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Heterobimetallic complexes of the type [(OC)3M(C”Cl)(~O)(~-dppm)Rh(NBD)] (M-MO, W, 
dppm=Ph2PCH,PPh2) have been prepared in high yield by ring opening of the co-ordinatively 
saturated compound [(OC),M(dppm-PP)] with the dimeric complex [RhCl(NBD)]2 in dichloromethane, 
and an X-ray diffraction study of the molybdenum derivative has been carried out. The MO-Rh bond 
length, 2.945 A, is consistent with the presence of a single MO-Rh bond. Additionally, the two metal 
centres are asymmetrically bridged by dppm, carbonyl and chloride ligands. Different behaviour in 
solution is proposed for the corn 

Jo 
unds. The new compounds were character&d by elemental analysis, 

and infrared and ‘H-, 31 P- and C-NMR spectroscopy. 

Introduction 

Heterobimetallic complexes are of much current interest because of the catalytic 
potential of such bifunctional systems. Complexes containing constraining ligands 
such as Ph,PCH,PPh2 (bis(diphenylphosphino)methane, dppm) are of special 
interest since proximity effects involved in bridging behaviour can be used to favour 
formation of the metal-metal bond [l]. 

The diphosphine ligand dppm can act as a chelating ligand to give four-mem- 
bered rings but is particularly important as a bridging group. It has been reported 
that ring opening of the four-membered rings in some q2-Ph,PCH,PPh, complexes 
of metals with @-electron configuration provides an excellent method of producing 
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Fig. 1. 31P-(1H) NMR spectrum (121.42 MHz) of [(OC),W($l)(rCO)+dppm)Rh(NBD)] (1) in 
CDC13 at room temperature. 

however, the other three carbonyl bands appear at slightly lower frequencies than in 
the solid state. This indicates that the semi-bridging carbonyl structure disappears in 
solution. No v(RhC1) bands are observed in the far-IR region, presumably because 
of their low intensity; metal-halogen stretching vibrations are commonly of low 
intensity in heterobimetallic systems containing dppm [9]. 

The ‘P-NMR spectrum of a CD&l, solution of 1 at - 20°C shows resonances 
at 6 33.6 ppm as a doublet of doublets for the phosphorus atom bonded to the 
rhodium atom Pa (‘J(P,Rh) = 157.5 Hz) and a doublet at 6 22.1 ppm for the other 
phosphorus atom bonded to the molybdenum metal PA, confirming the bridging 
nature of the dppm ligand. The same conclusions are reached for the tungsten 
derivative 2 in which the same splitting pattern was observed (35.9 ppm dd, 11.9 
ppm .d; *J(P,Rh) = 160.0 Hz). In this case the satellites due to the phosphorus 
A-tungsten coupling (‘J(P,w> = 233.0 Hz) are also observed (Fig. 1). The relative 
coordination shifts are consistent with the nature of the metals, i.e. MO (43.8) > W 
(33.6). 

The ‘H-NMR spectra show a triplet for the PCH,P protons at 2.82 ppm 
(M = MO) and 2.87 ppm (M = W). This is attributed to the coupling of the two 
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Fig. 2. Proposed molecular rearrangement for the complexes 1 and 2 in solution. 

equivalent methylene protons with the phosphorus atoms. The equivalence of the 
methylene protons of the dppm ligand was previously observed for many complexes 
containing M(dppm),M’ moieties, and Shaw and his colleagues suggest a rapid 
“flipping” of the MPCPM’ ring to explain this effect [g-11]. We suggest that the 
PCH,P protons in our complexes are rendered equivalent in this way. Presence of a 
bridging chloride is thought to be unlikely because this would be expected to render 
the PCH,P protons inequivalent at room or moderately low temperature, and we 
take this to show that M - - - Cl interaction is at best weak. 

The signals corresponding to the norbomadiene ligand and the phenyl groups of 
the dppm ligand are also present (Table 1). 

The ‘k-NMR spectrum of 2 shows three Sc signals (211.9, s; 207.4, d; 206.1, d), 
consistent with the presence of three types of carbonyl ligands. The signal at highest 
field is attributed to the carbon atom of carbonyl group tram to the W-bonded PA 
(2J(CP,) = 44.2 Hz), and the two cis carbonyl groups show a signal at 207.4 ppm 
(‘J(CP,) = 3.9 Hz). The signal which appears as a singlet at lowest field is 
attributed to the carbonyl group directed towards the rhodium atom, which has a 
semi-bridged nature in the solid state as shown by the crystal structure determina- 
tion. The low stability of the related molybdenum complex prevented recording of a 
good “C-NMR spectrum. 

