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Summary 

The coordination behaviour of the novel ligand l,l-bis(diphenylphosphino- 
methyl)-l-diphenylphosphinoethylethane, CH,C(CH,PPh,),CH,CH,PPh,, 
atriphos, and of the ligand l,l,l-tris(diethylphosphinomethyl)ethane, CH&- 
(CH2PEt&, etriphos, toward cobalt(H) and nickel(H) chlorides has been 
investigated. The crystal and molecular structures of the complexes [Co3- 
(atriphos),Cl,] (1) and [Ni,(etriphos),Cl,] - 2 CHCls (4) have been determined 
by standard X-ray methods. Crystal data for 1: orthorombic space group 
P21212, a = 27.309(10), b = 11.243(7), c = 13.927(7) A, 2 = 2, R = 0.055. The 
structure consists of a non-linear trinuclear system of four-coordinate cobalt 
atoms each linked to two chlorine atoms and to two phosphorus atoms in a 
slightly distorted tetrahedral arrangement. Crystal data for 4: monoclinic, space 
group P2Jrz, Q = 13.460(8), b = 23.359(10), c = 9.439(7) A, p = 99.2(l)“, 2 = 2, 
R = 0.074. The structure consists of a linear timeric array of nickel atoms, each 
square planar coordinated by two chlorine atoms and by two phosphorus atoms. 

--_ - 

Introduction 

In recent years the coordination chemistry of the tripodal triphosphines 
l,l,l-tris(diphenylphosphinomethyl)ethane, triphos, (I), and l,l,l-tris(di- 
phenylphosphinoethyl)ethane, etp,, (II), toward transition metals has been 
studied. 

,CH*---PPh2 
CH,-C-CH,-PPh, 

,CH,-CH,-PPh, 

‘CHT-PPh2 
CH,-C-CH,-CH,-PPh, 

‘CH2-CH,-PPh, 

(I) (II) 
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The triphos ligand, in combination with a variety of other donor groups, 
forms both mononuclear and dinuclear metal complexes having coordination 
numbers ranging from four to six [ 11. 

The etps ligand, which differs from triphos in having three ethylenic chains in 
place of three methylenic chains, reacts with nickel@) halides to give stable 
trim&ear complexes in which the etp, ligand acts as a trimetallic ligand 123. 

In order to obtain more information about the relative roles played by the 
shape of the skeleton and by the phosphorus substituents to determine both 
stoichiometry and structure of the resulting complexes, we have investigated 
the coordinating behaviour of the ligands l,l-bis(diphenylphosphinomethyl)-l- 
diphenylphosphinoethylethane, atriphos, (III) and l,l,l-tris(diethylphosphino- 
methyl)ethane, etriphos, (IV). These two ligands differ from tiphos in having 
one ethylenic chain in place of one of the three methylenic chains and ethyl 

,CH,-PPh, ,CH*--PEt2 
CH3-C-CHz-CH2-PPh2 

‘CH,-PPh, 
CH3-C-CH*--PEt2 

‘CH,-PEt, 

(m) (IV) 

substituents in place of phenyl on the phosphorus atoms respectively. 
The synthesis of the ligand atriphos and the reactions of both atriphos and 

etriphos with cobalt(K) and nickeI(II) chlorides are reported here. All the com- 
pounds have been characterized and their physical properties studied by the 
usual methods. Complete X-ray structural analyses have been carried out on the 
compounds [Co,(atriphos)&l,] and [Ni3(etriphos)&l, J - 2 CHCL,. 

Experimental 

All materials and solvents were of reagent grade quality and were used with- 
out further purification. Tetrahydrofuran was purified by distillation over 
LiAlH,. The ligand etriphos was prepared as previously described [3]. The com- 
plexes were dried in a stream of dry nitrogen. The physical measurements were 
executed by methods previously described [4]. The NMR spectra of the CD&l* 
solutions were recorded at 295 K with a Varian CFT 20 spectrometer equipped 
with a ‘H probe. Chemical shifts (7) are relative to tetramethylsilane. The analyt- 
ical and magnetic data for the complexes are reported in Table 1. Table 2 lists 
the electronic spectral data. 

