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This survey is organized by ligand type, with canplexes containing mre 

than one class of ligand listed according to the feature of primary interest. 

The abbreviation Cp (for q'-cyclopentadienyl), IQ (for n5-substituted 

cyclopentadienyl), Cp* (for r)5-pentamethylcyclopentadienyl), and Ind (for 

n5-indenyl) are used throughout. 

Several reviews on organotitanim, zirconim and hafnium ccmplexes have 

appeared in 1982: titanic hydrides [l], 1,3aiene canplexes of zirconium and 

hafnim 121, bis(cyclopentadienyl)aryloxy and aryl canpounds [3], and organic 

synthesis using organotitanim reagents [4]. ltro Russian-language [S, 61, one 

Chinese-language [7], and one Japanese-language [8] reviews have been cited in 

Chemical Abstracts. 

m AND DINITRCXXN COM&%EXES 

The structure of Ti(C0)3(dnpe)2, 1, (denpe = 1,2-bis(dimethylphosphino)- 

ethane) has been determined by x-ray diffraction and found to be a distorted 

monocapped octahedron. Canpound 1 was found to be labile, rapidly exchanging 

carbonyl with PF3 or 13CU at roan temperature. Based on variable temperature 

13C and 31 P NMR studies 1 was found to undergo two separate dynamic processes, 

with free emzgieS of activation of 7.77 and 11.57 kcal/mle [9]. 

Cyclic voltametry of Q2TiX2 (X = Cl, Br) under CO (3 aim) in THF with 

Bu4NPF6 as the supporting electrolyte gave, after two one electron reductions, 

Cp2Ti(W2. ElectrolySiS of Cp2TiX2 under these conditons in THF at -1.8 V vs. 
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SCE gave Q2Ti(O)2 in high yield [lo]. 

Treaknent of Q2Ti(C0)2 with [Cpm(CO)2]2 in l'¶-lF gave C@2Ti(THF)(u-q2- 

~)Mo(~),Cp, which was determined by X-ray diffraction to contain a 1_cq* 

bridging carbonyl with a MO-C distance of 1.873 1, a Ti-0 (carbonyl) distance 

of 2.143 d ard a C-O (PCO) distance of 1.201 d [Ll]. Cp2Ti(CO)2 reacts with 

P-vinylpyridine to give a mixture of canplexes 2 and 3 [12]. Reaction of 

2 R = CH=CH2, CH2CH3 3 

Cp2Ti(a)* with phthalazine results in an electron transfer upon canplexation 

to give 4 [13]. 

Reaction of Cp2Ti(CQ2 with diethyl diaumalonate leads to loss of CO to 

give 5 in moderate yield. tie analogous reaction of Cp2Ti(CO)2 with diphenyl- 

diazcmethane gave the trimuclear species 6. Ccanplexes 5 and 6 were 

Ph_ Ph 
OEt 

5 

6 
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characterixed by X-ray diffraction analysis, Reaction of 6 with 9,10- 

phenathrenguinone gave 7 ard 8 [14]. 

8 

N2 reacts reversibly with [~-(r7~:ri'~5H4)]Cp~Ti~], 9, in h@rocarbon 

solvents to give a deep blue canplex, [n1:q5-(C5H4)Cp3Ti2]2N2. F&action of 9 

with N2 (10 atm) in 1,2--dimethoxyethane gave an N2 complex which, upon 

successive treatment with THE'/glymo and bis(Z-methoxyethyl)ether (C6H1403f gave 

(LI~-N~) I (r15:~5~&$,$CP2Ti21 I~~:~5-G$41C$3~i,l 0 tq32(C6H1403fTil l C6H14O31 10, 

which was shown by x-ray diffraction to contain an N2 coordinated to three Ti 

atcms. Treatment of solutions of 10 with H2 gas, or dry X3, result&l in the 

loss of the coordinated N2. kimever, aqueous hydrolysis of 10 yields mostly 

NKJ USI- 

plantun-chemical molecular calculations wre carried out for dinitrcgen 

complexes [CpZTiR]2N2 (R = H, ptolyl) [16]. 

Ihe reaction of Cp$rN2 with [(K'p)Fe(oO~J2 (R = H, Me) in tolkmne above 

-2O", gave cp*,Zr(CO)4Fe2~~)2r 11, which upon treatment with CO (2 atm, 25 ) 

w r-action of Cp2ZrfPPh2Mef2 with RX (R = II-WI ~-RUE t-f3us X = Brr clt 
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was monitored by ESR. Signals assigned to Cp2ZrX(PPh2Me) and Cp2ZrR(PPh2Me) 

were reported, It was proposed that the oxidative addition of alkyl halides to 

Cp2Zr(PPh2Me)2 proceeds via paramaghetic intermediates [18]. 

Treatment of [CpZrCl3]X with ArLi (Ax = C6H5, m-MeCsH4) gave CpZrAr3 

1191 l Treatment of [Cp*ZrCl,]X with 3 equivalents of RMgBr (R = Me, *CH2, 

CSH5) in diethyl ether gave Q*ZrR3 in good yield. Mono- and dialkyl canplexes 

here also prepared. Hydrogenolysis of Cp*'ZrMa3 with H2 (95 atm) gave 
* 

(4, ZrH3)X [201. 

