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1. Organometallic derivatives of vanadium

Tetrabehzylvanadium([V) was re;:n:)rtedl to be the product of the following reaction:
VCl, +2 Mg(CH,C,Hg), > 2MgCl, + V(CH2C6H5)4 €))

The reaction was carried out at —20° in pentane containing a small amount of diethyl
ether. The reaction resulted in the formation of a green complex dissolving in pentane with
a deep-green color. However, apparently the compound was not isolated and analyzed. Its
formula was assigned on the basis of: (1) formation of four mole of toluene per vanadium
on methanolysis, and (2) high resolution ESR of its pentane solution suggesting the cou-
pling of the unpaired spin wit> eight equivalent protons. The solutions were reported to
be stable under nitrogen up to 60°, so it seems worthwhile to attempt the isolation of the
compound.

Pentasulfide and pentaselenide dicyclopentadienyl derivatives of vanadium(I1V) were
obtained? by the following reaction: ,

V(CH,),Cl, + X2~ > 2 €™ + V(C5H), X, | : @

(X=S8, Se)

These compounds are believed to contain a VX six-membered ring. The substances are
black and stable in air in the solid state. In agreement with their formulation as derivatives
of vanadium(IV), these d1 systems snowed ESR SIgnals with g =1976 (X=S)and g="
2.006 (X = Se).
The X-ray structure of the trifluoroacetato complex of vanadium(III),

[V(C5H5)(O, CCF3),] 2, and the magnetic susceptibility data for this complex and its
acetato analogue, have been published3. The molecular structure of the trifluoroacetato

" complex is schematically shown in Fig. 1.-The molecule is dimeric, the two.vanadium
atoms being joined by the bridging trifluoroacetato groups. The vanadium—vanadium
distance is quite large (3.7 A), which suggests that: the direct interaction between the
d?* centers is probably not very 1mportant The magnetic susceptibilities for the

* The matter is arranged accordmg to decreasmg ox1datlon number if the central metal atom:
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F; 1. Molecular structure of [V(CsHjs) (O2CCF3)2]2 schematically draWn (Adapted from G.M. Larin,
V.T. Kallinikov, G.G. Aléksandrov, Yu. T Struchkov, A.A. Pasnskii and N.E. Kolobova, J. Organometal.
C'lzem.. 27 (1971) 53)

triﬂuoroa'cetato and the acetato complexes are similar; they do not obey the Curie law
and the magnetic moments decrease at decreasing temperature. The data we~e mterpreted
‘on the basis of superexchange through the carboxylato bridges.

-The infrared spectra of the foilowing compounds were reported:

V(C5H4),(0,CR); - [V(C5H,),(0,CC4HY)],
(. R=CH, . p-CgH,NO, | o

[V(C5H,) (0,CCH,), 1,

It has been suggested that compound (II) has the followmg dimeric structure.

Pn
i

@\\//@

(ni

7 Thermochemlcal data have been reported for drcycIOpentadrenylvanamum(ll) From
' combustlon and vapour pressure data, the mean drssocratron energy for the V—C5 Hg

‘bond was estimated. to be 88 kcal/mole>®. — ~ _
Cyano complexes of vanadrum(IIl) vanadrum(ll) and vanadrurn(l) have been obtamed B
; Vunder anhydrous condmons The followmg reactrons were carned out ‘

' H"o B
V(O CCH) +7KCN——~——>K [V(CN)7] +3K0 CCH SRR ) B
: » (m) - S o
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SR thH ' ) - ST e
'V(OZCCH3). + 6NaCN——————> Na, [V(CN)6]T 3 NaO CCH3: S S 4
i (IV) ) , ' e
hq_NH o - o :
4[V(CN)7] +K-———> K [V(CN)G] + KCN : L o o )
W . S
11q NH, - - _
[V(CN).,] + 2K————-> K [V(f‘N)6] +Kf‘N : ' . )
' (VD) ‘

The heptacyanovanadate has a room temperature magnetic moment = 2. 7 BM roughly

corresponding to two unpaired electrons which is consistent with the d2 configuration of

this system. The infrared spectrum shows two CN stretching vibrations at 2096 and 2073

cm~! and consequently a pentagonal bipyramidal structure may be proposed for the -

[V(CN);]4 anion. '
The reaction of V(C5Hs) (CO)4 with the tri-tertiary phosphme

,CH,CH,PPh,
Php” (P—P—P)

