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promote the ring opening of coordinated thi0~henes.I~ We 
have recently reported an unusual example of the ring- 
opening oligomerization of DMT by 1, which appears to 
be initiated by nucleophilic attack of a free molecule of 
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DMT upon the bridging DMT liganda2 Studies of the ring 
opening of the bridging DMT ligand by other nucleophiles 
are in progress. 
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Summary: The reactions of Mn,(CO),NCMe (1) with the 
alkynes M e C S X  (X = OEt, NMe,) have ylelded the 
substituted bridging vinylidene complexes Mn,(CO),[p- 
C=C(Me)C=O(X)] (2a, X = E t ;  2b, X = NMe,) in 39% 
and 10% yields, respectively, by a rearrangement of the 
alkyne accompanied by a CO insertion. Compound 2b 
also adds 1 equiv of MeC--VNMe, to form the complex 
Mn,(CO), [ p-CC(Me)C( NMe,)C( Me)C=O( NMe,)] (3) in 
50% yield, which contains a four-membered carbocyclic 
ring. 

While there are many examples of the metal-assisted 
transformation of terminal alkynes into vinylidene ligands,' 
there are relatively few that involve the shift of a non- 
hydrogen heteroatomic grouping (eq l).2-s We now wish 
to report the first examples of this transformation in- 
volving the substituents OEt and NMe2 with R = Me in 
which the shift is also accompanied by a CO insertion (eq 
2). 

(1) 
x\ 
RF=C=M 

R-CGC-X + M - 
X PPh2, SMe, 

CI, Br, I 

0 x-cy 
(2) 

RF=C=M 
R-CGC-X + M(C0) - 

X OEt, NMez 

From the reaction of Mn2(CO)aCMes (1; 300 mg, 0.744 
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Figure 1. ORTEP diagram of M n , ( C O ) B [ r - C ~ ( M e ) C y ( O E t ) ]  
(2a). Selected interatomic distances (A) are Mn(l)-Mn(2) = 
2.9147 (6), Mn(1)-C(10) = 1.874 (2), Mn(2)-C(10) = 2.125 (2), 
Mn(2)-0(10) = 2.068 (21, C(lO)-C(2) = 1.339 (31, C(l)-C(2) = 
1.440 (3), and C(1)-O(l0) = 1.249 (3). 

Scheme I 

1 

2a, X OEt 
2b, X = NMe, 3 

mmol) with M e C d O E t  (0.177 mL, 1.86 mmol) a t  25 "C 
in 150 mL of hexane solvent for 24 h, we have isolated by 
TLC the new yellow compound Mn2(CO)&C=C(Me)- 
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C=O(OEt)] (2a) in 39% yield.7 Compound 2a was 
characterized by IR, 'H NMR, and X-ray diffraction 
analyses.8 An ORTEP drawing of the molecular structure 
of 2a is shown in Figure 1. The molecule contains two 
mutually bonded manganese atoms (Mn-Mn = 2.9147 (6) 
A), with each containing four carbonyl ligands. The most 
interesting ligand is the bridging C=C(Me)C=O(OEt) 
grouping. Carbon C(l0) bridges the metal atoms asym- 
metrically (Mn(l)-C(lO) = 1.874 (2) A and Mn(2)-C(10) 
= 2.125 (2) A). The C(lO)-C(2) distance of 1.339 (3) A is 
indicative of a double bond as found in vinylidene ligands.' 
Oxygen O(l0) is part of an ethyl ester groupin that is 
coordinated to Mn(1) (Mn(1)-000) = 2.068 (2) 1, u(C0) 
= 1581 cm-'). The 'H NMR spectrum of 2a shows reso- 
nances at 6 = 4.27 (9, JH-H = 7.1 Hz, OCH,), 2.25 (8, CMe), 
and 1.32 (t, JH-H = 7.1 Hz, CH2CH3) and is consistent with 
the observed structure. The composition of the vinylidene 
ligand shows that it is a combination of one CO grouping 
and one molecule of MeC20Et. The manner in which the 
components were combined was established by a 13C la- 
beling study. A sample of 1 enriched to approximately 
45% with 13C0 was converted to 2a* and then analyzed 
by 13C and 'H NMR spectroscopy. In addition to the 
strong resonances of the CO  ligand^,^ the l3C{'HJ NMR 
spectrum of 2a* showed one strong resonance located at  
184.00 ppm. On the basis of shift this could be attributed 
reasonably either to the metal-bonded vinylidene carbon 
C(10)' or to the ester carbon C(1). However, ita assignment 
to the C(1) site was unambiguously established by the 
observation of three-bond C-H coupling to both the 
methylene group C(4) (3JC-H = 2.75 Hz) and the methyl 
group C(3) (3JC-H = 3.36 Hz) in the 'H NMR spectrum.'O 
Details of the mechanism of the formation of the vinyl- 
idene ligand have not yet been established, but a process 
involving an oxidative-addition-induced cleavage of the 
OEt group from the alkyne and a CO insertion to form a 
metallo carboxylate followed by a transfer of the carbox- 
ylate grouping to the methyl-substituted carbon of the 
alkyne fragment is expected. 

