Subscriber access provided by SHANGHAI JIAOTONG UNIV

Structural study of W[.eta.5-C5Me4(tert-Bu)](.eta.2-MeC.tplbond.CMe)CI2, a
paramagnetic tungsten(lll) species with a four-electron acetylene-metal bond
Melvyn Rowen Churchill, and Harvey J. Wasserman

Organometallics, 1983, 2 (6), 755-759+« DOI: 10.1021/om00078a011 « Publication Date (Web): 01 May 2002
Downloaded from http://pubs.acs.org on April 24, 2009

More About This Article

The permalink http://dx.doi.org/10.1021/0m00078a011 provides access to:

. Links to articles and content related to this article
. Copyright permission to reproduce figures and/or text from this article

ACS Publications

W High quality. High impact. Organometallics is published by the American Chemical Society. 1155 Sixteenth Street
N.W., Washington, DC 20036


http://dx.doi.org/10.1021/om00078a011

Organometallics 1983, 2, 755-759 755

Figure 4. Molecular structure of [Cp,Zr(CHy)1,0.

of the two reported Hf-“C(sp®)” lengths, 2.35 A.13

[Cp,Zr(CH;)],0. The only parameters not mentioned
above concern the Zr-O linkage: the length, 1.948 (1) A,
is close to the 1.945 (3) A value given in [CpZrCl],0,% and
1.966 (5) A in [Cp,Zr(SC¢H;)],0.22 The Zr-O-Zr bond
angle, 174.1 (3)°, falls within the range for M—-O-M (M =
group 4b metal), 169-180°.%° The molecular structure is
shown in Figure 4.

(28) Clarke, J. F.; Drew, M. G. B. Acta Crystallogr., Sect. B 1974, B30,
2267. :

(29) Peterson, J. L. J. Organomet. Chem. 1979, 166, 179.

(30) Rausch, M. D.; Sikora, D. J.; Hrncir, D. C.; Hunter, W. E.; At-
wood, d. L. Inorg. Chem. 1980, 19, 3817.

Discussion

Two important points concerning the title compounds
should be reiterated. First, the published structure of
Cp,Hf(CHj), is probably that of the disordered Cp,Hf-
(C1)(CHj;) or a mixture of Cp,Hf(Cl)(CH;) and Cp,Hf-
(CHj),. This is understandable since (a) the disordered
Cp,Zr(C1)(CHjy) is isostructural with Cp,Zr(CHj), and
Cp,Hf(CH;), and (b) it is very difficult to prepare pure
Cp.M(CH;); (M = Zr or Hf) from the reaction of Cp,MCl,
with 2 mol of methylating agents.

Second, the present study affords the most accurate
value for M-C(sp®) bond lengths (M = Zr or Hf) in (n°-
ligand),M[R(sp®)]; compounds because (a) the values are
internally consistent, (b) for R = CHj steric problems are
minimized, (¢) for (n5-ligand) = Cp the electronic effects
are well-understood, and (d) the values compare well be-
tween Cp,Zr(CHj;), and Cp,Hf(CH,),, as well as with
M-C(sp?) bond lengths.?*

Acknowledgment. We are grateful to the National
Science Foundation for support of this research.

Registry No. (15-CsH;),Zr(CHy),, 12636-72-5; (n°-CHp) Hi-
(CHj),, 37260-88-1; (n%-C3H;).Zr(C1)(CH,), 1291-45-8; [(n®-
CsH;),Zr(CHy) .0, 79169-19-0.

Supplementary Material Available: A listing of structure
factor amplitudes, thermal parameters, and additional bond
lengths and angles for all four structures (44 pages). Ordering
information is given on any current masthead page.