In the light of the above data, considered together with the assumption that the 
presence of bridging ligands such as CO or Cl between MO and Rh atoms would 
involve non-equivalence of the methylene protons, we propose for the complex in 
solution the structure depicted in Fig. 2. In this structure the 34electron configura- 
tion could be attained if the basic 16-electron rhodium(I) complex donates a pair of 
electrons to the 16-electron molybdenum complex to produce an l&electron config- 
uration through a donor-acceptor metal-metal bond. The ability of Rh* complexes 
to act as Lewis bases is well documented [12], and single dative interactions between 
metals have been proposed for a number of bimetallic complexes [13-151. However 
the situation may be different in the solid state, and so we determined the crystal 
structure of complex [(OC),Mo+CBo(-CO)@dppm)Rh(NBD)] (1). The complex 
was crystallized from dichloromethane-hexane (1: 3). Its structure is shown in Fig. 
3 [16], and selected interatomic distances and angles are listed in Table 2. The 
molybdenum and rhodium moieties are linked by the dppm, carbonyl, and chloride 
bridges. The MO-Cl-CO-Rh ring has an almost planar structure. Related com- 
plexes containing group 6 metals, specifically [(OC),MOo(p-PEt,),],, have planar 
MO-P-P-MO rings [18]. The MO-Rh length (2.945(4) A) is less than the average 
MO-Rh bond length in the complex [(C,Me,)(CH+h(p-PMe,),Mo(CO),I] 
(2.957(l) A) [18], and is in the range proposed for a single MO-Rh bond (2.59-2.96 
A) [8]. Another interesting feature of the structure is that one of the carbonyl 
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Fig. 3. Molecular structure of [(OC),Mo@-Cl)@-CO)(pdppm)Rh(NBD)] (1) showing the principal 
atomic numbering. 

ligands, C(2)-O(2), of the MO atom is directed towadds the Rh atom along the 
Rh-MO bond. The bond length Rh-C(2) (2.343(1$) A) is larger than that in the 
homonuclear dirhodium complexes (1.956-2.0:4 A) and slightly larger than that 
assigned to semibridging CO groups (2.200(7) A) in some CrRh and MnRh species 
[13,14]. The MO-C(~) bond length (2.070(10) A) is close to those for CO bridging 
systems involving MO atoms [19,20]. The values of the angles MO-C(2)-O(2) 
(155.1(9)O) and Rh-C(2)-O(2) (121.2(8)“) indicate that the C(2)-O(2) ligand is 
bent with respect to the molybdenum and rhodium atoms. 

In the complex both metal centres show some distortion from idealized geome- 
tries. The (OC),MoClP unit has a distorted octahedral geometry, sharing an edge 
with the trigonal-bipyramidal geometry observed in the RhCl(CO)(NBD) unit. The 
MO-Rh bond is directed towards the middle of this shared edge. 

Experimental 

The NMR spectra were recorded on Varian XL-300 and Bruker 300 spectrome- 
ters with (CH,),Si as internal standard for ‘H and 85% phosphoric acid as external 



107 

Table 2 

Bond distances (A) and angles (“), with e.s.d.‘s in parentheses, for [(OC)~Mo(pCl)(pXO)(~- 

ckwWWJBDIl(1) 

Rh-MO 

m-P(l) 
Rh-Cl 

m-c(2) 
m-c(5) 
=-c(6) 
=-c(8) 
m-c(9) 
MO-P(~) 
MO-Cl) 
MO-C(Z) 
MO-C(~) 
MO-C(~) 
MO-C(~) 

P(l)-c(12) 
P(l)-C(13) 
P(l)-C(19) 

P(2)-C(12) 
P(2)-C(25) 
P(2)-C(31) 

