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the v2-bound HD is approximately 133 ms. Crabtree and Lavini3 
have noted that the Ti of q2-bound HD is significantly longer than 
that of the $-H2 due to the smaller magnetic moment of the 
deuterium nucleus. Again, saturation-transfer experiments in- 
dicate that there is still significant exchange between the classically 
bound and uz-bound environments at this temperature, and the 
measured T I  values must have a contribution from exchange 
averaging. 

There are two stereoisomers possible for a H/vZ-H2 trihydride 
complex i.e. with the classically bonded hydride cis or trans to 
the apical phosphorus. Only one isomer is observed in the IH 
NMR spectrum of 4 at low temperature, and on the basis of 

..... .D 

4 
31P-1H coupling constants, we assign this as the stereoisomer with 
the hydride trans to the apical phosphorus. In the dihydride, 1, 
the 31P-'H coupling constants uniquely define the assignment of 
the two iron-bound hydridesI4 with c~s-~IP-IH coupling to the 
terminal phosphorus atoms being relatively large (45-70 Hz) and 
t ran~-~lP- IH coupling to the terminal phosphorus atoms being 
significantly smaller (ca. 30 Hz). The corresponding coupling 
constants to the apical phosphorus are smaller than those to the 
terminal nuclei by approximately 50%. The hydride in 4 exhibits 
three large 3 'P  couplings of ca. 56 Hz, and this locates it trans 
to the apical phosphorus. 

As with other iron complexes of molecular hydrogen, the 
v2-bound H, in 2 is substituted readily with better ligands such 
as halidesis and alkane- and arenethiolate16 to give substituted 
iron P4 hydrides. 
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exhibits a triplet splitting (60.0 Hz) to the equivalent axial 31P nuclei, 
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(15)  Baker, M. V.; Field, L. D. J .  Organomet. Chem. 1988, 354, 351-6. 
(16) Boyd, S. E.; Field, L. D.; Hambley, T. W.; Young, D. J. Submitted for 

publication. 

Department of Organic Chemistry Nick Bampos 
University of Sydney Leslie D. Field* 
Sydney 2006, NSW, Australia 

Received September 1 1 ,  1989 

Synthesis and Characterization of 

with a Novel Tridentate Ligand Derived from 
Tris( 2,4,6-trimethoxyphenyl)phosphine 

It  is well-known that metal phosphine complexes are good 
catalyst precursors in important reactions such as hydrogenation, 
hydroformylation, and polymerization.' The investigation of bulky 

Rh2(02CCH3)J[(CsH2(0Me)JJ2PIC6H2(OMe)20JI(MeOH) 
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Figure 1. Room-temperature 300-MHz IH N M R  spectrum of 1 in 
CDICN (peak a is methanol; an asterisk marks the CD$N impurity). 
The inset shows the metal proton region at 500 MHz with (a) phosphorus 
nuclei decoupled and (b) phosphorus nuclei nondecoupled. 

and labile phosphine ligands is especially interesting due to the 
formation of reactive coordinatively unsaturated molecules.* One 
of our recent research interests is to explore the chemistry of the 
unusually large and basic phosphine ligand tris(2,4,6-trimeth- 
oxypheny1)phosphine (TMPP) with low-valent metal  center^.^ 
Several other groups have reported the use of this phosphine in 
organic reactions4 and in solid-state 3*P NMR studies.5 The first 
TMPP complex that was prepared in our laboratories is [Rh- 
(TMPP),](BF&, a novel Rh" monomer possessing a chelating 
tridentate arrangement for the PR3 ligand.3a Since both oxygen 
and phosphorus atoms are good donors, one may envision a variety 
of possible multidentate coordination modes for this ligand such 
as chelating tridentate (l), bridging bidentate (2), or bridging and 
chelating tridentate (3). The use of this highly flexible ligand 
in the series of complexes [Rh(TMPP),]"+ (n = 1, 2, 3), all 
exhibiting some variation of structure 1 above, afforded us the 
rare opportunity to probe the geometrical preferences of a metal 
center as a function of the electronic configuration.6 We were 