Treatment of Cp2TiCl2 with a-thienyllithim gave CQ,Ti(c+thienyl)2, which 

upon treatment with E14, Rx2 or 12 gave Cp2TiX2 (X = Cl, Br, I). The reaction 

of Cp2Ti(u-thienyl)2 with carbcxylic acids, RCOOH (R = (02N)2C$13, C6F5, CY'3, 

C13, CRr3), gave the corresponding carboxylate caaplexes Q2Ti(OZCB)2 

yield [Zl]. 

Reaction of Cp2TiC12 with two equivalents of sulfinyl carbanions 

Li[RCHS(O)R'] (R = H, Ph; R' = Me, Ph) leads to the formation of TiO2, 

in high 

C?+Ti(SR')2, (R'SCHR)2, (R'S)2CHR and R'SSR'. In contrast to this, treatment 

of [Cp2TiCl]2 with 1 equivalent of Li[CH2S(O)Ph] and 1 equivalent of n-BuLi at 

-78", followed by warming to roan tmperature, gave 12 in 31% yield 1221. 

Treatment of (RCp)2MC12 (R = H, Me; M = Ti, Zr, Hf) with aryllithiux 

reagents gave (IQ)2MArz, 13. The titanic derivatives were reported to be 

stable to hydrolysis, while the zirconium and hafniun derivatives could be 

hydrolyzed to give [(Rc~)~(A~)I~o. Treatment of 13 with hydrogen halides (HF, 

HCl, H&z), acetylchloride, or acetylbranide gave the corresponding metallocene 

dihalides 1231. Reatm=t of cP2HfC12 with FECNa (R = Phenyl, Cyclohexyl, 

n-hexyl, 2,24liphenylethyl, 2-cyano-2,2_diphenylethyl) in dioxane at SO" for 
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gave cP2Hf(CJW2 in 60-65% yield [24]. 

The reaction of diphenylacetylene with titanocene and benxyne, generated 

in situ by the reaction of Q2TiC12 and o-F2C6H4 with Mg, gave -- 
I 

Q2Ti[c+C6H4C(Ph)=?(Ph)] in 15% yield. The reduction of Cp2TiC12 in the 

presence of diphenylacetylene gave Q2Tk(Ph)=C(Ph)C(Ph)&(Ph) in 82% yield 

I251. Bis(n5-cyclopentadienyl)xirconacyclopentadienes wzre prepared by the 

redluction of Q2ZrC12 with magnesiun, activated with HgC12, in THF in the 

presence of various alkynes [26]. Cis and trans-2,3_diphenylzirconaindans were 

formed stereospecifically fran cis and trans stilbene and Q2Zr(n2C6H4), which 

was generated by thermolysis of Cp2ZrPh2 [27]. 

Treatment of Li2[(2-CH2C6H4)2] with Q2MC1, (M = Ti, Zr, Hf) gave the 

corresponding metallacycles, Q2M[(2CH2C6H4)2], which were found to be much 

more thermally robust then the corresponding dibenxyl canplexes Q2M(CH2C6H5)2 

1281. Treatment of Q2MC12 (h = Zr and Hf) with Li2[1,8-(CHSiMe3)2CloH6] gave 

Q2MIl,8-(cHsiW3) 2CloH61 WI. 

Tne thermal decanposition of Cp2HfR2 (R = Me, Ph) produces RH, with both 

the ring hydrogens and the methyl or phenyl groups serving as hydrogen sources. 

Differential thermal analysis indicated that the thermal stability of Q2HfR2 

exceeds that of the analogous titaniun and zirconiun ccmplexes [30]. 

Treatment of a C6D6 solution of Q2TiC1(CH2Ph) with OX4 at ambient 

temperature gave Q2TiC12, PhCH2E13 and (PhcH2)2. The bensyl protons of 

Q2TiCL(Cli2Ph) and PhCX2CC13 exhibited enhanced CIDNP absorption [31]. 

The reaction of Q2ZrMe2 with QI+o(CO)3 gave Cp2(Me)Zr-~CC-Mo(CO)2Cp, 14. 

Reaction of Cpm(CKl)3H with Q2Zr[n2X(0)Me]Me in THF gave 15 as the principal 

14 15 16 

product. Carbonylation of 14 (1 atm CO) gave 15, which underwent 
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decarbonylation under vacuum .at rocm temperature to give 16. Treatment of 14 

With I-l20 or CE'3CoOH gave l/3 [Cp2ZrOJ3 or QZZr(02CCF3), respectively, and 

CpM(W)3H and acetaldehyde 1321. 

