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CRYSTAL STRUCTURE OF A lbIETHn(METHOXY)CARBENE COMPLEX 
OF NICKEL(H), trans-INi(CkC1S)(PMe2Ph)2{C(OMe)Me}IBF, 
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Department of Applied Chemistry Faculty of Engineering Osaka University, Yamaaboka, Suita, 
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The structure of a niclcel(I1) complex, trans-[Ni(C,C15)(PMez- 
Ph),{C(OMe)Me}]BF,, containing the simplest alkyl(alkoxy)carbene ligand has 
been determined by X-ray crystallography (R = 0.091). The geometry around the 
nickel atom is square-planar. The comparatively short Ni-C(1) bond length of 
1.843(10) A showed the presence of a-bonding in the nickel-carbene bond. 

Intraduction 

Transition metal-carbene complexes have received attention because of their 
importance as intermediates in organic reactions [l]. In addition, the bonding nature 
between the metal and the carbene ligand is of great interest from the viewpoint of 
structural chemistry. The preparation and characterization of a series of novel 
nickel(I1) complexes of the type trans-[NiRL,(carbene)]X (R = C&l, or C,H*Me,- 
2,4,6, L = PMe, or PMe,Ph, and X = ClO, or BF,) containing alkyl(alkoxy)carbene 
ligands have been reported [2-81. The precise structure of one of these complexes, 
truns-[Ni(GCl,)(PMe,)2 (CCH,CH,CH,O)]BF, [8], containing a cyclic carbene 
ligand has already been determined by means of X-ray diffraction [9], comparison of 
which with the corresponding vinyl complex, truns-[Ni(C,C15)(PMe3),- 
(C=CHCH,CH,O)], has clearly suggested a ?r-back-bonding contribution in the 
nickel-carbene bond [9]. We report here the molecular structure of one of the above 
nickel complexes, truns-[Ni(C&l,)(PM~Ph)z(C(OMe)Me}]BF~, containing the 
simplest alkyl(alkoxy)carbene ligand, in order to elucidate the nature of the carbene 
ligand. 

(Continued on p. 268) 
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Experimental 

The title compound was prepared according to the method reported previously 
[3], where the BF, anion was employed as the counter-anion instead of the ClO, 
anion. 

Crystal data. C,,H,,Cl,NiOP,BF,: M = 729.2, monoclinic, space group P2,/c, 
a 10.531(2), b 19.262(6), c 15.495(4) A, p 98.38(2)“, U 3109.5(13) A3, 2 = 4, D, 

1.558, D,,, 1.56 g cmm3, F(OO0) 1480, ~(Mo-K,) 12.0 cm-‘. 
A yellow prismatic crystal with approximate dimensions of 0.20 x 0.25 x 0.33 mm 

was mounted on a Rigaku automated four-circle diffractometer. Intensity data were 
collected up to a 20 value of 54.0” with graphite-monochromatized MO-K, radia- 
tion (h 0.71069 A). The 8-28 scan technique was employed at a 28 scan rate of 4’ 
min-’ with a scan width of A28 = (2.0 + 0.70 tan 0)‘. Background intensities were 
measured for 7.5 s at both ends of a scan. The scan was repeated twice for weak 
reflections (F < 3a(F)). Four standard reflections (400,080,006 and 036) measured 
at regular intervals showed no intensity decrease throughout the data collection. A 
total of 6800 independent reflections was collected, 4808 of which were considered 
as observed (1 F,I > 3a(]FJ)) and used for the structure determination and refine- 
ment. Usual Lp corrections were applied but corrections for absorption and extinc- 
tion effects were ignored. 

The structure was solved by the conventional Patterson and Fourier methods. The 
structure refinement was carried out by the block-diagonal least-squares procedure 
(HBLS-V [lo]), the function minimized being Zw(lF,I - IF,D2. The isotropic refine- 
ments including all the non-hydrogen atoms converged to an R value of 0.150, 
where R = ZllF,l - lF,ll/ZlF,l. After several cycles of anisotropic refinements, 12 
hydrogen atoms in the phenyl groups were included and refined isotropically. At the 
final stages of the refinement, three strong reflections (100,011 and i23), which were 
considered as highly affected by extinction, were omitted. The final R and R, 

indices were 0.091 and 0.111 for 4805 observed reflections, respectively, where R, is 
defined as {Zw(lF,l- IFcl)2/ZwlFol } 2 ‘I2 The weighting scheme used was w = (a,,’ . 
+ 0.25(F,()-‘, where u,, is the standard deviation obtained from the counting 
statistics, although unit weights were employed throughout the early stages of 
refinements. Atomic scattering factors were taken from International Tables for 
X-Ray Crystallography [ll]. The final atomic parameters are presented in Table 1. 

