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Ethyne and but-2-yne react with hydrocarbon solutions of W2(0R)s compounds in the presence of 
pyridine (py) to produce the compounds W2(OR),(py)2(p-C2R’2)r W2(0R)6(r]-C4R’4) (C2RtZ) ,  or 
R’C=W(OR),, depending on the nature of the alkoxy group and the alkyne substituent, R’. 

Steric factors are well known to dominate the physicochemical 
properties of metal alkoxides and the use of bulky alkyl groups 
may allow the isolation of compounds with metal atoms in 
unusual co-ordination environments and oxidation states1 
We note here a most remarkable difference in the products 

obtained from reactions between W2(OR), compounds and 
alkynes (HCCH and MeCCMe) as a function of both alkoxy 
group and alkyne substituent. 

Hydrocarbon solutions of W2(OBut)2 in the presence of 
pyridine (py) (2 2 equiv.) and W2(OPri),(py)22 react with 
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Figure 1. An ORTEP view of the structure of the W,(OPr*),(py),- 
( p-C2H2) molecule. Som e pertinent distances (A) are W-W 
2.567(1), W-0 (terminal) 1.94(2) (averaged), W-0 (bridge) 
2.12(4) (averaged), W(1)- C(3), -C(4) 2.10(1), 2.08(1); W(2)-C(3), 
-C(4) 2.12(2), 2.09(1); W-N 2.31(1) (averaged), C(3)-C(4) 1.39(2). 

C(53 
Figure 2. An ORTEP view of the structure of the WZ(~CH,BU')~-  
(py),( p-GMe,) molecule. Some pertinent distances (A) are : 
W-W 2.602(1), W(1)-0(13), -0(19), -0(25), -0(49), -N(7), 
-C(4), -C(5) 1.97(1), 1.95(1), 1.94(1), 2.12(1), 2.32(1), 2.17(1), 
2.23(1); W(2)-0(37), -0(43), -0(49), -N(31), -C(4), -C(5) 
1.94( l), 1.97( l), 2.025(7), 2.24( I), 2.09( I), 2.04( 1) ; C(4)-C(5) 
1.374( 1 5). 

ethyne to  give W , ( ~ R ) , ( ~ ~ ) ~ ( J . L - C ~ H Z )  compounds.? These are 
spectroscopically analogous to  the previously characterized 
compound M02(0Pri),(py)2(p-CzHz)" and, in the solid state, 
the tungsten compound is isomorphous and isostructural. $ An 
ORTEP view of the W,(OPri),(py),(p-C,H,) molecule is given 
in Figure 1. Note the molecule has virtual C,, symmetry and 

t Standard procedures for the manipulation of air-sensitive 
materials were used at all times. Reactions were carried out at 
1 atm, or less, and at room temperature. Detailed procedures 
were analogous to those in ref. 3. Satisfactory elemental analyses 
were obtained. 

Added in proof: Since the submission of this manuscript the 
compound formulated as Wz(OBut),(py),(p-C2H2) has been 
found to be Wz(OBut),,(py)(p-CzH2)*&py. It is not isostructural 
with Wz(OPr'),(py),(p-CzHz), but rather has two distorted tri- 
gonal bipyramidal W centres with the bridging ethyne co-ordin- 
ated perpendicular to the W-W bond. 

there is a pair of bridging OPri ligands. In  solution, these 
compounds are fluxional and show rapid terminal + bridge 
O R  group exchange at room temperature on  the lH n.m.r. 
time-scale but, a t  low temperatures, spectra are consistent with 
those expected from considerations of the solid state structure. 

