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Abstract-The synthesis and characterization of a series of seven-coordinate methyl- 
(carbonyl)- and the related six-coordinated q2-acyl complexes of tungsten [e.g. W(CH,) 
C1(CO)Z(PMe3)3, W(~2-COR)(S2CNMe2)(CO)(PMe3)2, etc.] were carried out to explore 
the influence of electronic and steric effects. By changing the nature of the R group and/or 
of the ancillary ligands, it is shown that a decrease in the electron density at the metal centre 
and an increase in the steric requirements of the R group, favour the q2-acyl structure over 
the alkyl(carbony1) formulation. 

Recent work from several laboratories has allowed 
characterization of a growing number of formally 
six-coordinate q 2-acyl complexes of molybdenum I-3 
and tungsten,“’ e.g. Mo(r/‘-COR)X(CO) 
(PMe3)3,3 T~Mo(~~-COR)(CO)~‘~‘~ but the cor- 
responding seven-coordinate alkyl(carbony1) 
derivatives have not been found to occur. Since the 
interconversion of formulations A and B does not 
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* Author to whom correspondence should be addressed. 
t Compounds la-ld were prepared by a route similar 

to that reported for the molybdenum analogs (ref. 3). 
Selected spectroscopic data for la and lb are as follows : 
la, IR (Nujol) : vC0 1890,179O cm-‘. ‘H NMR (C,D,) : 
6 1.3 (broad, PMe,), 0.4 (pseudoquartet, W-CH,). “P 
NMR (C,D,) : 6 -27.2 (t, *Jp,r, = 28.6 Hz), -22.15(d). 
Although stable as a solid when kept under N,, la de- 
composes in solution with the formation of 
WCl,(CO)2(PMe3)3 and other unidentified species. lb, 
IR(KBr): vC0 1800 cn- ‘, vCOR 1460 cn-‘. ‘H NMR 
(C,D,): 6 2.9 (s, CH$iMe,), 1.34 (d, *JnPA = 7.8 Hz, 
P,Me,), 1.15 (t, 2J,pu,pB) = 3.1 Hz, P&es), 0.17 
(s, CH2SiMeJ ; “P NMR (C,D,): AB2 system, 
6, = - 14.4, 6, = - 14.8 ppm, 2Jp,p, = 10.4 Hz. 

change the number of electrons at the metal centre, 
it was reasoned that in a series of analogous com- 
plexes, structure B should be favoured with respect 
to A for sterically demanding R groups, while an 
increase in the electron density at the metal centre, 
i.e. of the metal basicity, would favour formulation 
A, because of the strong acceptor properties of the 
carbonyl ligand. In this communication we present 
preliminary results which clearly show the influence 
of the steric and electronic effects on the relative 
stability of structures A and B, and report, for the 
first time, the controlled formation of both types of 
complexes and of an equilibrium mixture of the 
above structures. 

The alkylation of complexes MC12(C0)2 
(PMe3)36 yields the q2-acyls M(q2-COR)Cl(CO) 
(PMe,),, or the alkyl(carbonyl), W(Me)Cl(CO), 
(PMe3)3, la, as shown in eqs (1) and (2). 

MCl,(CO)2(PMe3)3+Mg(R)Cl 

+ M(~2-COR)Cl(CO)(PMe3)3+MgC12 (1) 

(M = MO, ref. 3; M = W, R = CH,SiMe,, lb; 
CH2CMe3, lc; CH,CMe,Ph, ld) 

WC12(CO)2(PMe3)3+LiMe 

--+ W(Me)Cl(CO),(PMe,), + LiCl. (2) 

The new compounds have been fully char- 
acterized by analytical and spectroscopic studies,? 
which show the q2-acyls have structures of type C, 
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similar to those found for the molybdenum analogs. 3 

The structure of lb (as well as that of 2a, see below) 
has been determined by X-ray crystallography and 
will be reported elsewhere. Complexes la-ld do not 
rearrange into their corresponding isomeric forms, 
i.e. A c$B, upon thermal or photochemical acti- 
vation. Since on the other hand no exchange 
between the CO groups of the acyl and carbonyl 
ligands is detected by ’ 3C NMR studies, these com- 
pounds are assumed to be the thermodynamic prod- 
ucts of the above reactions. Therefore, the y*-acyl 
structure is favoured for the above complexes with 
the only exception being the W-CH3 derivative 
for which the alkyl-carbonyl formulation is 
preferred. We propose that this difference is due to 
a combination of electronic and steric effects. The 
former would make the alkyl(carbony1) structure, 
A, more stable* in the order MO < W because of 
the higher basicity of the tungsten derivatives,’ 
while the latter are obviously responsible for the 
stabilization of the q*-acyl structure for the bulkier 
CH2SiMe3, CH,CMe, and CH2CMe2Ph alkyl 
groups.? 

The reaction of Mo(q2-COR)C1(CO)(PMe3)3 
complexes with the sodium salt of the strongly elec- 
tron releasing Me,NCS; ligand proceeds with for- 

mation of the y*-acyls Mo(q*-COR)(S,CNMe,) 

* Both the strength of the M-C bond (5d > 4d) and 
the migratory aptitude of the alkyl group also favour 
structure A for the W-CH, complex.’ However, a 
decrease in the electron density at the metal centre, caused 
by substitution of one PMe, ligand by CO (see Text), 
makes structure B the more favourable. 

?A similar situation, although related to the steric 
effects of the ancillary ligands, has been found for the 
ruthenium complexes Ru(q *-COC,H,-JJ-CH ,)X(CO) 
(PPhJ2. For these compounds,9 which exist in solution 
in equilibrium with the corresponding aryldicarbonyls, 
the tendency towards formation of the dihapto 
linkage increases in the order Cl < Br < I. 

