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Sandwich and half-sandwich complexes
derived from pentamethylcyclopentadienyl
tetracarbonyl vanadium, Cp*V(CO)4
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A survey is presented on various reactions of
Cp*V(CO) 4, including CO ligand substitution
and/or oxidative decarbonylation, to give com-
plexes in which the formal oxidation state of
vanadium may vary from 0 to V. Diamagnetic
Cp*V complexes can be rapidly and conveni-
ently characterized by 51V NMR spectroscopy.
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INTRODUCTION

The half-sandwich fragment (Z5-pentamethylcyclo-
pentadienyl)vanadium, [VCp*], has become a
favoured building block in mono-, di- and oligo-
nuclear vanadium complexes, mainly for two
reasons:

(a) the metal is well protected sterically by the
voluminous and firmly bound Cp* ring
ligand, and

(b) the use of 51V NMR spectroscopy can
provide additional information on both the
structure and the intramolecular interactions,
particularly in the case of diamagnetic
complexes.

A versatile educt for the synthesis of Cp*V

complexes is the diamagnetic, four-legged piano-
stool half-sandwich compound Cp*V(CO)4 (1)1,2

which formally takes an intermediate position
between the paramagnetic precursors, V(CO)6 (2)
and VCp*2 (3)3,4 (Scheme 1).

The permethylated half-sandwich Cp*V(CO)4
(1), first described1 in 1982, is conveniently
prepared1,2 by the reaction of V(CO)6 (2) with
pentamethylcyclopentadiene (Eqn [1]). It forms
orange, volatile crystals (m.p. 144°C)2 and is
photosensitive both in the solid state and, espe-
cially, in solution.

V(CO)6� Cp�Hÿ!Cp�V(CO)4� 2CO� 1
2
H2 �1�

2 1

REACTIVITY OF Cp*V(CO)4

The complexes derived from Cp*V(CO)4 (1) can be
classified according to the oxidation state of the
metal.

Compounds containing vanadium in
low oxidation states (0,I)

The formal oxidation state vanadium(I) in

Scheme 1
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Cp*V(CO)4 (1) generally remainsunchangedin
photo-induced carbonyl substitution processes.
Thus, the decarbonylation of 1 leads to the
binuclear complex Cp*2V2(CO)5 (4),1 for which
two semibridging carbonyl ligands supportinga
metal–metal multiple bond can be assumed
(Scheme2) — in agreementwith the structureof
theunsubstitutedanalogue,Cp2V2(CO)5.

5,6

A limited number of monosubstituted deriva-
tives, Cp*V(CO)3L (5), havebeenobtainedeither
by direct irradiationof 1 in the presenceof a two-
electronligand(L ) in THF or hexanesolution,or in
a two-step sequenceusing a photochemically
generatedintermediatesuchasthedimethylsulfide
complexCp*V(CO)3(SMe2) (6),7 from which the
labile ligand SMe2 may be displacedin a dark
reactionby various other ligands L (Scheme2).
This indirect method7 involving temporarystabili-
zation of the fragment [Cp*V(CO)3] in solution
avoidsexposureof thenewlyformedproductto UV
light. Somecomplexes5 could only be character-
izedby 1H and51V NMR spectroscopyin solution,
e.g. severalderivativesof the 4-substitutedpyr-
idines, Cp*V(CO)3(NC5H4–Z) (Z = H, Me, Et,
Ph).8 It is interestingthat p-olefinic ligandsL did
not give stablederivatives,nor could disubstituted
productsbe isolated,althoughCpV derivativesof
thetypeCpV(CO)2L2 (L = two-electronligand)are
known (for referencesseeRef. 10 and literature
cited therein)andacetylenecomplexesCp*V(CO)
(L )C2H2 (L = CO, PMe3) havebeenprepared.11

Theco-thermolysisof Cp*V(CO)4 (1) with white

phosphorus(P4) in boiling xylene(145°C) leadsto
complete decarbonylationand formation of the
greentriple-deckerCp*V(�-P6)VCp* (7) (Scheme
3).12 Under photochemicalconditions at room
temperature,carbonyl-containingprecursorsof 7
— such as Cp*V(CO)2(P4), Cp*2V2(CO)2(�-P2)2
and Cp*V(CO)2(�-P4)V(CO)3Cp* — can be iso-
latedandcharacterized.13

A reductivedecarbonylationof Cp*V(CO)4 (1)
is formally involved in thereactionwith cyclohep-
ta-1,3,5-trienewhich leads to the paramagnetic
mixed-sandwich(Z5-C5Me5)V(Z7-C7H7).

