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Work in this area has expanded considerably, the 

number of papers increasing by 100% over last year. 

Crystal Structures 

Crystal and molecular structures of TaH(C0)2(Me2- 

PCH2CH2PHe2)2<1), MeTaC12[N(C6H~)C(Me)=N(C6H~)21 (2), 

MeTaC12[ON(Me)NO]2 (3) and of the niobium complexes{[CpNb(02- 

CH)(OH)l,o)H* (&,5), C@b(PPh3)2(CO)H2 (6) and Cp$Jb(CO)SH 

(7) have been determined by X-ray diffraction. In the first 

compound the hydride ligand is capping a distorted capped 

octahedron; the second, containing acetamidinato ligands, is 

a highly distorted pentagonal bipyramid, as is the nitric oxide 

insertion product, in all cases the tantalum being seven- 
?._ 

coordinate. Apart from the tetrahedral hydzosulphide the geo- 

metry of the niobium complexes was difficult to establish since 

the hydrides were not located. 

Details of the structures will be found elsewhere 

in annual Surveys in the review. Ylrganometallic Structures - 

Transition Metals". 
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Hydride. AlQl and Aryl der%vatives (see also Cyclopentadienyl) 

Eydridesr- Ultrs;violet irradiation of the sodium 

diglyme salt of V(COj6 in the presence of PF 3, followed by 

treatment with phosphoric acid has given HV<PF316, in which 

the H-V bead is considerably stabilized thermally by the 

P-F3 ligand, The yellow crystaJ_line hydride could be sublimed 

and did not decompose below.1350 Ln sealed tubes_ It reacted 

with oxygen- and nitrogen-containing donor solvents form%ng 

onium salts. The lti Fourier NZ-iMR spectrum in Ni(PF3)& con- 

tained a five-Ene xcultiplet centred at 18.4 -c; the tuo remain- 

ing lines expected were not visible (8). 

The formation of the tantalum aluminium hydride, 

Ta(MH,& has been reported (91, the unstable red hydride 

eliminating AIH3 and forting products cf variable composition, 

T~n(=‘lyc)4_B_ EibH3 has been prepared by combination of the 

elements catalyzed by IaNi3 (10). 

IdkJTl.S:- A useful discussion of stabzlity and 

scission of transition metal-carbon a-bonded compounds has 

been published 0-I.). Considerable effort has gone into the 

preparation of alkyl derivatives of these metals and studies 

of their reactions and their complexes. 

The n-allyl. (x-C~H~)V(CO)~, was made tirn GfV(CO), 

and ally1 cblorzde, -while substituted ir-ally1 derivatives 

were obtained by addition of HV(COIG to the dienes, CF$=CR- 

-CH=CH2 <R=H or He). The mode of bonding was confirmed by 

in&ared and LH-NMX spectroscopy (l2). 

The oxovanadium compound, HeVO<O-3>,, has been 

prepared as a red-brown oil by the action of 

on VO(O-iPr)3 in pentane- The mass speciral 

routes were considered in some detail (13.). 

L 

dimethylzinc 

decomposition 



Methylniobim(V) and methyltantalum oxohalide 

complexes of type, HeXOX2. 2L, have been synthesized by the 

action of MeMgI on NbOC13 in toluene-ether followed by addi- 

tZon of ligand, or by reaction of excess of an oxygen-con- 

taining llgaad with MeMCl4; e.g. 

MeNbC14 
excess ligand 

- 350 + MeNbC14.L FzzE )- MeNbOC12.2L 
_- 

L= ONXe 3> ONC&, * OPXe3' 0PPh3, 0P(NMe,j3, 0P<NMe2)20Me, 
- 

oP(NMe2)(0Me)2) OP(OMeI3, 0[OP(NMe212J2, OASPh3 and 0SMe2. 

'%a or&y tant&m oxocoxnplex was NeTaOCl 
2 
.POPPh 

3' 
Thmugh- 

out the oxygen-abstraction-halogen-exchange reaction the methyi- 

metal bonds appem to remain waffected (14). 

