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rotated with respect to the other, resulting in a dihedral 
angle of 55.6 (6)' between the planes of the Cp ligands. 
The C(7)-C(8) distance is 1.18 (3) A, short compared to 
the C r C  distance in unbound acetylene and the C r C  
distances in the Chatt type acetylene complexe~.~  The 
structure of the similar dirhenium complex (CO),ReC= 
CRe(CO), has recently been reported.% The C* distance 
is again slightly longer than that in 4. 

Since la is a relatively weak nuclophile compared with 
the substituted anion lb, it is therefore not surprising that 
CH2Br2 or CH2C12 would not react with la. The reaction 
of lb with CH212 directly produces Cp(C0)2[P(OMe)3]WI 
and 6b. No ketene intermediate was observed. The re- 
action of l b  with CHzBrz or with CH2Cl2 gives a ketene 
intermediate, which is then converted to CP(CO)~[P- 
(OMe),]WX (X = Br, C1) and 6b at room temperature, but 
a t  a slower rate. The halide anion may play an important 
role in such a transformation. Preliminary results indicate 
that the reaction of 5 with l b  in CD,CN directly produces 
Cp(C0) [ P(OMe),] W(p-COCH2) (p-CO) W(CO),Cp. The 

(9) (a) Hartung, J. B., Jr.; Pedersen, S. F. Organometallics 1990, 9, 
1414. (b) Tatsumi, K.; Hoffmann, R.; Templeton, J. L. Inorg. Chem. 
1982, 21, 466. (c) Beck, W.; Niemer, B.; Mreimair, J.; Heidrich, J. J .  
Organomet. Chem. 1989, 372, 79. 
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CO insertion takes place a t  the substituted metal center. 
The decomposition products, which contain mostly Cp- 
(COj3WCH3 and Cp(CO),[P(OMej3]WI, provide further 
evidence that CO insertion takes place a t  the substituted 
site. 

With the tungsten metal, we have demonstrated facile 
C-C bond formation of the dinuclear methylene complex 
with no other supporting ligand. The unprecedented 
transformation of ketene to acetylene may provide another 
mechanism to account for the deoxygenation of CO in the 
Fischer-Tropsch synthesis. Further work is in progress, 
and detailed studies on the formation of methyl complexes 
and chemical reactivity of the ketene complexes will be the 
subject of future reports. 
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S u p p l e m e n t a r y  Mater ia l  Available: Details of the structural 
determination for complex 4, including tables of da ta  collection 
parameters, temperature factor expressions, positional parameters, 
and  intramolecular distances and  angles, and  a table of spec- 
troscopic da ta  for complexes 2b, 3a,b,  4, and 5 (7 pages); a table 
of observed and  calculated s t ructure  factors for 4 (I1 pages). 
Ordering information is given on any current masthead page. 
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Summary: The synthesis and characterization of [Cu3- 
(CsPh),(Ph2PCH,PPh,),1 [BF,] (l), the first cationic tri- 
nuclear copper(1) complex bicapped by two bridging c- 
bonded phenylacetylide groups, is described. An X-ray 
single-crystal structure determination shows that the two 
linear phenylacetylide groups are bonded in a ~ ~ - 7 7 '  

fashion, representing an unprecedented structure in or- 
ganocopper( I )  chemistry. The electronically deficient 
bonding can be formally described as a five-center- 
four-electron system. 

The chemistry of organocopper derivatives is of in- 
creasing interest due to their wide and selective applica- 
tions in organic chemistry.l Much of the work done has 
been devoted specifically to synthetic studies through low 
or higher order mixed cuprates,2 i.e. [RTRCuLi], 
[RTRCu(CN)Li2]. However, the formulas only reflect the 
ratio of the copper salt to the organolithium reagent and 

Departamento de  Qujmica O;ganometil\ca. * Departamento de Quimica Fisica y Analitica. 
(1) Posner, G. H. An Introduction to Synthesis using Organocopper 

Reagents; Krieger: Malabar, FL, 1988. Lipshutz, B. H., Ed. Recent 
Developments in Organo Copper Chemistry. Tetrahedron 1989, 45(2). 

