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Abstract 

~4-1,5-Cyclooctadiene-~*-tris(diphenylthiophosphinoyl)me~hanidoiridium(i), (COD)Ir(TrisS,), was syn- 
thesized by the reaction of [(COD)IrCl], with lithium tris(diphenylthiophosphinoyl)methanide, 
Li{[Ph,P(S)],C}, in methylene chloride. A crystallographic structural determination was carried out on 
a yellow crystal in the monoclinic system of space group P2,/n. The unit cell dimensions are a = 10.826(3), 
b=21.659(6), c= 17.487(S) A, /?- 100.23(2)” and Z=4. The coordination about iridium is square planar 
with the TrisS,- ligand showing bidentate behavior with one of the P(S) groups being non-coordinated. 
The variable temperature “P{‘H} NMR spectra indicate fluxional behavior of the TrisS,- ligand at 
room temperature and non-fluxional behavior at -80 “C. 

Introduction 

The recently discovered series of ligands of the 
type [Ph,P(X)][Ph,P(Y)][Ph,P(Z)]CH, HTrisXYZ, 
where X, Y and Z are various combinations of lone 
pairs of electrons and the chalcogens 0, S and Se 
[l, 21, their anionic derivatives TrisXYZ- [3] and 
their methyl analogues, e.g. (Me2P)&H [4], 

{(MezP)&}- [5], [MedWlXH [61 and @W’(S)I~- 
[Ph,P(S)]C}- [7] have shown very interesting chem- 
istry and ligand behavior [8-121. The most investi- 
gated of the anionic ligands, TrisS3-, can bond as 
a tridentate tripodal ligand [13] or as a bidentate 
ligand [14]. We report here the synthesis, structure 
and variable temperature 31P{1w NMR of another 
complex of Tris& - in which the ligand is bidentate, 
viz. (COD)IrTrisS,. 

Experimental 

Spectroscopy 
NMR spectra (‘H, 13C{lH} and 31P{1H}) were 

obtained on an IBM WP200 spectrometer. Positive 

*For Part XIV see ref. 12. 
**Authors to whom correspondence should be addressed. 

31P chemical shifts are reported to the high frequency 
(‘downfield’) side of 85% H,PO,. Carbon and proton 
chemical shifts are referenced to tetramethylsilane. 
Fast atom bombardment (FAB) mass spectra were 
obtained with a VG Analytical VG3070E instrument 
with m-nitrobenzyl alcohol as the supporting matrix. 

Syn thesk of (COD) Ir( TriX3) 

The starting materials [(COD)IrCl], [15] and 
LiTrisS, [3d] were prepared as previously described. 
A solution of 0.67 g (1.0 mmol) of LiTris!$ dissolved 
in 20 ml of CHzClz was added dropwise with stirring 
to a solution of 0.336 g (0.50 mmol) of [COD)IrC112 
in 20 ml of CHzClz under an inert atmosphere of 
Ar. The mixture was stirred for 12 h then filtered 
via cannula through Celite. The Celite was washed 
with two 5 ml portions of CH2C12, which were added 
to the filtrate. The solvent was removed under re- 
duced pressure to yield a yellow-brown residue. The 
residue was recrystallized from CH2C12/Et20 at 0 
“C to yield 0.71 g (74%) of (COD)IrTrisSx, m.p. 162 
“C (dec.). MW (talc.): 964.1. Found: FAB-MS: 965 
(M+ 1, 100% rel. int.), 857 (M-COD+ 1, 46.3%), 
856 (M-COD, 40.0%). FAB-MS: isotope abundance 
mass calculation for M+ 1(C45&31rP3S3): 963 (51.1% 
ofM+ 1 peak), 964 (27.5%),965 (lOO%), 966 (51.0%), 
967 (25.0%). Found: 963 (47.1%), 964 (50.9%), 965 
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(loo%), 966 (69.8%), 967 (16.1%). 3’P{‘H} NMR 
(23 “C, CDC13, 80.90 MHz): 38.1 (s). 31P{1H} NMR 
(-80 “C, CHzClz with a concentric capillary of dg- 
acetone to provide lock, 80.90 MHz): 40.0 (t, 