Pentamethy&Gobium and perknethyltantalurn have been 

prepared from methyllithium and the knokii compounds,Ne3MC12. 

The niobim derivative decomposed in ether above -SF, but the 

tantalum analogue was isolated as a yellow, volatile,oil which 

decomposed apparently autocatalytically at 25O to g%ve methane 

as the only detectable volatile product. Both pentamethyl 

derivatTves were stabilized by Me2PCH2CH2PHe2 (dqe) and 

could be isolated as mono-adducts, the %-NMR spectra of 

which shoued evidence of stereochemical non-rigidity (15). 

The !cnown trimethyl derivatives, Me3NbC12 and Meg- 

T&12. have been shown to form coordination compounds with a 

range of unidentate (L) and bidentate (B).ligands with s-toichio- 

metries, Me3MCL2_ L, where L = 0PPh3 or Ci(Et4N* as cation), 

Me3MC1,.2L, where L = pyridine OP 3-methylpyridine, and Meg- 

MC12.B, where B = MeOCH2CH20Me, Me2NCHZCH2NMe2, 2,2'-bipyridyl, 

4,4*-bipyr5dyl. Ph2PCH2CH2PPh2, HeSCH2CH2SMe, EtSCH2CH2SEt or 

Ph2PCH2PPh2. 
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As with other complexes, the stability of the niobium 

compounds is lower than that of the corresponding tantalum deri- 

vatives _ The six-coordinate complexes Gth u&dentate ligands 

showed a single methyl resonance in their 'H-NHR spectrum even 

at -6W. The remaining complexes shosed splitting of the 

methyl resouauce at Low tempera-e and some evidence for Tao 

different types of seven-coordinate structures (16). 

Several SaSers 'nave described insent-ion& of various 

inolecules into the metal-methyl bonds of methylniobium (and- 

tantalum) chlorides. Insertion of isothiocyanates into 

MeWE and He2RCl3 took place readily at roan temperature 

giving thioacetamZdo derivatives. e-g_ 

The insertion rates ~01lorreG the sequence, HeHCI 
4 
> 

Ke22NC13XJe3NC12 and KeNCS >PhNCS, suggesting that an important 

step in the Insertion necbzism is formation of a donor-acceptor 

complex. Kith the thiocyanate, XeSCN, S- and N-bonded 1:1 

complexes with XeWl 
4 

and Xe2Kl3 were detected (17). 

Similarly the alkyls, MexRCIS_x, where x=1,2 or 3 and 

pi= b% or Ta, were found to react rapidly with isocyanates. 

&NC0 and PhNCO, at room temperature in pentane to give biden- 

tate N-methyl or N-phenylacetamido derivatives. The reactions 

and mode of insertion we?e sitiar to those of the isothiocyanates. 

Ison%triles , RNC. where R = C6Hll or p-CH3C6H4. reacted with the 

methylmetal chlorides giving, for example, NeTaC12[C(#e)=NR] 
2' 

which decomposed around room temperature (18). 
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Insertion or' nitric oxide into the methyl-metal bonds 

of Me2MCl 
3 

and Me MC1 
3 2' 

where E:=% OF Ta, gave N-methyl-N-nitzoso- 

hydroxylamino derivatives, I~eXMC13_UCON(#2)NO]2- In MeTa- 

Cl2[ON(Me)NO]2 X-ray crystal structure determination showed 

a distorted pentagonal bipyrzaid with two chlorine atoms in 

axial positions (3). 

Insertion of 

cyclohexyl or p-tolyl, 

1, 2 or 3, occurred at 

carbodiimides. RNCN~, where R = isopropyl, 

into MexMC15_x, where M=Nb or Ta; x = 

the metal-methyl groups leading to 

products containing one or two bidentate acetamidino groups, 

NR-C(Ne)=h?. (19). 

With ~ex&ICIS_x, k&erre xv = _Nb OP Ta; x = 1 OP 2, 

ketones, RR'CO, where R = R' = cycloheql; R = He, RI = z- 

-Bu; R = He, R' = neopentyl, formed weak 1:l complexes, 

yellow to red in colour. Tine frequency of the ketonic carbonyl 

group in the infrared dropped by 60 - 70 cm-1 on coordination. 