W-o(2) 
c(2)-o(2) 
W-o(3) 
c(4)-o(4) 
q5)-c(6) 
C(5)-WO) 
C(6)-c(7) 
c(6)-c(8) 

c(8)-U-c(9) 
c(6)-W-c(9) 
c(6)-m-q8) 
c(5)-W-c(9) 
c(5)-m-c(8) 
c(5)-m-c(6) 
C(2)-Rh-C(9) 

c(2)-m-c(8) 
c(2)-W-c(6) 
c(2)-m-c(5) 
Cl-Rh-C(9) 
Cl-Rh-C(8) 
Cl-a-C(6) 
Cl-Rh-C(5) 
Cl-Rh-C(2) 
P(I)-Rh-c(9) 
P(l)-Rh-C(8) 
P(l)-Rh-c(6) 
P(l)-Rh-C(5) 
P(l)-Rh-C(2) 
P(l)-Rh-Cl 
MO-Rh-C(9) 
MO-Rh-C(8) 
MO-F&-C.(6) 

2.945(4) 
2.989(3) 
2.529(3) 
2.34(l) 
2.10(l) 
2.09(l) 
2.30(l) 
2.31(l) 
2.517(2) 
2.578(5) 

2.04(l) 
2.07(l) 
1.95(l) 
1.96(l) 
1.84(l) 

1.&4(l) 
1.82(l) 
1.83(l) 
1.82(l) 
1.82(l) 
1.14(2) 
1.14(l) 
1.15(l) 
l.la(l) 
1.39(l) 
1.51(2) 
1.54(l) 
1.51(2) 

34.5(4) 
76.7(4) 
65.1(4) 
63.6(4) 
76.q4) 
38.8(5) 

108.1(4) 
78.5(4) 

101.2(4) 
139.3(4) 

88.9(3) 
111.5(3) 
157.4(4) 
118.9(3) 

99.8(3) 
155.9(4) 
158.6(3) 

%.4(3) 
%.4(3) 
95.9(3) 
89.8(l) 

106.1(3) 
97.1(3) 

145.1(3) 

c(7)-ml) 
c(8)-c(9) 
c(9)-c(l0) 
c(lO)-ml) 
W3)-c(l4) 
W3)-W8) 
W4)-W5) 
W5)-c(l6) 
W6)-W7) 
c(l7)-W8) 
c(l9)-c(20) 
c(l9)-c(24) 
c(20)-c(21) 
c(21)-c(22) 
c(22)-c(23) 
c(23)-c(24) 
c(25)-c(26) 
CJ25)-c(30) 
c(26)-c(27) 
c(27)-c(28) 
c(27)-c(28) 
c(29)-c(30) 
c(3Wc(32) 
c(31)-c(36) 
c(32)-c(33) 
c(33)-c(34) 
c(34)-c(35) 
c(35)-c(36) 

C(3)-MO-C(~) 
C(2)-MO-C(~) 
C(2)-MO-C(~) 
C(l)-MO-C(~) 
C(l)-MO-C(~) 
C(l)-MO-C(~) 
Cl-MO-C(~) 
Cl-MO-C(~) 
Cl-MO-C(~) 
Cl-MO-C(Z) 
P(2)-MO-C(~) 
P(2)-MO-C(~) 
P(2)-MO-CJ2) 
P(2)-MO-C(I) 
P(2)-MO-Cl 
Rh-P(I)-C(19) 
Ril-P(l)-C(13) 

c(l3)-P(l)-c(l9) 
~(12)~p(l)-~(19) 
W2)-P(l)-c(l3) 
MO-P(2)-C(3) 
MO-P(2)-C(25) 
MO-P(2)-C(12) 
C(25)-P(2)-C(31) 

1.53(2) 
1.37(2) 
1.52(2) 
1.55(2) 

1.40(l) 
1.37(l) 
1.38(l) 
1.39(2) 
1.38(2) 
1.37(2) 
1.39(2) 
1.39(l) 
1.38(2) 
1.37(2) 
1.37(2) 
1.39(2) 
1.38(l) 
1.39(l) 
1.39(l) 
1.37(2) 
1.37(2) 
1.38(l) 
1.38(l) 
1.38(l) 
1.39(2) 
1.38(2) 
1.35(2) 
1.38(2) 

91.1(5) 
87.6(4) 
77.7(4) 
87.9(5) 
83.45) 

160.5(5) 

90.4(4) 
175.9(3) 
106.2(4) 

92.9(4) 
174.3(4) 

93.5(4) 
96.6(3) 
89.4(3) 
84.9(l) 

112.1(3) 
119.7(3) 
103.2(5) 
102.0(4) 
103.6(4) 
111.9(3) 
122.7(3) 
111.2(3) 
102.2(5) 
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Table 2 (continued) 

