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Abstract W2(OR)6 compounds, where R = 'Bu and CMeeCF3, both reversibly bind pyridine in hydrocarbon 
solvents to form adducts W2(OR)6L2. Pyridine binds more strongly to the fluoroalkoxide but the structural 
parameters of the compounds W2(OCMe2CF3)6(C6HsN)2 and W2(OtBu)6(4-CH~C6H4N)2 reveal an essentially 
identical W206N 2 core with W - - W  = 2.39(1) A, W2--O = 1.92-1.95 A and W - - N  = 2.26(1) A. Both com- 
pounds were crystallographically characterized in the space group C2/c and each molecule has rigorous C2 
symmetry. Allene and 1,3-di-p-tolylcarbodiimide form 1 : 1 adducts with W2(OCMe2CF3) 6 in which the substrate 
is bound parallel to the M-M axis, i.e. #-r/2,~/2-C3H 4 and #-q2,r/2-ArNCNAr-W2(OCMe2CF~)6. Also W2 
(OCMe2CF3)6 and W2(OSi'BuMe2)6 bind two equivalents of xylylisocyanide to afford W2(OR)6(qI-CNAr)2 . 
For W2(OCMe2CF3)6(~II-CNAr)2, the molecular structure has been determined by X-ray crystallography and 
shows a nearly eclipsed central W206C_, skeleton with W - - W  = 2.44(1) A, W- -O  = 1.94(1) /~ (av.) and 
W - - C  = 2.14(1) ~,  whereas the W - - W - - O  angles span the range 105-114, the W - - W - - C  angles are 83(1). 
Similarly, W2(OCMe(CFs)2)4(NMe2)2 forms a bis adduct upon reaction with the isocyanide. However, the 
molecular structure of W2(OCMe(CF~)2)4(NMe2)e01'-CNAr)2 shows a staggered arrangement of the two 
ligands about the ditungsten center where W - - W  = 2.382(1) ~, W - - O  = 2.00(1) A (av.), W - - N  = 1.93(1)/~ 
(av.) and W - - C  = 2.14(1) /~ (av.) with a C - - W - - W - - C  dihedral angle of 41.9. These reactions and their 
products are compared for We(OR)6 compounds where R = 'Bu, 'BuMe:Si and CMeeCF3. @ 1998 Elsevier 
Science Ltd. All rights reserved 
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The reactivity of a metal center is greatly influenced 
by its attendant ligands and perhaps nowhere is this 
more apparent than in catalysis. In our studies of the 
reactivity of compounds containing ( M ~ M )  6+ bonds 
we find that the nature of the metal, Mo versus W, and 
the attendant ligand set greatly influence reactivity but 
in a way in which we do not yet fully understand. For 
example, W2(O'Bu)~ and NO react in the presence of 
pyridine (py) to give W(O'BuJffNO)(py) [1] by cleav- 
age of the W--W triple bond whereas NO and We 
(OSi'BuMe:)6 yield N2 and oxotungsten siloxides 

* Author to whom correspondence should be addressed. 
t Dedicated to Professor D. C. Bradley, a life long friend 

and mentor. 

[2]. Mo:(O'Bu)o dissolves in acetonitrile whereas 
W2(O'Bu)6 and M e C ~ N  react virtually instan- 
taneously at room temperature to give ( 'BuO)3W=N 
and ('BuO)3W~CMe [3]. W2(OCMe2CF3)~, and 
MeC---~N on the other hand react in solution to give 
an equilibrium wherein acetonitrile forms a a- or q~- 
N bound adduct, eq. (1) [4]. 

W2 (OCMe2 CF a) 6 + 2MeC~N 

,~ W2 (OCMe2CF3)6 (NCMe)2 (1) 

While some of these remarkable differences in reac- 
tivity may be traced to thermodynamics, we are 
inclined to the view that kinetic factors are also impor- 
tant if not the dominant factors influencing reactivity 
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[5]. Thus the frontier orbital energies of the substrates 
and metal centers involved are most significant. In this 
paper we compare further some reactivity studies of 
W2(OCMe~CF06, and other W 6+ complexes sup- 
ported by poorer ~-donors, with the closely related 
compound W2(O'Bu)6. 

T. A. Budzichowski et al. 

0(12) 

RESULTS AND DISCUSSION 

Syntheses and reactiviO, studies 

Pyridine binds to both Wz(O/Bu)6 and W2(OC 
Me2CF3)6 in hydrocarbon solutions. By ~H NMR 
spectroscopy the binding is seen to be reversible 
according to eq. (2). The position of the equilibrium 
lies in favor of the binding to the trifluorobutoxide 
compound but an accurate measurement of K~q has 
not been determined by these NMR studies. The equi- 
librium is dynamic on the NMR time-scale as is 
rotation about the M - - M  bond axis and for R = 'Bu 
these are not frozen out until ca - 30~C in toluene-d,~. 