Extended Htlckel molecular orbital calculations were carried out on 

Cp2ZrCl(CH2PH2) in order to explain the experimentally determined structure of 

Cp2ZrC1(CB2PPh2), 17. The structural and chemical consequences of a one- 

electron reduction of 17 were also interpreted on the basis of the molecular 

orbital calculations [33]. Trans-{[Cp2ZrCl(CH2PPh2) 1 2Rh(CO)C11], 18, was 

prepared by the reaction of 17 with [Rh(CO)2C1]2. l'reahnent of 18 with CO gave 

an unexpected terminal carbonyl canplex Q2Zr(CO)C1(CH2PPh2)]2Rh(CO)C1], which 

was characterized by NMR, whereas the additon of CO to 17 gave 

Cp2ZrCl[C(0)CH2PPh2] [34]. 

Tfeaiment of Cp2ZrMe2 or Cp2Zr(H)C1 with diphenyldiazcmethane leads to the 

insertion of the diazo unit into a Zr-Me or Zr-H bond to give canplexes 19 and 

cp z/%-&h 2'\- 2 

R' 

R=R'=& 
R = H, R' = Cl 

19 20 21 

20 respectively. Both of these reactions can be viewed as occuring through the 

initial formation of an adduct such as 21 followed by methyl or hydride 

migration [35]. 
1 

Cp2Zr(R)H (R = Me, Et, CI-12&B(CB2)4CH2) wzre prepared by the reduction of 

Cp2Zr(R)C1 with LiAlH(O-t-Bu)3 in DIE. The cyclohexylmethyl canplex exhibits 

bridging hydrogens by 'H l!@lR and IR spectra and was found to be dimeric in 

benzene. !Ihe methyl and ethyl hydride canplexes were found to be reasonably 

stable at roan temperature. In contrast to this the cyclohexyl-methyl hydride 

canplex slowly metathesizes to Cp2Zr[CH2C!H2]2 and Cp2ZrH2. The 

(cyclohexyl)m&hyl hydride canplex was also found to undergo hydrogenolysis at 

:room teqerature with H2 (1 atm) over several hours to give cp2z~2 and 
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,I 
methylcyclohexane. The chloro canplex, Q,Zr(CH2CH(CH2)4CH2)Cl, was found to 

very slowly undergo hydrogenolysis under similar cotiitions. Ihe reaction of 

Q,Zr[C(0)CH2C!HZ]C1 with Q2Zr(H)Cl gave 22 which reacts with H2 (95 

atm) at roan temperature to give alkoxide 23 [36]. 

A 
(Cl)Q,Zr CHCH2R 

I 

OCH2CH2R 
/ 

Cp2Zr 
\ 

+ CpZZrXZ 

Zra2Q2 (W -X 

22 23 
I I 

R = CH(CH2)4CH2; X = H, Cl 

prepared by treatment of QQ*ZrC12 with n-BuLi in toluene 

found to react with RN3 (R = Ph, p-tolyl) to give 

which upon thermolysis at 80" loses N2 to form the 

QQ*ZrH2 was 

1201. QiHfH2 was 

Q;Hf(NHNNR)H, 24, 

corresponding arylmnido canplexes Cp*,Hf(NHR)H, 25. Canplex 25 was also 

prepared by treating Q;ZrH2 with RNH2. Treating C.$ZrH2, 24, or 25 with 

excess RN3 lead to the formation of Q~Hf(NHR)2 1371. 

'Lhe reaction of Q2Zr[C(0)Me]Me with excess BH3*THF in THF at 0" lead to 

the rapid formation of Q2Zr(BH4)2. It was proposed that this reaction 

proceeds via Q2ZrMa2 which is in eguilibriun with Q2Zr[C(0)Me]I%a. Further 

study of the reaction of Q2ZrMe2 with BH3*THF indicates that this reaction 

involves an initial Iewis acid-base adduct such as 26 [38]. 

26 

Treatment of Q2ZrtCWRlR and Q2Zr[C(0)R]C1 (R = Me, Rh) with (Q2ZrH2)X 

or [Cp2Zr(Cl)H]X gave binuclear p-aldehyde-dizirconocene hydride canplexes 27 

and 28. Cunplex 28 undergoes a degenerate dyotropic rearrangement as detected 

by %IMRspectroscopy. wlex 28 was found to react with CO to give 29 [39]. 

Treatment of diphenylacetylene with Q,Zr(Cl)H, (t-BuQ)2ZrH2, or 
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A 

Q2Z:-o\ 
Cp2Zr-o-ZZrQ2 

H-/Cp2 
Cp2z~z.L&,2 b ,J 

/ 'C=C 
R H H' 'H 

27 28 29 

(t-BuCp)2HfH2 lead to the formation of cis and trans stilbene with the trans 

isomer predaainating [40]. 