Structural Study of W[7°-C;Me,(¢-Bu)](n?>-MeC=CMe)Cl,, a
Paramagnetic Tungsten(11I) Species with a Four-Electron
Acetylene—Metal Bond

Melvyn Rowen Churchill* and Harvey J. Wasserman

Department of Chemistry, State University of New York at Buffalo, Buffalo, New York 14214
Received November 30, 1982

The complex W[r*-CsMe,(t-Bu)](n>-MeC=CMe)Cl,, prepared by Pedersen and Schrock from the reaction
of excess 2-butyne with W(=CCMe;)(dme)Cl; (dme = 1,2-dimethoxyethane), crystallizes in the centro-
symmetric monoclinic space group P2;/¢c (No. 14) with a = 8.411 (1) A, b = 26.639 (5) &, ¢ = 8.971 (7)
A, and 8 = 114.32 (1)°. Diffraction data to 26 = 50° (Mo Ka radiation) were collected with a Syntex P2,
diffractometer, and the structure was refined to Ry = 3.2% and R,y = 3.0% for all 2244 independent data.
The paramagnetic complex contains a “strongly bound”, four-electron-donating, 2-butyne ligand, with
W-C(alkyne) = 2.007 (7) and 2.021 (6) A and with C-C = 1.312 (10) A; these parameters are compared
with those in various “strongly bound” diamagnetic complexes of tantalum(III) and tungsten(II).

Introduction

The four-coordinate tungsten(VI) complex! W(=
CCMe;)(OCMes); has recently been shown? to be an ef-
ficacious catalyst for the metathesis of internal acetylenes.
In an extension of the now accepted path for olefin me-
tathesis, the acetylene metathesis is believed to proceed

(1) We regard the alkylidyne ligand as formally a six-electron-donating
trianion and the alkoxide ligand as a monoanion. This approach is
consistent with the accepted concept of formal oxidation state, viz., that
charge remaining on an atom when all shared (bonding) electrons are
formally assigned to the more electronegative of the atoms involved in
the bond.

(2) Wengrovius, J. H.; Sancho, J.; Schrock, R. R. J. Am. Chem. Soc.
1981, 103, 3932-3934.

0276-7333/83/2302-0755$01.50/0

through a metallacyclobutadiene intermediate® (see eq 1).

T
R
M=C—R w=c” M C
A -
=C-—R - \R‘ l !
R R (1)

In contrast to the catalytic behavior noted for W(=
CCMe,)(OCMes),, the related octahedral tungsten(VI)
neopentylidyne complex W(=CCMe;)(dme)Cl; (dme =
1,2-dimethoxyethane) is not a useful metathesis catalyst.

(3) Katz, T. J. J. Am. Chem. Soc. 1975, 97, 1592-1594.

© 1983 American Chemical Society
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Table I. Experimental Data for the X-ray Diffraction
Study of W[n°-C,Me,(¢-Bu)}l(n**MeC=CMe)Cl,
(A) Crystal Parameters? at 24 °C

cryst system: monoclinic 8=114.32 (1)°
space group: P2 /c (No. 14) V 1831.6 (5) A®

a=8.411 (1) A Z=4

b=26.639(5)4A mol wt = 522.2

c=8971 (1)A p(caled)=1.89 g em™?
(B) Measurement of Data

radiation: Mo Ka (A 0.710 730 &)

monochromator: highly oriented graphite, equatorial

reflctns measd: h,k, £l

26 range: 3.7-50.0°

scan type: w

scan speed: 2.55/min

scan range: 1,0° (0.6° offset from center for bkgd)

refletns collected: 24837 total, yielding 2244
independent
stds: 3 every 97 reflections; no significant changes in
intensity were observed

abs coeff: 69.6 cm'1
weighting scheme: w = [{(|F |)}2 + {0.015|Fo!}1!
function mmxmxzed Sw(lFyl- |F.l)?

¢ Unit cell parameters were derived from a least-squares
fit to the setting angles of the unresolved Mo Ka com-
ponent of 25 reflections with 26 = 25-30°,

Rather, it reacts stoichiometrically with 1 equiv of alkyne
to yield an isolable tungstenacyclobutadiene complex and
with an excess of alkyne to yield an approximately 1:1
mixture of two other complexes: a soluble paramagnetic
complex of stoichiometry W(CCMes)(alkyne);Cl, and a less
soluble paramagnetic complex of stoichiometry W,-
(CCMeg)(alkyne),Clg.*

We have previously reported details of the X-ray de-
termined structure of the metallacyclobutadiene complex
W[C(CMe;)C(Me)C(Me)]Cl; (derived from the stoichio-
metric reaction of W(=CCMe;)(dme)Cl; and 2-butyne)*
and we now report on the structure of the species W-
(CCMe;)(2-butyne);Cl, (derived from the reaction of
W (=CCMe;)(dme)Cl; and excess 2-butyne).

