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AtawAL SURVEY COVERING TIE YEAR1975 

Peter C. Mzites 

Divisian of 4plGd oqanic c3x+sey, 
C.S.I.R.O., Wlboume, Auskal~ I 

The orgaxmetallic chemGay of these metals is nxeiving an 

-ingalmlmt of attention. Themainemphasishasagainbeenon 

c~~o~t~~l~~,dithoughpapers~cydlooctat~ yl and 

-cycloheptatri~ylderivatives featureprcndn~tly. Reviewson 

Organotitanium ccmpounds (1) and Oqqnohafnium Caqunds (2) have been 

published in Russiim. 

cRys11AL.m 

The B of seventeen aq0undshavebekinvestig.atedby 

x-ray techniques. @YSblandIlDleculaZ?stXU~ of the titaniumUI1) 

ccglrplexes. <Cp2TiCl)2-~Cl2~2CsHgf and <Cp2Ti=DlE)2(Zn2C16)-C6H6 have 

beendetenGnedfnx11singlecrystdLdiffractionclata<3). The first 

bridgesbetweenthemetdls,wfiiletheseccsldshocJsat~cation, 

<Cp2Ti-IXiE)i. 

Tlle~ofs~cyclopentadienyltitanirm(Iv) dihalides 

have been published, including untwinned Cp2TW12 (41, <as~5~)2Tic12 (5) 

and ('15-Me~C,)2TiC12 (6). TlE~imrestigationOftheMsc~~ 

derivativeformedpztofast&ybyIkhlandcollabra toxsonthenature 

ofthelxmdingtiCp2Mc&xnds. Thewx-kwi3lbedescribedmxefully 

. 
inthesecticncll~ l-. InthepentanMhylderiMtive 

sewrelringIl&hyliqxupsarebentoutofthecyclaperRadienylplaneawaY 

l cp=R-cycloperrtadienyl 

Annual Survey covering W&year 1974 see J_ Organometal- 
Chem., 103(1975)475-494. 

Bdaeneap_9z3 
:- 



andM+Meum- betueentheUP~S_ 

In the teW dbirbnyl, Cp$FiCCO>, the Ti-CO bond length is 

2.030 & ampx@wZthth avenge T&C&p) d.iSaxx of 2.347 w (7). 

. 
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AIKfLANDARYLxDERIVAl-IVgS UncludingAllyl) 

ksertionofisonitriles,RI!!,where R=Meor t-Bu, into thehalides 

oftitanium,zirconiumand~~occurs~y,apparentlyv~a 

int2Imediat2 adduct. Mult5ple insertion my occur for R=Me, but only 

singl2 insertion for R=t-E?u, probably for steric reasons. Theccanpounds 

obtained, of type ~MC~~<CK~)=NE~I~WNE~I~~~ or MEC(Cl)=NHe3,,, are poorly 

solubleandatleast~ic,p~~lywith~~~g~bridges (17). 

'A?imathylsilylmethyltlylnethyltitanium halides, <Me3SiCH2)nTZl,+_n, where 

n=l or 2, have been prepsred as reddish liquids fxm Tic& and RMgCl 

orRI5. Thermal stzbilities of the -1s follow the order, 

FXiC13>_R2TiC12>R,+Ti. Thetrisalkyl, <Me3SiCH2)3TXl,couldnotbemde 

inthe ~way,~twas~sentinmixhtreswith~~~~~Tic12.1H~ 

and iaa data are reported (18). 

Standard heats of formation and M-C bond energy terms for do 

titaniumand~~campounds,~,wfiereR=Me3Si~,~~(xH2or 

mlCH2, hav2k2n derivedik_mtheheatsofalcoI-mlysisofthese~unds 

~isoprowlala>hol,andfiamsubsi~data. Cmpmison with alkoxo, 

amide and halo derivatives showed that for Ti, Zr and Hf, man bond 

simx@hsdecreasedintheorder, M-OX3-ClX3-N>M-C. Thevalues for 

zckccmi~- namtoniay higher than those far titanium by 15%, and 

slightlyhi@leragain forhafnim. Inneopen~lderivativesa 

considerably w&w-ned M-c was f& (19). 

Reaction of l5C1, with the disilacyclobutan2, F!e2Si<U-$)2SiMe2. 

gavea.~sh-brocmliquididentified~analysis, %m&.nd-s 

~a~thesilylmethylderivative,U3~~Si<Me)~SiMe~U (20). 

