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Summary: The reaction of [(q5-Ca4SiMe3)2Ti- 
(C=CSiMed&uCl (4) with 1 equiv of LiCsCR (R = 
SiMes (5a), t-Bu (5b), Ph ( 5 ~ ) )  affords the monomeric 
complexes [(r15-CgH4SiMe~zTi(C=CSiMed27CuC=CR (R 
= SiMe3 (3a), t-Bu (3b), Ph (3~)) .  Complexes 3 were 
independently prepared by starting from (r/5-Cd&S'iMe&- 
Ti(CECSiMed2 (1) and 1 In [CuC=CRl,, (R = SiMe3 
(2a), t-Bu (2b), Ph (2c)) and are the first examples of 
stable monomeric bis(r/2-alkyne)(V1-alkynyl)copper com- 
pounds. Reaction of 1 with 1 I4  [CuO-t-BuI4 (6) results 
in  the formation of the remarkably stable bimetallic 
acetylide complex [ ( r5-Ca4SiMe3)zTi (C=CSiMe~-  
(C=CCu)lz (7) (mp 157 "C dec) by nucleophilic substitu- 
tion of one of the alkynyl-SiMe3 groups in  1, whereby 
t-BuOSiMe3 is eliminated. Other nucleophiles (e.g. F- 
and EtO-) show a similar reactivity, although in  this 
case the substitution is much slower and less selective. 

Alkynylcopper(1) compounds are generally encoun- 
tered as polynuclear species which exist either as 
discrete aggregates or as o1igomers.l In these species 
the alkynyl ligands are 0- and nbonded to copper(1) 
centers. Recently we showed that bis(alkyny1)titanocenes 
are very useful chelating ligands for the stabilization 
of mononuclear bis(q2-alkyne)(v1-aryl)copper and -silver 
compounds, where aryl is for example CsH~Me3-2,4,6.~ 
In order to study intramolecular us intermolecular 
alkyne to copper coordination, we are interested in the 
isolation of mononuclear bis(y2-alkyne)(l11-alkynyl)- 
copper(1) compounds, using the chelate effect of the 
alkynyl units in the bis(alkyny1)titanocene (q5-C5H4- 
SiMe3)2Ti(CWSiMe& (lL3 

Addition of (v5-C5H4SiMe3)2Ti(C=CSiMe3)2 (l)3f to 
solutions or suspensions of alkynylcopper(1) compounds, 
[CUCECR], (R = SiMes (2a), t-Bu (2b), Ph (2c)),l in a 
1:l molar ratio leads to the quantitative formation of 
the monomeric complexes [(v5-C5H4SiMe3)2Ti- 
(C=CSiMes)2lCuC=CR (R = SiMe3 (3a), t-Bu (3b), Ph 
( 3 ~ ) ) .  An alternative preparative route is the trans- 
metalation of [(y5-C5H4SiMe3)2Ti(C=CSiMe3)21CUC1 (4) 
with the corresponding alkynyllithium compounds 
LiCECR (R = SiMe3 (5a), t-Bu Gb), Ph ( 5 ~ ) )  (see 
Scheme 1). Complexes 3 are stable in solution and in 
the solid state and can be isolated as orange crystalline 
solids by cooling their diethyl ether solutions to -30 "C. 
They are soluble in most organic solvents, and solutions 
of 3 can be handled safely in air for short periods of time. 
Crystals of 3 are stable to air for a few weeks. 

The presence of two different C z C  stretching fre- 
quencies in the IR spectra of 3 indicates that besides 
an +bonded alkynylcopper unit, CUCGCR, y2-bonded 
disubstituted alkyne ligands are present. Through the 
q2-coordination of these alkyne moieties to  the copper 
atom in 3, the v(CeC) vibration is shifted from 2012 
cm-l in the parent compound 13f to 1896 in 3a, 1902 in 
3b, and 1941 cm-l in 3c. The +bonded alkynyl group, 
CzCR, is found at  v(C=C) 2035 in 3a, 2095 in 3b, and 
2094 cm-l in 3c. 

