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Carbonyl insertion into the W-0 bond in a series of novel Wll alkoxides and aryloxides, containing a tridentate 
monoanionic [C,N,N'] ligand, results in the generation of alkoxycarbonyl- and aryloxycarbonyl-groups, which readily 
reductively eliminate to form new C-C bonds; in contrast, carbon dioxide insertion into the W-OMe alkoxide bond 
generates an ql-carbonate ligand, which retains coordination to the metal centre. 

The activation of small molecules by transition metal alkox- 
ides has received renewed attention in recent years owing, in 
part, to their proposed role in several important homogeneous 
reactions including the catalytic carbonylation of methanol by 
tungsten hexacarbonyVpotassium methoxidel and the reduc- 
tion of organic carbonyls.2 Although the chemistry of group 6 
metal alkoxides has been extensively studied in d6 anionic 
complexes of [M(CO)SOR]- ,3 bimetallic d343 systems,4 and 
higher oxidation state complexes,5 little has been reported on 
d4 MI1 alkoxides and aryloxides.6 The stabilization of hard 
ligands such as fluoride by monoanionic [C,N,N'] chelating 
ligands at tungsten(11)7 suggests that related metal alkoxides 
could be prepared.? In this work we report the synthesis and 
reactivity of a series of novel WII alkoxides and aryloxides, 
which are found to be stable to decomposition pathways such 
as P-hydrogen elimination and exhibit interesting insertion 
chemistry. 

As shown in Scheme l,$ treatment of the tungsten(i1) 
bromide 1, which can be readily prepared by the room 

t To our knowledge Group 6 d4 complexes such as CpM(C0)30R 
(where M = Cr, Mo, or W and R = Me, Et, or Ph) have yet to be 
prepared. 

I All new compounds were characterized by IR, 1H, l3C, and 19F 
NMR spectroscopic methods and satisfactory elemental analyses 
(C,H,N) were obtained, Selected spectroscopic data: 2: IR YCO 2020m, 
1931s, 1895m cm-1. 3: IR vc0 1991m, 189% 1860m cm-l; 13C NMR 
(CD2C12) 6 COs 227.0, ipso-C 150.8, OCH3 64.33. 6: IR vco 2007m, 
1873s, 1863vs, 1837s, 1722w cm-1; 13C NMR (CDC13) 6 COs 213.3, 
213.1,206.2,206.1, C(0)OMe 168.3, OCH3 52.65. 9: IR vco 2010m, 
1917s, 1881m, 1694w, 1276w cm-'; 13C NMR (CDZC12) 6 COs 224.9, 
ipso-C 147.0,OC(O)OMe 159.8, OCH3 53.94. All IR data obtained in 
THF. 

temperature oxidative addition reaction of the chelating 
arylbromide ligand with W(C0)3(EtCN)3,8 with silver tri- 
fluoromethanesulfonate results in quantitative spectroscopic 
conversion to the tungsten(I1) triflate 2, which can be isolated 
as an air-stable yellow solid in 86% yield from CH2C12. The 
increase in IR carbonyl stretching frequencies upon halide 
exchange is indicative of the weak donor ability of the 
trifluoromethanesulfonate anion. Addition of sodium alkox- 
ide or aryloxide salts to a tetrahydrofuran (THF) solution of 2 
results in displacement of the labile triflate ligand and a 
quantitative spectroscopic conversion to the corresponding 
tungsten(i1) alkoxides 3,5 and aryloxide 4, which were isolated 
as air-stable, yellow solids in 7044% yields. The methoxide 
complex 3 was further characterized by X-ray crystallo- 
graphy§ as illustrated in Fig. 1. The geometry about the 
seven-coordinate tungsten atom is best described as capped 
octahedral with the ipso-carbon C(4) of the phenyl ring 
capping the trigonal face comprised of N( 1), C( 1), and C(2). 
The bent methoxide ligand has a W-O(4)-C( 16) bond angle of 
125.6(5)' as expected with a W-0(4) distance of 2.033(5) A, 
which is intermediary between that observed for the d6 
[W(CO)50Ph]- anion of 2.18(2) A 3 n  and that of the d2 

Q Crystallographic data for 3 (C16H22N204W): Monoclinic space 
group n1/c ,  a = 13.568(3), b = 8.655(3), c = 15.746(3) A, fl = 
105.90(2)", V = 1778.3 A3, and Z = 4 based on 2724 observations at 
18°C (Mo-Ka, 4"<20<50", p = 66.544 cm-l, empirical absorption 
correction applied) with 1>3a(Z) and 208 variables to yield R = 
0.0259, R, = 0.0327, and GOF = 1.17. 

