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Summary 

The cationic complexes 2 [Nb(q-C,H,),(Bu)(q*-C(S)SR]]X are formed from 
[Nb(n-C,H,),(Bu)[n*-CS2]] (1) and RX (R = Me, Et, i-Pr, CH,COOEt; X = I. 
R = CH,C,H,, CH,CH,CH,Cl, CH,-CH=CH,; X = Br). They react with NaBH, 
in THF giving complexes 4. These decompose in solution and give, after column 
chromatography, neutral complexes 3 of the type [Nb(n-C,H,),(Bu)[n*-CH(S)SR]]. 
The conversion of 2 into 3, which corresponds to nucleophilic attack by the hydride 
‘ion on the CS, carbon atom, seems to proceed via formation of intermediate 
derivatives 4 containing a niobium-coordinated BH, group. Reaction of 1 with 
diiodomethane as alkylating reagent results in the formation of a dimeric niobium 
compound containing the Nb-C(S)-S-CH,-S-(-b unit, which reacts further 
with NaBH,. 

Introduction 

Since the preparation of the first transition metal CS, derivatives in 1967 [2], there 
has been gradually increasing activity in the chemistry of transition metal-carbon 

* For part XII see ref. 1. 
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disulphide complexes. It is now clear that carbon disulphide is a versatile ligand 
which can bond to metals in a wide range of coordination modes [3]. 

Most the reactions of n2-CS, complexes that have been reported involve the 
nucleophilic character of the uncoordinated sulphur atom. For example, the 
[ML,(q2-CS,)] complexes have been shown to act as monodentate two-electron 
ligands through their uncoordinated sulphur atom, giving the dinuclear complexes 
[L,M(p-CS,)M’(CO),L’,1 [4]. These complexes are also well-known to be alkylated 
at the sulphur atom by some alkyl halides, giving [ML,[q*-C(S)SR]]+ [5]. 

Previous work in this and other laboratories [4h,6] has shown the ability of 
niobium to form 18-electron q2-CS, derivatives 1 of formula [Nb(n-C,H,),(R)[q2- 

CS,]] (R = CH,, C,H,, C,H,). In a recent paper [4h] we were able to show the 
ability of compounds 1 to act as monodentate ligands, and we gave three examples 
of their alkylation with alkyl halides RX. 

In order to have available a range of compounds with a variety of substituents we 
thought it of interest to explore more widely the reactions of alkyl halides with 1. 
The cationic structure of the alkylated derivatives seemed to be especially ap- 
propriate for investigating their reactivity towards some nucleophilic reagents, and 
so we decided to investigate their reaction with the hydride ion from NaBH,. 

Results and discussion 

1. Alkylation studies 
The general procedure was to treat a benzene solution of [Nb(r&H,)2(Bu)(n2- 

CS,)] (1) with either an equimolar quantity or an excess of alkyl halide RX 
(R = CH,, C,H,, i-C3H,, CH,COOC,H5; X = I. R = CH,C,H,, CH,CH2CH,Cl, 
CH,-CH=CH,; X = Br). This treatment results in the precipitation in almost 
quantitative yield of yellow complexes 2 (see Scheme 1). These compounds are 

(2a-29) 

\(i, 

(Ii) intermediate complex ( 1 ii) 

(4a-4f) 

(3a-3f) 

(iv) 
&d 

(1) 

1 (ii) 
12 - bh 

(iii), 
Q ,$H-S-CH+-$H j@ 

Nb-S 
\ 

SlNb 

Bu B< 

(3h) 

SCHEME 1. Synthesis of complexes 2-4. (i) Excess of RX m benzene (X = I, ca. 20-40°C; X = Br. ca. 
7O’C); yield almost quantitative (ii) Excess NaBH, in THF, 12 h, room temp. (iii) Alumina column 
chromatography of THF solutions of 4; yield ca. 70% from 2. (iv) Excess CH,I, in benzene, ca. 7O’C. 
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sparingly soluble in organic solvents. The 1 : 1 ionic nature is supported by their 
molar conductivities. The analytical and spectroscopic data are consistent with the 

formulation of 2 as 18-electron cationic complexes in which the dithioalkylester 
group behaves in a bidentate fashion with the carbon and sulphur atoms acting as 

donors (observed v(G) values: 1110-1145 cm-‘, as expected for a bidentate 
dithioalkyl group; monodentate coordination via the central carbon atom causes a 
significant shift to a v(CS) of about 1000 cm-’ [4h,7]). 

