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1. INTRODUCTION 

Systematic studies in the field of stereoselectivity in organometallic 

compounds have expanded rapidly in the last decade, partly because many of 

these compounds are effective catalysts, and because they can themselves be 

precursors for a wide range of derivatives. An organometallic compound Is 

defined as a compound having at least one carbon-bonded organic ligand. 

Steric and stereochemical aspects of metallo-organic compounds containing a 

metal-oxygen or nitrogen bond have been discussed previously (ref .l). Of 

the more than fifty structural studies of tantalum organometallic compounds 

only a few have been discussed in specific reviews since 1982 (ref.2). The 

aim of this review is to present a summary and correlation of all the known 

tantalum organometallic structural information to date. A similar review 

of tantalum coordination compounds has also been prepared (ref .3). 

Comparisons are presented both with this data and with the corresponding 

data for niobium (ref.4). 

The material included In this review was obtained from reports published 

in primary journals to the end of 1984, or up to volume 101 of Chemical 

Abstracts. The systems have been subdivided into non-aromatic and 

aromatic derivatives, representing a major difference from niobium 

organometalllc chemistry, for which there mere very few of the former. 

2. TANTALUM ORGANOMRTALLICS WITR A NON-AROMATIC CARBON ELECTRON DONOR 

LIGAND 

A. Compounds with Coordination Number Pour 

[Ta(CCMe3 )(Cli2CCMR3)] .Li(dmp) (ref .5) and Ta(Obp)p(CRSIMeg )(C$ SiMeg ) 

(ref .6) are the only examples In which the Ta(V) atom has a coordination 

number four (Table 1). In the former, the arrangement about the tantalum 

is nearly tetrahedral, built up of four carbon atome exhibiting three 

distinct bond lengths to tantalum, 176(2)pm, 218(2)pm and 226(2)pm (2x) 

respectively (Figure 1). Ihe shortest of these, Ta-C (CCMe3) has a Ta-C-C 

angle of 165(l)’ which Implies triple bond character in the metal-carbon 

bond. The tetrahedral geometry is the only one found in the chemistry of 

four coordinate tantalum (ref.3). 
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Figure 1. The Crystal Structure of [(Me3CCH2 )3Ta(CCMa3)].Li(dmp). 

Reproduced with permission from J. Am. Chem. Sot., (ref.5). 

B. Compounds with Coordination Number Five 

Crystal and structural data for tantalum compounds with a coordination 

number five are given in Table 1. The crystal structure of {[Ta(CHCMe3) 

(CH2cHHe3)(PMe3)2](p-N*)} (ref.10) is shown as a representative example in 
Figure 2. The green crystals contain tw, tantalum(V) atoms in trigonal 

bipyramidal environments. Each tantalum atom has two axial P!4e3 ligands 

(Ta-P = 259.0(3,11)pm), and the equatorial sites are occupied by 

neopentylidene (Ta-C = 193.5(9,3)pm), neopentyl (Ta-C = 229.2(10,7)pm), and 

the bridging nitrogen ligand (Ta-N = 184.0(8,3)pm). 'Ihe first number in 

the parenthesis is an average of the e.s.d. and the second number is a 

maximum deviation from the average number. 

A trigonal bipyramidal coordination around a tantalum atom has also been 

found in Ta(CHCMe3)g(mes)(PMe3)2 (ref.8), and Ta(NMep)j(p-tolyl)Br 

(ref.7). By contrast, the central TaN,,C skeleton in Ta(NMe*),,(t-Bu) 

(ref.7) corresponds closely to an idealized square-based pyramid, with the 

tantalum atom 50(2)pm above the plane of the four nitrogen atoms. 

c. Compounds with Coordination Number Six 

An almost exactly octahedral coordination is found around the tantalum 

atom in [Ta(CO&,]- (ref.ll), and the Ta-C distance of 208.3(6)pm (6x) is 
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c?=f’6’ 1 

C(14) 

C(27) 

I 

13) 

Figure 2. The Crystal Structure of [(Ta(CHCMe3)(CH2CHMe3)(PMe3)212(u-$). 
Reproduced with permission from Inorg. Chem. (ref.10). 