MO-I&-C(S) 169.3(3) 
MO-Rh-C(2) 44.3(3) 
MO-Rh-Cl) 55.6(l) 
MO-Rh-P(1) 92.8(l) 
Rh-MO-C(~) 9w4) 
Rh-MO-C(~) 129.8(3) 
Rh-MO-C(Z) 52.2(3) 
Rh-MO-C(~) 146.8(4) 
Rh-MO-Cl 54.0(l) 
Rh-MO-P(Z) 89.2(l) 

c(l2)-~(2)-~(31) 
CQ2)-P(2)-C(25) 
Rh-Cl-M0 
Mo-C(l)-O(1) 
Rh-C(2)-MO 
Mo-C(2)&(2) 

m-c(2)-o(2) 
Mo-C(3)-o(3) 
Mo-C(4)-O(4) 

104.0(5) 
102.9(5) 

74.0(l) 
176.8(9) 

83.5(4) 
155.1(9) 
121.2(8) 
175.7(9) 
177(2) 

standard for “P. IR spectra were recorded on a Perkin Elmer 1300 spectrophotome- 
ter. Analyses (C,H,N) were performed by Elemental Micro-Analysis Ltd. Laborato- 
ries, Devon, England. AU reactions were carried out under oxygen-free dry nitrogen. 
Analytical grade solvents were used. Previously described methods were used to 
prepare [(OC),M(dppm-PP)] [21] and [RhCl(NBD)] [22]. 

Preparation of [(OC),iUo(p-Cl)(p-CO)@-dppm)Rh(NBD)] (I) 
A dichloromethane solution (5 cm3) of [(OC)4M(dppm-PP)] (154.1 mg, 0.260 

mmol) was added to one of [RhCl(NBD)J, (60 mg, 0.130 mmol) in the same solvent 
(5 cm3), at - 20 o C. The colour of the solution turned from yellow to orange after 
15 min of reaction. After 3 h at - 20 ’ C the mixture was concentrated (5 cm3) under 
reduced pressure. Hexane (20 cm3) was then added to precipitate an orange solid, 
which was filtered off and dried in uacuo to give a yield of 82%. The product was 
recrystallized from dichIoromethane-hexane as orange crystals. (Found: C, 52.21; 
H, 3.76%. C,,ClH,MoO,P$h talc.: C, 52.51; H, 3.64%) 

The Rh-W complex.2 was prepared by a similar procedure at room temperature 
in 85% yield. (Found: C, 47.02; H, 3.35%. C,,ClH,,,O,P,RhW cak.: C, 47.43; H, 
3.29%.) 

Crystallographic studies 
An orange prismatic crystal of 0.2 x 0.2 X 0.3 nm was mounted in a Nonius 

CAD4 diffractometer. The cell dimensions were refined by least-squares fitting of 
the 8 values of 25 reflections. 

Crystar data. C3,$lH3,Mo0,P,Rh, M- 822.56, monoclinic, a 14.11(l), b 
9.805(3), c 24.29(4) A, /3 100.6(3)“, U 3297(6) A3, Z= 4, D, 1.66 g cme3, 
~(Mo-K,) 10.79 cm-‘, F(OO0) = 1648, space group P2,/c, T 295 K, R = 0.041 for 
2959 observed reflections. 

Data collection. Intensities of 6183 unique reflections with 1” < 0 < 25O, h, k, 
I - 16, 0, 0 to 16, 11, 28 were measured at 295 K with monochromatic Mo-K, 
radiation (X 0.71069 A) and a w/28 scan technique; three reflexions monitored 
periodically during data colkction showed no decays; the intensities were corrected 
for Lorentz and polarization effects, and 2959 of these with 1~ 2a(I), were 
considered as observed. 

Structure determination. The heavy atoms and Cl atom were located from a 
three-dimensional Patterson map. The positions of the remaining atoms were 
obtained from Fourier synthesis. An empirical absorption correction [24] was 
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applied at the end of the isotropic refinement. Final mixed refinement, with fixed 
isotropic factors and calculated positions for the H-atoms and unit weights, led to 
R-0.041 and R, = 0.044. No trends .in Af/vs F, or sin 8/A were observed. 
Average shift-to-error ratios were 0.02 A-‘. Final difference synthesis showed no 

Table 3 

Atomic coordinates for [(OC),Mo(~Cl)(~CO)(pdppm)Rh(NBD)] 

Atom x Y 2 ka o 

Rb 
MO 

P(l) 
P(2) 