Lipshutz, B. H. Synthesis 1987, 325; 
Synlett 1990, 3, 119. 

(2) For recent reviews see: 

0276-7333/91/2310-0380$02.50/0 

the active species or their molecular structures are scarcely 
knowna3 At present, there are only a small number of 
structurally characterized organocopper derivatives, most 

(3) (a) van Koten, G.; Noltes, J. G. In Comprehensive Organometallic 
Chemistry; Wilkinson, G., Stone, F. G. A., Abel, E. W., Eds.; Pergamon 
Press: Oxford, U.K., 1982; Vol. 2, Chapter 14. (b) van Koten, G.; Jas- 
trzebski, J. T. B. H. Tetrahedron 1989,45, 569. 
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of which are polynuclear or highly aggregated mono- or 
binuclear species with the polyhedral metallic structure 
generally held together by bridging aryl Recent 
representative examples4 are [ cu2Li2( C6H4CHZNMe2-2),] ,& 

L ~ , C U , P ~ , ( S M ~ , ) , , ~ ~  and [ { L ~ ( O E ~ ) , ) ( C U P ~ ~ ) ] ~ . ~ ~  The 
bonding in the copper-aryl-copper bridge can be repre- 
sented by a three-center-two-electron copper-carbon bond 
in symmetrical bridges, Le. [ Cu5(2,4,6-Me,C6H,),] ,5a or by 
a two-center-two-electron bonding interaction in the 
asymmetrical  bridge^,,^^^^ such as [C~,(2,4,6- 'Pr ,c~H~)~]  .& 

While much work has been focused on aryl and alkyl 
groups, alkynyl derivatives have received little attention, 
probably $ue to their insolubility which precludes in many 
cases structural studies. Acetylides can bind to copper 
frameworks in polynuclear complexes6 by adopting any of 
the limiting structures shown in Chart I. 

Only a few examples of the types A, B, D, and E have 
been de~c r ibed :~  [Cu (c6H4NMe2-2),(p2-q71'C=CR)21 (R 
= C6H5,7* C6H4Me-d) ,  type A; the polymer [Cu(p3-q2- 
C=CP h) ] n, type D;7c [ Cu4 ( p2-q1-C=CP h) ( p3-q2-C= 
CPh)2(PMe3)4], types A and D.7d Recently, van K,oten e t  
al. described7e the crystal structure of [ Cu3{SC6H4- 
(CH2NMe2)-2),(C=CBut)] and proposed an asymmetric 
bridging p3-q2-tert-butylacetylide group. Nevertheless, the 
expected alkynyl bending and the C=C bond lengthening 
typical of q2 interactions, as shown by the aforementioned 
examples, are not observed (177' and 1.22 A). So far, a 
unique example of a p4-q2 bonding type (E) is known,7f 
namely, the atypical tetranuclear cationic complex 
[ Cu4L2(C=CPh)13+ (L = macrocyclic ligand). 

We report here the first example of a cationic trinuclear 
copper(1) complex, [ Cu3(p3-q1-C=CPh),(p-dppm),] [BF4] 
(dppm = Ph,PCH2PPh2) (I) ,  asymmetrically bicapped by 
two phenylacetylide groups which are bonded in a linear 
p3-q1 fashion (C).7g Recently, we have also preparedga a 
related trinuclear complex, [ Cu3(p3-q1-C=CPh) (p -  
dppm),][BF,], (2), of the type B. This result, together with 
the work described here, strongly suggests the special 
ability of the bridging dppm ligand to stabilize trian- 

(4) Previous examples are cited in: (a) van Koten, G.; Jastrzebski, J. 
T. B. H.; Muller, F.; Stam, C. H. J .  Am. Chem. SOC. 1985,107,697. (b) 
Olmstead, M. M.; Power, P. P. J.  Am. Chem. SOC. 1989,111,4135. (c) 
Lorenzen, N. P.; Weiss, E. Angew. Chem., Znt. Ed. Engl. 1990,29,300; 
Angew. Chem. 1990,112,322. 