14

Experimentsdirected towardsthe reductionof
Cp*V(CO)4 (1) havenot beendescribed,although
ampleresultson the reductionof theunsubstituted
analogueCpV(CO)4 to give [CpV(CO)3]

2ÿ and/or
[CpV(CO)3H]ÿ areavailable.15–17 Reductionwith
sodiumamalgamin THF15 or with sodiumin liquid
ammonia,THF17 or DMF16 uniformly leadsto the
dianion[CpV(CO)3]

2ÿ which, afterprotonationby
water, can be converted to the yellow salt
[(Ph3P)2N

�][CpV(CO)3H
ÿ].17

Compounds containing
vanadium(II) and vanadium(III)

The reaction of Cp*V(CO)4 (1) with diorgano-
dichalcogenides,R2E2 (R = Me, Ph,Fc; E = S, Se,
Te), results in stepwise oxidative decarbonyla-
tion7,18 (Scheme4). Both the diamagneticvana-
dium(II) complexes 8 and the carbonyl-free
paramagneticvanadium(III) products 9 contain
organosulfido,organoselenidoor organotellurido
bridgesexclusively7,18 without appreciabledirect
metal–metal interaction. The four terminal CO
ligands in 8 protrude into the bowl-shapedcave
formedby the [Cp*2V2(�-ER)2] framework.

The dinucleartetra-bridgedvanadium(III) com-
plexes Cp*V(�-ER)4VCp* (9)18 are structurally
related to the purple tetrakis(benzoato)-bridged
compoundsCp*V(�-PhCOO)4VCp*, which were

Scheme2 L = C�N—R (R = tBu, Cy) (Ref. 8), N2H4 (Ref.
9), N2H3Me, NH2NMe2 (Ref. 9), NC5H4-Z(4) (Z = H, Me, Et,
Ph) (Ref. 8) PMe3, P(C7H7)3, P4S3, P4Se3 (Ref. 8)
P4(CO)2VCp* (Ref. 13), SR2(R = Me, Et) (Ref. 8), S(CH2)n

(n = 3,4,5)(Ref. 8).

Scheme3
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obtained from the reaction of VCp*2 (3) with
benzoicacid.19 The half-sandwich1 might alsobe
usedaseduct,asdeducedfrom thereactionsof the
unsubstitutedanalogueCpV(CO)4 with avarietyof
carboxylicacidsin boiling tolueneto give CpV(�-
RCOO)4VCp (R = H, CCl3, CF3, Ph, C6H4-F(3),
C6H4-OMe(3),2-furanyland2-thienyl).20

The tetranuclearcomplexescontaining triply-
bridging chalcogenido ligands, e.g. [Cp*V(�3-
O)]4,

23 [Cp*V(�3-S)]4
30 and [Cp*V(�3-Te)]4,

30

are paramagneticpseudocubaneclustersof vana-
dium(III).

Compounds containing
vanadium(IV)

If anorangesolutionof Cp*V(CO)4 (1) in pentane
or hexaneis brought into contactwith elemental
halogens(X2 = Cl2, Br2, l2), a quantitativeconver-
sion into the trihalides takesplace (Scheme5).21

The very air-sensitive paramagnetic products
Cp*VX3 (10) areinsolublein the saturatedhydro-
carbonsolvent and thereforeefficiently protected
againsttracesof air by thesupernatantliquid.

Thereactionof Cp*VCl3 (10a) with anexcessof
trimethylsilyl azide (1:10) results in a stepwise
substitutionof thechlorineatomsby azidoligands
to give dinuclear,paramagneticbis(azido)-bridged
complexes(Scheme6).22 Thetwo azidobridgesare
formed first, followed by introduction of the
terminalazidoligands.

The azide-rich dimer 11 (Fig. 1) is obtained
directly asthefinal productfrom theslow reaction
of 1 with an excessof trimethylsilyl azide in

pentanesolution in an open vessel(under air).22

ThelongV…V distance(344.0pm) pointsto weak
or negligibledirect metal–metalinteractions.

