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Compounds Cp2Ln[κ3-(4-NH(C8N2H4)(2-NH2C6H4)] [Cp ) C5H5; Ln
) Er (1), Y (2)] were synthesized by the reaction of Cp2LnNiPr2-
(THF) with anthranilonitrile, indicating a novel organolanthanide-
mediated intermolecular nucleophilic addition/cyclization of
anthranilonitrile. To trap the intermediate I, a probe reaction of
Cp2ErNiPr2(THF) with anthranilonitrile and carbodiimide has also
been investigated.

The activity of organolanthanide derivatives on unsaturated
organic small molecules is one of the important fields of
organolanthanide chemistry,1–3 and insertion, one flourishing
subdiscipline of this field, has been studied extensively in
past decades.4–8 This is a practical application to the synthesis
of organolanthanide derivatives and a potential understanding
of catalytic processes.1c,3g However, little is known about

the functional substituent participation reaction, when inser-
tion occurs on the lanthanide-ligand bonds of organolan-
thanide complexes containing the functional substituent
ligands. Our recent interests are in the investigation of the
substituent effects on the activity of organolanthanide deriva-
tives containing bisfunctional group ligands such as o- or
p-aminothiophenolate toward unsaturated organic small
molecules. We found that the adjacent amino group of the
o-aminothiophenolate ligand readily adds to the CdN bond
of carbodiimide or isocyanate for construction of a novel
guanidinate or thiazolate skeleton.9

Organic nitrile is one useful reagent in organic synthesis
for the construction of many important N-heterocycle com-
pounds, and its reactivity toward organometallic complexes
is a fundamental interest in organometallic chemistry.10 Upon
comparison with the investigations on the reactivity of
organolanthanide hydrides and alkyl complexes to nitriles,
which provide many important organometallic reactions and

* To whom correspondence should be addressed. E-mail: zhangjie@
fudan.edu.cn (J.Z.), xgzhou@fudan.edu.cn (X.Z.).
(1) Reviews: (a) Evans, W. J.; Davis, B. L. Chem. ReV. 2002, 102, 2119.

(b) Zhou, X. G.; Zhu, M. J. Organomet. Chem. 2002, 647, 28. (c)
Ferrence, G. M.; Takats, J. J. Organomet. Chem. 2002, 647, 84.

(2) (a) Kirillov, E.; Lehmann, C. W.; Razavi, A.; Carpentier, J. F. Eur.
J. Inorg. Chem. 2004, 943. (b) Beetstra, D. J.; Meetsma, A.; Hessen,
B.; Teuben, J. H. Organometallics 2003, 22, 4372. (c) Voth, P.; Arndt,
S.; Spaniol, T. P.; Okuda, J.; Ackerman, L. J.; Green, M. L. H.
Organometallics 2003, 22, 65. (d) Kornienko, A. Y.; Emge, T. J.;
Brennan, J. G. J. Am. Chem. Soc. 2001, 123, 11933. (e) Evans, W. J.;
Fujimoto, C. H.; Ziller, J. W. Organometallics 2001, 20, 4529. (f)
Evans, W. J.; Kozimor, S. A.; Nyce, G. W.; Ziller, J. W. J. Am. Chem.
Soc. 2003, 125, 13831.

(3) (a) Molander, G. A.; Romero, J. A. C. Chem. ReV. 2002, 102, 2161,
and references cited therein. (b) Hong, S. W.; Kawaoka, A. M.; Marks,
T. J. J. Am. Chem. Soc. 2003, 125, 15878. (c) Hong, S. W.; Tian, S.;
Metz, M. V.; Marks, T. J. J. Am. Chem. Soc. 2003, 125, 14768. (d)
Molander, G. A.; Pack, S. K. J. Org. Chem. 2003, 68, 9214. (e)
Gribkov, D. V.; Hultzsch, K. C.; Hampell, F. Chem.sEur. J. 2003,
9, 4796. (f) Hultzsch, K. C.; Hampel, F.; Wagner, T. Organometallics
2004, 23, 2601. (g) Hong, S.; Marks, T. J. Acc. Chem. Res. 2004, 37,
673.

