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Pure cis- and trans-(q5 -C5 HS )M(CO), [P(C, H5 )s 1 X (M = MO, X = I or 
Br; M = W, X = I) have been separated by chromatographic methods. Stereo- 
chemical assignments are made on the basis of infrared and ‘H and 13C NMR 
spectroscopy. Mechanistic implications of the ck/trans isomer ratios as a 
function of the method of preparation are discussed. 

Complexes of the general formula CpM(CO), (L)X (Cp = $ -Cj HS ; 
M = MO or W; L = a phosphme or phosphite; X = halide, alkyl or hydride) 
have been shown to exist as cis (I) and trans (II) isomers. The relative propor- 
tions of these isomers depend markedly on the nature of L and X Cl-31 but 
the factors determining the cish-rans ratio have not been resolved. The separa- 

(I) (II) 

tion of such isomeric mixtures into their components. is essential to the study 
of these phenomena, and although the.possibility of such separations has been. 
alluded to in a prelimii report 143, details were not given. King, Reimann 
and’Darensbourg [5] have recently described the successfui chrom&ographic 
separation of isomers of the structurally similar CPR~(CO)~ Br, . We report 
herein the separation and isolation of the-pure c.&- and tnrtiisomers of , 
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CPM(CO)Z [P(C, HS )3 J X (M = MO, X = I or Br; M = W, X = I)“. 
The complexes were prepared by reaction of the appropriate cyclo- 

pentadienylmetat tricarbonyl hahde with triphenylphosphine in refluxing 
benzene or toluene [7-Q] (eqn, l), and by reaction of aeetyl complexes with 

G HS WC0)3 X + PG HS 13 * C, N, M(COJ2 P(C, H5)s X f CO (11 

f=ns-C& Hs M(C0j2 [P(C, H5)3 4 COCH3 + Xz + C, HS M(CO)z I[PG Hs 13 f X (2) 

bromine or iodine in chloroform at c)% [10&l j (eqn, 2). Chromatography of the 
reaction products (Brockman Activity Grade I alumina 50.0 X 3.0 cm 
column, l/l benzene/hexane eluent) afforded orange (cis isomers) and red- 
purple bands (trans isomers) in ah cases. The cis/trans isomer ratio was a 
function of the halogen and the method of preparation (Table 1). 

The cis and trans isomers afford singlet and doublet (J(PH) = l-5-2.0 Hz) 
C!, Hs resonances respectively in their proton NMR spectra (Table 2). This 
criterion has been shown to be diagnostic for the assigned stereochemistries [l-3]. 
Further support of the assignments made comes from the relative intensities 
of the infrared carbonyl stretching frequencies {8,12] _ For the cis isomers 
the higher frequency (sym) CO stretch is more intense than the lower 
frequency (acmtisym) stretch, while the opposite is true for the trcms isomers 
(Table 2). Any residual doubt concerning the identity of the isolated com- 
plexes is removed by consideration of the 13C NMR spectra. A single CO 

TABLE 1 

ISOMER RATIOS AS A FUNCTION OF METHOD OF PREPARATION * 

Complex Thermal substitution b Halogen cleavage 
<Cisf*UnS) <cWtrons) 

-_ 
CpMoWO), tP4C, Wq 1s 3 Br 95/5 36164 
CPMC(CO), W(C, rji, 1s 3 1 65135 4Of60 
CPWCCO>, CP4C, Hg )s 31 65135 35165 
oDete&ed by integration of NMR spectra in the CsH, region. V&an T-60 Spectrometer.‘CDCis 
solution. <See text for cliscussion~. bDetermined immediately after consumption of CpM<CO)s X 

TABLE 2 

PHYSICAL AND SPECTROSCOPIC DATA 

Complex Color M.P. c”oC) 6Ws H, >* vCC0) <cm-’ )b 

cis-CpMo<CO), [P&a H; 1s I Br orange 183d 5.37s 198OvS 
1890s 

iruns-CpMoWO>, CP4Cs H, )s I Br red-purple 185d 6.08 1980s 
F;$H’ 1.6) 189Ovs 

cis-CpMo(CO), [P4C, Hi j3 I I orange 172d 1972v.s 
1890s 

fmns-CpMO~CO~, EP4C, N, )s 3 1 red-purpIe 1766 5.11 1972s 
meows 

cis-CPW<CO), CP4C, H; >s I I orange 186d 
pi;;P”’ 2.0) 

196OvS 
1876s 

fmm-cPw<c0), IP4Cs HI; Js 3 I red 193d 5.15 1960s 
<d. J<PH) 2.0) 1876~s 

aVar&n Assocjates T-60 spectrometer, CDCls Solvent. Chemical shifts in ppm downfield from interna\ 
TMS: s=singiet. d=doublet, J(PF0 in HZ. bPerkin-Elmer 521 Spectiophotometer. CRCI, solution, 
matched 0.1 mm KBr ceils. 

*R&ted cationic carbene complexes have been prep-d as pure cis and fruns forms, but this 
process did not involve isomer separation C62. 
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resonance (6 232.4 ppm, doublet, J(PC) 27.4 Hz) is observed for tram- 
C~MO(CO)~ [P(C, H5 )3 ] I. For the cis isomer two equally intense CO 
resonances (6 250.3 ppm, doublet, J(PC) 28.6 Hz, 6 236.8 ppm, doublet, 
J(PC) 5.0 Hz) are observed. Similar data are obtained for the other complexes. 
The expected Cp and phenyl carbon resonances are observed in all cases. 
Details of these and related results will be the subject of a future publication 1133. 

The complexes are stable with respect to isomerization in both the solid 
state and in solution at or near room temperature. However, when solutions 
of the pure cis- and trans-CpMo(C0)2 [P(& HS)3 ] I in benzene are heated to 
80 o C, rapid isomerization occurs. Based on integrations of the cyclopenta- 
dienyl resonances in the proton NMR spectra of the complexes, both cis and 
trans isomers show 40% isomerization after one hour and reach 50/50 cis/tru% 
equilibrium mixtures after 24 h. Similar observations were made for the 
tungsten iodide complex, although isomerization proceeds more slowly in 
this case. The equilibrium position in the case of CpMo(CO), [P(C, H, )3 1 Br 
(refluxing benzene) is 95% cti, 5% truns. 

An intersting aspect of-the stereochemical results is the dependence of 
the cidtrans isomer ratio on the method of preparation. (Table 1). That the 
thermal substitution reactions afford predominantly the cis modification may 
be explained as follows. Statistically, the presumed coordinately unsaturated 
intermediate III [14] would afford 67% cis and 33% bans, since attack of 

phosphine between CO and X is twice as likely as attack between the two 
carbon monoxide ligands. This postulate (while consistent with the data at 
hand) is regarded as tenuous and more detailed studies are in progress. The 
halogen cleavage reactions (equation 2) afford a high percentage of the 
respective Pans isomers, suggesting retention of stereochemistry at the metal 
atom. Mechanistic speculation regarding these processes would be premature 
at this time, although the results are consistent with the electrophilic attack 
scheme recently suggested for related iron complexes Cl.53. Detailed exam- 
inations of these systems and extensions of the cleavage reactions to 
previously inaccessible trans complexes are in progress. 
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