(5) (a) Gambarotta, S.; Floriani, C.; Chiesi-Villa, C.; Guastini, J. J .  
Chem. SOC., Chem. Commun. 1983, 1157. (b) Probably due to the in- 
creasing steric bulk of the ortho substituents in the bridging aryl groups, 
the aryl-copper bonding changes into an asymmetric mode involving a 
two-center-two-electron interaction with Cipso a bonding to a second 
copper atom.% The transitions between the two bonding descriptions are 
probably dependent on small geometrical modifications in the bridging 
systems. (c) Nobel, D.; van Koten, G.; Spek, A. L. Angew. Chem., Znt. 
Ed. Engl. 1989,28, 208; Angew. Chem. 1989, 101, 211. 

(6) For a general review on transition-metal acetylides, see: Raithby, 
P. R.; Rosales, M. J. Adu. Znorg. Chem. Radiochem. 1985, 29, 169. 

(7) (a) ten Hoedt, R. W. M.; Noltes, J. G.; van Koten, G.; Spek, A. L. 
J. Chem. SOC., Dalton Trans. 1978,1800. (b) van Koten, G.; ten Hoedt, 
R. W. M.; Noltes, J. G. J .  Org. Chem. 1977,42,2705. (c) Corfield, P. W. 
R.; Shearer, H. M. M. Abstracts of the American Crystallographic As- 
sociation Meeting; Bozeman, MT, 1964; American Crystallographic As- 
sociation: Storrs, CT, 1964; p 96. Cited in: Coates, G. E.; Green, M. L. 
H.; Wade, K. Organometallic Compounds, 3rd ed.; Methuen: London, 
1968; Vol. 2, p 274. (d) Corfield, P. W. R.; Shearer, H. M. N. Acta 
Crystallogr. 1966, 21, 957. (e) Knotter, D. M.; Spek, A. L.; van Koten, 
G. J.  Chem. SOC., Chem. Commun. 1989,1738. (f) Drew, M. G. B.; Esho, 
F. S.; Nelson, S. M. J .  Chem. SOC., Chem. Commun. 1982, 1347. (g) A 
similar bonding mode has been reported for [Li,(C=CR),L,]: Geissler, 
M.; Kopf, J.; Schubert, B.; Weiss, E.; Neugebauer, W.; Schleyer, P. v. R. 
Angew. Chem., Znt. Ed. Engl. 1987,26,587; Angew. Chem. 1987,99,569. 

(8) (a) Gamasa, M. P.; Gimeno, J.; Lastra, E.; Aguirre, A.; Garcia- 
Granda, S. J .  Organomet. Chem. 1989, 378, C11. (b) Diez, J.; Gamasa, 
M. P.; Gimeno, J.; Tiripicchio, A.; Tiripicchio Camellini, M. J .  Chem. 
SOC., Dalton Trans. 1987, 1275. (c) Diez, J.; Gamasa, M. P.; Gimeno, J.; 
Lanfranchi, M.; Tiripicchio, A. J.  Chem. SOC., Dalton Trans. 1990,1027. 
(d) Gamasa, M. P.; Gimeno, J.; Lastra, E.; Solans, X. J .  Organomet. 
Chem. 1988,346, 277. 

c) \ d  n 

Figure 1. PLUTO drawing of the  cation of 1 with main bond 
lengths (A) and angles (deg): Cul-Cu2,2.570 (3); Cul-Cu3,2.598 
(3); CUZ-CU~,  2.615 (3); Cul-C4, 2.34 (2); CUl-Cl2, 2.06 (2); 
Cu2-C4, 2.17 (2); Cu2-Cl2, 2.33 (2); Cu3-C4, 2.12 (2); Cu3-Cl2, 
2.19 (2); C4-C5, 1.21 (2); C12-Cl3, 1.21 (2); Cul-C4-C5, 139.6 
(16); Cu2-C4-C5, 134.8 (14); Cu3-C4-C5, 137.6 (15); Cul-Cl2- 
C13, 145.8 (18); Cu2-Cl2-Cl3, 125.9 (15); Cu3-Cl2-Cl3, 135.8 
(17). 

guZo-Cu3 frameworks, which can be used as an appropriate 
support of linear bridging alkynyl groups in organocopper 
chemistry. 

