
Scheme I 

\\ 1 MeOH 

Under the same conditions (CDCl,, 25 "C) the osmium 
carbonyl carbons appear as broad resonances at 6 165.8 and 
175.6 (ratio 2:l). However, a t  a lower temperature a 
221:2:2 pattern is observed (-60 "C, CD2C12, 6 179.6,173.0, 
169.9, 168.0, 158.3). If the hydride ligands in H20s3(C- 
O),(CCO) are placed unsymmetrically as shown in IV, 
which is proposed in analogy with the arrangement es- 
tablished for H20s3(C0)9(CCH2) (V),4 then the low-tem- 
perature 'H and 13C NMR data require rapid hydride 
equilibration. Alternatively, the actual hydride positions 
in H20s3(C0)9(CCO) may be equivalent. 

The reactivity of H20s3(C0),(CCO) is consistent with 
its formulation (see Scheme I). Heating the ketenylidene 
complex in methanol affords the carbomethoxy- 
methylidyne cluster, H30s3(CO)9(p3-CC02Me). The same 
alkylidyne cluster may be prepared from H20s3(CO),(C- 
CO) by an alternative procedure. Treatment of a CH2C12 
solution of H20s3(CO)g(CCO) with HBF4-OEt2 at -80 "C 
gives an off-white precipitate (presumably [H,OS,(CO)~- 
(CCO)]+ or [H20s3(CO)g(CCOH)j+) which reacts with 
methanol a t  -80 "C to afford H30s3(C0)9(p3-CC02Me) 
(mass spectrum, m/z 902 M+ (lWOs); 'H NMR (CDCl,, 35 

vw, 2089 vs, 2081 w, sh, 2030 ms, 2025 vs, 2015 mw, 1688 
vw) in high yield. H30s3(CO)g(p3-CC02Me) can also be 
prepared by treating H30s3(C0)9(p3-CBr)6 with AlCl, in 
CH2C12 under CO followed by addition of methanol. An 
analogous procedure was used by Seyferth to prepare 
C O ~ ( C O ) ~ ( ~ ~ - C C O ~ M ~ ) ~  and by Keister to prepare 
H , R U ~ ( C O ) ~ ( ~ , - C C O ~ M ~ ) . ~  

The sequence of C-H bond cleavage and C-C bond 
formation in the conversion of O S ~ ( C O ) ~ ~ ~ - C O ) ( ~ - C H ~ )  to 
H20s3(CO),(CCO) is not yet clear. Possible intermediates 
include IIIa or IIIb, 11, or a complex of ketene. Transfer 
of an alkylidene ligand to coordinated CO is known in 
mononuclear transition-metal chemistry.' Transfer of CO 
to alkylidyne ligands has also been observed.8 The mi- 
gration of coordinated CO to a carbon center has been 
proposed to account for the formation of [Co3(C0),CCO]+ 
from CO, (CO)~(~~-CC~)  and AlC1,6 and for the formation 
of [Fe4(C0)12(p4-CC02Me)]- from the oxidation of [Fe&- 
(CO) 161 2+ by tropylium bromide in methan~l.~JO 

"C) 7 6.17 (9, 3 H), 29.38 (8, 3 H); IR (Y(CO), C6H12) 2116 

(4) Deeming, A. J.; Underhill, M. J.  Chem. Soc., Dalton Tram. 1974, 
1415. 

(5) Keister, J. B.; Horling, T. L. Znorg. Chem. 1980, 19 2304. 
(6) Seyferth, D.; Williams, C. H.; Nivert, C. L. Inorg. Chem. 1977,16, 

7.w . "-. 
(7) Herrmann, W. A.; Plank, J.; Ziegler, M. L.; Weidenhammer, K. J.  

(8) Kreiasel, F. R.; Uedelhoven, W.; Erber, K. Angew. Chem., Zntl. Ed. 

(9) Bradley, J. S.; Ansell, G. B.; Hill, E. W. J. Am. Chem. SOC. 1979, 

Am. Chem. SOC. 1979,101,3133. 

Engl. 1978, 17, 859. 