Cp*V complexesof vanadium(IV) containing
bridging oxo ligands have been obtained by
reductionof variousvanadium(V)oxo compounds.
Examplesarethetetramer[Cp*VCl(�-O)]4,

23 with
anessentiallyplanar[V(�-O)]4 cyclic framework,24

andthecageCp*4V4(�-O)6,
23 with anadamantane-

like skeleton.25,26 The latter is also preparedin
reasonableyields(60%)by oxidationof VCp*2 (3)
with N2O gas.25,26

A seriesof dinuclearCp*V complexescontain-
ing vanadiumin the formal oxidation stateIV is
accessiblevia oxidativedecarbonylationof 1 with a
largeexcessof sulfur or selenium,eitherin boiling
toluene or by UV irradiation in THF solution.27

Thesereactionslead initially to pentachalcogen-
ides,Cp2V2E5 [E = S (12a), Se (12b)], which can
undergostepwisedesulfurizationor deselenization
by tributylphosphane(Scheme7) to give tetra-
chalcogenides,Cp*2V2E4 (13a, 13b), and then
trichalcogenidesCp*2V2E3 (14a,14b). Thereverse
reaction, i.e. addition of chalcogento reconvert
14a, 14b back to 13a, 13b and 12a, 12b
sequentially,has been used to preparedinuclear
products with mixed sets of bridging chalco-
gens.28,29Thus,manycompoundsof thetypesCp*2
V2En�[n = 5 (12), 4 (13) and 3 (14)] have been
synthesizedwhich may contain different chalco-
gens(E, E' = O, S, Se,Te).28,29

In thedinuclearvanadium(IV)complexes12–14
the chalcogensare all involved in either chalco-
genidoor dichalcogenidobridges.The compounds

Scheme4

Scheme5 Scheme6
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are diamagnetic and are therefore assumedto
contain a metal–metalbond; this assumptionis
supported by the V–V distances found in
Cp*2V2Se3O [250.2(2)pm] and Cp*2V2S2Se2
[264.1(2)pm].28 The single oxo bridges in Cp*2
V2(O)S4

27 and Cp*2V2(O)E3 (E = S, Se, Te)28,29

probablystemfrom aformercarbonylligandof the
eductCp*V(CO)4 (1).

It is difficult to isolate carbonyl-containing
intermediates along the route from 1 to the
dinuclear Cp*V–chalcogenidecomplexes12–14,
althoughcareful photolysisof 1 in solution in the
presenceof either H2S or Bu3P(Te) gave labile
vanadium(III) products of the composition
[Cp*V(CO)2(�-E)]2 [E = S (15a),7 Te (15c)29].
These carbonyl-containing dimers 15a and 15c
could be characterizedspectroscopicallybut lost
CO easily to give the pseudocubaneclusters
[Cp*V(�3-E)]4 (E = S or Te),30 which containthe
metal in the formal oxidationstateIII.

Compounds containing
vanadium(V)

The highestpossibleoxidation stateis reachedin
theoxidativedecarbonylationof Cp*V(CO)4 (1) by

molecular oxygen, e.g. in toluene or THF solu-
tion.21 However,themolecularstructureof thedark
red product, [Cp*6V8O17] (16), remainsobscure.
According to Bottomley and co-workers,26 who
obtainedananalogousproduct23,26by oxidationof
eitherVCp*2 (3), Cp*4V4(�-O)6 or [Cp*V(�3-O)]4
with dioxygengas,an oxo bridgeappearsto exist
betweentwo tetranuclear[Cp*3V4O8] units,corre-
spondingto thestructure[Cp*3V4O8]2(�-O) (16).

The most versatile educt for the synthesisof
Cp*V–oxo complexesis the greenhalf-sandwich
complexCp*V(O)Cl2 (17a), which is conveniently
prepared (yield >80%) in one step by the
simultaneoustreatment of Cp*V(CO)4 (1) with
Cl2 and O2 in CCl4 solution (Scheme8).31 Other
high-yield routes to 17a have recently been
explored.32,33 Its half-sandwichstructurehasbeen
confirmed.24

An equilibrium existsbetweenthe mononuclear
17a and the oxo-bridged dinuclear complex,
[Cp*V(O)Cl]2(�-O) (18a), dependingon theavail-
ability of chloroandoxo ligands(Scheme8).21 The
exactconcentrationof chloro andoxo ligandscan
besimply controlledby additionof either10a, 17a
or 16 to the reaction mixture. The binuclear
complexes[Cp*V(O)X] 2(�-O) [X = Cl (18a), Br
(18b)] are also formed when O2 gas is bubbled
throughsolutionsof Cp*V(CO)4 (1) in chloroform
or bromoform.21

The mononuclearhalf-sandwich Cp*V(O)Cl2
(17a) opensthe route to more highly aggregated
Cp*V–oxo complexesby halogenabstraction,as
studiedin detailby Bottomleyandco-workers.23,34

