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Conclusions 
The stabilities of the formyl and hydroxycarbonyl com- 

plexes prepared in this study are related to their coordi- 
native saturation and to the steric and electronic conditions 
at  the iridium center. Thus complexes of cis geometry, in 
which there is a strong steric interaction, tend to be 
unstable. For example, ~is-IrCl(CHO)(dppe)~+ is not stable 
above -50 "C and ci~-IrCl(CO~H)(dppe)~+, the presumed 
intermediate in the reaction of ~is-IrCl(CO~H)(dppe)~~+ 
with H20 and OH-, is riot observable a t  all. The trans 
isomers of these formyl and hydroxycarbonyl complexes 
are more stable and, except for trans-IrC1(C02H)(dppe)2+, 
can be isolated and characterized. An electronic effect, 
the increased electron density trans to the hydride ligand, 
seems to be the major reason for the stability of trans- 
IrH(COzH)(dppe)2+. This effect also explains the stability 
of tran~-IrH(CHOH)(dppe)~~+ relative to trans-IrC1- 
( c H O H ) ( d p ~ e ) ~ ~ + .  The complex trans-IrH(CH0H)- 
(dppe)?+ is in turn more stable in solution than the formyl 
complex IrH(CHO)(dppe)2+. This increased stabilization 

in the presence of a Lewis acid is probably a result of 
suppression of the usual modes of decomposition that 
formyl complexes exhibit, i.e., hydride migration to the 
metal and hydride transfer reactions, and suggests that 
hydroxycarbene complexes could be very important in- 
termediates in the reduction of carbon monoxide. 
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Summary: Treatment of cobaltocene with secondary 
phosphines (e.g., R2PH or the linked bis(secondary di- 
phosphines) H(Ph)P(CH,),P(Ph)H, n = 2, 3) produces 
phosphido-bridged dicobalt complexes 1-5 that contain a 
Co-Co bond. Reactions of 1-5 with SO2 at ambient 
conditions lead to insertion of SO, into the Co-Co bond, 
whereas HBF,-OEt, produces dicobalt cations in which 
the bridging hydrogen atom bonding can be represented 
as a closed two-electron, three-center interaction. 

Our research group has recently shown that tertiary- 
secondary diphosphine ligands of the type 
R2PCH2CH2CHzP(H)Ph provide rational and controlled 
routes to phosphido-bridged bimetallic comp1exes.l 
Syntheses of phosphido and arsenido-bridged compounds 
have become an active field of research based on the rea- 
sonable assumption that these compounds would possess 
strong binding properties and help maintain the integrity 
of M-PR2-M bridges in bimetallic complexes and small 
metal clusters.2 However our results,2d as well as several 

(1) (a) Meek, D. W.; Waid, R. D.; Tau, K. D.; Kirchner, R. M.; Mor- 
imoto, C. N. Znorg. Chim. Acta 1982, 64, L221-L223. (b) Glaser, R.; 
Kountz, D. J.; Gallucci, J. C.; Meek, D. W. Inorg. Chim. Acta 1983, 77, 
L207-L209. (c) Glaser, R.; Kountz, D. J.; Waid, R. D.; Gallucci, J. C.; 
Meek, D. W. J. Am. Chem. SOC. 1984, 106. 6324-6333. 

other recent indicate that M-PR2-M bridges 
are more reactive than previously thought. We have at- 
tempted to improve the stability of the bridging phosphido 
linkage by incorporating it into the chain of a chelating 
ligand.' FloodG" reported the first example of a linked (i.e., 
via a trimethylene chain) phosphido bridge; two other 
reports have appeared recently, in which bridging phos- 
phido ligands are connected by o-phenylene6b and o-xyl- 
eneGC linkages in iron carbonyl complexes. Herein, we 
report the syntheses, 31P NMR data, and the structures 
of dicobalt complexes of linked bridging bis(phosphid0) 
ligands. 