'EG_s<rr-cyclohexenylkitaniua(III) has been prepared in 10% yield 

fmmcyclo~~~~itrm~de~TiU~,asared-bzacsl paraunaetic 

solid wh$ch detxmgosed slovly in toluene solution at 23' (21). In a 

paperby===and axmrkxs sixdifferenttypesofa3ly33rHalderivatives 

aIE~onthebasisof~and41NMR~data; 
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viz*.lT,u,Dandu-c‘iynamicorstatic_ me SpectM of allylzirconim 

andallylhafnhmccqxmds, HA4, CCXAW,~, CccIITMHet)2, (031?)MCcrat~z, 

rs.&zeN= i%carHf, A=allyl,Met=m&hy~yl,Crot = cmtyl, 

coT=~~ate.traenyl,arediscussedand~mapo~~sified 

according to the above scheme- Accmpekmivedisarssionofspecrtral 

data and the variation of behaviour with temperature is giwtn (22). 

corlductitity mts in THF and diethyl. ether (23). 

In cxmwcti~wi~ olefinplym.riz%ngsystems,thereact5ons _ 

between TitCX$W4+AlCCH$h)~, ~~~~~C~C~~~P)+A~L(C~I~C~~~P) uzre 

inves&atedusinguycucq.yasweJAas 41 NMRaridxnssspectrosa3py. 

Theextentofthereactionxwiched a mxinnm at Al/Ti ratios between 4 

ands,andre~tedin eGmSmtionofonebenzylligandastomer~e 

brp-xylme> and redwtim ofti%zuxhmCIV) totitaniumCII1) in a cxnqumd 

formitatedas, C~~,Ti~C~rn~*. D5.bmzymalsom 

TiCCH2Ph~4txrtther6.xbmedidnatpolynrerize oJ_efins (24). In the 

polymerizationofbuizdiene,TiCCH2Fh&,and itsu-cIiWru~o-fiuoro 

~~esshawedonlys~aftivity,whichwaS~~~~tby 

addition of AlEt3. Inthepxwmc!eofAlc13, predhtiyeia-1,4or 

?kwm3-1,4-gx3lyhsmdiene was form& (25%). 

nEacticrnof2wl~ofdiphenylamineantetrabenzylzirconiumin 

bentenedisplaced.twobmzylgmupsandpmdwedyehw,crystdlline 

C~,2?+Pix2'2 in 60% yield <261- 

Only one azyl has been reported, C2,4,6-Me3C&)$i-2EX20 , 

prqz=ed in 6%70% yield f&m Ticl,, and R&En Thexuvlysis a2 235’ 

gave~ymes%~lene, dhesityl. tolume and ethane (27). 

. ‘__ .- 1 
: ._’ : 



explained by an equilihvium between 

co, 

<Cp2TiC1)2+2CO e 
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the initially formed <C!p2TiU)2and 

Zincandrmgnesiumareals~active inthisreaction. Reduction of 

CpTiC13 with Mg in the presence of cycloheptatiene gave CpTi<C7EZ7J (28). 

Carkonylation of cyclopentadienyltitanim-x derivatives to give Cp2Ti<CO)2 

carz be facilitated by addition of AlEX3. which in CFeases solubilityby 

caqxlexation. In this way, Cp2Ti<CX2FM2, Cp2TiC12 and <Cp2TiCU2 in 

heptanerJerecon~~~to~carbonylbycOata~sphericpressureand 

ambientt~tures. Ih armztic solvents secondary reactions dur%g 

carbonylationledto polymericanqounds containingTi_-obonds. Ihring 

ttbecourseofthisworJc~enewbenzylderivatives,Cp2Hf(CH2Ph)2, 

<Y~-KI'~T~<~P~>,, <Ind>2Zr<Cki2Ph'2 and ~THhd)2Ti<CH2F'h~2, where 

Ind =n-indenyl,andlXInd =tetmhydmkd~l,we~pr-epxed fran 

PhCFI2MgClandtheappropriatemetalhaLide. Thered,crystalline 

mmyly Cp2Ti(CO)~3. wasalsoobtainedbydispla~ tofoneCO 

f%un thedicarbanylwith~3. Mention is &e of <Ind)2Ti<CO)2 and 

0HInd>,Ti<CO>, but no details are given (29). 

El~~ccleavageoftheC-Zrbo~in~~~~~~, 

formea-byadditionofCp2Zr(U)Htoolefins,has beeninvestigatedfurther. 