As previously noted by Schrock and c o - w ~ r k e r s , ~  hydro- 
carbon solutions of Wz(OBut),, with or  without added pyri- 
dine, react under comparable conditions with MeCCMe t o  
give (ButO),W=CMe. The cleavage of the W=W and G C  
bonds in this metathesis-like reaction is quite striking. In 
contrast, we have found the addition of one equivalent of 
MeCCMe to W2(OCH,But),(py), in hexane produces a blue 
crystalline compound, W,(OCH,BUt),(py),(p-C,Me,).t The 
molecular structure determined by an X-ray study1 differs 
quite remarkably from that of W,(OPr'),(py),(p-C,H,). A view 
of this neopentoxy compound is given in Figure 2. Note the 
presence of only one alkoxy bridge which results in pseudo- 
octahedral and trigonal bipyramidal co-ordination for the two 
different tungsten atoms. The bridging alkyne ligand is also 
quite asymmetrically disposed to  the two metal atoms as 
shown by the W-C distances. In [2H8]toluene solution, the lH 
n.m.r. spectrum at  room temperature is consistent with that 
expected based on the structure shown in Figure 2. Specifically, 
there are four types of O R  ligands in the integral ratio 2 : 2 : 1 : 1 
and the methyne protons appear as two AB quartets (4H, 4H) 
and two singlets (2H, 2H). The latter are readily assigned t o  
the alkoxy ligands contained in the virtual mirror plane of the 
molecule, and the former to  the two pairs of terminal OR 
groups not contained in this plane of symmetry. 

Addition of R'CCR' ( 3  3 equiv.) to hydrocarbon solutions 
of W,(OR),(py), yields crystalline compounds W,(OR),- 
(p-C4R'4)(C2R'2) (R' = H ,  Me, R = Pri; R' = Me, R = 
CH,But). Addition of HCCH ( 2 2  equiv.) to  hydrocarbon 
solutions of W2(OBut), leads to  an  unstable green compound 
which has a lH n.m.r. spectrum indicative of W2(OBut),- 
(p-C4H4) having a structure akin to  that of Mo,(OCH,But),- 
(p-C4H4)(py) in which the site occupied by py in the latter 
molecule is vacant, viz. (ButO),W(p-C,H4)(p-OBut)W(OBut),. 

$. Crystal data: (a) W,(OPr'),(py),( p-C2H2) at - 165 "C: mono- 
clinic, space group P2,/a, a = 19.061(11), b = 15.674(7), c = 
12.234(5) A, /3 = 108.08(1)", Dc = 1.737 g . ~ r n - ~ ,  2 = 4. The 
structure was solved by Patterson and Fourier techniques using 
61 55 unique intensities collected on an automated diffractometer 
using Mo-K, radiation for 6 < 29 < 50". Final refinement 
utilized anisotropic thermal parameters for all non-hydrogen 
atoms and converged to R = 0.056 and R, = 0.049. (b) 
WZ(OCH,But),(py),( p-C2Me2) at - 160 "C: monoclinic, space 
group C2/c, a = 37.822(21), b = 12.207(5), c = 22.163(9)& 
/3 = 101.01(2)", Dc = 1.459 g cm-a, 2 = 8.  The structure was 
solved by Patterson and Fourier techniques using 6602 unique 
intensities collected on an automated diffractometer using Mo- 
Kor radiation for 6 < 20 < 45". Final refinement used anisotropic 
thermal parameters for all non-hydrogen atoms and converged 
to R = 0.052 and R, = 0.051. (c) W2(OPri),(p-C4Me4)(C,Me,) 
at - 160 "C: orthorhombic, space group Pcab, a = 16.35(1), 
b = 16.04(1), c = 26.33(2) A, Dc = 1.702 g ~ r n - ~ ,  2 = 8. The 
structure was solved by Patterson and Fourier techniques using 
333 1 unique intensities collected on an automated diffractometer 
using Mo-K, radiation for 6 d 28 < 45". Final refinement used 
isotropic thermal parameters and converged to R = 0.053 and 
R, = 0.053. (d) W,(OPr*),(p-C,H,)(C,H,) at - 160 "C: triclinic, 
a = 14.754(7), b = 12.135(6), c = 9.011(4)A, a = 105.51(2), 
p = 88.66(3), y = 70.53(2)", Dc = 1.83 g cm-a, 2 = 2. The 
structure was solved by Patterson and Fourier techniques using 
3 183 unique intensities collected on an automated diffractometer 
using Mo-K, radiation for 6 < 28 d 45". Final refinement used 
anisotropic thermal parameters for all non-hydrogen atoms and 
converged to R = 0.037 and R, = 0.037. The atomic co- 
ordinates for this work are available on request from the Director 
of the Cambridge Crystallographic Data Centre, University 
Chemical Laboratory, Lensfield Road, Cambridge CB2 .lE-W. 
Any request should be accompanied by the full literature citation 
for this communication. 
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Figure 3. An ORTEP view of the structure of the W,(OPri),- 
(p-C,Me,)(C,Me,) molecule. Some pertinent distances (A) are : 
W-W 2.852(1), W(1)-0 (terminal) 1.93(2) (averaged), W(1)- 

