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Abstract 

Kinetic studies of the reaction of triphenylphos- 
phine with the cation [T&H~W(CO)~]+ indicate 
rapid pre-equilibrium formation of a n-complex, 
followed by rate-limiting attack by a second PPh3 
molecule at the metal. Subsequent attack by a third 
PPh3 at the metal leads to rapid displacement of the 
tropylium ring to give [(PPh3)3W(CO)3] as the major 
product. 

Introduction 

The organometallic cations [(+$H7)M(CO),]* 
(I; M = Cr, MO, W) are known to react with a wide 
variety of nucleophiles such as tertiary phosphines 
[I] or phosphites [l] , amines [2], methoxide ion 
131, acetylacetone [3], acetonitrile [4], iodide 
ion 151, N,N-dimethylanailine [6] and cyanide ion 
[7] to give various products depending on reaction 
conditions, nature of the nucleophile or the metal 
chosen. 

In an interesting reaction, attack on I (M = Cr, MO) 
by the cyclopenta-dienide ion, C5H5--, resulted in 
extrusion of carbon atom from the tropylium ring to 
give the final product’s [( I-6-p-C,H,)M(CO),] , and 
benzene [8]. With phosphine nucleophiles, attack at 
the ring or metal to give the ring-addition [9], carbonyl- 
[lo] or ring-displaced [ 1 l] products have been 
reported in the literature. Of special relevance to 
this work, attack on cations I (M = Cr, MO) by 
PPh3 affords the ring adduct for the chromium 
complex [I, 9a] and the carbonyl-displaced product 
for the molybdenum analogue [lo]. 

With excess phosphine the molybdenum cation 
reacts further to give [(PPh3)3Mo(CO),]. However, 
a detailed study of the reaction of tri-n-butylphos- 
phine with each of the cations I has demonstrated 
[ 121 the formation of phosphonium adducts as the 
first detectable reaction under equimolar condi- 
tions, followed by ring displacement to give [(PBu~)~- 
M(C0)3] (M = MO or W) in the presence of excess 
phosphine. 
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Herein the results of a synthetic and mechanistic 
study of the reaction of tri-n-phenylphosphine with 
I (M = W) in acetone are reported in order to illus- 
trate the factors that govern nucleophilic reactivity 
in such systems. 

Experimental 

Materials 

The orange crystalline complex, [(C,H,)W(CO),] - 
[BFd] was synthesised and purified by published 
procedures 1.5, 131. Anal, Found: C, 27.2; H, 1.6%. 
Calcd. for C1,,H7W03BF4: C, 26.9; H, 1.6%. M.p. 
238 “C (decomp.) (lit. 151 ca. 230 “C decomp.)]. 
IR vco (acetone): 2065 and 2010 cm-‘. Triphenyl- 
phosphine (B.D.H.) was used as supplied. Analytical 
grade acetone was employed as solvent. 

Reaction of / (a-C,H,) W(CO),j’ with PPh3 
[(Q-C,H,)W(C0)3] [BF4] (0.03 g, 0.0673 mmol) 

was dissolved in acetone (10 cm”) and an excess of 
PPh3 (0.26 g, 0.992 mmol) added. The reaction 
was allowed to proceed under dinitrogen for 12 h 
at 0 “C in the dark. The resulting pale-yellow 
crystalline solid, [(PPh3)3W(C0)3], was filtered 
off, washed several times with ice-cold acetone and 
dried by suction (yield 72%). Anal. Found: C, 65.0; 
H, 4.7%. C&d. for C57H45P3W03: C, 64.9; H, 4.3. 
M.p. ca. 150 “C (darkening)]. IR: v,, (acetone) 
1935 and 1835 cm-‘. 

Spectroscopic Studies 
Infrared spectra were recorded on a Perkin-Elmer 

257 spectrophotometer using matched 0.5 mm 
sodium chloride solution cells. UV-visible spectra 
were obtained on a Pye Unicam SP 8000 spectro- 
photometer using matched 10 mm silica cells. 

Kinetic Studies 
The overall reaction 1 was monitored at 0 “C in 

[(vC,H,W(CO),]+ + 3PPh3 - 

[(P~~,P),W(CO),l + CT&+ (1) 
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