~
CH,CH,PPh,

led to the formation of the disubstitution product:
V(C Hy) (CO)4 +PI'P > 2 CO + V(CsH){CO),(PL. )

Evidently the phosphine acts in the case as a bidentate ) gand8

Reactions of V(C. !_5) (CO), with dlphenylacetylene some of them already reported
in earlier pubhcatlons , have been reviewed 10,

The [V(CO)G] anion is very resistant to thermal subst.tution reactions. It has been re-
portedl that Group V hexacarbonylmetallate anions cax be recovered unchanged from
molten triphenylphosphine. Carbon monoxide substitation has nowl!! been achieved pho-
tolytically. The followirg representative reactions were carried out, using [Na(digiyme),]-
[V(CO)¢] as starting material:

“on - ‘ . hv,THF , -
[V(CO)g1™ + thP.CH2CH2PPh2 m 2 CO + [V(CO),(PCH,CH,PPh,)] (8)

S hy, an _ o -
[V(CO)g]™ +PPhy—-=—CO + [V{CO);PPh;] B o )

Similar reactions were carried out also with triphenylstibine nd triphenylarsine and the

. anions were isolated as tetraalkylammonium salts. The pentacarbonylvanadate of reaction
-;(9) had been obtained earlier by a different route12

Experunental condxtlons are apparently very 1mp0rlant in detexmmmg the course of -
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}j'reartmns (8) and 9). In fact it has been reported13 that no reactlon between [V(CO)6]_ .

-and triphczy,Inhosphine took place in‘a sealed infrared cell under hradlatlon with a mer-*

. cury lamp in methyltetrahydrofuran as solvent. On the other hand when carbon monox-
~ide was allowed to escape from the reaction vessel, less than one CO per vanadium was
evolved and mtractable products were reported13 to be formed. Also to be noticed that ‘
“the same paper! reports the formation of a species believed to be [V(CO)s(Me—THF)] ™~
‘. upon irradiation of a Me—THF solution of the hexacarbonylvanadate anion at about 90 K.
- The startmg anion was regenerated upon warmmg to room temperature.
- :Solution contact shift data for [V(C6H5)2] [V(C6H5Me:)2]+ and [V(C6H3‘Vle3i)2]
and solid state contact. shift data for V(CgHg); and V(CgMe(), have been reported
'-The vanadlum(l) cations are sugges;ed to have the electronic configuration (e, )3(‘11g)1
Large downfield shlfts were observed for both the ring protons and the methyl protons
for the vanadium(l) species. On the other hand, the vanadium(0) species, for which the
eiect:onie configuration (e?g)4(a1g)1 was suggested, shown an anomalous upfield shift of
the methyl resonance. This was explained with a polarization effect by the unpaired spin.

" II. Organometallic derivatives of niobium and tantalum

A bmary organometallic derivative of niobium(V) was reported by Wilkinson ana co-
Aworkers” It was prepared by the reaction of NbCls with MgCI(CH,SiMe3} in diethy!
- ether. The product has the formula [Nb(CSiMe3) (CH,;SiMe3),1, and its structure, as it
results from an X-ray diffraction study, is shown in Fig. 2. The important feature of the
structure is the absence of hydrogen attached to the bridging (CSiMe3) groups, as suggest-
ed by structural and chemical =vidence. The Nb—Nb distance is 2.90 A. A tantalum ana-
logue was also prepared, which is isostructural with the niobium complex.

Dicyclopentadienyltrihydridoniobium(V) has been prepared!’ by the reaction of nio-
bium pentachloride with sodium cyclopentadienide and NaBH, under hydrogen pressure
(800 atm) in toluene as solvent. The trihydrido derivative has a niobium—hydrogen stretch-
ing vibration at 1710 cm—1 and shows two resonances in the 1H NMR spectrum at 712.73
and 713.72 in toluene-dg. This suggests that the trihydride has structure (VII) similar to
that proposed for the corresponding tantalum derivative!®. The niobium—hydrido species

" Fig. 2 Molecular structure of [Nb(CSlVIe;,,)(CHzSIMe?,)z]z (From F Huq, W. Mowat A.C. Skapsk.l
andG V.ﬂkmson Chem. Commun. (1971) 1477) .
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has a reactivity muci: higher than Ta(C5H5)2H3- The following reactions were observed:

Nb(C,H,),H; =3 H, + C, H,,Nb | - (10)
(vm)
- CyoH,Nb + 3 H, =1 [Nb(C4H,),H], 1)
2INb(C H,),H], + C,H, = Nb(CsH,),H(C,H,) a2
(Ix)
C,H, + Nb(CSHS)ZH(C2H4)=—‘Nb(CSHS)g(()ZZHS(CZH“) (13)
(