With less bulky ketones and with oxygen , addition of the methyl- 

metal groups to the ketones took place leading to complex 

_moducts containing N-O-M species (20). 

The chlorides of Me3TaC12 were removed on treatment 

with potassium bis(pyrazolyl)borate. KiCpz2BH21; giving Yellow, 

c??ystdLline. 

Refemlcesp.331 



which did not subline at temperatures below its decomposition 

_wti2 (32Oo)_ Ekza thzcm&I St& %ILiiz< has heen coti~& b;r 

bloc?cLng with bulky groups sZtes required for decomposition. 

The non-rigid seven-coordinate coi;lplex showed broadening of 

the Ta-Xe resonance in the %i-NHR spectmm on cooling, but 

~10 s@itting even at -90°. At -79 one of the pyrazolyl 

resonames split, indicating non-equivalence of these two 

ligands ol). Also ti thZs paper, prelimkary 'H-?SiR data is 

given for the com@exes, Eie,Ta(CH,CCC~COCE,!2. Xe3Ta(CF3COCH 

COCH&, Me3Ta(02CCE33)2 sod We3Ta<C4H204) (sqwate). 

Full details of the pre_oaration of the trtiethyl- 

silylnethyl daxGvatives, (Ke3SiCX2)3NbC12, <Ne3SiCI-i2))3TaC2.2 

an5 <Bz3.SiCH2)TaC13 have now been published. In add%tion 

(He3SiCH2&TaC1,, was obtained fmm the redistribution reaction 

between TaC15 and either of-the t&o trinethy&ilylIiiethyrtan- 

talum coxpoLulds . As has been found fop other alkyl derivatives, 

an increase in the nm&er of trimethylsilylmethyl ligands sEi3s 

the xethylene resonance in the % -NIB spectrum to higher ? values 

(22). NO reference to their ~ralininary cozmvr&cation (23) ,+pems 

in this paper. 

Addition of pbenantbroline or bipyx?Zdyl to solutions 

of the trimethylsilylmethyls in hexane or ether caused preci- 



pitation of the pale yellow niobium or off-white tantalum 

complexes of enhanced thermal stability and supposedly seven- 

coordinate (22). 

Use of the bulkier bis(trimethylsilyl)methyl ligand 

has alloued the isolation of [(Me,$i)2CH$V as a green-blue 

solid <24)- 

A thermally stable neopentylidene complex of tantalum 

has been isolated in quantitative yield from the reaction bet- 

ween neopentyltithium andTaa(CB2CMe$,C12 in pen-tan-, or ether, 

the penta(neopenty1) derivative being the probable intermediate, 

The reaction of five moles o f neopentylmagnesium chloride with 

TaCl5 in ether also produced the carbenoid complex in 50% yield. 

The orange crystalline compound reacted violently with oxygen 

and moisme but was stable-in an inert atmosphere at room 

temperature. The neopentylidene a-carbon was found in the 13C_ 

-NXiX spectrum at 250.1 ppm downfield from TMS. while the proton 

resonances were at T 8.09 (CH) and 8.57 (CH3) es compared wLth 

9.16 (CH2) and 8.85 (CH6) for the neopentyl ligands (25). 

These findings were taken as demonstration of the 

stability of non-stabilized carbenoid complexes, and of the 

viability of a-hydrogen abstraction as a mode of decomposition 

of transition metal alkyls. 

A bensylniobium compound, (PhCH2J2NbC12, has been 

reported (26). 

Trimesi~lvenadium has been isolated as a Aryl:- 

tetrabydrofirranate. V(CgQ)3-1-25 THE', from the reaction 
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between VC13 and C9HllMgBr in THP at -30°. The violet-blue 

crystalline complex had a magnetic moment of 2.74 B.M. and was 

stable under vacuum to about120° (27). 