Experimental Section

Crystals were kindly provided by Professor R. R. Schrock of
the Massachusetts Institute of Technology. All crystallographic
operations (crystal alignment, measurement of unit-cell param-
eters, and determination of orientation matrix) were carried out
in the manner described previously.® Details for the present
structural study are given in Table I. All data were corrected
for Lorentz and polarization factors and for the effects of ab-
sorption; they were then converted to |F,| values. Any datum with
a net intensity less than zero was assigned a value of |F,| = 0.

The structure was solved by using Patterson and difference-
Fourier techniques and was refined by using full-matrix least
squares.t All hydrogen atoms were included in calculated pos-
itions [d(C~H) = 0.95 A”]. In the final refinement cycle 181
parameters were refined against all 2244 independent reflections
(none rejected). The residuals® were Ry = 3.2%, R, r = 3.0%, and
GOF = 1.36. The discrepancy indices calculated excluding those
244 data having |F,| < 3.0(a(F,)) were Rp = 2.56%, Ryr = 2.9%,
and GOF = 1.39. Final positional parameters are listed in Table

(4) Pedersen, S. F.; Schrock, R. R.; Churchill, M. R.; Wasserman, H.
J. J. Am. Chem. Soc. 1982, 104, 6808—6809

(5) Churchill, M. R,; Lashewycz, R. A,; Rotella, F d. Inorg. Chem.
1977, 16, 265-271.

(6) All calculations were performed by using the Syntex XTL struc-
ture-solving package, as modified at SUNY-Buffalo. See: “Syntex XTL
8Rerations Manual”, 2nd ed.; Syntex Analytical Instruments: Cupertino,

, 1976.

(7) Churchlll M. R. Inorg. Chem. 1973, 12, 1213—1214

= [SIF| - IFJ/ZIF} X 100; Ror (il - 1P
ZwlF |2]1/2x 100; GOF = Zw(lFol—[Fc)z/(NO NV)] NO = number
of observations; NV = number of variables.

Churchill and Wasserman

Table II. Positional Parameters for Non-Hydrogen Atoms
in W[n*-C,;Me,(¢-Bu)}(n*-MeC=CMe)Cl,

atom x y z
w 0.04204 (3) 0.88060 (1) 0.16713 (3)
Ci(1) -0.10846 (26) 0.85229 (7) -0.10509 (20)
Cl(2) 0.28909 (26) 0.89382 (8) 0.10625 (26)
C(1) -0.09491 (74) 0.82054 (21) 0.26316 (70)
C(2) -0.01710 (76)  0.85703 (22) 0.39026 (70)
C(3) 0.16619(73) 0.85686 (21) 0.44049 (67)
C(4) 0.20468 (78) 0.81581 (21) 0.35403 (74)
C(5) 0.04544 (79) 0.79422 (20) 0.24836 (72)
C(6) —-0.28194 (92) 0.80624 (28) 0.17917 (91)

C(7) -0.1325 (12) 0.88803 (27) 0.4476 (10)

C(8) 0.30593 (87) 0.88501 (23) 0.58608 (81)

C(9) 0.37727 (95) 0.79534 (28) 0.3742 (10)

C(10) 0.0237 (10) 0.75008 (26) 0.13765 (92)

C(11) 0.2340 (12) 0.92897 (29) 0.6447 (10)
C(12) 0.3805 (11) 0.84774 (29) 0.72942 (91)
C(13) 0.4523 (10) 0.90653 (30) 0.5438 (10)
C(14) -0.12406(84) 0.93738 (22) 0.14182 (74)
C(15) 0.03522 (85) 0.95542 (22 0.20087 (75)
C(16) -0.3086(10) 0.95464 (27) 0.0778 (11)
C(17) 0.1277 (11) 1.00405 (26) 0.2403 (10)

