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INTRODUCTION 

This review is intended to cover the literature on the inorganic coordination chemistty of 

tantalum for the year 1991 and to be a companion monograph to the preceding one on niobium. To 

keep the review to a managable length, we have chosen to limit the study to low nuclear@ inorganic 

coordination systems only; consequently several areas have had to be omitted. Specifically, the 

organic/organometallic chemistry of tantalum, high-nuclear&y cluster chemistry (including 

polyoxometallates) and solid state and materials science have been excluded unless there was a 

strong mason to include them from an inorganic/coordination chemistry viewpoint. 

This review is based on coverage of Chemical Absfructs from volumes 114 (July-Dec.), 115 

and 116 (Jan-June) mpectively. 

The layout of this review focuses on the different oxidation states of tantalum which range 

from +5 down to -2. However, as for niobium most compounds of tantalum in oxidation states 

lower than +5 are stabilised by carbon-based organic ligands and as such lie outside the scope of 

the present review. ConsequentJy it has proven mom effkient to separate the +5 bxidaion state fmm 

the others siwe most studies in cocrdination chemistry have inevitably dealt whh the former state. 

Within each main section the sub-sections are organ&d according to the natum of the coonhnated 

liands; halogens from group 17, chakogens from group 16 and pnictogens from group 15. Within 
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these broad boundah however, there are anas of overlap when ligands from more than one gmup 

are present but these species will be covered in at least one of the relevant sections. 

The madem’ attention is dimcted to a comprehensive review of the coordination chemistry of 

niobium and tantalum for the years 1985-1987 especially for areas of cluster chemistry, solid state 

andmamrialmlatedscience[1]. 

8.1 TAhCMLUU(V) 

8.1.1 Compkxes with group 17 donor ligands 

Like niobium(V), tantalum(V) is a hard Lewis acid and as such prefers to coordinate hard 

Lewis bases such as those from groups 15-17. Many of these complexes have been well studied but 

certain amas are still under active investigation, such as the use of halide complexes of tantalum to 

aid uystallinlty, as synthetic precursors and for vibrational studies. Some of these applications are 

described below. 

The vibrationsl frequencies of [TaX& (X = F, Cl, Br. I) have been calculated in the same 

fashion as for analogous [Nbx63- systems and shown to give good agreement with experimentally 

detumined vahles [2]. 

Both niobium and tantalum fluorides and oxyfluorides have been synthesised under high 

temperature conditions from molten, stoichiomeuic mixtures of M205 @I = Nb, Ta) in NIQHF2 or 

MHF2 (I@ = alkali metal) [3]. 

The hexahalo tan&late anions have proven particularly useful in their capacity to stabilise 

reactive or unusual cationic species in a similar way to hexahaloniobates. In this regatd, the high 

thermodynamic stability and high crystallinity of [TaX& systems make them ideally suited to this 

task. Thus, the novel complex [C3H5N2]+[TaCltj1- has been studied by single-crystal X-ray 

diffraction and shown to be orthorhombic with the space group Prima. As expected, the rraxa]- 

anion is octahedral with (Ta-Cl) distances ranging from 2.317 (3) A to 2.362 (3) A. The [QHsNd+ 

cation is the imidaxolium cation which appears to interact with the tantalate anion via N-H and U-H 

bonds 143. Moreover, there is cohesion between the layers due to the presence of normal van der 

Waals contacts. Another novel system involves tehnmethyltetraselenafulvaIenium flwaocantalate 

which contains the [TazFll]- anion [S]. The reactive cation, [Cl&]+ has heen stabilised by 

combination with [TaF&, and [NbF& [71. The tantalum system is isostrucmml to that found for 

niobium [6]. 

