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rnodynamic cycle of eqs 1-5 (s = solution, c = crystal, g = gas). 
In essence, eq 5 describes the metal-arene bond disruption process 
in solution, where Ln0 ̂  is taken to be "unsolvated" (the enthalpy 
required to strip both arene ligands from the metal to form a 
"bare", electronically relaxed metal atom).13 Furthermore, the 
heats of solution of the Ln(TTB)2 complexes in toluene are ex
pected348 to be small and constant and to approximately cancel 
that of 2TTB in toluene.14 

Ln(TTB)2(s) +
 3/2I2(s) -* Lnl„c) + 2TTB(s) Atf„n (1) 

n m - 3Ai2(S, 3/2Ai/!0ln (2) 

Lnl,(c) - Ln°(c) +
 3/2I2(c) -LH,' (3) 

Ln°(cl - Ln°(g) MF-* (4) 

Ln(TTB)210 — Ln°(g) + 2TTB(s) 2Z)(Ln-TTB) (5) 

Thermochemical data for the present Ln(TTB)2 complexes are 
compiled in Table I, where derived Z)(Ln-TTB) data are compared 
to published results7d for group 6 arene sandwich complexes. It 
is evident that the zero-valent lanthanide-to-arene bonding is very 
strong—up to 30 kcal/mol greater than that in archetypical 
Cr(C6H6)2 and, in some cases, as strong as metal-arene bonding 
involving a third row metal (W). Regarding Ln(TTB)2 electronic 
structure, it has been previously suggested that the lanthanide 5d 
(Y 4d) orbitals are likely an important factor in the metal-ligand 
bonding and that, for approximately constant metal radius, lan
thanide bis(arene) thermal stabilities qualitatively correlate with 
the energetic demands of fs2 —• f-'d's2 promotion.615 The present 
results add quantitative substance to this argument in that the 
large Z)(GdTTB) value parallels the ease of Ps2 — f-'d's2 pro
motion (Gd » Ho > Er « Dy; Gd0 has a 4I7Sd^s2 ground 
state).15 Similarly, Y0 has a 4d'5s2 ground state.66'15 A qualitative 
similarity of Ln(TTB)2 metal-ligand bonding to that of group 6 
is seen in the adherence of the present data to a previously noted 
correlation7' of D(M-arene) data with cohesive energetics for the 
corresponding bulk metals (Figure IA). Finally, the combination 
of sizable Z)(LnTTB) and modest AZ/sub(Ln) values in comparison 
to the group 6 analogues leads to the interesting observation 
(Figure IB) that the reaction of bulk lanthanide metals with TTB 
is calculated to be exothermic, in contrast to group 6. 

The present quantitation of lanthanide-arene bond enthalpies 
in the zero-valent sandwich complexes argues for an unprecedented 
organolanthanide bonding mode. Additionally, the present data 
raise interesting bonding energetic questions about other arene 
ligands and related zero-valent early metals as well as about the 
quantitative aspects of the electronic structure. These issues are 
presently being addressed. 
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The coupling of carbyne or alkylidyne ligands with unsaturated 
organic molecules is a fundamental reaction which provides an 
interesting route to the formation of new carbon-carbon bonds. 
Coupling of carbyne and carbonyl ligands to form V- or » -̂ketenyl 
complexes has been explored since the initial discovery by Kreissl 
in 19762 and is the subject of a comprehensive recent review.3 

Some high-valent alkylidyne complexes are very active for catalytic 
acetylene metathesis.4 We report here the first example of a 
reaction that couples a carbyne ligand with two molecules of CO,5 

to form an unusual metallacycle, the first carbyne-alkyne com
plexes,6 and the first observation of a low-valent ("Fischer-type") 
carbyne complex undergoing stoichiometric acetylene metathesis. 

The tungsten carbyne complex W(=CCH3)Cl(PMe3)4 (I)7 

reacts with ca. 1 atm of CO to give initially the monosubstituted 
carbonyl adduct W(==€CH3)Cl(CO)(PMe3)3 (2) (Scheme I). 
Complex 2 has been identified by its IR and NMR spectra,8 which 
are similar to those of the known W(=sCAr)Cl(CO)(PMe3)3 (Ar 
= Ph, p-tolyl).9 The monocarbonyl adduct 2 is difficult to isolate, 
however, because it reacts further with three more molecules of 