(4) (a) Zhang, J.; Cai, R. F.; Chen, Z. X.; Zhou, X. G. Inorg. Chem. 2007,
46, 321. (b) Zhang, J.; Cai, R. F.; Weng, L. H.; Zhou, X. G. Dalton
Trans. 2006, 1168. (c) Zhang, J.; Zhou, X. G.; Cai, R. F.; Weng, L. H.
Inorg. Chem. 2005, 44, 716. (d) Ma, L. P.; Zhang, J.; Cai, R. F.; Chen,
Z. X.; Weng, L. H.; Zhou, X. G. J. Organomet. Chem. 2005, 690,
4926. (e) Zhang, J.; Cai, R. F.; Weng, L. H.; Zhou, X. G. Organo-
metallics 2004, 23, 3303. (f) Zhang, J.; Cai, R. F.; Weng, L. H.; Zhou,
X. G. Organometallics 2003, 22, 5385. (g) Zhang, J.; Cai, R. F.; Weng,
L. H.; Zhou, X. G. J. Organomet. Chem. 2003, 672, 94.

(5) (a) Evans, W. J.; Miller, K. A.; Ziller, J. W. Inorg. Chem. 2006, 45,
424. (b) Evans, W. J.; Forrestal, K. J.; Ziller, J. W. J. Am. Chem. Soc.
1998, 120, 9273. (c) Evans, W. J.; Seibel, G. A.; Ziller, J. W.; Doedens,
R. J. Organometallics 1998, 17, 2103.

(6) (a) Shen, Q.; Li, H.; Yao, C.; Yao, Y.; Zhang, L.; Yu, K. Organo-
metallics 2001, 20, 3070. (b) Mao, L.; Shen, Q.; Xue, M.; Sun, J.
Organometallics 1997, 15, 3711.

(7) Zhang, W. X.; Nishiura, M.; Hou, Z. M. J. Am. Chem. Soc. 2005,
127, 16788.

(8) (a) Li, Y. R.; Pi, C. F.; Zhang, J.; Zhou, X. G.; Chen, Z. X.; Weng,
L. H. Organometallics 2005, 24, 1982. (b) Zhang, C. M.; Liu, R. T.;
Zhou, X. G.; Chen, Z. X.; Weng, L. H.; Lin, Y. H. Organometallics
2004, 23, 3246.

(9) (a) Zhang, J.; Ma, L. P.; Cai, R. F.; Weng, L. H.; Zhou, X. G.
Organometallics 2005, 24, 738. (b) Ma, L. P.; Zhang, J.; Cai, R. F.;
Chen, Z. X.; Zhou, X. G. Organometallics 2006, 25, 4571.

(10) (a) Kukushkin, V. Y.; Pombeiro, A. J. L. Chem. ReV. 2002, 102, 1771.
(b) Michelin, R. A.; Mozzon, M.; Bertani, R. Coord. Chem. ReV. 1996,
147, 299. (c) Bolano, T.; Castarlenas, R.; Esteruelas, M. A.; Onate,
E. J. Am. Chem. Soc. 2006, 128, 3965. (d) Wu, F.; Jordan, R. F.
Organometallics 2006, 25, 5631. (e) Li, X.; Sun, H.; Yu, F.; Florke,
U.; Klein, H. F. Organometallics 2006, 25, 4695. (f) Khripun, A. V.;
Kukushkin, V. Y.; Selivanov, S. I.; Haukla, M.; Pombeiro, A. J. L.
Inorg. Chem. 2006, 45, 5073. (g) Vicente, J.; Abad, J. A.; Lopez-
Saez, M. J.; Jones, P. G. Angew. Chem., Int. Ed. 2005, 44, 6001. (h)
Sun, X.; Wang, C.; Li, Z.; Zhang, S.; Xi, Z. J. Am. Chem. Soc. 2004,
126, 7172.