The reaction of 1 with MeC2NMez was similar to that 
with MeC,OEt. The product Mnz(CO),[p-C=C(Me)C= 
O(NMe2)] (2b) was obtained in 10% yield together with 
the second product Mnz( CO), [ p-CC (Me) C (NMe2) C (Me)- 
C=O(NMe2)] (3) in 46% yield from the reaction of 1 (45 
mg, 0.11 mmol) with MeC=CNMez (26 pL, 0.25 mmol) a t  
40 OC in hexane solvent for 45 min. Both products have 
been characterized by IR, 'H NMR, mass spectral, and 
X-ray diffraction analyses.*J' The structure of 2b is 
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(7) IR u(C0) for 2a in hexane: 2098 (w), 2058 (a), 2018 (w), 2003 (a), 
1981 (m), 1961 (a), 1932 (w), 1581 (w) cm-'. Crystal data for 2a: space 
group PI, a = 10.3802 (8) A, b = 11.852 (2) A, c 7.217 (1) A, a = 91.29 
(1)O, j3 = 91.16 (1)O, y = 98.40 (1)O, 2 = 2,2482 reflections, R = 0.027 (5). 
Anal. Calcd (found): C, 37.67 (37.50); H, 1.79 (1.17). 

(8) Diffraction measurements at 20 OC were made on a Rigaku AFC6S 
four-circle d e a d m e t e r  using Mo Ka radiation. Structure solutions and 
refinements were made on a VAXstation 3520 computer by using the 
TEXBAN structure-solving program library (v5.0) of Molecular Structure 
Corp., The Woodlands, TX. 

(9) The 'Y! NMR spectrum of 2a* taken in CDClS showed resonances 
at 222.75 (1 CO), 221.65 (1 CO), 214.67 (1 CO), 213.16 (2 CO), 213.98 (1 
CO), 209.14 (2 CO), and 1M.00 (1 C) ppm. The IH NMR spectrum of 
2a* taken in acetone-de showed resonances at 4.41 (q, JH-H = 7.1 Hz, 
OCH,), 2.29 (8, CMe), and 1.34 (t, JH-H = 7.1 Hz, CH2CHS) ppm. The 
resonances at 4.41 and 2.29 ppm showed lac satellites with '&-H = 2.75 
and 3.36 Hz, respectively. 

(10) (a) Hansen, P. E. h o g .  Nucl. Magn. Reson. Spectrosc. 1981,14, 
175. (b) Emsley, J. W.; Feeney, J.; Sutcliffe, L. H. High Resolution 
Nuclear Magnetic Resonance Spectroscopy; Pergamon Press: Oxford, 
U.K., 1966; Vol. 2, Table 12.34. 

Figure 2. ORTEP diagram of Mn2(CO),[r-CC(Me)C(NMel)C- 
(Me)C=O(NMe2)] (3). Selected interatomic distances (A) are 
Mn(l)-Mn(2) = 2.8104 (B), &(I)$ = 2.094 (3), Mn(2)C = 1.941 
(3), Mn(l)-O = 2.064 (2), Mn(l)C(2) = 2.263 (3), (2437) = 1.590 
(4), (2432) = 1.450 (4), C(l)-C(2) = 1.414 (4), C(l)-N(l) = 1.301 
(4), C(6)-C(7) = 1.518 (4), C(6)-0 = 1.257 (4), and C(6)-N(2) = 
1.325 (4). 

analogous to that of 2a but contains an 0-coordinated 
amido grouping instead of the 0-coordinated ester 
grouping. 