CO to give W[OC(PMe3)=C(CH3)C(0)]Cl(CO)2(PMe3)2 
(3), which precipitates from the THF solution (Scheme I). The 
X-ray crystal structure of 310 (Scheme I) shows a seven-coordinate 
tungsten(II) center bound in an unusual metallacyciopentene ring 
via an enolate oxygen and an acyl carbon. The W-O-C-C-C 
ring is planar to within 3 pm and is well described by the single 
valence bond structure shown, on the basis of the C-C, C-O, and 
C-P distances (Scheme I).11'12 
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The spectroscopic properties of 3 are consistent with the sol
id-state structure.13 IR spectra (CD2Cl2) show two carbonyl 
stretches and an acyl and a C-O single bond stretch (1900,1809, 
1509,1064 cm"1; confirmed with 13C labeling). The molecule is 
fluxional on the NMR time scale at 25 0C, but upon cooling to 
-40 0C the 31P NMR spectra (CD2Cl2) show two inequivalent 
phosphine ligands bound to tungsten (5 -3.3, d, JPP = 154 Hz, 
7WP = 220 Hz; 5 -8.8, d, J?P = 154 Hz, /Wp = 195 Hz) and one 
phosphorus not attached to the metal (5 16.3, s). The formation 
of 3 likely proceeds through a ketenyl intermediate formed from 
the monocarbonyl adduct 2. The unusual enolate-acyl metalla-
cycle ketenyl can then be formed by both CO insertion14 and 
phosphine attack at the electrophilic central ketene carbon,15 in 
either order. It is interesting that the closely related W(= 
CPh)Cl(CO)2(PMe3)2 does not undergo these reactions, even on 
photolysis in neat PMe3.

9 

The carbyne complex 1 also binds alkenes and alkynes. 2-
Butyne reacts with 1 over 3 h at 80 0C in a sealed NMR tube 
(J8-THF) to displace 2 equiv of PMe3 and form an 80% yield of 
W(=CMe)Cl(MeC=CMe)(PMe3)2 (4; Scheme II).16 Removal 

(12) Corbridge, D. E. C. TAe Structural Chemistry of Phosphorus; El
sevier Scientific: New York, 1974; p 397. 

(13) 1H N M R (-40 0 C , CD2Cl2): 1.21 (d, 9 Hz, 9 H, WPAZs3), 1.34 (d, 
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of the volatiles, however, shifts the apparent equilibrium back to 
1, preventing isolation of 4. Similar reactions are observed with 
"BuC=CH (1 day at 24 0C in C6D6) and PhC=CPh (4 h at 70 
0C in C7D8) to form W(=CMe)C10BuC=CH)(PMe3)2 (5) and 
W(=CMe)Cl(PhC=CPh)(PMe3)2 (6).16 Further heating of the 
diphenylacetylene complex 6 causes the isomerization to the 
phenylcarbyne-methylphenylacetylene complex, W(=CPh)Cl-
(MeC=CPh)(PMe3)2 (7, Scheme H), isolated in 63% yield on 
recrystallization from Et2O.16 The ferf-butylacetylene complex 
also rearranges on standing to give a number of new products, 
including the known W(=C'Bu)Cl(PMe3)4.

17 The carbyne-
alkyne complexes have been characterized primarily by NMR: 
for instance, 13C NMR spectra of 7 show characteristic carbyne 
(319.8 ppm) and alkyne resonances (175.4,174.6 ppm). The large 
downfield shift of the carbyne resonance compared to that for 1 
(253.3 ppm) may reflect the competition for ir-bonding between 
the alkyne and carbyne ligands.6 The phosphine ligands are 
equivalent in 4 and 6, reflecting the symmetrical nature of the 
bound alkyne, but inequivalent in 5 and 7. The isomerization of 
6 to 7 and the conversion of 5 to W(=C'Bu)Cl(PMe3)4 are single 
steps along an alkyne metathesis pathway. 

Complex 1 also reacts reversibly with CH2=CHSi(OMe)3—the 
reagent used to form 1 from WCl2(PMe3)4

7—with loss of two 
phosphines, forming the alkene complex W[CH2=CHSi-
(OMe)3](=CMe)Cl(PMe3)2 (8).18 The vinylalkoxysilane ligand 
is most likely bound to the tungsten carbyne through both the vinyl 
group and an ether oxygen (to give an 18e~ count) as CH2= 
CHSi(OEt)Me2 gives an analogous complex but CH2=CHSiMe3 
does not. The three methoxy groups in 8 are equivalent in the 
NMR at -40 0C in J8-THF, presumably due to rapid exchange. 
Further work is in progress to characterize the unusual reactivity 
of these carbyne complexes. 

Acknowledgment. We thank the National Science Foundation 
and the Exxon Education Foundation for financial support. 

Supplementary Material Available: Synthetic procedures and 
spectral data for 2-8 and crystallographic tables for 3 (16 pages); 
listing of observed and calculated structure factors for 3 (17 pages). 
Ordering information is given on any current masthead page. 

(17) Identified by comparison of 1H, 31P, and 13C NMR spectra with those 
in the following: Holmes, S. J.; Clark, D. N.; Turner, H. W.; Schrock, R. R. 
J. Am. Chem. Soc. 1982, 104, 6322-6329. 

(18) Selected N M R data for 8 ((Z8-THF): 1H 3.36 (s, Si(OAZe)3), 1.99 
(t, 6 Hz, 3 H, =CC/Z 3 ) , 1.25, 0.84, 0.62 (3 br s, 1 H each, CH^=CHSi); 
31P(1HI 4.4 (d, 120 Hz, / W P = 236), -7.2 (d, 120 Hz, / W P = 236); 13CI1H) 
(C6D6) 277.0 (t, 19, W = C C H 3 ) . 