H a ~ t e r , ~  Werner,* Dahl,g and their co-workers have 
prepared and studied the binuclear complexes [ (C5R5)M- 

~~ ~~ 

(2) Some leading references on bridging organophosphido complexes 
are as follows: (a) Carty, A. J. Pure Appl. Chem. 1982, 54, 113. (b) 
Varenkamp, H. Angew. Chem., Znt. Ed. Engl. 1978,17,379. (c) Roberta, 
D. A.; Steinmetz, G. R.; Breen, M. J.; Shulman, P. M.; Morrison, E. D.; 
Duttera, M. R.; DeBrosse, C. W.; Whittle, R. R.; Geoffroy, G. L. Or- 
ganometallics 1983,2,846. (d) Kreter, P. E.; Meek, D. W. Inorg. Chem. 
1983,22,319-326. (e) Jones, R. A.; Lasch, J. G.; Norman, N. C.; Stuart, 
A. L.; Wright, J. C.; Whittlesey, B. R. Organometallics 1984, 3, 114. 

(3) Collman, J. P.; Rothrock, R. K.; Finke, R. G.; Moore, E. J.; Rose- 
Munch, F. Inorg. Chem. 1982,21, 146-156. 

(4) (a) Harley, A. D.; Guskey, G. J.; Geoffroy, G. L. Organometallics 
1983,2, 53-59. (b) Harley, A. D.; Whittle, R. R.; Geoffroy, G. L. Ibid. 
1983, 2, 383-387. (c) Geoffroy, G. L.; Rosenberg, S.; Shulman, P. M.; 
Whittle, R. R. J. Am. Chem. SOC. 1984,106, 1519. 

(5) (a) Yu, Y.-F.; Gallucci, J. C.; Wojcicki, A. J.  Am. Chem. SOC. 1983, 
105,4826. (b) Yu, Y.-F.; Gallucci, J. C.; Wojcicki, A. J.  Chem. SOC. Chem. 
Commun. 1984,653. (c) Shyu, S.-G.; Wojcicki, A. Organometallics 1984, 
3, 809. 

(6) (a) Flood, T. C.; DiSanti, F. J.; Campbell, K. D., Inorg. Chem. 1978, 
17,1643. (b) McKennis, J. S.; Kyba, E. P. Organometallics 1983,2, 1249. 
(c) Seyferth, D.; Wood, T. G.; Fackler, J. P., Jr.; Mazany, A. M. Or- 
ganometallics 1984, 3, 1121. 

(7) Hayter, R. G.; Williams, L. F. J. Inorg. Nucl. Chem. 1964,26,1977. 
(8) (a) Wemer, H.; Hoffmann, W. Angew. Che,m., Znt. Ed. Engl. 1979, 

18, 158. (b) Hoffmann, W.; Werner, H. Angew. Chem., Int. Ed. Engl. 
1981,20,1014. (c) Klingert, B.; Werner, H. J. Organomet. Chem. 1983, 
252, C47. 

(9) (a) Coleman, J. M.; Dahl, L. J.  Am. Chem. SOC. 1967,89,542. (b) 
Kocal, J. A. Ph.D. Thesis, University of Wisconsin-Madison, 1981. 
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Table I. Proton and 31P.T1H1 NMR SDedral Data on the Cobalt(I1) Phosnhido-Bridged ComDlexesa 
parent dicobalt complex SO, reaction product protonated complex 

6(3’P) S(”P) A(ihsertn) S( ”P) s(’H) ’ J ~ J P H ,  Hz A(protonatn) 

119.6 

133.4 

112.8 

139.7 

97.7 

6 

7 

8 

9 

10 

-75.7 -195.3 

-61.4 -194.8 

-82.0 -194.8 

-12.7 -152.4 

11 

12  

13 

14 

1 5  

132.0 

169.7 

138.0 

161.7 

120.8 

-19.2 ( t ) b  

-21.2 ( t )  

-20.0 ( t )  

-21.0 (t)  

-19.8 ( t )  

55.5 12.4 

56.0 36.3 

58.4 

51.5 

51.0 23.1 

25.2 

22.0 

The proton and phosphorus-31 chemical shifts are referenced to  internal Me,& and external 85% H,PO,, respectively. 
b t = triplet. 

