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Cationic tetracoordinate nickel(R) compounds containing a nickel-carbon 
o bond with general formula [NiR(etp)]Y, (etp = bis( 2diphenylphosphino* 
ethyl)phenylphosphine, PhP(CH,CH,PPh,),; R = CH,, CH2CsHS, CdHs; Y = 
BPh4, PF,) were synthesized by reaction of the complexes [NiX(etp)]Y (X = 
halogen) with appropriate Grignard reagents. 

This type of organometallic complexes undergo insertion of sulfur dioxide 
into the Ni-C bond with formation of tetracoordinate 0-sulfinate derivatives 
of nickel(R), The structure of [NiOS(O)CH,(etp)]BPh, has been determined 
from three dimensional X-ray data collected by counter methods. The com- 
pound crystallized in the triclinic group Pi with cell dimensions (z 16.726(4), 
b 15.350(a), c 11.632(3) & Q! 66.55(4), @ 73.37(4), y 74.75(4)“, Z = 2. The 
structure was refined by full matrix least-squares methods to a conventional R 
factor of 0.076. The coordination polyhedron has a distorted square planar 
geometry. The sulfinate group is linked to the metal through an oxygen atom. 

Introduction 

In recent years a wide variety of neutral organonickel(I1) complexes have 
been characterized [l] ; cationic organometallic nickel(R) derivatives have 
attracted less attention 121. The only cationic complex with square planar 
geometry so far reported has the formulae [C,Cl,Ni(P(CH,),(C,H,))(3,5- 
lutidine) ] C104 131. 

The ability of these compounds to insert small molecules is rather low 
[4,5,6] ; insertion of sulfur dioxide into the Ni< bond has been reported only 
for [ (C,H,)Ni(PR;)R’], which forms S-sulfinate derivatives [ 71. 
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With the aim of further investigating the chemistry of cationic organonickel 
complexes, we have synthesized complexes of formula [NiR(etp)] Y, R = CH,, 
CH&H,, C,H,; etp = bis(2diphenylphosphinoethyl)phenylphosphine, PhP- 
(CH,CH,PPh,),; Y = PF,, BPh, and square planar geometry by reaction of 
[NiX(etp)]Y, X = halogen, with the appropriate Grignard reagents_ The above 
complexes react with sulfur dioxide to give 0-sulfinate derivatives. All the com- 
plexes have been characterized by conductivity, ‘H NMR and other spectro- 
scopic measurements. The structure of [NiOS(O)CH,(etp)]BPh, has been deter- 
mined by a complete X-ray analysis. 

Experimental section 

All solvents were purified by standard methods; the ligand etp was purchased 
from Strem Chemicals Inc. Danwers (Massachussets) and was used without fur- 
ther purification. The complexes [NiX(etp)]Y (X = halogen; Y = PF,, BPh,) 
were prepared by methods previously described [S]. AI1 the syntheses were car- 
ried out under dry nitrogen. 

Synthesis of complexes [NiR(etp)] Y (R = CH3, CH,C&l, C&l,; Y = PF,, BPh,) 
A solution of the appropriate Grignard reagent (1 mmol) in ether was slowly 

added to a suspension of ]NiX(L)]Y (1 mmol) in tetrahydrofuran (40 ml). The 
resulting slurry was stirred at 0°C for 1 h, then treated with a few drops of wa- 
ter and filtered. The crystalline products were obtained from the filtrate by 
addition of absolute ethanol and concentration under nitrogen. The com- 
pounds were filtered and then washed with absolute ethanol and petroleum 
ether. The complexes may be recrystallized from methylene chloride-absolute 
ethanol_ 

Reaction of sulfur dioxide with [NiR(etp)] Y (R = CH, CH&&i,, C&J 
The complexes were placed in a cold trap immersed in a dry ice/acetone 

bath; dry s=uKur dioxide was then tiondensed into the trap and dissolved the 
complexes. The addition of sulfur dioxide was stopped immediately after the 
complete dissolution of the solid. The liquid was removed by allowing the trap 
to warm to room temperature. The remaining solid was dissolved in methylene 
chloride; orange crystals of the compounds were obtained by addition of etba- 
no1 and concentration in a stream of nitrogen_ The complexes were recrystal- 
lized from methylene chloride-ethanol. 