Inorg. Chem. 2008, 47, 5552-5554

5552 Inorganic Chemistry, Vol. 47, No. 13, 2008 10.1021/ic800782r CCC: $40.75  2008 American Chemical Society
Published on Web 06/13/2008



interesting structures,11,12 examples of organolanthanide
amide reactions with nitriles were scarcely reported.12c,e,13

To further study the substituent effects on insertions and/or
extend the scope of this NH2 addition, we now investigate
the reactivity of organolanthanide amides toward anthra-
nilonitrile. Herein we report a new organolanthanide-medi-
ated intermolecular nucleophilic addition/cyclization of
anthranilonitrile to construct a novel 4-aminoquinazolinate
anionic ligand.

The reaction of Cp2LnNiPr2(THF) with 2 equiv of anthra-
nilonitrile in THF at room temperature afforded the isolated
and structurally characterized complexes Cp2Ln[κ3-(4-
NH(C8N2H4)(2-NH2C6H4)] [Ln ) Er (1), Y (2)] in moderate
or high yields. Structural analysis reveals that an intermo-
lecular nucleophilic addition/cyclization of anthranilonitrile
takes place accompanied with the elimination of HNiPr2 to
form a novel [(4-NH(C8N2H4)(2-NH2C6H4)]- ligand. It
should be noted that the compounds also can be obtained
from the reaction of Cp2LnNiPr2(THF) with 1 equiv of
anthranilonitrile under the same conditions in lower yields.
As far as we are aware, the dimerization of anthranilonitrile
usually occurs under the drastic conditions of a high
temperature of about 190 °C or upon microwave irradiation
in the presence of a strong base such as tBuOK.14 In our
systems, this reaction readily takes place under very mild
conditions, attributed to the Lewis acid activity of the
organolanthanide moiety toward anthranilonitrile molecules.

A proposed mechanism for the formation of 1 and 2 is
illustrated in Scheme 1. The first step is protonolysis of the
diisopropylamine ligand by an anthranilonitrile molecule to
generate the intermediate I. A further nitrile group from
another anthranilonitrile molecule inserts into the Ln-N bond
of I, to give A, and then transforms into B through 1,3
hydrogen shift. The final products are formed by nitrile
insertion and a 1,3 hydrogen shift again. Attempts to isolate
the intermediate B were unsuccessful. It is possible that a
more stable aromatic pyrimidine skeleton contributes to the
occurrence of further nucleophilic addition/cyclization.

To obtain additional insight into the mechanism and scope
of the reaction, we investigated the following two reactions:
(1) the reaction of Cp2ErNiPr2 with anthranilonitrile and

benzonitrile; (2) the reaction of Cp2ErNiPr2 with anthra-
nilonitrile and iPrNdCdNiPr. Unfortunately, attempts to
obtain pure products were unsuccessful; we only obtained
oily mixtures in reaction 1. So, the mixtures were hydrolyzed
and analyzed by gas chromatography/mass spectrometry to
give two main products of dimerization of anthranilonitrile
and cyclization of anthranilonitrile with benzonitrile in the
mole ratio of 46:39. Reaction 2 can give two isolated
compounds [Cp2Er(µ-κ1:κ2-NCC6H4N(H)C(NHiPr)dNiPr)]2

(3) and 1 in 47% and 9% yields, respectively. This result
maybe indicates that nucleophilic additions of carbodiimide
and anthranilonitrile with I are competitive. The proposed
mechanism for the formation of 3 also is shown in Scheme
2, a typical process of the σ-bond metathesis and further
insertion of carbodiimide molecules, accompanied with a 1,3
hydrogen shift.4e Indeed, we cannot exclude other possible
progresses of these reactions such as the addition of N-H
bonds to the CtN triple bond of nitrile groups or the CdN
double bond of carbodiimide molecules.