(p-PR’2)]2 (M = CO, R H, and R’ = CH3, Cab ;  M = Rh, 
R = R’ = CH3). These complexes have a bent M2P2 core 
geometry? and the metal-metal bonds are susceptible to 
cleavage by electrophilic attack by Lewis acids.8 

In order to determine the effect of linked (e.g., a (CH,),, 
chain between the phosphorus atoms) diphosphido bridges 
as compared to two unlinked R2P- bridges, we have pre- 
pared and characterized a series of dicobalt complexes 
containing two l&,P bridges or one (RP(CHJnPR)2 bridge. 
For example, by refluxing the secondary phosphines, R’- 
(R)PH (R = R’ = Ph; R = R’ = Et; R = Me, R’ = Ph) or 
the bis(secondary phosphines) H(Ph)P(CH2),,P(Ph)H ( n  
= 2,3) with cobaltocene, compounds 1-5 are obtained (eq 
1 and 2). 

1 R = R ’ =  Ph 
2 R=R’= Et 
3 R=Me,R’=Ph 

4 n = 2  
5 n = 3  

The 31P NMR chemical shifta of compounds 1-5 (Table 
I) appear significantly downfield from the 85% H3P04 
standard; a large downfield shift is characteristic of a 
metal-metal bond.2dJ0 Interestingly, the 31P NMR reso- 
nance of 4 occurs further down field from that of 5 which 

(10) Carty, A. J.; Hartstock, F.; Taylor, N. J. Znorg. Chem. 1982,21, 
1349-1354. 

should have similar chemical and inductive properties to 
4. The downfield shift is attributed to the “five-membered 
ring effect’’.ll 

When the dichloromethane solutions of 1, 2, 3, 4, and 
5 were treated with SO2, adducts 6, 7, 8, 9, and 10 were 
formed, respectively (eq 3).12 Complexes 6,7,8, and 9 are 

A 
0 0  

deep green when dissolved in dichloromethane; complex 
10 is so insoluble in common organic solvents that spec- 
troscopic studies haec been prevented to date. The 31P 
NMR resonances of 6,7,8,  and 9 (Table I) occur upfield 
from the H3P04 standard. These large changes in the 
6(31P) values suggest that the SO2 group has inserted into 
the Co-Co bond; this point has been confirmed by the 
X-ray structural determination of the [ (C5HS)Co(~- 
PEt.J]2(~-S02) c0mp1ex.l~ The insertion chemical shifts 
(the difference between the 31P NMR chemical shifts of 
the SO2 adduct and its corresponding parent complex) are 

(11) Garrou, P. E. Chem. Rev. 1981,B 
(12) All of the new compounds r e p o d  herein have satisfactory mi- 

croanalysee (done by MHW Laboratories, Phoenix, AZ). 
(13) The crystal structure of one of the SOz products 7 has been 

determined by X-ray diffraction. Compound 7, (C6H5)2C?2(r-PEt2)2(p. 
SO& crystalha in space group ml/c, 2 = 4, with dimensions a = 9.618 
(2) A, b = 13.619 (3) A, c =. 16.831 (4)  A, and j3 = 110.32 (2)O at 145 K. 
The SO2 group is insetted into the Co-Co bond; the ColC02 distance 
in 7 is 3.0688 (3) k The Co-S distances (2.1724 (6) and 2.1768 (6) A) and 
the Co-P dietances (2.2080 (6), 2.2242 (6), 2.2200 (6), and 2.2136 (6) A) 
are consistent with the expected values. The details of the structures of 
both 7 and 18 will be submitted to Znorg. Chem. 

%29-266. 
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Figure 1. ORTEP drawing of a perspective view of the cation 15a 
without the organic hydrogen atoms. 

listed in Table I. These values seem to be relatively in- 
dependent of the substituents on the phosphido group. 
However, the insertion chemical shift of the "chelate- 
phosphido bridged" compound 4 is significantly smaller 
than the values of all the other complexes that do not 
contain a linked phosphido bridge. 