:l) 
c(2) 
c(3) 
c(4) 
c(5) 
c(6) 
c(7) 
C(8) 
c(9) 
C(10) 
C(l1) 
c(l2) 
c(l3) 
c(l4) 
W5) 
c(l6) 
Cu7) 
C(18) 
c(l9) 
C(20) 
C(21) 
C(22) 
c(23) 
c(24) 
c(25) 
c(26) 
~(27) 
C(28) 
c(29) 
C(30) 
c(31) 
c(32) 
c(33) 
c(34) 
c(35) 
C(36) 
o(1) 
o(2) 
o(3) 
o(4) 

0.75595(6) 
0.85706(6) 
0.71397(17) 
0.82351(18) 
0.93130(18) 
0.98416(80) 
0.71645(75) 
0.80849(70) 
0.89472(75) 
0.70295(81) 
0.63185(79) 
0.64025(75) 
0.73683(80) 
0.80525(77) 
0.75010(84) 
0.66433(90) 
0.79913(64) 
0.59569(65) 
0.53155(69) 
0.44353(72) 
0.41875(84) 
0.48217(82) 
0.56982(73) 
0.71565(71) 
0.63226(73) 
0.6362q84) 
0.72379(89) 
0.80706(88) 
0.8037q72) 
0.72663(66) 
0.65239(70) 
0.57581(81) 
0.57465(87) 
0.65073(93) 
0.72556(78) 
0.92822(70) 
0.94628(82) 
1.02891(98) 
1.09305(78) 
1.07592(79) 
0.99351(75) 
1.05472(61) 
0.64333(49) 
0.77471(56) 
0.91492(70) 

0.12841(7) 
0.09228(g) 

- 0.09715(25) 
- 0.15980(25) 

0.06089(27) 
0.05109(108) 
0.15617(99) 
0.10788(118) 
0.28529(112) 
0.18304(103) 
0.20402(101) 
0.35680(107) 
0.36081(106) 
0.33735(103) 
0.31913(108) 
0.41772(114) 

- 0.21277(94) 
- 0.15259(89) 
- 0.05793(95) 
- 0.10179(124) 
- 0.23927(125) 
-0.33092(112) 
- 0.28708(98) 
-0.16078(91) 
- 0.17642(108) 
-0.21972(124) 
- 0.24393(124) 
- 0.224%(147) 
-0.1842q123) 
- 0.24132(104) 
-0.16167(103) 
-0.2231q132) 
-0.36118(140) 
-O&253(118) 
- 0.38187(110) 
- 0.26101(91) 
- 0.27653(115) 
-0.34377(120) 
- 0.39424(123) 
-0.37806(127) 
-0.3126(107) 

0.03340(93) 
0.1983q79) 
0.12111(104) 
0.40009(88) 

0.19956(3) 
0.10464(4) 
0.19989(10) 
0.10628(10) 
0.20924(11) 
0.07951(45) 
0.10205(43) 
0.02443(43) 
0.10888(52) 
0.27182(47) 
0.22449(47) 
0.21076(47) 
0.19204(45) 
0.23904(51) 
0.28665(46) 
0.26957(48) 
0.17453(37) 
0.16153(35) 
0.13200(38) 
0.10248(43) 
0.10294(47) 
0.13271(47) 
0.16102(41) 
0.27053(38) 
0.29252(41) 
0.34710(44) 
0.38072(43) 
0.36043(48) 
0.30542(46) 
0.05719(38) 
0.02883(38) 

- 0.00683(45) 
- 0.01441(43) 

0.01304(50) 
0.04900(42) 
0.09762(38) 
0.04395(45) 
0.03508(53) 
0.08036(58) 
0.13295(Q) 
0.14229(43) 
0.06397(40) 
0.08115(30) 

- 0.02225(33) 
0.10929(50) 

371(3) 
365(3) 
347(8) 
353(8) 
498(9) 
514(41) 
451(38) 
527(39) 
571(45) 
536(42) 
521(41) 
542(40) 
522(41) 
570(43) 
565(43) 
639(47) 
373(33) 
351(31) 
396(34) 
562(41) 
615(45) 
580(43) 
463(37) 

384(33) 
476(38) 
615(46) 

600(46) 
744(53) 
573(43) 
401(35) 
420(34) 

604(46) 
658(48) 
65q48) 
547(40) 
379(33) 
571(44) 
678(52) 
656(49) 

66OW 
508(39) 
817(4Q) 
557(28) 

840(38) 
1038(49) 

LI Coordinates and thermal parameters as U, = f~~~.A,*.Aj*.A,.Aj.~s(Ai, Aj)).10m4. 
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significant electron density. Most of the calculations were carried out by use of 
program X-RAY 76 [25]. Table 3 gives the atomic coordinates for 1. 