Inparticulartheer@hw-andthreu- fonnsofCp2ZrKl.XHWHIDk3were 

cleavedbyBf2with~~i~ofco~~ti~. lkeaqoundsformdby 

xnsertionofC0,S02andObetweentheCand Zrofthisalkylderivative 

weredetected ~icaIUyandizheirNMR~tex5~ted (30). 

TexminalorinterndLolefinscanbecan~edto prinnIyalaJblsby 

oxidati.o~~oftheXl.ky~utn,Cp~Zr(Cl)R, foxmEdby~tionofthe 

01efintoCp~ZrKl)H. Fmticoxidkhgagents suchaspemxidesand 

peracidsfonmthealco~l~y,w~drycmygenfolnsinitially 

thealhxide whiehx5lst be lIydmlyz.ed (31). wiel1,3-dienesthe2~um 
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hydride was f&ml to mdergo 1,2-addition to the steric&ly leSS hindered 

oiefinic unit to give y,b-unsamted complexes in.80-90% yield. 

Treament with CO at 20n and 50 psi followed by hydrolysis then gave 

y,&msatwated aldehydes, while reaction with PI-brcmxuccininide led to 

mdes, smxzt?mes mixed with the derived cyclopmpylcarb~yl brcm%de <32), 

e-g., 

h + Cp,Zr(Ci)H 

In like xrnnner, addition of Cp2Zr<C1)H to acetylenes proceeded 

stereospecifically cis giving vinyl zirconium derivatives, e.g., 

cp*7mlxme)=Et fmmMeczCEt. With N-bzmmsucci, 

N-chlorusuccinim%de or iodine, vinylic halides could be formed in 53-100% 

yield with retention of C=C stereo&m&try <33). 

Triethylgerm=lder~vat~veshave recei~fdsOmediS~ti~ fmRlSS%aIl 

wo?ti- Intetr&ydrofumn,Cp2TiC12 formeda Tia'tith 

bis<tiiethylgemqzlIcadmim, Cp2TiC12.cd~GeEt3)2 , which was readily 

OxidLzed in air (34). In -tic solvmts sloxdeccqosition occmred 

at 2o", 

Cp2TiC12-cd<GeE'3'2 -+Cp2TXl,G&t3+Cd+Et3GeCl 

Ath%gherteqma tures,red~zttinoftitaniumcccurrad. With HgCGe?Zt3)2 

and C&TiC12 in benzene, metallic mercuary formd immediately together with 

<Cp2Tm_~2andEt3GeCl_. W%tiCp2zrQ2 intoluenebis<triethylg~l)cadmiuu~ 

gave Cp2%GZL&Et3 in 41% yield (35). 

Themztim.iLouswrkof%minskya.&com&ersonthe~ofthe 

. 
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reaction between Cp2ZrCl2 and AlEt 

has been isolated and chamcterized 

orwnozirconium-alusliniurnc!ancounds 

-+--r$ +-c-c -“: -zr(c-c-+L] 2 

-Al- 

has contim&. Amngeofcoapounds 

including Cp2Zr<Cl)Et, and several 

containing groups of the type 

and--Zr(C-?lj2. Preparative 

procedures are given aud the kinetics of their in-t-nvezxion discussed (36). 

TheIHNMFtS _pectra of several of the complexes ama detailed in a separate 

_paper <37) with 

tfxparatures. 

The doubly 

referencetostmctures, cc.nfom-ation and coalescence 

methyl-bridged titanium-aluminium cceplex, 

*has been pregered 5-053 ~L~~xIC~)~ and ~Lif-Z-%s++ in toluene at O". The! s-e% 

pz.caz~etic coq1e.x decoqosecl slowly ix? solutkn at 0 0 _ me corresponding 

yttrium ccmqmund was also isolated. Under the same conditions, &Kl.H2Me2 

gave the hydrogen-bridged, Cp2TiH2AlMe2 <not isolated in a pure state) 

while P12Ke6 fomzed the 1:l complex, Cp2T*JN=3Cl, the bridging ligands 

of which cculd not be identified (38). 

The trimetallic titanium(III) species, (Cp2TiX)2t-W2, where M =Zn, 

Eie or Hn, and X = Cl OF Br, have been reinvestigated (3). Theywere 

p=paredby~gMe=l=*; reduction of ti?anim<Iv) species by 

free metal, or addition of metal halide to a titanium<III) species. The 

mystallinecyclopentadi~ylcmpxmdswere solvated,but substitution into 

thi cyclopentadienyl rings allowed solvent-free crystallization. Changes 

in knsicity of solvent can cause dissociation of the k+nuclear canplexes. 