2J[P(S),r,-P(S),eel = 14.6, lP, P(S)&, 31.4 (d, 
J= 14.6, 2P, P(S),,,,,). ‘%{‘H} NMR (23 “C, CDC&, 
50.29 MHz): 135.0 (d, 1J(31P-13C) = 92.1, Ph-C(l)), 
133.4 (d, *J(P-C)=9.4, Ph-C(2,6)), 130.1 (s, 
Ph-C(4)), 127.2 (d, 3J(P-C) = 13.2, Ph-C(3, S)), 66.7 
(s, COD-CH), 31.7 (s, COD-CH2). ‘H NMR (23 
“C, CDC13, 200 MHz): 7.94-7.84 (m, o&o-Ph), 
7.27-7.07 (m, meta-,paru-Ph), 3.75 (br s, COD-CH), 
2.18-2.15 (br m, COD-CH2, 4H), 1.67-1.59 (m, 
COD-CHI, 4H). 

CrystaUographic structural determination of 
(COD)IrTrisS3 

A yellow single crystal of (COD)IrTrisS3, grown 
from CH,Cl,/EtOH, was used in the crystallographic 
structural determination. Details concerning the crys- 
tal data collection and data refinement are given in 
Table 1. 

Results and discussion 

The reaction of [(COD)IrC1J2 and LiTrisS3 (1:2 
molar ratio) in methylene chloride yields 
(COD)IrTris& in good yield. The “P NMR spectrum 
at room temperature is a singlet, which indicates 
that all three P(S) groups are equivalent, either 
stereochemically in a static structure, or more likely, 
due to averaging in a fluxionallexchange kinetic 
process. At -80 “C the 31P spectrum is of an AXI- 
type with a doublet at 31.4 ppm and a triplet at 
40.0 ppm with a 2J(P-P) of 14.6 Hz. This is consistent 
with a square planar coordination geometry about 
iridium with two P(S) groups coordinated (31.4 ppm) 
and one P(S) group non-coordinated (40.0 ppm). 
This coordination geometry has also been observed 
in similar TrisO,&-,- complexes (where n = 0, 2 
and 3) of rhodium(I), iridium(I) and platinum(II), 
in particular: (COD)Ir(TrisOJ [16], (COD)Rh- 
(TrisS,) [14b], (C0)JrTrisS3 [14b], (EtjP)PtC1- 
(TrisS,) [14a] and (COD)Rh(Tris02S) [12]. 

The molecular structural determination of 
(COD)Ir(TrisS,) has confirmed the bidentate nature 
of TrisS,. Figure 1 gives the ORTEP view of the 
molecule with only the ipso carbons of the phenyl 
groups displayed for purposes of clarity. Figure 2 
gives a better perspective of the iridium coordination 
and of the folding of the six-membered chelate ring. 
Selected bond lengths and angles are given in Tables 
2 and 3, respectively. Table 4 gives the atomic 
coordinates. 

TABLE 1. Crystal and refinement data 

Compound (COD)Ir(Tris&l 
For&la 

. ,. -, 
C&&P& 

Formula weight 964.1 
Crystal color, habit yellow rectangular prism 
Crystal system monoclinic 
Space group P&In 
a (A) 10.826(3) 
b (A) 21.659(6) 
c (A) 17.487(S) 
P (” 

B 
100.23(2) 

V( ‘) 4035(2) 
z 4 
Dcalc (g/cm’) 1.587 
Crystal size (mm) 0.2 x 0.2 x 0.4 
~(Mo Ka) (mm-‘) 3.593 
Diffractometer Siemens R3m/V 
Radiation MO Ka (h=0.71073 A) 
Temperature (K) 298 
20 Range (“) 3.5-50.0 
Scan type Wyckoff 
Monochromator highly oriented graphite 

crystal 
Index ranges O<hb12,O<k<25 

-20<[<20 
No. reflections measured 7741 
No. independent reflections 7116 

(Ri,, = 5.85%) 
Observed reflections 4886 

(F> 3.00((F)) 
Absorption correction semi-empirical 
Transmission factors; max, 0.9598, 0.5981 

min. 
Refinement system Siemens SHELXTL PLUS 

(VMS) 
Solution direct methods 
No. parameters refined 470 
R” (%) 5.33 
R,vb (%) 4.48 
Goodness-of-fit’ 1.18 

“R=IIF,-F,IiXF,. bRw=Zl(Fo-Fc)(w)‘“I~Fo(~)‘n. 
‘GOF = [8{(w)(F, - Fc)2}/M-Nj’R, where h4 = no. of ob- 
served reflections and N=no. of parameters refined. 

