presence of 1 equiv of CuCl to
afford the novel eight-membered oxazirconacycles 2 with
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an intramolecular Zr-N coordination (eq 3). Remark-

ably, 2 proved to be stable to air and water in its solid
state, surviving an aqueous alkali-hydrolysis workup
and allowing a convenient separation through column
chromatography on silica gel. It is noteworthy that air-
stable, C-Zr σ-bond-containing complexes are rare.6

A typical procedure for the preparation of 2 is as
follows: to a solution of azazirconacyclopentadiene 1a
(1 mmol), prepared by cross-coupling of 1 mmol of
alkyne and 1 mmol of 2-bromobenzonitrile assisted by
a low-valent zirconocene-ethylene complex in THF,
were added DMAD (2 mmol) and CuCl (1 mmol)
sequentially at 0 °C. The reaction mixture was warmed
to room temperature for 1 h and kept at 50 °C for 12 h,
quenched with 20% NaHCO3 solution. Purification by
column chromatography on silica gel afforded 2a in 67%
isolated yield. The representative reactions of various
o-halonitriles with alkynes are listed in Table 1. To
investigate the generality of this reaction, chloro-
substituted nitriles such as o-chlorobenzonitrile and 2,6-
dichlorobenzonitrile were used in the reaction; the
corresponding products were obtained in 30-61% iso-
lated yields (entries 4∼7). Selective C-F bond activation
is of current interest in organometallic chemistry.7 Very
surprisingly, here even the fluoro-substituted nitriles,
namely o-fluorobenzonitrile and 2,6-difluorobenzonitrile,
worked well in this chemistry and afforded oxazircona-
cycles 2a and 2i in 67% and 63% yield, respectively.
These results indicated the ease of cleavage of stronger

C-Cl and C-F bonds during the reaction. It is note-
worthy that employing DEAD (diethyl acetylenedicar-
boxylate) also works well in this reaction (entries 2, 5,
and 9). However, using other activated alkynes such as
phenyl- or alkyl-substituted alkynyl esters or ketones
resulted in the formation of a complicated reaction
mixture. On the other hand, hydrolysis of 2c afforded
the 3-isoquinolyl acid 3 in 93% isolated yield. Bromi-

nation of 2g or iodination of 2b with 1 equiv of bromine
or iodine afforded the corresponding halogenated prod-
ucts 4 and 5 in 84% and 67% yields, respectively.

The 1H NMR spectrum of 2a in CDCl3 showed a
singlet peak at 6.0 ppm assigned to Cp protons. Integra-
tion of a singlet at 4.1 ppm (methyl protons of the -CO2-
Me moiety) indicated only one ester group existed and
the C-O bond of the other ester group was cleaved
during the reaction. Additionally, the 13C NMR spec-
trum of 2a showed peaks at 109.86 and 230.58 ppm
assignable to the Cp and dCZr moieties, respectively.8
To confirm spectroscopic assignments and to have a
deep insight into the molecular structure of 2, an X-ray
diffraction study was carried out and shown in Figure
1. The ORTEP plot clearly shows the eight-membered
oxametallacyclic structure of the product. The Zr-C
distance of 2.365(5) Å is comparable to that found for
other ZrIV-C(sp2)-containing oxametallacycles,8 while
the Zr-N(1) distance of 2.336(4) Å9 suggests a dative
interaction between the isoquinolyl nitrogen and the

(6) (a) Luker, T.; Whitby, R. J.; Webster, M. J. Organomet. Chem.
1995, 492, 53-57. (b) Mohamadi, F.; Spees, M. M. Organometallics
1992, 11, 1398-1400.

(7) Deck, P. A.; Konate, M. M.; Kelly, B. V.; Slebodnick, C. Organo-
metallics 2004, 23, 1089-1097 and references therein.

(8) Sun, H.; Burlakov, V. V.; Spannenberg, A.; Baumann, W.; Arndt,
P.; Rosenthal, U. Organometallics 2002, 21, 3360-3366.

(9) Kempe, R. Brenner, S.; Arndt, P. Organometallics 1996, 15,
1071-1074.

Table 1. Isoquinolyl-Zirconation of Alkynes:
Formation of Eight-Membered Oxazirconacycles

entry
first

alkyne ArCN
second
alkyne

yield of
2 (%)a

1 PrCtCPr 2-BrC6H4CN DMAD 50 (2c)
2 PrCtCPr 2-BrC6H4CN DEAD 61 (2d)
3 PhCtCBu 2-BrC6H4CN DMAD 44b (2e)
4 PrCtCPr 2,6-Cl2-C6H3CN DMAD 56 (2f)
5 PrCtCPr 2,6-Cl2-C6H3CN DEAD 61 (2g)
6 PhCtCPh 2,6-Cl2-C6H3CN DMAD 60 (2h)
7 PhCtCPh 2-Cl-C6H4CN DMAD 30 (2b)
8 BuCtCBu 2-F-C6H4CN DMAD 67 (2a)
9 PrCtCPr 2,6-F2-C6H3CN DEAD 63c (2i)

a Isolated yields. Unless noted, all the reactions were carried
out using CuCl at room temperature for 1 h and 50 °C for 12 h.
b Two isomers were obtained in a ratio of 1:1. c Reaction was done
at room temperature for 12 h.

Figure 1. Structure of one of the two crystallographically
independent 2b. Selected bond lengths (Å): Zr(1)-O(1) )
2.152(4), Zr(1)-N(1) ) 2.336(4), Zr(1)-C(22) ) 2.365(5),
O(1)-C(11) ) 1.261(6), O(2)-C(11) ) 1.225(6); C(11)-C(12)
) 1.518(8).
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metal. The O(CdO) group was found to assume the
expected ester-type structure, where one oxygen atom,
O(1), links to the metal while the other is bent away
from the metal. This orientation causes the metal center
to be pentacoordinate and results in an 18-electron
complex. The bite angle (136.68°) defined by O(1)-
Zr(1)-C(22) is the largest among the oxazirconacycle
family: for example, 121.2° for the seven-membered σ,

syn-η3-allyl-type species Cp*2Zr[C4H6C(dO)O],10 and

96.85° for rac-(ebthi)ZrOCMedCHCH2C(SiMe3)dC-
(SiMe3).9

Recently, Takahashi et al. reported a novel coupling
reaction of azazirconacyclopentadienes with alkynes to
form pyridines in the presence of NiCl2(PPh3)2, in which
transmetalation of azazirconacycles to give azanickela-
cycles is suggested.11 Although the mechanism of the
reaction presented here is not clear yet, one plausible
reaction pathway may involve the following steps:
selective transmetalation of the Zr-N bond to a Cu-N
bond since the Zr-C(sp2) bond of azazirconacyclopen-
tadienes remains intact, subsequent conjugate addition/
cyclization concomitant with demethylation of DMAD,

and formation of a Zr-O bond. A similar demethylation
was observed in o-MeO-containing benzyl-substituted
cyclopentadienyltitanium complexes.12

In summary, a novel isoquinolyl-zirconation of unac-
tivated alkynes to produce new air-stable oxazircona-
cycles has been described. This method enhances the
synthetic utility of five-membered azazirconacycles by
providing products of highly functionalized isoquinoline
derivatives. Clarification of the reaction mechanism and
further application of this chemistry are in progress.
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