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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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Communications 

- 
Figure 1. Molecular structure of the trans isomer of the insertion 
product 5. 

in detail in ref 10 for the synthesis of the bromo derivatives 
applied, a mixture of compounds is obtained which con- 
tains the complexes [ C5H5(I)Co(p-PMe2)12 (2) and 
[ (C5H5)2(I)2C02(p-PMe2)GL-CH2PMe2)] (4). Whereas 2 can 
be isolated after chromatography (A1203, activity V, 
CH2C12) in pure form: compound 4 is obtained together 
with at  least one other C,H,Co complex which could not 
be separated by crystallization or chromatographic tech- 
niques. Therefore, 4 has been characterized to date by 
mass spectroscopy and 'H NMR data.8*9 

The dibromodicobalt complexes 3 and 5 are formed after 
addition of a tenfold excess of CH2Br2 to a benzene solu- 
tion of 1 (eq 1).l0 According to the 'H and 31P NMR 
s p e ~ t r a , ~  compound 5 is obtained as a 2:l mixture of 
cis/trans isomers. As an alternative, the synthesis of 3 as 
well as that of the iodo analogue 2 can be effected by the 

(8) 2: MS, m / e  624 (M+). Anal. Calcd for C14H22C0212P2: C, 26.95; 
H, 3.55; Co, 18.89. Found C, 26.98; H, 3.31; Co, 18.92. 3: MS, m / e  532 
(M+, calcd for 81Br). Anal. Calcd for C14HmBr2C02P2: C, 31.73; H, 4.18; 
Co, 22.24. Found C, 31.34; H, 4.04; Co, 22.58. 4: MS, m / e  638 (M'). 
5 MS, m / e  546 (M+, calcd for 81Br). Anal. Calcd for C15H24Br2C02P2: 
C, 33.12; H, 4.45; Co, 21.67. Found: C, 33.61; H, 4.59; Co, 21.39. 6 MS, 
m / e  384 (M+). Anal. Calcd for Cl5H%Co2P2: C, 46.90; H, 6.30; Co, 30.68. 
Found: C, 46.73; H, 6.55; Co, 30.34. 

= 14.0 Hz, PMe,); 31P(1HJ NMR (CDC13/CH2C12 (l:l), 90 MHz, 213 K) 
(9) 2: 'H NMR (CDC13, 60 MHz, 298 K) 6 4.72 (8, C&5), 2.19 (vt, N 

6 -71.49 (8) .  3 'H NMR (CDCL. 60 MHz. 298 K) 6 4.67 (8.  CcHd. 1.89 
(vt, N = 14.8 Hz, PMeJ; 31P(1H} I k l R  (CDCla/CH& (l:l), b0 "*, 213 
K) 6 -54.83 (8) .  4: 'H NMR (CDCl3, 60 MHz, 298 K) 6 4.76 (8 ,  C5H5), 
4.66 (8,  C,H,), 2.67 (d, JHp = 9.3 Hz, PCHJ, 2.24 (d, J m  = 9.5 Hz, PCHd, 
2.09 (d, &= 10.4 Hz, PCH3), 1.42 (d, J i p  = 10.4 Hz-PCH,), signals fbr 
CH, protons not observed; 31P(1HJ NMR (CDC13/CH&12 1:1,90 MHz,  213 
K) 6 74.24 (d, Jpp = 29.8 Hz), 48.16 (d, Jpp = 29.8 Hz). 5 (first isomer, 
relative amount 65%): 'H NMR (CDC13, 400 MHz, 298 K) 6 4.68 ( 8 ,  

C5H5), 4.61 (8 ,  C5H5), 3.78 (dd, Jkp = 9.5, Jm 9.8 Hz, HA of CHJ, 2.76 
(ddd, JHp = 10.0, JHp 
9.7 Hz, PCHs), 2.07 (d, JHp = 9.9 Hz, PCHB), 1.98 (d, JHP = 10.5 Hz, 
PCHB), 1.36 (d, JHp = 11.0 Hz, PCHJ; 31P(1H} NMR (CDC13,90 MHz, 223 