The reactionswith silver carbonate,Ag2CO3, can
be conductedstepwise to give either dinuclear
[Cp*V(O)Cl]2(�-O) (18a)23or trinuclear[Cp*V(O)
(�-O)]3 (containing a six-memberedring in the
chair conformation).34 Strong reductantssuch as
thes-blockmetalsNa,K, Mg, Caor theiramalgams
lead to a mixture of three products:23 the black
cubane-like cluster [Cp*V(�3-O)]4, the green–
black adamantane-likecage (Cp*V)4(�2-O)6 and

Figure 1 [Cp*V(N3)2(�-N3)]2 (11). FromRef 22.

Scheme7

Scheme8
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Table 1 51V NMR spectraof carbonyl-containingCp*V complexesa

Complex d51V (Dn1/2) Solvent Ref.

Cp*V(CO)4 (1) ÿ1525 THF 9
ÿ1512 (37) CDCl3 7
ÿ1472 C6D6 8
ÿ1478 Hexane 9

Cp*2V2(CO)5 (4) ÿ1826 THF 9
ÿ1797 Hexane 9

Cp*V(CO)3L (5)
L = SMe2 (6) ÿ886 (140) CDCl3 7
S(CH2)3 ÿ927 C6D6 8
S(CH2)4 ÿ864 C6D6 8
S(CH2)5 ÿ897 C6D6 8
C�N—Cy ÿ869 C6D6 8
N2H4 ÿ680 (160) THF 9
NH2NHMe ÿ687 (170) THF 9
NH2NMe2 ÿ623 (185) THF 9
NHMeNHMe ÿ570 (170) THF 9
pyridine ÿ571 (170) THF 8

ÿ573 (165) C6D6 8
NC5H4Z(4)
Z = CH3

b ÿ579 (210) THF 8
Ph ÿ586 (330) C6D6 8
CN ÿ775 (210) C6D6 8
pyrazole ÿ659 (170) THF 8
imidazole ÿ686 (190) THF 8
N�C—Me ÿ759 MeCN 7

Cp*V(CO)3L (5)
L = PMe3 ÿ1348c C6D6 8
P4S3 ÿ1313c (210) C6D6 8
P4Se3 ÿ1266c (190) C6D6 8
P(C7H7)3 ÿ1268c (260) C6D6

Cp*V(CO)2L
L = C2H2 ÿ560 (CD3)2CO,ÿ20°C 11
C2Me2 ÿ648 (CD3)2CO,ÿ20°C 11
PhC2H ÿ557 (CD3)2CO,ÿ20°C 11

Cp*V(CO)(PMe3)L
L = C2H2 ÿ296c (CD3)2CO,ÿ20°C 11
PhC2H ÿ333 (CD3)2CO,ÿ20°C 11

Cp*V(CO)2(Z
4-P4) ÿ1034 (90) C6D6 13

[Cp*V(CO)2(�-P2)]2 �625 (250) C6D6 13
[Cp*V(CO)2(�-ER)]2 (8) 18

ER= SMeb ÿ751 (870) C6D6
SeMe ÿ757 (800) C6D6
TeMe ÿ860 (1150) C6D6
ER= SPhb ÿ686 (1270) C6D6
SePh ÿ703 (1370) C6D6
TePhb ÿ804 (1600) C6D6
ER= SFc ÿ495 (1400) C6D6
SeFc ÿ573 (1600) C6D6
TeFc ÿ750 (2000) C6D6

[Cp*V(CO)2(�-S)]2 (15a) ÿ721 (1200) C6D6 29
[Cp*V(CO)2(�-Te)]2 (15c) ÿ853 (1500) C6D6 29

a Chemicalshift, d51V, relativeto externalVOCl3 (linewidthsathalf height,Dn1/2 [Hz], in parentheses).Thedatareportedin Refs.8
and13 wereobtainedat 25°C; datain Ref. 11 atÿ20°C.
b X-ray structureanalysisavailable.
c Couplingconstants,1J(51V,31P),for Cp*V(CO)3L complexes:L = PMe3 164Hz, P(C7H7)3 158Hz, P4S3 211Hz, P4Se3 187Hz; for
Cp*V(CO)(PMe3)C2H2 322Hz.

Copyright# 2000JohnWiley & Sons,Ltd. Appl. Organometal.Chem.14, 519–526(2000)

SANDWICH AND HALF-SANDWICH VANADIUM COMPLEXES 523



thepurplering [Cp*VCl2]3. Thekeyintermediateis
assumed23 to bea dimer, [Cp*V(O)Cl]2.