All of these complexes are air- and moisture-sensitive and
soluble in THF and toluene. They were fully characterized
by elemental analysis and spectroscopic properties, which
are in good agreement with the proposed structures. In the
1H NMR spectra of 2, in addition to multiplets for aromatic
protons in the range 7.7-7.2 ppm, one doublet for the NH
proton at about 2.7 ppm, one singlet for NH2 protons at about
4.3 ppm, and multiplets for Cp ring protons in the range
6.9-6.6 ppm. Their solid-state structures of 1-3 were also
determined by single-crystal X-ray diffraction analysis.15

1 and 2 crystallize from the solvent mixture of THF and
toluene at -20 °C in the rhombohedral system, space group
Rj3. Structural determination results (Figure 1) show that 1
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Scheme 1. Proposed Mechanism of the Formation of 1 and 2

Scheme 2. Proposed Mechanism for the Formation of 3
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and 2 are isostructural. Both are solvent-free monomers with
the lanthanide atom bonded to two η5-Cp rings and one κ3-
4-amino(2-aminobenzoyl)quinazolinate ligand to form a
distorted bipyramidal geometry. A planar aromatic quinazo-
line skeleton has been constructed from the corresponding
bond length and angle data. Interestingly, a dimer structure
(Figure 1, bottom) is formed by a novel pair of intermolecular
N-H · · ·N hydrogen-bonding interactions from the N-H
bond of the NH2 group and one nitrogen atom of another
quinazoline skeleton.13

As expected, the coordinated amidinate moiety forms
essentially a planar four-membered ring with the lanthanide
atom within experimental error (Ln-N2-C24-N4). The
bond angles around C24 are consistent with sp2 hybridization.
In 1, the C24-N2 [1.372(7) Å] and C24-N4 [1.291(7) Å]
distances of the amidinate group are in intermediate values
between the C-N single- and double-bond distances, indi-
cating that the π electrons of the CdN double bond in the
present structure are partially delocalized.16 Consistent with
this observation, the Er-N2 and Er-N4 distances, 2.384(5)

and 2.388(5) Å, respectively, are approximately equivalent
and are intermediate between the values observed for a Er-N
single or donor bond.

In 3 (Figure 2), the adjacent amino group has combined
with a carbodiimide unit, forming a novel guanidinate ligand
[2-NCC6H4NdC(NHiPr)NiPr]-, which connects with the
center metal by a novel µ-κ1:κ2-bonding mode. The inert
nitrile group is coordinated to another erbium atom, forming
a dinuclear 12-membered ring. One hydrogen atom of the
adjacent amino group shifts to the uncoordinated nitrogen
atom, similar to that of the observed organolanthanide
trisubstituted guanidinates.4e,9b The guanidinate ligand also
exhibits delocalized bonding throughout the N3C guanidinate
core. The planarity of the ErN2C ring and nearly equivalent
C11-N2 and C11-N3 [1.366(7) and 1.306(7) Å, respec-
tively] and Er1-N2 and Er1-N3 [2.452(4) Å and 2.385(5)
Å, respectively] bond lengths suggests the existence of a
resonance stabilization in the ErN2C ring and no hydrogen
atom at the coordinated nitrogen atom. The distance between
the central carbon and uncoordinated nitrogen [C11-N4
1.372(7) Å] is slightly shorter than that expected for
C(sp2)-N(sp3) single bonds (C-Nav 1.416 Å)17 and indicates
a partial p-π conjugation between the lone-pair electron on
noncoordinated nitrogen and the N-C-N unit.4e

In summary, organolanthanide-mediated intermolecular
nucleophilic addition/cyclization of anthranilonitrile was
reported for the first time and offers a potential route for the
construction of a coordinated pyrimidine ring skeleton.
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Figure 1. Molecular structures (30% thermal ellipsoids) of Cp2Ln[κ3-(4-
NH(C8N2H4)(2-NH2C6H4)] [Ln ) Er (1), Y (2)] (top). Hydrogen-bonded
pairs of 1 (bottom).

Figure 2. Molecular structure (30% thermal ellipsoids) of 3. Hydrogen
atoms have been removed for the sake of clarity.
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