W2(OR)~ + 2py ~ W_~ (OR)6 (py)_, (2) 

Crystals suitable for an X-ray study were obtained 
for W2(O'Bu)6(4-Me-py)2 from hexane and for 
W2(OCMe2CF3)6(py)2 from benzene. Both com- 
pounds are dark brown, hydrocarbon-soluble, air- 
sensitive crystalline compounds. 

Allene, CH2=C~CH2,  and 1,3-di-p-tolylcarbo- 
diimide form 1 : 1 adducts with W2(OCMe2CF3)6 while 
W2(OSi'BuMe2)6 is unreactive with these substrates. 
The new 1 : 1 adducts are green, hydrocarbon-soluble, 
air-sensitive crystalline compounds. Formation of 
these 1 : 1 adducts parallels the behavior of W2(OtBu)6 
[6]. However, the compound W2(O'Bu)~(C3H4) is ther- 
mally unstable and, in solution, reacts to give the 
products derived from propyne, namely W(O~Bu)~ 
(CMe) and W(O'Bu)3(CH) though that latter com- 
pound can only be detected in solution because it 
rapidly decomposes in the absence of a Lewis base 
such as py or quinuclidine [7]. Further reaction with 
allene gives the more thermally stable compound 
W2(OtBu)6(#-ql,q3-C3H4)(?12-C3H4) [6a]. No such reac- 
tivity is observed for W2(OCMe2CFB)6(C~H4), and the 
1:1 adduct is unreactive in the presence of excess aUene. 

W2(OCMe2CF3)6, W2(OSi'BuMe2)6 and W,(OC 
Me(CF3)2)4(NMe2)2 react with aryl isocyanides to 
form bis adducts. For the fluoroalkoxide complexes, 
the xylylisocyanide adducts formed crystals suitable 
for X-ray studies. The coordination of the isocyanide 
ligand is evidently sufficiently strong that significant 
dissociation is not observed in solution at room tem- 
perature. The formation of the 2 : 1 adducts in the 
reactivity of these alkoxide supported W2-complexes 
differs from the formation of the 1 : 1 adducts in the 
chemistry of W2(O'Bu)6. In the latter case, the iso- 
cyanide [8] and the carbonyl [9] form a bridge across 
the two metal atoms. The mixed amido-fluo- 
roalkoxide compound WffNMe:)_4OCMe(CF3)2)6 

'N(17)' 

Fig. 1. An ORTEP drawing of the W~(O'Bu)d4-Me-py)2 
molecule. 

also forms a 2:1 adduct with xylylisocyanide and 
pyridine. 

NMR and other spectral characterization data are 
given in the Experimental Section. 

Crystal and molecular structures 

W2(O~Bu)6(4-Me-py)2 and W2(OCMe~CFB)6(py)2 
both crystallize in the space group C2/c with crys- 

Fig. 2. An ORTEP drawing of the W_~(OCMe_~CF3)6(py)2 
molecule. 



W2(OR)6 compounds 

Table 1. Selected bond distances (A) and 
angles (') for W2(O'Bu)6(4-Me-py)2 

W(I)'--W(1) 2.397(1) 
W(l)--O(2) 1.941(4) 
W(1)--O(7) 1.930(4) 
W(1)--O(12) 1.941(4) 
W(1)--N(17) 2.254(5) 
0(2) C(3) 1.445(7) 
O(7)--C(8) 1.420(7) 
O(12)--C(13) 1.446(7) 

W(I)'--W(1)--O(2) 103.5(1) 
W(1)'--W(1)--O(7) 112.3(1) 
W(I)'--W(1)--O(12) 100.6(1) 
W(I)'--W(I)--N(17) 88.4(1) 
O(2)--W(I )--0(7) 92.5(2) 
O(2)--W(1 t--O(12) 151.0(2) 
O(2)--W(1 )--N(17) 82.4(2) 
O(7)--W( 1 )--O(12) 93.1(2) 
O(7)--W(1)--N(17) 159.3(2) 
O(12)--W(1)--N(17) 82.3(2) 
W( l )--O(2)--C(3) 136.8(4) 
W( 1 )--O(7)--C(8) 152.5 (4) 
W(I)--O(12)--C(13) 132.2(3) 
W(I)--N(17)--C(18) 121.8(4) 
W(1)--N(17)--C(22) 123.3(4) 
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1 and 2. A view looking down the M - - M  axis for each 
molecule is given in Fig. 3. 

The two molecules are seen to be remarkably similar 
in their solid-state structures. The W - - W  distances, 
2.40(1) A and the W - - O  distances, which range from 
1.92 to 1.96 A, are essentially identical within the 
3or criterion. Despite the more favorable binding of 
pyridine to W_,(OCMe2CF3) 6 this is not reflected in 
the W - - N  distances: 2.27(1) A versus 2.25(1) A for 
the 4-Me-pyridine ligand in W2(O'Bu)6(4-Me-py)> 
However, once again within the criterion of 3a these 
W - - N  distances have to be viewed equivalent. Thus, 
the structures of the pyridine adducts offer no insight 
to the rather different reactivities of the two We(OR)6 
compounds. 

