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This survey is organized by ligand type, with complexes contain- 

ing more than one class of ligand listed according to the feature 

of primary interest. The abbreviations Cp (for rl 
5 
-cyclopentadienyl 

and Cp' (for any ring-substituted cyclopentadienyl group) are used 

throughout. 

It is notable that in both this survey and the accompanying one 

on group V, the number of papers which appeared this year increased 

by fully one-third over the year before. 

CARBONYL AND DINITROGEN COMPLEXES 

Still another example of CO hydrogenation has been reported. A 

suspension of Cp2ZrHCl absorbs O-5 mol CO to give a product charac- 

terized as Cp2ClZr-CH2-0-ZrClCp2: e.g., reaction with D20 gives 

CDH20H. The lH NMR shows a single Cp peak, suggesting a side-on 

orientation for the bridging unit allowing facile interchange of the 

two Zr centers: 

Zr / CH2-YZr . . I lo / 

With excess C02, Cp2ZrHCl gives (Cp2ZrC1)20 plus formaldehyde; the 

latter reacts with more Cp2ZrHCl to form Cp2ZrCl(OCH3) (1). A full 

paper reports further details on the reduction of CO by (C5Me5)2ZrH2, 

communicated in 1976 (2)_ (This paper also reports on reactions of 

Zr alkyls with CO, which wili be discussed in the following section.) 

Reaction of Cp2TiC12 with Al (or Zn) and CO2 gives Cp2Ti(C0)2 plus 

Ti(III) carbonate complexes; formation of the former is improved by 

Lewis acids such as AlC13 (3). 
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The reaction of Cp2Ti(C0)2 with diphenyl ketene is reported in 

both a communication (4) and full paper (5). -An equimolar mixture 

gives [Cp,Ti(Ph,C=C=O)12 which is converted by excess ketene (reversi- 

bly) to Cp2Ti(Ph2C=C=0)2; X-ray crystal structures show the following 

units: 

O\&PhZ 

Cp2Ti ’ I 
\ 

CA0 
II 
CPh2 

It is noteworthy that Ph2C=C=0 coordinates to Ti (in the dimer) in 
2 

an -C=O mode, whereas with later transition metals (e-g, Mn) it 

coordinates through the C=C double bond, Acid cleavage of the dimer 

gives CO plus hydrocarbons, Ph2CH2 and (Ph2CH)2. 

Several review articles cover N 2 chemistry in this group:. a gen- 

eral review on nitrogen fixation (6); a review of metal halide-Mg- 

N2 systems (7); and an account of (C5Me5)2-Ti or W-N2 chemistry (8). 

A full paper on NMR studies of [(C5Me5)2ZrN2]2N2 and related compounds 

has appeared; 15 
N NMR shows the terminal dinitrogen ligands are 

labile to dissociation but the bridging one is not (9). 

Reduction of Cp2ZrC1(CH(SiMe3)2) by sodium amalgam under N2 gives 

brown, paramagnetic Cp2ZrR(N2). The ESR (equivalent hyperfine 

coupling to both N nuclei) and IR (no assignable N-N stretch) spectra 

suggest the possibility of a side-on bonded N2 ligand. On heating, 

the Zr(II1) complex is converted to purple, diamagnetic (Cp2ZrR)2N2, 

while acidification gives small amounts of N2H4 and NH3 (10). 

Sodium amalgam reduces TiC12(OPh)2 under N2 to a compound analyzing 

as [Ti(OPh),12N2H2; the IR spectrum gave no clear indication of the 

structure although a bridging N2 seems likely (11). Reduction of 

Cp,TiPh, by metallic Li, Na or Mq under N2, followed by Hydrolysis, 

gives up to 18% PhNH2 per Ti plus NH3 (12). 