See for example: (a) Stelzer, 0. Top. Phosphorus Chem. 1977, 9, 1. 
(b) Parshall, G. W. Homogeneous Catalysis; Wiley: New York, 1980. 
(c) Nakamura, A.; Tsutsui, M. Principles and Applications ofHomo- 
geneous Catalysis; Wiley: New York, 1980. (d) Alyea, E. C.; Meek, 
D. W. Catalytic Aspects of Metal Phosphine Complexes; Advances in 
Chemistry Series 196; American Chemical Society: Washington, DC, 
1982. (e) Pignolet, L. H. Homogeneous Catalysis With Metal Phos- 
phine Complexes; Plenum Press: New York, 1983. (f) Yamamoto, A. 
Organorransirion Metal Chemistry; Wiley: New York, 1986. (g) 
Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, R. G. Principles 
and Applications of Organofransition Metal Chemistry, Part 11, 2nd 
ed.; University Science Books: Mill Valley, CA, 1987. (h) McAuliffe, 
C. A. In Comprehensive Coordination Chemistry; Wilkinson, G., 
Guilkard, R. D., McCleverty, J. A., Eds.; Pergammon Press: Oxford, 
England, 1987; Vol. 2, Chapter 14, p 989. 
See for example: (a) Osborn, J. A,; Jardine, F. H.; Young, J .  F.; 
Wilkinson, G. J .  Chem. Soc. A 1966, 171 1. (b) Halpern, E. J.; Mislow, 
K. J .  Am. Chem. SOC. 1967,89, 5224. (c) Alyea, E. C.; Malito, J. J. 
Organomet. Chem. 1988,340, 119 and references therein. (d) Bowden, 
J. A.; Colton, R. Aust. J .  Chem. 1971, 24, 2471. (e) Bennett, M. A,; 
Bramley, R.; Longstaff, P. A. J .  Chem. SOC., Chem. Commun. 1966, 
806. (0 Ferguson, G.; Roberts, P. J.; Alyea, E. C.; Khan, M. Inorg. 
Chem. 1978, 17, 2965. (8) Darensbourg, D. J.; Darensbourg, M. Y.; 
Gob, L. Y.; Ludvig, M.; Wiegreffe, P. J .  Am. Chem. SOC. 1987, 109, 
7539. (h) Clark, H. C.; Hampden-Smith, M. J. Coord. Chem. Rev. 
1987, 79, 229 and references therein. (i) Kubas. G. J. Acc. Chem. Res. 
1988, 21, 120. 
(a) Dunbar, K. R.; Haefner, S. C.; Pence, L. E. J. Am. Chem. SOC. 
1989, 111, 5504. (b) Dunbar, K. R.; Haefner, S. C.; Burzynski, D. J. 
Submitted for publication in J .  Am. Chem. SOC. (c) Dunbar, K. R.; 
Haefner, S. C.; QuillevErE, A. Submitted for publication in Polyhedron. 
(a) Wada, M.; Higashizaki, S. J. Chem. SOC., Chem. Commun. 1984, 
482. (b) Wada, M.; Higashizaki, S.; Tsuboi, A. J .  Chem. Res. Synop. 
1985, 38. (c) Wada. M. J. Synrh. Org. Chem., Jpn. 1986, 957. (d) 
Wada, M.; Tsuboi, A. J. Chem. SOC., Perkin Trans. 1 1987, 151. 
Bowmaker, G. A.; Cotton, J. D.; Healy, P. C.; Kidea, J. D.; Silong, S. 
B.; Skelton, B. W.; White, A. H. Inorg. Chem. 1989, 28, 1462. 
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intrigued by these results in monomer chemistry, and we became 
curious about what possibilities this ligand might have in higher 
nuclearity metal compounds. We therefore undertook a study 
of the reaction between the well-known dirhodium tetraacetate 
complex and TMPP. This work resulted in the synthesis of an 
unusual binuclear compound containing a bridging and chelating 
form of the TMPP ligand, which lends further support to our 
predictions regarding the flexibility and diverse reactivity of this 
interesting ligand. 

The title complex is prepared by refluxing a suspension of 
Rh2(p-O2CCH3),(MeOH), (0.10 g, 0.2 mmol) and TMPP (0.21 
g, 0.4 mmol) in ethanol (20 mL) for 4 h. Upon evaporation, the 
resulting green solution yields an impure residue, which may be 
extracted with a 1 : l  mixture of methanol-diethyl ether to give 
a pure sample of Rh2(p-02CCH3)3(O-TMPP)(MeOH) (1) where 
0-TMPP denotes the oxygen-metalated form of the ligand. 
Crystals were obtained by slow evaporation of the solution in air 
(yield: 0.1 18 g, 64%). 