slightly shorter than that found in the niobium analogue (Nb-C = 208.9(5)pm 

(6x). 
In the two dimeric structures [Ta(CHCMe3)(PMe3)CQg]2 (ref.13) and 

[Ca~(drne)Ta(~-CCMe~)l~ .Zn(p-Q)~l (ref.141, a highly distorted octahedral 

geometry is found about each tantalum atom without any direct Ta-Ta 

interaction having been found (Table 1). Tbe two TaCi2PC moitiea in the 

former are bridged by two chlorine atoms with a Ta-Ta distance of 

406.1(2)pm. The bridge system is very asymmetric with twu distinct Ta-CE 

(bridge) distances of 244.8(2)pm and 281.5(2)pm. The longer of the two is 

situated trans to the neopentylidene ligand (Ta-C = 189.8(2)pm) and clearly 

demonstrates a trans influence. In the latter compound, the true central 

atom is zinc, and the two tantalum atome are part of the ligand system 

around the zinc (ref.14). Two tantalum fragments, TaOeCt2, are bridged by 

chlorine and CCMej ligands to the central zinc atom (Table 1). 

Inspection of the data in Table 1 reveals that the Ta-L(ax) bond 

distances are longer than those of the Ta-L(eq) bonds. In general, the 
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Ta-L distances are lengthened as the coordination number of the tantalum 

increases. The Ta-C bond distances are lengthened in the order CCI$ < 

CHCMe3 < CH*CMe~, and this reflects both electronic and steric factors. 

Except for the hexacarbonyl anion, where the tantallrm has an oxidation 

number of -1, the oxidation number +5 predominates in Table 1. 

D. Compounds with Coordination kmber Seven 

Structural data are summarised in Table 2 for these derivatives. From a 

structural point of view, the mononuclear derivatives in Table 2 can be 

divided into three groups. In Ta(02CNMe2),,(CH2SiMe3) (ref.7), 

Ta(CHPMe2)(CH2PMe2)(PMe3)3 (ref.lS), TaCf2(dca)(CH3) (ref.l6), and 

TaCk2(ONMeN0)2(CHJ) (ref.l7), the tantalm atoms are surrounded by seven 

donor atoms in the form of a distorted pentagonal bipyramid. 

The crystal structure of Ta(CHPMe2)(CH2PMe2)(PMe3)3 is shown in Figure 3 

as a representative example. The tantalum is surrounded by five ligands, 

three unidentate and two bidentate. The equatorial plane contains the two 

bidentates, CHPMe2 and cH;!pMe2, each of them bound by a carbon atom (Ta-C = 

201.5(4)pm and 232.4(4)pm) and by a phosphorus atom (Ta-P = 251.6(l)pm and 

243.5(l)pm). The fifth equatorial site is occupied by a PMe3 ligand (Ta-P 

= 259.6(l)pm). 

P(4) 

P(3) 
Figure 3. The Crystal Structure of Ta(PMsJ)3(n2_CKPPle2)(n2-CEPMe2). 

Reproduced with permission from J. Chem. Sot., Chem. Co-n. (ref.15). 
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In this type of structure the axial sites are less sterically crowded than 

the equatorial sites, and therefore the M-L (axial) bond distances are, in 

general, shorter than the WL (equatorial) ones. The data in Table 2 shows 

that only Ta(OZCNMe~),,(CH~SiHe3) and TaCt,(dca)(CH3) follow this trend, 

while in the other txu examples (refs.15 and 17) the mean Ta-L(ax) bond 

lengths are longer than the mean Ta-L(eq) bond lengths. This suggests that 

the variation of the Ta-L bond distances in these complexes is not a simple 

function of steric requirements within the polyhedra. 

In another three examples (Table 2)) TaH(C0)2 (dmpe)* (ref .18), 

Ta(CR3)3CL[HB(3,5-Me*pr)31 (ref.191, and Ta(CH3)3CL[H2B(3,5-Me2~e)Z 1 
(ref.20), the polyhedra around the tantalum has a capped octahedral 

geometry. The crystal structure of Ta(~~)gCa[HB(3,5-Me2pz)3] (ref .19) is 

nearly regular octahedron as shown in Figure 4, with the capped face (Lcf) 

formed by the C(5), C(6) and C(4) atoms, and the uncapped face (Iuf) formed 

by the three nitrogen atoms. The C(7) atom occupies the unique capping 

position (Lc). In all three cases (refs. 18,19 and 201, the mean 

Figure 4. The Crystal Structure of Ta(cA~)~C~[BB(3,5-~~~s)gl= 

Reproduced with permission from Inorg. them., (ref.19). 
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metal-ligand bond distances (Table 2) increase In the order Lc < Lcf < 

Luf. This demonstrates that the capped position is in fact more sterically 

crowded than the uncapped face. 