2.51 h), 2.47(2), 2.40(2), 2.06(2), 2.09(2); W(2)-0 (terminal) 
1.93(1) (averaged), W(2)-O(17) 1.99(1), W(2)-C(3), -C(6) 2.15(1), 

O(17 2.11(1), W(l)-C(3), -C(4), -C(5),-C(6), -C(7), -C(8)2.45(2), 

2.14(2); C(7)-C(8) 1.28(2), C(3)-C(4) 1.38(2), C(4)-C(5) 1.43(2), 
C(5)-C(6) 1.38(2). 

\ 
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W(2)‘\‘ I RO+W( 1 )-OR 
RO‘I \C=C 111‘ 

RO-  

( A )  ( 0 )  

The addition of two equivalents of alkyne to the W,(OR),(py),- 
(p-C,R’,) compounds (R = Pri, R’ = H; R = CH2But, R’ = 
Me) leads to the appropriate w2(oR)6(p-c4R’4)(c2R’2) com- 
pound. Furthermore, addition of MeCCMe (2 equiv.) to 

The molecular structures of the isopropoxy compounds 
were determined$ for R’ = H and Me and a view of the 
W2(OPr’),(~-C4Me4)(C,Me2) molecule is given in Figure 3. The 
change of alkyne substituent, H for Me, produces little 
difference in the structural parameters in these compounds. 

W2(OR),(p-C4R’,)(C2R’,) compounds can be viewed as the 
sum of two halves, (A) and (B). This leads to a formal oxida- 
tion state of + 6  for W(2) and + 2  for W(1). The local geometry 
about W(l) may be viewed as a pseudo-square-based pyramid 
if the diene ligand is considered to occupy one site, namely the 
apical position. The geometry about W(2) is easily recognized 
as octahedral. 

WZ(OPri)6(py),(p-C2H2) gives W2(0Pr’)6(EI.-C4H2Me2)(c2Me2). 

Low-temperature limiting lH n.m.r. spectra for W,(OR),- 
(P -C~R~) (C~R’~)  compounds (R = Pri, R = H, Me; R = 
CH2But, R = Me) are consistent with those expected from 
considerations of the observed solid state structures. Upon 
raising the temperature, two dynamic processes are observed 
in the spectra of the W,(OPri),(p-C4J&)(C2H2) compound : (i) 
alkyne rotation and (ii) a higher energy process which gene- 
rates an apparent molecular plane of symmetry containing the 
two tungsten atoms. A plausible interpretation of the latter is 
that the groups attached to W(2) are rigid on the n.m.r. time- 
scaIe, but that the terminal alkyne and OR ligands attached to 
W(l) undergo site exchange. Since the local co-ordination 
geometry about W(l) may be viewed as a square-based 
pyramid in which the diene and p-OR fragments occupy fixed 
positions, a facile interconversion of the remaining positions 
may be envisaged through trigonal bipyramidal intermediates. 
This dynamic exchange process does not involve dissociation of 
the alkyne ligand, nor is this ligand scrambled between W(1) 
and W(2) since for W,(oPri),(p-C4H4)(c2H2), the ‘H resonance 
of the terminal ethyne ligand (6 11.0) is flanked by satellites 
due to coupling to lE3W, J(le3W-lH) = 10.3 Hz, of the expec- 
ted intensity for la3W having a natural abundance of 14.5 %. 

It should be noted that, although the coupling of alkyne 
groups at dimetal centres is well d~cumented,~ these are the 
first compounds in which two alkynes are coupled and a third 
is present as a terminal alkyne ligand. In view of the fact that 

have been shown3 to be intermediates in the catalytic cyclo- 
trimerization of acetylene(s) to give benzene(s), it is likely that 
molybdenum analogues of w,(OR)6(p-C,R’,)(C,R’2) com- 
pounds are involved. 

It is clear that even the most subtle change in alkoxy group 
or alkyne substituent may greatly influence the nature of these 
reactions. 
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M02(0Pri)6(PY)2(p-CzHz) and Mo2(0CH2But)6(p-C4H4)(py) 
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