When the complexes 1-5 are treated with HBF4.0Et2, 
the corresponding cationic complexes [ (C5H5)Co(p- 
PR2)2(p-H)Co(C5H5)]BF4 (1  1-15), are formed. The 31P 
NMR resonances of these complexes are shifted even 
further downfield than their parent complexes (Table I); 
thus, it is concluded that a strong cobalt-cobalt interaction 
still exists in these bridging hydride cationic complexes. 
The lH NMR chemical shifts of the bridging hydride atom 
and the 2Jp-H coupling constants fall within a narrow range. 
The mode of bonding between the two cobalt atoms and 
the bridging hydride may be described as a closed two- 
electron, three-center intera~tion.'~ However, the pro- 
tonation chemical shifts (the difference in 31P NMR 
chemical shifts between the parent and the protonated 
complex (Table I)) seem to be related to the inductive 
effect of the substituents on the phosphido group. The 
magnitude of the protonation chemical shift increases as 
the number of aromatic substituents on the bridging 
phosphorus atom decreases. 

X-ray-quality, olive-green crystals of [ (C5H5)Co(p2- 
PPhCH,CH2CH2PPh)(pH)Co(CgH5)]+BF4- were grown by 
allowing hexane to diffuse slowly into a CH2C12 solution 
of 15.15 The structural determination shows that two 

(14) (a) Bau, R.; Teller, R. G.; Kirtley, D. W.; Koetzle, T. F. Acc. 
Chem. Res. 1979,176. (b) Bau, R.; Koetzle, T. F. A w e  Appl. Chem. 1978, 
50,55. (c) Teller, R. G.; Bau, R. Struct. Bonding (Berlin) 1981,44,1 and 
references contained therein. 

(15) Unit cell dimensions a = 9.581 (2) A, b = 15.489 (4) A, c = 32.926 
(10) A, and p = 92.93 (2)O were found at  150 K for the space group PLi/n 
(alternative setting of C&-P2,/c, No. 14), 2 = 8. Bragg intensity data 
were collected on a Syntex PI diffractometer (graphite-monochromated 
Mo Ka  radiation, 4.0' 4 28 d 42.0') by the w scan method. The data 
were treated in the usual manner,I6 and an analytical absorption cor- 
rection waa a~pl ied. '~  MULTAN8018 waa used to locate the cobalt atoms 
in each crystallographically independent cation. The remaining non- 
hydrogen atoms were found by standard Fourier techniques. Phenyl rings 
(d, = 1.395 A) and cyclopentadienyl rings (doc = 1.420 A) were refiied 
as rigid bodies. Cobalt, phosphorus, and carbon atoms belonging to the 
-CH,CH,CH,- chain of the phosphorus ligand were refined anisotropi- 
cally while all other non-hydrogen atoms were refined with isotropic 
thermal parameters. The bridging hydride a tom in lbe/lSb were refmed 
satisfactorily with isotrOpc thermal parametera, all other hydrogen atoms 
were placed at  calculated positions ( d c a  = 0.95 A, B(H) = B h ( C )  + 1.0 
AT. N - m a t r i x  leaatquares refinement converged at R(FJ = 0.057 and 
R,(FJ = 0.053 [295 parameters and 2910 reflections withF2 2 3~(F,2) ] .~~  

(16) Christoph, G. G.; Engel, P.; Usha, R.; Balogh, D. W.; Paquette, 
L. A. J. Am. Chem. SOC. 1982,104, 784. 

(17) Alcock, N. W. 'Tompa-de Meulenaer-Alcock Absorption Pro- 
gram. A Version for the Four Circle Goniometer"; Crystallographic 
Computing; Ahmed, F. R., Ed.; Munksgaard Copenhagen, 1970; p 271. 