Thehalf-sandwichCp*V(O)Cl2 (17a) is alsothe
parent compoundof severaldiamagneticderiva-
tives of the type Cp*V(O)R2 (R = Ph,31 OMe,31

OPh,35 OC6H4Me(4),35 SPh35,36), whichall contain
vanadium(V).Dianionicchelateligands(R2 = pen-
tasulfide(S5)

37 and ferrocene dichalcogenolate

(Fe(C5H4E)2; E = S, Se)38 have been used in an
analogousmanner.

It is remarkablethat the oxidativedecarbonyla-
tionof Cp*V(CO)4 (1) bymolecularoxygenleadsto
oligonuclearaggregatessuchas[Cp*3V4O8]2(�-O)
(16) which containterminal oxo ligands,whereas
the correspondingreactionwith a large excessof
sulfur or selenium consistently gives dinuclear

Table 2 51V NMR spectraof carbonyl-freeCp*V complexesa

Complex d51V (Dn1/2) Solvent Ref.

Cp*V(O)X2
X = F ÿ404c CDCl3 21
Clb (17a) ÿ25 (66) CDCl3 21, cf. 24

ÿ14.5 (85) CH2Cl2/CD2Cl2 31
Br (17b) �119 (83) CDCl3 21

�127 (97) CH2Cl2/CD2Cl2 31
OMe ÿ404 (93) CH2Cl2/CD2Cl2 31, 35
OPh ÿ362 (180) CH2Cl2/CD2Cl2 31
OC6H4-Me(4) ÿ534 CH2Cl2/CDCl3 35
SPhb ÿ38 CH2Cl2/CDCl3 35, 36
X2 = S5

b �44 (140) CDCl3 37
(SC5H4)2Fe ÿ117 (172) CDCl3 38
(SeC5H4)2Feb ÿ338 (174) CDCl3 38

[Cp*V(O)X] 2(�-O)
X = F ÿ509c CDCl3 21
Clb (18a) ÿ360 (250) CDCl3 21
Br (18b) ÿ309 (293) CDCl3 21
I ÿ238 (333) CDCl3 21
N3 ÿ480 (466) CDCl3 cf. 22

[Cp*V(O)(�-O)]3 ÿ530 (Ratio 2:1) CDCl3 34
ÿ545}

[Cp*3V4O8]2(�-O) (16) ÿ573 (Ratio 3:1) C6D6 21
ÿ472}
ÿ578 (850) C6H5Me 26
ÿ481} (1650)

[Cp*V] 2(�-P6)
b (7) 79c C6D6 13, cf. 12

Cp*2V2S5 (12a) 596 (395) CDCl3 28
Cp*2V2Se5 (12b) 1119 (270) CDCl3 28
Cp*2V2S4 (13a) 1541 (635) CDCl3 28, 29
Cp*2V2Se4 (13b) 2139 (510) CDCl3 28, 29
Cp*2V2S3 (14a) 1630 (1550) CDCl3 28, 29
Cp*2V2Se3 (14b) 2205 (1200) CDCl3 28, 29
Cp*2V2S3O 1266 (570) CDCl3 28, 29
Cp*2V2Se3O

b 1647 (720) CDCl3 28, 29
Cp*2V2Te3O 2240 (680) CDCl3 29
Cp*2V2S2Se2

b 1704 (690) CDCl3 28, 29
Cp*2V2Se2Te2 2375 (660) CDCl3 29

aChemicalshift,d51V, relativeto externalVOCl3 (linewidthsathalf height,Dn1/2 [Hz], in parentheses).Thedatareportedin Refs.21,
28 and29 wereobtainedat 15°C.
b X-ray structureanalysisavailable.
c Coupling constants,1J(51V,19F), for Cp*V(O)F2 234Hz and [Cp*V(O)F]2(�-O) 190Hz. Coupling constant1J(51V,31P) for
[Cp*V] 2(�-P6) 57Hz.
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products, Cp*2V2E5 [E = S (12a), Se (12b)],27

where all five chalcogenatoms are involved in
chalcogenidoor dichalcogenidobridges.

NMR STUDIES

Threegroupsof Cp*V complexesarediamagnetic:

(a) all carbonyl-containing derivatives of the
parent half-sandwich Cp*V(CO)4 (1) (cf.
Table1)

(b) complexescontainingvanadium(V)(d0) (cf.
Table2);

(c) dinuclear Cp*V compoundscontaining va-
nadium(IV) (d1) with a metal–metalbond
supportedby abridgingchalcogenidosystem
(cf. Table2).

