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Reaction of two equiv of [2-NCC.H,HNLi(THF)], (1)
with Cp,LnCI(THF) yields the heterobimetallic complexes
Cp,Ln[k*-(4-NH—(C;N,H,)(2-NHC,H,)|Li(THF); (Cp =
CsHs; Ln = Er (2), Y(3)), indicating an organolanthanide-
mediated nucleophilic addition/cyclization of the 2-cyano-
benzoamino anion to construct the 4-iminoquinazolinate
dianionic ligand.

There is fundamental interest in the reactivity of organolanthanide
complexes with unsaturated organic small molecules, because this
is the source for developing new catalytic reactions and catalysts.'”
Many efforts have focused on a detailed understanding of the
insertion of these organic small molecules into lanthanide-ligand
bonds over the last decade.*® However, little is known about
the functional substituent participation reaction, when insertion
occurs on the lanthanide-ligand bonds of organolanthanide com-
plexes containing the functional substituent ligands. Recently, our
interest has been focused on the investigation of the addition of the
N-H bonds of organolanthanide derivatives to some unsaturated
organic small molecules to construct a novel neutral or anionic
ligand or an N-heterocyclic skeleton.”!® As part of this program,
we investigated the reaction of Cp,LnN'Pr, with anthraniloni-
trile, and found an organolanthanide-mediated intermolecular
nucleophilic addition/cyclization of anthranilonitrile to construct
the 4-aminoquinazolinate anionic ligand [i*-(4-NH(CsN,H,)(2-
NH,C,H,)]"." In this reaction, we suggested that the intermediate
Cp,LnN(H)C¢H,CN-2 (I) is formed by the protonolysis of the
diisopropylamine ligand by one anthranilonitrile molecule. To
obtain this intermediate, we synthesized 2-NCC,H,HNLi by
the reaction of LiN(SiMe;), with anthranilonitrile, and inves-
tigated its reactivity with Cp,LnCI(THF) (Ln = Er, Y). A
novel rare-earth metal-mediated nucleophilic addition/cyclization
of 2-cyanobenzoamino anion has been observed for the con-
struction of the 4-iminoquinazolinate dianionic ligand [k*-(4-
NH=—(C;N,H,)(2-NHCH,)]*. This reaction process is different
from the aforementioned reaction.'® Herein we wish to report these
results.
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Treatment of LiN(SiMe;), with one equiv of anthranilonitrile
in THF at room temperature gave the expected lithium amide [2-
NCCH,HNLi(THF)], (1) in almost quantitative yield, as shown
in Scheme 1. The reactions of 1 with another equiv of LiN(SiMe;),
or excess of LiN(SiMe;), with anthranilonitrile only afforded 1.
No further insertion of LiN(SiMe;), into the C=N triple bond of
the residual cyano group of 1 was observed during these reactions.
This is significantly different from those found in the reaction of
LiN(SiMe;), with benzonitrile, where LiN(SiMe;), insertion into
the N==C triple bond of the nitrile group accompanies a 1,3 silyl
shift to yield the corresponding amidinate lithium," an important
precursor for preparation of organometallic amidinate complexes.
This might be attributed to the different reactivity of benzonitrile
and anthranilonitrile.''= It should be noted that the reaction of
n-butyllithium with anthranilonitrile under the similar conditions
was complicated, no pure compound 1 was isolated.
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Scheme 1 Synthesis of complexes 1-3.

With 1 in hand, we decided to explore its reactivity to-
ward lanthanocene chlorides. Reaction of Cp,LnCI(THF) with
two equiv of 1 in THF at room temperature afforded the
isolated and structural characterized complexes Cp,Ln[k>-(4-
NH=(C;N,H,)(2-NHC(H,)]Li(THF), (Ln = Er (2), Y(3)) in 76%
and 81% isolated yield, respectively, as shown in Scheme 1. Struc-
tural analysis results revealed that a novel 4-iminoquinazolinate
dianionic ligand [k*-(4-NH=(C;N,H,)(2-NHCH,)]* is formed.
We also investigated the reaction of Cp,LnCl(THF) with one
equiv of 1 under the same conditions, and could not obtain
the intermediate I or lanthanide benzopyrazolate complexes
Cp,Ln[C;H;sN,], an intramolecular addition/cyclization product,
but only isolated 2 and 3 in lower yields. These results indicated
that the cyano group of I favours further nucleophilic addition
with another molecule of 1.