Cllbll 

Fig. 1. ORTEP diagram of (C,H,,)Ir{[SP(C,H,),]&} with 
H atoms omitted and showing only the ipso carbons of 
the phenyl groups. 
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Fig. 2. ORTEP diagram of ~H,,Ir{[SP(C,H,)&Z} showing 
the chelate ring and coordination geometry about iridium. 
X(la) and X(lb) are the centroids of the C(l)-C(2) and 
C(5)-C(6) double bonds, respectively. 

TABLE 2. Selected bond lengths (A) in GH&-. 
WWGHd,IX~ 

h(l)-S(1) 2.382(Z) Ir(ltS(2) 2.326(3) 

h(l)-C(1) 2.142(10) Ir(lW(2) 2.152(10) 

W)-C(5) 2.108(9) W)-C(6) 2.141(8) 

S(l)-P(1) 2.031(3) S(2)-P(2) 2.039(3) 

S(3)_P(3) 1.972(4) P(l)-C(lAl) 1.832(9) 

P(l)-C(lBl) 1.825(8) P(l)-wl) 1.742(8) 

P(2)-C(2Al) 1.828(8) P(2)-C(ZBl) 1.825(9) 

P(2)-w 1) 1.758(9) P(3)-C(3Al) 1.831(10) 

P(3)-C(3Bl) 1.829(8) P(3)-c(ll) 1.789(9) 

C(l)-C(2) 1.429(16) C(l)-C(8) 1.504(14) 

C(2w3) 1.511(14) C(3wx4) 1.485(16) 

C(4)-c(5) 1.507(16) C(5)-C(6) 1.379(14) 

C(6)-C(7) 1.544(15) C(7)-C(8) 1.477(H) 

Ir(l)-x(h)* 2.025 k(l)-X(lb) 2.010 

TABLE 3. Selected bond angles (“) in 

W’(GH5)213C~ 

w)_wl-w 95.3(l) S(l)-Ir(l)-C(l) 

S(2)-Ir(l)-C(l) 152.7(3) S(l)-h(l)-C(2) 

S(2)_W)-C(2) 167.2(3) C(lHr(l)-C(2) 
S(l)-Ir(l)-C(S) 155.8(3) S(2)-Ir(l)-w) 

C(l)-Ir(l)c(5) 96.3(4) C(2)-Ir(l)-C(5) 

S(l)-Ir(l)-C(6) 165.7(3) S(2)-Ir(l)-C(6) 

C(l)-Ir(l)-C(6) 81.8(4) C(2)-Ir(l)-C(6) 

C(5)-Ir(ltC(6) 37.9(4) Ir(l)-S(I)-P(1) 

Ir(l)-S(2)-P(2) 109.3(l) S(l)-P(l)-C(lAl) 

S(l)-P(l)-C(lBl) 103.9(3) C(lAl)-P(l)-C(IBl) 

S(l)-P(l)-c(ll) 112.0(3) C(lAl)-P(l)-C(ll) 

C(lBl)-P(l)-C(ll) 114.2(4) S(2)-P(2)-C(2Al) 

S(2)-P(2)-C(2Bl) 102.4(3) C(2Al)-P(2)-C(2Bl) 

S(2)-P(Z)-C(I 1) 114.8(3) C(ZAl)-P(2)-C(ll) 

C(2Bl)-P(2)-C(l1) 114.3(4) S(3)-P(3)-C(3Al) 

S(3)-P(3)-C(3Bl) 112.7(3) C(3Al)-P(3)-C(3Bl) 

S(3)-P(3)-C(ll) 114.5(3) C(3Al)-P(3)-C(ll) 

C(3Bl)-P(3)-C(ll) 106.3(4) k(l)-C(lw(2) 

Ir(lF(lW(8) 111.8(7) C(2)-C(1)4(8) 

Ir(l)-C(2)<(1) 70.2(6) Ir(l)-C(2)-C(3) 

C(i)-c(2)-c(3) 121.7(8) C(2)-C(3)-C(4) 

C(3W(4)-w) 115.3(9) Ir(l)-C(5)<(4) 

Ir(l)C(5)-C(6) 72.4(5) C(4)-C@)-C(6) 

IrW-C(6)-C(5) 69.8(5) Wl)-C(6)-C(7) 

C(5)-c(6)-c(7) 125.7(10) C(6)-C(7)-C(8) 