W2(OCMe2CF3)6(4 - Me - C 6 H 4 C N C C 6 H  4 - 4 - Me) 
crystallized in the space group P / w i t h  a molecule of 
n-hexane at the crystallographic center of symmetry. 
The n-hexane was refined at 78% partial occupancy 
and the three carbon atoms in the asymmetric unit of 
this solvent molecule showed some disorder. Despite 
these problems the structure of the ditungsten com- 
plex was refined satisfactorily, at least with respect to 

tallographically imposed C_, symmetry. ORTEP draw- 
ings of W2(O'Bu)d4-Me-py)2 and W2(OCMe2(CF3))6 
(py): are given in Figs 1 and 2, respectively, and selec- 
ted bond distances and bond angles are given in Tables 

Table 2. Selected bond distances (A) and 
angles ( ) for W2(OCMe~CF3)dpy) z 

W(I)--W(I) '  2.3903(8) 
W( 1 )--0(2) 1.954(5) 
W(I)--O(t0) 1.923(5) 
W(l)--O(18) 1.958(5) 
W(I)--N(26) 2.273(7) 
C--F 1.34 (av.) 

W(l)'--W(1)--O(2) 
W(I)' W( I )--O(10) 
W(I)'--W(I)--O(18) 
W( 1 )'--W(1 )--N(26) 
O(2)--W(1 )--0(10) 
O(2)--W(1)--O(18) 
O(2)--W(l)--N(26) 
o(10)--w(1)--o~ 18~ 
O( 10)--W(1 )--N (26) 
O( 18)--W(l )--N(26) 
W( 1 )--O(2)--C(3) 
W(I)--O(10)--C(I 1) 
W(1)--O(18)--C(19) 
W(I )--N(26)--C(27) 
W( 1 )--N (26)--C(31) 

106.6(2) 
109.4(2) 
102.7(1) 
89.3(2) 
93.2(2) 

146.5(2) 
81.9(2) 
92.1(2) 

161.2(2) 
82.6(2) 

136.2(5) 
148.3(5) 
127.2(5) 
122.0(5) 
121.6(5) 

0(12)'~ 0{7) 0(7) ' 

( 

o08)'~ )o(lo) 

=======,.~ 0(10)' 

Fig. 3. Views of the central skeleton of the W,(O'Bu)6(4-Me- 
PY)2 and W2(OCMe2CF3)dpy)2 molecules looking down the 

M--M--axis. 
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gross features of the molecular geometry. An ORTEP 
drawing of the molecule is given in Fig. 4. The bridging 
carbodiimide lies parallel to the M - - M  axis in a ivlzal 2 
manner. This imposes an eclipsed geometry for the 
O 3 W W O  3 skeleton. Selected bond distances and bond 
angles are given in Table 3. 

The W - - W  distance of 2.52 A is the range expected 
for a ( W z W )  s+ moiety consistent with the view that 
the carbodiimide is partially reduced. This is also 
reflected in the r/2-C--N distances of 1.28 A and the 
N - - C - - N  angle of 155 ~. The W - - N  distances, 2.08(1 ) 
A (av.) and the W - - C  distances 2.19(1) A. (av.) also 
imply a strongly bound carbodiimide ligand. There is 
very little difference in the metrical parameters 
reported for W2(O'Bu)6( ,uq2,q2-ArNCNAr)  by Cotton 
et al. [6b] with those found for the present structure. 

W2(OCMe2CF3)6(/~-CH2CCH2). An ORTEP view 
of the molecule is given in Fig. 5 with selected bond 
distances and bond angles listed in Table 4. Super- 
ficially, the molecule is similar to the carbodiimide 
structure described previously but the W - - W  distance 
of 2.59 /k is significantly longer implying a greater 

degree of oxidation of the ditungsten center. Also the 
C - - C - - C  angle of 141" deviates more from linearity 
than does the N - - C - - N  angle. The C - - C  distances 
of 1.46 A (av.) are comparable to Csp2-Csp 2 single 
bond distances, certainly greatly reduced from those 
in free allene. The structure resembles in every way 
that of W2(O'Bu)6(fltl2,r/z-C3H4) reported earlier [6a]. 
The W - - O  distances of the OR ligands trans to the 
W - - C  bonds are longer than those that are mutually 
trans implying that the allene ligand exerts a higher 
trans-influence [10] than the fluoroalkoxide. 

W2(OCMe~CF3)6(CNxylyl)2. An ORTEP drawing 
of the molecule is given in Fig. 6 and selected bond 
distances and bond angles are given in Table 5. The 
molecule has virtual but not crystallographically 
imposed C2 symmetry. The W - - W  distance of 2.44(1 ) 
A is longer than that expected for a triple bond but 
only slightly, c.f. the pyridine adducts described earl- 
ier. This can be understood in terms of the xylyl- 
isocyanide ligands acting as ~-acceptor ligands. The 
central W206C 2 core  is very similar to that seen for 
the W2(OCMe2CF3)6(CO) 2 molecule [11]. Note the 

w( l )  0(5: 

0(20) 0(44) 

Fig. 4. An ORTEP drawing of the W2(OCMe2CF3)6(#-4-Me-C6H4CNCC6H44-Me) molecule. 