The compound has been fully characterized by IH NMR,' 
,lPI'H] NMR, and electronic spectroscopiess as well as by elec- 
trochemistry and a single-crystal X-ray ana ly~is .~  The 'H NMR 
spectrum of a powder sample of 1 revealed that the TMPP ligand 
is bonded in a completely unsymmetrical fashion, thus rendering 
all six meta protons and eight methoxy groups inequivalent. The 
absence of a ninth methoxy resonance suggested that a deme- 
thylation reaction had occurred, which was later confirmed by 
the solid-state structure (vide infra). Figure 1 displays a 300-MHz 
'H NMR spectrum of 1 in CD,CN; the inset shows an expanded 
view of the phosphorus-decoupled (a) and undecoupled (b) meta 
resonances taken from a 500-MHz ' H  N M R  spectrum. The 
3 1 P ( l H )  spectrum in CD3CN exhibits a doublet a t  6 = -9.8 ppm 
with J(103Rh-31P) = 159 Hz.Io 

The identity of Rh2(02CCH3)3(0-TMPP)(MeOH) was con- 
firmed by a single-crystal X-ray structure. As Figure 2 shows, 
the molecule consists of a dirhodium unit bridged by three acetate 
ligands and one TMPP ligand that forms two separate metallacycle 
rings with the rhodium atoms. In this arrangement, the phos- 
phorus atom occupies an equatorial position, and one o-methoxy 
group has demethylated to form an alkoxide group. This type 
of dealkylation reaction has been noted for other phosphine ligands 
with o-methoxy phenyl substituents." We have also documented 

Dunbar, K. R.; Haefner, S. C.; Pence, L. E. Manuscript in preparation. 
IH NMR in CDJCN (a): 3 [02CCH3]- (1.19 s, 3 H; 1.40 s, 3 H; 2.00 

3.69 s, 3 H; 3.71 s, 3 H; 3.89 s, 3 H; 4.57 s, 3 H); 6 meta H (5.66 q, 
1 H: 5.84 a. 1 H: 5.94 t. 1 H: 5.97 a. 1 H: 6.15 t. 1 H: 6.52 a. 1 Hh 

S, 3 H); 8 [OCH,] (3.26 S, 3 H; 3.35 S, 3 H; 3.41 S, 3 H; 3.44 S, 3 H; 

UV-visible'absorption spectrum in CH,CN: [A,,, nm (e, M-i*cm-l)]: 
600 (174). 250 (33700) 

\ I . - - -  ,-- - -  
The compound crystallihes as small parallelpipeds in the triclinic space 
group PI with u = 13.730 (3) A, b = 14.396 (5) A, c = 11.921 ( 5 )  A, 
a = 109.65 (2)O, B = 95.65 (2)O, y = 64.321 (2)O, V =  1997 (1) A', 
Z = 2, dOld = 1.633 g/cm3, and ~ ( M o  Ka) = 9.251 cm-I. A Nicolet 
P3/F diffractometer was used to collect a hemisphere of data (+h,k-  
k , H )  in the range 4 5 20 < 50' at 22 f 2 OC; of the 7053 unique data, 
6209 data with F? > 3a(F:) were used in the refinement. An ab- 
sorption correction based on J. scans was applied to the data; maximum 
and minimum transmission factors were 0.999 and 0.830. The agree- 
ment factor for averaged reflections was 0.012. Residuals of R = 0.0504 
and R, = 0.0858 were obtained after 451 parameters had refined to 
convergence. The quality-of-fit index is 2.933, and the largest shift/esd 
= 0.96. 
For the spectrum displayed in Figure I ,  the sample contains methanol 
of crystallization (denoted with an a), which adds a ninth methyl res- 
onance to the 3.2-3.5 ppm region as well as a broad OH resonance at 
2.25 ppm. 
(a) Mason, R.; Thomas, K. M.; Empsall, H. D.; Fletcher, S. R.; Heys, 
P. N . ;  Hyde, E. M.; Jones, C. E.; Shaw, B. L. J .  Chem. Soc., Chem. 
Commun. 1974, 612. (b) Jones, C. E.; Shaw, B. L.; Turtle, B. L. J .  
Chem. Soc., Dalton Trans. 1974, 992. 