C(l)-‘T8)-c(7) 116.0(10) P(l)-C(lAl)-C(lA2) 

P(l)-C(ll)-P(3) 125.7(5) P(2)-C( 11)-P(3) 

S(l)-Ir(l)-X(la) 89.5 P(ltcW)-P(2) 
X(h)-Ir(l)-X(lb)’ 87.5 S(2)-Ir(l)-X(lb)’ 

GHlJr- 

90.0(2) 

89.1(2) 

38.9(4) 

89.8(3) 

81.5(4) 

87.0(3) 

91.7(4) 

108.3(l) 

107.9(3) 

103.6(4) 

114.3(4) 

110.4(3) 

103.3(4) 

110.8(4) 

109.9(3) 

100.7(4) 

ll1.9(4) 

70.9(6) 

123.6(9) 

112.8(6) 

114.1(10) 

112.4(7) 

123.0(10) 

112.0(6) 

114.9(8) 

121.1(7) 

118.7(4) 

115.4(5) 

88.3 

‘X(la) and X(lb) are the centroids of the C(l)-C(2) and 
C(S)-C(6) double bonds, respectively. 

‘X(la) and X(lb) are the centroids of the C(l)-C(2) and 
C(S)-C(6) double bonds, respectively. 

The coordination about iridium (Sl, S2, Xla and 
Xlb, where Xla and Xlb are the centroids of the 
Cl-C2 and C5-C6 double bonds, respectively) is a 
slightly distorted square plane with a twist of 9 
between the dihedral planes Sl-Ir-S2 and 
Xla-Ir-Xlb. The iridium bond distances to the 
centroids of the double bonds are 2.025 and 2.010 
A, which are slightly shorter than the average of 
2.098 8, for the four double bonds in the five co- 
ordinate iridium complex (COD)JrSnCl, [17]. The 
structure of the coordinated COD ligand is otherwise 
normal [12, 14b, 17, 181. 

The Tris&- is bound to Ir via two sulfur atoms 
with an average bond length of 2.354 A, essentially 
the same as the 2.359 A observed in (CO),Ir(TrisS,) 
[14b]. The third P(S) group is not coordinated and 
is in fact pointed away from iridium. The coordinated 
P(S) groups have P-S bond lengths of 2.031(3) and 
2.039(3) A compared to the shorter non-coordinated 
P-S bond length of 1.972(4) A. It is generally true 
that phosphine chalcogenide bonds lengthen upon 

coordination as is observed here. T.he P-C bonds 
within the chelate ring, 1.742(8) and 1.758(g) A, are 
slightly shorter than the P-C distance (1.789 A) of 
the non-coordinated P(S) group. The Tris&- ligand 
remains planar at the central carbon, which lies only 
0.028 A out of the plane of the three phosphorus 
atoms. The bond length and bond angle data suggest 
that considerable delocalization remains within the 
ligand when complexed as a bidentate ligand, which 
has been noted previously for Tris&- [14b], Tris03- 
[19] and TrisOzS- [12]. Figure 2 shows that P2 lies 
very close (0.419 A) to the best plane of Sl, S2, 
Xla and Xlb, so that four members of the chelate 
ring Ir, Sl, S2 and P2 are nearly planar with Pl 
and Cl1 forming a two-atom ‘flap’ of a folded 
envelope, similar to the familiar folded envelope 
(with a one-atom flap) of five-membered rings. The 
structure of the TriS,- ligand in (COD)IrTris& is 
essentially the same in all respects as was observed 
for (CO)JrTris& [14b]. 

Fast atom bombardment mass spectra of 
(COD)IrTris& gave strong peaks at M+ 1 and at 
M-(COD) indicating the molecule is sufficiently 
stable to allow molecular weight determination via 
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TABLE 4. Atomic coordinates (X 104) and equivalent 
isotropic displacement coefficients (A2 x 10’) 

determination of reasonably heavy molecules of this 

type. 

