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0ah2PC6H4NH2)0ah2PC6H4NH)] (Organ, Cooper, 
Henrick & McPartlin, 1984), and in the cis and trans 
isomers of the [Pt(Ph2PC6HaNH2)] 2÷ cation (Cooper 
et al., 1983). Monodentate coordination, via the P 
atom, has also been observed for this ligand in the 
Ag salts [Ag(NO3)(Ph2PC6H4NH2)2(EtOH)2] and 
[Ag(NOa)(Ph2PC6H4NH2)3] (Tiekink, 1990). 

In the crystal lattice there are significant inter- 
molecular contacts involving the complex and the 
acetone molecule of crystallization. A [001] projec- 
tion of the unit-cell contents is shown in Fig. 2 in 
which the layer-like nature of the lattice is 
emphasized. Centrosymmetric pairs of the complex 
associate via hydrogen-bonding contacts between 
the H(2n) atom and the Cl(1)' atom such that the 
H(2n)---Cl(1)' separation is 2-26 (1) A and the N(1)-- 
H(2n)...CI(1)' angle is 160 (1) °. The centrosymmetric 
pairs aggregate into layers separated from each other 
by phenyl-rich regions. Associated with each centro- 
symmetric pair are two acetone molecules which 
each form a hydrogen bond with an H(ln) atom; 
H(ln)...O(1) 1.92 (1) A and N(1)---H(ln)...O(1) 
165 (1) °. The known acidity of the amino H atoms of 
the coordinated (2-aminophenyl)diphenylphosphine 
ligand (which leads to formation of bis-chelate 
amido complexes) is clearly illustrated by this 
hydrogen-bonded, centrosymmetric structure. 

This study was carried out during the tenure of 
grants from the Australian Research Council and the 
Anticancer Council of Victoria. This support and the 
loan of platinum from Johnson Matthey are grate- 
fully acknowledged. 
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Abstract. CIoH28C14P4Pd2, M r  = 626"84, monoclinic, 
P21/c, a -- 8.893 (1), b = 9.712 (2), c = 12.745 (3)/~, 
/3 = 103.38 (1) °, V= 1071.0 (0.6)/~3, Z =  2, Dx = 
1.94 g cm -3, a(Mo Ka) = 0"71073/~,/z = 24.5 cm- 1, 
F(000) =616, T =294(1) K, R=0.029 for 1574 
unique reflections with FoE> 30"(FO 2) of 2371 total 
data. The dimeric complex is centrosymmetric and 
contains two cis PdC12 fragments held together by 
two bridging MeEPCH2PMe2 ligands forming an 
eight-membered bimetallic ring. Principal bond 
lengths (/~) and angles (°) are Pd--C1 2.360 (1), 
2-353 (1); Pd--P 2.264 (1), 2.265 (1); P--C 1.799 (6) 
to 1.829 (5); P - -PdNP • 100"67 (5); cis P--Pd---C1 
84"35 (5), 86"56 (5); trans P--Pd--C1 172.81 (4), 
172.46 (5); C1--Pd--C1 88"65 (5); P - -C- -P  119.3 (3). 

Introduction. The cis,cis binuclear structure adopted 
by complexes of platinum(II) and the ligand 
Me2PCH2PMe2, dmpm, is reported to be a conse- 
quence of steric effects (Azam, Ferguson, Ling, 
Parvez, Puddephatt & Srokowski, 1985). Actually, 
the formation of [Pt2C14(Me2PCH2PMe2)2], [Pt2Mea- 
(1V[eEPCHEPMe2)2] and [Pt2Me4(EtEPCHEPEt2)2] is 
due to the lack of steric effects that would otherwise 
stabilize a strained four-membered ring if the diphos- 
phine ligand were to chelate to a single metal center 
(Manojlovir-Muir, Muir, Frew, Ling, Thomson & 
Puddephatt, 1984). The small steric effect of the 
methyl substituents on the phosphorus in dmpm 
favors dimer formation over formation of a mono- 
meric chelate in accord with the Thorpe-Ingold 
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effect (Ling & Puddephatt, 1983). The eight- 
membered bimetallic ring that is formed effectively 
isolates two square-planar metal centers while keep- Pd(l) 
ing the dimer intact. We report herein an analogous Cl(l) 
cis,cis binuclear eight-membered ring complex of c1(2) P(I) 
palladium(II), [PdEC14(Me2PCH2PMe2)2], whose P(2) 
structure was determined by single-crystal X-ray dif- c(1) 