Figure 2. ORTEP representation of 1 with 50% probability ellipsoids. 
Phenyl group carbon atoms are depicted by arbitrarily small spheres for 
clarity. 

this reaction pathway for TMPP in monomeric Rh(II1) systems.12 
The exact fate of the CH, moiety in this particular instance is 
not known, but it is reasonable to expect that it is involved in the 
esterification of an acetate ligand. The same rhodium center to 
which the phosphorus atom is bonded also binds axially to the 
oxygen of an o-methoxy group. This combination of chelating 
and bridging ligation is very unusual but is not without precedence. 
Lahuerta et al. studied the orthometalation reactions of (o- 
BrC6F5)P(C6H5)2 with dirhodium tetraacetate, and several 
products exhibiting the v3,p-bonding mode were isolated and 
structurally ~haracterized.'~ Earlier, Cotton and co-workers had 
reported a novel orthometalation of PPh3 with Rh2(p-02CCH3)4, 
although in this case the ligand assumes a v2,w arrangement.I4 
More recently, Lahuerta has studied the PPh3 reaction in detail.15 
Related chemistry occurs with mixed alkyl-arylphosphines as 
demonstrated by Morrison and Tocher.16 

Distances and angles in the molecule are within typical ranges. 
As expected, the metalated oxygen atom is bonded much more 
strongly (Rh(l)-O(7) = 2.048 (2) A) than the axial ether group 
(Rh(1)-O(l0) = 2.351 (2) A). The substantial distortions of 
angles about the phosphorus atom are a consequence of the 
formation of the five- and six-membered metallacycles Rh-P- 
C-C-0 and Rh-Rh-P-C-C-O respectively. The Rh-Rh sepa- 
ration of 2.4228 (3) 8, is similar to that observed for the parent 
tetraacetate complex Rh2(02CCH3)4(MeOH)2 (Rh-Rh = 2.377 

An electrochemical study of 1 revealed that a one-electron 
reversible oxidation is located at  El = +0.71 V vs Ag/AgCl in 
THF and at +0.78 V in CH3CN. dxidative controlled-potential 
electrolysis of the complex in CH3CN at 1.0 V is accompanied 
by a color change from green to deep orange-brown. Chemical 
oxidation was also carried out by the reaction of Rh2- 
(O2CCH3),(0-TMPP)(Me0H) and 1 equiv of NOPF6 in CH3- 
CN. Attempts to isolate and fully characterize the resulting Rh,S+ 
product are underway. 

The reactivity of the title compound with H2 and CO at  1 atm 
in CD,CN was examined by 'H NMR. Surprisingly, both spectra 

A)." 

(12) For example, the Rh(II1) complex [Rh(TMPP)J3+ slowly converts in 
solution to Rh(TMPP)[C6H2(0Me)20PIC6H2(0Me)3]2]2t. Dunbar, 
K. R.; Haefner, S. C. Manuscript in preparation. 

(13) (a) Barcelo, F.; Cotton, F. A.; Lahuerta, P.; Sanau, M.; Schwotzer, W.; 
Ubeda, M. A. Organometallics 1986, 5, 808. (b) Barcelo, F.; Cotton, 
F. A.; Lahuerta, P.; Sanau, M.; Schwotzer, W.; Ubeda, M. A .  Or- 
ganometallics 1987, 6, 1105. 

(14) (a) Chakravarty, A.; Cotton, F. A.; Tocher, D. A. J.  Chem. Soc., Chem. 
Commun. 1984, 501. (b) Chakravarty, A.  R.; Cotton, F. A.; Tocher, 
D. A.; Tocher, J.  H. Organometallics 1985, 4 ,  8. (c) Cotton, F. A.; 
Dunbar, K. R. J .  Am. Chem. SOC. 1987, 109, 3142. 

(15 )  Lahuerta, P.; Paya, M.; Peris, E.; Pellinghelli, M. A,; Tiripicchio, A. 
J .  Organomet. Chem. 1989, 373, C5. 

