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Abstract 

The complex [Li(THF)3H[~IS-C2B4H4(SiMe3)2]('qs-CsMes)ZIC-"I2} was symbesized via reaction of (CsMe5~'CI 3 w ~  the 
hexabomte dianion [C2B4H4(SiMe3)2] 2-. This new inelalloceng de~v~ve may be descdl~d as an aJ~o~, b~t  satld[~tc, h 
associated with an [Li(THF)3] + cation via interaction with a boron atom of the [C2B4H4(SL1Vle3)2] 2- cage. The d~af~ ~ x ~ x a ~  
pentamethylcyclopentadienide ligands are coordinated to :be zirconium in an lq ~ fas~on, and the c.mmfinafion ~mretry ~ the Zr 
atom is that of a distorted tetrahedron defined by the two chlorides and the cemsoids of the peatar~:flcyclo~mad~myl amt 
dicarbahexaborate figands. The CI-Zr-CI angle is 94.6(lY ~ and the (C2B 3 contmid~:-Zr , ¢CsMe s cen~oid) ;ingle is 131.3 °. AUem~ to 
synthesize zirconium silyl and alkyl complexes incota~rafing this carborane ligan~ hay; so far tailed. 
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1. Intrc~luction 

Since the discovery of Ziegler-Natta catalysis, olefin 
polymerization has become a very important industry 
[1]. Thus, much interest has focused on the development 
of new olefin polymerization technologies [2,3]. In re- 
cent years, polymerizations with so-called 'second gen- 
eration' catalysts, which are based on 14-electnm, d °, 
bent-zirconocene alkyl complexes of the type [(,qS. 
CsRs)27_xR'] ÷, have been the subject of many investi- 
gations [3,4]. Our interest in catalysts of  this type stems 
largely from their ability to also mediate the dehy- 
dmpolymerization of hydmsilanes to polysilanes [5-7]. 
We have proposed a ~-bond metathesis mechanism for 
this polymerization, which is related to the widely- 
accepted mechanism for olefin polymerization in that it 
involves 2 + 2 cycloaddition steps with M - R  ~-bonds 
[7]. For dehydropolymerization, metal-hydrogen (rather 
than metal-carbon) bonds participate in the four-center 
transition states. 

• Corr~ponding author. 

Studies on the influence of catalyst slmctme on 
dehydropolymefizafion suggest that steric t a , ~ i ~ e s  for 
the cyclopentadienyl ligands play an ~ role in 
determining catalyst activity, the molecular weight for 
the resulting polymer, and the ratio of  linear polymer to 
cyclic oligomers [6]- S~ica l ly  hindered l ige~s  such as 
penmmethylcyclopentadienyl ( C p ' )  increase the stabil- 
ity of the catalytically active moeonum~ hydride species, 
but ~ the accessibility of the metsl center. The 
sterically less demanding cyclo~yl ligand 
vides a more accessible metal centor but a less stable 
catalyst. Thus the intennedia~. "m/xed-d,g" C p C p ' Z r  
ligand set tm3vides op~nmn condilioas for maximiza- 
tion of catalytic activity with r~pect  to polymer chain 
elongation [7]. In general, it appears that the mo~t active 
catalysts in polymerization aze hychide complexes that 
ate stedcally protected against focmation of  iz-hydfide 
dimers, while possessing metal centers that axe suffi- 
ciently exposed to allow facile coo~rdinafion of  the 
monomor's S i -H  bond [7], 

Clearly, a major goal in catalyst design fa t  beth 
olefm and silane polymerization is the symJ~esl.s o f  
stable but coordinntively unsaturated species [3.4.7]. 
One strategy for synthesizh~ ~ derivatives 
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with a lower coordination number involves replacement 
of a cyclopentadienyl ligand in a metallocene complex 
with an isok~ml, dinegatlve ligand such as a dicarbol- 
i/de or boroRide [8]. This substitution should result in 
neutral, 14-electrml complexes that are isoelecUonic 
with catiouic [(~Is-CsR~)2ZrR'] + species. In 1991, the 
synthesis and high polymerization activity of [(,qS_ 
CsMesX,qS-C2BoHH)ZrMe]~, which is associated in 
solution, was relXnted by Jordan and coworkers [9]. Our 
interest in metal-catalyzed polymexizafions [5-7] ted us 
to a~empt development of more hindered (and therefore 
m o n o n ~ c )  catalysts based on the sterically demanding 
carboran¢ ligand [C2B4H4(SLMe3)2] 2- [10,11]. In re- 
lated studies, Grimes and coworkers have synthesized 
bent sandwich complexes of Ti, Zr, Hf, Nb, and Ta 
conta~ng C2B 3 and C2B 4 carborane ligands. The 
c~nplexes (~S-CsRsX'qS-C2B4H4EI2)ZrCI(THF) (R = 