Physical measurements 
Magnetic, conductometric and spectrophotometric (both visible and it-&a- 

red) measurements were carried out using methods already described 191. 
Proton magnetic resonance spectra were recorded with a Varian EM 390 

spectrometer. The solutions in deuterated methylene chloride were prepared 
under nitrogen and then transferred to the sample tube, which was then sealed. 
Chemical shifts are quoted relative to tetramethylsilane, TMS = 10.00 T. 

Collection and reduction of X-ray intensity data 
A well formed crystal with dimensions 0.05 X 0.4 X 0.22 mm was used 
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TABLE 1 

CRYSTAL DATA FOR [NiOS(O)CH3(etp)IBP~ 

QgH56BNiOzP3S 
crwstal system 

space group 

ten dimensi0r.s 

Volume, V 
Density 

Linear absorption coefficient (MO-&) 

F.W. 991.6 
triclinic 

: 16.726 (4) a ff = 65.55 (4) o 
b = 15.350 (4) 18 p = 73.37 (4) 0 
c = 11.632 (4) A 7 = 74.75 (4) 0 
2568.89 A3 
ohs. 1.28 gem-3 
calcd. 1.282 gcme3 for Z = 2 

5.50 cm-l 

throughout cell determination and data collection on a Philips’s PW 1100 
automated diffractometer. By using monochromatized MO-& radiation it was 
established that the compound crystallized in the triclinic system. The space 
group P-Z was initially assumed and later confirmed by successful refinement of 
the structure. The unit cell dimensions were obtained by a least-squares refine- 
ment of 20 angular settings. The relevant crystal data are summarized in Ta- 
ble 1. The intensities of 4761 reflections were measured up to 6 < 20”. Of 
these, 2841 unique reflections which obeyed the condition I > 2.50(I) were 
used in subsequent calculations. The crystal chosen had faces of the form 
{loo}, {OlO}, {OOl} and {Oil}. An absorption correction was applied for this 
specimen, although the difference between maximum and minimum absorption 
was less than 5%. 

Solution and refinement of the structure 
The structure was solved by direct methods and refined by full matrix least 

squares methods using anisotropic thermal parameters for Ni, P, S, 0, B and 
non-rigid body carbon atoms. Rigid body models were assumed for phenyl 
groups. (C-C distance = 1.395 Ai). The hydrogen atoms were placed geomeki- 
tally such that C-H was equal to 1.08 A. Common isotropic temperature fac- 
tors were used for these hydrogen atoms. The refinement converged to R = 
0.076 for the conventional R factor and R, = 0.075 for the weighted R factor. 
An analysis of the variance showed little systematic variation of IF,,, - PC&d 1 

. with either sin B/h or Fobs_ Most calculations were performed by using the 
SHELX system of programs [lo] _ The final positional and thermal parameters 
are listed in Table 2. Important intramolecular bond distances and angles are 
reported in Table 3. 

Results and discussion 

The complexes of formula [NiR(etp)]Y, (R = CH3, CH2C6HS, CaHj; Y = PF,, 
BPh,), which contain a nickel-carbon o bond, are synthesized by reaction of 
the appropriate Grignard reagent with the four coordinate complexes 
[NiX(etp)]Y (X =‘halogen). Analytical data for the compounds are listed in Ta- 
ble 4. These derivatives are fairly air stable and are diamagnetic in the solid 
state; they are readily soluble in polar organic solvents without decomposition 
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TABLE3 

SELECTEDBONDLENGTHS(_k)ANDANGLES<deg) 

N&P(l) 
Ni-P<2) 
N&P(3) 
N&O(l) 
Ni...S 

S-ml) 
S-o(2) 
S-C<59) 

P(lFC(55) 
P(l)--c(~) 
P<l)-a7) 
P(2)-C(56) 
p<3)-cc57> 
P<2)-C(13) 