C(2) 
fraction methods. C(3) 

C(4) 
c(5) Experimental. The title compound was prepared by 

dissolving [Pd2CI2(Me2PCH2PMe2)2] in nitromethane 
at room temperature. After several weeks pale yellow 
elongated plates suitable for single-crystal X-ray 
structure determination precipitated out of solu- 
tion. Crystal 0.25 × 0.23 x 0.09 mm; Enraf-Nonius 
CAD-4 computer-controlled K-axis diffractometer, 
graphite monochromator; cell dimensions from the 
setting angles of 25 reflections, 12 < O < 20°; w-20 
scan-type backgrounds from analysis of the scan 
profile (Blessing, Coppens & Becker, 1974); empirical 
absorption correction; relative transmission coeffi- 
cients, 0.955 to 0.999; maximum 20 = 52.0°; hkl 
range h 0 to 10, k 0 to 11, l - 1 5  to 15; three 
standard reflections, average decay 1.0%, intensities 
adjusted accordingly; 2371 data, 2226 unique, Rin, = 
2"2%, structure solved by Patterson and Fourier 
methods; refined by full-matrix least squares mini- 
mizing Yw(LFo[ -- IFc[) 2, w = 4Fo2/o 'Z(Fo2) ,  147 
parameters; 1574 reflections with Fo2> 3o'(Fo2);  H 
atoms refined as riding atoms in ideal positions with 
fixed isotropic thermal parameters (1.3 x Beq of 
attached C atoms), anisotropic thermal parameters 
for non-H atoms: final R = 0.029, wR = 0.037; maxi- 
mum shift to e.s.d. -- 0.01; maximum and minimum 
of AF synthesis 0.47 (8) e A-3 and -0.42 (8) e/~-3; 
e.s.d, of observations of unit weight = 1.08, atomic 
scattering factors for neutral Pd, CI, P, C and spheri- 
cally bonded H atoms and values o f f '  and f "  for all 

Table 1. Positional parameters and their e.s.d. 's 

x y z B (/~2) 
0.57415 (4) 0'43823 (4) 0.36202 (2) 2"286 (6) 
0"4911 (2) 0-5928 (1) 0.21736 (9) 3"55 (3) 
0.8294 (2) 0'4702 (2) 0.3445 (1) 4.77 (3) 
0"6765 (1) 0"3100 (1) 0"50957 (9) 2'54 (2) 
0.3187 (1) 0'4171 (I) 0-35613 (9) 2-59 (2) 
0'7698 (5) 0-4184 (5) 0.6226 (4) 3"0 (1) 
0"5656 (6) 0.1915 (5) 0'5698 (4) 3"6 (1) 
0'8323 (6) 0.1977 (6) 0"4920 (5) 4.4 (1) 
0"2380 (6) 0"2985 (6) 0.4372 (4) 4"1 (!) 
0"2122 (6) 0"3661 (6) 0-2230 (4) 3"9 (1) 

Table 2. Bond distances (,~), bond angles (°) and 
selected torsion angles (°) 

Numbers  in parentheses are e.s.d.'s in the least significant digits. 
Primed a toms refer to symmetry  equivalent atoms. 