101. 1417. 
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Summary: Reduction of [M(CO),(NMe,)] (M = Cr, Mo, W) 
in THF with alkali naphthalides gives high purity solutions 
of the corresponding [M(CO),] *- dianions. Stable crys- 
talline salts of the [M(CO)5]2- danions (M = Mo, W) were 
prepared by complexlng the sodium counterions with'a 
cryptand. Reduction of [ W(CO),(NH,){P(i-Pr),}] with so- 
dium naphthalide gives [W(CO),(P(i-Pr),)] 2-, as demon- 
strated by reaction with Ph,SnCI and counterion exchange 
to give [NR,] [W(CO),(P(i-Pr),}SnPh,] . 

The development of the chemistry of the pentacarbonyl 
dianions of molybdenum and tungsten has been severely 
restricted by the lack of a convenient preparation of so- 
lutions of the complexes in an innocuous solvent such as 
an ether.' We wish to report new syntheses of these 
dianions using an alkali naphthalide as the reductants 
which provide direct excess to high purity solutions of the 

(1) As noted by others? Behrens' procedures are technically difficult 
and only suitable for preparing small quantities of the dianions3*' or give 
samples contaminated with other salts.s The cesium salts CS~[M(CO)~] 
(M = Cr, Mo, W), prepared by Cs/Hg reduction of the correspondmg 
hexacarbonyls, are insoluble in ethereal solvents and are usually con- 
taminated with Hg.6 In our hands, the reduction of [w(cO)e] with 
Na/Ng in dimethoxyethane' invariably resulted in mixtures of Naz- 
[W2(CO)lo] and Na2[W(CO),], an ohervation which is consistent with the 
published spectra of such reactiom and with the rather low yields re- 
ported for some of the reactions carried out by using material prepared 
in this way? Only reduction of the hexacarbonyls with Na in hexa- 
methylphosphoramideZ gives pure samples of the dianions in a convenient 
reaction, but the reactivity and high boiling point of this solvent con- 
siderably restrict the utility of this approach.6 

(2) Ellis, J. E.; Hagen, G. P. J. Am. Chem. Soc. 1974,96, 7825. 
(3) Behrens, H.; Haag, W. Chem. Ber. 1961,94,312. 
(4) Behrens, H.; Vogl, J. Chem. Ber. 1963,96,2220. 
(5) Behrens, H.; Weber, R. 2. Anorg. Allg. Chem. 1957, 291, 122. 
(6) Ellis, J.; Hentges, S. G.; Kalina, D. G.; Hagen, G. P. J. Organomet. 

Chem. 1975,97, 79. 
(7)  Ellis, J. E.; Hagen, G. P. Inorg. Chem. 1977, 16, 1357. 
(8) NaCloH, haa been used previously to prepare metal carbonyl an- 

ions: Ellis, J. E.; Barger, P. T.; Winzenburg, M. L. J. Chem. SOC., Chem. 
Commun. 1977. 686. 
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complexes in tetrahydrofuran (THF) and from which we 
have been able to obtain stable crystalline salts of both 
dianions. Alkali naphthalide reduction has also been ap- 
plied to the preparation of [W(CO)4(P(i-Pr)3)]2-, the first 
phosphine-substituted derivative of [W(C0),l2-. The new 
syntheses will for the first time allow a thorough explor- 
ation of the chemistry of the dianions; recent results from 
our laboratories on their reactions with iminium saltsg and 
CO2,lo together with Collman's work on the isoelectronic 
complex Na2[Fe(CO)4]11 and Ellis' earlier work on the 
group 6A carbonyl dianions t h e m ~ e l v e s ~ ~ ~ ~ '  would suggest 
that this is likely to be extensive. 

The reactions involve electron transfer from an alkali 
naphthalide to a carbonyl complex containing a labile 
donor ligand12 (eq 1). For example, Na2[W(CO),] is 

Communications 

M = W, M' = Li, Na M = Mo, M' = Na 

prepared by syringing a 0.2M THF solution of NaClJ18 
dropwise into a 0.1 M THF solution of [W(CO)5(NMe3)]13 
at  -78 OC until the orange solution begins to change color 
sharply to a dark red-orange.14 After the mixture is 
warmed to room temperature, IR spectra of the solution, 
which is now homogeneous and orange, typically show the 
presence of [W(CO)5]2-15 with only trace amounts of 
[W2(CO)lo]2-1e as a contaminant. The dianion was iden- 
tified chemically by its reaction with Ph3SnC1,B which gave, 
after counterion exchange and recrystallization, a 65% 
yield" of [NEt,] [W(CO)6SnPh3].18 Naphthalene free 
solutions of the dianion are readily prepared on a millimole 
scale by removing all but a few milliliters of the solvent 
from a solution of the dianion under vacuum at  0 "C and 
washing the residue with diethyl ether a t  0 "C to give an 
orange solid which can be redissolved in THF. The solid 
salt is unstable above 0 "C, and a significant quantity of 
the material will not redissolve in THF after 15 min at  25 
OC.lg Solutions of the dianion are extremely air sensitive 
but are stable a t  room temperature under N2 for several 
days. 

