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The five-membered metallacycles [Ni(C-N-N′)X] have been prepared by oxidative addition
of o-halo-substituted imines derived from N,N-dimethylethylenediamine, C6RnH5-nCHd
NCH2CH2NMe2 to [Ni(COD)2]. The molecular structure of [NiCl{2-(CHdNCH2CH2NMe2)-
3-ClC6H3}] has been determined by a single-crystal X-ray crystallographic study. Some ionic
compounds [Ni(C-N-N′)L]BF4 (L ) NCMe, heterocyclic amines) were also obtained. The
NisC bond of these complexes is inert toward insertion reactions of ethylene or PhCtCPh.
The action of [Ni(COD)2] on the diamines C6RnH5-nCH2N(Me)CH2CH2NMe2 affords highly
insoluble organonickel derivatives, which by reaction with aromatic amines (L) in the
presence of TlBF4 lead to the ionic derivatives [Ni(C-N-N′)L]BF4. The stabilization of
organometallic Ni(III) compounds using CuCl2 as oxidant was not achieved. Coordination
compounds [NiClBr(N′-N)], where N-N′ ) 2-ClC6H4CH2N(Me)CH2CH2NMe2, were formed
probably by reductive elimination of Ni(III) species followed by reoxidation to Ni(II).

Introduction

In recent years, many multidentate ligands have been
developed to obtain new organometallic complexes. The
study of nickel complexes with polydentate ligands is
especially interesting because of their reactivity and
their catalytic activity. Bidentate nickel compounds
with anionic P-O ligands have been widely studied, and
they have been found to be highly active and selective
catalysts in the oligomerization of ethylene to linear
R-olefins.1 Some nickelacycles containing bidentate
anionic N-C ligands have also been described.2 The
study of organonickel compounds containing terdentate
N-donor ligands is somewhat restricted. van Koten et
al. have reported the synthesis and reactivity of nickel-
(II) complexes which contain the monoanionic, poten-

tially trans-terdentate ligand C6H3(CH2NMe2)2.3 This
N-C-N ligand has permitted the synthesis of stable
organonickel(III) species4 and a nickel complex which
is an effective catalyst in the Karasch addition.5 The
same author describes the synthesis of a series of
iridium, rhodium, ruthenium, palladium, and platinum
complexes based on the monoanionic, potentially cis-
terdentate ligand C6H4CH2N(Me)CH2CH2NMe2.6 Re-
cently, Richmond et al. have described the oxidative
addition of an ortho C-F bond of the Schiff base
2-NMe2C6H4NdCHC6F5 to [Ni(COD)2].7
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Following our studies on C-N8 and C-P9 nickela-
cycles, we report here the reaction of [Ni(COD)2] and
o-halo-substituted diamines or imines derived fromN,N-
dimethylethylenediamine. This reaction allows the
synthesis of the corresponding metallacycles containing
anionic cis-C-N-N′ ligands in good yields. The poten-
tial stability of the Ni(III) species and the use of the
imine complexes as precursors in the oligomerization
of olefins have also been tested.

Results and Discussion

Synthesis of [NiX{2-(CHdNCH2CH2NMe2)C6R′n-
H4-n}]. The five-membered metallacycles [Ni(C-N-
N′)X] (2a-e), were prepared by reaction of [Ni(COD)2]
with the potentially terdentate N-donor ligands
C6RnH5-nCHdNCH2CH2NMe2 by oxidative addition of
one of the ortho CsX bonds (X ) Cl or Br) in toluene or
tetrahydrofuran (Scheme 1).
The new compounds obtained are slightly air-sensi-

tive, bright orange solids which can be stored under
nitrogen for several months. All these complexes were
characterized by elemental analyses, infrared spectra,
1H NMR in CDCl3, C6D6, or CD3COCD3 under nitrogen,
and a crystal structure determination of 2c (see below).
Mass spectra of selected compounds were also recorded.
The proton NMR spectra (Table 1) are well-defined,
indicating that there is no significant distortion of the
square-planar geometry (the crystal structure determi-
nation of 2c confirms this; see below), and permit the
assignment of nearly all the signals. The methinic and
NMe2 protons appear as singlets, and their chemical
shifts show the coordination of both nitrogen atoms to
the metal.6,8 The FAB spectra show signals correspond-
ing to M and M-X and also some weak signals corre-
sponding to M × 2 with a reasonable isotopic pattern.
Nevertheless, the X-ray structure of 2c shows the
monomeric nature of these derivatives and, conse-
quently, the signals assignable to M × 2 can be
explained by dimerization produced in the ionization

chamber, as has been described for analogous nickel
derivatives.9b,10
The imine 1d could afford two different five-mem-