A proposed process for the formation of 2-3 is illustrated in
Scheme 2. The first step is a salt-metathesis of Cp,LnCl with 1 to
generate the intermediate I. Further the adjacent nitrile group of
I inserts into the Li-N bond of another molecule of 1, to give A,
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Scheme 2 Plausible mechanism of the formation of 2 and 3.

and then transforms into B through a 1,3 hydrogen shift. The final
products are formed by nitrile insertion into the Li-N bond, a 1,3
hydrogen shift and a 1,5 lithium cation shift. Two nitrile insertions
into Li-N bonds are vital for the formation of 2 and 3, which
is different from those found in Cp,Ln[x*-(4-NH(CsN,H,)(2-
NH,C¢H,)] (Ln = Er, Y)," in which the quinazoline skeleton
was constructed through two nitrile insertions into Ln—N bonds.
Consideration of the fact that the dimerization/cyclization of 1
cannot occur in the preparation of 1 leads us to suggest that
the activation of the adjacent nitrile group via the coordination
interaction with the Ln* ions in the intermediates I and B plays a
key role to this nucleophilic addition/cyclization.

All of these new 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 IR
spectra, 1 exhibits one absorption at 3274 cm™' attributable to the
N-H bond, one absorption at 2206 cm—1 attributable to the C=N
triple bond, and two well-defined bands at 1078 and 910 cm™ for
the coordinated THF. In the "H NMR spectrum of 3, in addition
to four multiplets for aromatic protons at 7.06, 7.02, 6.83, 6.13
ppm, one broad singlet for NH protons at about 4.86 ppm, and
one singlet for the Cp ring protons at about 6.33 ppm, and two
multiplets for three coordinated THF molecules at 3.54 and 1.45
ppm were obtained. The solid-state structures of 1-2 were also
determined by X-ray single-crystal diffraction analysis.

Compound 1 crystalizes from the solvent mixture of THF
and n-hexane at —20 °C in the monoclinic system, space group
P2,/c. Structural determination results (Fig. 1) show that 1 is
two-dimension polymer, in which the 2-cyanobenzoamino anionic
ligand displays a 1;-bridge bonding mode with three lithium ions.
Each of lithium atoms is coordinated to one oxygen atom form
THF molecule and three nitrogen atoms from three different 2-
cyanobenzoamino ligands to form distorted tetrahedron geom-
etry. The N2-C1 distance of the nitrile group (1.129(4) A) is
comparable to the observed value for a coordinated n'-N=C triple
bond of organonitriles (1.10-1.20 A).!=* The Li-N bond distances
(Lil-N1 2.067(5) A, Li1-N1A 2.038(5) A, Lil-N2B 2.035(6) A)
are almost equivalent, and between in the range of Li-N single
and donor bond distance."'*®

Fig. 2 shows the molecular structure of 2 and selected bond
distances and angles. X-Ray analysis shows that 2 is a hetero-

Fig.1 Molecular structure (30% thermal ellipsoids) and packing diagram
of [2-NCC¢H,NHLi(THF)],, 1. Hydrogen atoms have been removed
for the sake of clarity. Selected bond lengths (A) and angles (°):
Lil-N12.067(5), Lil-N1A 2.038(5), Lil-N2B 2.035(6), Li1-O1 1.936(6);
O1-Lil-N1 108.2(2), O1-Lil-N2B 110.1(3), Ol-Lil-N1A 116.6(3),
NI-Lil-N1A 102.1(2), N1-Li1-N2B 114.1(3), N1A-Lil-N2B 105.8(2).

bimetallic complex. The erbium atom carries two 1n°-Cp rings and
one ¥’-4-amino(2-imidobenzoyl)quinazolinate ligand to form a
distorted bipyramid geometry. The coordination number of Er**
is nine. The lithium ion Li* is coordinated by one k'-4-amino(2-
amidobenzoyl)quinazolinate ligand and three THF molecules.
The coordination number of Li* is four. A planar aromatic
quinazoline skeleton has been constructed from the corresponding
bond lengths and angles data.