The pentahalides of tantalum have continued to find use as synthetic precursors in both 

inorganic and organometalhc chemistry but one remarkable and unexpected organic application 

involves the cleavage of C-C and C-H bonds in alkyl benxenes facilitated by the TaCl+H2Cl2 

system [8]. Thus, treatment of 1.3.5,~triisopropylbenzene with TaCls-CH2C12 affords the 

diisopropylnimethylindanaan-l-yl cation (1) whereas maanent of both 1~4.5~tetramethylbenxene snd 

1,2,3J,-tetramethylbekne with the same tsmahun solution affords the dihydrosnthryl cation (2). 

BothcationsqstallisewiththeocUe&al [TaQ61- counterlon and have been character&d by X- 

my diffmcdon. 
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8.1.2 Complexes with group 16 donor ligands 

As with niobium, the coordination chemistry of tantalum(V) is dominated by ligation with 

group 16 donor atoms, particularly oxygen. Again, as with niobium, the chemistry of the lTa-01 and 

[Ta-OR] moieties has formed the basis of most study. Below, we discuss the various areas of 

tantalum(V) chemistry in the order (i) oxyhalide species, (ii) alkoxide compounds and (iii) sulfur 

compounds. By the very similar nature of niobium(V) and tantalum(V), several of the studies 

mported for niobium have been duplicated for tantalum [a. 

Both high-temperature molten salt and low-temperature solution synthetic routes to 

oxyhahde species have been investigated. Thus, reaction of Tee with metal fluorides or oxides in 

NH4HF2 or MT-IF2 (IW = alkali metal) melts gives tantalum fluorides or oxyfhrorides of alkali, 

alkaline earth or transition metals [3]. A more convenient, low-temperature solution route to 

thiohalides has been developed for both niobhtm and tantahun. In this strategy, the thermodynamic 

drivingfarceforreactionispravidadbythefonnationofHQ(oranadductwithasuimblenitrogen 

base) or Me3SiCL In addition to this, since the pmducts of these reacdons, thiohalides, are usually 

less soluble in common organic solvents than the starting materials there is an additional driving 

force pmvided by the pmcipittuion of the product from solution 191. Equations 1 and 2 illustrate this 

synthetic methoddogy [93, where X = Cl, Br. 

TaX5 + H2S 
=4KwJ2 

- Ts(SP3 (1) 
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analogy with niobium systems such as [Nb(0)C131n which are known to be linear, polymeric 

species. 

CHzClz 

Ta(S)C13 + PPh&l [PPh&Ta(S)C15].2CH,C1, (3) 

The crystal structum of the complex, @!k~$Ta(O)F~] has been reported. It is monoclinic 

with the space group P2I/n. The tantalum-containing anion has the expected pseudo-octahedral 

structure (3). Hydrogen-bonding exists between the [EtsNH]+ cation and [Ta(O)Fs]-. This 

complex has been prepared by the evaporation of a mixture containing Ta205 in 38% HF in the 

presence of NEt3 [ 101. 

1 
2- 

(3) 

As found also with niobium, a variety of alkoxide complexes of tantalum have been prepamd, 

many of them heteqolymetallic. In most cases however, characterisation has been provided only 

by elemental analysis, IR and UV-VIS spectroscopic data, magnetic studies and molecular weight 

measumments. Very few of these complicated polymetallic species have been studied by single- 

crystal X-ray diffraction. The complexes that have been reported are, Ni[Al(OtBu)4]~a(OiPr~] 

[ 111, [Ta(OiPr)&o[Al(Ot13u~] [ 121, the latter prepared as shown in equation 4. 

C~CO[A~(O’BU)~ + KlTa(O’Ql - [Ta(OiPr),]Co[Al(OtBu)~ + KC1 (4) 

Reactions of Ta(OEt)s with salicylic acid hydraxide (H$a) and anthranilic acid hydraaide 

(HAa) in different stoichiometrlc ratios in refluxing benzene gave [Ta(OEt)6_2,(SaM (n = 1,2) and 

[Ta(OEt)f,_a(Aa),J (n = l-3) respectively in an analogous fashion to the mactions with niobium [13]. 