The tungsten dianion can also be prepared by NaCl,,.HB 
reduction of a suspension of [w(Co),] in THF at  -78 "C, 
but the very limited solubility of the hexacarbonyl ne- 

(9) Betty, R. P.; Maher, J. M.; Cooper, N. J. J. Am. Chem. SOC. 1981, 

(10) Maher, J. M.; Cooper, N. J. J. Am. Chem. SOC. 1980,102,7604. 
(11) Collman, J. P. Acc. Chem. Res. 1975, 8, 342 and references 

therein. 
(12) Substrates containing inert, labile donor ligands have been wed 

previously to facilitate the preparation of carbonyl anions: Ellis, J. E.; 
Parnell, C. P.; Hagen, G. P. J. Am. Chem. SOC. 1978,100,3605. 

(13) Strohmeier, W.; Guttenberger, J. F.; Blumenthal, H.; Albert, G. 
Chem. Ber. 1966,99,3419. 

(14) This normally requires 2.0 equiv of NaCl&, but this number is 
highly dependent on the purity of the NaCl&IB. Less than 1% of free 
base, as measured by quenching with BrCHzCH8r followed by titration 
with 0.1 M aqueoua HCl, will catalyze the consumption of additional 
naphthalide in side reactions. 

(15) 1829 (vs), 1772 (e br) cm-' (cf. lit.6 1827 (E), 1757 (s br) cm-'). 
(16) The principal absorption of [Wz(C0)!,Jz- a t  1890 cm-' provides 

a sensitive probe for the presence of the dimenc species, which is the first 
oxidation product of [W(CO)s]z-, as well as a side product in some 
preparations. 

(17) Yield based on the quantity of amine complex used in the re- 
duction. 

(18) Identified by comparison of the IR spectrum of the compound 
with that in the literature.6 The 'H NMR spectra of the compound in 
acetoned6 was also consistent with this formulation. 

(19) The thermal instability of solid Naz[W(CO),] prepared in this 
manner ia in marked contraat with the apparent stabMty of the materials 
for which Behrens reports analytical data.' In the absence of spectro- 
scopic data for Behrens' compound, we are unable to resolve this conflict. 

103, 238. 

cessitates very careful addition of the reductant, and it is 
more convenient to use the soluble amine as the substrate. 

An analogous reaction of NaCloH8 with [Mo(CO),- 
(NMe3)Im gives solutions of Na,[Mo(CO),] in THF. The 
only difference between this and the tungsten case is that 
the solid salt is less thermally stable, and the solvent must 
be removed at -30 "C and the solid washed at -30 "C when 
preparing naphthalene free solutions. The dianion was 
identified by solution IR spectroscopy21 and further 
characterized chemically by its reaction with Ph3SnC16 to 
give, after counterion exchange and recrystallization, a 
90% yield of [Mo(CO),SnPh3] [NEt4].18 The complex 
Na2[Cr(C0),l6 can be prepared in a similar manner. 

The tungsten dianion was also prepared as the lithium 
salt, using LiCIJIs as the reductant. This salt is chemically 
identical to the sodium salt but has a markedly different 
IR spectrum in THF solution.22 Since the available data 
on the solution ion pairing of Na2[Fe(CO)4]23 would suggest 
that both the sodium and lithium salts of the tungsten 
dianion are likely to be ion paired in THF, these features 
suggest a qualitatively different interaction between the 
different cations and the dianions. The most reasonable 
explanation is that the Li+ cations undergo a strong iso- 
carbonyl interaction2, with the oxygens of the carbonyl 
ligands. 

