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Abstract

The o-diimine ligands Ar—-N=C(R)C(R)=N-Ar react with Ni(COD), (2) in the presence of methallyloxyphosphonium
hexafluorophosphate [CH,=C(Me)CH,-O-P(NMe,);]" -PF4 (3) to give new cationic methallyl complexes of nickel(II) with o-
diimine ligands 4a and 4b. The same complexes 4a—d can also be generated in high yields by reacting [a-diimine] NiBr, with zinc and
methallyloxyphosphonium salt 3. Molecular structure of 4a was determined by a single-crystal X-ray diffraction.

© 2003 Elsevier Science B.V. All rights reserved.
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Cationic allylnickel complexes with non-chelating
ligands are known to catalyze the oligomerisation of
ethylene [1,2]. A few examples of cationic n’-allylnickel
compounds with chelating ligands have been reported
[3]. However, the synthesis of cationic n*-allylnickel(II)
complexes with a-diimine ligands is almost unknown
and their catalytic properties have not been reported.

In this note, we report the synthesis of new cationic
n*-methallylnickel(II) complexes with bulky aryl-sub-
stituted a-diimine ligands.

According to the literature, [4] cationic n>-methallyl-
nickel complexes with chelating ligands 1a and 1b have
been prepared by the reaction of bis[u-bromo(n’-
methallyl)nickel] (1) with these ligands followed by the
bromo ligand abstraction via metathetical exchange
with tetrafluoroborate by adding TIBF, (Scheme 1).

Recently, we have described the development of a new
class of cationic methallylpalladium complexes with
aryl-substituted a-diimines [5]. This method has been
successfully applied in the case of Ni(II) complexes. In
fact, the oxidative addition of methallyloxyphospho-
nium hexafluorophosphate 3 to the zerovalent com-
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pound Ni(COD), [6] in the presence of bulky aryl-
substituted a-diimine ligands led to an exclusive forma-
tion, in high yields, of cationic n*-methallylnickel(IT)
complexes with bidentate nitrogen ligands [(n>-
C4H7)Ni(N"N)]" -PFs (Scheme 2).

One thing to be noticed is that the preparation of the
Ni(COD), complex involves significant synthetic effort
and that it is an air-sensitive product. This reagent must,
therefore, be stored and handled under strictly con-
trolled conditions. In order to use more simple and
stable reagents, we have investigated the possibility of in
situ generation of low-coordinated Ni’(a-diimine) spe-
cies. A convenient method for the in situ generation of
these complexes results from the chemical reduction of
divalent nickel(IT) complexes containing aryl-substituted
a-diimine ligands with zinc. Indeed, the reduction of the
(o-diimine) NiBrp [7-9] complexes with zinc in the
presence of the salt 3 in dichloromethane generates the
cationic n*-methallylnickel complexes with a-diimine
ligands [(n*-C4H;)Ni(N " N)]* -PFs (Scheme 3):

The new complexes exhibit spectroscopic data in
accord with the proposed structures. The formation of
the allyl complexes 4a—d is clear from the observed syn-
and anti-proton signals in the "H-NMR spectra. The
complex 4a presents equivalent signals of the syn- and
anti-protons on one end of the allyl moiety as indicated
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by analysis of the HMQC spectral data in which cross-
peak was observed between Jy 2.28 (Hgynani) and o¢
61.9 (C,3). The "H-NMR spectra of complexes 4b and
4c are characterized by the syrn- and anti-allylic protons;
thus, the two resonances are at 2.34 ppm (H,,y); 2.45
ppm (Hgy,) for 4b and at 2.61 ppm (H,ng); 2.76 ppm
(Hgyn) for 4c. In the 13C-NMR spectra, the allylic
carbons C; and Cj appear at 61.9, 62.5, 61.8 and 60.9
for 4a, 4b, 4c and 4d, respectively. The C=N carbon
appears at 178.7, 178.4, 173.5 ppm for 4a, 4b, 4¢ and at
185.0, 185.3 for 4d. The IR spectra are also instructive.
The complexes 4a—d show in IR spectroscopy a C=N
stretching frequency in the region 1590-1690 cm ',
which is in agreement with those reported for other a-
diimine complexes coordinated as an s-cis conformation
[9,10]. The v(PFg ) value is evident (843 cm ).