Subsequently, both [Ta(otBu~~(Sa)tJ and [Ta(ofBu)5_&a),J were isolated by alcohol exchange 

mactions. Cham&&~tion of each complex was provided, in each case by elemental analysis and IR 

and NMB specnoscopies. 
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As with niobium, the use of sterically demanding aryloxides in tantalum chemistry has 

permitted a variety of reactivites and structures; thus equations (5) and (6) illustrate some results 

with the bulky siloxide ligand, [OSi(C&Me2)] [ 141. 

TaCls + Li[OSi(C!&Me-2),1--c TaQ[OSi(C&&Me-2)&1.5Et20 

TaCl,[OSi(C&Me-2),] + 3 MeMgX - TaMe&!l[OSi(C,$I~Me-2)3] 

+ 

~T~e3W~GP.We-2hll2 
+ 

(5) 

TaMe$l[OSi(C&Me-2)3]2 (6) 

Crystal structure of TaC4[OSi(C&+Me-2)3]. 1 SEt20 (4). 
Reproduced with permission from ref. 14. 

The final product in equation 6 can also be prepared by reaction of T~Clg[OSi(QH&k- 

2112 with two equivalents of MeMgX (X = Cl, I) [141. The crystal strucnue of TjX!l&Si(C!&Me- 

2)3l.l.SEt20 has been reporkd (4), showing the complex to possess mutually fra”s aryloxide and 
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ether ligands. The tantalum-oxygen distances are 1.812 (3) A (siloxo) and 2.263 (3) A (ether) 
respectively, and the tantalum-chlorine distances range ikom 2.328 to 2.356 (1) A [15]. The theme 

of sterically-demanding aryloxide ligands is continued with the isolation and singlecrystal X-ray 

structure of Ta(CI-I2C!&t-Meh(OC&Ph2-2,6h [ 151. This compound extrudes one equivalent of 

p-xylene when heated to 15OC to afford a cyclometsllated product, from one of the ortho-phenyl 

substituents on the aryloxide ligand. Similar results were reported for the niobium analogue [ 151. 

In a related system, it has been reported that reaction of Ta(CH$Bu)&!12 with Li-0-2,6- 

tBu2C&Me in a 1: 1 stoichiometric ratio affotds either Ta(~2tBuhClz(o_2,6_tBuZCdIZMe) by 

displacement of one neopentyl group or the cyclometallated product (5). in whiih one of the methyl 

groups of an orthoJBu group has been metal&d [161. 

(5) 

The stabilisation of unusual ligands via reductive coupling is a reaction that has considerable 

synthetic potential and one that has been investigated for a variety of early transition metals. Thus, 

Ta(DIPP)$l2(OEt~, where DIPP is the 2,6-diisopropylphenoxo group, is reduced by two electtons 

in the presence of the bulky alkynes PhCCPh and MegSiCCMe to afford the pale yellow I:1 

adducts, Ta(PhCCPh)@IPP)3 and Ta(Me$WCMe)(DIPP)~ [171. However, the reduction of 

Ta@IPP)$lz(OEt$ in the pmsence of smaller internal alkynes such as EtCCBt or the terminal 

alkynes, Me$WCH or ‘BuCCH affords the metallacyclopentadienes shown in the figme (6). 

R=R’=Et;R=Me$i,‘Bu;R’=H 

(6) 

Theplearenceoflargearyloxidtligandshasalsoresultedinthei~lationofrareandhighly 

reactive mononuclear hydrido complexes. Thus, hydrogenation (1200 psi, 8o’C) of cyclohexane 
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c2 

crystal structure ofTa@IPP)Q(HhPM~h (7). 
Repnxbxd with pamission km ref. 18. 
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solutions of Ta@IPPhCl(CH2SiMe3)2 and Ta@IPP)2(CH2SiMe3)3 in the presence of tertiary 

phosphines leads to Ta(DIPP)2Cl(H)2Lz (L = PMe3, PMezPh, PMePhz) and 

Ta(DIPP)z(H)3(PMezPh)z in high yield [181. Under the same conditions, the compounds 