The treatment of Cp2Zr(CliPh2)R, 30, (R = Me, CR2Sit+e3) with CO produces 

]cp2Zr(O=C=CPh2)12, 31, and Cp2zr[r12-C(0)RlCHPh2. In contrast to this, 

treatment of Cp2Zr(CHPh2)2 with CO under the same conditions gave only the acyl 

canplex, Q2Zr[~2<(0)CRPh2]CHPh2. In an analogous fashion, treatment of 

canplex 30 with methylisonitrile gave Cp2Zr[q2X(NMe)CHPh2]R 1411. Treatment 

of Q2Ti[C(0)Ma]C1, 32, with CH2=PPh3 or NaN(SiMe3)2 produces ketene canplex 

33, which exhibits two isomers. Treatment of 33 with 1 equivalent of El gas 

in toluene at -50" gave 32. Complex 33 reacts with ethylene and acetylene to 

give 34 and 35 respectively. Treatment of 32 with pMe2Ph produces an adduct 

which reacts with acetylene to give 35. In an analogous fashion, treatment of 

,,ZrY2 

/ ,C=cphl 
Ph2C=C 

\ I' 
Cp2Zr 

/O 
n 

/ ’ 
Y 

Q2Ti 

35 36 

Cp2Ti[C(0)CH2CH2CMe3]C1 with NaN(SiW3J2 in toluene at roan temperature gave 

the dimeric ketene canplex 36, which was found to be inert towards ethylene and 

acetylene [42]. 
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lbermolysis of Cp2Zr[C(O)Ph]Ph produces Cp2Zr(n2C(0)Ph2), 37, which was 

isolated as a dimer. Treatment of 37 with olefins or acetylenes gave 

metalacycles 38 and 39 respectively [43]. Treatment of 37 with alkyl halides, 

38 39 

RX, (R = Me, Et, tetrahydrofuryl, 2-propyl, 2-oCty1, t-Bu) gave 40, 41, and 42. 

Treatment of 37 with 6-branohexene or 6-bram+6_methylbsptene gives 43 as the 

0 
Q2zr ’ ‘ml2 

‘x R’ 

40 41 42 

major product suggesting that this reaction proceeds via a geminate radical 

recanbination of a radical pair such as 44 [44]. 

0 
’ ‘CPh Q2Ztx . 2 -R 

44 

Dinuclear formaldehyde ax@exes 45,~arepnepansdbytreatingthe known 

y-aldehydezirconocene canplex 46 with aryllithim reagents. Canplexes 45 and 

Cp2Zr-0-ZrCp2 ~Fo-zrcp 
\ 1 

Cp2Zr- 
\ 

Cl cl Ar h 2 

46 45 

46 were found to exhibit dynamic behavior, readly undergoing a dyotropic 

rearrangement as determined by NMR [45]. 

The reaction of Cp*ZrCl(COT) with lithiun and Grignard reagents, MR, (M= 

WJC~, Li; R = n-al&l, aryl, vinyl, acetylide, substituted allyl) gave 
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Cp*Zr(R) (n*-CW in greater than 60% yield. In contrast to this, treatment of 

Cp*ZrCl(COT) with CllQCH2CHCH2 gave Cp*Zr(n3-C3H5)(n1-4-CCV.) which was 

structurally characterized by x-ray crystallography 1461. 

'Ihe reaction of TiMe4 with (CH2=CHCH2)3B in Et20 at -50" gave TiMa3(nl- 

Cb2CH=CH2), which could be stabilized by 2,2'-bipyridine as a 1:l canplex. 

Tic14 was found to react with CH2=01eCH2MgC1 at -50" in Et20 to give 

Ti(CH2KNeCH2)4 which was found to be fluxional by +-I NMR, and at -70" exhibits 

an n'-ally1 structure. Thermal decanposition of Ti(CH2=C&CH2)4 lead to the 

formation of Ti(CB2=CNeCH2)2 [47]. 

Treatment of TiEtCl3 with Ma2PCH2CH2PMe2 gave Ti(Me2PCH2CH2PiW2)EtC13, 47, 

which was characterized by X-ray crystallography. The Ti-CC bond angle in 47 

was found to be 85.9" and the methyl group exhibited a direct hydrogen to 

titanium interaction with a Ti-H bond distance of 2.29 i 1481. 

Ti(Na2PCH2CH2PMe2)MeC13, 48, was prepared in a similar fashion by the additon 

of 1 equivalent of Me2PCH2CH2PMe2 to TiMeC13 at -15' in light petroleun. An 

X-ray aystallcgra$y analysis of 48 showed a Ti-C-H bond angle of 7O'and a 

Ti-H bond distance of 2.03 H. The Ti-H bonding in 47 and 48 was described in 

terms of 3-center, 2-electron bond [48,49]. 

Near LIV irradiation of Ti(NOR)4 (NOR = 1-norbornyl) in hexane produced 

norbornane and l,l'-binorbornyl, and in Ccl4 leads to the formation of C2C16 

and l-chloronorborane as the major organic products. The dominant electronic 

absorption of Ti(NOR)4 was assigned to a ligand to metal charge transfer (LMCT) 

transition [50]. A patent describing the disproportionation of TiR4 with TiX4 

(X = Cl, Br) to give mixed alkyltitaniun halides has appeared [51]. 

The reactions of MR2(Et20)3 (R = Ph, PhCEI2; M = Ti, Zr) with Me2C0, Ph2C0, 

CO, C02, A&H and (PhcoO)2 have been reported [52]. 