Crystalline salts of both dianions were precipitated from 
THF solutions of the sodium salts by addition of 2 equiv 
of a cryptand,% Kryptofix 2:2:1,% to complex the sodium 
ions. The orange solids were recrystallized from di- 
methylformamide/THF, and IR spectra of Nujol mulls 
indicated that they contained [W(CO),]* and [Mo(C0),l2-, 
respectively.n Analyses were consistent with the antic- 
ipated formulas.28 In marked contrast to solid samples 
of the sodium salt, crystalline samples of the [Na(crypt)]+ 
salts appear to be stable indefinitely a t  room temperature. 
Cryptands have been used previously to prevent solution 
and solid-state interactions between an alkali-metal cation 
and a metal carbonyl anion,% but this is the first case in 
which elimination of this interaction has been reported to 
have a stabilizing effect on such salts. 

The versatility of alkaJj naphthalide reduction as a route 
to transition-metal dianions was further demonstrated by 
the preparation of thermally unstable solutions of [W- 
(CO)4{P(i-Pr)3]]2-, the first phosphine-substituted deriva- 
tive of [W(C0),l2-. A 0.2 M solution of NaCloH8 in THF 
was slowly added to a 0.1 M solution of [W(CO),{P(i- 
Pr)3)(NH3)]30 in THF at  -78 OC until the orange solution 
began to darken sharply in color. The formation of [W- 
(CO),(P(i-Pr),J]" under these conditions is suggested by 

(20) [MO(CO)~(NM~$] was conveniently prepared in 4-g quantities in 
60-70% yield by treating 5 g of [MO(CO)~] in 150 mL of THF with 1.5 
equiv of Me3N0 in the presence of 20 equiv of Me3N. We did not find 
a photochemical procedure to be a satisfactory route to this complex, a 
result consistent with the 46% yield reported previ~ualy.'~ 

(21) 1828 (vs), 1768 (s br) cm-' (cf. lit.6 1822 (E), 1757 (B br) cm-'). 
(22) Li2[W(CO)6]: 1820 (vs), 1775 (8 ,  sh), 1690 (E), 1608 (8 )  cm-' (cf. 

ref 15). 
(23) Collman, J. P.; Finke, R. G.; Cause, J. N.; Brauman, J. I. J. Am. 

Chem. SOC. 1977,99,2515. 
(24) Ellis, J. E. J. Organomet. Chem. 1975, 86, 1. Ulmer, S. W.; 

Skarstad, P. M.; Burlitch, J. M.; Hughes, R. E. J. Am. Chem. SOC. 1973, 
95,4469. 

(25) Lehn, J. M. Struct. Bonding (Berlin) 1973, 16, 1. 
(26) Kryptofix 221 is a proprietary name for 4,7,16,21-pentaoxa- 

1,10-diazabicyclo[8.8.5]~~e, as purchad  from Parish Chemical Co. 
(27) [Na(221)]z[W(CO),]: 1772 (81, 1725 (8 )  cm-'. [Na(22:1)lz[Mo- 

(CO),]: 1772 (E), 1720 (8  br) cm-'. 
(28) Anal. Calcd for C37&NlNaz01SW C, 42.94, H, 6.23. Found C, 

43.08; H, 6.70. Anal. Calcd for Cs7HMMoN,NazOl5: C, 46.94; H, 6.81. 
Found C, 46.89; H, 6.78. 

(29) Teller, R. G.; Finke, R. G.; Collman, J. P.; Chin, H. B.; Bau, R. 
J. Am. Chem. SOC. 1977,99, 1104. 

(30) Schenk, W. A. J. Organomet. Chem. 1979,179, 253. 
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the subsequent reaction of this solution with 1 equiv of 
Ph3SnC1 in THF at  -78 OC to give a 57% yield of off-white 
needles of Li[W(CO)4{P(i-Pr)3)SnPh3]-2THF31 after pre- 
cipitation with benzene and recrystallization from Et20. 
Counterion exchange using [NEt,]Br in ethanol gives 
[NEt,] [W(C0),(P(i-Pr),)SnPh3], which recrystallized as 
off-white needles of a CH2C12 solvate32 from CH2C12. 
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Registry No. Na~[Cr(CO)sl, 51233-19-3; Na2[Mo(C0)6], 57127- 
94-3; Na2[W(CO),], 57127-91-0; Li2[W(C0),], 75706-82-0; NaC1a8, 
3481-12-7; LiClaS,  7308-67-0; [Mo(CO)s(NMe,)], 15152-84-8; [W- 
(CO),(NMe,)I, 15228-32-7; [ M O ( C O ) ~ S ~ P ~ , ] [ N E ~ , ] ,  55971-56-7; 
[NEt41[W(CO)sSnPh31, 55971-72-7; [W(CO)s][Na(crypt)]2, 79199- 
37-4; [Mo(CO),] [Na(crypt)lz, 79135-07-2; [W(CO),(P(i-Pr),)(NH,)], 
79199-38-5; [W(Co),(P(i-Pr,}]', 79135-08-3; Li[W(CO),(P(i-Pr),)- 
SnPh,], 79135-09-4; [NEt,] [W(CO),(P(i-Pr),)SnPh,], 79135-11-8; 
W(CO)6, 14040-11-0. 