The reactive form of titanocene, Cp3(C5H4)Ti2, reacts with NH3 

to give a complex analyzing as (Cp2Ti)2N2H3. The compound is para- 

magnetic (n = 1.9 B-M_; ESR at q = l-979), with one unpaired electron 

per Ti 2 unit. An X-ray structure failed to locate the hydrogens, 

but showed two Cp2Ti units bridged by two N atoms and separated by 

3-392 8; based on IR and chemical evidence (e-g., Me1 reacts to give 

only one equivalent of CH,) the following structure was proposed: 
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N-4 
./y_ 

Cp27\N,T=Cp2 

H' 

Substituted amines undergo analogous reactions but much more slowly 

(13) I The compound forms a reversible NZ adduct, which on reduction 

and protonolysis gives 80% NH3; it also reacts with CO to-give a 

compound believed to contain a Ti-NC0 unit (plus Cp2Ti(C0)2) and 

catalyzes olefin hydrogenation. With C2H4 plus NH3, small amounts 

of ethylamines were obtained (14). 

ALKYL AND ARYL COMPLEXES 

This section shows the largest expansion over last year, with 

studies on decomposition modes continuing to attract considerable 

attention. Results concerning reductive elimination from hydrido- 

alkyl Zr(IV) complexes are of particular interest. Cp2ZrRC1 can be 

reduced to Cp2ZrRH, which appears to exist as a partly dissociated 

dimer in solution. By itself it slowly decomposes to RR; however, 

under H 2 the formation of RH is much faster and first order in [Ha]. 

Labellinq studies show that the Zr-H exchanges with D2 even faster 

than reductive elimination, implying the following scheme: 

Cp2ZrDR + H2 

f D2 + Cp2ZrHR-D2 

RH,RD + Cp2Zr(H,D)2 

The nature of the intermediate is unclear; considering it as a normal 

oxidative adduct is unattractive, requiring a formal oxidation state 

of +6. Instead it was suggested that H2 acts as a two-electron 

donor to the do, Zr(IV) complex. Intramolecular exchange is also 

observed, viz: 

Zr,CH2CHR2 * ,CH2CDR2 

'D 
Zr\H 

presumably via an olefin intermediate (15). 
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The behavior of the C5Me5 analogs is strikingly different. Reac- 

tion of Cp2'ZrH2 with isobutylene gives Cp2'ZrH(iBu), which yields 

isobutane slowly at 75O or rapidly under Hz at -15O, similar to the 

ordinary Cp system. However, the results of labelling experiments 

are surprising: Cp2'ZrD(CH2CDMe2) gives CH3CDMe2, while 

(C5(CD3)5)2ZrD(CH2CDMe2) gives CH2DCDMe2, indicating involvement of 

the Cp' rings, 'Jllder HZ the latter compound gives CR3CDMe2 but does 

not show rapid exchange of the Zr-D. The following mechanism was 

proposed to account for these findings (16): 

/H fast 
Cp2'Zr 4 Cp'Zr-R 

slow 

'R 

H2 fast 

I 

RH 

RH 

It should be noted that there is nothing necessarily contradictory 

between these two sets of results. In fact, it is entirely reasonable 

that this mechanism, which begins with a step which should tend to 

relieve steric crowding, would be more favorable with the much bulkier 

C5Me5 ligand; whereas the increased crowding on adding an additional 

molecule of H 2 would be strongly disfavored for C5Me5_ It does not 

appear that the cyclopentadiene intermediate can be a major route in 

the C5H5 system, since it would not account for the facile H-D 

exchange observed. This seems thus to be another example of a sur- 

prisingly common phenomenon in organotransition metal chemistry: two 

closely similar systems undergoing stoichiometrically identical 

reactions by quite different mechanisms. 

In both systems, reductive elimination can be-accelerated by other 

ligands as well: e-g,, Cp 
2 
'ZrHR + C2H4 + RR + Cp21Zr(CH2)4 (16); 

Cp2ZrHR + R'CECR' -+ RH f Cp2Zr(CR')4. In the latter case, 

CP2ZrD(C7H12 D) gives C7H12D2 cleanly with alkyne present, whereas 

the slower non-induced reductive elimination gives a mixture of do, 

dl and d2 products (17)_ CO also induces reductive elimination from 



Cp2ZrHR, but in this case there is a competing reaction: after hydro- 

lysis, RCH20H (major), RCHO and RCOCH2OH (trace, but can be made 

major product at high CO pressure) are formed; the added carbons were 
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shown by 
13 