Preparation of the CH3C(CH2PPh2)&H2CH2PPh2 (atriphos) phosphine 
A solution of the trichloride CH,C(CH&l),CH&H,Cl(6.8 g, 0.046 mol), 

(prepared as outlined in’ Scheme 1) in dry tetrahydrofuran (50 ml) was added 
with continuous stirring to a solution of KPPhz - Z(dioxen) (62 g, 0.15 mol) in 
tetrahydrofuran (350 ml). The mixture was heated under reflux for 12 h and 
than concentrated to a small volume on a steam bath. The residue was treated 
cautiously with cliethyl ether and water; the organic layer was separated, and 
the solvent removed in vacua, The residue was dissolved in methylene chloride 
and the solution was filtered. Ethanol was added until a colourless oil separated, 
end this was washed with ethanol then dried in vacua at 100°C for 4 h. The oil 
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TABLE 2 

ABSORPTION MAXIMA AND EXTINCTION COEFFICIENTS FOR THE ELECTRONIC SPECTRA OF 

THE COMPLEXES 

Compound Absorption ms <Cm-‘) <EM for SOh) 

[Coj<atriphos)zC15J = 6800 (sh). 8250.11 750.14 000. 
16 500.22 700.25 000 (sh) 

[Ni(atriphos)Clzl = 22 000. 27 000 
b 22 OOO(2400). 27 OOO(33 000) 

[Co2(etriphos)2C12J(BPhq)2 - 1.5 CH2Clz = 11000, 21000 
CNi3<etriphos)~C151 - 2 CHCI3 a 22 000. 27 300 

a Solid at room temperature. b Mtroethane solution_ 

solidified on cooling (16 g, yield 55%). Anal. Found: C, 78.76; H, 6.58; P, 
14.62. Calcd. for C42H41P3: C, 78.98; H, 6.47; P, 14.54%. The ‘H NMR spec- 
trum of the compound shows a thirty-proton multiplet centered at 2.70 T, a 
four-proton doublet at 7.73 T, a four-proton multiplet centered at 8.27 T and a 
three-proton singlet at 9.10 T which are assigned to the CbH5, P-C&--C, 
P-CH,-CH,-C, CH3 protons, respectively. 

Preparation of the complexes 
fCo,(atriphos),Cl J (I). A solution of CoC12 - 6 H,O (1 mmol) in ethanol (20 

ml) was added to atriphos (0.7 mmol) in acetone. On slow evaporation of the 
solvent turquoise crystals separated, and there were filtered off and washed with 
ethanol and petroleum ether. 

[Ni(atriphos)CZJ (2). A solution of NiC12 - 6 H,O (1 mmol) in ethanol (20 
ml) was added to atriphos (1 mmol) in methylene chloride (10 ml). On slow 
evaporation of the solvent yellow orange crystals separated, and were washed as 
above. They were recrystallized from methylene chloride/ethanol. 

rCo,(etriphos)2Cl~(Bph4)2 - 1.5 CH2C12 (3)_ A solution of CoC12 - 6 HZ0 (1 
mmol) in ethanol (20 ml) was added to etriphos (1 mmol) in methylene chlo- 
ride (20 ml). On addition of NaBPh, (1 mmol) and slow evaporation of the sol- 

SCHEME 1 

COOC>H, 

I 

COOC,H, 

CH,-CNa 
ErCHZCHZCOOC~5 I 

CH,- C- CH2- COOC,H, 
LiAl Hq 

I I 
I 

COOC,H5 
I 

COOCZH5 

CH~--OH 

I 
CH,-Cl 

sot12 I - CH3--C-CH2-CH2-OH p CH3-CC-CH2-CH2--CI 

I 
pyridine 

CH2 -OH 
I 

CH,- Cl 
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vent red brown crystals were formed, and there were filtered off and washed as 
above. They were recrystallized from methylene chloride/ethanol. 

[Ni,(etriphos),Cl J - 2 CHCZ3 (4). A solution of NiCI, - 6 HZ0 (1 mmol) in 
ethanol (20 ml) was added to etriphos (0.7 mmol) in chloroform (20 ml). After 
concentration red orange crystals separated, and these were washed as above. 