Atomic coordinates, bond lengths and angles, and thermal 
parameters have been deposited at the Cambridge Crystallographic 
Data Centre. See Notice to Authors, Issue No. 1. 
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Scheme 1 

Fig. 1 ORTEP representation of 3 illustrating the atom labelling 
scheme. Selected bond distances (A) and angles ('): W-0(4) 2.033(5); 
W-N( 1) 2.320( 5) ; W-N( 2) 2.404( 5) ; W-C(4) 2.305( 7) ; W-O( 4)- 
C(16) 125.6(5); 0(4)-W-N(1) 78.3(2); N(l)-W-C(4) 73.9(2); N(2)- 
W-C(4) 124.0(2); 0(4)-W-C(1) 159.9(3); N(l)-W-C(3) 171.0(3); 
N(2)-W-C(2) 164.5(3). 

W ( O C H ~ - B U ' ) ~ ( ~ ~ ) ( + O C P ~ ~ )  complex in which the W-0 
bond distances average 1.92 A.9 Surprisingly, both of the 
tungsten(I1) alkoxides 3 and 5 are stable in solution and fail to 
decompose by a P-elimination pathway even under conditions 
where CO dissociation is possible. 

As illustrated in Scheme 1, placement of toluene solutions 
of 3 ,4  or 5 under an atmosphere of GO (g) and heating to ca. 
50 "C affords the tungsten(0) tetracarbonyl complexes 6,7 or 8 
in which an ester functional group has been placed on the aryl 
ring. Presumably CO insertion into the W-0 bond results in 
the formation of putative tungsten(I1) alkoxycarbonyl- and 
aryloxycarbonyl-complexeslO (see Scheme 1), which then 
readily reductively eliminate to give the tungsten(0) com- 

plexes in 5 0 4 4 %  yields.11 The presence of the ester carbonyl 
is clearly evident in the solution IR spectra appearing as a 
weak absorbance at ca. 1730 cm-1 for all three complexes, and 
a signal at ca. 6 167 in the 13C{ 1H) NMR is also diagnostic for 
these ester carbonyls. In addition, a static spectrum is 
observed in the carbonyl region of the 13C{1H} NMR as 
expected for these octahedral d6 complexes in contrast to the 
seven-coordinate tungsten@) compounds, which all exhibit 
fluxional behaviour on the NMR timescale at room tempera- 
ture. 

We have also examined the reactivity of 3 with carbon 
dioxide. As shown in Scheme 1, placement of a CH2C12 
solution of 3 under an atmosphere of C 0 2  (g) and heating to 
40°C for ca. 72 h results in the formation of the tungsten(I1) 
+carbonate complex 9, which can be isolated as an air-stable 
yellow solid in 24% yield from CHzCl2/pentane.T As reported 
in other systems,12 IR absorptions at 1694 and 1276 cm-1 are 
indicative of an +bound carbonate ligand when compared 
with the three band pattern which is observed for +coordi- 
nated carbonates. In contrast to the alkoxycarbonyl and 
aryloxycarbonyl ligands in which a second carbon atom has 
been attached to the tungsten metal atom and reductive 
elimination of a C-C bond occurs, the q1-carbonate ligand 
retains coordination to the metal centre. Regeneration of 3 
when either a THF solution or a solid sample of 9 is placed 
under vacuum (with some heating necessary for the solution) 
demonstrates the reversible nature of this carbon dioxide 
insertion reaction. 

Insertion of CO into W-0 bonds results in the formation of 
new C-C bonds by reductive coupling with the carbon of the 
[C,N,N'] ligand. Isolation of the +carbonate ligand from 
C02 insertion into the W-OMe bond suggests that CO also 
inserts into the alkoxide bond rather than the W-phenyl bond. 
The mechanism of these transformations is under further 
study. 

fl The low isolated yield of 9 is attributed to an as yet unidentified 
unstable red product which is formed during the reaction. 
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