W2(OR)6 compounds 

Table 3. Selected bond distances (A) and 
angles C) for W2(OCMe2CF3)6(/~-CH2 

CCH2) 

W(1)--W(2) 2.5930(6) 
W(I)--O(6) 1.904(6) 
W(l)--O(14) 1.936(6) 
W(1)--O(22) 1.889(6) 
W(I)--C(3) 2.118(9) 
W(1)--C(4) 2.092(9) 
W(2)--O(30) 1.889(6) 
W(2)--O(38) 1.947(6) 
W(2)--O(46) 1.898(6) 
W(2)--C(4) 2.084(9) 
W(2)--C~ 5) 2.144(9) 
C--F 1.34(1) av. 
C(3)--C(4) 1.464(12) 
C(4)--C(5) 1.455(12) 

W(2)--W(l )--O(6) 
W(2)--W(l)--O(14) 
W(2)--W(1)--O(22) 
W(2)--W(1)--C(3) 
W(2)--W(I)--C(4) 
O(6)--W(1)--O(14) 
O(6)--W(1)--O(22) 
O(6)--W(1)--C(3) 
O(6)--W(1)--C(4) 
O(14)--W(1)--O(22) 
O(14)--W(1)--C(3) 
O(14)--W(1)--C(4) 
O(22)--W(1)--C(3) 
O(22)--W(1 )--C(4) 
C(3)--W(1)--C(4) 
W(1 )--W(2)--O(30) 
W(I)--W(2)--O(38) 
W( 1 )--W (2)--0(46) 
Wl 1)--W(2)--C(4) 
W(1)--W(2)--C(5) 
O(30)--W(2)--O(38) 
O(30)--W(2)--O(46) 
O(30)--W(2)--C(4) 
O(30)--W(2)--C(5) 
O(38)--W(2)--O(46) 
O(38)--W(2)--C(4) 
O{38)--W(2)--C(5) 
O(46)--W(2)--C(4) 
O(46)--W(2)--C(5) 
C(4)--W(2)--C(5) 
W(1 )--O(6)--C(7) 
W( 1 )--O( 14)--C(15) 
W(I )--O(22)--C(23) 
W(2)--O(30)--C(31 ) 
W(2)--O(38)--C(39) 
W(2)--O(46)--C(47) 
W(1)--C(3)--C(4) 
W(1)--C(4)--W(2) 
W(1)--C(4)--C(3) 
W(1--C(4)--C(5) 
W(2)--C(4)--C(3) 
W(2)--C(4)--C(5) 
C(3)--C(4)--C(5) 
W(2)--C(5)--C(4) 

98.5(2) 
116.2(2) 
105.9(3) 
91.8(2) 
51.5(3) 
86.2(3) 

155.2(2) 
85.7(3) 
97.0(3) 
87.2(3) 

151.8(3) 
167.513) 
88.9(3) 
94.5(3) 
40.7(3) 

106.4(2) 
113.9(2) 
100.7(2) 
51.8(2) 
91.7(2) 
86.9(3) 

152.6(2) 
96.0(3) 
89.1(3) 
86.2(3) 

165.6(3) 
154.1(3) 
97.3(3) 
85.8(3) 
40.2(3) 

136.9(5) 
144.5(6) 
151.9(5) 
152.8(6) 
142.3(5) 
134.5(5) 
68.7(5) 
76.8(3) 
70.6(5) 

148.0(7) 
145.9(7) 
72.1(5) 

141.3(8) 
67.7(5) 

Table 4. Selected bond distances (/~) and angles 
C) for W2(OCM%CF~)6(#-N(C-p-tolyl)2) 

W(1)--W(2) 2.5064(8) 
W(1)--O(20) 1.888(8) 
W(1)--O(28) 1.949(8) 
W(1)--O(36) 1.913(7) 
W(1)--N(5) 2.088(9) 
W(1)--C(4) 2.19(1) 
W(2)--O(44) 1.891 (8) 
W(2)--O(52) 1.922(8) 
W(2)--O(60) 1.950(7) 
W(2)--N(3) 2.066(9) 
W(2)--C(4) 2.19(1) 
C--F 1.34( 1 ) (av.) 
N(3)--C(4) 1.28(2) 
N(5)--C(4) 1.28(2) 