The single-crystal X-ray diffraction study of complex
4a reveals a structure consisting of loosely associated
[(n*-C4H7)NI(N”N)] " cations and octahedral PFg
counteranions without direct interactions as appears
from the large distance between the metal and the
nearest fluorine atom (Ni—F2 =4.755(3) A). The orRTEP
diagram of 4a is shown in Fig. 1. The ligand a was
coordinated with an s-cis conformation as seen in Fig. 1,
with Ni—N(sp?) bond lengths of 1.922(7) and 1.923(7) A

CH;
Ni(COD), + [CHZAO-P(NMQ)EI * PFg
2

3

Me Me
C
a

which are very close to those reported for other nickel—
imino—nitrogen bonds [11].

The N(1)-Ni—N(2) angle of 82.1(3)" reflects a slightly
distorted square-planar coordination sphere. The metal-
chelate ring (Ni-N1-C5-C6—-N2) in complex 4a is
almost flat as indicated by the torsion angles of
—2.9(3), 1.2(6) and 3.1(8)° for N(1)-C(5)-C(6)-N(2),
Ni—N(2)-C(6)-C(5), and Ni—N(1)-C(5)—C(6), respec-
tively. The methyl on the allyl group is slightly tilted out
of the allyl plane by approximately 15° as indicated by
the torsion angle of 165.4(8) for C(4)—C(2)-C(3)-C(1).
The allyl plane makes an angle of 107.7(3)° with the
nickel coordinative plane which is normal for n°-2-
methylallyl complexes of nickel [4]. The o,0’-dimethyl-
phenyl groups make an angle of approximately 90° to
the plane of the C=N bonds, due to the presence of the
o-methyl substituents, as appears from the torsion
angles of —87.8(6), 90.4(8), 92.3(7), and —91.1(4)° for
C(5)-N(1)-C(9)-C(10), C(5)—N(1)-C(9)—-C(14), C(6)—
N(@2)-C(17)-C(18) and C(6)-N(2)-C(17)-C(22), re-
spectively.

In conclusion, a novel synthetic procedure for cationic
methallylnickel(IT) complexes with o-diimine ligands
was described. This procedure offers the possibility to
exchange the PFg counteranion against more bulky and

Scheme 2.
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very weakly coordinating anions. Our ongoing efforts in
this way will be reported.

1. Experimental

All manipulations were performed under an argon
atmosphere using standard Schlenk tube techniques.
Dichloromethane and diethylether were distilled under
argon from P,0Os and sodium benzophenone ketyl,
respectively, and stored under argon. The complexes
Ni(COD), [6] and (a-diimine) NiBr, [7-9] were synthe-
sized following established procedures. NMR spectra
were recorded on a Bruker AMX 300 spectrometer and
infrared spectra on a BioRad FTS-6000 spectrophot-
ometer.

Fig. 1. orTEP diagram of 4a-CH,Cl,. Thermal ellipsoids are at 40%
probability. Methylene chloride of crystallization and PF¢ anion are
omitted for clarity. Selected bond lengths (A) and angles (°): Ni-N1 =
1.922(7), Ni-N2 =1.923(7), Ni-Cl =2.010(10), Ni—C2 =1.977(10),
Ni—C3 =2.003(10), N1-C5=1.268(10), N1-C9 =1.450(10), N2-—
C6=1.290(11), N2-C17 = 1.447(10), C1-C2 =1.388(14), C2-C3 =
1.38(2); N1-Ni—N2 =82.1(3), N1-Ni—C1 = 103.6(4), N2-Ni-C3 =
102.7(4), Ni-N1-C5 =115.7(6), Ni-N2-C6 = 115.3(5).