Treatment of TiL2C12 ( LH = salicylaldehyde, acetylacetone, benzoyl- 

acetone, dibenzoylmethane, Me salicylate, benzoylphenylhydroxylzmine) with PhLi 

gave TiL2Ph2, which upon treatment with SO2 , produced the insertion product 

TiL(PhS02)2 [53]. 
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ALKYLIDENE AND YLIDE COMPLEXES 

The relative stabilities of six alkyl-substituted biscyclopentadienyl- 

titanacyclobutanes were examined. It was found that for monosubstituted 

metallacycles O substitution is preferred ,and that a second O substituent 

results in significant destabilization [54]. The kinetics for the reaction of 

Cp,TwH2 with diphenylacetylene was found to be first order in 

titanacyclobutane and zero order in diphenylacetylene. It was proposed that 

this reaction proceeds via a rate limiting opening of the titanacyclobutane 

ring to give Q2Ti=CH2 [55]. 

The reaction of titanacyclobutanes, deuteriun labeled in the QI and B 

positions, with Ms2&lCl lead to rapid reversible scrambling at the CJ carbon via 

a trans-metallation, and in a slower step metallacycle cleavage to produce the 

F-----J original olefin with scrambled stereochemistry and Cp2Ti(CH2AlC1Me2). This 

cleavage reaction was found to be second order; first order in both 

titanacyclobutane and AlMe2Cl [56]. 
F----J Ab initio molecular orbital calculations carried out on (Cl)2TiCH2CH2CH2 

suggest a planar structure, however, the energy to pucker the ring was found to 

be small 1571. 

The reaction of TiX4 (X = BuO, Cl), and Zr(OBu)4 with 

Li2[C(I+a)HCH2CH2C(Me)Hl in decane at 

metallacyclopentane intermediate was 

60-80" gave propylene. The formation of a 

proposed [58]. 

CYcLuPENTADIENYLcoMPLExEs 

CpZrC13 was prepared by the photochemically initiated chlorination of 

Q2ZrC12 with Cl2 in Ccl4 [59]. Cp*ZrC13 was prepared by treatment of Cp*Li or 

Cp*MgCl*'IHF with ZrC14. When ethereal solvents of small mnounts of Iewis bases 

were present the Cp^ZrCl 3 moiety was initially isolated as a Lewis acid-Lewis 

base adduct. Solvent free (Cp*ZrCl ) 3 x was prepared by refluxing Cp*Li and 

ZrC14 in toluene at 110" for 48 hr. Trealxnent of Cp*ZrC13 with excess LiBH4 in 
* 

tolwne gave Cp Zr(BI-i4)3 in high yield. 
* 

Treatment of Q Zr (m4) 3 with g-10 

equivalents of Ma3N in toluene produces 49 in 40% yield [20]. 
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49 

Treatment of [CpTiC.L2]X with diphenyldiazanethane gave 50. Heating cmplex 

50 in l'W? led to loss of CpTiCl3 and formation of 51. Treatment of IQTiCl2lX 

with azobenzene in 7I-E gave canplex 52 and QTiCl3 [60]. 

/\ 
Q(U) 2Ti Ti (a) 2Q 

50 

Treatient of QTiCl3 with PhOH and Et3N gave QTi(OPh)3, which upon 

treatment with QTiCl3 gave QTiC1(OPb)2 [61]. 

QTiCl3 reacted with 1 or 2 equivalents of HL (HL = RlRZ=NNHCOPh, Rl = 

furyl, ph, 4-MeGC6Hq; R = H, Me, Ph; RlR2 = (CH2)4, (CH2)5 ) in refluxing 

CH2C12 to give QTiC12L or QTiC1L2. Treaiment of QTiC13 with dibasic Schiff 

base derivatives X-IL' (HL' = RR'C=NNHCOPh, R = 2-HoC6H4, 4,3-HO(MeO)C6H4; RI = 

H, He) in refluxing CH2Cl2 gave RTiClL' [62]. Treatment of QTiC13, 

QTiC12(O&), and QTiU(CW)2 with silylated Schiff bases, 

(c-Me3SiC6H4CH=NCH2)2 (btsalne) and o-C6H4(o-Me3SiC6H4CH=NC)2 (btsalpben) gave 

QTiCl(salen), QTi(OMe) (salen), Ti(O&)2(salen), QTiC!l(salphen), 

QTi(OMe) (salpben). and Ti(We)2(salphen) respectively. Treatment of 

QTiCl(salen) with MeSH, Me3SiN%z2, Me3SiN3 and Tl(acac) gave QTi(salen)X (X = 

SMe, ma, N3, acac). 'Ihe reaction of QTi(salen)[W2] with Sh(Ph)3H gave 

QTi(salen) [(Sn(Ph)31 [631. 