C labelling to come from CO. The mechanism proposed 

involves an insertion step to give Cp2ZrH(COR) followed by intennolec- 

ular attack on the acyl by Cp2ZrHR, leading to a hydroxyalkyl equiv- 

alent, Cp2HZr(OCHR)ZrRCp2, which would give alcohol on hydrolysis or, 

with high [CO], insert another CO leading to the hydroxy ketone. It 

was independently found that Cp2ZrCl(COR) is attacked by Cp2ZrHCl 

to give the analog of the postulated intermediate, (Cp2ClZr)2(u-OCHR) 

(18). (The close connection between-these results and the work on 

Cp2ZrHCl plus CO, vide supra, should be noted,) -- 
Again, the behavior of the C5Me5 system is very different. 

Cp2'ZrH(i-Bu) adds CO at 25O to give Cp2'ZrH(OCH=CHCHMe2); at -50°, 

the expected intermediate acyl, Cp2 'ZrH(COCH2CHMe2) can be observed. 

The labelling pattern is again interesting: Cp2'ZrD(CH2CDMe2) gives 

Cp,'ZrH(OCD=CHCDMe,). -l'he explanation offered is basea on the fact 
L L 

that the acyl group in such complexes is side-on 

for last two years): such a structure might have 

character: 

bonded -(cf -- surveys 

some carbenoid 

/” YR 
/ 

Zr -Lo II W Zr<'fi 

Insertion of the carbene into the Zr-H bond followed by B-hydrogen 

elimination from the resulting aldehyde would give the alkenoxide 

with the observed labelling pattern. Other reaction products which 

may be similarly explained include: Cp2'ZrMe2 + CO 
750 

> Cp2Zr(OCMe= 

CMeO) and Cp2'ZrH2 f CO W (Cp2ZrH)2(0CH=CHO) (by dimerization of 

the carbenoid groups); and CP~'Z~(CH~)~ I CO + Cp2'ZrH(cyclopent- 

1-enolato) (21. 

The reaction of Cp2ZrR2 (R=Ph, p-tolyl) with CO at -78O gives a 

compound similar but not identical to the room temperature product; 

it was proposed that it is an isomeric form: 

O\ /R 
/R -78O 

/ / C-R 

Cp2Zr + co 

'R 

> Cp2Zr 
-60° 

'R 

> Cp2Zr 
/a 

'R ' 
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This appears to suggest that CO preferentially coordinates outside 

the R groups (19). (Note however that the NMR of Cp2'ZrH2(CO) at 

low temperature shows equivalent coupling to both hydrogens (2),) 

The-nature of the dimeric products from Cp2TiR plus R'CN, 

communicated last year, has now been elucidated: 

/R R\ 
Cp2Ti 

\ 
TiCp2 

N\\ 
N 
/ 

C----c 4 

R/I 
\ 
R' 

It was proposed that the initial Ti(II1) adducts, Cp2TiR(R'CN), 

have some unpaired electron density on the nitrile carbon, allowing 

direct coupling (20) _ 

Protonolysis of TiMe4 by RCOOH gives Ti(02CR)4 for R=CH3 but 

Ti(02CR)3 for R=CF3 (21). A metal-alkyl bond in Cp2ZrMe2 can be 

cleaved by very weakly acidic CpMo(C0)3H, leading to metal-metal 

bonded Cp2MeZr-Mo(C0)3Cp; the Zr-Mc bond is cleaved by CC14 or 

HCl (22). 