Atom x U.0’ 

W) 
S(l) 
S(2) 
S(3) 
P(1) 
P(2) 
P(3) 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(lA1) 
C( lA2) 
C( lA3) 
C( lA4) 
C(lA5) 
C(lA6) 
C(lB1) 
C( lB2) 
C( lB3) 
C( 1B4) 
C( lB5) 
C(lB6) 
C(2Al) 
C(2A2) 
C( 2A3) 
C(2A4) 

C(2A5) 
C(2A6) 
C(2Bl) 
C(2B2) 
C(2B3) 
C(2B4) 
C(2BS) 
C(2B6) 
C(3Al) 
C(3A2) 
C(3A3) 
C(3A4) 
C(3A5) 
C(3A6) 
C(3Bl) 
C(3B2) 
C(3B3) 
C(3B4) 
C(3B5) 
C(3B6) 
C(l1) 

262( 1) 1096( 1) 
- 1055(Z) 1005( 1) 

2054(2) 719(l) 
2612(2) 1561(l) 

- 376(2) 1571(l) 
1794(2) 730( 1) 
2207(2) 1904( 1) 

- 1343(9) 998(6) 
- 1174(8) 1636(5) 

-652(11) 2088(5) 
740(11) 2108(6) 

1397(9) 1560(5) 
1230(9) 964(5) 
334( 10) 763(6) 

- lOOl(11) 718(6) 
-715(7) 2369(4) 

- 1383(8) 2762(4) 
- 1735(9) 3339(5) 
- 1439(10) 3516(5) 

- 768(10) 3134(5) 
- 375(8) 2567(5) 

- 1426(8) 1439(4) 
- 963(8) 1470(4) 

- 1780(9) 1372(5) 
- 3027(9) 1258(5) 
- 3491(9) 1246(5) 
- 2701(8) 1339(4) 

818(7) 79(4) 
185(9) 97(5) 

- 589(9) - 385(5) 
- 699( 10) - 895(5) 

-55(11) - 921(5) 
702(9) - 440(5) 

3347(8) 525(4) 
3464(9) 232(5) 
4650(11) 76(5) 
5704(10) 200(5) 
5575(9) 478(5) 
4413(8) 641(4) 
1587(8) 2688(4) 
1055(9) 2864(5) 
658(11) 3468(6) 
795(11) 3896(6) 

1285(10) 3727(5) 
1682(8) 3132(5) 
3604(7) 2051(4) 
4774(8) 2118(4) 
5794(8) 2269(5) 
5659(9) 2364(5) 
4502(9) 2304(5) 
3469(9) 2141(4) 
1200(7) 1428(4) 

8998( 1) 32(l) 
7758( 1) 34(l) 
8595( 1) 37(l) 
5553( 1) 47(l) 
7003( 1) 300) 
7412(l) 31(l) 
6524( 1) 32(l) 
9549(6) 57(5) 
9388(5) 45(4) 

10023(6) 70(5) 
10204(8) 84(6) 
9925(6) 51(4) 

10165(5) 48(4) 
10714(6) 70(5) 
10346(6) 73(5) 
7248(5) 33(3) 
6697(6) 41(3) 
6913(7) 57(4) 
7681(8) 64(5) 
8235(6) 55(4) 
8014(6) 45(4) 
6079(5) 33(3) 
5385(5) 40(3) 
4685(5) 51(4) 
4666(6) 57(4) 
5355(6) 56(4) 
6048(6) 41(3) 
7008(5) 31(3) 
6248(6) 47(4) 
5948(6) 57(4) 
6391(6) 61(5) 
7135(6) 67(5) 
7451(5) 46(4) 
7223(5) 34(3) 
6514(5) 46(4) 
6385(8) 67(5) 
6925(9) 74(6) 
7609(8) 63(5) 
7747(6) 46(4) 
6353(6) 39(3) 
5603(6) 54(4) 
5435(7) 77(6) 
6012(8) 72(5) 
6756(7) 60(5) 
6933(6) 44(4) 
7257(5) 32(3) 
7054(6) 45(4) 
7613(7) 57(4) 
8366(6) 57(4) 
8575(6) 53(4) 
8028(5) 41(3) 
6981(5) 31(3) 

aEquivalent isotropic U defined as one third of the trace 
of the orthogonalized U,, tensor. 

this method. The correlation coefficient for the ob- 
served versus calculated isotopic abundance mass 
distribution (see ‘Experimental’) is 0.89 and indicates 
that FAB-MS is a useful method for molecular weight 

Supplementary material 

Tables of a complete listing of bond lengths, bond 
angles, anisotropic displacement coefficients, H atom 
coordinates and isotropic displacement coefficients 
(4 pages) and calculated and observed structure 
factors (26 pages) are available from the authors. 