bered metallacycles by activation of C-Cl bonds, but
only the activation of the less hindered C-Cl bond was
observed, leading to a metallacycle that does not contain
any substituent on the carbon atom in the ortho position
with relation to the metalated carbon. This result
shows the importance of steric factors in the process.
Nevertheless, it was possible to obtain the nickelacycle
2e, which contains a chloro substituent in the carbon
atom adjacent to the Ni-C bond, by reaction between
[Ni(COD)2] and the imine 1e, in which the only C-Cl
bond in an ortho position has an adjacent chloro
substituent. The activation of the ortho C-H bond by
[Ni(COD)2] was not observed. Compound 2e is clearly
more unstable than the other nickelacycles derived from
imines, which may be related to the reactivity of the
metallacycle. It has been reported that cyclopalla-
dated11 and cycloplatinated12 metallacycles, which con-
tain a substituent adjacent to the M-C bond, are more
reactive (the M-N bond is easily broken) than the
corresponding metallacycles of nonsubstituted deriva-
tives.
The addition of TlBF4 and the Lewis base L (L )

NCMe, 2,4-lutidine) to compounds 2, [NiX(C-N-N′)],
afforded the ionic derivatives 3a and 4a, [Ni(C-N-
N′)L]BF4, which were characterized by elemental analy-
ses, infrared spectra, and conductivity measurements
(see Experimental Section). The addition of aromatic
amines L (2,4-lutidine and 2-picoline) to 2, in the
absence of the bulky counterion BF4-, only led to the
ionic derivatives [Ni(C-N-N′)L]X (5, 6) in the solid
state when X ) Br. The low values of their molar
conductivities in acetone solution suggest an equilibri-
um in solution between the ionic ([Ni(C-N-N′)L]Br)
and the neutral ([Ni(C-N-N′)Br]), complexes. When
an excess of the aromatic amine L was added to these
solutions, the conductivity increased, confirming the
proposed equilibrium. Therefore, compound 4awas also
obtained by action of NH4BF4 and 2,4-lutidine on 2,
showing that the formation of the ionic compounds does(9) (a) Muller, G.; Panyella, D.; Rocamora, M.; Sales, J.; Font-Bardia,

M.; Solans, X. J. Chem. Soc., Dalton Trans. 1993, 2959. (b) Font-
Bardia, M.; González-Platas, J.; Muller, G.; Panyella, D.; Rocamora,
M.; Solans, X. J. Chem. Soc., Dalton Trans. 1994, 3075.

(10) (a) Usón, R.; Forniés, J.; Usón, M. A.; Herrero, S. J. Organomet.
Chem. 1993, 447, 137. (b) Minghettti, G.; Cinellu, M. A.; Stoccoro, S.;
Zucca, A.; Manassero, M. J. Chem. Soc., Dalton Trans. 1995, 777.

(11) Albert, J.; Granell, J.; Moragas, R.; Sales, J.; Font-Bardia, M.;
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not require the abstraction of the bromide ion by
formation of an insoluble salt.
The proton NMR resonances in the spectra of the ionic

compounds at room temperature are broad, suggesting
that the position trans to the iminic nitrogen is very
labile and that fast equilibria with Lewis bases present
in solution such as the bromide ion, the amine L, water,
or even the solvent are possible.

Molecular Structure of 2c. The crystal structure
of 2c has been determined (Figure 1). Crystallographic
data and selected bond lengths and angles are listed in
Tables 2and 3, respectively.
The crystal structure consists of discrete molecules

separated by van der Waals distances. The nickel atom
is in a slightly distorted square-planar environment,
coordinated to carbon, chlorine, and the two nitrogen

Table 1. Protona NMR Data

compd (solvent) aromatic others

2a (CDCl3) 7.72 [d, J(HH) ) 7.5, 1H, H3] 7.93 (br s, 1H, HCdN)
7.07-6.60 (m, 3H) 3.62 [t, J(HH) ) 6.2, 2H, N(CH2)2N]

2.77 [t, J(HH) ) 6.2, 2H, N(CH2)2N]
2.64 [s, 6H, NMe2]

2b (CD3COCD3) 7.51 [d, J(HH) ) 7.5, 1H, H3] 7.92 (s, 1H, HCdN)
6.98-6.60 (m, 3H) 3.64 [br t, 2H, N(CH2)2N]

2.81 [br t, 2H, N(CH2)2N]
2.63 [s, 6H, NMe2]

2c (CDCl3) 7.40 [d, J(HH) ) 7.5, 1H, H4] 8.26 (s, 1H, HCdN)
6.98 [t, J(HH) ) 7.5, 1H, H5] 3.64 [t, J(HH) ) 5.8, 2H, N(CH2)2N]
6.90 [d, J(HH) ) 7.5, 1H, H6] 2.79 [t, J(HH) ) 5.8, 2H, N(CH2)2N]

2.59 [s, 6H, NMe2]