The crystal structure of the seven-coordinate QTi(N03)3 indicates an 

approximately pentagonal-bipyramidal geanetry with bidentate No3 groups, ad 

the Q group occupying one axial position [64]. 
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respectively, in good yields. Reduction of those canplexes under CO is 

described. New heterobimetallic canplexes were prepared by the reactions of 53 

and 54 with with Mo(CO)6, Cr(CO)6, Fe(CO)5, and (COD)Mo(CO)4. Reduction of 

Ep(Cp(C%i2)nPPh2)TiC121Mo(CO)5 with Al under CO gave a new heterobimetallic 

coxplex containing a low-valent Ti. Treatment of [RhoJ-Cl) (CO) (C2H4)]2 with 53 

gave MCl(W [Q(cH2)nPPh212MC121~x, which the authors assuned to be a dimer 

with 53 serving as a bridging diphosphine ligand bet-n the Rh atcms [73]. 

Ansa-metallocene [I~(CH2)2Ind]TiCl2, 55, was prepared by the treatment of 

TiCl4 with Li2[Ind(cH2)2Ind]. Reduction of 55 with Adam's catalyst in CH2Cl2 

gave ethylenebis(4,5,6,7-tetrahydro-1-indenyl)TiCl2, 56, in good yield. 

Treatment of 56 with (S)-(-)-l,l'-bi-2-naphthol lead to the isolation of 

ethylenebis(4,5,6,7-tetrahydro-(S)-l-indenyl)Ti((S)-1',l1'-bi-2-naphtholate) 57 

which could be cleaved to give pure (S,S)-55. The molecular structures of 

meso- and 57 were determined [74]. 

Polymer bound titanocene was prepared by treating poly(2,6_dimethyl-1,4- 

phenylene oxide) containing cyclopentadienyl ligands attached to the benyl 

carbons, sequentially with methyllithiun, QTiC13, and n-BuLi. The resulting 

polymer bound titanocene catalyzed the hydrogenation of cyclohexene at a rate 

lo-70 times faster than homcgeneous titanocene [75]. 'Ihe reduction of Cp2TiC!12 

and (MaCp)2TiC12 with K naphthalide in !lWF at -80' produced highly reactive 

pyrophoric products [76]. 

Q2Ti(PhN=C(Ph)C(Ph)=NPh) was prepared by three different methods: by the 

treatment of Q2TiC12 with Na2[PhNC(Ph)=C(Ph)NPh], photolysis of Q2TiPb, with 

PhN=C(Ph)C(Ph)=NPh, or by treatment of Q2Ti(C0)2 with PhN=C(Ph)C(Ph)=NPh (771. 

Q.-p(aAr) 2 (M = Ti, zr, Hf) have been prepared by treating Q2MC12 with 

phenols in the presence of NaM-12 or NaH [78-811. Treatment of these aryloxy 

ccanplexes with HK (X= Cl, Rr, I) regenerated the corresponding metallocene- 

dihalides in high yield [78, 80, 811. LWR and IR studies of these aryloxy 

complexes were carried out (80, 821. The 0x0 bridged canplexes [Q2Zr(OR)l20 

were prepared by the treatment of [Q2ZrC1]20 with phenols in the presence of 

Et3N [80]. The K-ray structure of Q2Ti(0-2,4,6-C13C6H2)2 was reported [83]. 
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Cp2Ti(OXPh)Cl (X= CH2, CH2CH2) were prepared by the treatment of Q2TiC12 With 

HOXPh in the presence of Ek3N [84]. Treatment of Q2W12 (M = Ti,Zr) with 

~I-MAB na@holor the correspondingNasalts inal:lor 1:2 ratio produced 

Q2MC1(ONap) and C+M(ONap)2 respectively [85]. Perfluoroallql and aryl 

titanocene derivatives Q2Ti[OCH2(CF2CF2)nH]2 (n = l-4) and Q2Ti(XC6F5)2 (X = 

0,s) ware prepared by the reaction of Q2TiC12 with the corresponding 

polyfluoroalkanols, CsF50H, or C6F5SH- Q2Ti(oCH2CF2CF2H)2 exhibited high 

catalytic activity for the polymerization of acrylonitrile, methylmethacrylate, 

and styrene under photochemical cotiitions at roan tanperature and at 80-100" 

[=I. 

Sulfanilate,n&anilate andc-tol~ulfonatederivatives of 

Q2Ti(IV) and (Irxl)2Ti (IV) were prepared by treating the corresponding metall- 

ocenedichlorides with the appropriate acids 1871. The reaction of Q2TiC12 

with oxalic or maleic acid in water gave Q2Ti(C204) and Cp2Ti(mH<HCOOH)2 

1881. 

The structures of [(W=p)22r(o-MeC6H4) I20 (R = H, Me) rJere determined by 

x-ray diffraction [89]. 

An x-ray structure of Q2TiCl-0-(Q)TiCl-O-(Q2)TiCl, prepared by the 

hydrolysis of Q2TiC12 at a pH greater than 3.5 or by treating Cp2TiC12 with 

Ag20 and H20 in CHC13, has been reported [go]. 

The trinuclear hafniun canplex [Q2Hf013, prepared fran HfoC12 and NaC5H5, 

was found by x-ray crystallography not to be isostructural with its Zr analcgue 

1911. 