This 
molecule also contains two mutually bonded manganese 
atoms (Mn-Mn = 2.8104 (8) A). Mn(1) has three carbonyl 
ligands while Mn(2) has four. This molecule contains a 
CC(Me)C(NMe2)CMeC=O(NMe2) ligand with the carbon 
C bridging the metal atoms. A four-membered carbocyclic 
ring (atoms C, C(7), C(1), and C(2)) contains a di- 
methylamino substituent on C(1) and an amido group on 
C(7) that has its oxygen atom coordinated to Mn(1) (v(C0) 
= 1583 cm-'). Compound 3 can be obtained directly from 
2b in 50% yield by reaction with MeCWNMe, at 35 OC ,  
thus confiiming that 2b is an intermediate in ita formation. 
This unusual reaction evidently involves the formation of 
a four-membered carbocyclic ring by the addition of the 
ynamine C-C triple bond across the vinylidene C(lO)-C(2) 
double bond in 2b. It is known that ynamines will undergo 
(2 + 2) cycloaddition reactions with electrophilic olefins.12 
These results are summarized in Scheme I. The cyclo- 
addition should result in the formation of a cyclo- 
butenylidene ligand with a double bond between the atoms 
C(1) and C(2). Although the C(l)-C(2) distance (1.414 (4) 
A) is consistent with this formulation, there is also a strong 
donation of electron density from C(2) to Mn(1) (Mn- 
(1)-C(2) = 2.263 (3) A). This interaction permits the metal 
atoms to achieve 18-electron configurations but results in 
the formation of a formal negative charge on Mn(l), a 
positive charge on NO), and a donor-acceptor bond be- 

An ORTEP drawing of 3 is shown in Figure 2. 

(11) The products were separated by TLC on silica gel. IR u(C0) for 
2b in hexane: 3094 (w), 2053 (e), 2013 (w), 1997 (a), 1989 (m), 1953 (a), 
1928 (w), 1554 (w) cm-'. IR v(C0) for 3 in CH1C12: 2036 (m), 1974 (e), 
1933 (8, br), 1894 (w), 1583 (w), 1622 (w, C-N). 'H NMR in acetone-d8 
for 2 b  6 3.34 (8, br, NMe), 3.07 (e, br, NMe), 2.65 (e, CMe). 'H NMR 
in acetone-d8 for 3: 6 3.53 (8, NMe), 3.33 (e, NMe), 3.07 (8, NMe), 2.78 
(8, NMe), 1.98 (s, CMe), 1.93 (e, CMe). Crystal data for 2 b  space group 
PI, a = 10.422 (1) A, b = 10.628 (2) A, c = 8.934 (1) A, a = 113.74 
j3 = 97.55 y = 93.27 (1)O, 2 = 4,1931 reflections, R = 0.027. Details 
on the structure of 2b will be provided in the full report on this work. 
Crystal data for 3: space group m l / c ,  a = 11.976 (2) A, b = 10.092 (2) 
A, c = 18.429 (3) A, p = 107.18 (5)O, 2 = 4, 2155 reflections, R = 0.027. 
The mass spectrum for 2b shows the parent ion plus ions corresponding 
to the lose of each of eight CO ligands. The mam a trum of 3 showed 
a w d  parent ion (M+) with stronger ions M+ - x(c&x = 1,4-7). M. 
Calcd (found): C, 43.22 (43.34); H, 3.63 (3.40); N, 6.00 (5.65). 

(12) Ficini, J. Tetrahedron 1976, 32, 1449. 
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Supplementary Material Available: Tables of crystal data, 
positional parameters, bond distances and angles, and anisotropic 
thermal parameters for the structural analyses of 2a and 3 (16 
pages); tables of structure factors (32 pages). Ordering information 
is given on any current masthead page. 

tween the metal atoms, as shown in Scheme I. 
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Summary: Organoianthanide complexes of the type 
Cp‘,LnR (Cp’ = $-Me,C,; Ln = La, Nd, Sm, Y, Lu; R = 
H, CH(SiMe3),), Me,SiCp”,LnR (Cp“ = q5-Me,C,; Ln = 
Nd; R = CH(SIMe3),), Cp‘,Sm, and Cp‘,Sm(THF), catatyze 
the rapid dehydrogenative oligomerization of PhSiH,. 
Kinetic and mechanistic arguments exclude the impor- 
tance of metakentered redox processes in the catalytic 
cycle and support instead “four-center’’ “heterolytic” 
bond-scission/bond-forming sequences. 