2d (C6D6) 8.03 [d, J(HH) ) 7.7, 1H, H5] 7.53 (s, 1H, HCdN)
7.09 [d, J(HH) ) 7.7, 1H, H6] 2.29 [br t, 2H, N(CH2)2N]

2.21 [s, 6H, NMe2]
1.63 [br t, 2H, N(CH2)2N]

2e (CD3COCD3) 8.17 br s H5 7.12 (s, 1H, HCdN)
6.97 br s H3 3.72 [br t, 2H, N(CH2)2N]

2.75 [br t, 2H, N(CH2)2N]
2.44 [s, 6H, NMe2]

7f (CDCl3) (500 MHz) 7.12 (s, 1H, col.) 4.51 (d, 1H, ArCH2N)
6.99 (s, 1H, col.) 3.98 (s, 3H, col)
6.87 [t, J(HH) ) 7.5, 1H, H4] 3.52 (d, 1H, ArCH2N)
6.77 [d, J(HH) ) 7.5, 1H, H3] 3.47 [td, 1H, J(HH) ) 14, 4, N(CH2)2N]
6.53 [t, J(HH) ) 7.5, 1H, H5] 3.30 (s, 3H, col)
5.18 [d, J(HH) ) 7.2, 1H, H6] 3.18 (td, 1H, J(HH) ) 14, 4, N(CH2)2N]

2.93 (s, 3H, NMe)
2.68 (s, 3H, NMe2)
2.55 [dd, 1H, J(HH) ) 14, 4, N(CH2)2N]
2.50 [dd, 1H, J(HH) ) 14, 4, N(CH2)2N]
2.30 (s, 3H, NMe2)
2.06 (s, 3H, col)

8f (CD3COCD3)b (500 MHz) 8.90 [d, J(HH) ) 6.0, 1H, lut] 4.51 (d, 1H, ArCH2N)
7.56 (s, 1H, lut) 3.84 (s, 3H, lut)
7.29 [d, J(HH) ) 6.0, 1H, lut] 3.63 (d, 1H, ArCH2N)c
6.81 (m)c 3.59 [td, J(HH) ) 14, 4.5, 1H, N(CH2)2N]c
6.50 (m)c 3.34 [td, J(HH) ) 14, 4.5, 1H, N(CH2)2N]
5.16 [d, J(HH) ) 7.5, 1H, H6] 3.09 (s, 3H, NMe)

3.03 (s, 3H, NMe2)
2.69 [dd, 1H, J(HH) ) 14, 4, N(CH2)2N]
2.62 [dd, 1H, J(HH) ) 14, 4, N(CH2)2N]c
2.44 (s, 3H, NMe2)
2.07 (s, 3H, lut)

8f (CD3COCD3)d (500 MHz) 9.62 [d, J(HH) ) 6.0, 1H, lut] 4.74 (d, 1H, ArCH2N)
7.41 [d, J(HH) ) 6.0, 1H, lut] 3.75 [td, J(HH) ) 14, 4, 1H, N(CH2)2N]
7.38 (s, 1H, lut) 3.59 (d, 1H, ArCH2N)c
6.81 (m)c 3.28 [td, 1H, (HH) ) 14, 4, N(CH2)2N]
6.50 (m)c 3.17 (s, 3H, NMe)
5.13 [d, J(HH) ) 7.5, 1H, H6] 2.94 (s, 3H, NMe2)

2.63 [dd, 1H, J(HH) ) 14, 4, N(CH2)2N]c
2.61 [dd, 1H, J(HH) ) 14, 4, N(CH2)2N]
2.43 (s, 3H, lut)
2.31 (s, 3H, NMe2)
2.06 (s, 3H, lut)

a Chemical shifts in ppm with respect to internal SiMe4; coupling constants in Hz. Numbering is given in the diagram at the top of the
table. Abbreviations: col, 2,4,6-collidine; lut, 2,4-lutidine. b Major isomer. c Overlapping resonances of protons of the two isomers; see
Results. d Minor isomer.
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atoms, the deviations from the mean plane (plane 1)
being as follows: Ni, -0.019 Å; Cl(1), -0.004 Å; N(1),
0.015 Å; N(2), -0.008 Å; C(7), 0.016 Å. The nitrogen
atoms adopt a cis arrangement, and the NCH2CH2N
group shows the characteristic staggered conformation.
The angles between adjacent atoms in the coordination
sphere lie in the range 96.1(9) (N(1)-Ni-Cl(1)) to 83.6-
(14)° (C(7)-Ni-N(2)). The distances between nickel
and the coordinated atoms are similar to those reported
for other analogous compounds.3b,c,8 The aromatic and
the two fused five-membered rings are nearly coplanar,
with deviations in the range (0.002 Å for the corre-
sponding atoms, excluding C(3), which is -0.502 Å from
the mean plane defined by Ni, N(1), C(4), and N(2)
(plane 2). The metalated phenyl ring C(6)-C(11) (plane
3), the ring containing the iminic moiety Ni, N(2), C(5),
C(6), and C(7) (plane 4), and planes 1 and 2 show the

following angles between normals: p1/p2, 1.10°; p1/p3,
3.38°; p1/p4, 0.91°; p2/p3, 4.41°; p2/p4, 1.93°; p3/p4,
2.49°.
The distance between the methinic proton and the

o-chloro substituent can be estimated to be 2.828 Å,
showing some interaction between these atoms. The
low-field shift of the methinic proton in the NMR
spectrum of 2c confirms this interaction.
Synthesis of [NiL{2-(CH2N(Me)CH2CH2NMe2)-