Treak-nent of QiTiC12 with Li2S2 and S8 gave Q;Ti(S3), which was 

characterized by X-ray diffraction, in moderate yield 1921. Treatment of ER 

(R = C02Me, cF3) with (xp)2TiX5 (R = H, Me, X = S, Se) gave (RCp)2TiX2C2R2, 

which was characterized by x-ray diffracation [93]. Reaction of (RCp)2Ti(~5), 

(R = H, Me; X = S, Se) with [Ir(Ph2FCH2CH2PPh2)2]C1 gave 

[Ir(Ph2FCH2CH2PPh2)2X2]C1 and (RCp)4Ti2(S4) when R = Me; X = S [94]. 

!Ihe reaction of Ph2X2 (X = S, Se) with (RCp)2Zr&2 ( R = H, W3C) gave 

(RCp)2Zr(XPh)kk and PhXMe, which upon W irradiation produced (EU&J)~Z~(XP~)~. 

Fkferencesp.20 





Carbonylation of 58 gave Q2Ti(cO)2 and (CH2=C=HcH2)3CCH. Reaction of 58 with 
n 

CS2 or C2Ph2 gave CP2Ti(nLG2) and Q2TiC(Ph)=C(Ph)C(Ph)=C(Ph) respectively 

[106]. 

Peduction of Q2ZrC12 with Li, or photochemically induced reductive 

elimination of biphenyl fran Q2ZrPh2 in the presence of acyclic conjugated 

dienes, was four-d to produce (s-trans-n4-diene)zirconocenes, 59, in good yield. 

Complex 59a equilibrates thermally or photochemically with the corresponding 

(s-cis-rP-diene)zirconocene 59b. Roth the s-cis and s-trans canplexes were 

characterized by WR spectroscopy, s-trans-n4-butadienezirconocene was 

chacacterixed by X-ray diffraction[l07]. Treatment of Cp2ZrC12 with - c I 
? zl 

Q’ ‘Q 
59a 

[M$H2CR=Cw=H21n (R = HI W, 

complexes which were reported 

Aoor hv 

59b 

gave the corresponding 1,3-diene 

to be fluxionalbased on +-I WR?. 

zirconocene 

These canplexes 

exhibited the Q2Zr[s-cis-n4CH2=CR-CR<H2] structure below -40". In contrast 

to this, treabnent of Q,HfCl, with enediylmagnesiun, [I%&H2CR=CRCH2]n (R = H, 

Me), produces the metallacyclopentene canplexes, Q2Hf[CH2CR=CEH2]. Treabnent 

of Q2ZrC12 and Q2HfCl2 with [MgM(Ph)CH=CHCH(Ph)]n produces Q2Zr[s-trans-n4- 

CH(Ph)=CHCH=CH(Ph)] and Q2Hf[s-cis-n4-CH(Ph)=CH-CH=CH(Ph)l respectively 

[108]. An X-ray crystallographic study on Q,Zr[CH(Ph)=CH-CH=CH(Ph)] confirmed 

the s-trans-n4 structure determined by M+R [log]. An 1H NMR study of the 

fluxional behavior of Q2M(n4x4H6) (M= 

Treatment of Q2Zr(s-cis-1,3 diene) 

cyclopentenones [Ill]. The reaction of 
r , 

Zr, Hf) has also been reported [IlO]. 

with CC followad by hydrolysis produced 

Q2M(q4x4H6) (M = Zr, Hf) with C2H4 

gives either Q2kH2CH2CH2CH2 (M = Zr, Hf) or Q2M(1-3:6-whexenylene) 

depending on the reaction conditions 11121. The 'H N4R spectra of 

[(butadiene) (cyclooctatetraene)]M (M = Ti, Zr, Hf) canplexes were recorded at 

various temperatures and an analysis of the spectra suggested an s-cis-n4- 

butadiene conformation in these canplexes [llO]. 

Raferencesp.20 
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Treatment of TiBr4 with 1-t-butyl-2-methyl-1,2-azaborolinyllithiun gives 

bis(l-t-Butyl-2+nethyl-1,2-azaborolinyl)TiBr2 in 14 % yield, which was shown by 

x-ray crystallography to have a bent sandwich structure [113]. 

Photochsmically induced reductive elimination of biphenyl fran Cp2ZrPh2 in 

the presence of 2,3,5,6,-tetrakis(methylene)bicyclo[2.2.2]octane gave the bis 

olefin canplex Q2Zr[2,9:6,12-~-2,3,5,6-tetrakis(methylene)bicyclo[2.2.2]- 

octane], which undergoes isomerixation to the corresponding conjugated diene 

canplex upon heating [114]. 

The reaction of TiC12, prepared in situ, with 2,4_dimethylpentadienyl- 

potassiun leads to the bis(pentadienyl)titaniun sandwich canplex, Ti(2,4- 

C7Hll)2, which upon treatment with CO gave a 16 electron monocarbonyl canplex 

11151. 