(31) IR v(C0) (THF) 1978 (a), 1858 (vs), 1823 (8 )  cm-'. 'H NMR 
[(CDd2CO] 6 8.62-8.37 (m, 6 H, m-H of Ph), 8.07-7.72 (m, 9 H, 0- and 
g H  of Ph), 3.64 (m, 8 H, OCH2CHJ, 1.79 (m, 8 H, OCHzCH2), 1.12 (dd, 
18 H, J = 6.4 Hz, J H - ~  12.8 Hz, CH(CH&), CH(CHJ2 obscured by 
solvent. 

(32) Anal. Calcd for CBgHaN04PSnW.0.5CH2C12: C, 48.46; H, 5.82. 
Found: C. 48.65: H. 6.12. IR: dC0) (CHoC13 1975 (8) .  1863 (vs~ .  1810 
(8) cm-1. ' 1 ~  NMR [ (cD~)~co~:  d 7.753.63 (m, S 'H, m-H di. Pi) ,  
7.17-7.01 (m, 9 H, 0- and g H  of Ph), 5.58 ( 8 ,  1 H, 0.5CHzC1J; 3.32 (9, 
8 H, J = 7.3 Hz, CH2CH3), 2.00 (septuplet, 3 H, J = 7.2 Hz, CH(CH&, 
partially obscured by solvent), 1.31 ( tof t ,  12 H, J 3 7.3 Hz, J H - N  = 1.6 
Hz, CHZCH,), 1.11 (d Of d, 18 H, J = 7.2 Hz, J w  12.5 Hz, CH(CH,&). 
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Summary: The electron-rich complex [RuCI(PMe,),(Cp)] 
reacts with the alkynol Ph,C(OH)(C--VH) and NH,PF, to 
produce the novel diphenylallenylidene complex [Ru(r)'- 
C=C=CPh,)(PMe,),(Cp)] [PF,] . An X-ray structural de- 
termination reveals a nearly linear metallacumulene chain 
with a short (1.884 (5) A) ruthenium-carbon bond. 

The chemistry of transition-metal alkylidene (carbene) 
complexes is now well established,' but only recently have 
unsaturated alkylidenes (vinylidene complexes, M=C= 
CFQ been explored.2 Still more rare are examples of the 
cumulogs3 of alkylidene complexes, denylidene complexes 

(1) Brown, F. J. B o g .  Znorg. Chem. 1980,27,1-122. 
(2) See for example: (a) Davison, A; Selegue, J. P. J.  Am. Chem. SOC. 

1978,100,7763-7765. (b) Adams, R. D.; Davison, A.; Selegue, J. P. Ibid. 
1979,101,7232-7238. (c) Bruce, M. 1.; Wallis, R. C. A u t .  J. Chem. 1979, 
32,1471-1485. (d) Bruce, M. I.; Swincer, A. G. Ibid. 1980,33,1471-1483. 
(e) Antonova, A. B.; Kolobova, N. E.; Petrovsky, P. V.; Lokshin, B. V.; 
Obezyuk, N. S. J. Organomet. Chem. 1977,137,55-67. ( f )  King, R. B.; 
Saran, M. 5. J. Am. Chem. SOC. 1973, 95, 1811-1817, 1817-1824. (g) 
Bolaud, B. E.; Fam, S. A.; Hughes, R. P. J. Organomet. Chem. 1979,172, 
C29432. (h) Chewier, B.; Webs, R.; Lange, M.; Chottard, J. C.; Maneuy, 
D. J. Am. Chem. Sm. 1981,103,2899-2901. (i) Berke, H. 2. Natwforsch., 
B Anorg. Chem., Org. Chem. 1980, %E, 86-90. (j) Folting, K.; Huffman, 
J. C.; Lewis, L. N.; Caulton, K. G. Inorg. Chem. 1979, 18, 3483-3486. 
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Figure 1. A perspective ORTEP diagram of the cation of [Ru- 
(C3Ph2)(PMe3)2(Cp)] [PFB] showing 50% probability ellipsoids. 