I-L Me), and the structures of various related Nb and Ta 
derivatives were reported [12]. Recently, this group also 
described the polymerization of ethylene with (.q5_ 
C2B4H4Et2)TiCI2(PMe3)2 as a catalyst component 
[13,14]. 

2. Results n d  disenssien 

An attempted synthesis of ('qS-CsMes)[IIs- 
C2B4H4(SLMe3)2]ZrMe was based on the reported 
method for [('qs-Cs Mes )('q s-C 2 B9 H 11 )ZrMeL, via reac- 
tiun of the carborane C2B9H13 with Cp*ZrMe 3 (Cp* 

CsMe ~) [9]. Unfortunately, reaction of the flee lig- 
and (Me3Si)2C2B4H 6 with Cp* ZrMe 3 ill THF or ben- 
zene gave a complex mixture of products, as indicated 
by nunmrm~ peaks in the CsMe s region of the IH 
NMR spectrum. Monitoring this reaction at low temper- 
e~tre ( - 7 8 ° C )  by IH NMR spectroscopy revealed the 
generation of methane (0.26ppm) and initial formation 
of a new species with a Cp" resonance at 2.1 ppm. The 
decomposition of this transient species occmted rapidly 
even at low temperature, indicating that the expe-ted 
producL ('qS-CsMes)[-qS-CzB4H4(SiMe~)2]ZrMe, may 
be unstable. 

A second synthetic sWategy was based on the inter- 
mediate metal chloride complex ('qS-CsMes)['qS- 
C2B4H4(SiMe3)2]ZaCI, which could potentially serve 
as a precursor to metal alkyl and hydride derivatives. 
Owing to the ability of CI to act as a foor-eiectron 
donor, we expected this species to be more stable than 
its alkyi analogue. The in sint deprotonafion of 
(MesSi)2CzB4H 6 by 2equiv. of ~BuLi at 0°(2 gener- 
ated the dianion [C2B4H4(SLMe3)z] 2- hi THF [10]. 
Addition of Cp" ZtCl 3 to this dianion solution afforded 
compoead 1 in ca. 70% yield (by NMR, Eq. (I)). 
t~,-ffstallizafiun of this COmlXmed from pentane con- 
taiuing a trace amount of THF atforded yellow crystals 
in about 50% yield. The t H NMR spectrum of corn- 

pound 1 contains a singlet for the CsMe s ligand, a 
singiet for the trimethylsilyl groups, and peaks for 
3 equiv, of teuahydrofuran. 

NMR spectroscopic data for 1. t H NMR (benzene-d e, 
300MHz): 6 3.49 (t, J = 8 . 1 ,  12 H, C4HsO), 2.17 (s, 
15 H, CsMes), 1.38 (t, J ffi 8.1, 12 H, C4HsO), 0.74 (s, 
18 H, SiMe3). 13C{IH} NMR (benzene--d6, 100.6MHz): 
6 123.34 (CsMes), 68.55 (C4H80), 25.42 (CsMes), 
13.23 (Calls), 3.55 (SiMe3). HB b?v~  (benzene-d e. 
96MHz): 8 29.0 (br, 2 B), 20.1 (br, 1 B), --18.9 (d, 1 
B, JB-H = 149Hz). 

Note that the trimethylsilyl resonance is at low field 
(0.76ppm, compared to the resonance of 0.26ppm for 
the free carborane). This significant downfield shift may 
be attributed to aromatization to the six-electron, five- 
membered carborane ring. 

(1) 

The IIB{IH] NMR specmun of compound 1 (be- 
nzene-d 6) contains a resonance at 8 - 18.9 attributed to 
the apical boron atom, and resonances at 21.5 and 29.4 
(1:2 ratio) which are assigned to the remaining boron 
atoms in the C2B 3 ring. Compared to the liB reso- 
nances for the free carborane, the resonances in com- 
pound 1 are shifted upfield by ca. 30ppm, which may 
also be attributed to aromatization. Finally, a positive 
flame test for lithium and the combustion analysis sug- 
gested the presence of one equivalent of LiCI in the 
molecule. 