C6R′nH4-n}]BF4. The action of [Ni(COD)2] on the
diamines C6RnH5-nCH2N(Me)CH2CH2NMe2 in toluene
or THF affords the highly insoluble organonickel de-
rivatives 2f,g (Scheme 2).
Compounds 2f,g are respectively pale orange and pale

pink solids, highly insoluble in the common organic
solvents. The analytical data agree with the stoichi-
ometry [Ni(C-N-N′)X], and the IR spectra show the
bands of the coordinated diamine. The FAB spectra
show the signals corresponding to M and M-X and also
some weak signals corresponding to M × 2. It was not
possible to record 1H NMR spectra of 2f,g due to their
insolubility, but when an excess of pyridine-d5 was
added to an CDCl3 suspension of 2f, a clear yellow
solution was formed immediately. The 1H NMR data
for this solution agree with the formation, in solution,
of the ionic complex [Ni(C-N-N′)(py-d5)]X. van Koten
et al. have recently prepared an analogous palladium
derivative with the same diamine ligand.6a This result
prompted us to study the action of aromatic amines on
2f. The addition of 2,4,6-collidine or 2,4-lutidine to 2f,
in the presence of TlBF4, led to the ionic derivatives [Ni-
(C-N-N′)L]BF4 (7f, 8f). These complexes have been
characterized by elemental analyses, IR spectra, con-
ductivity measurements, and 1H NMR spectra. The
presence of a well-defined AB pattern of the benzylic
CH2 group and the presence of three distinct resonances
for the NMe groups show the lack of a symmetry plane
in these complexes and that the bond between the nickel
and the nitrogen atom of the CH2N(Me)CH2 group is
stable in solution; consequently, this nitrogen atom is
chiral. In the spectrum of 7f, the two o-methyl groups
and the two aromatic hydrogen atoms of the collidine

Figure 1. Ortep view of the structure of complex 2c, [NiCl-
{2-(CHdNCH2CH2NMe2)3-ClC6H3}], showing the atom-
labeling scheme. Hydrogen atoms have been omitted for
clarity.

Table 2. Crystallographic Data Collection for
[NiCl{2-(CHdNCH2CH2NMe2)-3-ClC6H3}] (2c)

formula C11H14Cl2N2Ni
fw 303.85
cryst size (mm) 0.1 × 0.1 × 0.2
cryst syst orthorhombic
space group Pcab
a (Å) 15.953(3)
b (Å) 14.472(3)
c (Å) 11.022(2)
V (Å3) 2544.7(8)
Z 8
Dc (g cm-3) 1.586
F(000) 1248
temp (K) 293(2)
wavelength (Å) Mo KR, 0.710 69
abs coeff 1.918
data collecn range (θ) (deg) 2.55-30.05
index ranges 0 e h e 22, 0 e k e 20,

0 e l e 15
no. of rflns collected 3716
no. of indep rflns 3716 (Rint ) 0.0000)
data/restraints/params 2880/0/147
Goodness of fit on F2 0.655
final R indices (I > 2σ(I)] R1 ) 0.0298, wR2 ) 0.0723
R indices (all data) R1 ) 0.1058, wR2 ) 0.2276
extinction coeff 0.0001(4)
largest diff peak and hole
(e Å-3)

0.659 and -0.286

Table 3. Bond Lengths (Å) and Bond Angles (deg)
for [NiCl{2-(CHdNCH2CH2NMe2)-3-ClC6H3}] (2c)
Ni-N(2) 1.852(3) Ni-N(1) 2.056(3)
Ni-C(7) 1.922(4) Ni-Cl(1) 2.174(1)
N(1)-C(2) 1.427(6) N(1)-C(1) 1.465(6)
N(1)-C(3) 1.509(6) N(2)-C(5) 1.292(5)
N(2)-C(4) 1.454(5) Cl(2)-C(11) 1.752(4)
C(3)-C(4) 1.459(6) C(5)-C(6) 1.431(5)
C(6)-C(11) 1.394(5) C(6)-C(7) 1.430(5)
C(7)-C(8) 1.406(5) C(9)-C(10) 1.398(6)
C(8)-C(9) 1.402(6) C(10)-C(11) 1.409(6)