Thus in diethyl ether, (Cp2TiCl!2ZnCl2.2C6H6 dissociated to Cp2TiC1, whereas 

in JME &s ionic ample, (Cp2Ti.IY.IE)2.tZn2Cls).C6Hg, was fomxxl containing 

thecation, CP2T3qqp r -'=Ti%12*- 
Thebenzeneruoleculesinbothstructures 

resideintheaystallattice. X-Ray stcucturel data were mentioned in 

thefirstsection. 

lL?kmcup_370 
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Attempts to replace the chlorides of CpTiC12 with trm l-mzthylallyl 

groups~t~inthefarrnatianofabutadienecarrpls<, 

cpTic1* 

Qz13 
l-BxiUylMgEbt CpTi(h4-C4~)(h3-C,,H$ 

Thebmxndiamigneticamplexwasthemnllystable<decxmqxx 5ng at 8S°C> 

but sensitivetooxygen. Themdeofattackmkmtofthe ligandswas 

indicatedbythe~,1HNMR,13cNMRandnrass spectra~~oby 

the nature of the products obtained on brux&aticm (39). 

cmpmnds, Cp2TiR2, where R = Ph, 3-MeC6H4, 4-MeC6H4 or 3,4-Me2C6H3, was 

found to be first order with activation emrgies of 20-30 kcal mole-l, 

dependingonthenatureofR. Amac-tionmchmismwasproposedinwhich 

the Srstandrate det ennining step in the decarqosition is the conversion 

of one of the u-bonded R ligands to a r-bonded activated state. The effect 

of deuterated ligands on the activation energies was also studied (40). 

In a sepamte paper similar ccmsiderations wepe appli& to the benzyl 

derivative, CpzTi<cw2ph)2_ Thermal decaqosition occumed by abmction 

of hydmgen from Cp rings with qmrrtit&ive fonmt%on of toluene- The 

reaction was first oMerwith an activation energy of 16 kcal mle -l (41). 

DifferentialthenEll analysesoflikeaxpxmds,Cp2TiR2,whereR=H, 

MeorPh,hwebeen carried out by other workerz-(42). 

Flrstolysisunder Wlight ofthecyclopenmdi~ylandindenyl 

derivatives, Cp2TiMe2 am3 Gnd)2TiMe2 inpentaneund~anatnmsphweof 

Co gave the crkmyzs, Cp2TXm2 and <md>2~(co)2 in about 50% yiela (43). 

~~Cp2TiSghasbeenusedasasupportinadilutesingle 

t rL w s study of c!p*vs5_ Thiswrkhas~eda 

quantitativedet erminationof~erelativemetalorbitalcharacterand 

thedirectionall _ "esof~empaixwIelecr&min~~~~gnetic 

cp*m- merFSliLts~talcenasevid~forthemn~~ty 

oftheBallhausen_DaNmdelfordland d2bis<cycloperrtadienyll)metal 

. 
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derivatives, and for the iuadequacy of the Alcock ruxlel (44). Similar 

EPR Bts cax-ried out on (Q~-M~C~I++)~VC~~ dilutea in 

(us-MeC,3~)2TiC12 sup_mrted the p& ethatthemetalorbitalchzacters 

Ofthe~~el~narenotsOonglydepend~toIIthenahrre ofthe 

ligands,L. AcmparisonofX-rayst~~~m dataskmedthattheCl-Ti-Cl 

bond angle of 93-2O is 6' larger than the Cl-V-Cl angle, aud the Ti-Cl bond 

1qQh of 2.36x 5s 0.04x shorter than V-CX. Thesedifferencesarein 

hh~nywiththe~~electroninthevaMdium(Iv) cmrplexoccupying 

a~leculararbitalwfiichisantibondingwithrrspecttothe V-Lbcmds. 

Sincermstofthespindensityislocalizedinthe~p~e,asignifi~t 

interaction with the Cl ligands is possible, from which was rationalized 

both the d ecrease inthe L-M-Langleaudtheauti.bmdingeffectontheM-L 

bondasthe~ ofeleotronsoccupyingl5sMois increased (5). 