The capped trlgonal prismatic geometry has been found in Ta(C0)3(Pk3)3Cf 

(ref.21) TaCk,(py)(PhRCp)(pyH) (ref.22), TaCaP(CH3)R(bipy) (ref.23), and 

Ta2CQq(*-Ca)p(~-dtba)(thf)2 (ref.24), Table 2. The environment of the 

central atom is constructed with the unique capping position ligand, Lc, 

being chlorine in the first and the third cases, nitrogen in the second, 

and oxygen in the last case. Another four atoms occupy the capped 

quadrilateral face, Lqf, and two atoms occupy the remaining edge, Le. The 

two Ta(II) atoms in the last derivative (ref.24) are 267.7(l)pm apart, 

representing the shortest such distance in tantalum organometallic 

chemistry, and they are bridged by two chlorine atoms and two carbon atoms 

of the dtba ligand. 

In another dimer (ref.25)) each Ta( III) atom has a 1,5,1-pentagonal 

bipyramidal environment, the equatorial plane of which consists of two 

carbon atoms (MeRCCCMe) with Ta-C distances of 202.9(13)pm and 203.3(16)pm, 

and three chlorine atoms, of which two are bridging (Ta-Cf - 249.6(3) and 

273.6(4)pm) and the other terminal (Ta-Ce = 236.2(3)pm). The apices are 

occupied by a fourth terminal chlorine (Ta-Ca - 236.5(3)pm) and a sulphur 

atom from the tetrahydrothiophene llgand. The Ta-Ta distance in this 

compound is too long, at 414.4(l)pm to allow for any bonding interactions. 

Two non-equivalent tantalum atoms, one six coordinate and the other eight 

coordinate, have been found in T%Cf6(l-prNC)6 (ref .26), Table 2. Again, 

there Is no evidence for bonding interactions between the metal atoms at a 

distance of 423.6( 1)pm. 

Rxamination of the data in Table 2 reveals that the mean Ta-C bond 

distances for unidentate ligands increases in the order: 201pm (CO) < 217pm 

(Cl$ SIMe3 ) < 222pm (i-prCN) < 224pm (CHa ). For bidentate ligands the order 

of increase is: 203pm (Me,CCCMe) < 207pm (PhRC2) < 217pm (C%P%). The 

mean value of the Ta-L bond distance increases with Increasing van der 

Waals radii of the donor atoms, thus: 0 < N < Ca < P. The mean values of 

the Ta-L (bridge) bond distances are longer than those of the corresponding 

terminal donors, for instance the Ta-Cf (bridge) distance of 255~ is about 

13pm longer than the terminal (242pm), and the Ta-C (bridge) distance of 

232pm is about 19pm longer than the terminal (213pm). 

3. TANTALUM ORCANOMRTAL.LICS WITH AN AROMATIC CARRON ELECTRON-DONOR LIGAND 

A. Pbnonuclear Cyclopentadienyl Compounds 

The crystal and structural data gathered in Table 3 show that there are 

five examples with cyclopentadiene as ligand, nine with pentamethyl- 
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Figure 5. The Crystal Structure of (n'-cp)Ta(omp)Ctp, and View of the 

Oxoalkyltantalum Moiety. Reproduced with permission from J. Organomet. 

Chem., (ref.28). 

cyclopentadiene as ligand, and one where naphthalene is present as the 

aromatic ligand. 

The crystal structure of (n5-cp)Ta(omp)CQ (ref.28) is shown in 

Figure 5. The tantalum coordination pattern might be described as a square 

pyramid with an effectively planar cyclopentadienyl ligand at the apex. 

The Ta-C(cp) bond distances are in the range 239.6 to 243.8(17)pm, which is 

much narrower than those in (n5-cp)Ta(CO)CQ2(PMe,Ph)2 (224 to 247(2)pm) 

(ref.27), and (n5-cp)Ta(n2-C2&,)Cf2(PMe2Ph)2 (237 to 262(3) pm) (ref.29). 

The mean Ta-C(cp) distance (241.3(17)pm) is intermediate between those of 

the latter two derivatives (refs. 27 and 29). By contrast, the Ta-Ct bond 

distance of the former (ref.28) is shorter at 241.4(5)pm than the other two 

examples (Table 3). The larger variation of the Ta-C bond lengths and the 

longer Ta-Cf bond in the latter two derivatives suggest that the steric 

requirements are more severe in these cases. 