Acknowledgement 

Funds to purchase the X-ray diffractometer were 
provided by the State of Virginia. 

References 

1 

2 

3 

4 
5 

6 
7 

8 

9 

10 

K. Issleib and H. P. Abicht, /. Prukt. Chem., 312 (1970) 
456. 
(a) S. 0. Grim, L. C. Satek and J. D. Mitchell, 2. 
Naturforsch., Teil B, 35 (1980) 832; (b) S. 0. Grim and 
E. D. Walton, Phosphorus &l&r, 9 (1980) 123. 
(a) S. 0. Grim, P. H. Smith, L. C. Satek, I. J. Colquhoun 
and W. McFarlane, Polyhedron, 1 (1982) 137; (b) S. 
0. Grim, S. A. Sangokoya, I. J. Colquhoun and W. 
McFarlane, J. Chcm. Sot., Gem. Commun., (1980) 

930; (c) S. 0. Grim, R. D. Gilardi and S. A. Sangokoya, 
Angew. Chem., Int. Ed. Engl., 22 (1983) 254; (d) S. 0. 
Grim, S. A. Sangokoya, I. J. Colquhoun, W. McFarlane 
and R. K. Khanna, Ino%. Chem., 25 (1986) 2699; (e) 

S. 0. Grim, S. A. Sangokoya, E. delaubenfels, I. J. 
Colquhoun and W. McFarlane, Phosphors Sulfur, 38 
(1988) 79. 
H. H. Karsch, 2. Nuturforsch., Teil B, 34 (1979) 1171. 

(a) H. H. Karsch, Z. Naturforsch., Teil B, 34 (1979) 
1178; (b) H. H. Karsch and G. Muller, /. Chem. Sot., 
Chem. Commun., (1984) 569. 
H. H. Karsch, Chem. Ber., 11.5 (1982) 818. 
(a) S. 0. Grim, S. Nittolo, H. L. Ammon, P. H. Smith, 
I. J. Colquhoun, W. McFarlane and J. R. Holden, 
Inorg. Chim. Actu, 77 (1983) L241; (b) S. 0. Grim, P. 
H. Smith, S. Nittolo, H. L. Arnmon, L. C. Satek, S. 
A. Sangokoya, R. K. Khanna, I. J. Colquhoun, W. 
McFarlane and J. R. Holden, Xnorg. Chem., 24 (1985) 
2889. 

J. A. Osborn and G. G. Stanley, Angew. Chem., Int. 
Ed. Engl., 19 (1980) 1025. 
A. F. M. J. van der Ploeg and G. van Koten, Inolg. 
Chim. Actu, 51 (1981) 225. 
J. D. Goodrich and J. P. Selegue, Organometallics, 4 
(1985) 798. 



61 

11 S. 0. Grim and S. A. Sangokoya, J. Chem. Sot., Chem. 
Commun., (1984) 1599. 

12 S. 0. Grim, P. B. Kettler and J. B. Thoden, Organ- 
omerallics, 10 (1991) in press. 

13 (a) S. 0. Grim, Phosphorus Sulfur, 18 (1983) 283; (b) 
S. 0. Grim, S. A. Sangokoya, A. L. Rheingold, W. 
McFarlane, I. J. Colquhoun and R. D. Gilardi, Znorg. 
Chem., 30 (1991) 2519. 

14 (a) J. Browning, K. A. Beveridge, G. W. Bushnell and 
K. R. Dixon, Znorg. Chem., 25 (1986) 1987; (b) J. 
Browning, K. R. Dixon, R. W. Hilts, N. J. Meanwell 
and F. Wang, J. Organomet. Chem., in press. 

15 J. L. Herde, J. C. Lambert and C. V. Senoff, in G. 
W. Parshall (ed.), Inorganic Syntheses, Vol. 15, McGraw- 
Hill, New York, 1974, p. 18. 

16 R. S. Tanke and R. H. Crabtree, Z. Am. Chem. Sot., 
lZ2 (1990) 7984. 

17 P. Porta, H. M. Powell, R. J. Mawby and L. M. Venanzi, 
I. Chem. Sot. A, (1967) 455. 

18 P. A. Tucker, W. Scutcher and D. R. Russell, Acfu 
Crystallogr., Sect. B, 3Z (1975) 592. 

19 D. L. Reger, S. J. Knox and L. Lebioda, Znorg. Chim. 
Acta, I78 (1990) 89. 