Ihta fmnmlecularorhital calculationsandphotoelectronspectra 

obtained for do ,d1andd2titauiumandvanadiumcmqounds oftype Cp& 

were fomdto mpportthe interpretations fromtheEFRaudcqstallographic 

data, thatthe~pairedelecixuuresides primarilyanthemetalataninan 

"l-- 
moleculaoorbi~ oomposedof 3dzz withasmallbutsign?ficant 

aummt of 3dx2_yz and virtually no 4s character. Photoelectmnspectraof 

Cp$=% and &5=CS('2~12 wererneasm&andinterpretedusing 

apmte mlecular orbital calculations (45). 

severe3 org anocInla&xderivat~veshavebeenprepared. Reaction of 

Cp2TiCl, with thiosalicylic acid and toluene-3,4-dithiol in the presence of 

zn,Mgorsn,rmdwith~~,2--dithiolinthepres~~ofzn,ga"~ 

bimstaUicaxnpl~es,sanetimes solvatedwith acetone or 'II-IF (46); e.g., 

L=thiosalicylato 
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Ligandexchange reactions between CpT2C12 arid sodium salts of 

di~~cacidshavegiventhetitanium<m) dithiocarbamates, 

CpTX5+3G$>2,where R = Ye, Et, Pr and % = <CE$15, to which a mncamric 

five-coordinate structur‘e was as&gned (471, 

Organochal~gen-bridgedbinuclearcanpl~es of titaniumand imnof 

have been P=F-=-=d froan cp2Ti@.m2; whereER=sMe,sph,seMe,sePbor 

TePb, and Hg[Fe<CO>pO]2 at mamtanpeMture in acetone, their rates of 

formation in~ingintheorder,E=S<secTe_ The blue to violet amplfxes 

werestab~eundernitmgenbutsolutions incNsodeaxpsedinmediatelyin 

au?. Tk~lHNMRspeche&ma2dthepmsenceof Zscmms,prvbablyois-and 

?Swns- fornS ofthe_ER gr~ilps (48). 

~~-andbisCcyclopentadienyl)titanium(m) cMxxyl.ates,~ 

[CpTi(02CR)2]2 and Cp2Ti<02CR), have been prepzed by reduction of.the 

-titanimtrV) *i--anddicMorideswi~NaM4 foilowedby 

treatmentwiththeappmpiate rxr%oxylicacid (49). Spectreland 

liqgeticdataagreewiththosereportedearlier. Se~triorganxiloxo 

derivati~-ofti~~oftypes,Cp2TiC1<OSifiR;) aadC!pTi<OSIRii;~J,whe~~ 



R, R’ = Me or Ph, have hen prepared from the xitzmitmx halide and the 

sLlano1 in the presence of triet%yXamine, or _&urn the sodium siloxide. 

Resistance to hydrolysis i3xcmased with the nxinkber of phenyl gxxqs in 
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the. 

siloxo Ligand. Correlations were mde between substituats on the silicon 

and the Cp pruton resow inthemR t?$eamm <so>. 

Tit&-ii uwcontaining carbenoid complexes were msde by ke.ament of 

CCXJ)5CrCCOLilX, where X = NH”* or Ph Cobtaiwzd from CrKO)6 and Wo, with 

Cp.pl* in m&-ly&Yie dichlorLde at -3oO. The carbenoid, 

<CO)$YC[UTiCp$A~X.whereX= F%,wasmre stabletknX =rjr?e2,wtich 

dec!mpsed at roclm temvti (51). Tnfmredandelf3ctronics‘truchrrr 

were reported. 

Ckmkal trmsfomatioPs of the &&ketonates, cpMR3, have been 

rAidied,wha7e~f= Zr or Hf, R = acetylacetonyl, benzoylacetonyl or 

d%benmyk&hanyl., and I$ Can be a mixture of xhese. W%hHCl or acetic 

acid, the @diketonate ligand was repfaced rare readily than Cp. When 

% uzs a nGxtuze of B-dikeixxxate ligands. dispro~ionz&_on occum?ed~ 

readily (521, Withbmmin e, ihe Cp ligmds were cleaved~~~xe readily fm 

both~3andCp~gi~rminlyRLNSr2togetherwitha~lvnolmt of 

q$-iBrz CS3). 

'&we papers describe tidotitankm derivatives, The reaction of 

Cp2TZ12 wzithI&.NRR* gave Cp2TiClOIRR') and Cp2Ti<NRR'>2,whezz 

R, R' = Ph, H; Ph, F'b; p-02NC6E#+, H CW). Wsplacemmtofaminefnm 

CR2NIQT%, where R2 = Me2 or C5Hlo, by a oyclopm~ene, C,E$RIR*', G&S.YZ 

R', R" = Ii, alkyd, Sik, or.GeMe3, led to the cunpunds ~C6H3R'R'9i'i(Nl?2~3, 

whZc%wwxmxtZyredoils. Theinf&c&andlB&inspectMweredetail~ 

and discussed.<55). In a separate mmprehensivepaper,trends intbe tr 

and z3C MR speotra of these amSo ampolmds~analyzed. AStheSize 

of R , R' and R" increased,bElldingoftieringsforredadeparturem 

the h5 structurr? of '~N'$i@ and in the direction of the h* structure of 

CR&Ti'C5H3R"~"'. The indenylmrpxxmd, &d)Ti<Me& probably has 

a trikrapto indenylligmd (561. 
-_ 
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Aseries of pal ypyrezolylborate axrg+exs of type, Cp2Ti(P",&!J$>, 