The binuclear copper( I) complex [ C ~ , ( p - d p p m ) ~ -  
(MeCN)2] [BF4I2 (3)gb reacts with bidentate nucleophiles 
and acetylides to give bi-,8c tri-,ga and tetranucleara com- 
plexes. The reaction of 3 with HC-CPh (molar ratio 3:4) 
in the presence of an excess of KOH in CH2C12/MeOH 
gives complex 1 quantitatively, which is isolated as a 
yellowish air-stable solid.g 

Conductivity data (in Me,CO) show that 1 behaves as 
a 1/1 electrolyte. The IR spectrum (KBr) reveals a strong 
and broad v(B-F) band at  1056 cm-l and a weak v(C=C) 
absorption a t  2027 cm-l. The lH NMR spectrum of 1 
shows a methylene resonance as a nonresolved multiplet, 
indicating an effective equivalence of the CH2P2 protons. 
This is consistent with the existence of a formal plane of 
symmetry containing each Cu2P2C moiety arising from the 
presence of the two p3-ql-C=CPh ligands on each side of 
the Cu3 triangle. I t  is also in accordance with the in- 
equivalence of the corresponding protons Cu2P2CHAHB in 
the related complex 2, where there is no plane of symmetry 
and a typical ABX, spin system is observed in the lH 
NMR spectrum.8a The 31P{1Hj NMR spectrum of 1 ex- 
hibits a singlet resonance a t  6 -4.39 ppm, also indicating 

(9) Under anaerobic and anhydrous conditions, a solution of complex 
3 (0.5 mmol) in CH2C12/MeOH (3:l; 60 mL) was treated with HCECPh 
(0.67 mmol) and an excess of KOH and stirred at  room temperature for 
24 h. After evaporation to dryness, the resulting solid residue was ex- 
tracted with CH2C12 (3 X 5 mL) and the solution partially concentrated. 
The addition of hexane gave by precipitation complex 1 as a yellowish 
solid. Anal. Calcd for CS~H,~BCU~F,P~: C, 66.99; H, 4.66. Found: C, 
66.85; H, 4.78. 'H NMR (300 MHz, (CD3)2CO): 6 7.2 (m, 70 H, C6H5), 
3.35 (m, 6 H, CH,P2). 31P{1H) NMR (121.5 MHz): 6 -4.39. Complex 3 
can be prepared in lower yields by the reaction of 2 with an excess of 
LiCECPh (molar ratio 1:3) in THF or, alternatively, by treating [Cu3- 
(~-dppm)~(p-Cl),] [BF,] with an excess of LiCECPh. 
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the chemical equivalence of the phosphorus atoms. The 
crystal structure of 1 was determined by X-ray diffrac- 
tion.1° A drawing with the main bond distances and angles 
is shown in Figure 1. 

The cationic complex consists of an isosceles triangle 
"cluster" of copper atoms (Cu-Cu distances 2.594 (3) 8, 
(average)) with a dppm ligand bridging each edge to form 
a roughly planar [Cu3PG]+ core (the deviations of the P 
atoms from the Cu3 plane are as follows: P1, 0.051 ( 5 ) ;  

P6, 0.562 (5) A). The most remarkable feature is the 
presence of two triply bridging phenylacetylide groups, 
forming an unprecedented bicapped trigonal organo- 
copper(1) derivative. The bridging mode of the alkynyl 
groups is highly asymmetric, as illustrated by the different 
bond lengths of Cu-C (2.063 (181-2.342 (17) A) or bond 
angles between the alkynyl groups and each copper atom 
(125.9 (15)-145.8 (18)'; see Figure 1). The intersection 
angle between the two bonding lines of the phenylacetylide 
groups, C(4)-C(5)-C(6) and C(12)-C(13)-C(14), is 166.6 
(14)'. The linearity of each phenylacetylide group (bond 
angles of 177.3 (23) and 178.4 (21)') and the CEC dis- 
tances (1.214 (24) and 1.209 (24) A) are consistent with 
typical metal-acetylide bonding, and hence, the complex 
shows a five-center-four-electron bonding system, a very 
uncommon case in organocopper chemistry. 