The coordinated amidinate moiety forms essentially a
planar four-membered ring with the lanthanide atom and
the bond angles around C1 (sum = 360°) are consistent
with sp*> hybridization. The CI1-N1 distance of [1.291(7)
A] is slightly longer than the accepted value for the
C(sp)=N(sp?) double-bond (1.28 A).? Consistent with this
observation, the Erl-N1 and Erl-N2 distances, 2.345(4) A
and 2.405(5) A, are in the range of Er—N donor bond, and
significantly longer than that of the corresponding Er—N bond
of amidine anionic compound Cp,Er[('BuN),C("Bu)] (Er—N,,
2.281(5) A).® The C1-N2 [1.369(6) A], C8-N2 [1.346(6) A], and
C8-N3[1.334(6) A] distances are in intermediate values between
the C-N single- and double-bond distances,' indicating that the
n-electrons of the C=N double bond in the present structure
are delocalized over the N1-C1-N2-C8-N3 unit. The distance
of Erl-N4 is 2.288(6) A, and in the range of an Er—N single
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Fig. 2 Molecular structures (30% thermal ellipsoids) of
Cp,Er[x3-(4-NH(C4N,H,)(2-NH,C¢H,)], 2. Hydrogen atoms have
been removed for the sake of clarity. Selected bond lengths (A) and
angles (°): Erl-N4 2.288(6), Erl-N2 2.345(4), Erl-NI1 2.406(5),
Erl1-H4N 2.40(6), Lil-N3 2.121(10), N1-C1 1.291(7), N2-C1 1.369(6),
N2-C8 1.346(6), N3-C8 1.334(6), N3-C3 1.392(6), C1-C2 1.454(7),
C2-C3 1.402(6); N1-C1-N2 100.8(6), N1-C1-C2 131.8(6), N2-C1-C2
117.4(5), C8-N2-C1 120.6(5), C8-N3-C3 115.4(5), C3-C2-C1 117.1(5),
N3-C3-C2 123.0(5), N3-C8-N2 125.8(5).

bond.” Interestingly, the residual hydrogen atom of the amido
group contacts with the erbium ion through an agnostic hydrogen
bond interaction (Erl-H4N 2.40(6) A).'s

In summary, a rare-earth metal-mediated intermolecular nu-
cleophilic addition/cyclization of 2-cyanobenzoamino anion was
reported to construct a 4-iminoquinazolinate dianionic ligand
[}-(4-NH=(C;N,H,)(2-NHC(H,)]* for the first time, which
provided a potential strategy for introducing a substituent at the
N3 atom of the pyrimidine ring skeleton.
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Discipline Project (B108) for financial support.

Notes and references

1 Reviews: (a) W. J. Evans and B. L. Davis, Chem. Rev., 2002, 102, 2119;
(b) X. G. Zhou and M. Zhu, J. Organomet. Chem., 2002, 647, 28; (¢) G.
M. Ferrence and J. Takats, J. Organomet. Chem., 2002, 647, 84.

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

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

4 (a)J. Zhang, F. Y. Han, Y. N. Han, Z. X. Chen and X. G. Zhou, Dalton
Trans., 2009, 1806; (b) J. Zhang, R. F. Cai, Z. X. Chen and X. G. Zhou,
Inorg. Chem., 2007, 46, 321; (¢) J. Zhang, X. G. Zhou, R. F. Cai and
L. H. Weng, Inorg. Chem., 2005, 44, 716; (d) J. Zhang, R. F. Cai, L. H.
Weng and X. G. Zhou, Organometallics,2004, 23, 3303; (¢) J. Zhang, R.
F. Cai, L. H. Weng and X. G. Zhou, Organometallics, 2003, 22, 5385.

5 (a) W. 1. Evans, K. A. Miller and J. W. Ziller, Inorg. Chem., 2006, 45,
424; (b) W. J. Evans, K. J. Forrestal and J. W. Ziller, J. Am. Chem. Soc.,
1998, 120, 9273; (¢) W. J. Evans, G. A. Seibel, J. W. Ziller and R. J.
Doedens, Organometallics, 1998, 17, 2103.