Table 11. Bonded and Selected Nonbonded Distances (A) 
in Complexes 15a and 15b of 

[ ( C P C ~ P  ,-p(ph)(CH,),P(Ph))CoCp)(~H)IBF, 
atoms 15a 15b 

C0l-C02 2.512 (2)  2.520 ( 2 )  
Col-P1 2.157 (4)  2.156 (4)  
Col-P2 2.152 (4 )  2.153 (4 )  
Col-H 1.73 (11) 1.54 (12) 
co2-P1 2.135 (4 )  2.147 ( 4 )  

Co2-H 1.54 (12) 1.73 (11) 
C02-P2 2.146 (4) 2.149 (4 )  

Co l .  . .C2 3.470 (12) 3.485 (13) 
C02. . .C2 3.909 (13) 3.919 (11) 
P1.. .P2 2.737 (4)  2.747 (4 )  
Col-CP11 2.041 (7)  2.052 (8) 
Col-CP12 2.048 (8) 2.050 (8)  
Col-CP13 2.082 (9)  2.091 (8) 
Col-CP14 2.097 (9) 2.119 ( 9 )  
Col-CP15 2.073 (9)  2.095 (8) 
C02-CP21 2.041 (9)  2.030 (21),  2.052 (36)" 
C02-CP22 2.043 (9)  2.025 (19), 2.001 (30) 
C02-CP23 2.077 (9)  2.088 (25), 2.040 (31) 
C02-CP24 2.096 (8) 2.130 (23),  2.112 (29) 
C02-CP25 2.074 (9)  2.095 (17),  2.119 (44) 

a Two values for the disordered cyclopentadienyl ring 
with contribution A and B, respectively. 

crystallographically independent cations 15a and 15b and 
two crystallographically independent BF4 anions exist in 
the solid-state structure. Except for one disordered cy- 
clopentadienyl ring in 15b, and the dihedral angle between 
the phenyl rings (113 (1)O in 15a and 177 (1)O in 15b), the 
internal structures of 15a and 15b are nearly identical. An 
ORTEP drawing of 15a is given in Figure 1. The average 
Co-Co distance (2.516 (3) A) is comparable to that (2.517 
(1) A) found in [ (C5H5)Co(p-P(CH3)2)2(p-H)Co(C5H5)]+- 
[B(C,H,),]-, 16,9b but shorter than the unprotonated 
molecules (C5H5)C~(p-P(C,H5)2)2C~(C5H5), t7,9b 2.551 (4) 

The trimethylene bridge between the phosphorus atoms 
in 15a/15b apparently holds the phosphorus atoms closer 
together, 2.742 (6) A, than found in complexes 16, 2.937 
(3) A, 17, 2.856 (3) A, and k8, 2.861 (8) A, where the 
phosphido groups are not linked together. The six-mem- 
bered heterocyclic ring P2-Co-Pl-Cl-C2-C3 adopts 
classical cyclohexane boat and chair conformations si- 
multaneously in 15a/ 15b, thereby reducing the dicobalt 
complex to C, symmetry. For the boat conformation the 
average Col-C2 distance is 3.48 (2) A, whereas the C0242 
distance for the chair conformation is 3.91 (2) A. The 
average Co-P distance, 2.150 (4) A, is consistent with Co-P 
distances found in the structures of 16, 17, and 

The cyclopentadienyl rings in 15a/15b are nearly ec- 
lipsed. The Co-C distances range from 2.00 (3) to 2.13 (2) 
A, similar to the Co-C distances found in 16, 17, and 
Protonation of the COCO bond forces the cyclopentadienyl 
ring centroids to align closer to the Co-Co internuclear 
vector. The angle between the cyclopentadienyl ring 
centroids is 149 (4)' in 15a/15b vs. 120° in 18;9b the cor- 
responding angle in 16 is 154O. The average Co-H dis- 

A, and (C~H~)CO(~-P(CH~)~)~CO(C~H~), 18,8b 2.544 (2) A. 

, I 

(18) Main, P.; Fiske, S. J.; Hull, S. E.; Lessinger, L.; Germain, G.; 
Declercq, J.-P.; Woolfson, M. M. "MULTAN80 A System of Computer 
Programmes for the Automatic Solution of Crystal Structures from X-ray 
Diffraction Data"; Universities of York and Louvain, 1980. 