The formation of ethylene from Cp2Ti(CH2)4 has been previously 

reported; it is found that if Cp2Ti(CD2CH2CH2CD2) is prepared and 

allowed to stand before cleaving with HCl or Br2, increasing amounts 

of 1,1,3,3- and 2,2,3,3_tetradeuteriobutanes are obtained. This 

suggests the metallocyclopentane is in equilibrium with a bis(ethylene) 

structure, wherein olefin rotation would give the observed label 

scrambling (23). The analogous metallocyclohexane, Cp2Ti(CH2)5, 

decomposes primarily to pentane and pentene, but some methane, 

ethylene and butene are also detected; the yield of methane is sub- 

stantially increased by added PR3 or irradiation_ Cleavage of an 

u-C-C bond to produce Ti=CH2 was proposed, with the balance of hydro- 

gens coming from the Cp rings. In support, both (C5D5)2Ti(CH2)5 and 

(C5H5),Ti(CD2(CH2)3CD2) give CH2D2 as the major isotopic form of 

methane (24). Metallocycles Cp2Ti(CH2(SiMe2)X(SiMe2)CH2) (X=CH2, 0, 

SiMe2) and Cp,Ti(CH,(SiMe,),CH,) have also been prepared (25). 

The decomposition of MeTiC13 in ether has been reexamined: at 

around O", CH, is produced (plus traces of C2H6 and CH3CHO); good 

second-order kinetics are followed over the first half of the reaction 

only. In ether-dlo about 5% each CH2D2 and CH3D are formed at O"; 

more CH3D is obtained at higher temperature. Apparently more than 

one pathway is operating (26). Kinetic studies on decomposition of 

a variety of Ti-alkyls show a "compensation effect"; rates increase 

with activation energy, indicating factors causing the latter to 
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increase also cause an increase in the preexponential factor (27). 

Photodecomposition of Cp2TiMe2 gives 1.8 moles of CH4/Ti; in the 

presence ofstyrene or methyl methacrylate, only 1 mol CH4 is obtained, 

plus polymer. Labelling shows the polymer incorporates one Me from 

the complex per chain. Cp2Ti(CD3)2 gives only CD3H (a conflicting 

result was reported last year, but the wavelength of irradiation was 

different); it was proposed that the initial step gives CH4 + 

Cp(CSH,)TiMe with the latter acting as polymerization initiator (28). 

Several groups have examined Cp2TiPh2. Thermal decomposition has 

been suggested to go via a benzyne-type intermediate; heating 

Cp2Ti(m- or p-tolyl)2 under C02, followed by methanolysis, gives a 

mixture of methyl m- and p-toluate. However, the relative amounts 

of products depend on which isomer was used, indicating that the 

benzyne route is not the only one operating (29). Photolysis of 

Cp2TiPh, gives substantial amounts of biphenyl (in contrast to the 

thermalLreaction) in addition to benzene (30,31). Intermediate ESR 

signals were observed, suggesting at least some homolysis (30); 

Cp2Ti(tolyl)2 in benzene gave a mixture of Ph-tolyl and bitolyl, 

with no loss of regiospecificity, excluding a benzyne intermediate. 

It was proposed that both homolysis and direct rehuctive elimination 

occur under irradiation (31) _ Photolysis of Cp2TiPh2 in the pres- 

ence of PhCCPh gives metallocycle plus some stilbene, indicating 

Ti-H species can form (31); whereas the thermal reaction of Cp2TiPh2 

with acetylenes gives titanaindenes: 

which probably form via a benzyne species. Crystal structures were 

determined for R=R'=C6Fg and for R=Ph, R'=SiMe3 (32). 

Novel titanium methylene complexes were obtained by the reaction 

of Cp2TiC12 with AlMe3, to form Cp2TiCH2A1C1Me2; Cp2TiCH2AlMe3 was 

also prepared_ NMR considerations suggest a doubly-bridged structure: 

.'cl\AIMe 
Cp2T1\CH2/ 2 
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This compound effects homologation of olefins (e.g., ethylene is 

converted to propylene) and shows Wittig-type chemistry with organic 

carbonyl compounds; both types of behavior were previously observed 

-for Ta alkylidenes, The homologation is thought to involve metallo- 

cyclobutane formation followed by a hydride shift; small amounts of 

cyclopropanes were detected in certain cases (33) _ Reaction of 

TiC1(OMe)3 with Me3PCH2 gives Ti,(OMe)6((CH2)2PMe2)2: the crystal 

structure reveals this to be a bridged system with "clamps": 

Th_e Ti-Ti distance is 3.25 a (34). 