In thesecasesthe[Cp*V] unitscanconveniently
be identified by NMR spectroscopy. The
Z5-pentamethylcyclopentadienyl ring [Cp* = C5
(CH3)5] is easily recognizedby an intensemethyl
singlet in the 1H NMR andtwo signalsin the 13C
NMR spectra.More important is the fact that the
51V NMR spectroscopyprovidesa most sensitive
probe for the detectionand identification of new
Cp*V complexes.Due to the favorable NMR
propertiesof the 51V nucleus(l = 7/2) suchashigh
receptivity (0.381 relative to 1H), high natural
abundance(99.76%)and low quadrupolemoment
(Q = 0.052� 10ÿ28 m2), rapid accumulation is
possible.The 51V NMR spectroscopyrelated to
organometalliccompoundshas been studied in
particularby Rehder.39–41

The rangeof d51V chemicalshifts (relative to
VOCl3 = 0) at present extends from those of
[CpV(CO)3(SnPh3)]

ÿ (ÿ2054)42 to those of
Cp*2V2Se2Te2 (�2375).29 Characteristicd51V data
are collectedin Tables1 and 2, togetherwith the
linewidths, Dn1/2, where available. It should be
pointed out, however, that both d51V and Dn1/2
values dependon the temperatureand the sol-
vent,40,41andthatcomparisonsshouldbebasedon
dataobtainedunderthesameconditions.

It is clearfrom Tables1 and2 that theoxidation
stateof themetalis notcorrelatedwith thechemical
shift, d51V.41,43 The carbonyl-containing com-
plexes(Table1) havetheir 51V signalat very high
field (with a notableexceptionof the cluster-type
compound [Cp*V(CO)(�-P2)]2, and they show
normal electronegativity/polarizability depen-
dence,i.e. the signalmovesupfield if a chalcogen
(E = S,Se,Te) is replacedby theheaviercongener,

e.g. in the series[Cp*V(CO)2(�-ER)]2 (8)18 and
[Cp*V(CO)2(�-E)]2 (15).29

On the other hand, the (carbonyl-free)vana-
dium(V) complexes(Table 2) consistentlyshow
inverseelectronegativity/polarizability dependence
of 51V shielding,41 e.g.in thehalide(X = F, Cl, Br,
l) complexes Cp*V(O)X2 (17)21,31 and [Cp*V
(O)X]2(�-O) (18).21 A particularly strong‘inverse
chalcogeneffect’ is found in the dinuclearchalco-
genidevanadium(IV)complexesCp*2V2En [n = 5
(12), 4 (13) and3 (14)].28,29

The 51V signalsaremuchbroaderin thecaseof
the dinuclear carbonyl–vanadium complexes
[Cp*V(CO)2(�-ER)]2 (8) ascomparedwith mono-
nuclearcompounds.It is also remarkablethat the
half-linewidthincreasesdramaticallyif thenumber
of chalcogenatomsin thecarbonyl-freecomplexes
Cp*2V2En (n = 5, 4, 3) is reduced.The increasing
linewidth can be taken to indicate reducedsym-
metry aroundthe 51V nucleus.

CONCLUSIONS

Althoughvariousprecursors(suchasVCp*2 (3),3,4

[Cp*VCl2]3,
32,33 Cp*2V(CO) and Cp*2VCl2) are

availableto introducethe building block [VCp*]
into metalcomplexes,the eductCp*V(CO)4 (1) is
particularly suitable in this respectbecausethe
carbonylligandsareconvenientlyeliminatedfrom
the reaction mixture as CO gas. The formal
oxidation state of vanadiumin the [VCp*] unit
may vary between0 andV, dependingon the co-
ligands.

Oligonuclearaggregatescontaining[VCp*] units
are well known in the chemistry of oxo com-
plexes,23 and a limited numberof pseudocubane
clusters such as [Cp*V(�3-N)]4,

44 [Cp*V(�3-
O)]4,

23 [Cp*V(�3-S)]4
30 and [Cp*V(�3-Te)]4

30

have been described.In general, however, the
Cp*V unitstendto stabilizedinuclearstructures,as
in [Cp*V(CO)2(�-ER)]2 (8) and Cp*2V2En [n = 5
(12), 4 (13), 3 (14)]; E = S, Se,Te.
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