(19) Sheldrick, G. M. "SHELX-76. A Program for Crystal Structure 
Determination"; Cambridge, England. Scattering factors for the non- 
hydrogen and hydrogen atoms were obtained from the standard sources. 
Cromer, D. T.; Weber, J. T. "International Tables for X-ray 
Crystallography"; Kynoch Press: Birmingham, England, 1974; Vol. IV, 
p 71. Stewart, R. F.; Davidson, E. R.; Simpson, W. T. J. Chem. Phys. 
1956,42, 3175. 
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Pl-Col-P2 
Pl-C02-P2 
co 1 -P1 -c02 
Co l  -P 2-co 2 
P1-Col-co2 
P1-Co2-col 
P2-Col-co2 
P2-CO2-COl 
CP1-Col-P1 
CPl-Col-P2 
CP2-CO2-Pl 
CP2-C02-P2 
CP1-COl-CO2~ 
CP2-CO2-COl 
CP1-Col-HB1 
CP2-Co2-HBl 
P1-Col-HB1 
P 2-Col -HB1 
Pl-Co2-HBl 
P 2-C02 -HB 1 
Col-Co 2-HB 1 
C02-Col-HBl 

78.87 (13) 
79.46 (13) 
71.62 (11) 
71.51 (11) 
53.46 (13) 
54.25 (12) 
54.74 (13) 
54.94 (13)  

134.5 (3 )  
136.9 ( 3 )  
135.9 (3 )  
134.7 (3 )  
161.3 ( 3 )  
161.4 (3 )  
125 (4)  
119 (4)  

78 (4)  
82 (4 )  
83 (4)  
87 (4 )  
42 (4 )  
37 (4)  

79.22 (13) 
79.50 (13)  
71.68 (11) 
71.70 (11) 
54.00 (12 )  
54.33 (13)  
54.07 (12)  
54.21 (12) 

135.5 (4 )  
135.5 ( 4 )  
133.6 (9) ,  134.1 
135.9 (6) ,  138 (2)  
161.9 (6 )  
163.1 (7) ,  160 (1)  
119.5 (5 )  
126 (4) ,  124 (4 )  

82  (4 )  
86 (4)  
79 (4 )  
8 2  ( 3 )  
37 ( 4 )  
4 2  (4 )  

a CP1 is the center of cyclopentadienyl ring 1, and CP2 
is the center of cyclopentadienyl ring 2. Two values 
for the disordered cyclopentadienyl ring with contribu- 
tions A and B, respectively. 

tance, 1.63 (13) A, is consistent with the distance, 1.72 (1) 
A, for the average bridging Co-H-Co distance found in a 
number of dicobalt complexes.'" The average Co-H-Co 
angle, 100 (6)O, is consistent with a closed two-electron, 
three-center bond.14 Bonded and selected nonbonded 
distances for 15a and 15b are summarized in Table 11, and 
the important angles are given in Table 111. 

Complexes 1-5 appear to react similarly with an excess 
of the electrophilic reagents H+ and SO,; i.e., the linked 
phosphido complexes are not differentiated from the un- 
linked cases. However, in competition experiments in 
which 1 equiv of H+ is partitioned between an equimolar 
mixture of two different dicobalt complexes, the chelated 
phoshido complexes 4 and 5 appear to be more nucleophilic 
than the nonchelated analogue 3.20 These reactivity 
differences are being studied further. 
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Summary: [C,H,Co(p-PMe,)], (1) reacts with CH,I, and 
CbBr, to form the complexes [C,H,(X)Co(p-PMe,)] , (2, 
3) and [(C5H5)2(X)2C02(~-PMe2~p-CH2PMe2)1 (4, 51, re- 
spectively. 2 and 3 are also prepared from 1 and equi- 
molar amounts of X, (X = I, Br). Reduction of 5 with 
Na-Hg gives the compound [(C,H,),Co,(p-PMe,)(p- 
CH,PMe,)] (6) which according to X-ray data contains a 
metal-metal bond. The crystal structure of 5 (trans iso- 
mer) has been determined. 