Several Ti-alkyls of oxidation state less than 4 are reported. 

Tic14 plus LiCH(SiMe3)2 gives TiR3; in contrast, both Zr and Hf give 

MR3C1 with this alkyl (35). Ti(acac)3 with (PhCH2)2Mg gives 

Ti(PhCH2)3*nEt20p stable only below O" (36) _ Formalzion of TiR3 from 

TiR, and EtLi, reported last year, is the-subject of another paper 

(37;. Cp2TiR2 (R = Ph, PhCH2) forms an "ate" complex, Cp2TiR42-, 

with LiR at -78O; at -20° - It decomposes to R2Ti --'thermally stable 

black solids with low magnetic moments. Both are soluble and appear 

to be polymeric and dimeric respectively; this might explain the low 

magnetism, but adducts with dioxane, such as Ti (CH2Ph)2(dioxane)3 

have similarly low moments (0.5 B-M.) (38). 

M(IV) alkyls reported include Ti(cyclohexyl)4, stable at low 

temperature (39); Zr(CH2CMe2Ph), (40); and TiC1,(CH2SiR3)4_, (n = 

l-3 , various R); the latter are-olefin polymerization catalysts (41). 

A flow-ESR study on the reaction of TiC14 with 

electron transfer mechanism: 

RLi + TiC14 + R- f TiCl - + 

TiC14- 
4_ 

+ TiC13 + Cl 

R- f Tic13 + products 

LiR suggests a single 

Li 
f 

based on the appearance and disappearance of R- (42). The reaction 

of TiC14 with AlEt as a function of reactant ratio has been studied 

(43). 
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TiC12(OPh)2 reacts with Mg(CH2SiMe3)2 to give TiR2(0Ph)2; with 

MgMe2, an unstable pa?amagnetic compound is formed, probably 

[TiMe(OPh)21n (11). TiX(OR)3 (X = OR, Me or Cp) plus AlMe gives 

.(by NMR and cryoscopic molecular weight) TiXMe(OR)2*AlMe2(0R) (44)_ 

ComplexesV with silylamide ligands, 
I 1 

(PhCH2)2Ti(N(SiMe2)NMe(SiMe2)NMe(SiMe2))2 

and 
I I 

(Ph2CH),Ti(NMe(SiMe2)Y(SiMe2)NMe) 

(Y = NMe, CH2 or none) show substantial thermal stability; an x-ray 

structure for the first is reported (45). 

Complexes with a bulky R group, Cp2ZrX(CH(SiMe3)2) 

show high barriers to rotation about the Zr-C bond (AC 

AX_'= H, Cl, R') 

= 10-15 

kcal/mol). The hydride appears to be dimeric both in solution and in 

the vapor phase (from the mass spectrum). The crystal structure 

(X = Ph) shows relatively long Zr-C bonds and a large CZrC angle (46). 

The barrier to rotation about Zr-C was found to be at least 6 kcal/mol 

in Cp2ZrMe2 (from Tl measurements) as well as in other transition 

metal methyls (47). No silyl complexes could be isolated from 

Cp2TiC12 plus LiSiMe3, but Ti(SiMe3)4 was obtained at low temperature 

(48) - (Cp2TiC1)20 + MeLi gives (Cp2TiMe)20, notably thermally and 

air-stable (49). 

Full papers appeared on the (C,N) chelates CP2Ti(CH2C6H4-z-NMe2), 

Cp2Ti(C6H4Tg-CH2NMe2) (50) and (dipivaloylmethanato)Ti(chelate)2 (51)_ 

The crystal structure of Cp2Ti(C6H4-g-NMe2) has been determined (52). 

Complexes Cp2TiR have been prepared where R = (CH2)nXCH3, n = 3 or 

4 _, X = 0 or S; these appear (by IR and failure to add "2) to be 

chelated through X, with stability order n = 3 > 4; X = 0 > S. For 

n = 4, an interesting decomposition to Cp2Ti(methallyl) and CH3XH 

was observed (53). Cp2TiMe (in situ from Cp2TiC1 and LiMe) reacts 

with aromatic amines such as pyridine to give Cp2Ti(2-pyridyl), 

demonstrated by cleavage with DC1 or 12; the stability suggests 

coordination through N as well as C (54). 