P(3)-C(58) 
P(3)-C(lS) 
P(3)--c(25) 

2.199 (5) 
2.111 (5) 
2.214 (5) 
1.937 (11) 
2.851 (6) 
l-525(11) 
1.501(14) 
1.765 (19) 
l-826(16) 
l-793$12) 
l-799 <12) 
l-817(15) 
1.815 (15) 
1.787 (13) 
1.841<15) 
1.807 (13) 
1.784(13) 

P(l)-N&-P(2) 
P(l)-Ni-P<B) 
P(2)-Ni--P(3) 
P(l)-Ni-O(l) 
P(B)-Nia<l) 
P(3)-Ni--O(l) 

D(1)-9--0(2) 
0(1~--c(59) 

._- 

O(2)-S-C(59) 

C(l)-P(l)--c(7) 
C<l)--P<1~<55> 
C(7)--P(1)~(55) 
C<=W(2W<56> 
C(l3)--P(2)-C(57) 
C<56)-P<2)<(57) 

C(l9)-P(3)-C(25) 
C(l9)-P(3-(58) 
C<25)-P(3)<(58) 
Ni-P(l)~(l) 
Ni-P(l)--C(?) 
Ni-P(1)4<55) 
Ni-P<2)-C<13) 
Ni-P<2)<<56) 
Ni-P(2)<(57) 
Ni-P(3)+(19) 
Ni-P<3)<(25) 
Ni-P(3)<(58) 

85.0<2) 
162.4 (2) 

85.5(2) 
91.2 (4) 

176.5 (4) 
98.7 (4) 

108.0 (7) 
100.3 (9) 
lC2.4 (9) 
108.3(5) 
107.8 (6) 
105.1(6) 
104.8<6) 
106.0 (6) 
113.0(7) 
107.6 (5) 
107.6 (6) 
105.1 (6) 
115.8<4) 
109.8(4) 
109.5 (5) 
111.0 (4) 
111.0(5) 
110.8 (5) 
105.7 (4) 
120.6 (4) 
109.7 (5) 

under an inert atmosphere. The -complexes behave as 1 : 1 electrolytes in nitro- 
ethane solution; these solutions decompose quickly in the air. Spectral data of 
the solid compounds as well as-of their nitroethane solutions are shown in Ta- 
ble 5. An intense band at ca. ‘2.50 A-’ (E ca. 3500) is present in all the elec- 
tronic spectra, which are typical of Nir ’ compounds with square planar geom- 
etry. Also the ‘H NMR spectra of the methyl and benzyl derivatives are consis- 
tent with square planar geometry in solution, (see Table 4). The signals due to 
the phenyl group in the phenyl derivative are not detectable because they are 
hidden by signals of the ligand and the anion. 

All the complexes described above dissolve in SO2 at solid COJacetone tem- 
perature to take up a sulfur dioxide molecule and give compounds of the 
general formula [NiSO,R(etp)]Y (R = CH,, CH,C,H,, C,H,). Analytical data 
for the cornpounds are reported in Table 4. These diamagnetic complexes 
behave as 1 : 1 electrolytes in nitroethane. The electronic reflectance spectra, 
both in the solid state and in nitroethane (Table 5), show an intense band at ca. 
2.40 A-’ (E ca. 3400) typical of nickel(I1) in square planar geometry. These 
compounds show two strong infrared bands attributable to SO stretching fre- 
quencies at ca. 1095 and 865 cm-’ (Table 4). These two bands may be assigned 
respectively, to the symmetric and asymmetric stretching vibrations of the 
sulfur dioxide. The low value of the v(S-O),, stretching frequency is indicative 
of a sulfinate group bonded to the metal through an oxygen atom [ll] . The 
chemical shifts of the methyl and benzyl sulfinate are 8.65 and 6.98 T, respec- 
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TABLE 5 

MAXIMA AND EXTINCTION COEFFICIENTS FOR THE ELECTRONIC SPECTRA 

Compound state = Absorption max (A-1) 
(e&q for SOIn) 

