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Co-ordination of the acyl oxygen atom in a di-iron p2-q2-(C,C)-ketene complex, Fp-CH2CO-Fp [Fp = (q5-C5H5)Fe(C0),] 
to Lewis acidic organometallic centres produces cationic trinuclear p3-q3-(C,C,0)-ketene complexes, the two metal 
components of which exchange with each other via an intramolecular process. 

We have previously1 described an indirect preparative method 
for a variety of he terobime tallic p2-+ (C, C) - ketene com- 
plexes, Fp-CH2CO-ML, [Fp = (q5-C5H5)Fe(CO)2]. In- 
creased nucleophilicity of the acyl oxygen atom as judged by 
the shift of v(C=O) prompted us to attempt to introduce a 
third metal component, producing trinuclear p-ketene com- 
plexes.2 

Treatment of a di-iron v-ketene complex, FpCH2CO-Fp 
(l), with an iron cation, [Fp+(thf)]BF4- (2),3 in dichloro- 
methane for 3 h at 25°C afforded deep purple red micro- 
crystals (3) (65%) after recrystallization from Et20-CH2C12 
(Scheme 1). N.m.r. spectra (1H and 13C) show that (3) 
contains three non-equivalent Fp groups and a p-ketene 
bridge.? In particular, a quaternary carbon signal at 6 297.46 
indicates the presence of an oxycarbene structure4 similar 
to that in a dinuclear methoxycarbene complex, 
Fp-CH2C(OMe)=Fp+ CF3S03- (6 299.07) .5 These spectral 
features reveal that (3) is a cationic trinuclear p3-q3-(c,c,o)- 
ketene complex, with the largest contribution from an 
oxycarbene structure (4) [see possible resonance forms 

i- For (3), aI, (CD2C12) 2.44 (2H, s, CH2), and 4.89, 5.07, and 5.30 

and 213.10, 215.44, and 217.50 (CO) .  
(5H X 3, S,  ~ c P ) ;  6c (CD3NOJ 33.33 (CH,), 88.18 ( ~ c P ) ,  88.76 (cP), 

(3)-(5)]. Addition of a slight excess of PPh3 to a CH2C12 
solution of (3) regenerated (1) accompanied by 
[Fp+(PPh3)]BF4- in quantitative yield. 

When the complex (1) was similarly treated with a ‘labelled’ 
cation, [Fp’+(thf)]BF4- (6) [Fp’ = (q5-C5H4Me)Fe(C0),], a 
mixture of two isomeric tri-iron p-ketene complexes, (7) and 
(S), was obtained in 68:32 ratio as revealed by n.m.r. 
analyses$ (Scheme 1). Spectra recorded during the reaction 
indicated that (7) was formed initially, and that the isomer (8) 
was formed subsequently, presumably via an exchange 
reaction§ between FpA and Fpc on the ketene skeleton. The 

j: For (7), aH (CD,Cl,) 1.85 (3H, s,  Me), 2.45 (2H, s, CH,), and 4.92 
and 5.05 (5H x 2, s, cp); aC (CD,N02) 12.85 (Me), 34.50 (CH,), 
213.74, 215.98, and 217.69 (CO), and 297.90 (carbene); for (8) SH 
(CD2C12) 1.94 (3H, s, Me), 2.34 (2H, s, CH,), and 4.89 and 5.31 (5H 
X 2, s, cp); 6c (CD,NO2) 13.53 (Me), 36.91 (CH,), 213.47, 215.82, 
and 218.17 (CO), and 296.63 (carbene). Other signals cannot be 
resolved owing to overlapping. 
§ Di-iron complexes joined by v2-q3-allyl ligands such as 
[FpCH2CH=CH2]Fp+ BF,- have been reported to be fluxional. The 
higher exchange barrier observed for (7) and (8) as compared with 
such systems is presumably caused by the requirement of activation of 
a a-co-ordinated C=O group to a n-co-ordinated C=O prior to 
isomerization.6 
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isomerization was further confirmed by addition of PPh3, 
producing a 68:32 mixture of (1) and (9), identified by 
comparison with authentic samples? This result also reveals 
that PPh3 attacks Fpc, co-ordinated by the acyl oxygen atom. 
On the other hand, the reaction of the 'labelled' y-ketene 
complex (9) with (2) afforded a mixture of two isomers of 
similar composition [(7) : (8), 67 : 331 and the action of PPh3 
produced (1) and (9) in 67 : 33 ratio (Scheme 1). Furthermore, 
when the isolated tri-iron complexes (3) and (7) + (8) were 
treated with 2 equiv. of the iron cations (6) and (2), 
respectively, in CH2CI2 for 12 h, incorporation of the 
externally added cation into the trinuclear system occurred to 
only a small extent7 (Scheme 1). Thus, it is concluded that the 
metal-exchange reaction follows an intramolecular process 
and finally attains equilibrium. Since (3) and ( 5 )  are formally 
regarded as a co-ordination complex of metal C-enolates and a 
n-complex of a metal 0-enolate ,9 respectively, trinuclear 

CF3 SO, - (11) ( 5 8 % )  

(10) 

y-ketene complexes may be regarded as intermediates in the 
interconversion of C- and 0-enolates. 1 ~ ~ 1 2  

The heteronuclear y3-q3-(C,C,0)-ketene complex (11) was 
also accessible by an alkane elimination reaction between 
cp2ZrMe2 (containing polar M-C bonds) and a hydroxycar- 
bene complex ( lo)  ,5 a conjugate acid of (1). The zirconoxycar- 
bene carbon resonance (6 312.99),** appearing 15 p.p.m. to 
lower field than that of (3), indicates the increased contribu- 
tion of an oxycarbene structure due to the oxygenophilicity of 
Zr. 

These results suggest that an oxycarbene structure like (4) 
should be taken into account when discussing the reactivity of 
ketene species generated on a heterogeneous catalyst system 
consisting of a transition metal component and acidic support 
such as Rh/Zr02, which is known to catalyse selective 
conversion of syngas to C2-oxygenates;13 it is probable that the 
oxycarbene species pivots around the metal-carbene bond. 
We are now studying the introduction of other metal cations 
and attempting to elucidate the exchange reaction mechan- 
ism. 
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17 The extent of incorporation was determined after conversion of the 
reaction mixture into (1) and (9) with PPh,. The reaction of (3) led to 
the formation of (1) and (9) in 96 : 4 ratio, and the reaction of a 66 : 34 
mixture of (7) and (8) gave (1) and (9) in 68: 32 ratio. 

* *  For ( l l ) ,  aH (CD,NO,) 0.50 (3H, s, Me-Zr), 2.95 (2H, s, CH2), 
5.15 (10H, s, 2cpFe), and 6.38 (lOH, s, cp2Zr); aC (CD,NO,) 31.47 
(Me), 33.39 (CH,), 88.12, 89.04 (2cpFe), 114.12 (cp2Zr), and 214.69 
and 217.86 (CO). 