Ta@PhP)2(CH2QI+Me)3 or Ta(DPhP)2(CH#iMe& (where DPhP = 26diphenylphenoxide) 

form Ta(O-2.6-Cy~C!&)#I)~~ (L = PMc_LPh, PMePh2) in which the diphenylphenoxide groups 

have undergone hydrogenation. The X-ray crystal structures of Ta(DIPP)2Cl(Hh(PMe3)2 (7) and 

Ta(O-2,6-CyzC6H3)2(H)3(PMe2Ph)2 (8) have also been reported in the same study. Both 

molecules adopt a pentagonal bi-pyramidal geometry in which the aryloxide ligands are in mutually 

rruns positions. The two hydride ligands are cis in (7) while in (8) a crystallographically imposed 

two-fold axis of symmetry runs through a unique hydride within the pentagonal plane. The NMR 

spectroscopic properties of these seven-coordinate hydrides show the Ta-H group resonating at low 

fieldandthes pecnos@c characteristics are consistent with a non-fluxional geometry on the NMR 

timescale at room mmpemmm. In compound (8), exchange of the two chemically equivalent hydride 

ligands is slow leading to a AA’XX’ (X = 3lP) spin system in the 1H NMR spectrum. Analysis of 

this pattern allows quantification of the H-H, H-P and P-P coupling constants. In compound (8), 

the unique hydride displays a triplet of triplets pattern, the remaining two hydides constituting a 

complex multiplet. Furthermore, complex (8) acts as a catalyst precursor for the homogeneous 

hydrogenation of naphthalene to tetralin [ 181. 

A few studies, primarily from the Mehrotm group, have dealt with sulfur containing ligands. 

Thus, the reactions of Ta(O@r)s with (R0)2P(S)SH (R = Et, Pr, ‘Pr, sBu, Ph) in equimolar ratios 

yield compounds of the form, (kO)~Ta[S~(OR)~l as hydrolyzable, yellow liquids which are 

soluble in common organic solvents and monomeric in freezing benzene [ 191. Characterisation of 

these materials has been provided by molecular weight, spectral studies (NMR, IR) but no single 

crystal X-ray diffraction studies have been carried out. The compounds are postulated to have 

chelating, bidentate [SflORhJ moieties [ 191. In a mlated study, different dithiophosphate reagents 

have been used in which the OR groups on phosphorus are replaced by bridged diolato fragments 

such as in (OGO)P(S)SH where G = tetramethylene, 1,2dimethylethylene, 2dimethylpmpylene 

and 2diethylpropylene [20]. The products, (iPrO)4Ta[S~P(OGO)I have been characterised using 

standard methods are again postulated to be monomeric with bidentate [S2P(OGO)] moieties. The 

same group have also report4 the isolation of analogous products, TaCl3[S$(OR)&, from the 

reaction of TaC15 with [(RO)aPS2]Na or [(R0)2PS2][NH4] (R = Ph, iPr, iBu) [21]. These 

complexes are reported to be orange-yellow viscous liquids which are soluble in common organic 

solvents and are moisture sensitive. For each compound a single 3lP NMR resonance is observed in 

the range, 6 77.6-86.8 ppm which is characteristic of dithiophosphates. No structural data were 

provided. 

8.1.3 Conrpkxes ~‘ti group 15 donor &an& 

Some rather unusual nitmgen-based ligands have been reported coordinated to tantalum. For 

example, the complex (9) has been syntheskd as used as a precursor to organometallic complexes 

such as (lo), fomxd via reaction of (9) with ethylene [22]. 
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(9) (10 1 

The reaction of TaC15 with EtNCO in acetonitrile solvent led to the formation of 

Ta@WX!(O)N=CMeNBtC(O)Cl]~ [23], in which the organic ligand is coordinated to tantahnn via 

the nitrogen atom in italics. This complex my subsequently be hydrolysed to afford 1,3diethyl-6- 

methyl-[lR3H+1,35- akine-2,4dione and TaCls. This hydrolysis reaction is reversible. 