Another relevant feature concerning the Cu-Cu and 
Cu-C distances should be mentioned. Although the cop- 
per-copper distances (2.594 (3) A (average)) are consistent 
with nonbonding interactions,l' they are shorter than those 
found in 2 (cf. 2.997 (3) A (average)).8a In contrast, the 
Cu3-C distances are significantly larger (2.211 (16) A for 

P2, 0.683 (5); P3, -0.747 ( 5 ) ;  P4, -0.776 (5); P5, 0.497 ( 5 ) ;  

C4 and 2.195 (19) A for C12 (average); cf. 2, 2.027 (14) 8, 
(average)). This seems to suggest that the bonding com- 
bination between the copper orbitals and the two sp or- 
bitals is more localized at  the metallic system in the Cu3C2 
core (type C) than in the analogous Cu3C (type B). As 
expected, the Cu-Cu and Cu-C bond lengths are larger 
than those found7b in the case of the three-center-two- 
electron alkynyl-bridged p2q1 system (type A; Cu-C, 1.984 

A solution of complex 1 in CH2C12 (containing traces of 
HCl) gives the mixed-bridge derivative [Cu3(p3-C1)(p3- 
q'-C=CPh)(/*-dppm),] [BF,] (4) with a triply bridging 
chlorine..'* These peculiar bicapping phenylacetylide and 
phenylacetylide-chloride systems, found in 1 and 4, re- 
spectively, are structurally and electronically related to 
similar triangulo-M, (dppm) clusters (M = Ni, Pd, Pt) 
with triply bridging carbonyl or methyl isocyanide lig- 
and~.'". '~ Therefore, the new Cu, complexes bridged by 
dppm ligands offer an unusual opportunity to compare 
structures and reactivity between formally metal d10 
clusters, which may be of interest in elucidating the role 
of catalytic amounts of Pd(0) phosphine complexes in the 
copper(1)-mediated couplings of  acetylene^.'^ 

Acknowledgment, We thank the Direcci6n General 
de Investigacik Cientifica y T6cnica for financial support 
(Grant No. P B  87-912). 

(7)-2.130 (6) A; CU-CU, 2.474 (4) A). 

Supplementary Material Available: Listings of positional 
parameters for non-hydrogen atoms, bond lengths and angles, 
anisotropic temperature factors, positional parameters of hydrogen 
atoms, and torsion angles (23 pages). Ordering information is 
given on any current masthead page. 

(10) Crystals of the complex were obtained by slow diffusion of Et,O 
into a T H F  solution of 1. Crystal data for 1: C91H76BC~3F4P6, M, = 
1632.9, monoclinic, space group P2, / c ,  Q = 14.613 (1) A, b = 21.863 (1) 

g/cm3, T = 293 K; crystal dimensions 0.30 X 0.20 X 0.13 mmj; Mo Kcc 
radiation (A  = 0.71073 A), graphite monochromated; 12 486 reflections 
measured on an Enraf-Nonius CAD4 (w-28 scan technique), range 0 C 
8 < 25' and -16 5 h 5 15,O 5 k 5 23,O 5 l 5 29; 11 440 unique reflections 
(R,,, = 0.042, averaging some double measured) and 4813 observed ( I  > 
3o(n). Semiempirical and empirical absorption corrections were applied; 
p = 9.28 cm-'. The structure was solved by Patterson interpretation 
(SHELXS M) and anisotropically refined (SHELX 76) to a final R = 0.077 (910 
parameters and unit weights); maximum shift/error 0.28, pmsr = 0.76 
e/A3. 

(11) Cotton, F. A.; Feng, X.; Matusz, M.; Bli, R. J .  Am. Chem. SOC. 
1988, 110, 7077 and references therein. 