Collection and reduction of X-ray data 
A turquoise parallelepiped crystal of dimensions 0.25 X 0.25 X O-i5 mm for 

compound 1 and a red orange, parallelepiped crystal of dimensions 0.2 X 0.15 X 
0.15 mm for compound 4 were chosen for crystal data collection. The crystals 
of compound 1 belong to orthorombic system with extenctions (ho0 with h odd 
and Ok0 with k odd) characteristic of the space group p2 1212. The crystals of 
compound 4 belong to monoclinic system with extinctions (ho1 with h + 1 odd 
and Ok0 with k odd) characteristic of the space group P2,/n. For both the com- 
pounds unit cell parameters were obtained from a least-squares fit of 20 reflec- 
tions carefully centered in a Philips PW 1100 diffractometer. Crystal data and 
data collection details for the two compounds are given in Table 3. All data pro- 
cessing was carried out a previously described [ 51. After correction for back- 
ground the standard deviation a(l) of the intensity I was calculated using the 
value of 0.04 for the instability factor k for both the compounds. An absorp- 
tion correction, based upon a numerical method, was applied to intensities of 
compound 4, the range of the transmission factors being 0.81-0.78. Atomic 

TABLE3 

CRYSTALDATAANDDATACOLLECTIONDETAILS 

[Ni3<etriphOs)~Cl6l - 2CHC13 [Co3(atriPhos)2Cl6l 

Mol. formula 
MoLwt. 
n, &c(A) 

P(deg) 
d,bs<bu flotation)(gcm-3) 

2 

space group 

Abs.coeff. (Mo-K&cm-l 

Color 
Habit 
Dimensions(mm) 
Diffractometer 

UMo-&) (A) 
Monochromator 
Method 

Scanspeed 

Scanrange 

backgroundtime 
standards 
29limits(deg) 
No. oftotidata 
No.ofdatawitbZ>3a(Z) 

C36H80C112Ni3P6 

1300.45 
13.460(S). 23.359(10). 

9.439(7) 
99.2(l) 
1.46 
1.47 

2929.6 
2 

+I" 
16.99 
red orange 
parallelepiped 
0.2 x0.15 x0.15 
PhilipsPw1100 

0.7107 
flat graphite crystal 
w-229 

0.08 
A + B&9. A = 1.1 

B=0_3 
halfscantime 
3 every 2h 
5-40 
3024 
767 

C84H82Ci6C03P6 
1666.95 
27.309(10).11.243(7). 
13.927(7) 
SO. 
1.30 
1.254 
4276.1 
2 
P21212 
9.13 

turquoise 
parallelepiped 
0.25 x0.25 x0.15 
PhilipsPWllOO 

0.7107 
fIatgraphitecrysta.l 
w-229 
0.06 

A+ Btgx9.A = 0.6 
B= 0.3 

halfscan+jme 
3every 2h 
5-40 
2307 
1190 
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scattering factors and dispersion corrections, as well as absorption corrections 
were taken from ref. 6. 

Solufion and refinement of the structures 
The calculations were carried out using the SHELX76 crystallographic system 

[7] on a SEL 32/70 computer installed in our Institute. A three-dimensional 
Patterson synthesis coupled with successive Fourier maps showed the positions 
of alI the non-hydrogen atoms for both the structures. Refinement was per- 
formed by using full-matrix least-squares techniques, the function minimized 
being Bu( IF,/ - WC I)= in which w is the weight assigned to the F. according to 
the expression w = 1/[02(F0) + g(Fo)’ J (g was set 0.08 and 0 for complexes 1 
and 4, respectively). The hydrogen atoms were introduced in their geometrical 
calculated positions, but not refined. 

[Cof(atriphos)ZCIJ. Owing to the special position of one cobalt atom, which 
lies on a twofold axis, only one half of the trimeric molecule was determined. 
Refinement was carried out by some isotropic cycles on all atoms and then some 
mixed cycles where cobalt, phosphorus and chlorine atoms were assigned aniso- 
tropic thermal motions. During the refinement the phenyl rings were treated as 
rigid groups of Dsh symmetry with C-C = 1.395 .&. Owing to the acentric space 
group I?2,2,2 the absoIute configuration of the structure had to be to deter- 
mined using the anomaIous dispersion corrections (real and imaginary part). 
Final least-squares cycles gave R and R, values of 3.055 and 0.065 for the -r, y, 

--- 
z structure and values of 0.058 and 0.069 for the inverted x, y, z. An analysis of 
the standard deviations of the parameters confirmed that the GK, y, z structure 
was the correct one. 