As with niobium(V), many studies have been reported concerning the chemistry of 

tantalum(V) with imido [=NB] ligands. An usual trimethylsilyl transfer reaction leads to the 

formation of a coocdinated uimethylsilyl imido ligand (equation 7) 1241. 

Ta(O)Cls + 3 LiN(SiMe& %!+ Ta[N(SiM~)zlz[NSiM~l[OSiMe31 (7) 

Crystal structure of [ (TaQKl)Cl(NS~)[N(SiMe$~)~ (11). 
Reproducea with permission from ref. 25. 



180 

The product is isolated in only low (27%) yield. The niobium analogue is reported in the 

same paper. A variety of imido complexes of tantalum(V) have been prepamd by Bradley and co- 

workers as illustrated in Scheme 1 [25]. Two of the complexes have been studied by X-ray 

crystallography. [(Ta(~-Cl)Cl(NSiMeg)[N(SiMeg)~])21 (11) and [(Ta(p- 

OMe)OMe(NSiMeg)[N(SiMe3W }2](12) both possess dimeric structures in which the tantalum 

atoms ate each in distorted square-pyramidal configurations and the imido ligands occupy the axial 

positions. The very short (Ta=NSiMeg) separations of 1.755 (7) A (12) and 1.777 (11) A (13) 

respectively coupled with the near-linearity of the (Ta=N-Si) moieties sugest that the imido nitrogen 

atoms donate four ekctmns to the tantalum metal centre [25]. 

[(Ta(Cr-OMe)OMe(NSiMe3)LN(SiMe3)~)~ (12). 
Reproduced with permission from ref. 25. 

82 LOWER OXIDATION STATES OF TANTALUM 

82.1 C~lexcs with group 17 donor ligands 

Homokptic halides of tantalum in lower oxidation states have continued to find use as 

starting materials for the synthesis of other low oxidation state complexes, particularly 

organomcallicspccksasine4uation8[26l. 

Tat& + 4LiR - Ta% 

@ = UMeC$&. 2,5-Me$&~) 

(8) 
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82.2 Complexes with group I6 donor ligands 

The dissolution and subsequent evaporation of aliphatic alcoholic solutions of 

[(Ta&t2)(H20)&$4H20 (X = Cl, Br) in a vacuum have resulted in complete exchange of the 

four coordinated water molecules and two terminal halide ligands by aliphatic alcohols forming 

insoluble, crystalline, diamagnetic clusters [Ta@12(ROH)a]X3 (R = CH3, C2H5, CHMe2, 

CH2CHMe2) [27]. Spectral evidence indicates occupation of all octahedral coordination sites by 

aliphatic alcohol molecules. 

As with niobium, the use of sterically demanding alkoxides and aryloxides has been used to 

stab&e low oxidation states and low coordination numbers at tantalum. Thus, (qa- 

C&k&Ta(DIPP)#l (DIPP = 2,6diisopropylphenoxide) undergoes a facile one-electron reduction 

in the presence of sodium amalgam to afford the complex (r@CgMee)Ta(DIPPh [28]. This is 

formally a complex of tantalum(R) and if the (@Q~ee) ligand is regarded as occupying a single 

coordinaton site then the tantalum atom is formally three coordinate, an unusually low coordination 

number for such an oxophilic and relatively large transition metal. The crystal structure of (qe- 

C&te)Ta(DIPPh (13) [28] contlrms this low coordination number. 

Crystal structure of (I$C&te)Ta(DIPP~ (13). Reproduced with permission from ref. 28. 