Recently, we observed that the feature of metal basicity 
known for various cyclopentadienylcobalt and -rhodium 
compounds2 is not confined to species having only one 
metal center. The binuclear complexes [ C5H5Co(p-PMe2)12 
and [C5Me5Rh(p-PMe2)12, in which the two metal atoms 
are coordinated formally in a similar way to those in the 
compounds C5R5M(PMe3)2 (M = Co, Rh), react, for ex- 
ample, with Brransted acids and SO2 by electrophilic ad- 
dition to the metal-metal bond.3 

Promising electrophiles emerging from our studies with 
C5H5Rh(PMe3)2, C5H5Rh(C2H4)PMe3, C5Me5Rh(C0)2, 
C5H5Co(CO)PMe3, etk4 are the dihalomethanes, in par- 
ticular, CH212 and CH2Br2, which react with the mono- 
nuclear cyclopentadienylcobalt and -rhodium compounds 
to form products containing a M-CH2X bond. As these 
products are very useful starting materials for the prepa- 
ration of complexes with ylides; thio-, seleno-, and tellu- 
r ~ f o r m a l d e h y d e , ~ ~ ~ ~  or methylenearsanes (e.g., CH2= 
AsPh)6 as ligands, we were interested in finding out if the 
binuclear compounds [C,R5M(p-PMe2)], would react sim- 
ilarly with dihalomethanes and whether in this case an 
oxidative addition of the two fragments, CH2X and X, to 
both metal atoms would occur. We note in this connection 
that the rhodium complex [C5Me5Rhb-PMe2)l2 reacts with 
CH31 to form [C5Me5(CH3)Rh(p-PMe2)2Rh(I)C5Me5].7 

The reaction of the cobalt compound [C5H5Co(p-PMe2)l2 
(1) with CH212, however, takes a different course. After 
a benzene solution of 1 is stirred with 2 equiv of CH212, 
the solvent removed, and the workup procedure described 

(1) Part 50 of the series: "Basic Metals". Part 49 Werner, H.; Hof- 
mann, L.; Feser, R.; Paul, W. J. Organomet. Chem., accepted for publi- 
cation. 

(2) Werner, H. Angew. Chem. 1983,95,932; Angew. Chem., Znt. Ed. 
Engl. 1983,22,927. 

(3) (a) Werner, H.; Hofmann, W. Angew. Chem. 1979,91,172; Angew. 
Chem., Znt. Ed. Enal. 1979.18.158. (b) Hofmann, W.: Werner, H. Anpew. 
Chem. 1981,93, l6B; Angew. Chem., Znt. Ed. Engl. 1981,20,1014- (c) 
Klingert, B.; Werner, H. J.  Organomet. Chem. 1983, 252, C47. (d) 
Werner, H.; Hofmann, W.; Zolk, R.; Dahl, L. F.; Kocal, J.; Kiihn, A. J. 
Organomet. Chem., accepted for publication. 
(4) (a) Feser, R.; Werner, H. Angew. Chem. 1980, 92, 960; Angew. 

Chem., Int. Ed. Engl. 1980,19,940. (b) Werner, H.; Feser, R.; Paul, W.; 
Hofmann, L. J .  Organomet. Chem. 1981, 219, C29. (c) Werner, H.; 
Hofmann, L.; Paul, W. J. Organomet. Chem. 1982,236, C65. (d) Hof- 
mann, L.; Werner, H., J.  Organomet. Chem. 1983,255, C41. (e) Werner, 
H.; Paul, W.; Feser, R.; Zolk, R.; Thometzek, P. Chem. Ber. 1986, 118, 
261. 

(5) (a) Paul, W.; Werner, H. Angew. Chem. 1983, 95, 333; Angew. 
Chem., Int. Ed. Engl. 1983,22, 316. (b) Werner, H.; Paul, W. Angew. 
Chem. 1984,96,68; Angew. Chem., Znt. Ed. Engl. 1984,23,58. 

(6) Werner, H.; Paul, W.; Zolk, R. Angew. Chem. 1984,96,617; Angew. 
Chem., Znt. Ed. Engl. 1984,23,626. 

(7) Klingert, B. Ph. Thesis, University of Wurzburg, 1984. 
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