wherex=O,lor2: Pz = pymzolyl or substituted pryaimlyl, has been 

pree frcm <Cp2TiCL), with KHBF'z3,. KBF'q,, KHB(3,5-Me2FW3 and NaK2BPz2- 

The~&cmplex,CpTi~Gil3Pz3) frunCpTiCl3a1~IKHEPz3, cmldberechwzd 

withzinctoCpTiCl<HBPz3),whichwasalscmde fmmCpTiC12. The 

tetmpymz.01ylbratecmp1ex,Cp2TiBPz,, ,reactedwitiafurtherCp2TiClin 

the presence of N&3% giving the spim axqxxmd (571, 

have continued. The fullpaperdescribingthevarious typesofactivity 

has beexx @Emshed <SE)_ In-ccmpoundstheonlychiwlel~isan 

asymwztric titanium atan (Qpe A). Asecondchiralelmentcanbe 

introducedin~wayst- Ci~asa.n~cca&cmatanonaCpring - 

(Type B),oras~a-carboninatrimethylenebridge (?LpeB'); <ii) as 

anasymeix-G=carbmatanintheu-bondedligandACi'ypeC); <iii)ifone 

0ftheCprings carriestwodifferentsubstituentsanasymnetricplaneis 

R’ 

(Al 



introducedandtwodiastereoisanersare 
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possible, corresponding tothetwo 

configwati~ns,D~andD~. 

Nimemus~lesaregivenofthe 

-I 
preparation of various mezbzrs of 

each class. Their~Hs~,whichdUowthedetectionofchirdL 

charwzteristics,a3xdiscussed. By asstiic deslzuction of racemic 

forms of sane of these ccmplaes with mndelic acid, optically active 

species have been isolated. Thesynl%zxs.ofthesubstituted 

cyclopentadienyl caqmmds frcmfulveneshavebeenpublishedinseparate 

papers (59, 601, and the trimethylene-br%dged derivatives are also described 

els&m (61). Asymweic phenoxotitium derivatives, Cp2Ti(OAr)@A.r'), 

were obtained by successive or simultaneous replacemen t of both chlorides 

of Q2TiC12 in the presence of base. Mixtures of caqmmds were obtained 

including the r&istribution products. Selective displacanent of OAr 

ligands by Cl occumedonlmzalntent withfEZ, theeaseofreplacerilent 

follaxing the sequence, 0C6sC6H5 > OC6H3Me2-2,6 = 0C6H2%e3-2,4,6 > 

oC6H3Me-3-&e2-6 > oCgH&l-2 (63). 

The canplex, C$'$Ti(cI)csF5? where Cp' = +C,H$=,, has m been 

se-ted into its enantioaneric forms. Theracemic fonnoftheampXKKl 

was convertedtothealkoxide,CpCp'TiCCgF5)0312~(~)~,~~~ separated 

into its diastereoisaners bym. RytheactionofHC1inbenzeneeach 

diastereoiscmer wascunvertedstereospeoificallytothecorreqm~ 

emntiomr of CpCp'Ti(Cl)C6F5 (64). 

cImrplexes of Type A of general fomula, CpCp'ZrCClIR, where 

c!p'=n-~~~~~~R=OCst4,OCH2PhorCH2Ph,havenowbeen~dewith 

zirconium ampnmds (65). 