Polyorganosilanes are of considerable current interest 
as ceramic precursors, third-order NLO materials, deep-W 
photoresists, conductive polymers, and photoconductors.’ 
A major advance in polyorganosilane synthesis was Har- 
rod’s discovery of the catalytic dehydrogenative oligom- 
erization/polymerization of organosilanes effected by or- 
gano-group 4 complexes (e.g., eq l ) . , s 3  Key unresolved 

R 

H-f$i)-H + ( n  -1)Hz (1) 
catalyst 

nRSiH, - 
I ”  
H 

mechanistic issues in such catalytic cycles concern the 
importance of oxidative addition/reductive elimination 
sequences,- the intermediacy of silylene complexes,@ the 
importance of free radical processes,2f or the dominance 

(1) (a) Miller, R. D. Angew. Chem., Int. Ed. Engl. Adu. Mater. 1989, 
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1359-1410. (c) West, R.; Maxka, J. ACS Symp. Ser. 1988,360, &20. (d) 
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Miller, R. D.; Rabaolt, J.; Sooriyakumaran, R.; Swalen, J. D.; Twieg, R. 
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Mu, Y.; Aitken, C.; Cot& B.; H d ,  J. F.; Samuel, E. Can. J. Chem. 1991, 
69, 264-276. (c) Harrod, J. F.; Mu, Y.; Cot€, B. Polym. Prepr. 1990,31, 
228-229. (d) Aitken, C.; Barry, J.-P.; Gauvin, F.; Harrod, J. F.; Malek, 
A,; Rouseeau, D. Organometallics 1989,8,1732-1736. (e) Harrod, J. F. 
ACS Symp. Ser. 1988, 360, 89-100. (0 Harrod, J. F.; Yun, S. S. Or- 
ganometallics 1987,6,1381-1387. (g) Aitken, C. T.; Harrod, J. F.; Sam- 
uel, E. J .  Organomet. Chem. 1986, 279, Cll-Cl3. (h) Aiken, C. T.; 
Harrod, J. F.; Samuel, E. J. Am. Chem. SOC. 1986,108,4059-4066. 
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8, 2615-2818. (b) Chang, L. S.; Corey, J. Y. Organometallics 1989,8, 
1885-1893. 
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metallics 1991,10,924-930. (b) Brown-Wensley, K. A. Organometallics 
1987,6, 1590-1591. (c) Corey, J. Y.; Chang, L. S.; Corey, E. R. Organo- 
metallics 1987, 6, 1595-1596. (d) Ojima, I.; Inaba, S. D.; Kogure, T.; 
Nagai, Y. J. Organomet. Chem. 1973,55, (27428. 
(5) Harrod, J. F.; Ziegler, T.; Tschinke, V. Organometallics 1990, 9, 
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Scheme I 

, 
L.M.’..H 

\ 

A H ,  - -7 kcalimol M.H 

AH, ,  - -4 kcallmol M-Si 

L, = ancillary ligation 

of four-center heterolytic M-Si/M-H transposition pro- 
cesses (Scheme I). The latter scenario is supported by 
Tilley’s recent characterization of several group four-cen- 
tered stoichiometric model reactionss and thermochemical 
results,’ which indicate (for closely analogous M = U) that 
the steps in Scheme I possess no significant thermody- 
namic impediments. If Scheme I were indeed valid, metal 
centers incapable of oxidative addition/reductive elimi- 
nation sequences, which possess only one possible met- 
al-Si/H Q functionality, and for which other four-center 
processes are typically facile, might be expected to be 
catalytically competent. We report here, in an application 
of this test, that electrophilic organolanthanides of the type 
Cp’,LnR/Me,SiCp’’,LnR (Cp’ = $-MesCs; Cp” = qS- 
Me&; Ln = lanthanide; R = hydrocarbon, hydride)@ are 
highly active for eq 1, some initial catalytic phenome- 
nology, and initial kinetic/mechanistic observations.10 
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International Conference on f-Elements, Leuven, Sept 4-7, 1990. See 
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