Cyclopentadienyl derivatives 

Vanadocene has been shown to react with carbon monoxide 

under mild conditions (atmos_ press,. 250) in heptane or toluene 

giving the monocarbonyl, Cp2VCO. as an air-sensitive deep brown 

-1 
solid with a single CO stretch in the infrared at 1881 cm _ 

Zze magnetic moment was 1.76 B-M_ Under similar conditions 

C+VI Formed the spin-paired vanadium(III) carbonyl, Cp2VI(CO), 

which decarbonylated so readily that Cp2VI was always present. 

The formation of the slightly soluble dicarbonyl, [Cp,V(CO),]I, 

&5wrn Cp2VI and CO at atmospheric pressure occurred only in the 

presence of a catalytic amount (10% by weight) of Cp2V in tofuene 

(28). 

Vanadocene also split S-S bon& of disulphides giving 

green high-spin vanadium(III) compounds, 

which could 

cp2v f l/2 RSSR - Cp2VSR 

R = Me, Et, Ph or CH2?h 

also be made by the redistribution reaction, 

Cn2V t C_O,V(SR)~ - Cp2VSR 

The monothio compounds added carbon monoxide reversibly 

in hydrocarbon solution at room temperature, in a similar manner 

iodide above, giving Cp,VSR(CO). 

‘&e black-green bis<phenyltbdo) derivative, Cp2V(SPh)2, 

was synthesized by further reaction of Cp2VSPh with PhSSPh 

to the 

nnd~ forcing conditions (toluene under reflex) or by displacement 

of chloride from Cp2VCl.2 using NaSPh (29). 

:- : 
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In the case of the x%nadium(III) alkyls, Cp2VR, 

R=Xe or CH2Ph,treatment with CO resulted in insertion as 

as addition (30), 

where 

well 

CP2VR f 2co * Cp,V(CO)COR 

In conizxst, C+VPh absorbed two moles of CO givLng 

a red, crystalline thermally stable dicarhonyl (1661 and 1929 

-1 _ 
cm xn the infrared) in whkh migF.stiorr of the phe=yl group 

to one of the cyclopentadienyl ligands had occurred. The 

h 

d co 
V' 

d x0 

1 
H-NXR spectrum showed resonances a t T(C~D~), 6.47 (2&m), 5.80 

(SH, s), 5.24 (2&m), 4.90 (lH,m) and 2.65 (5&m). Carbon 

monoxide was evolved rapidly from -this complex at 251-30~ giving 

a monocarbonyl, Cp<a-C5H4Ph)VC0, which could be oxidized by 

iodine under CO to the ionic dicarbonyl, [Cp(iT-C5H4Ph)V(CO)21 
f 
- 

I3 , - (30). 

A dimethyleminomethylphenyl derivative of vanadiun(III), 
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-was prepared for comparison with the corresponding titanium 

conlpound_ In the vanadium analogue internal coordinaticn of the 

nitrogen atom to vanadium is unlikely. Differential thermal 

analysis showed decomposition at 199O to benzyldinethylamine 

(63751, vanadocene (60%) and two unidentified vanadiun-contain- 

ing Products (31). 

AA asyimxetric square-pyramidal vanadium complex has 

been forned _Wm Cpv(CO)4 and the Schiff base fron po5dine 

carbaldehyde and S-(-)-a-nethylbenzylanine. Iwo cis-CO grouPs 

were eJ_imZnated under the in?luence of irradiation. 

The low yield i&k) and extreme secsitivir- of this 

conPound Precluded any study of the exPected diastereoisoneric 

iorns (321, 

The ESR sPectra of a series of bis(cycLopeatadienyl)- 

niobium and tantalrn hydrides and aliils have been examined 

(33). The conpounds were prePared in solution, (a> fron Cp2~l?~ 

photolysis in the Presence of the t=butyL Peroxide, 

CP2NH3 + +uo- 
-800 + cppI* -I- pEuo?i 

or (b) by addition of a hydride to isobutylene [giving CD 
-2 

I&H- 

(L-&I)] or (c) fron the dichloride. Cp2h%C12, and alkyl or aryl- 

l.ithiua~ or nagneaiu~~ Wdes <giving CpaNbRa, where R=He,CD, or 



Ph). The niobium dihydride shoued the expected triplet splitting 

(absent in the dideuteride), further split into ten lines by one 

niobium nucleus, while the methy- 1 derivative showed hyperfine 

splitting due to one niobium and six ecpixalmt protons of 

the methyl groups. 