$ Only the q *-acyl structure exists in the solid state : IR 
(Nujol) : vC0 1725 cm- I, vCOR is not observed, possibly 
due to overlapping with v(C-N) of the S2CNRz ligand, 
1490 cm-‘. IR (C,D,): vC0 1900, 1810 and 176Ocm-‘. 
‘H NMR (C,D,J: (a) W(R)(CO)2(S2CNMe,)(PMe,)2: 
6 2.57 (s, S2CNMe2), 1.43 (d, PMe,), 0.14 (s, CH,SiMe,), 
-0.06 (t, ‘Jnp = 5.4 Hz, W-CH,SiMe,). (b) W(COR) 
CO(S,CNMe,)(PMe,),: 2.96 (s, COCH,SiMe,), 2.73 
(s, S2CNMe2), 2.67 (s, S2CNMeJ. 1.59 (t, PMe3), 0.47 
(s, COCH,SiMe,). 

(CO)(PMe,), and of the unusual acetyl 
Mo(COCH3)(S2CNMe2)(CO)(PMe3),.3 To deter- 
mine the effect of this substitution reaction, which 
is accompanied by an increase in the electron den- 
sity at the metal centre (v(C=O) decreases by ca 60 
cm-‘), in the relative stability of structures A and 
B, the reaction of complexes la-ld with 
NaS2CNMe2 has been investigated,” with the 
results shown in eqs (3) and (4). 

W(CH3)Cl(CO)2P3+NaS2CNMe2 

+ W(CH3)(S2CNMe2)(CO)2P2+NaCl (3) 
2a 

W($-COR)C1(CO)P3+NaS2CNMe2 

+ W(q*-COR)(S&NMe,)(CO)P,+P+NaCl 

(4) 

(R = CH,SiMe,, 2b; CH2CMe3, 2c; CH2CMe2Ph, 
2d, P = PMe,). 

Two aspects of this process deserve further com- 
ments. First, in light of the results reported in this 
paper, the unusual structure displayed by the molyb 
denum-acetyl complex3 can be thought of as 
“mid-way” between the y*-acyl and the methyl- 
(carbonyl) structures. This further supports our 
initial proposal3 of structure D as a model for the 
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transition state (or intermediate) of the CO inser- 
tion into M-C bonds. (A similar structure has 
been proposed as a model for the formation of 
ketene and a metal hydride by /?-elimination from 
a metal acetyl compound.)’ ’ The second point con- 
cerns the behaviour of complex 2b, for which an 
equilibrium between the q2-acyl and the alkyl- 
(carbonyl) formulation is quickly attained in solu- 
tion [eq. (511 as revealed by IR and NMR studies.$ 
Observation of 

W(q*-COCH2SiMe3)(S2CNMe2) 

(CO)(PMe,), s W(CH,SiMe?) 

(SKNMe2)(CO),(PMe& (5) 

both structures for 2b and exclusively of the q*-acyl 
isomer for lb is clearly electronic in origin and can 
be ascribed to the increase in the electron density at 
the metal centre which accompanies the trans- 
formation, of lb into 2b. Note that the steric 
demands of the alkyl groups investigated in this 
work increase in the order CH3 < CH,SiMe, 
< CH,CMe, < CH*CMe,Ph. 
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Confirmation of the above hypothesis, con- 

cerning the influence of electronic effects on the 
relative stability of structures A and B, requires that 
a sufficient decrease in the metal basicity causes 
transformation of the alkyl(carbony1) species into 
the $-acyl. This decrease can be induced by sub- 
stituting one of the strong o-donor PMe3 ligands” 
(cone angle ’ 3 f3 = 11 So), for the strongly rc-acid and 
less steric demanding CO ligand (0 = 95”). Indeed, 
the reaction of the methyl(carbony1) complexes, 
W(CH3)C1(CO)2(PMe3)3 and W(CH3)(S2CNMe2) 

(CO)APMeA with carbon monoxide proceeds 

under mild conditions, with formation of the 
q*-acetyls W(q2-COCH3)C1(CO)2(PMe3)2, 3a 
and W(q2-COCH3)(S2CNMe2)(CO)2(PMe3), 4a, 
respectively. Furthermore, action of CO upon 
an equilibrium mixture of W(q *-COCH,SiMe 3) 
(S2CNMe2)(CO)(PMe3)2 and W(CH2SiMe3) 
(S2CNMe2)(CO)2(PMe3)2, produces only the 
q2-acyl complex W(q2-COCH2SiMe3)(S2CNMe2) 
(CO),(PMe,), 4b. In the absence of steric 
constraints which could favour rearrangement 
of the alkyl(carbony1) into the q2-acyl, the trans- 
formation observed must be entirely ascribed to 
electronic factors. 

The results described in this paper indicate that : 
(i) the relative stability of seven-coordinated alkyl- 
(carbonyl) complexes and their six-coordinated q *- 
acyl isomers is greatly influenced by steric and elec- 
tronic effects ; (ii) an increase in the metal basicity 
preferentially stabilizes the alkyl(carbony1) isomer, 
while a decrease in the electron density at the metal 
centre favours formation of the q*-acyl linkage ; ’ 4 
(iii) as it could reasonably be expected, an increase 
in the steric demands of the alkyl group favours 
the v*-acyl structure, while the less steric demand- 
ing alkyl groups prefer the alkyl(carbony1) for- 
mulation. 
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