The structure of (n5-C5Me5)Ta($hs)Ca2 (ref.35) is shown in Figure 6 

where C,,Ta heterocyclic ring has been described as having an "open- 

envelope" conformation, with a dihedral angle between the strictly planar 

C(l)-Ta-C(1') and the C(l)-C(2)-C(2')-C(1') plane of 116.2(6)". The mean 

Ta-C(cp) bond distance of 239.5(9)pm is the shortest found in 

monopentamethylcyclopentadienyl tantalum compounds (Table 3). A similar 
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Q C(6) 

Figure 6. 

structure 

The Crystal Structure of (n5-C+~)'fa(G,HP)Ct2* 

Reproduced with permission from Inorg. Chem. (ref.33). 

is found for (n5-CgMs5)Ta(C,H12)Cf2 (ref.35). in which the 

corresponding dihedral angle of 122.64' is even larger than that of the 

$He analogue. 

Inspection of the data in Table 3 reveals that the mean Ta-C bond 

distances increases in the order: 232pm b4-nph) < 242pm, (n5-cp) < 243pm 

h545Me5 1; and, 207.1pm(n2-Ph&) < 207.5pm (n*-C&> < 219.5pm 

(n2-C7g,2); and, 184.9pm (CPh) < 188.3pm (CHPh) < 221.Cpm (CKPh). These 

observations indicate that electronic effects have a dominant influence on 

Ta-C bond lengths. however, steric factors are also important as can be 

seen in the lengths of Ta-P bonds which increase in the order: 253.8pm 

@Me3) < 259.9pm (dmpe) < 264.4pm (PMe2Ph). 

As the mean Ta-C(cp) bond lengths increase so do the Ta-cp(centroid) 

distances, as might be expected. For instance, the mean Ta-C and Ta-cp 

distances in (n5-cp)Ta(CO)C$2(P&2Ph)2 are 236 and 207pm respectively, 

compared to 245.2 and 213.7pm for the corresponding distances in 

(~5-C~Me~)Ta(~2-C2Bq)(C83)2. 
It is interesting to note that mononuclear monocyclopentadienyl tantalum 
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organometallic complexes are based predominantly upon pentamethyl- 

cyclopentadiene, (Table 3), while the corresponding niobium complexes are 

predominantly of cyclopentadiene itself (ref.4). The Ta-C(cp) bond 

distances lie in the range 224.0 to 262.Opm (mean value 242.lpm), which is 

wider than the range found for niobium (236.4 to 248.Opm with a mean value 

of 242.5pm). A similar trend is observed for the M-Q bond distances; the 

Ta-Ca distances range from 235.2 to 259.6pm (mean value 244.4pmI compared 

to 246.3 to 250.5pm (mean value 248.lpm) for the niobium analogues. 

In the chemistry of the coordination compounds of niobium and tantalum, 

it was found (ref.3) that in general Ta-L distances are somewhat shorter 

than the Nb-L distances. As can be seen from the above discussion, the 

organometallic complexes follow the same trend. The wider range of 

distances observed for the tantalum complexes probably reflects the 

generally less symmetric environments about tantalum than niobium. 

B. Mononuclear Biacyclopentadienyl Compounds 

Monoclinic purple crystals of (n5 -cp)pTa(CO)H has the crystal structure 

(Figure 7) in which the tantalum is n5 -bonded to two cp,rings with an angle 

between the two cp ring planes (cp-Ta-cp) equal to 144.8'. This angle is 

2) 

Figure 7. The Molecular Structure of (n5-cp)2Ta(CO)E. 

Reproduced with permission from 3. Am. Chem. Sac., (ref.42). 
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the largest found for both the tantalum compounds (Table 4) and the niobium 

compounds (ref.4). The hydrogen and CO ligand are bonded to the tantalum 

atom at distances of 145pm and 194pm respectively, which are again the 

shortest for both the tantalum compounds and the niobium compounds. 

Similarly, the mean Ta-C(cp) bond distance of 235(4)pm is also the shortest 

for both Ta (Table 4) and Nb (ref.4). This is probably due to the large 

dihedral angle between the cp rings and the relatively small size of the H 

and CO ligands. 

The crystal structure of (n5 -cp)2Ta(n2-C,Ha)(C,H7) (ref.50) is shown in 

Figure 8. The cyclopentadienyl rings are approximately planar and 

staggered, with dihedral angle between them of 50.1“. It is interesting to 

note the planar carbon skeleton of the CaHs ligand. The bond distances and 

the angles (Table 4) lie in the range observed for other biscyclopenta- 

dienyl tantalum compounds. 

Examination of the data in Tables 3 and 4 reveals that the mean Ta-C(cp) 

bond distance of 228.4pm for the biscyclopentadienyl derivatives (Table 4) 

is about 37pm shorter than that for the monocyclopentadienyl derivatives 

(Table 3). Also, the range of values in the former (230 to 246pm) 

narrower than in the latter (224 to 262pm). Again, as in the case of 

iS 
the 

C(17) 

C(S)_Y C(13) 

;\,i 

C(16) 
C(14) 

C(15) 

Figure 8. The Crystal Structure of (n5-cp),'&(n2CsHs)(C~H7). 