Table IV. Interatomic Distances (A) with Esd’s for
W{n*C,Me,(¢-Bu)](n*-MeC=CMe)Cl,
(A) Distances from the Tungsten Atom

W-Cl(1) 2.364 (2) W-C(1) 2.334 (8)
W-CI(2) 2.382 (2) W-C(2) 2.338 (6)
W-C(14) 2.007 (7) W-C(3) 2.332 (5)
W-C(15) 2.021 (6) W-C(4) 2.402 (8)
W-Cp¢ 2.026 W-C(5) 2.410 (5)
W-Ac® 1.904

(B) Distances within the MeC=CMe Ligand
C(14)~C(16) 1.489 (11) C(14)-C(15) 1.312 (10)
C(15)-C(17) 1.477 (10)

(C) Internal Carbon-Carbon Distances within the
[7®-C;Me,(¢-Bu)} Ligand

C(1)-C(2) 1.435(8) C(4)-C(5) 1.406 (9)
C(2)-C(3) 1.417 (9) C(5)-C(1) 1.426 (9)
C(3)-C(4) 1.452 (8)

(D) External Distances of the [n°-C,Me,(¢-Bu)] Ligand
C(1)-C(6) 1.487 (10) C(5)-C(10) 1.501 (9)
C(2)-C(7) 1.516 (11) C(8)-C(11) 1.509 (11)
C(3)-C(8) 1.544 (9) C(8)-C(12) 1.539 (10)
C(4)-C(9) 1.490 (11) C(8)-C(13) 1.540 (12)

¢ “Cp” represents the centroid of the C;Me,(¢-Bu) ring.
b« Ac” represents the midpoint of the acetylenlc C(14)-
C(15) bond.
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Figure 1. Geometry of the W[#%-C;Me,(t-Bu)}(n*-MeC=CMe)Cl,
molecule. (ORTEP-1I diagram; 30% probability ellipsoids; all hy-
drogen atoms omitted.) Carbon atoms are labeled with numbers
only.
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Table V. Interatomic Angles (deg) with Esd’s for W [1°-C,Me,(¢-Bu)}(n*-MeC=CMe)(l,
(A) Angles around the Tungsten Atom

C(14)-W-C(15) 38.02 (26)
C(14)-W-CI(1) 94.12 (19)
C(14)-W-C1(2) 119.66 (19)
C(15)-W-Cl(1) 115.68 (19)
C(15)-W-Cl(2) 88.27 (20)
CI(1)-W-Cl(2) 87.53 (7)

Cp-W-C(14) 115.5
Cp-W-C(15) 123.7
Cp-W-Cl(1) 114.3
Cp-W-C1(2) 118.3
Ac-W-Cl(1) 105.5
Ac-W-CI(2) 104.2
Cp-W-Ac 1214

(B) Angles within the MeC=CMe Ligand

W-C(14)-C(15) 71.5 (4)
W-C(14)-C(16) 147.4 (5)
C(16)-C(14)-C(15) 140.5 (7)

W-C(15)-C(14) 70.4 (4)
W-C(15)-C(17) 148.9 (5)
C(17)-C(15)-C(14) 140.1 (7)

(C) Internal C-C-C Angles within the n°-C,Me,(¢-Bu) Ligand

C(5)-C(1)-C(2) 106.4 (5)
C(1)-C(2)-C(3) 109.3 (5)
C(2)-C(3)-C(4) 106.6 (5)

(D) Other Angles Involving the n*-C,Me,(¢-Bu) Ligand

C(3)-C(8)-C(11) 113.4 (6)
C(3)-C(8)-C(12) 107.4 (6)
C(3)-C(8)-C(13) 112.3 (6)
C(11)-C(8)-C(12) 107.1 (6)
C(11)-C(8)-C(13) 105.8 (6)
C(12)-C(8)-C(13) 110.7 (6)
C(6)-C(1)-C(2) 128.1 (6)
C(6)-C(1)-C(5) 124.8 (6)

II; anisotropic thermal parameters are listed in Table III-S
(supplementary material).