[Ni,(etriphos),ClJ - 2 CIiCZ3. Since the molecule contains a crystallographic 
inversion center, the structure solution required the determination of one half 
of the molecule. Refinement was undertaken by some isotropic cycles on alI the 
non-hydrogen atoms, and then was performed with mixed cycles with aniso- 

TABLE 4 

POSITIONAL (x104) AND THERMAL = (x103) PARAMETERS WITH ESTIMATED STANDARD 
DEVIATIONS FOR [C03(atriphos)2Cl63 

Atom x/a y/b 

CO(l) -2603(l) 

COG3 -5000 

P(1) -2471(2) 
P(2) -3463<2) 

p<3> -4290<2) 

Cl(l) -2450(2) 

Cu2) -2236(2) 

a31 -4795(3) 

C(l) -3624(8) 

C(2) -3492<7) 

C(3) -2956<7) 

C(4) -3668(7) 

C(5) -3814<7) 

C(6) -3753(7) 

28X3) 

0 

-1274(s) 

292<6) 

-377(6) 

1873(5) 

165(7) 

1566(8) 

-2348(19) 

-1225(19) 

-1205<20) 

48(20) 

-1318(18) 

-347<21) 

-2684<2) 

547<3) 

-1584(4) 

-2688<4) 

1501(4) 

-1776(5) 

4090(4) 

-312(6) 

-1545(16) 

-980(14) 

-693(14) 

-1471<13) 

-19(13) 

703<15) 

56<2) 

53<3) 

55<4) 

60(4) 

52(4) 

72<5) 

93<4) 

97(5) 

53(6) 

42(5) 

46(6) 

49(6) 

QU5) 

57(G) 

i 

42(2) 

75C4) 

34<3) 

55<4) 

54c4) 

4U3) 

86(5) 

136<7) 

4x2) 

58<3) 

37<3) 

36(3> 

52W 

66&l 
55(3) 

129<7) 

4(2) 
0 

3(3) 

-2(4) 

-7(4) 
-lO(3) 

5(4) 
69<6) 

_ 00) 
0 
4<3) 

-3<3) 

1U3) 
--X0(4) 

17C3) 

37<5) 

2(2) 
-X3) 

Z(3) 
4(4) 

O(4) 

2<4) 
-13(4) 

23(6) 

a The form of the ellipsoid is: exp(-27r* (VI Ih2a*2 f UZZk*b** + U3312d2 + 2U12hka*bf - - .)I. 
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TABLE5 

THERMAL (X103) AND DERIVED POSITIONAL PARAMETERS OF GROUP ATOMS (X104) WITH 
ESTIMATED STANDARD DEVIATIONS FOR [Co3(atriphos)2Cl61 

Atom x/a y/b L/C u 

C<L 1) 
w-&l) 
C(3.1) 
C(4 1) 
,C<5.1) 
C(6.1) 
C(1. 2) 
Cc& 2) 
C(3. 2) 
C<4,2) 
C(5. 2) 
C<6. 2) 
Wl.3) 
C(2.3) 
C(3. 3) 

C(4. 3) 
C(5.3) 
C(6.3) 

C(1.4) 
C(2.4) 
C(3.4) 
C(4,4) 

C(5.4) 
C(6.4) 
al. 5) 
C(Z 5) 
C(3. 5) 
C(4. 5) 
C(5. 5) 
C(6. 5) 
C(1.6) 

C(Z 6) 
C(3.6) 
C(4.6) 
C(5.6) 
C(6.6) 

-2452(6) 
-2339(6) 
-2317(6) 
-2409(6) 

-2523(6) 
-2544(6) 
-1922<5) 
-1826(5) 
-1393(5) 
-1057<5) 
-1153(5) 
-1586(5) 
-3707(6) 

-4159<6) 
-4330(6) 

-4049(6) 
-3596(6) 
-3426<6) 

-3809(6) 
-4316(6) 
-4558<6) 
-4293<6) 
-3787(6) 
-3544(6) 
-4258(4) 
-3837(4) 