The molecular structure of 3a was determined by a 
single-crystal X-ray diffraction a n a l y ~ i s . ~  

The molecular structure of 3a (see Figure 1) shows 
that [(v5-C5H4SiMe3)2Ti(C4XiMe3)21CuC=CSiMe3 is 
monomeric. Both alkyne groups from the bis(alkyny1)- 
titanocene are y2-coordinated to the copper atom Cul ,  
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Figure 1. Molecular structure of 3a (ORTEP, thermal 
ellipsoids at 50% probability). Selected bond distances (A) 
and bond angles (deg): Til-Cul, 2.9665(8); Cul-C11, 
1.898(3); Cul-C1, 2.074(4); Cul-C2, 2.112(4); Cul-C6, 
2.069(4); Cul-C7, 2.111(4); C1-C2, 1.236(5); C6-C7, 
1.240(5); Cll-C12, 1.215(6); Til-C1, 2.081(4); Til-C6, 
2.095(4); Til-Cl-C2,165.0(3); C1-C2-Sil, 162.8(3); Til- 
C6-C7, 165.4(4); C6-C7-Si2, 162.9(4); Cul-C11-C12, 
175.6(3); Cll-C12-Si3, 171.4(4). 

while the alkynyl ligand from the starting alkynyl- 
copper(1) compound is exclusively +coordinated. The 
C=C bond lengths of the Ti(C=CSiMe& unit are 
lengthened from an average of 1.208 8, in 13b to 1.236- 
( 5 )  8, (Cl-C2) and 1.240(5) A (C6-C7) in 3a. The 
copper atom possesses a trigonal-planar geometry and 
is surrounded by the two +bonded alkynyl ligands from 
1 and by one +bonded alkynyl ligand and represents 
the first example in organocopper chemistry for which 
the monomeric structure is brought about by q2-bonded 
alkyne ligands. The Ti-CW-Si units are significantly 
bent (Til-C1-C2 = 165.0(3)", Til-C6-C7 = 165.4(4)", 
C1-C2-Si1 = 162.8(3)", C6-C7-Si2 = 162.9(4)"; see 
Figure 1) due to the q2-coordination of the 
Ti-C=C-SiMes ligands to the copper atom. The same 
behavior is observed in similar bis(q2-alkyne)CuX com- 
plexes (X = singly bonded organic or inorganic ligand).2,3 

3a: R = SiMe3 
3b: R='Bu 
3 ~ :  R=Ph 

The Vl-bonded (trimethylsily1)ethynyl unit, CuC=CSiMes, 
has a geometry typical for a noncoordinating alkynyl 
ligand (Cll-C12 = 1.215(6) A, Cul-C11-Cl2 = 
175.6(3)", Cll-C12-Si3 = 171.4(4)"; see Figure 1). 

Surprisingly, complex 1 reacts selectively with 1/4 
[CuO-t-Bul4 (6)5 in Et20 at  ambient temperature to yield 
quantitatively the dimeric complex [(y5-C5H4SiMe3)2Ti- 
(C=CSiMe3)(C=CCu)l2 (7). The intermediate formation 
of the bis(y2-alkyne) coordination complex [(v5-C5H4- 
SiMe3)2Ti(C~CSiMe3)21CuO-t-B~ (8) is not observed; 
elimination of t-BuOSiMe3 (as detected with GC-MS) 
and the formation of 7 is instantaneous and quantita- 
tive. Other nucleophiles ( e g .  F- and EtO-) show a 
similar reactivity toward complexes 3, although the 
reaction is much slower and less selective due to 
competitive cleavage of the Ti-C=C bond (see Scheme 
2). 