Reproduced with permission from J. Crganomet. Chem., (ref.50). 
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monocyclopentadienyl compounds, the mean Ta-C(cp) distance of 238.4pm is 

shorter than the Nb-C(cp) distance of 240.3pm (ref.4) in the clino-sandwich 

biscyclopentadienyl compounds. 

C. Oligonuclear Compounds 

Crystal and structural data for oligonuclear tantalum organometallic 

compounds are summarised in Table 5. There are five examples of homo- 

binuclear tantalum compounds, and two trinuclear compounds with one 

tantalum atom and two manganese or zinc atoms as central atoms. 

Monoclinic violet crystals of [(n5_C5MeqEt)2TapCQgH2(CH3)J (ref.Sl), is 

the only example where two approximately tetrahedrally coordinated tantalum 

atoms are joined by a Ta-Ta bond (285.4(l)pm) without any additional 

bridging atom (Figure 9). The tetrahedral fragments are 

Ta(n5-C5Me,,Et)CQ(CQ/C), where the (CQ/C) moiety signifies disordered 

eclipsed CQ and methyl ligands (ref.51). As can be seen in Figure 9, there 

are two independent molecules which differ by degree of distortion and 

metal-metal separation (Table 5). The coexistence of two species of the 

same coordination number about a central atom, but with different degrees 

of distortion in the same crystal is typical of the general class of 

distortion isomerism (ref.61). Two independent molecules differing by 

Figure 9. The Two Independent Molecules of [(r15.C,MeqEt~~ClljH2(C83)]. 

Reproduced with permission from J. Am. Chem. Sot., (ref.51). 
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degree of distortion have 

(ref.30), Table 3., and it 

isomerism. 

also been found in (n5-CgMeg)Ta(PMeg)2t4, 
represents another example of distortion 

Figure 10 shows the crystal structure of (715~:5MeqEt)2Ta2CQq(H)(NCHMe) 

(ref.52). The molecule contains non-equivalent ](n5-CgMe,,Et)TaCk21 and 

[(n'-C,Me,Et)TaCR] fragments which are unsymmetrically triple bridged by a 

chloride {Ta(l>-Q(4) - 255.3(3)pm; Ta(2)-C&(4) = 261.7(3)pm)}, a hydride 

ligand {Ta(l)-H = 218(9)pm; Ta(2)-H = 170(9)pm}, and a p-n'-N, 

n*-C,N-(NCHMe) ligand {Ta(l)-N = 190.1(8); Ta(2)-N = 205.9(8)pm; Ta(2)-C(1) 

- 219.5(1O)pm}. The Ta(l)-Ta(2) bond distance of 297.9(l) is longer than 

those found in (~'-CgMeqEt)*TapCagH2(CHB) (ref.51), but shorter than in 

other binuclear compounds (Table 5). 

Two tantalum atoms triple bridged have been found in another three 

examples. These are, {I(~5-C~HeqEt)TaCll2l2(~-H)(~-O)(~-CHPMe~)}-(ref.54); 

{[(~I~-C,M~,+E~)T~C~~]~(~-H)(~-CHO)} (ref.56); and {[(n5-C+eqEt)TaC!k2]2~ 

.(~-CI)~ (ref.58). The triple bridge consists of hydride, oxygen, and the 

carbon atom of CHPMe3 in the first case; of hydride, and u-n*-C,O-(CHO) in 

the second; and three chlorides in the last case (Table 5). 

Figure 10. The Crystal Structure of [(11'-CgMeqgt~2CLI,.H(NCHMe)]. 
Reproduced with permission from J. (kganomet. them., (ref.52). 



65 



lm
.s

s.
 

al
di

ne
d 

cn
 

-8
m

cE
 

2 
ah

) 
a

(“
) 

M
A

 
M

-G
M

 
R

E
F.

 
C

lA
sG

w
xm

 
B

(9
 

(P
I 

z-
w

 
-f-

P
 

Y
(“

) 
(Id

 
-i

d
 

(“
1 

P
21

21
21

 4
 

17
93

.7
(8

) 

12
45

.2
(4

) 

14
02

.2
(S

) 

pi
 

2 
11

11
.4

(3
) 

V
&

5.
6(

4)
 

88
5.