The niobium splittiug in the diphenyl aualogue was 

88.86 but the courJlings to the pheuyl protons were unresolved. 

Line widths in the spectrum of Cp2TaH2 precluded the observation 

of sinaller hyperfine splitting in the eight line spectrum. 

9uzing this work the methyl derZvatZves. CpqNbHep and (n-r-!eC5~Q>2- 

TaHe 
2 

were isolated as red crystalline solids and character- 

ized by analytical and mass spectral data (331. 

Bis(cyclopeutadieaylkautalm dichloride has been 

described for the first time as a broxu paramagaetic solid 

and used, together with the analogous niobium compouad, to 

Drepae a range of v-ally1 deFiVatLVeS, cp2bR, WhePe bkNb 0?2 

Ta; R=allyl, l-nethylallyl o?? 2-methylaJ_lyl, which were 
. 

characterized by infrared, %-I-NE.Lp aud mass spectra. They showed 

close similarities to the correspcndiug titauim conpouuds (3Lc). 

Complexes of tautalum with dialkylacetylenes resulted 

fronthe reaction. 

Replacement of iodide in the first product 

occurred on treatnent with LiAlH& iu boiling 

ether giving the corresponding 
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hydrido complexes which were 



also made less conveniently &5rom (;;-:4eC!5H4)2TaH3 and RC=cR'. 

The %I-HHR spectra of the complexes from unsymiuetricdi 

acetylenes showed the presence of the two expected isomers. 

With EBFL: at room temperature or H2 at LOO", the hydrih 

acetylene couplex gave cis-act-r;-ene (35). 

Silicon-, gemnium- ad tin-substituted acetylenes, 

Ph3L4C~CPh, where N=Si, Ge or S-x 1, formed a bisacetylenic 

monocarbonyl on irradiation with Cp_Nb(CO)4 in pentane. The 

yellow crystalline cor;nlexes were st&le in air 

ZnZrared bands due to coordinated acetylenes at 

cm -' (the stiicon compound showed only one band 

and &owed two 

1660 and 1740 

at 1740 cm-') (36). 

A number of bis~cyclo~entadier?yl)vanadim(IV1 dithio 

chelates of type. 

have been prepared and studied by ESR and electrochemical 

technicpes . Dith%oc&zb~tes, [Cp2VS2C_HRR'jX, uh-ze %=~'=Ne, 

Et, _a, Bu; R=H, R'=Me, were made in water,and dithiophosphates, 

CCp2VS2P(OR)2~X, wh-e R=Ne, Et, C,Ei4Cl, Pr, in the appro&ate 
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alcohol. barge-an%ons were used to precipitate the complexes . 

which sax charactertied by magnetic susceptibility measure- 

ments, infrared, electronic and ESR spectia. The ESR solution 

spectra of the dithiocarbamates showed eight lines (I = T/2 for 

51 V) which were split into sixteen in the dithiophosphates by 

interacti with the p!lOSphO3lS ZitOlTl (37). 

Ligand superhyperfine splittings in the ESR spectra 

of the dicyclohexylphosphinate, [Cp2VS2P(C 6.,1)21C1, and of Y 

the diethyldithiocarbamate. [Cp2VS2CNRt21BF4, enriched with 

13 
C, have been attributed to a direct tzx?zs-annular interaction 

(38). 

The dithiochnbamates, dithiophosphates and xanthates 

of this tyoe a~ shok-d two one-electron polarographic reduction 

waves, tine fir& of k-h_ich correspor_ded with the formation of an 

oxygen-sensitive vanadium(III) complex which then underwent 

additional reduction sad/or chetical decomposition (39, 40). 