11.8, JHH N 9.8 Hz, Hx of CH2), 2.51 (d, JHP 

K) 6 95.93 (d, Jpp = 40.2 Hz), 62.52 (d, Jpp = 40.2 HZ). 5 (second isomer), 
relative amount 35%): 'H NMR (CDCl,, 400 MHz, 298 K) 6 4.67 (8, 
C&), 4.62 (8, C5H5), 3.69 (dd, Jwp = 9.0, Jm N 9.5 Hz, HA of CHJ, 2.69 
(ddd, JHp = 10.0, J H p  = 11.4, JHH N 9.5 Hz, Hx of CH2), 2.51 (d, JHP = 
9.7 Hz, PCH,), 1.98 (d, J H p  = 10.6 Hz, PCHS), 1.93 (d, JHP 10.2 Hz, 
PCH,), 1.32 (d, JHP = 11.2 HZ, PCH3); 31P(1H} NMR (CDC13,90 MHz, 223 
K) 6 94.83 (d, Jpp = 40.2 Hz), 58.47 (d, J p p  40.2 HZ). 6 'H NMR (C&3, 
400 MHz, 298 K) 6 4.58 (s, C&), 4.53 (s, C5H51, 1.97 (d, JHP = 10.8 Hz, 
PCHs), 1.83 (d, JHp = 9.1 Hz, PCHJ, 1.17 (d,JHp = 11.3 Hz, PCHJ, 0.82 
(d, J H ~  = 8.6 Hz, PCHJ, 0.32 (dd, J H ~  = 10.5, JHR E 9.5 Hz, HA of CH2), 
-1.53 (dd, Jwp = 9.0, JHH N 9.5 Hz, Hx of CHz); P{'H} NMR (CBD~CD~, 
90 MHz, 213 K) 6 115.62 (8 ,  br), -23.47 (8 ,  br). 

(10) 1 (1.2 g, 3.2 mmol) was dissolved in 10 mL of C&, and CH2Br2 
(2.2 mL, 32 mmol) was added. The solution waa stirred at 25 "C for 20 
h, and the solvent and exceea CH2Brz were removed in vacuo. The residue 
waa dissolved in 20 mL of CH2C12, and the solution wa8 chromatographed 
under N2 on Alz03 (Woelm, neutral, activity grade V). With CH2C12, 3 
waa separated from 5 and was isolated after repeated chromatography 
and recrystallization from 1:lO CH2C12/pentane as dark violet crystals, 
mp 203 "C dec (yield 450 mg (26%)). Complex 5 was obtained with 
acetone as solvent and purified in the same way as described for 3: dark 
violet crystals; mp 208 "C dec (yield 500 mg (28%)). 

Table I. Selected Bond Lengths ( A )  and 
Bond Angles (deg) for 5' 

Bond Lengths 
CO( 1)-C0(2) 3.846 (1) Co(2)-M( 2) 1.712 
CO( l ) -P(  1) 2.167 ( 2 )  P( 1)-C( 1) 1.797 ( 7 )  
CO( 1)-P( 2)  2.245 ( 2 )  P( 1)-C( 2) 1.804 ( 7 )  

CO( 1)-M( 1) 1.699 P(2)-C(4)  1 .843  ( 7 )  
C0(2) -C( l )  1.987 ( 6 )  P(2)-C(5) 1.834 (8) 
CO( 2)-P( 2) 2.249 ( 2 )  C( l)-H( IA)  1.03 ( 5 )  

Co( 1)-Br( 1) 2.388 (1) P( 1)-C( 3 )  1.836 ( 7 )  

Co( 2)-Br( 2)  2.409 (1) C( 1)-H( 1B) 0.88 ( 7 )  