8(
2)

 

p2
,lc

 
2 

16
83

.9
(3

) 

15
22

.5
(4

) 

17
06

.5
(7

) 

P
2l

l”
 

4 
15

51
.9

(3
) 

H
 

15
2(

9)
 

&
&

l(
4)

 
99

.9
X

4)
 

a
-l

 2
58

.%
2,

1)
 

15
52

( 1
) 

(c
p

)C
 2

37
(1

,7
) 

C
a 

24
2.

6(
5,

19
) 

(c
p

)C
 

24
8.

K
19

.7
1)

 

c+
 1

92
.6

(1
1,

32
) 

cd
 2

27
.0

(1
7,

84
) 

H
d

 m
t 

g
iv

en
 

82
.9

8(
2)

 
C

R
 2

36
.2

(4
,2

5)
 

10
3.

91
(2

) 
(c

p
>

C
 24

3.
6(

13
,3

5)
 

10
5.

56
(2

) 
0%

09
.1

(9
,3

) 

&
21

0.
2(

12
,1

7)
 

H
d

 n
o

t 
g

.L
v

en
 

c9
, 2

32
.5

(9
,9

) 

11
1.

18
(3

) 
(c

p
)C

 2
47

.0
(1

4,
70

) 

C
a

d
 25

6.
9(

9,
10

8)
 

29
9.

2(
l)

 
h

 
53

,5
4 

21
6.

8(
0,

4)
 

C
f,

 1
04

.7
(0

,3
.6

) 

0 
10

1.
2(

0,
9)

 

H
 1

09
;1

77
 

C
 1

12
.2

;1
72

.5
 

31
8.

6(
l)

 
98

.6
(5

);
99

.2
(4

) 
55

,5
6 

21
1.

3(
0,

2)
 

cf
, 

10
7.

9(
0,

4.
0)

 

0 
10

5.
7;

15
6.

0 

c 
11

0.
1(

0,
4.

0)
 

H
 1

8O
;i

 

37
0.

8(
2)

 
92

.2
(3

,6
) 

rm
t 

g
iv

en
 

k
 

57
,5

8 

a 
59

 

.._
_-

 
- 

._
 

-. 
-. 



P
2
1
fa

 
4
 

U
&

7
.2

(3
) 

O
C

 m
tg

iv
en

 

1
0
7
5
.6

(2
) 

1
1
4
.0

4
(l
) 

(c
p
)C

 
m

t 
&

en
 

1
5
5
9
.1

0
) 

H
l 

3
4
4
.1

(l
) 

lA
9
1
(5

) 

6
0
 

a.
 l

rh
er

e m
re

 t
h

sn
 a

re
 c

lm
d
m

ll
y
 

eq
u
iv

sl
en

t 
d
ls

ta
m

z 
o
r 

an
gl

e 
is

 
p
re

se
n

t,
 t

h
e 

m
an

 v
al

u
e 

is
 
ta

bA
te

d
. 

lh
e 

fi
rs

t 
m

m
bs

r i
n
 b

ra
ck

et
s 

is
 

th
e 

e.
s.

d
.,

an
d
th

ea
ec

o
n

d
is

th
e~

d
ev

ia
ti

o
n

fr
cm

th
em

sa
n

~.
 

b.
‘I

h
ec

tm
o
ic

al
id

en
W

cy
o
f 

tk
co

o
rd

f~
at

au
o
rl

ie
an

d
. 

G
 

Ih
er

ea
re

m
in

d
ep

ed
en

t 
&

ea
ll

es
; 

th
e 

c/
q
 

ts
rn

d
n

o
lo

gy
 si

gn
if

ie
s 

th
st

 t
h

e 

ar
,g

rm
p
w

 
~d

th
th

e&
Io

ri
d
el

~d
. 

d
. 

lh
eb

ri
d
gs

at
cm

(l
ig

en
d
).
 

e.
 

P
q
o
se

d
th

st
th

eh
+l

.d
el

i@
n

d
sa

re
bz

ld
gL

n
g.

 
f.

 
‘I

be
 v
al

u
e 

o
f 

(X
M

 
a&

e 
is

 
9
9
.1

c2
.7

) a
n

d
 9

7
.X

2
,6

)‘
, 

re
sp

ec
ti

ve
ly

. 
g.