W(2)--W(1)--0(20) 
W(2)--W(1)--0(28) 
W(2)--W(I)--0(36) 
W(2)--W(1)--N(5) 
W(2)--W( 1 )--C(4) 
O(20)--W(1)--O(28) 
O(20)--W(1)--O(36) 
O(20)--W(I)--N(5) 
O(20)--W(1)--C(4) 
O(28)--W(1)--O(36) 
O(28)--W(1 )--N(5) 
O(28)--W(1 )--C(4) 
O(36)--W(1)--N(5) 
O(36)--W(1)--C(4) 
N(5)--W(I )--C(4) 
W(I)--W(2)--O(44) 
W(I)--W(2)--O(52) 
W(I )--W(2)--O(60) 
W(I)--W(2)--N(3) 
W(1)--W(2)--C(4) 
O(44)--W(2)--O(52) 
O(44)--W(2)--O(60) 
O(44)--W(2)--N(3) 
O(44)--W(2)--C(4) 
O(52)--W(2)--O(60) 
O(52)--W(2)--N(3) 
O(52)--W(2)--C(4) 
O(60)--W(2)--N(3) 
O(60)--W(2)--C(4) 
N(3)--W(2)--C(4) 
W(1)--O(20)--C(21) 
W(1)--O(28)--C(29) 
W(1)--O(36)--C(37) 
W(2)--O(44)--C(45) 
W(2)--O(52)--C(53) 
W(2)--O(60)--C(61) 
W(2)--N (3)--C(4) 
W(2)--N(3)--C(6) 
C(4)--N(3)--C(6) 
w(1 )--N(5)--C(4) 
W(1)--N(5)--C(13) 
C(41--N(5)--C(13) 
W(1 )--C(4)--W(2) 
W( I)--C(4)--N (3) 
W(1)--C(4)--N(5) 
W(2)--C(4)--N(3) 
W(2)--C(4)--N(5) 
N(3)--C(4)--N(5) 

109.2(3) 
99.1(2) 

109.2(2) 
89.9(3) 
55.2(3) 
88.7(3) 
89.0(3) 

160.7(4) 
164.3(4) 
150.7(3) 
85.2(3) 
92.7(4) 
87.4(3) 
97.2(4) 
34.8(4) 

109.7(2) 
108.4(3) 
98.8(2) 
89.8(3) 
55.1 (3) 
9O.0(3) 
88.9(3) 

160.4(4) 
164.7(4) 
151.5(3) 
86.2(4) 
96.2(4) 
85.5(4) 
92.3(4) 
34.7(4) 

146.8(7) 
127.5(7) 
148.5(7) 
147.2(7) 
149.2(7) 
126.7(7) 
78.0(7) 

148.8(8) 
132.5(1) 
76.9(7) 

150.4(8) 
131.9(1) 
69.8(3) 

137.0(9) 
68.3(6) 
67.2(6) 

138.0(9) 
154.7(12) 
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W2(OR)6 compounds 

Table 5. Selected bond distances (A,) and 
angles ( )  for W~(OCMe2CF3)6(NCxylylL, 

W(l)--W(2) 2.4427(6) 
W(1)--O(23) 1.936(6) 
W(1)--O(31) 1.933(6) 
W(1)--O(39) 1.935(6) 
W(1)--C(3) 2.152(9) 
Wl2)--O(475 1.939(6) 
W(2)--O(55) 1.937(6) 
W(2)--O(63) 1.930(65 
W(2)--C113) 2.143(10) 
N(4)--C(3) 1.15(1) 
N(14)--C(13) 1.160(1) 

W(2)--W(1)--O(23) 113.1(2) 
W(2)--W(1)--O(31) 100.3(2) 
W(2)--W(1 )--O(39) 106.2(2) 
W(2)--W(I )--C(3) 86.3(25 
O(23)--W(1)--O(31) 92.3(3) 
O(23)--W( 1 )--0(39) 91.9(3) 
O(23)--W(1 )--C(3) 160.5(3) 
O(31)--W(1)--O(39) 149.0(3) 
O(31) W(I)--C(3) 82.6(3) 
O(39)--W( 1)--CI35 83.3(3) 
W(1)--W(2)--O(47) 101.6(2) 
W( 1 )--W(2)--O(55) 114.1(2) 
W(I )--W(2)--O(63) 105.0(2) 
W( 1 )--W(2)--C(13) 84.3(2) 
O(47)--W(2)--O(555 92.2(3) 
O(47)--W(2)--O(63) 148.3(3) 
O(47)--W(2)--C(13) 82.1(3) 
O(55)--W(2)--O(63) 92.3(3) 
O(55)--W(2)--C(13) 161.6(3t 
O(63)--W(2)--C(13) 83.813) 
W(1)--O(23)--C(24) 147.9(6) 
W(1)--O(31 )--C(32) 133.1(7) 
W(1)--O(39)--C(40) 141.5(8) 
W(2)--O(475 C ( 4 8 )  131.2(6) 
W(25--O(55)--C(56) 148.1(6) 
W(25 O(63)--C(64) 134.1(6) 
W( 1 )--C(3 )--N (4) 178.0(8) 
W(2)--C( 13)--N(14) 176.5(8) 

W - - W - - C  angles are 83' (av.) and the dihedral angle 
between the two W - - W - - C  planes is close to 9 0  
which facilitates a mixing of W - - W  d~ and 
Wd~--CN~* bonding as described for the dicarbonyl 
adduct previously [11]. A view looking down the 
M - - M  axis of the central W_~O6(CN)~ core is shown 
in Fig. 7. 

