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The molecular chemistry of niobium in oxrdatron 
states lower than 3 is very limited, especially for non- 
carbonyl derivatives [ 11. In fact, the only niobium(I) 
species reported so far are an impure dinitrogen com- 
pound {NbCl(dmpe)z}(p-Nz) [2] (dmpe = 1,2-brs- 
(dimethylphosphino)ethane) and an ally1 derivative, 
($-CHaCgHq)(CqH6)2Nb [3] obtained by metal 
vapor synthesis. On the other hand, the unstable 
CpzNb, which could not be isolated, was character- 
ized only by its EPR spectra and by its derivatives 
resulting from oxidative addition reactions [4] ; 
this suggests a low stability for oxidation state 2. 

Starting from the niobium(II1) complex Nb2C16- 
(PhPMe.& for which a metal-metal bond of order 
2 was assumed [S], we undertook electrochemical 
investigations in order to gain more information 
about the relative stability of oxidation states 2 
and 1 and to generate stable niobium species having 
triple or quadruple metal-metal bonding. We now 
report the salient features of this investigation. 

Experimental 

All manipulations were performed using Schlenk 
tubes or vacuum line techniques under dry deoxy- 
genated argon with purified CH2C12. Tetra-n-butyl- 
ammonium hexafluorophosphate (from Fluka) was 
recrystallized from aqueous ethanol and dried in 
vucuo; it was deoxygenated and dehydrated by melt- 
ing under vacuum prior to use. The complex Nbz- 
C16(PhPMe2), was prepared according to the htera- 
ture [5]. 
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EPR spectra were obtained on a Varian E4 
spectrometer. 3’P NMR spectra were registered on 
a Bruker WH-90 machine operating in the Fourier 
transform mode, and the 31R chemical shifts are given 
as positive when they occur at low fields relatively 
to 85% H3P04 as external reference. UV spectra were 
made on a CARY 14 spectrometer and the mass 
spectra on a Nermag R lo-10 operating by chemical 
iomzatron with NHs. 

Electrochemical measurements were made under 
argon at room temperature on drchloromethane solu- 
tions containing 0.2 M tetra-n-butylammonium hexa- 
fluorophosphate as supporting electrolyte. Polaro- 
graphy and cyclic voltammetry were performed with 
a Tacussel Model TipoL in conjunction with a 
Tacussel Model EPL 2 X-Y recorder. Potential 
control for coulometric experiments was maintained 
with an Amel Model 552-potentrostat. Potential 
values were referenced to the saturated potassium 
chloride calomel electrode (SCE) at 20 f 2 “C and 
were uncorrected for junction potentials. Polaro- 
graphic measurements were made at a dropping mer- 
cury electrode with a dropping time of 0.5 s. Cychc 
voltammetry experiments were made at a platinum 
or glassy carbon electrode, coulometry and prepara- 
tive experiments were carried out at a 50 cm3 
mercury pool or 35 cm3 platinum plate. 

Mass spectrum (150 “C chemical ionization) 
(obtained on the crude product) (m/e’) Nbz- 
(PhPMe&(PhPMe)(PC6H3) l%, Nbz(PhPMez)l- 
(PhPMe) 3%, Nb2(PMe)# 4%, Nb*(CqHs) 8%, 
Nbz(CqH8) 39%, NbzH 13%, Nbz 100%. 

Results and Discussion 

The best conditions for the electrochemical 
measurements on NbzC16(PhPMe& solutions were 
found using dichloromethane as a solvent, and Buq- 
NPF6 as the supporting electrolyte; ether media - 
tetrahydrofuran and dimethoxyethane - led to side 
reactions. 