-3864(4) 
4311<4) 
-4731(4) 
-4705(4) 
-4161(5) 

-3986(5) 
-3910<5) 
-4007(5) 
--4182(5) 
-4259(5) 

-2797(12) 
-2936(12) 
4072(12) 

-5068(12) 
4929(12) 
-3793(12) 
-1099(12) 
-1796(12) 
-1632<12) 
-771<12) 
-74(12) 

-239<12) 
1756(14) 
2136<14) 
3273<14) 

4029(14) 
3648(14) 
2512(14) 

-699(15) 
--829<15) 
-163705) 
-2315(15) 
-2186(15) 
-1378(15) 
-1805(13) 
-2285(13) 
-3355(13) 
-3946(13) 
-3466(13) 

-2395(13) 
700(13) 

1827(13) 
2675(13) 
2396(13) 
1269(13) 
421(13) 

-2040(10) 
-3010(10) 
-3411(10) 
-2842(10) 

-1872(10) 
-1470(10) 

--871(10) 
-64(10) 
452(10) 
160<10) 

-647<10) 
-1162<10) 
-2952(11) 
-2603<11) 
-2824<11) 

-3395(11) 
-3745(11) 
-3523(U) 

-3496(11) 
-3431<11) 
4025(11) 
4683<11) 
-4748<11) 
4154(11) 
2086<11) 
2502(11) 

3006(11) 
3093(11) 
2677(11) 
2174(11) 

2460(g) 
2219(9) 
2934(9) 
3891(g) 
4133<9) 
3417(9) 

42(6) 
67(7) 
95(9) 
83(g) 

78(7) 
73(T) 

38(S) 

64(7) 
76(S) 
79(8) 
68(7) 
61<6) 
67(7) 
70<7) 
78<9) 

92(9) 
Q5(9) 
74(8) 

56(7) 
74(8) 

105(10) 
98(11) 

131<13) 
82(S) 

41<6) 
47(6) 

81(9) 
95(10) 

106(10) 

63(7) 
57(7) 

510% 
80(S) 
83(9) 

106(10) 

77(7) 

tropic thermal factors assigned to nickel, phosphorus and chlorine atoms. The 
solvent molecule of CHCl, was refined isotropically. A final difference Fourier 
map showed no residual electron density greater than 0.4 e-/A3. This residue 
was near the terminal carbon atoms of the ethylenic chains as well as in the 
region of the solvent molecule. At convergence the’final R and R, factors were 
0.074 and 0.067, respectively. 

The refined positionaI and thermaI parameters are given in Tables 4, 5 and 6. 
Tables of s‘tructure factors are available on request (from L.S.). 

Results and discussion 

Atriphos complexes 
Atriphos reacts with cobah chloride in acetone/alcohol to give turquoise 

crystals of composition [Co3(atriphos)$21,] (1). This compound is stable in air 
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in the solid state and virtually insoluble in alI common organic solvents except 
WV-dimethylformamide. Conductivity measurements in the latter solvent indi- 
cate some dissociation in solution (the values fail in the range 71-79 cm2 
ohm-’ mol- ’ for 10m3 molar solutions). 

The molecular structure of 1 consists of a non-linear trinuclear system of 
cobalt atoms, each tetracoordinated by-two chlorine atoms and by two phos- 
phorus atoms in a slightly distorted tetrahedral arrangement. The central cobalt 
is coordinated by the phosphorus atoms of the ethylenic chain of two different 
atriphos ligands, while the other two cobalt atoms, which are crystallographi- 
tally equivalent, are each coordinated by the remaining phosphorus atoms of 
each atriphos ligand. The three cobalt units, which are in a triangular array, are 
thus held together by two atriphos ligands. A perspective drawing of the com- 
plex molecule is shown in Fig. 1. Selected bond lengths and bond angles are 
given in Table 7. The values of the Co-P and Co-Cl bond distances agree well 
with those found for other tetrahedral cobalt(H) complexes [S]. 