W2(OCMe(CF3)2)4(NMe2),(CNxylyl)2. An ORTEP 
diagram of the molecule showing the atom numbering 
scheme is given in Fig. 8. Selected bond distances and 
angles are given in Table 6. The molecular structure 
contrasts with that seen for the bis-isocyanide and bis- 
carbonyl adducts of W2(OCMezCF3)6 in that the core 
is made up of two staggered four coordinate W atoms, 
where the C(47) - -W(I ) - -W(2) - -C(57)  angle is 41.9. 
The W - - W  distance of 2.380(1) A is only slightly 

O(31) 

•1 N(4) 

O(47) ~ ~C(3) 

863 

0(39) 

N(15) C(13) 
0(55) 

0(63) ( ~ )  0(23) 

Fig. 7. A view of the central skeleton of the W~(OC- 
Me2CF3)~(CNxylyl)2 molecule looking down the M--M 

bond axis. 

longer than that observed in W2(OCMe(CF3)2) 4 

(NMez)~ and significantly shorter than the W - - W  dis- 
tances in the bis-carbonyl and bis-isocyanide adducts 
of W2(OCMe2CF3)o. The two W - - W - - C  angles are 
90.2(2) ~ and 88.6(2). The W - - N  distances of 1.93(1) 
A lav.) and W - - O  distances of 2.00(2) A (av.) 
are notably longer than in the parent compound W, 
(OCMe(CF3)2)4(NMe:) 2 [12]  which reflects the 
increase in coordination number at the metal center. 

EXPERIMENTAL 

General operating procedures for the manipulation 
of air-sensitive samples were observed. 

Preparation of [W2(O'Bu)6(py)2]. Pyridine (1 cm 3) 
was added to a solution of W2(OtBu)6 [13] (153 mg, 
0.190 mmol) in l0 cm 3 of dry, degassed benzene at 
23:C. The solution was stirred at 2 3 C  for 1 h and the 
solvent was reduced under vacuum. Crystallization in 
dry, degassed toluene at -20~C gave dark red mic- 
rocrystals in 81% yield. The crystals obtained when 
using pyridine were not suitable for a single crystal 
X-ray study. The use of 4-Me-pyridine during the 
preparation did afford crystals (from hexanes) of 
[W2(O'Bu)d4-Me-py)2] (I-Me) suitable for study by 
X-ray analysis. ~H NMR for 1 (300 MHz, CTDs, 
-30'C) 6 = 8.43 (br. multiplets, 2H), 6.85 (br. mul- 
tiplets, 1H), 6.55 (br. multiplets, 2H), 2.40 (18H), 1.53 
(18H), 1.20 (18H). IH NMR for I (300 MHz, CvD~, 
16 C) 6 = 1.59 (54H). "C{tH} NMR for 1 (75 MHz, 
CvD~, - 3 0 ' C )  6 = 151.3, 135.0, 122.5 (NCsHs) ; 82.0, 
76.4, 74.4 (C(CH3)) : 34.8, 33.4, 33.1 (C(CH3)). 

Preparation of [W2(OCMe~CF3)6(py)2]. Pyridine (1 
cm ~) was added to a solution of W~(OCMe2CF06 [4] 
(170 rag, 0.15 mmol) in 10 cm 3 of dry, degassed ben- 
zene at 23' C. The solution was stirred at 23 C for 1 h 
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0(3) 

N(58) 

N(67) 

C(47) 

~N(48) 

Fig. 8. An ORTEP drawing of the WzlOCMe(CF3)2)4(NMe2)E(CNxylyl)2 molecule. 

and the solvent was reduced under vacuum. Crys- 
tallization from dry, degassed benzene (65-23 C) gave 
X-ray quality black crystals in 68% yield. ~H NMR 
(300 MHz, C7D 8, - 8 0 ° C )  • = 8.43 (br. multiplets, 
2H), 6.85 (br. multiplets, 1H), 6.55 (br. multiplets, 
2H), 1.95 (6H), 1.50 (6H), 1.33 (6H), 1.31 (6H), 0.92 
(6H), 0.86 (6H). E9F-{~H} NMR (283 MHz, C7D~, 
16"C, ext. re['. CF3CO2H 6 = -78.45) 6 = -80.8  (br. 
12F), -82 .2  (6F). 19F{IH} NMR (283 MHz, C7D8, 
-50'JC, ext. ref. CF~CO2H 6 = --78.45) 6 = --78.8 
(6F), - 79.0 (6F), -- 80.1 (6H). 