Description of the Molecular Structure

Interatomic distances with esd’s are collected in Table
IV; angles are given in Table V.  The molecular geometry
and atom-labeling scheme are illustrated in Figure 1.

The molecular contains a central tungsten(III) atom
linked to an #°-C;Me,(t-Bu) ligand, a MeC=CMe ligand,
and two chloride ions. The coordination geometry about
tungsten may be viewed as pseudotetrahedral. Angles
between “Cp” (the centroid of the carbocyelic ring), “Ac”
(the midpoint of the acetylenic C(14)-C(15) bond), and the
two chloride ligands are Cp~W-Ac = 121.4°, Cp-W-CI(1)
= 114.3°, Cp-W-Cl1(2) = 118.3°, Ac-W-Cl(1) = 105.5°,
Ac-W-CI(2) = 104.2°, and CI(1)-W-C1(2) = 87.53(7)°.

The n-cyclopentadienyl ring is normal, with carbon-
carbon distances ranging from 1.406 (9) A through 1.452
(8) A [average = 1.427 A]. The #5-cyclopentadienyl ring
is close to planar (deviations from planarity are 0.029 (6)
A for C(1), -0.035 (6) A for C(2), 0.026 (6) A for C(3), -0.008
(6) A for C(4), and —0.013 (6) A for C(5)—see Table VI-S).
Nevertheless, tungsten—carbon distances are not equiva-
lent; in decreasing order they are W-C(5) = 2.410 (5) &,
W-C(4) = 2.402 (6) A, W~C(2) = 2.338 (6) &, W-C(1) =
2.334 (6) A, and W-C(3) = 2.332 (5) A. The ring is thus
slightly “tipped” so that C(4) and C(5) are the most distant
from the tungsten atom; these atoms are the pair trans to
the 2-butyne ligand. While this effect could be electronic
in nature, it is not clearly apparent in the related complex
Ta(n5-CsMes)(n>-PhC=CPh)Cl,.? Steric effects in the two
molecules are, however, substantially different. The
tungsten—2-butyne complex has a very sterically de-
manding 75-CsMe,(¢-Bu) ligand, whereas the diphenyl-
acetylene ligand is the most bulky ligand in the tantalum
complex.

The tungsten atom lies +2.024 A from the plane of the
n°-cyclopentadienyl ligand. The substituents are not co-
planar with the carbocyclic ring; rather, they are displaced

(9) Smith, G.; Schrock, R. R.; Churchill, M. R.; Youngs, W. J. Inorg.
Chem. 1981, 20, 387-393.

C(3)-C(4)-C(5) 107.9 (5)
C(4)-C(5)-C(1) 109.3 (5)
C(7)-C(2)-C(3) 131.2 (6)
C(7)-C(2)-C(1) 119.5 (6)
C(8)-C(3)-C(4) 123.9 (5)
C(8)-C(3)-C(2) 128.1 (8)
C(9)-C(4)-C(5) 122.8 (6)
C(9)-C(4)-C(3) 129.1 (6)
C(10)-C(5)-C(1) 124.5 (6)
C(10)-C(5)-C(4) 126.1 (8)

in a direction away from the tungsten atom. The a-carbon
atom of the tert-butyl group (C(8)) lies -0.171 (7) A from
the ring plane, while the methyl groups are displaced by
lesser amounts; ~0.146 (8) A for C(7), —0.116 (8) A for C(9),
-0.069 (7) A for C(10), and —0.059 (8) A for C(6).

Tungsten—chlorine distances are W-Cl(1) = 2.364 (2) A
and W-C1(2) = 2.382 (2) A. While there are few, if any,
tungsten(III)-chlorine distances available for mononuclear
organometallic complexes, we may compare these with
tungsten(IV)—chlorine distances of 2.458 (1) and 2.478 (1)
A in W(=CHCMe,)(CO)(PMej),Cl,,!° 2.520 (2) A in W-
(=CHAlMe,_,Cl,.,)(Cl)(PMey);,!! and 2.419 (2) and 2.442
(5) A in W(=CH)(C1)(PMe,),!!* and with tungsten(II)-
chlorine distances of 2.476 (1) A in W(2-HC=
COAICL;)(CO)(PMe,)sCl'? and 2.527 (5) and 2.557 (5) A
in [W(CHzPMea)(CO)gCl(PM33)3+] [CFaSOE;].13a