A , ~ = 2 6 . 6 7 2 ( 1 ) A , P = 1 0 2 . 8 6 ( 1 ) ~ ,  V = 8 3 0 7 . 4 ( 1 ) A 3 , Z = 4 , p , ~ c , j = 1 . 3 1  

(12) Pale yellow solid, &(acetone) = 140 C1 cm2 mol-'. IR (KBr): 
u(B-F) = 1055 (s, br) cm-'. 'H NMR (300 MHz, CDC1,): 6 3.15 (m, 6 
H, CH,P,), 6.7-7.2 (m, 60 H, Ph,P), 7.3-7.6 (m, 5 H, PhCEC). 31P(1HJ 
NMR: 6 -8.98. Anal. Calcd for C,,H,,BCu,CIF,PcJ/XH,C1,: C, 62.12: _ " , _  - -  
H, 4.45. Found: C, 61.94; H, 4.63.IThe str&ture has been confirmed by 
an X-ray crystallographic determination: Garcia-Granda, S.; Aguirre, A. 
Personal communication. 

(13) Ferguson, G.; Lloyd, B. R.; Puddephatt, R. J. Organometallics 
1986, 5 ,  344. Manojlovic-Muir, L. J.; Muir, K. W.; Lloyd, B. R.; Pudde- 
phatt, R. J. J.  Chem. Sot., Chem. Commun. 1983,1336. Bradford, A. M.; 
Jennings, M. C.; Puddephatt, R. J. Organometallics 1988, 7, 792. 

(14) Ratliff, K. S.; Broeker, G. K.; Fanwick, P. E.; Kubiak, C. P. An- 
gem. Chem., Znt. Ed. Engl. 1990, 29,395; Angew. Chem. 1990,102, 405. 

(15) Brandsma, L. Preparatiue Acetylenic Chemistry, 2nd ed.; El- 
sevier: Amsterdam, 1988; p 231. 

Thermal and Photochemical Decarbonylation of 
( MeC5H,),N b( q2-C02) CH,SiMe, 

Peng-fei Fu, Masood A. Khan, and Kenneth M. Nicholas* 
Department of Chemistry and Biochemistry, University of Oklahoma, Norman, Oklahoma 730 19 

Received October 17, 1990 

Summary: (MeC,H,),Nb(v2-C02)CH2SiMe, (1) undergoes 
thermolysis at 60 OC in THF to produce (MeC,H,),Nb(= 
O)CH,SiMe, (2). The structure of 2 has been confirmed 
by X-ray diffraction. The 1 + 2 conversion is promoted 
photochemically, occurring at -20 OC within minutes upon 
UV irradiation. 

Despite expanding interest in transition-metal-mediated 

*Address correspondence to this author. 

0276-7333/91/2310-03S2$02.50/0 

chemical' and electrochemical2 transformations of carbon 
dioxide, the reactivity of coordinated C02 remains largely 
unexplored., In this context we reported recently the first 

(1) Reviews: (a) Behr, A. Carbon Dioxide Actiuation by Metal Com- 
plexes; VCH: Weinheim, Germany, 1988. (b) Ito, T.; Yamamoto, A. In 
Organic and Bioorganic Chemistry of Carbon Dioxide; Inoue, S., Ya- 
mazaki, N., Eds.; Halstead Press: New York, 1982; Chapter 3, pp 79-151. 
( c )  Darensbourg, D.; Kudaroski, R. A. Adu. Organomet. Chem. 1983,22, 
129. 

(2) DuBois, D. L.; Miedaner, A. J .  Am. Chem. Sot. 1987, 109, 113. 
Fisher, B.; Eisenberg, R. Zbid. 1980,102, 7361. Tezuka, M.; Yajima, T.; 
Tsuchiya, A.; Matsumoto, Y.; Uchida, Y.; Hidai, M. Ibid. 1982,104,6834. 

0 1991 American Chemical Society 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

Ju
ne

 3
0,

 2
00

9
Pu

bl
is

he
d 

on
 M

ay
 1

, 2
00

2 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

om
00

04
8a

00
6