 
‘I

h
e ‘

J
W

%
-’
 

= 
7
0
.3

5
(8

)“
; 

‘I
&

-N
-B

 =
 9

7
.3

4
)“

; 
%

-H
-m

 
= 

9
9
(4

)“
; 

Q
-l

&
x
 

- 
7
6
.8

(l
) 

-1
4
6
.1

(l
)‘
; 

a-
l&

* 
= 

8
0
.7

(3
>-

1
4
3
.9

(3
)‘
; 

cQ
-Q

* 
@

ri
d
ge

) 
- 

6
9
.6

(2
5
) 

- 
1
4
7
.5

(3
2
)O

; W
lk

-l
l 

@
ri

d
&

 
= 

7
2
.7

(2
8
,3

.3
)“

; 
N

-T
&

C
 =

 3
9
.X

4
)“

; 
C

H
a-

C
 

= 
1
O

8
.4

(3
)0

. 
h

. 
lh

e 
a-

C
-%

 
= 

8
2
.X

6
)‘
; 

B
-0

-B
 

= 
1
0
1
.9

(5
);
 l

H
+T

a 
- 

9
2
0
; C

F
%

X
E

 
= 

8
9
.6

(2
,6

.9
)‘
; 

W
T

a-
C

 
= 

8
3
.6

(5
,4

.0
) 

&
 

U
&

9
(5

)‘
; 

a-
‘I

s-
0
 

= 
9
6
.0

(3
,2

.1
) 

an
d
 1

5
0
.8

(3
,7

)“
; 

an
d
 C

-l
b+

 
- 

7
5
.4

(6
,2

.6
)O

. 
i.

 
lb

e 
Q

-‘
lb

-Q
 

= 
9
8
.0

(2
,4

.1
)‘
; 

Q
-l
b-

C
 

(b
&

l&
 

- 
9
8
.0

(3
,5

.8
) 

an
d
 1

2
9
.X

3
,2

)‘
; 

w
ra

+ 
(b

&
l&

 
= 

8
7
.6

(3
,7

.7
) 

an
d
 1

3
9
.0

(3
)“

, 
an

d
 (b

r.
i&

) 
C

-%
-O

 R
x
ld

ga
) 

= 
4
1
.8

(4
,2

Y
. 

j.
 

Ih
e 

X
-r

ay
 

d
at

a 
in

 t
h

e 
‘l
k
bl

e 
p
re

se
n

te
d
 fo

r 
ca

ti
o
n
. 

k
. 

Ih
e 

C
e-

%
-C

t 
= 

9
3
.9

(4
,5

)“
; 

C
e-

‘l
b*

 
@

ri
d
ge

) 
= 

7
7
.3

(3
)_

1
5
0
.6

(3
)‘
; 

(b
ri

d
ge

) 
C

Q
-l

I&
 

&
ri

d
&

 
- 

7
3
.8

(3
,2

.8
)-
. 

L
. 

‘l
h

e 
%

M
a-

Z
a 

= 
6
2
.8

(l
)*

 
an

d
 &

A
&

II
 

- 
5
4
(3

)“
. 

--
- 

- 
._

 
-. 

-_
 



68 

From the data in Table\ 5 it can be seen that the most common n5-ligand is 

tetramethylethylcyclopentadiene. The mean Ta-C (C5Me4Et) bond distance of 

243.9pm is about 0.9pm longer than the value of 243.Opm found for 

Ta-C(CgBkeg) in the mononuclear tantalum compounds (Table 3). The 
Ta-L(bridge) bond distances are longer than the Ta-L(termina1) distances. 

For instance the mean Ta-Cf (bridge) distance is 257.3~~ compared to 

237.6pm for the Ta-Cf (terminal) distance; the Ta-H (bridge) distance is 

194pm compared to 152pm for the Ta-H (terminal) distance. It is 

interesting that the mean Ta-CQ (terminal) distance (Table 5) is shorter 

than that found in the mononuclear derivatives (Tables 3 and 4). 

In (115-C,H,Me),TaH(Zn(n5-=p)2) (ref.59) the cp*TaHZn unit has an 

approximate mirror plane passing through the metal atoms. The cpZTa 

fragment has a normal geometry with a bonding angle of 137.5". The two 

Ta-Zn distances (258.8 and 259.0(2)pm) indicate that both interactions are 

of a single bond type. The cp rings are bound to the zinc atom in a n5 

fashion, with Zn-cp (centroid) distances of 206(6) and 203(4)pm. 

In the cubic, purple crystals of (n5 -cp)Z(CO)Ta(u-H)Mnnp(CO)g (ref.60) the 

cpZTa(C0) and MnZ(CO), moieties are bridged by the hydride ligand (Ta-H = 

191(5)pm, Mn-H = 171(9)pm). The Ta-H-k bridge angle is 138.2(3)', and the 

distance between the two metal atoms is 344.1(l)pm. 