Severelpapmsdescribe physical measuFementscarriedoutonkXWII 

canpomzds- Varhblet5pwaknz trNNRstiLdiesofCp2zrC~)2, 

~p~<lq)2andCp2~(HXiH,+ indicatedmpid exchange ofC5H5andBy,P~- 

WitiirKxeasingt~~,~ duetokoth~ofligand'protons 

bmadenedinalDamer ansistentwi~ex&angebetveen~nearlyY~Y 

ad-p.918 
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ppulated sites. Theinvar2antnature ofthelinesondilutionwastzken 

as evidence form intrenmleeulsrexchange. Free energies of activation 

were cdLculated and possible me&mism discussed (66). 

i&change of cp Iigands batzen <Cp2l'iCl12 and ~Cd,-@)2TiCl]2~ bs 

been observed in benzene urder photolysis at 313 nm- The rates of 

excbnge were nunitored by EBES spectml mts (67). The He(I) 

phctcelectmns_pectm of CQMCl2,where M = 'Ii, Zr or Hf, have been 

neasured. The spectral bands are mainly due to ionization of electrons 

lcce.lise.dontle cyclopentadienyl ligands. The one-electron tmnsition 

energies_~MOcdlculationsagreewellkitjnthe~~*~band 

naxima (68). L 

The system, Cp2TiC12 + Mg, has been found useful for the reduction 

of organic halides to alkanes. Eathalk,bnd~&Ualideserereduced 

in good yield at O". Deuteraticn mperimmts indicated that the‘reducing 

hydtmg~crigi.natedfrxxntheCpligands. AZ0 ccmpaunds, a-haloketones 

and a-haloestes a.~ also reduced (69). 

Inapaperin~~ofProfessorZiegler,theeffectofaddingsIMil 

quar&ities of *water to the system, Cp2TiC12 + Me2AlC1. is described. An 

active cetalyst for olefin pclymerization was produced. Neither 

oxyg~~ncrelccholshadthesmeeffect (7O)m Ihe phctoinduced 

polymriz&icmof stym-~inthepresfmceofthetimniumccmpcuuds, 

Tic&,, Ti<CH2F'h)q, Cp2TiCl2, Cp2Ti<Cl)C2Hs end Cp2TiCClXPh3 has been 

investigated. Intheceseoftimse cuqaur&withaTi-C band, pclyinerization 

occursbyaradicalmechanismC71)~ Cyclopentad;enyltitaniumccmpounds 

attachedto~e-divinylbemen eccpclymzsthmu@theCpringhave 

beenprephT_ed- Afterredu~.+nwithHuIicrNa/~~.thecaqlexes 

shcwmlerbnced effecti ~ness as olefin hydrogenation catelysts (72). 

. 
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CpTi(h7-C9H9) and (h'-R)Ti(h7-C7T), where R = C5*$CXe3, C5H,SiHe3 or 

indenyl ) lh2.s been synthesized. Their infrared, K?C? end mzss spectra 

were meas- znd discussed. The cnycmds were mzde fran CpTiC13 

(or h5-RTiCl,>, treated -xith iso-C3F!!lgESr in the presence of excess 

C7H7R, or with 3 mles of cyclononatetraenylli~hium <73). As mentioned 

in the previous sectZon, IMgnesiwm metal is also a satisfactory reducing 

agent for the preparation of CpTi(C7J+.) (28). 

A synthesis of cyclocct~tetreenetitanium chloride, <CsH8)TiCl.TFIF, 

has been reported from TiC13 end K2CsFi8 in TM. P&iUctSOf~ 

(C8Hq)TiCl.L, where L = Et2N11. c>mxliz&he or pyTidine, were obtained by 

- displacmt of 'IHE by L. The unconrplexed ccmpound, (C8H8)TiCl, could 

be isolated by repeated washing of the THF adduct with ether. SirQe 

crystal X-ray structure detemination shmed the ummple>ied derivative 

to be a tetramer, whiZe the TFF addxct is a dimer (10). Treamentof 

(C8H8)TiCl.THF with RMgX, where R = allyl. l- and 2-mthylallyl; X = Cl 

or !3r, in ether gave the ally1 derivatives, 
6 3. 

(h -CBH8)Ti(h-R), while in Z-IF 

Ch8-C,H,)Ti~i3-R).'lHF were obtaineci. The pxxxetic cmpmnds were 

sensitive to air end water and deccmpsed slowly at rum temperature (79). 

Edition of iodine to CpTi(CaHs) in ether gave the mnoicxiide, 

Cp<C8H8>TiI,or the triicxiide, Cp(C&)Ti13. dependingonstoichim+zy. 

The iodideswerest&letoairbutnottowater,a.ndtreatmentwithLiPh 

or KCNSremvedthe iodide ions leavingtheoriginal ccqxnmd. Thelack 

ofparentpe&s inthemss -ofthe iodiaeswastakenas indicztion 

ofthe ionicnatureofthecomp~undsandhighlightedthe extremelability 

of the iodide ions (75). Metallation of CpTi<CaHs) with LiBu was mre 

dZficultthanCpTi<C~),andincontrasttothe lattercoqnmd,took 

pl.aceonthec5ring. Qualitative mlecular orbital considemtions 

ir&rxtedasmllerpc&riQrofCpTi<C~) alqnreiwithCpTiqH7),which 

wasreflectedinthedipole ~andthepositivechargemthemetal 

Rer- p_ 378 
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as?zhunbyEscA. The C8H8 ring appears to be virtually neutml whereas 

j$e C7H7 ring carries a charge equivalent to 0.7-9.8 eleclmms (76). 