The 2-Butyne Ligand. The 2-butyne ligand is in an
7? mode of coordination to the tungsten(III) atom. The
two tungsten—carbon distances are the shortest W-C-
(acetylene) distances yet observed, with W-C(14) = 2.007
(7) A and W-C(15) = 2.021 (6) A (average = 2.014 A), while
the W-Ac distance is 1.904 A. (For comparison we may
note that characteristic tungsten—carbon single- and dou-
ble-bond lengths are 2.258 (9) and 1.942 (9) A; these values
are taken from an X-ray diffraction study on the tung-
sten(VI) complex W(=CCMe;)(=CHMe;)(CH,CMe,)-
(dmpe).13v) ,

The carbon atom framework is substantially bent, with
£C(16)-C(14)-C(15) = 140.5 (7)° and £C(17)-C(15)-C(14)
= 140.1 (7)°, while the acetylenic C(14)-C(15) linkage is
1.312 (10) A in length. All of these data are consistent with
the acetylene’s acting as a four-electron donor, rather than

(10) (a) Wengrovius, J. H.; Schrock, R. R.; Churchill, M. R.; Wasser-
man, H. J. J. Am. Chem. Soc. 1982, 104, 1739-1740. (b) Churchill, M.
R.; Wasserman, H. J. Inorg. Chem., in press.

(11) (a) Churchill, M. R.; Rheingold, A. L.; Wasserman, H. J. Inorg.
Chem. 1981, 20, 3392-3399. (b} Sharp, P. R.; Holmes, S. J.; Schrock, R.
R.; Churchill, M. R.; Wasserman, H. J. J. Am. Chem. Soc. 1981, 103,
965~966.

(12) (a) Churchill, M. R.; Wasserman, H. J.; Holmes, S. J.; Schrock,
R. R. Organometallics 1982, 1, 766-768. (b) Churchill, M. R.; Wasserman,
H. J. Inorg. Chem. 1983, 22, 41-44,

(13) (a) Churchill, M. R.; Wasserman, H. J. Inorg. Chem. 1982, 21,
3913-3916. (b) Churchill, M. R.; Youngs, W. J. Ibid. 1979, 18, 2454-2458.
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Table VIL. Structural and 13C'NMR Data on ‘‘Strongly Bound’’ Acetylene Complexes

13C(alkyne), “electron
complex ppm M-C dist, A C-C dist, A count”? ref
Ta(n*-C;Me,)(n*-C,H,)Me, 230.5 { ggg'&l) Ei; 1.364 (5) 16e 26
Ta(n®-C,Me,)(n*-PhC=CPh)Cl, 222.3 { gg?g Egg 1.337 (8) 16e 9
[TaCl,(py )}{(n*-PhC=CPh)"] { gggg gg 1.325 (12) 16e 27
[TaCL,(SC,H,)(n*-(¢-Bu)C=CMel,(p-Cl), { gggg gg; 1.321 (24) 16e 28
W(CO)(n*-HC=CH)(8,CNEt,), { ggég gg; 1.29 (1) 18e 15
W(rn*-HC=COAICl,)(CO)(PMe,),Cl 194.4% { 38(3)2 EZ; 1.316 (6) 18e 12
Win®-C;Me,(t-Bu)}(n*-MeC=CMe)Cl, { gg(z)’{ ggg 1.312 (10) 17e this work
@ Electrons formally associated with metal atom, counting acetylenic ligand as a four-electron donor. b c-H

resonance; C-OAICl, resonance at either 230.8 or 213.5 ppm.