Vanadocene has been reported to react with carboxylic 

acids giving the carboxylato conpounds, CpV(02CR)2, where R=H, 

He or Ph, and Cp2V02CCC13 (41). 

Measurement of the ESR spectrum of the mixture, Cp2VC12f 

EtAlC12,shoued initiaally the presence of three species, but over 

a period of two weeks the eight-line spectrum assigned to the 

chloride-bridged complex, Cp2VCl2AIC12, developed (42). 

CpV(CO), has been found to be an efficient catalyst 

for the stereoselective oxidation of cyclohexene to cis-l,2- 

-epoxycyclohexan-3-01 (43). 

Othe a-bonded comnlexes 

~-Bonded cycloolefinic derivatives of these metals 

have been synthesized by the now well-established technique 



of treating a cyclopentadienylmetal halide with excess iso- 

propylmngnesium haLiZe in the presence of the cycbokfin. 

In this way the cycloheptatrienyl derivatives, CpV(C71i7) (44) 

and CpNb(C7H7f7 (45) uere made. In the presence of 1,3-cyclo- 

hexadiene a non-separable mixture contain%ng Cp2V, (C6H6)3V 

and CpV<C6Hs) was formed. 1,3,F+Cyclooctatriene gave a 

mixture of CpV(C,S,,) and CpV(C3H3) which was catalytically 

dehydrogenated over pfat%num in hexane at 20° giving only 

olive-brokm crystalline CpV(C8H9)- The mass spectral 

decompos%tion routes of these compounds were considered in 

some detail (44)_ The paramagnetic niobium compound was thermally 

Metallation of CpV(C,l-$) with butyllithiun was found 

to be more difficult than with the corresponding titanium 

compound. Metal&&ion took place preferentially in the seven- 

membered ring for titanZum. Qualitative molecular orbital 

consideration of the charge distribution in these compounds led 

to the conclusion that the enhanced negative charge on the C7H7 

l&and of CpTi(C7H7) led to preferential meta.J_Lat~oxz in this 

ring, whereas the two rings of CpV(C71$) carry about equal 

negative charge (46,471 uhich uas estZmated at about 0.3 - 0.4 

electrons per ring by X-ray photoelectcon spectroscopy. 

Estimates for CpTi(C7H7) gave 0.3 - 0.4 electrons for the Cp 

ringand 0.7 - 0.8 for the C+, ring (48). 

The products of the Fried&-Crafts synthesis of 

bis(ethylbenzene)vanadium have been shown by mass spectronetric 

and gas cbromatogra~hic analyses to consist of (C6H5)V(gtC,H,)~ 

@t,C,H4tV(EtC6H& (EtC6H5)& (Et2C6H4'3V and (Et2C6H4)V(Et3- 

C,H,> (49). 

~, .-. 
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Oligomerization of butadieue occurred when atoms of 

vanadium (prepared by electrical discharge) were condensed in 

toluene (or benzene) in the presence of Et2AlCl giving cyclo- 

dodeca-1,5,9-triene, cyclooctadiene and linear trimers (50). 

Several papers deserTbe physical neasure;cents carried 

out on known compounds. Wideline NEIR spectra of (C6H6)2V and 

(Ne_&H3)2V have been e xamined in the temperature range 178-381 K. 

Line shapes aud second moment calculations Indicated essentially 

free rotation of both rings (51). He(l) photoelectron spectra 

of (i3e3C6H3)9V and CpV(C7H7) have been assigned using a simple 

molecular orbital model &d the electronic structure of the COIII- 

pounds discussed with re&zez~ce to the ionization energies of the 

electrons in each ring (52). 

The fundamental bands in the infrared spectrum of bis- 

<cyclooctatetraene)vanadium have 3een assigned using group theory 

and the ioniczty of the bonds considered (53). Also reported 

is a study of the ESR spectrum of (C5H5)4Nb at various temp- 

eratures (54) and a ligand field treatment of metal sandwich 

compounds ZnnCluding Cp2V (55). 
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