Polarography of NbzC16(PhPMe2)4 shows only 
one well-defined reduction step at -0.28 V SCE. 
Scaling with the (C, Hs)2Fe/(Cs Hs)* Fe’ couple 
indicates that the preceding wave corresponds to a 
transfer of two electrons per dimer, and thus 
probably corresponds on the electrochemical time 
scale to the generation of a niobium(I1) species. 
Cyclic voltammetry measurements at platinum or 
glassy carbon electrodes indicate also only one reduc- 
tion peak of NbzC16(PhPMe2)4 at Em = -0.8 V SCE, 
which was found to be irreversible. 

When a controlled potential electrolysis was car- 
ried out at -0.8 V vs. SCE at a platinum electrode, 
the dark green solution of NbzC16(PhPMe2)4 turned 
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to black and the resulting solution was found to be 
relatively air stable. Coulometric values obtained 
from such controlled-potential experiments indi- 
cate that about 4 electrons (n = 4.2) were involved 
per dimer. The polarogram of the resulting solution 
confirmed the absence of the starting material. The 
presence of an excess of dimethylphenylphosphane 
in the dichloromethane solutions of NbsC16- 
(PhPMe& has no influence on the various voltam- 
mograms, nor on the course of the electrolysis. 
Comparison of polarographic (two-electron wave) 
and coulometric results (four electrons) shows that 
the mobium(I1) species is not stable on the electro- 
lysis time scale, despite the polarographic data indi- 
cating that such species could exist, and bulk electro- 
lytes then led to the formation of a niobium(I) com- 
plex. Moreover, the absence of an EPR signal during 
and at the end of electrolyses suggests that the 
dimeric structure is preserved during the reduction 
of the metal, and that Nb&(PhPMe&, has a metal- 
metal bond-order higher than one [6]. 

The solutions resulting from electrolysis shows no 
free dimethylphenylphosphate but liberation or 
four chloro substituents (identified by their oxidation 
waves). These observations exclude the formation of 
a niobium chloro anion, but support the obtention 
of a neutral derivative, and the formula Nb2C12- 
(PhPMez)a seems hkely. Unfortunately, thrs species 
could not be isolated in the chemically pure state 
as a result of solubility properties similar to tetra- 
butylammonium hexafluorophosphate. It should be 
mentioned that the replacement of the preceding 
supportmg electrolyte by any other - which would 
be dissociated in CH2C11 as tetraethylammonium per- 
chlorate for instance - does not overcome these diffi- 
culties. On the other hand, despite the notable stabi- 
lity of the niobium(I) compound (decompositron 
started at about 160 “C), separations by high vacuum 
sublimation were also unsuccessful. Furthermore we 
have not yet been able to prepare this niobium com- 
pound using chemical reductron methods. The crude 
niobium(I) NbzClz(PhPMez)a could however be char- 
acterized unambrguously by 3rP NMR, mass spectro- 
metry and UV data. The 31P(1H} spectra obtained 
at room temperature on CHsCla solutions exhibit 
a singlet at 22 ppm, shifted to high fields as com- 
pared with NbaC&(PhPMe&, as expected when 

the electronic density of the metal increases. The 
existence of only one peak (even at -70 “C), without 
free ligand, indicates that probably only one molec- 
ular species, having an equivalent phosphorus ligand, 
is present in solution. It should be noted that as no 
high field signals (compared1 to the free ligand) were 
observed, cyclometallation reactions [7] or 
formation of rr complexes [8] seems unlikely. The 
mass spectrum (see experimental section) shows 
only fragments derived from a dinuclear niobium 
species. Furthermore, the peak of 100% abundance 
corresponds to the Nbz fragment, which illustrates 
the high stability of the metal-metal bond in NbZ- 
Cla(PhPMe& and the fact that the reduction of 
Nb&(PhPMe& occurs with retention of the 
metal-metal bond. The electronic spectroscopic 
data on CH2CI:! solutions of the new compound - 
strong absorption at 37 880 cm-’ with a vibrational 
progression of 166 cm-’ and weak absorptions at 
31 746 cm-r and at 27 700 cm-’ - also confirm the 
metal-metal bonding [9] but exclude a cluster core 
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