The. extremely bulky siloxide ligand SILOX (tBu3SiO-) has been used in the synthesis of 

low valent, low coordination number complexes of tanatalum [29]. Thus, [Ta(SILOX)31 reacts 

smoothly with olefins such as C2H4, C2H3Me, 1-butene and cis-Zbutene to afford the 1: 1 adducts 

[Ta(oldin)(SILOXh]. In tbe cases of the latter two oletins a competing cyclometallation process 

also produced (Ta[OSig(CMe3)2CMe#HHZI(H)(SILOX)2). In concentrated benzene solution, 

[Ta(SILOX)3] trapped benzene to afford the novel, bridging complex [Ta(SILOX)3]&- 
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$(1,2):$(4,5)-w] in low (7%) yield along with the cyclometallated product above. Ethyne. 2- 

butyne and F3CC=CCF3 reacted with [Ta(SILOX)31 to afford lTa(alkyne)(SILOX)31. Treatment of 

[Ta(SILOX)$ with pyridine. 2-picoline, 24lutidme. pyridaxine (1,2-NzC4H4), pyrimidine (1,3- 

N2c4Hq) provided the complexes, [Ta(Snx>X)~(~2-NCsHs-N.c)I, [Ta(SILOX)3(~2-6-NC$-l&Ie- 

N,C)], [Ta(SILOX)3(r12-2,6-NCSH3McZ_N,C)I, [Ta(SILOX)3(r12-N2CtH4-NJV)I and 

[Ta(SILOX)~(q~-l,3-N&IQ-~~,c6)] respectively.Formation of these r12 heterocyclic adducts is 

proposed to occur via nucleophilic attack by [Ta(SILOX)s] at the LUMO (predominantly C=N x*) 

of the substrate, a process consistent with the generation of the pyridyl-hydride complex, 

[Ta(SILOX)(H)(CgHzMe2N)] from 2,6-lutidine prior to equilibration. Molecular orbital 

calculations, in the extended Huckel mode, on q l- and q2-coordination forms of 

[Ta(SILOX)3(NCsH5)] provide a rationale for the variation in pyridine ligation. Of critical 

impomuice am the four-electron repulsions between tilled dz2 orbitals on tantalum and the pyridine- 

nirtogen donor orbitals and the capability of pyridine to function as a good x-acceptor in the ?12- 

mode [29]. 

82.3 Complexes with group 15 donor liganh 

Two coo&nation complexes have been chamcterised by single-crystal X-ray diffraction that 

contain tertiary phosphine ligands. [Ta2(~-Cl)zC14(tht)(PMe3hl (14) was shown to possess the 

face-shared bioctahedral structure shown below in which two chlorine atoms and the 

tetrahydrothiophene ligands adopt bridging positions [30]. The (Ta-Ta) separation is 2.682 (3) A, 

the (Ta-S) distance is 2.422 (6) A and the (Ta-P) distance is 2623 (8) A. As expected, the terminal 

chlorine atoms am closer to tantalum than the bridging ones with (Ta-Cl)t,xnnml of 2.375 (9) A and 

(Ta-Clue of 2.502 (13) A. The complex, [Ta&C!lg(PMe3)6J (15) was produced in low yield 

(cu. 2%!) along with [TazS#4(PMe&t] (20%) in the reaction of TaCls with I&S and sodium 

amalgam in the presence of PMe3 [311. The crystal structure of (15) shows a tetranuclesr tantalum 

compound comprising a central Ta(p-S)4Ta unit with tratrs [Clz(PMe$z] sets of ligands on each 

end. To this are added two tTaClz(PMe$] units so that octahedral coordination is completed about 

each metal atom. The central (Ta-Ta) distance. at 2.891(l) A is consistent with a single bond The 

other two, equivakent, fla-Ta) distances are significantly longer [3.091(l) A] but probably represent 

abondingimera&m. 

The mechanism of formation of (15) and na&$&(PMe3)4] is not known although it is 

possible that (15) could be a precursor to, or condensation product of, the dinuclear compound 

(equation 9). 

[T4S,W~hi1 + 2PMes - 2 ]Ta2Wh(PMe&l (9) 
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Crystal structure of [Ta&-Cl)zCl&ht)(PMe3)21(14). 
Reproduced with permission hm ref. 30 

ck@d Stl’Uchlre Of [TiL&~8(Pbk&j (15). 
Reprodwd with pan&ion from ref. 3 1. 
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