CYCLOPENTADIENYL COMPLEXES 

An improved crystallographic structure determination on Cp,Zr 

confirms that there are three n 
5 

and one n 
1 

rings, .forrnally 20 

electrons; the n5-rings are not tilted but are further from Zr 

than usual (55). 

cp2MX2 
complexes with chiral elements continue to attract interest. 

Menthyl Cp and neomenthyl Cp were used to make Cp2'MC12 (M = Ti, 

Zr) and CpCp'TiC12; the crystal structure of Cp(menthy1 Cp)TiC12 

was determined (56). (RCp)2MC12 and (RCp)CpMC12 (M = Zr, Hf), 
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where RCp is derived from a fulvene,.were prepared, the latter from 

CpMCl3 for which preparative details are given (57)- From these, 

(RCp)CpMClX (X = OR, CH2Ph) were prepared and the chiral center at 

M investigated by NMR (58) _ Also studied were (C5H4(CHMePh))2TiC1 

(C6F5) and (C5H,(CHMePh))CpTiC1(C6F5); enantiomers were resolved by 

replacing Cl by a chiral alkoxide, separating by chromatography, 

and removing the OR* with HCl (59) _ (C5H4(CH2Ph))2ZrC12 is tri- 

boluminescent and piezoelectric; the crystal structure showed no 

unusual features which might account for this behavior (60). 

Preparative details for Cp2TiBH4 have been reported (61). 

CpTiC13 plus LiBH4 gives CpTiC1(BH4) and CpTi(BH,)2 (62) - Reduction 

of Cp2TiCl2 by L-iA1H4 gives chloro and/or hydridd bridged fulvalenide 

complexes, (C10H8)(CpTi)2(u-X) (u-Y) where X, Y = H, Cl (63). A 

neutron diffraction study on (MeCp)2Hf(BH4)2 shows that each BH4 is 

bidentate but the two Hf-H distances are significantly different; 

the structure may be related to the facile bridge-terminal hydrogen 

exchange, which remains fast on the NMR time scale to -155 o (64). 

Antiferromagnetic interactions in bridged Cp2Ti(III) systems con- 

tinue to be investigated at Illinois. (Cp2Ti)2(u-pyrazolyl)2 was 

prepared and its structure determined; the Ti-Ti distance is 4.339 

2 and the Ti2N4 ring lies in a chair conformation (65). The 

magnetic susceptibility shows no antiferromagnetic exchange, but 

weak exchange was inferred from the ESR spectrum. In contrast, _ 

(Cp2Ti)2(biimidazoly1), for which the Ti-Ti distance is much 

longer (6.02 8), shows stronger coupling (-J _ 20 cm-') (66). 

Cp2Ti 
/ 

\ 

Di- and trinuclear Cp2Ti complexes from uracil and cyanuric acid, 

respectively, also exhibit very weak coupling (67). The crystal 

structure of Cp2Ti(~-C1)2Mn(~-Cl)2TiCp2 was determined; magnetic 

studies were compared to analogs with diamagnetic central metals 

Zn or Be (68). 

1H and 13C NMR spectra were observed for (Cp2TiC1)2r Cp2TiCl- 

(NCMe) and Cp2TiBH4; paramaynetic shifts are similar to those in 

previously studied Cp2V (69). -Dipole moments of Cp2TiC12, CpTiC13, 

(Cp2TiC1)20 and Cp2TiCl were measured; the last is not zero (4.23 D 
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in benzene) indicating that the symmetric solid-state structure is 

not entirely maintained in solution (70). Polarographic studies 

on Cp2TiX2 and CpTiX3 were reported for X = Cl, OAr (Ar = aryl 

group); the results were interpreted by the following scheme (71): 

Cp2TiC12 % Cp TiCl + Cl- % 
. 