1.1. Preparation of 4a

1.1.1. Method A

To 20 ml of CH,Cl, solution of Ni(COD), (140 mg,
0.5 mmol) was added 193 mg of salt 3 (0.5 mmol) and
DAB a (150 mg, 0.5 mmol) at ambient temperature.
After 24 h of stirring, the red solution was filtered
through a celite filter and the residue was washed with
CH,Cl, (2 x 5 ml). The combined filtrates were evapo-
rated to dryness and the product was washed with
diethylether (3 x 10 ml) and dried in vacuo yielding 240
mg of 4a as a red solid (87%).

1.1.2. Method B

To a mixture of [diacetyl-bis(2,6-dimethylphenylimi-
ne)|NiBr; (340 mg, 0.66 mmol) in dichloromethane (20
ml) was added 252 mg of salt 3 (0.66 mmol) and Zn
powder (65 mg, 1 mmol). After 48 h of stirring at
ambient temperature, the mixture was filtered through a
celite filter to remove zinc bromide formed and the
residue was washed with dichloromethane (2 x 5 ml).
The combined filtrates were evaporated to dryness and
the product was washed with diethyl ether (3 x 15 ml) to
remove HMPT and dried in vacuo yielding 280 mg of 4a
as a red solid (78%).

Decomposition: 210°C. IR [v ecm '] (KBr): 841
(PF¢); 1591; 1629 (C=N). 'H-NMR (300 MHz,
CD,Cl): 6 2.03 (s, 3H, Hy); 2.06 (s, 6H, 0-CH3); 2.13
(s, 6H, 0-CH3); 2.28 (s, 4H, Hypiisyn); 2.31 (s, 6H, CH3);
7.08-7.20 (m, 6H, H,om). C-NMR (7547 MHz,
CD,Cly): 0 184, 18.5 (0-CHj3); 19.0 (CHs); 24.2 (Cy);
61.9 (Cy3); 127.8-135.7 (Cyr+Cy); 146.5 (Cipso); 178.7
(Cimin)- Anal. Calc. for 4a-CH2C12(C24H31N2NiPF6-
CH,Cl,): C, 47.20; H, 5.22; N, 4.40%. Found: C,
46.82, H, 5.11; N, 4.45%.
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1.2. Preparation of 4b

The complex 4b was obtained from Ni(COD), (170
mg; 0.62 mmol), 250 mg of b (0.62 mmol) and 235 mg of
salt 3 (0.62 mmol) in 88% yield by the same procedure
(method A) as an orange—red solid.

1.2.1. Method B

The complex 4b was synthesized in 79% yield follow-
ing the procedure for 4a (method B) from [diacetyl-
bis(2,6-diisopropylphenylimine)]NiBr,.

Decomposition: 203 °C. IR [v cm~ '] (KBr): 844
(PF¢); 1590; 1625 (C=N). 'H-NMR (300 MHz,
CDCl5): ¢ 1.10 (d, Jyu =7.13 Hz, 6H, CH;—'Pr); 1.23
(d, 6H, Jyu =7.43Hz, CH;—'Pr); 1.32 (d, Juyu =6.98
Hz, 12H, CH;—'Pr); 2.03 (s, 3H, Hy); 2.18 (s, 6H, CH3);
2.34 (s, 2H, Hini, Hang); 245 (s, 2H, Hiyp, Hin); 2.90
(m, 2H, CH-"Pr); 3.17 (m, 2H, CH-'Pr); 7.26 (m, 6H,
H,.). *C-NMR (75.47 MHz): 6 20.5 (CH3); 23.4 (Cy);
23.7, 24.2, 24.4 (CH;-'Pr); 29.9, 30.1 (CH-"Pr); 62.5
(Ci3); 125.2-137.4 (C,r+Cy); 143.9 (Cipso); 178.4 (Ci

min)-
1.3. Preparation of 4c

The complex 4¢ was synthesized from [2,6-'Pr,C¢Hs-
BIAN]NiBr;, following the procedure for 4a (method B),
in 72% yield as an orange—red solid.