The ease of the alkylation reaction depends on the nature of the alkylating 
reagent RX: alkyl iodides reacted at 20-40°C and bromides at 60-7O“C, while no 
reaction was observed with chlorides at reflux. For a given halide, the rate of the 
reaction is increased by an electron-withdrawing group in the radical R. 

It is noteworthy that the presence of an excess of the alkyl halide during the 
preparation of the alkylated complexes from 1 did not significantly affect their 
formation and did not afford dithiocarbene derivatives [8]. 

2. Reaction with NaBH, 

The reaction of the cation [Os[q’-CS,Me](CO),(PPh,),]+ with NaBH, has been 
reported recently and the formation of the neutral complex [OsH[n’- 
C(S)SMe](CO),(PPh,),], which contains mutually cis hydride and q’-di- 
thiomethylester ligands, was observed [9]. A solution of this hydride, when heated, 
eliminates methanethiol (MeSH) and gives the thiocarbonyl-complex [Os(CS)(CO),- 
(PPh,),]. In order to elucidate further the chemistry of niobium n2-CS, derivatives, 
we have now carried out a study of similar reactions between the complexes 2 and 
the hydride ion from NaBH,. These reactions were performed in THF at room 
temperature and complexes 2 were smoothly converted into new derivatives 4 (see 
below). Column chromatography experiments on the THF solutions of these prod- 
ucts resulted in immediate decomposition, with gas evolution, at the top of the 
alumina column. However, elution with benzene gave new complexes 3. Compounds 
3 are all white air-stable crystalline solids, soluble in usual organic solvents. All have 
been characterized by analysis, NMR and IR spectroscopy. The presence of a 
Nb-S-CH-SR unit in 3 was clearly deduced from ‘H and “C NMR spectra. For 
complex 3a, for instance, a peak of relative intensity 1 was observed at S 4.21 ppm in 
the ‘H NMR spectrum while the 13C NMR spectrum reveals that the signal 
corresponding to the CS, carbon atom appears as a doublet from coupling with a 
proton (6 55.4 ppm; ‘J(C/H) 169 Hz). 

Further evidence of a [Nb[ v2-CH(S)SR]] unit was given by deuteration experi- 
ments. Reaction of complex 2a with NaBD, gave, after further work-up, a complex 
3a’, the ‘H NMR spectrum of which was similar to that of 3a, except for the peak at 
S 4.21 ppm, which did not appear. For all the complexes 3, the NMR data also show 
the presence of a [Nb(q-C,H,),(Bu)] moiety. 

Therefore the overall reaction between 2 and NaBH, may be written as: 

{ [Nb][q’-C(S)SR]} ++ H-+ { [Nb][n2-CH(S)SR]} 

with [Nb] = [Nb(q-C,H,),(Bu)]. 

(I) 

Reaction 1 corresponds to nucleophilic attack by the hydride ion from NaBH, on 
the CS, carbon atom of the ligand without any change of the metal oxidation 
number. It differs from the reaction of BH,- with the osmium cation [Os[n2- 

(Continued on p. 58) 
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C(S)SMe](CO),(PPh,),]+ which gave an hydrido-osmium complex (see above and 
ref. 9). 

However, reaction 1 may be compared with the reaction [(triphos)Cu(BH,)] + 
CS, -+ [(triphos)Cu-SCHS] recently reported by Bianchini et al. [lo]. 

In an effort to gain further insight into the mechanism of reaction 1, we have 
studied the intermediate complexes 4 but attempts fully to characterize these 
products were unfortunately foiled by (i) partial and rapid decomposition in organic 
solvents and (ii) difficulties of removing benzene in the solid state. However, careful 
examination of the analytical and spectroscopic data for complex 4 in the most 
favorable case (4a, R = Me) suggests that reaction 1 proceeds via the formation of an 
intermediate derivative containing a niobium-coordinated BH, group. Coordination 

of the BH, unit to niobium was deduced from the solubility of 4a in nonpolar 
solvents and from conductivity measurements. The three possible ligation modes 

conceivable for the BH, ligand in a mononuclear complex may be distinguished by 
IR spectroscopy [ll]. The observed v(BH) values for 4a (Table 1) would be in 
agreement with a monodentate BH, group linked to the metal by a bridging 
hydrogen atom as recently shown for [Cu(triphos)(BH,)] by an X-ray study [12]. 

Since single crystals suitable for an X-ray study could not be obtained, we cannot 
be sure about the exact nature of complexes 4 but their identity as [Nb(q- 
C,H,),(Bu)[n’-CH(SH)SR](HBH,)I is suggested by the above evidence. 