-2 
Cp2Ti -I- Cl- & Cp2Ti- 

. 
Cp2TiC1(OAr) & Cp2Ti(OAr) + Cl- -%+ Cp*Ti(OAr)- 

The cation (Cp2Ti(H20))202t has been prepared by two routes and 

its crystal structure determined with S206 
2- 

(72) and Cl0 - (73) 
4 

counterions; both show nearly linear Ti-0-Ti (177O and 176O, respec- 

tively). Cp2MC12 (M = Ti, Zr, Hf) reacts with LiCo3(CO)lo to give 

Cp2MCl(oCc~3(cO)9) (the Ti example was previously made from COAX; 

see 1976 survey) and Cp2M(OCCo3(CO)9)2i several crystal structures 

were determined and are quite similar to the earlier Ti structure 

(74) - CpTiC13 + NaCo(CO), gives C~T~(OCCO~(CO)~)~(CO(CO)~)- 

tetrahedral Ti with one Cp, two alkoxide, and one Co coordinated: 

Ti-Co = 2.614 2 (75). Reaction of CpTiC13 with (H3P)Wl103g 
4- 

gives 

(CpTi)PWl10394 , the first polyoxoanion-supported organonetallic; 

spectral data (IR, 
1 
H and l7 0 NMR) are consistent with a structure 

derived from known PW120do 
3- 

by replacing LO'+ with CpTi3+ (76). 

Reactions of CpTi complexes with NO have been examined. 

(Cp2TiCl)* plus NO gives (Cp2TiC1)20 + N,O, while Cp*Ti(CO)* gives 

CO*, N2 and an uncharacterized Ti product: Cp2Ti plus N20 gives a 

new compound, (Cp2Ti)20, and N2 (77). -Cp2TiC12 and NO yield N2 and 

an uncharacterized Ti=O species-. Several other reactions involv- 

ing nitrogen species were examined as well: CpTiCl3 reacts with 

PhN2SiMe3 to form CpTiC12(N2Ph) and with Me3SiN=PPh3 to give 

CpTiC12(NPPh3) (78). Cp2TiC12 plus Me3SiN2SiMe3 gives Cp2TiNN(SiMe3)*, 

analogous to the vanadium product previously reported (79). Cp2TiCl 

forms an adduct with a nitroxide radical, Cp2TiC1(ONR2) (80). 

Complexes Cp2TiX2 (X = NO,, ONO, 0N02) (81) and Cp2TiX(CN) (X = 

Hr, I) (82) have been prepared, the latter from Cp2Ti(CO)2 + XCN. 

Cp*Ti(IV) complexes with salicylidenimine (83) and oxime (84,85) 

ligands have also been reported. The variable temperature NMR of 

Cp2TiS5 shows a barrier of 18.2 kcal/mol to inversion of the chair 

conformation of.the TiS5 ring (86). Complexes (Cp*Ti(XPh))* (X = 

S, Se) (87) and a variety of CpTi (88,89) and CpZr (90,91) dithio- 

carbamate complexes were prepared. The crystal structure of 

CpTi(S2CNMe2)3 is quite similar to the previously reported Zr 

analog (92). The alkylxanthate complexes CpZr(S2COR)3 (R = tie, Et) 

have the same basic structure according to spectroscopic evidence 
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(93) - Reaction of CpZrX(acac)2 with bromine gives bromination of 

both acac methine carbons without affecting the Cp ring (94). 

OTHER n-BONDED COMPLEXES 

The crystal structure of Cp2Ti(CO) CPhCCPh), the only simple n2- 

olefin or acetylene complex of this group, has been reported; it 

shows no particular difference from other acetylene complexes. In 

solution it decomposes to give Cp2Ti(C0)2 and Cp2Ti(CPh)4 (95). 

The apparatus used to make Ti(C6H6)2 by metal vapor methods has 

been described in a patent (96). Condensation of potassium vapor 

into a solution of TiC14 and arene in THF at -loo0 leads to 

Ti(toluene), and Ti(mesitylene)2 (97). Treatment of Tic14 with 

AlC1Et2 and C6Me6 gives (C6Me6)TiC12 +AlCl,- , which reacts with 

water to give previously known (C6Me6)3Ti3C16 3+ (98). 