Decomposition: 237°C. IR [v cm~!] (KBr): 844
(PFg); 1600; 1635 (C=N). 'H-NMR (300 MHz,
CDCly): § 091 (d, Jun = 6.23 Hz, 6H, CH;—'Pr); 1.05
(d, Jun = 6.47 Hz, 6H, CH;—'Pr); 1.40 (d, Jyu =6.73
Hz, 12H, CH;—'Pr); 2.19 (s, 3H, CHs-allyl); 2.61 (s, 2H,
Hzlmtiy Hgnti); 2.76 (Sy ZH’ Hslym Hgyn); 3.15 (1’1’1, 2H3
CH-'Pr); 3.43 (m, 2H, CH-'Pr); 6.63 (d, Jyu =7.29
HZ, 2H, H3), 7.36 (In, 4H, HlO,lZ); 7.43 (rn, ZH, Hll);
7.53 (pst, 2H, Hy); 8.23 (d, J=8.35 Hz, 2H, Hs). "*C-
NMR (75.47 MHz): ¢ 23.3, 23.5 (CH;—'Pr); 24.1 (Cy);
24.4 (CH3—'Pr); 30.0 (CH-"Pr); 61.8 (C3); 124.4 (Cy);
125.2, 125.4 (Coym); 126.2 (Cp); 129.6 (Cyg); 129.9 (Co);
132.1 (Cy); 134.3 (Cyp); 135.6 (Co0); 138.5 (Cyy); 143.0
(Cy); 147.8 (Cyp); 173.5 (Cs).

1.4. Preparation of 4d
The complex 4d was obtained from [Ph—BIC]NiBr,

following the procedure for 4¢, in 83% yield as a red
solid. Decomposition: 220 °C. IR [v cm '] (KBr): 843

(PFg); 1595; 1650; 1689 (C=N). '"H-NMR (300 MHz,
CDCl3): 6 0.59 (s, 3H, Hy»); 0.95 (s, 3H, Hyy); 1.05 (s,
3H, Hi3); 1.74-2.12 (m, 4H, Hgo); 2.19 (s, 3H, Hy);
2.55-2.70 (rn, SH, 2Hami+2Hsyn+H10); 7.18 (d, JHH =
7.29 Hz, 4H, H,); 7.40-7.51 (m, 6H, Hymp). C-
NMR (75.47 MHz): ¢ 11.4, 17.5, 22.1 (Ciz13.14);
24.6 (Cy); 24.0, 33.1 (Cso); 50.8 (C7); 51.4(Cyp); 57.9
(C11); 60.9 (Cy3); 1214, 1223 (Coo); 1284, 129.0
(Cp); 130.0, 130.4 (Cym); 133.5 (Cauyr); 147.4, 147.5
(Cipso); 185.0, 1853 (Csg). Anal. Calc. for 4d-
CH2C12(C26H31N2NiPF6'CHzClz)I C, 4912, H, 503,
N, 4.24%. Found: C, 49.05, H, 5.44; N, 4.10%.

1.5. Crystallographic data for 4a

C24H31N2PF6Ni'CH2C12; fw. = 63612, mOHOCliniC;
P2(1); Z=2; a=10.952(2) A; b=10.759(2) A; c=
13.191(3) A; f=110.41(3)°; V =1456.7(5) A>; Deye =
1.453 g cm > R=0.0703; R, =0.1730; —14 <h < 14;
—13<k <12; —17<1<17; Mo (R, =0.7107 A); T =
223 (2) K.

Atomic coordinates and anisotropic temperature
factors have been deposited at the Cambridge Crystal-
lographic Data Center, University Chemical Labora-
tory, 12 Union Road, Cambridge CB2 1EZ (CCDC
176884).
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