Acknowledgement 

We thank Dr. J.Y. Salaiim and Dr. R. Pichon (University of Bretagne Occidental, 
Bres?, F;~LVXX$ $or xzor&ng tie ‘lP NNMX spectnun of compound 2 at 2ow 
temperature. Financial support for this work from the Comisi6n Asesora de In- 
vestigacibn Cientifica y T&nica (CAICYT) is acknowledged (Project No. 367/84). 

References 

1 B. Chat&et, B. Delavaux and R. PoiIblanc, Coord. Chem. Rev., 86 (1988) 191. 
2 P.A. Wegner, L.F. Evans and J. Haddock, Inorg. Chem., 14 (1975) 192. 
3 FF.A. Cotton and J.M. Troun. J. Am. %6em. Sot.. %.(197414422. 
4 G.M. Dawkins, M. Green, A.G. Grpen and F.G.A. Stone, J. Chem. See., Chem. Commtm., (1982) 41. 
5 F. Faraone, G. Bruno, S.L. Schiavo and G. Bomb&i, J. Chem. See., Dalton Trans., (1984) 533. 
6 B. Delavaux, B. Chat&et, F. Dahan and R. Poilblanc, GrganometaBics, 4 (1985) 935. 
7 M.E. Wright, T.M. Mema, G.O. Nelson, N.R. Armstrong, V.W. Day and M.R. Thompson, 

CD_gzmomeuiXhq2)39IiiTl73,33. 
8 A. Blagg, R. Robson, B.L. Shaws and M. Thornton-Pett, J. Chem. Sot., Dalton Trans., (1987) 2171. 
9 A. Bagg, P.G. Pringle and B.L. Shaw, J. Chem. Sot., Dalton Trans., (1987) 1495. 

10 A. Blagg, T. Hutton, P.G. PringIe and B.L. Shaw, J. Chem. Sot., Dalton Trans., (1984) 1815. 
11 X.L.R. Fontaine, G.B. Jacobsen, B.L. Shaw and M. Thornton-Pett, J. Chem. Sot., Dalton Trans., 

(1988) 1185. 
12 ID.F. Shrtver. Act. Chem L&s=. 3 /L970132L. 
13 M.L. Akhidge, M. Green, J.A.K. Howard, G.N. Pain, S.J. Porter, F.G.A. Stone and P. Woodward, J. 

&em. “koc.,n&Ln7mYmlrs., ‘@!Yq~. 
14 IRD. Barr. M. Green..F.~Marsden.F.G.A. Stone ancP.~Woodwar~. I. Chem. Soc,.DaLtonTraq. 

(1983) 507. 
15 IEWB. Einstein.B.K.Po~merov.P. Rushman and A.%.-Wiis. J. Chem. Sot,. Ghem. Gommun.{L9851 

854, and references thererll. 
16 C.K. Johnson, ORTEP, Report ORNL-3794, Oak Ridge National Laboratory, Tennessee, 1965. 
17 H. Vahrenkamp and E. KelIer, Chem. Ber., 112 (1979) 1991. 
18 IRG. Finke and G. Gat&an. CQxanotnetrdLtcs, 2 IL9831 1481. 
19 WI. Mink, J.J. WeLter,P.R Young and GD. Stud&J. Am. Chent Sot,, LUL [L979l@28. 
20 S.A.R. Knox, R.F.D. Stansfield, F.G.A. Stone, M.J. Winter and P. Woodward, J. Chem. Sot., Dalton 

Trans., (1982) 167. 
21 J. Chatt and H.R. Watson, J. Chem. Sot., (1961) 4980. 
22 E.W. AbeL J. Chem_ Sot,. {L95913178. 
23 International Tables of X-Ray Crystallography, Vol. 4, Kynoch Press, Birmingham, 1974, p. 72. 
24 N. WaIker and D. Stuart, Acta Crystallogr., Sect. A, 39 (1983) 158. 
25 J.M. Steward, F.A. Kundell and D.C. Baldwin, X-RAY 76 system, Computer Science Center, University 