A table of the observed and calculated structure factors is available upon request 
from the authors. 

All computations were carried out on an ACOS 900 computer at the Crystallo- 
graphic Research Center, Institute for Protein Research, Osaka University. 

Results and discussion 

A stereoscopic view of the molecular packing in the unit cell as viewed along the 
C* axis is illustrated in Fig. 1 (ORTEP drawing [12]). No abnormally short 
intermolecular atomic contacts are observed, the shortest contact between non-hy- 
drogen atoms being 3.29(3) A [F(2)(x, y,t) . . . C(12)( - x, - i + y, i - z)]. 

The molecular structure (ORTEP drawing [12]) is shown in Fig. 2. The geometry 
around the nickel atom is square-planar, the maximum deviation from the least- 
squares coordination-plane being 0.045 A. The plane of the carbene ligand defined 
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Fig. 1. Stereoscopic view of the molecular packing in the unit cell as viewed along the c* axis. 

by the C(l), C(2) and 0 atoms is almost perpendicular to the coordination plane, the 
dihedral angle between these two planes being 88.4’. The ‘H NMR study shows that 
two isomers of the carbene ligand exist in solution owing to hindered rotation about 

5) 

‘4) 

Fig. 2. The molecular structure together with atomic numbering system. Atoms are represented by 
thermal ellipsoids at 30% probability levels. Hydrogen atoms are omitted for clarity. 
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the C-O bond, as presented below [3]. 

H3C \ 

0 

Ni+-C 
/ 

,0- CH3 

\ 
Ni+-CC\ 

CH3 CH3 

(I) (El 

As shown in Fig. 2, the Z isomer is observed in the crystal structure, which is 
consistent with the ‘H NMR spectrum of the fresh solution [3]. In the chromium 
complex [Cr(CO),(PPh,){C(OMe)Me}] containing the present carbene ligand, the 
methyl(methoxy)carbene ligand takes the E-configuration [13], while the Z isomer 
was observed in the platinum complex [Pt(Me)(PMqPh),{C(OMe)Me}]PF,, al- 
though the carbene ligand was highly disordered [14]. The pentachlorophenyl group 
is also located almost perpendicular to the coordination plane (dihedral angle 89.6”). 
Two dimethylphenylphosphine groups take an eclipsed conformation to each other, 
with the two phenyl groups lying on opposite sides about the P(l)-Ni-P(2) bonds. 

The bond distances and bond angles are listed in Tables 2 and 3, respectively. 
Table 4 summarizes the Ni”-C(sp’) bond lengths in the known square-planar 

TABLE 2 

BOND DISTANCES (A) WITH THEIR ESTIMATED STANDARD DEVIATIONS IN PARENTHE- 

SES 

Ni-C(1) 

Ni-P(1) 

C(l)-C(2) 
C(l)-0 
P(l)-C(11) 

P(l)-C(12) 
P(l)-C(13) 

C(13)-C(14) 
C(14)-C(U) 
C(U)-C(16) 

C(16)-C(17) 
C(17)-C(18) 

C(lX)-C(13) 
C(31)-C(32) 
C(33)-C(34) 

C(35)-C(36) 
C(32)-Cl(32) 
C(34)-Cl(34) 

C(36)-Cl(36) 
B-F(l) 
B-F(3) 

C(14)-H(14) 
C(U)-H(15) 
C(16)-H(16) 
C(17)-H(17) 
C(18)-H(U) 

xX43(10) 
2.232(3) 

1.536(16) 
1.261(12) 

1X60(14) 

1.826(18) 
1.833(10) 
1.371(14) 
1.373(17) 

1.362(19) 
1.362(20) 

1.394(19) 
1.377(16) 
1.394(11) 
1.399(12) 

1.391(11) 

1.739(8) 
1.710(9) 
1.751(8) 

1.28(3) 
1.25(3) 
1.02(8) 
1.02(10) 
0.98(10) 
l.OO(lO) 
0.99(10) 

Ni-C(31) 

Ni-P(2) 

O-C(3) 
P(2)-C(21) 

P(2)-C(22) 
P(2)-C(23) 
C(23)-C(24) 
C(24)-C(25) 

C(25)-C(26) 
C(26)-C(27) 

C(27)-C(28) 
C(28)-C(23) 
C(32)-C(33) 