The compounds (VIII)(X) were isolated and characterized by spectral and analytical data.
it is also noteworthy that Nb(C5Hg),H; catalyzes the C6h6—D2 exchange at 80°. Com-
pound (VIi1) was shown by X-ray diffraction methods!” tc have the structure shown in
Fig. 3. The molecule contains bridging CsH,4 units and terminal hydrido groups; its for-
mula is therefore [Nb(CsHg)H(C5Hy)] 5. The niobium—niobium distance is 3.10 &,
which suggests the presence of a niobium—niobium bond. As it has been already reported
in the Titanium, Zirconium, Hafnium section oi these AS, the suggestion was also madel®
that the structure of the corresponding titanium compound is similar.

The ethylene—hydrido complex (IX) is one of the members of a class of compounds of
general formula Nb(C5H;),H(L), in which L is a o-donor with m-acid character. The struc-
ture indicated below has been suggested for it.

Bimetallic derivatives of niobium with nickel, palladium and platinum have been re-

Nb2(65H5)2H2(65H4)2

Fig. 3. Molecular structure of the mobo::en\. dlmer schemntlcally drawn (From L.J. GugLeanrE.er md
F. N. Tebbe J. Amer. Chem. Soc., 93 (197 1)'5924) .
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portedw‘ The fbHoWing sequence of reactions was-carried out:

o Nb(C5H5)2C1, +28Me™ ~>2Cl™ +Nb(C Hs)z(SMe)? D : (14)

 2NB(C4Hy),(SMe), +NiClL, ~ [(C;H 52 2ND(SM),Ni(SMe),Nb(Cs L), 1 +2 0~
. _ . (XD ' - (15)

‘Cation (XI), which may be fermally considered to contain the niobium(V)—nickel(0)—
niobium(V) sequence, was shown to have the structure shown below. The coordination
-around nickel is substantially tetrahedral and the methy! groups attached to sulfur are in
_ a transoid conformation. Reactions similar to (15) were also carried out with

'PdCl,(PhCN), and with PtClz(PhCN)Z '

@/\/\@
@\/\/@

(X1)
Vapor pressure measunements19 of Nb(C )(CO) " have been reported between 98
and 140°. The enthalpy and entropy changes for the vaporization process were found to
be 22.45 kcal/mole and 48 e.u., respectively. These values can be compared with these for
the corresponding manganese derivative (12.5 kcal/mole and 25.9 e.u.).

An__allyltnﬂuorophosphm_e derivative of tantalum was obtzuned20 by the following re-
action: ’ ' -
2Ta(C,H,), + 10PF, ~ 2 Ta(CH (PF ), +3C.H, (16)

The reaction was carried out at room temperature with PF; under pressure (20 atm). The
ruby-red compound is moderately stable at room temperature under nitrogen in the solid
state. Attempts to displace all the allyl groups from tetraallyltantalum were unsuccessful.
~ While the [Nb(CO)¢]™ and [Ta(CO)4]~ anions and the corresponding substituted spec-

“jes are known (vide infra) the neutral binary carbonyls of moblum and tantalum had not.
been reported as yet.- There is now infrai=d evidence?! that a series of binary carbonyls of

’ tantaluin can be prepared by vaporization of tantalum at 2800K and subsequent anneal- -

- inginan argon/CO (200/ ) matrix at temperatures between 13 and 35K. The infrared spec-
tra showed the presence nf bands in the’ 1819——1967 cm” range attnbuted to CO stretcn-
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ing vibrations of Ta(CO),, species. In particular a band at 1967 cm~1 was attributed to
.monomeric Ta(CO)6 The infrared-active CO stretching vibration of V(C0)6 gives rise to
a broad band?? in the gas phase at about 1990 cm—1..

Photochermcal carbonyl substitution reactions, similar to those obtamed wﬂ:h
[V(CO)6] were also rtzported11 for [Nb(CO)g]™ and [Ta(CO)ﬁ]" The substltutlons
were as follows

w—aco + [M(VO)((PPh)™ an

[M(CO), 1~ +PPh3 63060

[M(CO)g]~ + Ph,PCH,CH,PPh, h;’ OTSI-IIIF 2 CO + [M(CO) ,(PPh,CH,CH,PPh,)]~ (18)

(M=Nb,Ta)
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