in its classical two-electron-donating role. This is accom-
plished by the normal acetylene =(||) donation (1) being
accompanied by substantial additional acetylene #(_L)

donation (2).14
1 2

Within this framework, the d® W(III) ion obtains six
electrons from the [1°-C;Me,(t-Bu)7] anion, four electrons
from the two chloride ions and four electrons from the
“strongly bound” acetylenic ligand—17 electrons in all.
While this phenomenon has only recently been treated by
the “frontier orbital” method,! it has been recognized for
some time that acetylenic ligands tend to be strongly
bound to electron-poor transition-metal ions. Thus, a
structural study of W(CO)(»-HC=CH)(S,CNEL,),!® con-
firmed spectroscopic indications!®!? that the n?-acetylene
acted as a four-electron donor in certain molybdenum(II)
and tungsten(II) complexes. More recent work has fo-
cussed on infrared studies and on 'H and 3C NMR studies
on these species and related oxomolybdenum(IV) and
oxotungsten(IV) species.!®%

This work has been extended and clarified by a series
of X-ray diffraction studies on “strongly bound” acetylene
complexes of tantalum(III) and tungsten. Churchill and
Youngs have reported results on an n?-benzyne? and

(14) Tatsumi, K.; Hoffman, R.; Templeton, J. L. Inorg. Chem. 1982,
21, 466-468.

(15) Ricard, L.; Weiss, R.; Newton, W. E.; Chen, G. J.; McDonald, J.
W. J. Am. Chem. Soc. 1978, 100, 1318-1320.

(16) McDonald, J. W.; Corbin, J. L.; Newton, W. E. J. Am. Chem. Soc.
1975, 97, 1970-1971.

(17) McDonald, J. W.; Newton, W. E.; Creedy, C. T. C.; Corbin, J. L.
J. Organomet. Chem. 1975, 92, C25.

(18) Ward, B. C.; Templeton, J. L. J. Am. Chem. Soc. 1980, 102,
1532-1538.

(19) Templeton, J. L.; Ward, B. C. J. Am. Chem. Soc. 1980, 102,
3288-3290.

(20) Templeton, J. L.; Ward, B. C.; Chen, G. J.; McDonald, J. W,;
Newton, W. E. Inorg. Chem. 1981, 20, 1248-1253.

(21) Schneider, P. W.; Bravard, D. C.; McDonald, J. W.; Newton, W.
E. J. Am. Chem. Soc. 1972, 94, 8640.

(22) Newton, W. E.; McDonald, J. W.; Corbin, J. L.; Richard, L.;
Weiss, R. Inorg. Chem. 1980, 19, 1997-20086.

(23) Maatta, E. A.; Wentworth, R. A. D.; Newton, W. E.; McDonald,
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n*-diphenylacetylene® complexes of tantalum(III); Cotton
and Hall have reported structural studies on 52-di-
phenylacetylene?” and n*-tert-butylmethylacetylene®®
complexes of tantalum(III); Churchill and Wasserman have
reported structural studies on an asymmetric »*>-HC=
COAICl, complex of tungsten(II).!? Available geometric
and ¥C NMR data on these complexes are collected in
Table VII. As can clearly be seen, these third-row tran-
sition-metal complexes with “strongly bound” (four-elec-
tron donor) acetylenic ligands all have the following fea-
tures.

(1) Short Metal-Carbon Distances. Thus, while
“normal” acetylenic ligands (i.e., two-electron donor lig-
ands) have metal-carbon distances that are close to the
metal-carbon o-bond length, the “strongly bound” ace-
tylenic ligands have metal-carbon distances that approach
a metal-carbon double-bond length.

(2) Lengthened C—C(alkyne) Distances. The ob-
served carbon—carbon bond lengths are all substantially
longer than the accepted noncoordinated acetylenic C=C
triple-bond distance of ~ 1.205 A. The nonconjugated
acetylenic ligands (Table VII, last four entries) have car-
bon-carbon bond lengths in the range 1.29 (1)-1.321 (24)
A; those conjugated to phenyl rings (entries 2 and 3) have
carbon—carbon bond lengths of 1.325 (12) and 1.337 (8) &;
and that occurring in a cyclic benzyne ligand has a value
of 1.364 (5) A. Most of these values are close to the ac-
cepted uncoordinated simple C=C distance of 1.335 +
0.005 A.

(3) 3C NMR Shifts Are about § 225 (Where Avail-
able). The present paramagnetic tungsten(IIl) species has
similar geometric parameters to other molecules in the
table; 13C data are not, however, available.