Bond Angles 
Co( l)-P( 1)-C( 1) 112 .1  ( 2 )  Co( 1)-P( 1)-C( 3)  112.0 ( 2 )  
Co(l)-P(2)-C0(2)  117 .7  (1) C( l ) -P( l ) -C(2)  109.7 ( 3 )  
Br( 1)-Co( 1)-P( 1) 89.8 (1) C( l ) -P(  1)-C( 3)  106.2 ( 3 )  
Br( 1)-Co( 1)-P( 2)  91.8 (1) C( 2)-P( 1)-C( 3 )  102 .2  ( 3 )  
P( l)-Co( l)-P( 2) 86.8 (1) CO( 1)-P( 2)-C( 4)  112 .1  ( 2 )  
Co(2) -C( l ) -P( l )  117.6 (4 )  Co(l)-P(2)-C(5)  104.3 ( 2 )  
Br( 2)-Co( 2)-C( 1) 93.0 ( 2 )  Co( 2)-P( 2)-C( 4) 107.7 ( 2 )  
Br( 2)-Co( 2)-P( 2) 99.8 ( 1) Co( 2)-P( 2)-C( 5)  11 4.3 ( 2 )  
C( ~ ) - C O (  2)-P( 2) 90.1 ( 2 )  C( 4)-P( 2)-C( 5 )  99.2 ( 3 )  
CO( 1)-P( 1)-C( 2) 114.0 ( 2 )  

a Esd in parentheses. M( 1) and M( 2) are the midpoints 
of the cyclopentadienyl rings. 

reaction of 1 with molecular bromine or iodine (eq 2) which 
gives the binuclear cobalt(II1) complexes in excellent 
yields." Under mild conditions, no cleavage of the Co- 
PMe2-Co bonds by Br2 or I2 occurs. 

Me Me Me Me 
\J \J 

C H Co-CoC5H5 
5 5  \ /  

Me Me 
/p\ 

Me Me 
1 293 

Me 

/\ 
Me Me 

4. 5 

2, 4. X = I .  3, 5, X=Br 

1 + x2 - 2 , 3  (2) 
The molecular structure of the trans isomer of the in- 

sertion product 5 is shown in Figure 1.12 The most im- 
portant difference between 5 and the starting material 1 
is the large increase in the Co-Co distance from 2.544 (2) 
A in 1 to 3.846 (1) A in 5 which is too long for any met- 
al-metal interaction. Along with the increase of the Co-Co 
distance, there is a concomitant widening of the Co( 1)-P- 
(2)-C0(2) angle from 73.7 (1)' in 1 to 117.7 (1)' in 5. The 
Co(l)-P(l)-C(l)-C0(2)-P(2) ring is puckered, the carbon 
atom C(1) being 0.053 (6) A below and the phosphorus 
atom P(1) 0.659 (2) A above the plane formed by P(2) and 

(11) 2 and 3 were directly prepared from 1 (370 mg, 1.0 mmol) by 
dropwise addition of Br2 or I2 (1.1 mmol) in benzene (10 mL) at 25 "C. 
A dark precipitate was formed, which was separated, dissolved in 20 mL 
of CH2C12, chromatographed on M203 (Woelm, neutral, activity grade V), 
and recrystallized from 1:lO CHzC12/pentane; yield 535 mg (86%) for 2 
and 420 mg (80%) for 3. 2 was obtained as dark violet crystals, mp 217 
OC dec. 

(12) Crystal data for 5: monoclinic; E1/c;  a = 8.297 (3) A, b = 17.851 
(7) A, c = 12.907 (4) A; B = 106.05 ( 3 ) O ;  V = 1832 AS; 2 = 4; D(ca1cd) = 
1.97 g . ~ m - ~ .  Intensity data: Syntex P2, diffractometer, Mo Ka (A = 
0.71069 A) radiation, graphite monochromator; 5" 5 20 5 47'; 2716 
reflections; absorption correction, p = 66.4 cm-'. Solution by direct 
methods (Multan), refinement of the non-hydrogen atoms by full-matrix 
least squares, isotropic refinement of H(1A) and H(1B); R ,  = 0.036 and 
R2 = 0.043 for 2254 structure factors with F, Z 5.92a(F0). Structure 
factors for uncharged atoms according to "International Tables of 
Crystallography", were corrected for anomalous dispersion. 
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Organometallics 