N(2)-Ni-C(7) 83.6(1) C(5)-N(2)-Ni 118.6(3)
N(2)-Ni-N(1) 84.3(1) N(2)-C(5)-C(6) 113.9(3)
N(2)-Ni-Cl(1) 179.1(1) C(6)-C(7)-Ni 110.9(3)
C(7)-Ni-Cl(1) 96.0(1) C(4)-N(2)-Ni 118.0(3)
C(7)-Ni-N(1) 167.8(1) C(4)-C(3)-N(1) 111.4(4)
N(1)-Ni-Cl(1) 96.05(9) N(2)-C(4)-C(3) 108.0(4)
C(2)-N(1)-C(1) 110.3(4) C(7)-C(6)-C(5) 113.0(3)
C(2)-N(1)-C(3) 114.7(5) C(8)-C(7)-C(6) 118.0(3)
C(1)-N(1)-C(3) 101.7(4) C(8)-C(7)-Ni 131.1(3)
C(2)-N(1)-Ni 109.6(3) C(9)-C(8)-C(7) 120.7(4)
C(1)-N(1)-Ni 115.8(3) C(10)-C(9)-C(8) 121.9(4)
C(3)-N(1)-Ni 104.6(3) C(9)-C(10)-C(11) 117.2(4)
C(5)-N(2)-C(4) 123.4(3) C(6)-C(11)-C(10) 122.3(4)
C(11)-C(6)-C(7) 119.9(3) C(6)-C(11)-Cl(2) 119.6(3)
C(11)-C(6)-C(5) 127.1(4) C(10)-C(11)-Cl(2) 118.1(3)
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are nonequivalent, confirming the lack of a symmetry
plane. The aromatic protons of the diamine, as well as
the aromatic protons of the heterocyclic amines, are
shifted to high field, showing the cis arrangement of
both ligands. The o-methyl groups of the heterocyclic
amines are shifted to low field. This shift can be
explained by the paramagnetic anisotropy of the metal13
and shows that these groups occupy the axial positions
of the metal atom, as has been found by the X-ray
structure determination of a closely related nickel C-N
derivative.8

The 1H NMR spectrum of the 2,4-lutidine derivative
8f contains two sets of signals, in the ratio 3/1, in accord
with the presence of two isomers in solution. In these
complexes, the different arrangement of the NMe group
and the o-methyl of the lutidine, which occupies an axial
position in the coordination sphere of the metal, leads
to syn and anti isomers. These isomers are present in
different relative amounts, and we assume that the
major complex is the less hindered anti isomer.
Scheme 2 shows the possible structures of 2f and 2g.

The different color and solubility of these complexes in
comparison with the mononuclear imine derivatives
rules out the mononuclear structure a. Furthermore,
the MS FAB spectra suggest a dinuclear structure,
although dimerization can take place in the ionization
chamber (see above). When the oxidative addition of
[Ni(COD)2] to C-X bonds of o-halo-substituted imines
C6RnH5-nCHdNR′ or amines C6RnH5-nCH2NR′ was
performed in the absence of a Lewis base L (L )
aromatic amine, PMe2Ph), no organometallic compound
was obtained.8 This result shows the low stability of
dinuclear halo-bridged organonickel compounds and
rules out the dinuclear structure b, with halo-bridged
ligands for 2f,g. Consequently a dinuclear or poly-
nuclear diamine-bridged structure (c or d) can be
proposed for these complexes.
It is worth noting the different reactivities with regard

to [Ni(COD)2] of o-halo-substituted imines, which permit
the synthesis of mononuclear species, and o-halo-

substituted diamines, which lead to polynuclear nickel
derivatives. The planarity of the imine moiety (see the
X-ray structure of 2c) and the sp2 hybridization of the
methinic nitrogen atom in imine derivatives favors the
coordination of the nitrogen atoms of the CHdNCH2 and
NMe2 groups to the same nickel atom; consequently,
mononuclear complexes are formed with imines. In
contrast, the sp3 hybridization of both nitrogen atoms
in the diamine ligands probably allows the coordination
of the NMe2 group to a second nickel atom and dinuclear
complexes, with folded coordination planes, are formed.
Insertion Reactions. Bearing in mind that nickel

compounds with N-donor ligands have been used suc-
cessfully as precursors of catalytic species in different
processes,14 the action of ethylene and diphenylacety-
lene on the new nickelacycles prepared has been stud-
ied. When a THF solution of the ionic compound 3a
was treated with ethylene at 35 bar and 75 °C, the
starting compound was recovered unchanged. Gas
chromatographic analysis of the solutions did not show
any decomposition compounds coming from an insertion
of ethylene into the Ni-C bond followed by â-elimina-
tion. Furthermore, when 2c was treated with diphen-
ylacetylene, in the ratio 1/1.5, in refluxing THF for a
period of 3 h, the starting complex was recovered
unaltered. These results show that the Ni-C bonds in
the tridentate C-N-N′ imine derivatives are surpris-
ingly inert to insertion reactions. Since these insertion
reactions were observed in Ni-C-P15 and Ni-C-N2a

compounds, the difference can be attributed to an
unfavorable transition-state geometry for the insertion
process.
Redox Behavior of Organonickel(II) Complexes.