Conclusions

As has been discussed above, the present molecule is a
further example of the class of complexes in which an
n*-alkyne ligand is bound to an electron-poor transition
metal via a four-electron acetylene-to-metal linkage. There
are two particularly interesting features of the present
molecule. The first is that a “strongly bound” (four-

(26) (a) Churchill, M. R.; Youngs, W. J. Inorg. Chem. 1979, 18,
1697-1702. (b) McLain, S. J.; Schrock, R. R.; Sharp, P. R.; Churchill, M.
R.; Youngs, W. J. J. Am. Chem. Soc. 1979, 101, 263-265.

(27) (a) Cotton, F. A,; Hall, W. T. Inorg. Chem., 1980, 19, 2352-2354.
(b) Cotton, F. A.; Hall, W. T. J. Am. Chem. Soc. 1979, 101, 5094-5095.

(28) Cotton, F. A.; Hall, W. T. Inorg. Chem., 1981, 20, 1285-1287.
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electron-donating) acetylenic ligand is found in a para-
magnetic tungsten(II) complex. To the best of our
knowledge, there is no other example of such a linkage in
a paramagnetic species.

The second feature of interest concerns the occurrence
of a pentasubstituted n5-cyclopentadienyl ligand in the
molecule. It should be noted that the production of highly
substituted cyclopentadienyl systems is not straightforward
and that much synthetic work in organometallic chemistry
has been confined to the easily obtained C;Me; and
C;Me,Et systems. The present 55-C;Me,(t-Bu) ligand is
clearly formed by the net coupling of one neopentylidyne
ligand and two 2-butyne molecules. There are some in-
dications* that this type of reaction can provide a rather
general route to highly substituted #°-cyclopentadienyl
systems (see eq 2). Of course, unsymmetrical acetylenes

W(:—CR) (dme) C13 excess R’'C=CR/

0.5W(55-C;R’ ,R)(n*-R’"C=CR’)Cl, +
0.25[W(»%-C5R/,R)CL ], (2)

could be used (e.g., R*C=CR"); the disadvantage here is
that a mixture of isomeric cyclopentadienyl systems would
be formed and separation could become a major problem.
A further possibility is that functionalized acetylenes could
be used, providing an entry into more complex cyclo-
pentadienyl systems.

The pathway of the reaction is not firmly established.
A possible sequence for the reaction of W(=CCMe;)-
(dme)Cl; and 2-butyne is shown in eq 3. The intermediacy
of the tungstenacyclobutadiene complex is established, as
is the nature (and approximate relative quantities) of the

CMe

oWi=c” i
VI +MeCT=CMe 3T +MeC=CMe
W (==CCMeg)dmelCly — o0 = (I; é S

Me/ \Me

"WEVI73-CaMe,(#-BulICI" (3)

disproportionation

WITT L5 -CoMe,(#-Bull-
(n2-MeC==CMe)Cip

0.25LW V7 -CgMeslr-BulCll,

final products.* A disproportionation reaction clearly must
occur, and an intermediate complex of stoichiometry
W[n®-CsMe,(t-Bu)]Cl; provides perhaps the simplest
possible intermediate. The disproportionation of a (pre-
sumably diamagnetic) tungsten(IV) complex into para-
magnetic tungsten(III) and tungsten(V) complexes is,
however, unusual in organometallic chemistry. Clearly,
however, further work is required before this type of
coupling reaction is understood in detail.
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Dimethyl- and diphenylsilylene add stereospecifically to cis- and trans-2-butene to give the corresponding
siliranes. Easy additions to cyclopentene and cyclohexene indicate that the cycloadditions are cis. Opening
of the siliranes by methanol also occurs in stereospecifically cis fashion.

Introduction

Singlet carbenes add to olefins with retention of stere-
ochemistry; triplets do not. Behind that simple sentence
lies a rich, complex matrix of theory and experiment, in-
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terwoven with liberal amounts of intuitive conjecture and
occasional wishful thinking.” Even today, debate over
both detailed mechanistic description® and, occasionally,
the fundamental reaction pathways surfaces.® Never-
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