The He(I) photoelectron spectmlofCp~(c~)hasbeenmeasuredand 

ccmp2~withtimseofthemmesponding niobium and mlykdmm derivatives 

and with the 36 aiiogues. MolexiLzrorbital considmtionsare 

discussed (77). 

Simultanems addition of K.&H8 and NaC&L., to TiCl, in benzene or 

toluene gave a green solution from whi6nir&nylcyclocctatetraenyltitanium~III) 

was isolated. The poorly soluble amqound could be sublimd at 130°/104m, 

and-was sensitivetowatez- andto oxygen. Cmparism with CpTiK8H8) 

andanalysisoftheirLfrared qectrumgaveevidenceofthe~tic 

charact~of the indenyl and cyclooctatetraenylligaxis and of the 

sandwich structure of the cuqxnd (78). Electmnic configumtions have 

beenproposedford~~~ amplexeson 

thebasis Of~theOPyconsiderationsof~~and~lecular 

orbi- <79)_ 

In a series of arenetitanGm<II) wurplexec of type, 

preparedfromTiU~tAl+ALC13i~e,~~~~follradto 

intheoIde??,bkmene ~toluene<xylene~m2sitylene~durene~ 

hexam=thylkenzene. Somuchsothatthelasttwowerebestmade 

increse 

by 

displacenmt of benzene from C6H6~TiCl$l#ls. Withincreasing 

substitutirmofthe 

increased at a rate 



377 

the mene. The%-INMRspectmmofthehexar~thylbmzene derivative 

couldbemeasured~thelower~oftheseriesare pamnagnetic (80). 

The prqa?x&kn of the diC.(rl- eEitaniuc cmnplexes, CC6Hs)2Ti, 

CMeC6H5)2Tiand Cn!es)2Ti, where mes = mesitykne, has been descrLbad. 

Theme iscocondensedwithmetalat~g~~tedina~~ 

vqpourization apparatus- Symmetrical sandwichstructures forthe 

cmpkxesareproposedontheba.sisof~NMR,infrared,mss and 

photoelmtronspectmscopy (81). The fUl_mperonthecatalytic 

oligunerization of butadiene using catalysts derived d&_ctly from metal 

atcm or diCq-menekitarlium cmpomds has been publis;h& (82). 

Titaniwxatoms alonedonotcausepolynerizationbutinthe presence of 

alkylalminimhalides,cyclododecatriene iscaners resulted. The 

mce of the c, t, t-im over the t, t, t-isomer in this reaction 

wasrcversed5nthepresenceofP_Ph3. 

The dianions genemted from the closo-carbxanes, 1,2-C2R3B&$o, 

wherrR=Hor~,havebeenshownto~~withTiCL~,ZrClqandVU3to 

giveaseriesofanionicmetalloca&oranes formlatedas 

~MC%_?L0~0~2~*- , with M %I the formal +2 oxidation state and isolable 

ingoodyieldsas tetrradlkyl~niumsalts. The orange to red titanium 

d~iva~~s~mod~t~ystableinair~thepurplezirconium~~ 

CR=Me) d ecmposedampletelyinairin2Ominutes. Boththellgand1H 

NMR data indiated fluxio+Liw in solution (83). Thecrystaland 

llol~structure of the methyl derivative,~~,~'-Ti-Cl,6-C2B~o~$Ie2~~~2~ 

ins hem det ezcmined 021 (see Q-ystal Stmrhzs snsi structure A below)- 

Mixedligarkdtitmaca&mreneshavebeenisolatedfromthe~ion 

betweenCpTiCl3 or CpTiCl3 and &L-$~B~~H~~. After treabrentwith ziw dust 

theaxqhx, [4+-4,1,6-TiC2~,y^E-wzs isolatedasthered 

t#=.bz&ywsdLt,~tiein#e +2oxidati~state. 

S~lyfrom <C8H$l!iClandN+!2B~inTHP,the air-sensitive, 

pxmmgneti, [~4N1r3-(n8_CsHs)-3,1,2-TiC2B~~ wxs isolated. 

m-9.371 
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