A n a l .  F o u n d :  C ,  4 9 . 1 0 ;  H,  8 .54 .  
C30H61B4C12LiO3Si2Zr Calc.: C, 48.81; H, 8.33%. 

Crystals of 1 suitable for X-ray diffraction were 
obtained by slow cooling ( -  10°C) of a saturated pen- 
tano solution containing a trace amount of THF. 

Crystal data for 1. C3oHeoB4CI2LiO3Si2Zr , mono- 
clinic, P 2 1 / n ,  a =  !2.033(3), b~17.483(3), c ~  
19.296(5) A, ~=90.16(2)°, V-4059.5(17), Zffi4, 
T(max)/T(min) s 1.11, D~ ffi 1.206gcm -3, Tffi 241 K, 
~(Mo K a )  = 4.88cm -I .  Of 7370 data collected (20rex 
= 50 ~, Siemens P4 diffractometer), 7146 were indepen- 
dent and 3417 were observed at 5o-(F). All non-hydro- 
gen atoms were refined with anisotropic thermal param- 
eters and hydrogen atoms were neared as idealized 
contributions. At convergence, R ( F ) - 6 . 1 6 %  and 
R(wF) = 8.18%. 

A view of the ~nolecular structure is given in Fig. !, 
along with sele~ted bond distances and angles. The 
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Fig. I. ~ view of compound I. Impolt~;! bond d~stances (A) ~d 
angles (deg~. Zr-CI(I) 2.447(3), Zr-CI(2) 2.462(2), Zr-Cp 2.244, 
Zr-B(I) 2.549(11), Zr-B(2) 2.554(8). Zr-IR3) 2.507(10), Zr-Carb 
2.151, Li-B(2) 2.501(13), C'I(I)-Zr-CI(2) 94.6(1), Cp--Zr--Carb 
131.3. Li-B(2)-Zr 162.1(5) (Cp and Ca.rb refer Io the centmlds of 
the pentamefi~ylcyclopentadieny! ligand and the ~ lig~nd 
respectively). 

molecule may be described as a "zwitterion', consisting 
o f  an  a n i o n i c  { ( ' q S - C s M e s ) [ ' q S - C 2 B 4 H  4- 
(SiMe3)z]ZrCI~}- bent sandwich fragment that is com- 
plexed by an ex~polybedral [Li(THF)3] + carlo0. The 
[Li(TI-IF)3] + cation is associated with the anion via 
i n t e r a c t i o n  wi th  a b o r o n  a t o m  o f  the 
[C2B4H4(SiMe3)2] 2- cage, resulting in an L i - . .  B 
distance of 2,527(17)A. The dicarbabexaborate and 
pentamethylcyclopentadionyl ligands are both conrdi- 
anted to the zircordum in an ~s fashion. The comdimt- 
tion geometry about the 7.t atom is that of a distorted 
t e ~  defiMd by the two chlorides and the cen- 
Iroids of  the CsMes and CzB~ rings. The Zr-CI  bond 
lengths are 2.447(3) and 2.462(2) A, and the Zr -CsMe 5 
centroid and Z r - C  2Bs ring cantroid distances are 2.244 
and 2.151A respectively. The CI-Zr-CI  angle is 
94.6(1) ° and the (C2B 3 cantroid)-Zr-(CsMe5 centroid) 
angle  i s  1 3 1 . 3  ° . In the z i rconium analog  
[Li(THF)2 ]{[~qS-(Me3 Si)zC 2 B4 H4 ]2 ZrCI(THF)}, the 
Zr-C1 bond length is 2.461(1) ~,. and the average Z r -  
C~B 3 ring cenWoid distance is 2.17A. In the latter 
complex, the C I - Z r - O  angle is 90.5(1) ° and the (C~B 3 
centroid)-Zr-(C2B 3 centmid) angle is 130.4 ° [10,1 I]. 

Compound 1 does not react with sterically hindered 
reagents such as LiSi(Si]~e3)3, even at elevated temper- 

amre (benzene-d 6, 70°C for 2h). Reactions of I 
MelJ and Me, MgBr afforded maay lm3ducts, as deter- 
mined by I H NMR spectroscopy. The reactivity of  
componnd 1 with other reagents is cunemly under 
investigation. 
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