Preparation of W2(OCMe2CF3)6(CN-2,6-MezC6 
H3)2. W2(OCMe2CF3)6 [4] (200 mg, 0.18 mmol) and 
xylylisocyanide (91 mg, 0.71 mmol) solids were added 
to a 30 cm 3 Schlenk flask in a nitrogen glove box. 
Hexanes (3 cm 3) were added and the solution was 
concentrated. Brown, tetragonal thin plates (199 mg, 
81%) were obtained at - 35~C. Recrystallization from 
Et20 at --35':C yielded crystals for the X-ray study. 
1H NMR (300 MHz, C7Dg , 23"C) : 6 2.52 (s, 12H), 
2.29 (s, 6H), 2.21 (s, 6H), 1.49 (s, 6H), 1.20 (s, 12H), 

1.18 (s, 6H), 6.5 6.9 (br. multiplets 6H). ~gF{~H} 
NMR (340 MHz, CTD8, 23'C): 6 -75 .9  (s, 6F), 
-76 .2  (s, 6F), -84 .4  (s, 6F). 

Preparation o[ W2(OSitBuMe2)6(CN-2,6-Me:C6 
H3)2. W2(OSi'BuMe2)6 [2] (25 mg, 0.022 mmol) and 
CN-2,6-Me2C6H3 (34 mg, 0.22 mmol) were dissolved 
in 0.6 cm 3 of toluene-d8 in an NMR tube. The kin- 
etically labile 4 did not yield a crystalline compound. 
LH NMR (300 MHz, CvD 8, -20"C) :  6 6.6~7.1 (br, 
6H), 2.0 (s, 12H), 1.16 (s, 18H), 1.06 (s, 18H), 0.943 
(s, 18H), 0.34 (s, 6H), 0.33 (s, 6H), 0.26 (s, 18H), 0.24 
(s, 6H). 

Preparation of W2(OCMe(CF3)2)4(NMe2)2(CN- 
2,6-Me2C6H3)> Wz(OC(CF3)2Me)4(NMe2)~ [13] (150 
mg, 0.13 mmol) and CN-2,6-MezC6H3 were combined 
in a 30 cm 3 Schlenk flask in a nitrogen glove box. THF 
(10 cm ~) was added to the flask followed by reduction 
in volume to concentrate the solution. Crystallization 
at -35~'C gave bundles of deep red fibers which were 
separated by sublimation of excess isocyanide at 23°C 
to give 160 mg (85%). Recrystallization from CH2C12 
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Table 6. Selected bond distances (A) and 
angles (") for W2(NMe2)2(OCMe(CF3)~)4 

(CNxylyl)2 

W(1)--W(2) 2.3820(6) 
W(1)--O(3) 2.003(5) 
W(1)--O(14) 1.993(5) 
W(I)--N(67) 1.933(6) 
W(1)--C(47) 2.133(9) 
W(2)--O(25) 2.018(5) 
W(2)--O(36) 1.986(6) 
W(2)--N(70) 1.926(7) 
W(2)--C(57) 2.147(8) 
C--F 1.34(1) (av.) 
N(48)--C(47) 1.16(1) 
N(58)--C(57) 1.42(1) 

W(2)--W(1)--O(3) 114.8t2) 
W(2)--W(1)--O(14) 102.4(27 
W(2)--W(1)--N(67) 104.5(27 
W(2)--W(1 )--C(47) 88.6(2) 
O(3)--W(1 )--O(14) 87.2(2) 
O(3)--W(I)--N(67) 95.4(3) 
O(3)--W(I )--C(47) 156.4(3) 
O(14)--W(I)--N(67) 149.0(3) 
O(14)--W(1)--C(47) 84.4(3) 
N(67)--W(I )--C(47) 80.9(3) 
W(1)--W(2)--O(25) 108.4(2) 
W(1)--W(2)--O(36) 113.3(2) 
W(1)--W(2)--N(70) 99.3(2) 
W(I)--W(2)--C(57) 90.2(2) 
O(25)--W(2)--O(36) 84.0(2) 
O(25)--W(2)--N(70) 149.5(3) 
O(25)--W(2)--C(57) 80.7(3) 
O(36)--W(2)--N(70) 96.80(26) 
O(36)--W(2)--C(57) 155.1(3) 
N(70)--W(2)--C(57) 86.7(3) 
W(1)--O(3)--C(4) 143.8(5) 
W(I)--O(14)--C(15) 140.2(5) 
W(2)--O(25)--C(26) 139.3(5) 
W(2)--O(36)--C(37) 145.2(5) 
C(47)--N(48)--C(49) 173.0(8) 
C(57)--N(58)--C(59) 172.3(8) 
W(1 )--N(67)--C(68) 134.6(5) 
W(1)--N(67)--C(69) 114.1(5) 

gave X-ray quality deep red cubes. ~H NMR (300 
MHz, CTDs, 80:'C) : 6 6.6-7.0 (br, 6H), 4.64 (s, 6H), 
2.58 (s, 6H), 2.39 (s, 12H), 1.69 (s, 12H). ~H NMR 
(300 MHz, CyDs, - 4 @ C )  : 6 6.6-7.0 (br, 6H), 4.55 (s, 
3H), 4.52 (s, 3H), 2.53 (s, 3H), 2.14 (s, 3H), 2.02 (s, 
3H), 1.76 (s, 3H), 1.71 (s, 3H), 1.19 (s, 3H). 