(16) Morrison, E. C.; Tocher, D. A .  Inorg. Chim. Acta 1989, 139. 
(17) Felthouse, T. R. Prog. Inorg. Chem. 1982, 29, 79. 
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exhibit similar changes in the structurally sensitive meta proton 
region of the TMPP ligand. Detailed studies of these and other 
small molecule reactions will be published in due course.18 
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Synthesis of [RU(CO),(S~,),]~-. A Stable Anionic Ru2+ 
Polychalcogenide Complex 

RuS2 is one of the most active catalysts known for the hy- 
drodesulfurization, HDS, of crude oil.lg2 As with the other HDS 
catalysts (Le. MoS2, WS2, and "CoMoS"), the mechanism of its 
action is currently ~ n k n o w n . ~  Although this challenge has driven 
the development of a great deal of Mo and W chemistry4 with 
polysulfide ligands in an effort to find suitable model compounds 
for the surface of MoS,, relatively little has been accomplished 
in the corresponding Ru/S chemistry. The Ru/S system has 
proven somewhat recalcitrant to study in the sense that, to date, 
no homoleptic Ru/S complexes have been isolated in pure form 
and/or structurally characterized. We are interested in the 
RuS2/HDS problem from the standpoint of mimicking the active 
sites present in RuS2. By exploring the fundamentals of 
Ru2+/polychalcogenide chemistry, we aim to establish the cur- 
rently unknown coordination preferences of this metal with 
HDS-relevant ligands. Thus far, the only Ru polychalcogenide 
complexes known are [ R u ( N H ~ ) ~ ] ~ S ~ ~ + , ~  [ C P R U ( P R J ~ I ~ S ? + , ~  

1 (a) Chianelli, R. R.; Pcooraro, T. A,; Halbert, T.'R.; Pan, W.-H.; Stiefel, 
E. 1. J. Catal. 1984, 86, 226-230. (b) Pecoraro, T. A.; Chianelli, R. 
R. J. Catal. 1981, 67, 430-445. 
Harris, S.; Chianelli, R. R. J. Catal. 1984, 86, 400-412. 

1 (a) Derouane, E. G.; Pedersen, E.; Clausen, B. S.; Gabelica, 2.; Candia, 
R.; Topsoe, H. J .  Catal. 1986, 99, 253-261. (b) Roberts, J. T ; Friend, 
C. M. J. Am. Chem. SOC. 1986, 108, 7204-7210. 

1 (a) Coucouvanis, D.; Toupadakis, A.; Koo, S.-M.; Hadjikyriacou, A. 
Polyhedron 1989, 8, 1705-1716. (b) Steifel, E. 1.; Halbert, T. R.; 
Coyle, C L.; Wei, L.; Pan, W.-H.; Ho, T. C.; Chianneli, R. R.; Daage, 
M. Polyhedron 1989,8, 1625-1629. (c) Miiller, A. Polyhedron 1986, 
5 ,  323-340. (d) Pan, W. H.; Leonowicz, M. E.; Stiefel, E. I. Inorg. 
Chem. 1983, 22, 672-678. (e) Coucouvanis, D.; Hadjikyriacou, A,; 
Draganjac, M.; Kanatzidis, M. G.; Ileperuma, 0. Polyhedron 1986, 5 ,  
349-356. (f) Coucouvanis, D.; Hadjikyriacou, A. Inorg. Chem. 1986, 
25, 4317-4319. (g) Muller, K. R.; Bruce, A. E.; Corbin, J. L.; 
Wherland, S.; Stiefel, E. 1. J. Am. Chem. SOC. 1980, 102, 5102-5104. 
(h) Laurie, J. C. V.; Duncan, L.; Haltiwanger, R. C.; Weberg, R. T.; 
Rakowski-DuBois, M. J. Am. Chem. SOC. 1986, 108,6234-6241. (i) 
Webern. R. T.: Haltiwanner. R. C.: Laurie. J. C. V.: Rakowski-DuBois. 
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Figure 1. (A) ORTEP drawing of the [Ru(CO),(Se,),]*' ion showing the 
labeling scheme. (B) Representation of the [Nal(R~(C0)~(Se,),)l,1'- 
portion of the structure showing the coordination environment of the Na+ 
ion by two [ R U ( C O ) ~ ( S ~ , ) ~ I ~ -  ions. Selected bond distances (A): Ru- 
C(l) ,  1.858 (8); Ru-C(2), 1.846 (8); Ru-Se(l), 2.517 ( I ) ;  Ru-Sc(4), 
2.566 (1); Ru-Se(S), 2.513 ( I ) ;  Ru-Se(8). 2.588 ( I ) ;  Se(1)-Se(2). 2.346 
( I ) ;  Se(2)-Se(3), 2.323 ( I ) :  Se(3)-Se(4), 2.353 ( I ) ;  Se(5)-Se(6), 2.339 
( I ) ;  Se(6)-Se(7), 2.315 ( I ) ;  Se(7)-Se(8), 2.369 ( I ) ;  C( l ) -O( l ) ,  1.132 
(IO); C(2)-0(2), 1.137 (10); Na-Se(2). 3.148 (1); Na-Se(4), 2.939 ( I ) ;  
Na-Se(8), 2.921 ( I ) .  Selected angles (deg): C(I)-Ru-C(2), 95.0 (2); 
Se( I)-Ru-Se(4), 97.32 (4); Se( I)-Ru-Se(5), 174.95 ( 5 ) ;  Se(l)-Ru- 
Se(8), 79.45 (4); Se(.l)-Ru-Se(S), 80.72 (4); Se(4)-Ru-Se(8), 93.58 (3); 
Se(S)-Ru-Se(g), 95.99 (4); Se( I)-Se(2)-Se(3), 99.25 (5); Se(2)-Se- 
(3)-Se(4), 97.19 (5); Se(5)-Se(6)-Se(7), 99,64 ( 5 ) ;  Se(6)-Se(7)-Se(8), 
97.28 (5); C(1)-Ru-Se(l), 93.4 (2); C(I)-Ru-Se(4), 85.4 (2); C(1)- 
Ru-Se(S), 91.1 (2); C(I)-Ru-Se(8), 172.6 (2); C(2)-Ru-Se(l), 89.4 
(2); C(2)-Ru-Se(4), 173.2 (2); C(2)-Ru-Se(5), 92.5 (2); C(2)-Ru- 
Se(8), 86.9 ( 2 ) .  