An x-ray structure analysis of q6X6H6Ti(C12AlC12)2 confirmed that the 

ring is n6 analogous to the known hexmnethylbenzene analcgna. The distance 

between Ti atrl the ring center is 2.07 l and the mean Ti-C-(ring) distance is 

2.49 d [116]. (C3H5Ph)2Ti and [C3H5(CE2)3Ph]2Ti were ware prepared in 25-40% 

yield by metal atom condensation with the corresponding ligand 11173. 

Q(n7X7H6PPh2)Ti, 60, was prepared by treatment of Cp(n7+.h7)Ti with 

n-BuLi in ether followed by reaction with UPPh2. Ccnnplex 60 displaces one 

carbonyl frun Ni(W4, Fe(CO)5, and ~+D(CO)~ to give the corresponding 

hsterobimetallic canplexes Q(q'~7H6PPh2)Ti[M(CO)n]. An x-ray structure 

determination of q3(n7-C7H6PPh2)Ti[Mo(CO)5] was carried out [118]. 

Single crystal x-ray diffraction studies have been carried out on (n8- 

cyclooctatetraenyl)(q3-allyl) (t-butoxy)zirconiun and (q8-cyclooctatetraenyl)- 

(n31r13' -deca-2,7-diene-4,9_diyl)zirconiun [119,120]. 

APPLICATICMS IN SYRTHFSIS AND CATALYSIS 

Allyltitaniun ate canplexes ware found to react selectively with aldehydes 

at-d ketones 11211. Trans-RCH=CHCH2Ti(OPh)3 (R = Me, CI-Ple2, Bu) adds to ketones 

to give high yields of tertiary hcmoallylic alcohols which are diastereo- 

iscmerically enriched up to 98% [122]. The stereospecific addition of 
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MeCH=CBCH2Ti(OPh) 3 to ECHO (R = CHMe2, CHEk2, aMejr m2cH2, “.-fH, a, 

p-tolyl, p-EC6B4, p-MeOC6H4, w2FJC6H4, p-NCC6H4) followed by hydrolysis gave 

8-methylhanoallylic alcohols in 56-94 % yield with 77-99% diastereoselectivity 

[123]. Tbe condensation of (E)-MeCH=CHCH[Ti(NEt2)3]02CN(CHM2)2 with ECHO gave 

97-99 % (Z)-threoRCH(OH)CBMeCR~2CN(CHW2)2 (R = Me3C, Me, Me2CR, I"ka2C=CB) 

[124]. The reaction of Cp2Ti(n3xH2=CH3H2SiMe3) with aldehydes gave excellent 

yields of (+-)-(R,S)-3-(trimethylsilyl)-4-hydroxy-l-alkenes, which wore 

deoxysilylated to give either (E)- or (Z)-1,3-dienes 11251. 

The reaction of benzil with MaTi (R = Et, Cl-Me,), Ma2Ti(CCHMe2)2, or 

e4Ti gave three- and erytbro-meso-Ph(Me(OH)CNe(OH)Ph with the former 

predaninant, whereas reaction of benzil with MeZr(CCHMe2)3, MeLi, or F'kMgBr 

gave mostly the latter iscxner. PhC(O)CH(OH)Ph reacted with KeTi(OCHMe2)3.0r 

Me4Ti to give only erythro-PhCMe(OH)CB(OH)Ph [126]. 

Schwartz's reagent, Cp2Ti(H)C1, was reported to be a 

for cyclic ketones. HoEver, it is a poor reducing agent 

[127]. 

god reducing agent 

for aranatic ketones 

Cp2TiSiMe2Ph, 61, was prepared by the reaction of Cp2TiC12 with tm 

equivalents of PhMa2SiLi or by the reaction of Q2TiC1 with one equivalent of 

PhW2SiLi. Treatment of 61 with acetylenes alld 1,3-dienes lead to highly 

regio- and stereoselective silyltitanation [128]. Cp2ZrX2 (X = C1,I) in the 

presence of R3Al has been shown to be effective for the carboalunination of 

alkynes to produce stereospecifically vinylalanes which were then used for 

selective carbon-carbon bond formation [129-1311. 

The rate of catalytic isomerization of alpha-olefins by Cp2TiH2AlXX' (X = 

H, Cl, Br) and [(CH2)nC5H4]2TiA.LH4 (n = l-3) ware studied [132]. 

Cp2Ti(III) canplexes catalytically iscserized C&Cl2 cycloalkadienes to an 

eguilibriun mixture of iscmers [133]. 

Tbe stereochsmistry of the reduction of cis- and trans-4+nethyl- 

cyclohexyl-14 branide with 95:5 Me2CHMgBr-Cp2TiC12 and of the unlabeled 

branides with (CD3)2CRFkgBr-Cp2TiC12 was determined by 2H tMR of the resulting 

cis- and trans-4_methylcyclohexane-l-d. Complete stereoeguilibration was found 

R.eferencesp.20 
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to occur. Radical involvement was confirmed by cyclization of 6-brano-1-hexene 

an3 C-brczn+l-haptene during reduction [134]. 
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