Preparation of W2(OCMe2CF3)6(/I q"al'~-CH2 
CCH2). W2(OCMe2CF3)6 [4] (25 mg, 0.022 mmol) was 
dissolved in 0.6 cm 3 of CTDs in an NMR tube equipped 
with a J. Young valve. Allene (10 equiv.) was trans- 
ferred at -196~C to the NMR tube by means of a 
calibrated gas manifold. The reaction mixture was 
thawed and placed at - 3 Y C  for 24 h. Analysis by ~H 
NMR spectroscopy at --20':'C allows an estimated 
yield of 85% with the remaining tungsten containing 

865 

compound being W2(OCM%CF3)6. Addition of a 
large excess of allene (>  20 equiv.) results in the for- 
mation of a transparent solid proposed to be poly- 
allene. ~H NMR (300 MHz, CyDs, -20°C)  : 6 1.66, 
1.37, 1.04 (s, 12H), 7.57 (s, 4H). '3C{~H} NMR (75 
MHz, C7Ds, - 2 0 C )  : c~ 265.1, 95.0, 85.1 (q), 81.4 (q), 
25.1 (s), 24.8 (s), 24.1 (s). I~F{~H} NMR (340 MHz, 
C7D8, -20=C) : 6 -80 .4  (s, 6F), - 81 .0  (s, 12F). 

Preparation of W2(OCMe2CF3)6(#,q2,q2-4-Me-C6 
H4N=C=N=C6H4-4-Me) .  W2(OCM%CFd6 [4] 
(275 rag, 0.244 mmol) 4-Me-C6H4-N=C=N-C6H4-4- 
Me (119 mg, 0.535 mmol) were combined in a 30 cm 3 
Schlenk flask in a nitrogen atmosphere glove box. 
Hexanes (5 cm ~) were added to the Schlenk flask. 
Reduction of the volume followed by crystallization 
at - 3 5 ' C  afforded dark green cubes (1280 mg, 85%) 
that were suitable for X-ray analysis. ~H NMR (300 
MHz, CTDs, 2 3 C ) :  6 6.99 (d, 3Jn, = 32 Hz), 6.80 (d, 
3Jan = 32 Hz), 1.85, 1.71, 1.46 (s, 12H). 'gF{~H} 
NMR (340 MHz, CTDs, 23':C): 6 -80 .0  (s, 6F), 
-80 .8  (s, 12F). 

Single crystal X-ray co'stallographic studies-- Gen- 
eral operating procedures and listings of programs 
have been previously given [14]. A summary of crys- 
tallographic data is given in Table 7. Complete listings 
of atomic coordinates have been deposited with the 
Cambridge Crystallographic Data Center. 

CONCLUSIONS 

The molecular structures of the pyridine, carbo- 
diimide and allene adducts of Wz(O'Bu)6 and W2 
(OCMe2CF3) 6 are remarkably similar and belie the 
otherwise very different reactivities of the two 
complexes. This, of course, supports the view that 
structural data rarely provide much insight into reac- 
tivity. The relative thermal stability of the allene 
adduct reported here leads us to propose that the 
greater reactivity of the t-butoxide arises because the 
more basic 'BuO ligand promotes an allene to pro- 
pyne isomerization. That W2(OCMezCF3)o(kt,~f,q 2- 
CH2CCH2) does not react with additional allene to 
give a compound of the type W2(OR)6(p,r/I,q3-C3H4) 
012-C3H4) as seen for R = 'Bu may reflect the less 
easily oxidized and less ~r-basic W, core when sup- 
ported by (CF3)Me2CO ligands. This too may be the 
reason for the formation of the 2 : 1 isocyanide and 
carbonyl adducts with W2(OCMe2CF06 as compared 
to the W2(O'Bu)6(#-L) compounds (L = CO, CNAr). 
The latter contain highly reduced C - - O  and C - - N  
bonds as a result of extensive back-bonding from the 
W_, d~ electrons [8,9]. 

In the compound W2(OCMe(CF3)2)4(NM%)2 
which contains both strongly ~z-donating amide 
ligands and weakly ~z-donating (CF3)2MeCO ligands 
the metal centers are sufficiently Lewis acidic to bind 
xylylisocyanide (2 equiv.). This contrasts with the 
behavior of W2(NMe:)6 and testifies to the electronic 
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influence of the OCMe(CF3), ligands at the ditungsten 
center. 

Obviously the results reported here merely add to 
our knowledge of the chemistry of W a ( O R )  6 com-  
p o u n d s  but do not provide quantitative information 
concerning the factors influencing the vastly different 
reactivity seen toward certain substrates such as 
M e C ~ N .  However, more quantitative studies are 
underway. 
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