C(34)-C(35) 

C(36)-C(31) 
C(33)-CI(33) 
C(35)-Cl(35) 

B-F(2) 
B-F(4) 
C(24)-H(24) 

C(25)-H(25) 
C(26)-H(26) 
C(27)-H(27) 
C(28)-H(28) 

1.928(7) 

2.219(3) 

1.479(14) 

1.840(14) 

1.835(13) 
1.823(9) 
1.377(15) 
1.372(18) 

1.381(19) 
1.339(19) 

1.405(18) 
1.374(14) 
1.387(11) 

1.392(11) 

1.392(10) 
1.715(9) 
1.727(U) 

1.26(3) 
1.30(2) 
0.97(9) 
0.95(10) 
0.98(10) 
1.04(10) 
l.Ol(9) 
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nickel(I1) complexes. The Ni-C(1) bond length in the present complex, which 
is almost compatible to the Ni-C(carbene) bond length in truns-[Ni(C,$l,)- 
(PMe,),(CCH,CH,CH,O)]BF, (1.837(7) A) [9], is one of the shortest Ni”-C(sp2) 
bond lengths listed in Table 4. These facts imply that the n-back-bonding from the 
metal atom to the carbene ligand contributes significantly in the nickel-carbene 
bond. On the other hand, little a-interaction in the metal-carbene bond was 
suggested in both [Cr(CO),(PPh,){C(OMe)Me}] [13] and [Pt(Me)(PMqPh),{C- 
(OMe)Me}]PF, [14]. The Ni-C(31) bond length falls into the range found for the 
bonds between the nickel and C,R, group (1.88-1.98 A) in Table 4. Of the bond 
angles around the C(1) atom, the Ni-C(l)-0 angle is quite a bit larger and the 
0-C(l)-C(2) angle is smaller than the expected value for an sp2 carbon atom. This 
may be due to the repulsion between the Ni atom and the C(3) methyl group. The 
C(l)-0 bond distance is much shorter than the normal C-O single bond length, 
which suggests partial double-bond character due to the resonance structure (c) 
shown below. 

TABLE 3 

BOND ANGLES (“) WITH THEIR ESTIMATED STANDARD DEVIATIONS IN PARENTHESES 

C(l)-Ni-P(1) 

P(l)-Ni-C(31) 
P(l)-Ni-P(2) 
Ni-C(l)-C(2) 

o-C(l)-C(2) 
Ni-P(l)-C(11) 

Ni-P(l)-C(12) 

Ni-P(l)-C(13) 
C(ll)-P(l)-C(12) 

C(ll)-P(l)-C(13) 
C(12)-P(l)-C(13) 
P(l)-C(13)-C(14) 
P(l)-C(13)-C(18) 

C(14)-C(13)-C(18) 
C(13)-C(14)-C(15) 

C(14)-C(15)-C(16) 

C(15)-C(16)-C(17) 
C(16)-C(17)-C(18) 
C(17)-C(lS)-C(13) 
Ni-C(31)-C(32) 

C(36)-C(31)-C(32) 
C(32)-C(33)-C(34) 
C(34)-C(35)-C(36) 

C(31)-C(32)-Cl(32) 
C(32)-C(33)-Cl(33) 
C(33)-C(34)-Cl(34) 
C(34)-C(35)-Cl(35) 
C(35)-C(36)-Cl(36) 
F(l)-B-F(2) 
F(l)-B-F(4) 
F(2)-B-F(4) 

90.8(4) 

89.5(3) 
176.5(2) 

120.1(8) 

109.6(9) 
111.2(5) 

117.2(6) 

114.44) 
102.1(8) 

104.8(6) 
105.7(7) 
120.3(S) 
120.7(8) 

118.6(10) 
119.7(11) 

122.1(13) 

118.9(14) 
119.7(14) 
120.9(12) 
125.7(6) 

114.9(7) 
118.9(S) 

119.5(S) 
117.3(6) 
121.1(7) 
120.8(7) 
119.5(7) 
118.8(6) 
100.6(18) 
105.3(16) 
112.9(16) 

C(l)-Ni-P(2) 

P(2)-Ni-C(31) 
C(l)-Ni-C(31) 
Ni-C(l)-0 

C(l)-O-C(3) 
Ni-P(2)-C(21) 

Ni-P(2)-C(22) 
Ni-P(2)-C(23) 

C(21)-P(2)-C(22) 

C(21)-P(2)-C(23) 
C(22)-P(2)-C(23) 