4. CONCLUSIONS 

The crystal and structural data gathered in this review represent nearly 

fifty tantalum organometallic compounds. There are two groups of compounds 

discussed, the aromatic group having n5(n4) coordinated ligands, and the 

non-aromatic group in which no such ligand is present. The predominant 

electronic configurations for the tantalum are do and d2. 

The data for the non-aromatic derivatives shows that the various 

geometries are represented by increasing number of examples in the order: 

six-coordinate (tetragonally distorted) < five coordinate (mostly square 

pyramidal) < seven coordinate with all three common geometries (pentagonal 

bipyramidal, capped octahedral, and capped trigonal biprismatic) present. 

There are two examples in which tantalum is in a tetrahedral environment, 

and even one example of dodecahedral geometry. 

The structures of the aromatic derivatives can be classified as mostly 

mononuclear, with one or two cyclopentadienyl type ligands, and binuclear. 

There are only two examples of heterotrinuclear complexes. 

There are two examples, (n5+,Me,)Ta(Pkej)2~ (ref.30) and 

[(n5-C$ie,,Et)ZTaZCf3HZ(CH3)] (ref.51) in which two crystallographically 

independent molecules are present, differing only by degree of distortion. 

These are examples of distortion isomerism which is also observed for many 

other central atoms. 
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‘JMo non-equivalent tantalum atoms , one six and the other eight coordinate 

have been found in Ta2CP2(i-prNC)6 (ref.26). The coexistence of an 

organometallic cation and a coordination complex anion has been found for 

{[(~5-C,Me,)TaCa2l1(~'.C~)J}2+{[TaC~5(~-O)TaC$3l2(~~:a)2}2- (ref.58). 

Prom the data in Tables 1 and 2 it can be seen that the mean value of the 

Ta-L bond distance increases with increasing coordination number when L = 

C, Ccbridge), N, Cf, and Ca (bridge), but decreases when L = 0 or P as the 

donor atom. For example, the mean value of Ta-C, {Ta-C (bridge)), 

distances increase in the order: 211.5pm (four coordinate) < 213.Opm (five 

coordinate) < 218.3pm, {182.5pm} (six coordinate) < 213.0pm, {231.5pm) 

(seven coordinate); Ta-Ct. {Ta-CR (bridge)} distances: 237.lpm, {254.2pm} 

(six coordinate) < 241.5pm, {255.3pm} (seven coordinate). By contrast, the 

mean values of Ta-0, Ta-P distances decrease in the order: 230.3pm, 260.2pm 

(six coordinate) > 205.3pm. 254.5pm (seven coordinate). 

A summary of the structural data for aromatic derivatives of tantalum are 

given in Table 6, together with the data for niobium analogues (ref.4) for 

comparison. Inspection of this data reveals that, in general: 

(a) the mean value of M-L distances in the biscyclopentadienyl complexes 

are smaller than those of the monocyclopentadienyl derivatives, and Ta-L < 

Nb-L; 

(b) the Ta-L distances are spread over a wider range than the 

corresponding Nb-L distances; 

(c) the mean M-L bond distances are shorter than the mean M-L (bridge) 

distances. 

The shortest Ta-Ta distance of 267.7(l)pm is found in the binuclear 

non-aromatic groups, while the shortest distance in the aromatic 

derivatives is 281.5(l)pm. In both cases the tantalum is in the oxidation 

state +3. The former distance is also within the range of 254.5 to 272.6pm 

found in Ta(II1) coordination compounds (ref.3), while the latter is not. 

This survey, together with the corresponding survey of the coordination 

compounds (ref.3) illustrates the rich variety found in almost two hundred 

tantalum compounds for which structures have been defined by X-ray 

crystallography or related techniques. Very recently, reviews of niobium 

coordination complexes (ref.62) and niobium organometallics (ref.4) have 

been completed, in which an even richer chemistry has been found for over 

two hundred and fifty derivatives. A similar study on the chemistry of 

vanadium coordination and organometallic complexes is currently in progress 

by the present authors. About eighty structures have been determined to 

date for organo-vanadium compounds (ref.63), and they demonstrate both the 

similarities and differences between vanadium and its niobium and tantalum 

homologues. 
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c. ‘Jhevaluesforabr&&eatcan(lQand). 

Ihe atlmrs dsh to thark those who gave pemdssion for use of thsir tillshed 

fm, the Chsndoal faculty of the Slowdc Tachnical Wversity for their 

coopemAon in allmlng MA to participate, to @ml V. Rmcis for assistance 

in fomxt* this presentattcn, ard to the Resi&nt’s Nswc Fl+ Yolk Lhlversity, 

for fimmcial assistance. 
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