The symmetrical 2,6-bis[(dimethylamino)methyl]phenyl
ligand allows the stabilization of well-defined Ni(III)
species, in pentacoordinate4a or hexacoordinate4c aryl
complexes. The reaction between the imine derivative
2c and CuCl2 in THF gave undefined decomposition

(13) Miller, R. G.; Stauffer, R. D.; Fahey, D. R.; Parnell, D. R. J.
Am. Chem. Soc. 1970, 92, 1511.

(14) Togni, A.; Venanzi, L. M. Angew. Chem., Int. Ed. Engl. 1994,
33, 497. (b) Johnson, L. K.; Killian, C. M.; Brookhart, M. J. Am. Chem.
Soc. 1995, 117, 6414.

(15) Martinez, M.; Muller, G.; Panyella, D.; Rocamora, M.; Solans,
X.; Font-Bardia, M. Organometallics 1995, 14, 5552.

Scheme 2
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compounds, but when this reaction was performed with
the amine derivative 2f, a dark red solution was initially
formed which in few minutes turned green; finally, a
green solid was obtained. The analytical data for this
product were reproducible and agree with a stoichiom-
etry corresponding to [NiBrCl2(2-C6H4CH2N(Me)CH2-
CH2NMe2], but the magnetic moment observed (µeff )
2.95 µB at 23 °C) indicates the presence of two unpaired
electrons. The mass spectra of this compound, obtained
either in the solid state (FAB) or from its solutions (GC-
coupled), showed fragments of the bidentate amine
2-ClC6H4CH2N(Me)CH2CH2NMe2. All these results
indicate that the green product is the Ni(II) tetrahedral
compound [NiBrCl(2-ClC6H4CH2N(Me)CH2CH2NMe2)2],
probably formed by reductive elimination from a Ni(III)
species followed by reoxidation to the Ni(II) coordination
compound. The terminal position of the Ni-C bond in
the C-N-N′ compound, which probably facilitates the
decomposition of the organometallic compound by re-
ductive elimination, explains its lower stability in
relation to analogous derivatives with the symmetrical
N-C-N ligand.
We have tested THF solutions of the soluble imine

complexes by cyclic voltammetry. For example, the
results obtained from a 1.2 × 10-3 M solution of 2c in
THF, with Bu4NBF4 (0.1 M) as supporting electrolyte,
showed a quasi-reversible Ni(II)/Ni(III) oxidation reduc-
tion couple with Epa ) +0.85 V. This value is higher
than the oxidation potentials reported by van Koten et
al.4a (+0.24 to +0.57 V in acetone) for similar complexes
with symmetrical terdentate ligands [Ni(N-C-N)Cl],
indicating that the oxidation of the Ni(II) complexes is
much more difficult with the unsymmetrical ligand
C-N-N′.

Experimental Section
1H NMR spectra were obtained using a Varian Gemini-200

(200 MHz) spectrometer. Solvents used were CDCl3, [2H6]
acetone, and C6D6. Infrared spectra were recorded as KBr
disks on a Nicolet 520 FT-IR spectrometer. Microanalyses
were performed by the Institut de Quı́mica Bio-Orgànica de
Barcelona (CSIC) and by the Serveis Cientı́fico-Tècnics de la
Universitat de Barcelona. Mass spectra were recorded on a
Fisons VG-Quattro spectrometer. The samples were intro-
duced in a matrix of 2-nitrobenzyl alcohol for FAB analysis
and then subjected to bombardment with cesium atoms.
Conductivity measurements were taken with a Radiometer
CDM3 instrument in 10-3 M acetone solutions at 20 °C.
Materials and Synthesis. All manipulations of the orga-

nonickel compounds were carried out using Schlenk techniques
under a nitrogen atmosphere. All solvents were dried and
degassed by standard methods. Tetrahydrofuran and toluene
were distilled over sodium-benzophenone, under nitrogen,
before use. Pyridines and TlBF4 were obtained commercially.
Diamines,6a imines,16 and [Ni(COD)2]17 were prepared accord-
ing to procedures described elsewhere.
[NiX{2-(CHdNCH2CH2NMe2)C6R′nH4-n}] (X ) Br, R′ )

