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Organometallic chemistry plays a very important role in the chemistry of organic
synthesis. Organometallic methods usually afford high selectivities, including chemo-, regio-,
diastereo-, enatio-selectivity, under mild conditions. Organozirconium compounds already
showed its unique synthetic application potential in organic synthesis and much more could be
expected. Zirconacyclopentanes, zirconacyclopentenes and zirconacyclopentadienes can be
conveniently prepared from two unsaturated moieties on a low valent zirconium. The
transformation of such zirconacycles to carbocycles with a variety of ring sizes has ‘been
reported. Yet the formation of heterocycles usihg zirconacycles remains to be studied. Herein I
would like to describe novel reactions towards heterocycles from zirconacycles.

Formation of substituted benzoheterocycles: Coupling of zirconacyclopentadienes with
dihaloheterocyclés . :

Coupling reactions between sp2-carbon centers are very attractive. We have reported
that the reaction of zirconacyclopentadienes with 1,2 -diiodobenzene in the presence of CuCl
furnished polysubstituted naphthalene derivatives. I presumed that zirconacyclopentadienes may
undergo the cross-coupling reaction with 2,3-dihalopyridine to give quinolines. Treatment of
zirconacyclopentadienes which were prepared in situ with 2-bromo-3-iodopyridine in the
presence of 2 equiv. of CuCl and 3 equiv. of DMPU at 50°C giving rise to the corresponding
quinolines in good to high yields. Both alkyl- and aryl- substituted alkynes are suitable for this
reaction. It is interesting to note that tricyclic quinoline derivatives were obtained from the
corresponding bicyclic zirconacyclopentadienes under similar reaction conditions. The structure
of quinoline was fully characterized by X-ray analysis. In order to check the scope of this
reaction, reaction of zirconacyclopentadienes with 3-iodo-4-chloropyridine was carried out. The
desired isoquinoline derivatives were obtained as expected.

Formation of highly substituted pyran derivatives from zirconacyclopentadienes

Transition metal mediated or catalyzed hetero [2+2+2] cyclotrimerizations are important
methodology for the synthesis of heterocycles. Although Ni mediated preparation of pyran
derivatives from diynes and aldehydes is known, there is no report of the regio-selective
formation of pyrans from three different components. I found that zirconacyclopentadienes
reacted with diethyl ketomalonate in the presence of 2 equiv. of BiCl3 to give pyran derivatives

in high yields. Monocyclic, bicyclic and tricyclic pyran derivatives were obtained in good to
high yields. When unsymmetrical zirconacycles were employed in the reaction, only one isomer
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was detected. Moreover, tetraphenylzirconacyclopentadiene reacted with diethyl ketomalonate
to give a linear product after deuterolysis, its X-ray crystal structure analysis confirmed the
formation of the O-C bond rather than an O-Bi bond.

Formation of benzo-type heterocycles using Ni(II)-complexes

We found that benzene derivatives could be selectively obtained by intermolecular
coupling of alkynes mediated by Zr and Ni. I applied this methodology to the synthesis of
benzo-type heterocycles. Zirconacyclopentadienes prepared from N-containing diynes and
Cp2Zr(Il) reacted with alkynes in the presence of stoichiometric amount of NiCly(PPh3),

afforded isoindolines, tetrahydroisoquinolines, and benzoperhydroazepines.

Formation of substituted pyridones with high regio-selectivity

Cyclo-cotrimerisation of two alkynes and isocyanates using transition metal is a
straighforward and attractive method for pyridones formation. Yet there has been no general
preparative method of the intermolecular coupling of two different alkynes and one isocyanate
to give regio-defined pyridone derivatives. I found aza- or oxa-zirconacycles prepared in situ
from alkynes and isocyanates on Cp2Zr(Il) readily reacted with alkynes in the presence of 2

equiv. of NiCly(PPh3); afforded pyridones in good yields. The desired products were obtained

with high regio-selectivity if unsymmetrical alkynes were employed.

Cyclopentenone formation by regioselective intermolecular coupling of trisubstituted
alkenes, alkynes and isocyanates

I expected the formation of heterocycles by the reaction of azazirconacyclopentenes with
benzylidenemalononitrile. However, elimination of —-NR group occurred and cyclopentenones
were formed. Cyclopentenone formation from three components: alkenes, alkynes and carbon
monoxide or its equivalent, using various transition metal complexes is very useful and has been
extensively studied. However, the use of trisubstituted alkenes has been critically limited for
intermolecular coupling reactions. Aza- or oxa-zirconacycles prepared in situ from alkynes and
isocyanates reacted with trisubstituted alkene in the presence of 2 equiv. of CuCl to give
Mechael addition products, then it underwent intramolecular neucleophilic addition to C=0 or
C=N bond followed by elimination of amino species to afford cyclopentenone derivatives.
Various of alkynes were employed in this reaction to form regio-defined products. It is
important to note that when ethyl cyanocinnamate was used instead of benzalmalononitrile, only
one diastereoisomer was obtained.

Synthesis of dihydropyridones from alkynes, isocyanates and allylic halides

Halocyclization of unsaturated compounds is well known for the stereoselective
construction of heterocyclic compounds and functionalization of double bonds. Nonetheless,
there are few reports about the formation of dihydropyridones by organometallic methods from
readily available starting materials. Aza- or oxa-zirconacycles were transformed into
dihydropyridones by means of allylation and iodocyclization with regio- and stereo-control.
When 3-chloro-1-butene was used instead of allyl chloride, two diasterecisomers were obtained
in a ratio of 10:1.
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