Pd(l)--Cl(l) 2.360 (1) P(I)--C(2) 1.799 (6) 
Pd(1)--Cl(2) 2.353 (l) P(i)~C(3) 1.817 (6) 
Pd(l)--P(l) 2-264 (1) P(2)--C(4) 1.803 (6) 
Pd(i)--P(2) 2.265 (1) P(2)--C(5) 1.811 (5) 
P(1)--C(l) 1.822 (5) P(2)--C(I') 1-829 (5) 

Cl(l)--Pd(l)--Cl(2) 88.65 (5) Pd(I)--P(I)--C(3) 113.6 (2) 
Cl(1)--Pd(l)--P(l) 172.81 (4) C(l)--P(l)--C(2) 103.1 (2) 
Cl(l)--Pd(l)--P(2) 84.35 (5) C(I)--P(I)--C(3) 102-9 (2) 
CI(2)--Pd(I)--P(I) 86.56 (5) C(2)--P(1)--C(3) 100-2 (3) 
CI(2)--Pd(1)--P(2) 172.46 (5) Pd(I)--P(2)---C(4) 124.6 (2) 
P(1)--Pd(l)--P(2) 100.67 (5) Pd(I)--P(2)--C(5) 11 l.l (2) 
Pd(l)--P(l)--C(l) I I 1.2 (2) C(4)--P(2)--C(5) 99.8 (3) 
Pd(l)--P(l)---C(2) 123.5 (2) P(I)--C(I)--P(2') 119.3 (3) 
Pd(I)--P(2)--C(I') 112"3 (2) C(4)--P(2)--C(I') 103-4 (2) 
C(5)--P(2)--C(I') 103.2 (2) 

CI(I )--Pd(l )~P(I)--C(1) 26.0 (4) 
Cl(2)~Pd( 1 )--P(1)~C(I) 74.3 (2) 
P(2)--Pd(1)--P(1)~C(I) - 107.9 (2) 
CI(I)--Pd(I)--P(2)~C(I ') - 59.3 (2) 

CI(2)--Pd(1)--P(2)--C(I') - 81-2 (4) 
P(l )--Pd(I)--P(2)~C( 1 ') !15.5 (2) 
Pd(l )--P(1)--C( 1 )---P(2') 38.3 (3) 
Pd(I)--P(2)--C(I')--P(I') - 48"6 (3) 

atoms from International Tables for X-ray Crystal- 
lography (1974, Vol. IV; Table 2.2, pp. 71-102; Table 
2.3.1, pp. 149-150); computer programs SDP/VAX 
(Frenz, 1978). Fig. 1 showing atom-numbering 
scheme produced with ORTEPII (Johnson, 1971). 

fxc1. ,  _ c . , / o . ~  

o .  c c33 . / " j~ . , ~ . , . ~  cc41 

° X "'°o r 

Fig. 1. cis,cis-[Bis(dimethylphosphino)methane]tetrachlorodipalla- 
dium(II)  showing the a tom-number ing  scheme (50% probability 
ellipsoids for all non-H atoms.)  

Discussion. Final atomic coordinates for all non- 
constrained atoms are listed in Table 1.* Bond 
lengths and bond angles are listed in Table 2. 

The asymmetric unit comprises half a molecule 
(one PdC12 fragment and the equivalent of one 
MeePCH2PMe2 ligand) related to the other half by a 
crystallographic center of inversion. The molecule 
has approximate C2h symmetry with the noncrystal- 
lographic twofold axis passing through the two 
methylene C atoms [C(1), C(I')] and the noncrystal- 
lographic mirror containing the two Pd atoms and 