for  [Ru(C,Ph,)(PMe,),(CP)ItPF,I 
Table I. Selected Bond Lengths and Angles with Errors 

bond 
atoms length, A atoms angle, deg 

Ru-C1 1.884 ( 5 )  Ru-Cl-C2 175.9 (5) 
Ru-P1 2.289 (2)  Cl-C2-C3 175.1 ( 7 )  
R u - P ~  2 .292(2 )  C2-C3-C31 119.8 (6) 
Ru-CPO 1 .929  CZ-C3-C41 119.5 (6)  
C l -C2  1 . 2 5 5 ( 8 )  C31-C3-C41 120.7 (5)  
C2-C3 1.329 (9) Pl-Ru-P2 94.57 (6)  
C3-C31 1 .462  ( 9 )  P1-Ru-C1 87.0 ( 2 )  
C3-C41 1.511 ( 8 )  P2-Ru-Cl 92.4 (2)  

CPO is the  centroid of the  cyclopentadienyl ring. 

CPOa-Ru-C1 127.95 

(M=C=C=CFQ." A simple method for the preparation 
of cationic ruthenium allenylidene complexes is reported 
here, along with the structure of one of these complexes. 

The reaction of [RuC1(PMe3),(Cp)16 with the acetylenic 
alcohol Ph2C(OH)(C=CH)6 and NH4PF6 in ethanol (25 
"C, 27 h) leads to a deep orange-brown solution and a 
brown precipitate. Cooling, fitration, washing with water 
and ethanol, and drying in vacuo produces a 76% yield of 
a brown microcrystalline solid. Recrystallization from 
dichloromethane/ether yields large orange-brown crystals 
suitable for X-ray diffraction. 

Spectroscopic characterization of the product suggests 
that is [Ru(C3Ph2)(PMe,),(Cp)] [PF6] (I), a cationic di- 
phenyldenylidene complex. Strong infrared absorptions 
are found at 1926 and 840 cm-' (in CHCl,), corresponding 
to the asymmetric C==C=C stretch of an allene system7p8 
and to the asymmetric stretch of the [PF6]- ion: respec- 
tively. The proton NMR spectra of several [RuL- 
(PMe,),(Cp)]+ derivatives have suggested a direct rela- 
tionship between the chemical shift of the cyclopentadienyl 
group and the degree of "electron richness" a t  the metal 
site.5a In light of this correlation, the 'H NMR spectrum 
of complex I (CDCl,, 90 MHz; 6 7.8-7.4 (m, Ph), 5.50 (s, 
Cp), 1.55 (br t, PMe3)) suggests that the diphenyl- 

(3) Parmantier, M.; Galloy, J.; Van Meerssche, M.; Viehe, H. G. An- 
gew. Chem., Znt. Ed. Engl. 1975,14, 53. 

(4) (a) Fischer, E. 0.; Kalder, H.-J.; Frank, A.; Kohler, H.; Huttner, 
G. Angew. Chem., Znt. Ed. Engl. 1976,15,623-624. (b) Berke, H. Chem. 
Ber. 1980,113,1370-1376. (c) Berke, H. J. Organomet. Chem. 1980,185, 
75-78. 

(5 )  (a) Treichel, P. M.; Komar, D. A. Synth. React. Inorg. Met.-Org. 
Chem. 1980,10, 205-218. (b) Bruce, M. I.; Wong, F. S. J. Organomet. 
Chem. 1981,210, C M 8 .  

(6) Midland, M. M. J.  Org. Chem. 1975,40, 2250-2252. 
(7) Silverstein, R. M.; Bassler, G. C.; Morill, T. C. "Spectrometric 

Identification of Organic Compounds", 3rd ed.; Wiley: New York, 1974; 
P 88. 

(8) The value of u(C=C) in the complex [Mn(tl'-C,Ph,)(Co),(Cp)] is 
1909 cm-I.'b 

(9) Corbridge, D. E. C. 'Topics in Phoerphorus Chemistry-; Grayson, 
M., Griffith, E. J., Eds.; Interscience: New York, 1969; Vol. 6, p 330. 
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