H, 2a; X ) Cl, R′ ) H, 2b; X ) Cl, R′ ) 3-Cl, 2c; X ) Cl, R′
) 3,4-Cl2, 2d; X ) Cl, R′ ) 4,6-Cl2, 2e). To a suspension of
[Ni(COD)2] (0.65 g, 2.40 mmol) in THF (30 cm3) at -78 °C was
added the corresponding imine (2.40 mmol). The reaction
mixture was warmed to room temperature and maintained for
2 h under these conditions. The solvent was partially removed
under vacuum, and ether was added. Compounds 2 were

precipitated and recrystallized in toluene-ether. Data for 2a:
0.52 g, 70%. Anal. Found: C, 42.1; H, 4.9; N, 9.0. Calcd for
C11H15BrN2Ni (Mr ) 314): C, 42.09; H, 4.78; N, 8.92. MS: m/z
314 (M). Data for 2b: 0.35 g, 55%. Anal. Found: C, 49.2; H,
5.8; N, 10.3. Calcd for C11H15ClN2Ni (Mr ) 269): C, 49.04; H,
5.62; N, 10.39. MS: m/z 269 (M), 234 (M - Cl). Data for 2c:
0.45 g, 60%. Anal. Found: C, 44.7; H, 4.9; N, 9.2. Calcd for
C11H14Cl2N2Ni (Mr ) 304): C, 43.46; H, 4.61; N, 9.22. MS:
m/z ) 304 (M). Data for 2d: 0.41 g, 50%. Anal. Found: C,
38.1; H, 3.9; N, 8.0. Calcd for C11H13Cl3N2Ni (Mr ) 338): C,
39.06; H, 3.87; N, 8.28. Data for 2e: 0.55 g, 67%. Anal.
Found: C, 39.0; H, 3.9; N, 8.1. Calcd for C11H13Cl3N2Ni (Mr

) 338): C, 39.06; H, 3.87; N, 8.28.
2f,g. To a suspension of [Ni(COD)2] (0.65 g, 2.40 mmol) in

toluene (30 cm3) at -78 °C was added the corresponding
diamine (2.40 mmol). The reaction mixture was warmed to
room temperature and maintained for 3 h under these condi-
tions. The insoluble solid formed (pale orange, 2f; pale pink,
2g) was washed with hexane and ether. Data for 2f: 0.65 g,
82%. Anal. Found: C, 41.9; H, 5.5; N, 7.9. Calcd for C12H19-
BrN2Ni: C, 43.70; H, 5.76; N, 8.49. Data for 2g: 0.80 g, 78%.
Anal. Found: C, 35.3; H, 3.6; N, 6.4. Calcd for C12H15Cl5N2-
Ni: C, 34.05; H, 3.57; N, 6.62.
[Ni{2-(CHdNCH2CH2NMe2)C6R′nH4-n}L]X′ (R′ ) H, L )

NCMe, X′ ) BF4, 3a; R′ ) H, L ) 2,4-Me2(C5H3N), X′ ) BF4,
4a). TlBF4 (0.58 g, 2.0 mmol) was added to a suspension of
2a (0.63 g, 2.00 mmol) in THF (40 cm3) containing acetonitrile
or 2,4-lutidine (2.4 mmol). After the mixture was stirred at
room temperature for 4 h, the precipitate of thallium bromide
formed was filtered off. The solvent was partially removed in
vacuo, and the yellow solids obtained were filtered off and
washed with ether. Data for 3a: 0.45 g, 62%. Molar conduc-
tivity ΛM ) 107 cm2 Ω-1 mol-1. Anal. Found: C, 43.4; H, 5.0;
N, 11.3. Calcd for C13H18BF4N3Ni (Mr ) 362): C, 43.16; H,
5.01; N, 11.61. Data for 4a: 0.60 g, 70%. Molar conductivity
ΛM ) 130 cm2 Ω-1 mol-1. Anal. Found: C, 50.0; H, 5.4; N,
10.0. Calcd for C18H24BF4N3Ni (Mr ) 428): C, 50.52; H, 5.65;
N, 9.82. MS: m/z ) 340 (M - BF4).
[Ni{2-(CHdNCH2CH2NMe2)C6H4}L]X′ (L ) 2,4-Me2-

(C5H3N), X′ ) Br, 5a; L ) 2-Me(C5H4N), X′ ) Br, 6a. To a
suspension of 2a (0.63 g, 2.00 mmol) in THF (50 cm3) was
added 2.50 mmol of 2,4-lutidine or 2-picoline. After the
mixture was stirred for 2 h, the solvent was removed and ether
was added. The yellow compounds so obtained were filtered.
Data for 5a: 0.59 g, 70%. Molar conductivity ΛM ) 80 cm2

Ω-1 mol-1. Anal. Found: C, 49.3; H, 5.8; N, 9.9. Calcd for
C18H24BrN3Ni (Mr ) 421): C, 51.35; H, 5.74; N, 9.98. MS: m/z
) 340 (M - BF4). Data for 6a: 0.60 g, 74%. Molar conductivity
ΛM ) 20 cm2 Ω-1 mol-1. Anal. Found: C, 49.7; H, 5.2; N,
10.0. Calcd for C17H22BrN3Ni (Mr ) 407): C, 50.17; H, 5.44;
N, 10.32.
[Ni{2-(CH2N(Me)CH2CH2NMe2)C6H4}L]X′ (L ) 2,4,6-