* Lists o f  structure factors, anisotropic thermal parameters,  the 
complete list o f  coordinates  including H a toms and torsion angles 
have been deposited with the British Library Document  Supply 
Centre as Supplementary  Publication No. SUP 54189 (13 pp.). 
Copies may be obtained through The Technical Editor, Interna- 
tional Union of  Crystal lography,  5 Abbey Square, Chester CHI  
2HU, England. 
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bisecting pairs of cis C and cis P atoms on the 
approximately square-planar metal centers. The sym- 
metrical Czh twist-chair conformation of the eight- 
membered ring [internal ring torsion angles are 
107-9 (2)-115.5 (2) ° at P d ~ P  bonds and 38.3 (3)- 
48.6 (3) ° at P - -CH2 bonds, angles involving the same 
P atom being of opposite sign] compares favorably 
to that found in [Pt2Me4(Me2PCH2PMe2)] (internal 
ring torsion angles o f  109-114 ° at P t m P  bonds and 
42-54 ° at P---CH2 bonds) (Ling & Puddephatt,  
1983). The bond angles within the eight-membered 
Pd2P4C2 ring are slightly distorted from the ideal 
values of 90 ° at palladium and 109-5 ° at phosphorus 
and carbon. The P - - P d - - P  angle is 100.67 (5) ° with 
the P---C--P angle being 119.3 (3) °. There are three 
sets of P d m P - - C  angles. This is not just due to the 
presence of both methyl and methylene C atoms but 
also due to steric effects analogous to those found in 
[Pt2Me4(Me2PCH2PMe2)] (Manojlovi6-Muir, Muir, 
Frew, Ling, Thomson & Puddephatt,  1984). The 
average P d ~ P - - C  angle involving the two methyl- 
ene C atoms is 111.7 (2) °. The average Pd--P---C 
angle involving the axial methyl groups, C(2) and 
C(4), is 124.0 (2) ° and the average P d - - P - - C  angle 
involving the equatorial methyl groups, C(3) and 
C(5), is 112.3 (2) °. The Pd--C1 bond distances of 
2-360 (1) and 2.353 (1)/~ are comparable to the aver- 
age Pd---C1 bond distance in analogous compounds: 
2.362 (3)/~ in cis-[PdC12{P(CH3)2C6Hs}2] (Martin & 
Jacobson, 1971), 2.357/~ in cis-[PdC1E{(C6Hs)2 - 
PCH2P(C6Hs)2}] (Steffen & Palenik, 1976), 2.359/~ 
in cis-[PdC12{(C6Hs)EPCEH4P{C6Hs)2}] (Steffen & 
Palenik, 1976), 2.354 A in cis-[PdC12 
{(C6Hs)2PCkH6P(C6Hs)2}] (Steffen & Palenik, 1976) 
and 2-341 A found in cis-[PdC12{P(CH3)(C6Hs)2}2] 

(Alcock & Nelson, 1985). The P d - - P  distances of 
2.264 (1) and 2.265 (1)/~ are slightly less than the 
median P d - - P  bond distance of 2.281 (8)/~ found in 
palladium trimethylphosphine complexes (Orpen, 
Brammer, Allen, Kennard, Watson & Taylor, 1989). 

We thank the donors of the Petroleum Research 
Fund, administered by the American Chemical 
Society, for support of this work and the College of 
Arts and Sciences for support of the X-ray crystallo- 
graphic facilities. 
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Structures of ICoCI(C~sHlsP)31 and [NiCI(CIaH~sP)31.CTHs 
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Abstract. Chlorotris(triphenylphosphine)cobalt, Mr 
= 881-26, trigonal, P3, a = 19.151 (4), c = 
10.543 (2)/~, V =  3349 (1)/~3, Z =  3, Dx = 
1-31 g cm -3, A(Mo Ka) = 0.71069 A, /z  = 5.84 cm -1, 
F(000) = 1374, T = 296 K, R = 0.040, wR = 0.049 for 
3860 unique reflections with I > 3tr(/). The molecule 

* Author to whom correspondence should be addressed. 
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CoCI[P(C6H5)3]3 consists of three triphenylphosphine 
ligands and one chlorine atom bonded to cobalt in a 
distorted tetrahedral coordination geometry. Three 
independent molecules are found in the unit cell with 
each Co---C1 bond situated on a crystallographic 
threefold rotation axis. Chlorotris(triphenylphos- 
phine)nickel-toluene (1/1), Mr = 973.11, triclinic, P1, 
a = 13.161 (2), b = 20.026 (5), c = 10.110 (2)/~, a = 
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