the cobalt atoms. The small difference between the dis- 
tances P(l)-C(l) and P(l)-C(2), P(l)-C(3) indicates that 
the P-C bond of the PMe2-CH2 bridge probably has no 
double-bond character. This contrasts with the situation 
in the related compopnd [(PMe,)4C02(~-PMe2)(p- 
CH2PMe2)] for which the CH2-P distance (1.707 (10) A) 
is significantly shorter than the P-CH3 distances (average 
1.83 &.I3 

The synthesis of the binuclear complex 6 could also be 
achieved. Whereas oxidative addition of CH2Br2 to 1 leads 
to cleavage of the metal-metal bond, reduction of 5 with 
Na-Hg reforms this Co-Co bond.14 Although the dark 
brown crystals of 6 obtained from the pentane solution at  
-78 "C are disordered in the PMe2 and CH2PMe2 bridges, 
the Co-Co distance of 2.565 (2) A is nearly identical with 
that in 1. 

Me 
,CH2-P' \ Me 

C H Co----\CoC+H, + 2NaBr 5 + 2Na - (3) 
5 5  \/ 

/ \  
Me Me 

6 

In conclusion, it has now been proved that it is possible 
to transform a M-PMe2-M into a M-CH2-PMe2-M unit 
in two steps by using a dihalomethane as the CH2 source. 
During this process, the remaining coordination sphere of 
the metal atoms is unchanged. This result deserves com- 
ment. Most recently it has been found by Wojcicki et al. 
that the dianions [(NO),F~(~-NO)(P-PP~,)F~(NO)PP~~]~- 
and [ (CO)3Fe(p-CO)(p-PPh2)Fe(CO)2PPh2]2- react with 
CH212 to produce [ (NO)2Fe(p-PPh2)Gc-CH2PPh2).E'e(NO)2] 
and [ (CO)$e(p-PPh& (p-CH$Ph&Fe(CO),], reape~tively.'~ 
Whereas in these reactions nucleophilic substitution of the 
two halides of CH212 occurs, in the formation of 4 and 5 
from 1 and CH2X2 no atom or ion is eliminated; Le., a 
simultaneous addition to and insertion of the three frag- 
ments CH2, X, and X into the M-Pb-M unit takes place. 
There is precedent for this insofar as both Balch16 and 
Schmidbaur" reported that the metal-metal bonded 
compounds Pd2(dppm)3 (dppm = bis(dipheny1- 
phosphin0)methane) and Au,(dmpd), (dmpd = (di- 
methy1phosphonio)dimethanide) react with CH2X2 to form 
A-frame type complexes by addition of the two halides to 
the two metal atoms and formation of a M-CH2-M bridge. 
With regard to the reaction of 1 with CH2X2, the surprising 
fact is that the bridging phosphido ligands are less inert 
than generally assumed, a result for which recent evidence 
has also been provided by independent work from our 
laboratorp and by other  group^.'^.'^ 

(13) Klein, H.-F.; Wenninger, J.; Schubert, U. 2. Naturforsch., B: 
Anorg. Chem., Org. Chem. 1979, 34B, 1391. 

(14) 5 (180 mg, 0.3 "01) was suspended in 6 mL of ether, and Na/Hg 
(3%, 16 mg of Na, 0.7 "01) was added. The solution was stirred at 25 
OC for 3 h and fiitered, and the solvent was removed in vacuo. The dark 
residue was'dissolved in 5 mL of C a s ,  and the solution was chromato- 
graphed on AZO3 (Woelm, neutral, activity grade V). After removal of 
the solvent, the residue was dissolved in 6 mL of pentane, and the solu- 
tion wm cooled a t  -78 OC. Dark brown crystals were obtained, mp 248 
"C (yield 120 mg, 94%). 