6 (@) Q. Shen, H. Li, C. Yao, Y. Yao, L. Zhang and K. Yu,
Organometallics, 2001, 20, 3070; (b) L. Mao, Q. Shen, M. Xue and
J. Sun, Organometallics, 1997, 16, 3711; (¢) C.-F. Wang, F. Xu, T. Cai
and Q. Shen, Org. Lett., 2008, 10, 445.

7 (a) W. X. Zhang, M. Nishiura and Z. M. Hou, J. Am. Chem. Soc., 2005,
127, 16788; (b) W. X. Zhang, M. Nishiura and Z. M. Hou, Chem.—Eur.
J., 2007, 13, 4037; (¢) W. X. Zhang, M. Nishiura, T. Mashiko and Z.
M. Hou, Chem.—Eur. J., 2008, 14, 2167; (d) W. X. Zhang, M. Nishiura
and Z. M. Hou, Angew. Chem., Int. Ed., 2008, 47, 9700.

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

9 (a) J. Zhang, L. P. Ma, Y. N. Han, F. Y. Han, Z. X. Zhang, R. F.
Cai, Z. X. Chen and X. G. Zhou, Dalton Trans., 2009, 3298; (b) Y. N.
Han, J. Zhang, F. Y. Han, Z. X. Zhang, L. H. Weng and X. G. Zhou,
Organometallics, 2009, 28, 3916; (¢) L. P. Ma, J. Zhang, R. F. Cai, Z.
X. Chen and X. G. Zhou, Dalton Trans., 2007, 2718; (d) L. P. Ma, .
Zhang, R. F. Cai, Z. X. Chen and X. G. Zhou, Organometallics, 2006,
25,4571; (e) J. Zhang, L. P. Ma, R. F. Cai, L. H. Weng and X. G. Zhou,
Organometallics, 2005, 24, 738.

10 J. Zhang, Y. N. Han, F. Y. Han, Z. X. Chen, L. H. Weng and X. G.
Zhou, Inorg. Chem., 2008, 47, 5552.

11 (a) S. Aharonovich, M. Kapon, M. Botoshanski and M. S. Eisen,
Organometallics, 2008, 27, 1869; (b) V. Volkis, E. Nelkenbaum, A.
Lisovskii, G. Hasson, R. Semiat, M. Kapon, M. Botoshansky, Y. Eishen
and M. S. Eisen, J. Am. Chem. Soc.,2003,125,2179; (¢) S. Bambirra, A.
Meetsma, B. Hessen and J. H. Teuben, Organometallics, 2001, 20, 782;
(d) S. Bambirra, M. J. R. Brandsma, E. A. C. Brussee, A. Meetsma,
B. Hessen and J. H. Teuben, Organometallics, 2000, 19, 3197; (¢) R. T.
Boere, R. T. Oakley and R. W. Reed, J. Organomet. Chem., 1987, 331,
161; (f) A. R. Sanger, Inorg. Nucl. Chem. Lett., 1973, 9, 351.

12 J. March, in Advanced Organic Chemistry, McGraw-Hill, New York,
1997, vol. 2, p. 24.

13 J. Zhang, R. Y. Yuan, Z. H. Shao, R. F. Cai, L. H. Weng and X. G.
Zhou, Organometallics, 2002, 21, 1420.

14 F. H. Allen, O. Kennard, D. G. Watson, L. Brammer and A. G. Orpen,
J. Chem. Soc., Perkin Trans. 2, 1987, S1.

15 (@) W. Scherer and G. S. McGrady, Angew. Chem., Int. Ed., 2004, 43,
1782; (b) F. Y. Han, J. Zhang, Y. N. Han, Z. X. Zhang, Z. X. Chen, L.
H. Weng and X. G. Zhou, Inorg. Chem., 2009, 48, 1774.

16 W. J. Evans, M. S. Sollberger, J. L. Shreeve, J. M. Olofson, J. H. Hain
and J. W. Ziller, Inorg. Chem., 1992, 31, 2492.

9100 | Dalton Trans., 2011, 40, 9098-9100

This journal is © The Royal Society of Chemistry 2011


http://dx.doi.org/10.1039/c1dt10990a