Complex 7 is a dark red solid which melts with 
decomposition at 157 "C; it is air-stable and is soluble 
in most organic solvents. The thermal and kinetic 
stability of 7 is remarkable, since bimetallic acetylide 
species of copper(1) (CuCgCM) are usually very reactive 
and can be explosive.lg 

A cryoscopic molecular weight determination of 7 in 
benzene indicates that it is dimeric in solution. Vari- 
able-temperature lH NMR experiments indicate that 7 
maintains this aggregation state in solution; in the 
temperature range 207-353 K the lH spectra remain 
essentially identical. 

The molecular structure of 7 (see Figure 216 comprises 
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Figure 2. Molecular structure of 7 (ORTEP, thermal 
ellipsoids at  50% probability). Selected bond distances (A) 
and bond angles (deg): Til-Cul, 2.911(1); Cul-Cula, 
2.998(1); Cul-C22, 2.107(2); Cul-C23, 2.161(3); Cul- 
C23a, 1.920(3); Cul-C17, 2.030(3); Cul-C18, 2.086(3); 
C17-C18,1.234(3); C22-C23,1.243(4); Til-C17,2.097(3); 
Til-C22,2.079(3); Til-C17-C18,164.6(2); C17-Cl8-Si3, 
165.0(2); Til-C22-C23,163.4(2); C22-C23-Cula, 165.0(2); 
C17-Til-C22, 90.5(1); Cul-C23-Cula, 94.4(1). 

a dimer of the bimetallic acetylide (y5-CsH4SiMe&Ti- 
(CzCSiMes)(C=CCu) in which the alkynyl ligand within 
the Ti-CEC-Cu entity is also +bonded to a second 
copper atom, thus forming an alkyne-bridged dimer. The 
C s C  bond lengths of the alkyne ligands within this 
building block are lengthened from 1.208 A in 1 to 
1.234(3) A (TiCZCSi) and 1.243(4) A (TiCSCCu) in 7. 
Each copper atom exhibits a somewhat distorted tri- 
gonal planar geometry with two r2- and one rl-bonded 
alkynyl ligands. The Ti-CW-Cu moiety deviates 
from linearity upon its r2-coordination to a second 
copper atom (Cull (Til-C22-C23 = 163.4(2)”, Cula- 
C23-C22 = 165.0(2)”). The central Cuz(r$C=C)z core 
of 7 has a structural arrangement which corresponds 
to  that observed in most polynuclear alkynylcopper(1) 

I 
SiMe3 

Me3Si’ 

7 

I 
Me3Si 

‘SiMe3 

compounds, in which the alkynyl ligands are rl- as well 
as +bonded to copper atoms, thus forming an infinite 
zigzag chain.lg 

In the IR spectrum of 7 two distinct v(C=C) vibrations 
at 1896 cm-’ (TiCZCSi) and 1844 cm-l (TiCZCCu) are 
observed. These IR data are in agreement with the v2- 
coordination of both TiCWSi and TiC=CCu entities to 
the copper atom. Note that the C=C vibration fre- 
quency for the TiCGCSi unit in 7 is the same as that 
found in complex 3a. 

The bis(172-alkyne)(771-alkynyl) complexes 3 and 7 are 
surprisingly stable. They are selectively formed by self- 
assembly from alkynylcopper or copper alkoxide ag- 
gregates and the bis(alkyny1)titanocene 1. Moreover, 
dimeric 7 can be formed from monomeric 3, when 
nucleophiles are present in solution (Scheme 2). 

The coordination properties of the chelating bis- 
(alkyne) ligand 1 are currently being investigated for 
the synthesis and isolation of stabilized mononuclear 
aryl-, alkenyl-, or alkylcopper(1) fragments out of hetero- 
copper and cuprate reagents. As an example, the 
isolation of C(r5-C5H4SiMe3)zTi(C”CSiMes)zICu{C6H4- 
NMez-4) from in situ prepared c~(C6H4Nbfez-4)~ has 
recently been achieved.2 
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