The room temperature magnetic moment of 4.35 pg per metal center and the 

fig. 1. Perspective view of the complex molecule [Co3(atziPhos)2C161. ORTEP drawing with 50% prob- 
ability ellipsoids 



228 

TABLE7 

SELB~TEDBONDLENGTHS<~)ANDBONDANGLES(o)FORCC~J(~t~ph~s)zC~~l 

Co(l)-P(1) 2356(6) 

Co(l)-P(2) 2.350(6) 

C~(lI--a(l) 2227(6) 

Co(lFCl(2) 2.20&6) 

Co(2)-_P(3) 2388(6) 

CoC2)-CK3) 2201(8) 

P(l)--c(3) l-82(2) 

Pm-al. 1) l-83(2) 

P(l)-C(1. 2) l-81(2) 

R2)-C(4) l-83(2) 

P(l)--c~(u-P(2) 99-O(2) 

P(1)--‘co(l)-cI(l~ lOl.4(2) 
P(l)--c~(l)--c1(2) 117.6<3) 

P(2k-Co(lI-w1) 100.7(2) 
P(2)-CO(l)-C1(2) 116.9(2) 

P(2)--c(l.3) 
P(2)--c(1.4) 
P(3)-C(6) 
P(3)--c(l. 5) 
P(3k-Ul.6) 
C(l)--c(2) 

c(2)-~(3) 

c(a-a4) 
C(2)--c(5) 
C(5)--c(6) 

CI(l)-Co(lI-Cl(2) 

P(3)--c~<2)-cKO 
P(3)-='(2)-CW') 
P(3)-Co(2)-P(3') 
CK3)--co(2)--c1(3') 

l-81(2) 
1.84(2) 
l-84(2) 
1.80(2) 
l-84(2) 

l-53(3) 
l-52(3) 
l-57(3) 
1.60(3) 
l-49(3) 

117.9(3) 

103.8(3) 

111.5(3) 
112.4(3) 
114.1(3) 

reflectance spectrum (Table 2) are consistent with those reported for other 
pseudo-tetrahedral cobalt(II) complexes [9,10]. 

When atiphos reacts with nickel(II) chloride in methylene chloride/alcohol 
the solution turns red orange. Concentration of the solution precipitates yellow 
orange crystals of empirical formula [Ni(atriphos)Cl,] (2). Compound 2 is dia- 
magnetic and stable in air both in the solid state and in solution. It is soluble in 
common organic solvents and the solutions do not conduct electricity. The elec- 
tronic spectrum, with no absorption below 20000 cm-‘, is typical of square- 
planar nickel(H) complexes Cll]. On the basis of analytical, spectroscopic, 
magnetic and conductivity measurements the nickel atom of this complex may 
be assumed to be square planar, coordinated by two chlorine atoms and by two 
phosphorus atoms belonging to the two shorter chains of the tripodal ligand, 
which thus displays an uncoordinated phosphorus atom (V). 

Such a structure is favoured because it involves a six-membered chelate ring 
rather than a less favourable seven-membered ring. 

Etriphos complexes 
When etriphos and cobalt@) chloride react in methylene chloride/alcohol an 

intense dark brown solution is obtained. Upon addition of NaBPh, red brown 
crystals of composition [Co,(etriphos),Cl,](BPh,), * 1.5 CH&12 (3) are pre- 
cipitated. The complex is sparingly soluble in chlorinated hydrocarbons and 
decomposes rapidly in solvents such as nitroethane and nitromethane, as shoti 
by absorption spectra. For this reason this compound has not been studied in 
solution. Compound 3 shows antiferromagnetic behaviour. The magnetic 
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moment decreases with temperature from 1.72 pB at 295 K to 1.07 pB at 86 K. 
The reflectance spectrum with bands at 11000 and 21000 cm-’ is fully com- 

parable to that of the analogous complex [Co2(triphos)&l,](BPh& - 4 CH,Cl, 
which has been assigned a double bridged structure with two chloride bridges 
between a pair of cobalt atoms [12]. Such a structure can also be assigned to 
compound 3, where each cobalt atom is five-coordinated by three phosphorus 
atoms of the etriphos ligand azd by two bridging chlorine atoms (VI)_ 

The reaction of etriphos with nickel(D) chloride in chloroform/alcohol pro- 
duces a red-orange solution, from which red-orange crystals of the composition 
[Ni,(etriphos)&l,] - 2 CHCI, (4) are precipitated. Compound 4 is stable in air 
in the solid state and insoluble in common organic solvents. It is diamagnetic 
and has a reflectance spectrum, with two intense bands at frequencies higher 
that 20 000 cm-‘, clearly diagnostic of a four-coordinate planar environment 
WI. 