Me3(C5H2N), X′ ) BF4, 7f; L ) 2,4-Me2(C5H3N), X′ ) BF4,
8f). To a suspension of 2f (0.5 g, 1.5 mmol) in acetone (30
cm3) at room temperature were added TlBF4 (0.44 g, 1.5 mmol)
and 2,4,6-collidine or 2,4-lutidine (2 mmol). After 30 min of
stirring the precipitate formed was filtered. The solvent was
partially removed under vacuum, and ether was added.
Compounds 7f and 8 fwere precipitated as lemon yellow solids.
Data for 7f: 0.40 g, 60%. Molar conductivity ΛM ) 123 cm2

Ω-1 mol-1. Anal. Found: C, 52.1; H, 6.6; N, 9.3. Calcd for
C20H30BF4N3Ni (Mr ) 458): C, 52.45; H, 6.60; N, 9.17. Data
for 8f: 0.44 g, 67%. Molar conductivity ΛM ) 135 cm2 Ω-1

mol-1. Anal. Found: C, 48.9; H, 5.9; N, 8.8. Calcd for C19H28-
BF4N3Ni (Mr ) 444): C, 51.40; H, 6.36; N, 9.46. MS: m/z )
356 (M - BF4).
Magnetic Measurements. Magnetic measurements were

carried out at room temperature on polycrystalline samples
with a pendulum type magnetometer (Manics DSM8) equipped
with a Drusch EAF 16UE electromagnet. The magnetic field
was approximately 1.5 T. Diamagnetic corrections were
estimated from Pascal’s tables.

(16) Tennant, G. In Comprehensive Organic Chemistry; Barton, D.,
Ollis, W. D., Eds.; Pergamon: Oxford, U.K., 1979; Vol. 2, Part 8.

(17) Guerrieri, F.; Salerno, G. J. Organomet. Chem. 1976, 114, 339.
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Electrochemical Measurements. The cyclic voltammetry
studies were made on 10-3 M THF solutions of the neutral
imine complexes, introduced in a three-electrode cell under
Ar with platinum working and auxiliary electrodes. The
reference electrode SCE was separated from the solution by a
bridge compartment. The supporting electrolyte was 0.1 M
Bu4NBF4. The cyclic voltammograms were taken with a scan
rate of 0.1 V s-1, recorded on an Electrokemat potentiostat.
X-ray Crystallographic Study of [NiCl{2-(CHdNCH2-

CH2NMe2)-3-ClC6H3}] (2c). Data Collection. A prismatic
crystal (0.1 × 0.1 × 0.2 mm) of 2c was selected and mounted
on a Philips PW-1100 four-circle diffractometer. Unit cell
parameters were determined from automatic centering of 25
reflections (8 e θ e 12°) and refined by the least-squares
method. Intensities were collected with graphite-monochro-
matized Mo KR radiation, using the ω/2θ scan technique. A
total of 3716 reflections were measured in the range 2.55 e θ
e 30.05; 1764 reflections were assumed as observed, applying
the condition I g 2σ(I). Three reflections were measured every
2 h as orientation and intensity controls; significant intensity
decay was not observed. Lorentz-polarization, but not ab-
sorption, corrections were made.
Structure Solution and Refinement. The structure was

solved by Patterson synthesis, using the SHELXS computer
program18 for crystal structure determination, and refined by
the full-matrix least-squares method, with the SHELXS
computer program,19 using 2880 reflections (very negative

intensities were not assumed). The function minimized was
∑w[|Fo|2 - |Fc|2]2, where w ) [σ2(I) + (0.0753P)2 + 7.5828P]-1

and P ) (|Fo|2 + 2|Fc|2)/3; f, f ′, and f ′′ were taken from ref 20.
The extinction coefficient was 0.000(14). Fourteen hydrogen
atoms were computed and refined with an overall isotropic
temperature factor using a riding model. The final R (on F)
factor was 0.029, Rw (on |F|2) ) 0.072, and the goodness of fit
was 0.528 for all observed reflections. The number of refined
parameters was 147. Maximum shift/esd ) 0.12; mean shift/
esd ) 0.00. Maximum and minimum peaks in final difference
syntheses were 0.659 and -0.286 e Å-3, respectively.
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(18) Sheldrick, G. M., Acta Crystallogr. 1990, A46, 467.
(19) Sheldrick, G. M. Manuscript in preparation.
(20) International Tables for X-ray Crystallography; Kynoch Press:

Birmingham, U.K., 1974; Vol. IV, pp 99-100, 149.
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