CNiCHg<etp)lBPhq 2.63 

2.38 (3150) 

[NiCH3 (etp)]PF6 a 2.63 
b 2.41 (3100) 

CNiCHzC~Hs<etp~lB~4 
: 

2.33 
2.35 (3780) 

CNiCH2C6Hg<etp)lPF6 a 2.33 
b 2.36 (3650) 

CNiCgHgWp)lBPhq a 2.58 

b 2.63 (3340) 

CN%sHg<etP)lPFg a 2.58 
b 2.64 (3280) 

CNiOS<O)CH3(etp)jBPhq a 2.38 

b 2.44 (3380) 

[NiOS(O)CH3(etp)lPF6 
: 

2.41 
2.45 (3250) 

CNiOS(O)CH2C5Hg(etp)]BPiq a 2.38 
b 2.43 (3630) 

CNiOS(O~HZCgHg(etp)lPFg a 2.41 
b 2.45 (3570) 

[NiOS<O)C6Hg<etp)]BPh4 
; 

2.38 
2.44 (3550) 

CNiOS<O)CgH5(etP)lPFg a 2.41 
b 2.44 (3410) 

a Key: a. diffuse reflectance spectrum at room temperature: b, nitroethane solution spectrum. 

tively. These NMR signals, although detected at lower field than those found 
for the parent alkyl complexes, are not shifted by the amount expected for 
S-sulfiiate derivatives [ 121. Thus, the NMR data also favour the presence of a 
sulfinate group linked to the metal through an oxygen atom. 

Among the three binding modes of an 0-sulfinate group to a metal, the most 
common is that with a single M-O bond, but ‘IT bonding of an S-O to the 
metal or bonding of both oxygen atoms to the metal cannot be ruled out [4a]_ 
A complete K-ray analysis of [NiSO,Me(etp)]BPh, has been carried out to 
assess clearly the geometry of the methyl sulfinate group and its binding mode. 
The complex consists of [NiOS(O)CH,(etp)]’ cations and of tetraphenylborate 
anions. Figure 1 shows a perspective view of the cation_ Selected bond dis- 
tances and angles are down in Table 3. The nickel atom is tetracoordinated by 
the three donor atoms of the ligand and by the oxygen atom of the methyl 
sulfinate. An inspection of bond distances and angles involving the metal center 
shows that the coordination polyhedron has a clearly distorted square planar 
geometry. Two Ni-P bonds (those involving the terminal phosphorus atoms of 
the etp ligand) are significantly longer than the bond of the nickel to the cen- 
tral phosphorus atom (2.165(2) av. cf. 2.111(2) Ai)_ The latter short linkage 
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Fig. 1. Molecular structure of the cation INiOS(O)CH~(etp)l+. 

is trans to the short Ni-0 bond (l-937(11) 8). Thus, on acount of this sym- 
metry among tram linkages, the inner coordination sphere of the complex is 
better described as diamond shaped rather than square. As already suggested 
[ 131, the observed distortion from square planarity is probably caused by the 
geometric requirements of the etp ligand as well as the steric repulsions of its 
terminal phenyl groups towards the methyl sulfinate group. The geometry 
around the sulfur atom of the sulfinate group is the expected trigonal pyramid, 
and the S-O bond lengths (l-525(11), 1.501(14)) are practically equal to those 
of the complex Cu(H,O),(OS(O)C,H,Me, )2 [ 141, which represents the only 
0-sulfinate metal complex whose structure has been reported. 

Some other 0-sulfinate complexes are known to undergo des_ulfination [15] 
or structural rearrangement to the S-sulfinate form [ 161, especially when 
heated. Our derivatives, however, are quite stable on warming (in the solid state 
and in solution) and retain their geometry until they decompose. 

The binding mode of the sulfinate group through the oxygen atom may be 
rationalized [ 171 in terms of the hard character of the central cation, which 
prefers to combine with the hard oxygen atom rather than the softer sulfur 
atom. Evidently the softening influence of the three phosphorus atoms on the 
metal ion is not sufficient to alter the binding mode of the sulfinate group. 
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