P(2)-C(23)-C(24) 
P(2)-C(23)-C(28) 

C(24)-C(23)-C(28) 
C(23)-C(24)-C(25) 

C(24)-C(25)-C(26) 
C(25)-C(26)-C(27) 
C(26)-C(27)-C(28) 

C(27)-C(28)-C(23) 
Ni-C(31)-C(36) 

C(31)-C(32)-C(33) 
C(33)-C(34)-C(35) 
C(35)-C(36)-C(31) 

C(33)-C(32)-Cl(32) 
C(34)-C(33)-Cl(33) 
C(35)-C(34)-Cl(34) 
C(36)-C(35)-Cl(35) 
C(31)-C(36)-Cl(36) 
F(l)-B-F(3) 
F(2)-B-F(3) 
F(3)-B-F(4) 

91.8(4) 
87.6(3) 

175.8(4) 

130.3(8) 

118.3(9) 
112.1(5) 

115.9(5) 
116.6(4) 

102.7(6) 

104.3(6) 
103.8(6) 
122.0(8) 
119.6(8) 

118.3(10) 
121.4(11) 

119.0(13) 

121.4(13) 
119.1(13) 

120.7(11) 
119.3(6) 

124.1(8) 
119.2(8) 

123.5(7) 
118.6(7) 

120.0(7) 
120.1(7) 
121.0(7) 

117.8(6) 
103.2(17) 
117.5(17) 
114.8(15) 
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TABLE 4 

NICKEL(H)-CARBON (sp’) BOND LENGTHS IN SQUARE-PLANAR NICKEL(I1) COMPLEXES 

Complex Ligand Length (A) Reference 

nuns-[Ni(CsC1s)(PMes),(dCHICHaCH2G)]BF4 

rruns-[Ni{C(=O)Me)Cl(PMes)a] 

nuns-[Ni(CsC1s)(PMezPh),{C(OMe)Me)]BF4 

[Ni(S=CNMea)(C(NMe,)SC(NMe,)=S)]BPh, 

truns-[Ni(C,Fs)Br(PPhrMe) r] 

[Ni(Ph)(PPh,)(PPh,CH=C(Ph)O}] 

[Ni{ PhC=C(Ph)Me}(PPh,)(acac)] 

tmns-[Ni(~Cls)(C,Fs)(PPhzMe)2] 
[Ni(S=CNMe,){C(NMe,)SC(NMes)=S}]BPh, 

rruns-[Ni(Cr,C1,)(PMe,)2(Cn)] 

truns-[Ni(C,Cls)(PMes),(C!)]BF, 

(runs-[Ni(C,Cls)(PMe,Ph),{C(OMe)Me}]BF, 
I I 

rruns-[Ni(CsC1s)(PMes)2(C=CHCHaCH20)] 

rruns-[Ni{CsH,(OMe),-2,6]a(PMe,Ph)s] 

nuns-[Ni(GFs),(PPh,Me)r] 

rruns-[Ni(CsH,(OMe)2-2,6)2(PMe,),l 

zruns-[Ni{C,H(OMe)z-2,6-Br2-3,5),(PMesPh)s] 

truns-[Ni(CsH(OMe)z-2,6-Brz-3,S)r(PMes)z] 

rrans-[Ni(CsCls)(C,Fs)(PPh,Me),] 

CCH,CH,CH,G 1.837(7) 

C(=O)Me 1.84(l) 

C(OMe)Me 1.843(10) 

S=CNMer 1.854(11) 

C,Fs 1.880(5) 

C6I-b 1.893 

PhC=C(Ph)Me 1.897 

c6c1S 1.905(10) 

C(NMe,)SC(NMe+S 1.909(10) 
I I 

C=CHCH,CH,O 1.909(3) 

c6c15 1.912(9) 

c6c15 1.928(7) 

c6c15 1.930(3) 

C6H,(OMe)2-2,6 1.928(5) 

1.931(5) 

1.951(5) 

C6F5 1.939(3) 

C,Hs(OMe)r-2,6 1.933(5) 

1.954(5) 

C,H(OMe)r-2,6-Bra-3,5 1.945(5) 

C,H(OMe)s-2,6-Br,-3,5 1.962(8) 

C6FS 1.978(10) 

9 

15 

this work 

16 
17 

18 

19 

20 

16 

9 

9 

this work 

9 

21 

22 

21 

21 
21 

20 

In conclusion, it is clearly suggested that both the resonance structures (a) and (c) 
play significant roles in the bonding between the metal and the carbene ligand in the 
present complex. 
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