[MeCpRu(PPh,)],S, (x = 4, 6),7 CP*,RU~(S~)~,B (Me3P)3RuS7,9 
Ru(C0)2(PPh~)2(S2),10 and (bpy),RuS5, of which the last three 
have not been crystallographically characterized." The only 
structurally characterized corresponding polyselenide complexes 
are the cationic [ C ~ R U ( P P ~ ~ ) ~ ] ~ S ~ ~ ~ +  and [MeCpRu(PPh3)I2- 
(Sez)zZ+.IZ The absence of homoleptic anionic Ru/Q, (Q = S, 
Se, Te) complexes is probably due to their instability with respect 
to internal redox processes. Although Se ligands are not HDS- 
relevant, structures stabilized only by selenium ligands may em- 
ulate or represent difficult to isolate reactive intermediates in sulfur 
chemistry, and thus provide useful insight into the problem. We 
report here the synthesis and structural and spectroscopic char- 
acterization of the first stable anionic Ru/polyselenide complex, 
[Ru(CO)dseJ2l2-. 

(6) Amarasekcra, J.; Rauchfuss, T. B.; Wilson, S. R. Inorg. Chem. 1987, 
26, 3328-3332. 

(7) Amarasekera, J.; Rauchfuss, T. B.; Rheingold, A. L. Inorg. Chem. 1987, 
26, 2017-2018. 

(8) Rauchfuss, T. B.; Rcdgers, D. P. S.; Wilson, S.  R. J. Am. Chem. SOC. 
1986, 108. 3114-3115. 

(9) Gotzig, J.; Rheingold, A. L.; Werner, H. Angew. Chem., Int. Ed. Engl. 
1984. 23. 814-815. 

M. J .  A m .  Chem. Soc.-1986, 108, 6242-6250. u) Secheresse, F.; 
Lefebvre, J.; Daran, J. C.; Jeannin, Y. Inorg. Chem. 1982, 21, 
1311-1314. (k) Cohen, S. A.; Stiefel, E. I. Inorg. Chem. 1985, 24, 
4657-4662 6577-6582. 
(a) Brulet, C. R.; Isied, S. S.; Taube, H. J. Am. Chem. SOC. 1973, 95, 
4758-4759. (b) Elder, R. C.; Trkula, M. Inorg. Chem. 1977, 16, 
1048-1 05 1 (12) Amarasekera, J. Ph.D. Thesis. University of Illinois, 1988. 

(IO) (a) Clark, G. R.; Russell, D. R.; Roper, W. R.; Walker, A. J. Orga- 
nomet. Chem. 1977, 136, C 1 4 3 .  (b) Farrar, D. H.; Grundy, K. R.; 
Payne, N. C.; Roper, W. R.; Walker, A. J. Am. Chem. SOC. 1979,101, 

( 1  1) Greaney, M. A,; Coyle, C. L.; Harmer, M. A.; Jordan, A.; Stiefel, E. 
1. Inorg. Chem. 1989, 28, 912-920. 
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