(15) (a) Yu, Y.-F.; Chau, C.-N.; Wojcicki, A.; Calligaris, M.; Nardin, 
G.; Balducci, G. J. Am. Chem. SOC. 1984,106,3704. (b) Yu, Y.-F.; Gal- 
lucci, J.; Wojcicki, A. J. Chem. SOC., Chem. Commun. 1984, 653. 

(16) Balch. A. L.: Hunt. C. T.: Lee. C.-L.: Olmstead. M. M.. Farr. J. 
P. J. Am. Chem. Sdc. l981,103,'376k. 

(17) Jandik, P.; Schubert, U.; Schmidbaur, H. Angew. Chem. 1982,94, 
74; Angew. Chem., Znt. Ed. Engl. 1982,21, 73. 

(18) (a) Geoffroy, G. L.; Roeenberg, S.; Shulman, P. M.; Whittle, R. 
R. J. Am. Chem. SOC. 1984,106,1519. (b) Henrick, K.; Iggo, J. A.; Maya, 
M. J.; Raithby, P. R. J. Chem. SOC., Chem. Commun. 1984, 209. (c) 
Regragui, R.; Dixneuf, P. H.; Taylor, N. J.; Carty, A. J. Organometallics 
1984, 3,814 and references cited therein. 
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Summary: The reaction of Fe(C5H4Li-$)(C5H4PPh2-q5) 
with M(C0)6 (M = Cr, W) followed by Me3BF4 affords the 
zwitterions Fe(C5H4M(CO)S--$')(CSH,PPh2Me+-$) (3) and 

I- 

the carbene-bonded ferrocenophanes Fe(C5H4C- 

(OMe)-$)(C5H4PPh2M(C0)4-q5) (4). The crystal struc- 
tures of 3 (M = Cr) and 4 (M = W) are described. 

I 

The ring opening reaction of the [llferrocenophane 1 
is a convenient route to the useful lithio species We 
now describe the reaction of 2 with M(CO)6 (M = Cr, W) 
which affords two novel isomeric species, the zwitterion 
3 and the carbene-based [3]ferrocenophane 4 (Scheme I). 
There appear to be no precedents for 3,3 and ferroceno- 
phanes with transition-metal a tom in the bridge have only 
recently been d e ~ c r i b e d . ~ ~ . ~  4 can be regarded as a de- 
rivative of an unusual bidentate hybrid ligand containing 
carbene and phosphine donor  group^.^^^ 

The stirred orange solution of 2 produced by the reaction 
of 1 with 1.5 mol equiv of PhLi was treated with excess 
M(CO)6 at  -78 "C. A dark red suspension formed when 
the mixture was warmed to 20 "C. This was cooled to -78 
"C, Me30BF4 added (1.5 mol), and the mixture finally 
warmed to 20 "C for 2 h. Two major products, orange 3 
(10-20%) and deep red 4 (20-40%), were isolated as air- 
stable solids following chromatography on alumina.' 

~ 

(1) Seyferth, D. M.; Withers, H. P. Organometallics 1982, 1 ,  1275. 
(2) (a) Butler, I. R.; Cullen, W. R. Can. J. Chem. 1983, 61, 147. (b) 

Butler, I. R.; Cullen, W. R. Organometallics 1984,3, 1846. (c) Butler, I. 
R.; Cullen, W. R.; Kim, T.-J.; Rettig, S. J.; Trotter, J. Organometallics, 
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(3) Cullen, W. R.; Woollins, J. D. Coord. Chem. Reu. 1982, 39, 1. 
(4) There are a number of metal derivatives of ligands such as Fe- 

(CSH4PPhz-~6)z which can be considered as [3]ferro~enophanes.~ 
(5) A few simple Fischer-type carbene complexes of metallocenes are 

(6) Fischer, E. 0.; Gammel, F. J.; Besinhard, J. 0.; Frank, A.; Neuge- 
k n ~ w n . ~ , ~  

bauer, D. J. J. Organomet. Chem. 1980,191, 261. 
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