The X-ray analysis of compound 4 has shown that it contains trinuclear com- 
plex molecules [Ni,(etriphos),Cl,] with some chloroform interspersed in the 

Fig- 2 Perspective view of the complex molecule [Ni3(etriphos)2ClgJ. ORTEP drawing with 50% prob- 
ability ellipsoids. 
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TABLE8 

SELECTEDBONDLENGTHBtA) ANDBOND ANGLES<O)FOlt [Ni~(etriphos)~Cl~] - ZCHCI~ 

Ni(l)-P(1) 

Ni(ljCl(1) 
Ni(2)-P(2) 

NX2)_P(3) 
Ni(2)--c1(2) 
NiC%-U<3) 
P(u-a3) 
P(lFC(6) 
P(W-'X8) 
P(2)+(4) 
P(2FalO) 

P(2Fc(12) 

2.254(S) 
2172<9) 
2.164<12) 
2.174(11) 
2.181(10) 
2.208(1X) 

l-80(3) 
l-80(3) 

1.81(3) 
l-81(3) 
l-81(4) 

l.Sl(4) 

P(l)_Ni(l)-_cI(l) 

P(2)-Ni(2)-P(3) 
P(2)-_Ni(2)-_c1(2) 
P<2)_IW2Fc1<3) 

88.1(3) 
96.3(4) 
87.2(4) 

176.8(s) 

P(3)--c(5) X89(3) 

P(3Fml4) 1.82(4) 

P(3)--c(l6) l-78(4) 

C(u+x2) l&O(4) 

c(2)-c(3) l-56(4) 

c(a-c(4) 1.54(4) 

C(2k-c(5) l-50(4) 

(X6)-C(7) l-54(4) 

C(tQ-C@) 1_49<4) 

c(1O-c(11) l-40(5) 

C(12)-C(13) l-49(5) 

C(l4)-al5) l-53(5) 

C(16)--c(l7) l-56(4) 

P(3)_Ni(2)--C1(2) 
P(3)-Ni(2)-C1(3) 
Cl<2)-Ni<2)-C1<3) 

175.4(5) 

85.9<4) 

90.8(4) 

lattice. A perspective view of the complex molecule is shown in Fig. 2. Selected 
bond lengths and bond angles are reported in Table 8. The molecular structure 
of 4 consists of a centrosymmetric, and thus linear, array of three nickel atoms 
with two bridging etriphos ligands. Each nickel center is square planar coordi- 
nated. While the outer nickel atoms are each four coordinated by two chlorine 
atoms and by two phosphorus atoms of the same etriphos ligand in a cis arrange- 
ment, the central nickel is coordinated by two chlorine atoms and by two phos- 
phorus atoms of two different etriphos ligands in a frans arrangement. 

It is interesting to note that the distortion from an ideal square planar coor- 
dination is more evident in the terminal units than in the central unit, prob- 
ably due to the steric requirements of the etriphos ligand when acting as a 
bidentate ligand toward a metal. Although the values found for the Ni-P and 
Ni-Cl bond distances are well with the ranges found for square-planar nickel(U) 
complexes 12,131, the Ni-P bonds are larger in the central unit (2.254(9) A) 
than in the terminal uhit (2.169(12)A) as already noted in the complex [Ni3- 
Ww&W(BJ%)2 C141. 

Conclusions 

The atriphos ligand coordinates to metal atoms in the following two different 
ways: biligate monometallic and triligate bimetallic. The coordination behaviour 
of atriphos seems to depend strongly on the length of its ethylenic chain and 
thus on the higher stability of the six- than of seven-membered chelate rings. 

The etriphos ligand, which resembles triphos in its bonding in the cobalt 
derivative, shows a more specific behaviour in favouring the formation of a tri- 
centric nickel complex. Steric hindrance of the phosphorus substituents seems 
to have a strong influence on the formation of such a complex. The effect of 
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such an influence also on the coordination properties of variously substituted 
tetradentate ligands, namely np3, Menp3 and Etnp3, has already been extensively 
investigated [143. 
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