An SCF-MO calculation for CpM(C7H7) (M = Ti, V, Cr) indicates 

that in Ti the C7 ring is most tightly bound and has the highest 

negative charge (99) - Ti2(C8H8)3 has been made by the metal vapor 

method: it is reduced by K to Ti,(C8H8),2- which, surprisingly, 

shows only one NMR peak; accidental degeneracy was suggested (loo), 

APPLICATIONS IN SYNTHESIS AND CATALYSIS 

Hydrozirconation is now beginning to be used in complex syntheses: 

addition of Cp2ZrHC1 followed by iodination gave stereospecific con- 

version of an alkyne to an iodoolefin, a key intermediate in the 

total synthesis of the erythromycin precursor erythronolide B (101). 

Cp2ZrHCl addsto HCsCCH(OSiMe3)CSH11; the resulting alkenyl Zr under- 

goes conjugate addition to a cyclopentenone in the presence of a 

Ni catalyst to give a useful intermediate in prostaglandin synthesis 

(102). Hydrozirconation was used to monohydrogenate vitamin D3 

(a conjugated triene) in improved yields over previous methods (103). 

Alkenyl Zr complexes formed by hydrozirconation of terminal 

acetylenes couple with alkenyl halides in the presence of Pd(0) to 

give dienes with good yield and stereospecificity (104) - Cp2TiC1Me 

adas to PhCCPh, giving methyl stilbene after hydrolysis; dialkyl- 

acetylenes give allenes, probably by o-hydride elimination from the 

intermediate alkenyl complex (105). Terminal acetylenes react 

readily with Cp2ZrC12 plus MesAl to give RMeC=CHAlMe2; zr can be 

used catalytically (106,107). Coupling with alkyl halides to give 

trisubstituted olefins is best achieved by Pd(0) with ZnC12 as 

co-catalyst (108). Cp2TiC12 catalyzes hydromagnesiation of alkenols, 

leading to lactones (109); additional work on Ti-promoted alkylation 

of alkenols has appeared (llO,lll)_ 
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A number of examples of the use of Ti to catalyze addition of 

aluminum hydrides to olefins have been reported (l.12-118); also - 

MgH2 can be used (119). Cp2ZrCl(BH4) reduces aldehydes and ketones 

to alcohols;.selectivity and reactivity are comparable to NaBH, 

(120). Low-valent species obtained by reduction of Ti or Zr com- 

pounds have been used for deoxygenation of epoxides (121,122) and 

alcohols (123-124); reductive coupling of carbonyl compounds (125- 

128), and hydrogenolysis of alkyl halides (129,130); in none of 

these has the involvement of organometallic intermediates been 

strongly implicated. An ion cyclotron resonance study on the 

reaction of TiC14 with carbonyl compounds suggests organotitanium 

intermediates in some cases (131). The combination TiC14 + Zn f 

CH2Br2 effects methylenation of carbonyls (Wittig reaction) (132); 

again it is not known if organotitanium is involved, but the report 

of a stable Ti methylene which reacts similarly (vide supra) is -~ 

most suggestive. 

Japanese language reviews of hydrozirconation (133) and the use 

of Ti in synthesis (134) have appeared. 

Compounds Cp2'&Ye2 and Cp2'MH2 (M = Zr, Hf) are catalysts for 

olefin hydrogenation at 80°. Optically activeeCp(C5H4(CHMePh))ZrMe2 

was prepared but gave no optical induction in hydrogenation of 

prochiral alkenes (135). 

Cp3(C5H4)Ti2 catalyzes polymerization of acetylene; mostly trans 

was obtained at room temperature, cis at -80° (136). An ESR study 

was carried out on the olefin polymerization catalyst formed from 

Ti(CH2Ph)4 and silica (137). A review on industrial applications 

of homogeneous catalysis (very interesting and useful, especially 

to academic chemists) includes a brief section on Ti-catalyzed 

olefin polymerization (138). 
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