3. Formation of dimeric niobium complexes 
It is noteworthy that the reaction of 2 with diiodomethane as the alkylating 

rea ent (12 h, 7O’C) results in the formation of a dimeric compound 2h with a 
+ Nb-C( )-S-CH,-S(@%b unit. Further reaction of 2h with NaBH, gives com- 

plex 3h with a Nq)-S-CH,-S-(-b moiety (see Scheme 1). 

4. Spectroscopic studies 
NMR and IR data for the reported complexes show the following three interest- 

ing features: 
(i) A strong solvent influence of the ‘H NMR chemical shifts was found for 

complexes 3 and 4. The resonances in C,D, solutions are shielded relative to those in 
CDCl, solutions. The differences in the chemical shifts are in the ranges 0.92-1.34 
ppm for the cyclopentadienyl protons and 0.36-0.65 ppm for the dithio-ligand 
protons. Such benzene-induced solvent dependence of proton resonances has previ- 
ously been interpreted as resulting from the formation of a 1: 1 benzene-solute 
transient collision complex at each electron-deficient site in the solute molecule [13]. 

(ii) The ‘H NMR resonances appear at higher field in complexes 3 than the 
corresponding resonances in 2. In agreement with the cationic nature of complexes 
2, the strong shielding which is observed for the Cp protons (2: S 5.90-6.00 ppm; 3: 
S 5.38-5.43 ppm) and for the NW)-S-CH proton (for example 2a: 6 3.43 ppm; 
3a: 6 2.50 ppm) is indicative of an increase in electron density from 2 to 3. 

(iii) The IR band near 1210 cm-’ in complexes 3 does not appear for the 
deuterated complex 3’a, while a new band is observed at 915 cm-‘. This value shows 
that this absorption is not assignable to a CS, vibration but must be attributed to a 
carbon-hydrogen vibration involving the CS, carbon atom (c(CH)/ij(CD) ca. 1.4). 
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Conclusions 

All the reactions and structures of the new complexes are shown in Scheme 1. It 
seems of interest that q2-CS, derivatives may, after alkylation of the sulphur atom, 
undergo reaction with NaBH, giving new complexes by attack of the hydride ion on 
the CS, carbon atom. The reactivity of complexes 2 towards other nucleophilic 
reagents is currently under investigation. 

Experimental 

All reactions were performed in Schlenk tubes in a dry oxygen-free dinitrogen 
atmosphere. All solvents were distilled by standard techniques and thoroughly 

deoxygenated before use. All elemental analyses were performed by the “Service 
Central de Microanalyse du C.N.R.S.“. IR spectra were recorded on a Perkin-Elmer 
557 Spectrometer. ‘H and 13C NMR spectra were obtained on a JEOL FX 100 
spectrometer operating in the F.T. model (SiMe, as internal standard). Mass spectra 
were obtained with a Varian MAT 311 spectrophotometer (“Centre de Mesures 
Physiques”, Rennes, France). The conductance measurements were performed at 
22°C with a Tacussel CD7-N conductivity bridge on approximately 10m3 M solu- 
tions (solvent: nitromethane, dried over molecular sieves and deoxygenated before 
use). 

Complex I, [Nb(11-Cp)2(Bu)(92-CS2)1, was prepared as in the literature [4h]. 

Preparation of complexes 2 [Nb(q-Cp),(Bu)[$-C(S)SR]]X 
The general procedure was to treat a benzene solution of 1 [Nb(n-Cp),(Bu)(q2- 

CS,)] with a benzene solution containing an excess of the alkyl halide. The mixtures 
were heated when necessary (temperature 20-40°C for alkyl iodides, except for 
diiodomethane (7O”C), and 60-70°C for alkyl bromides). Complexes 2 precipitated 
as yellow products, which were filtered off, washed twice with benzene and dried in 
vacua. The yield was almost quantitative. 

Preparation of complexes 4a and 3a by reaction of 2a with sodium borohydride 
An excess of sodium borohydride was added to a THF solution of 2a and the 

suspension was stirred at room temperature for ca. 12 h. The solvent was removed 
under reduced pressure and the residue stirred with pentane in order to extract small 
amounts of complex 3a. After filtration, the residue was stirred with benzene. The 
mixture was filtered and the filtrate was concentrated under reduced pressure to give 
the crude product. This was washed with pentane and dried in vacua to give 
complex 4a. Attempts to grow single crystals of 4a were unsuccessful. 

A THF solution of 4a (or the starting THF solution described above) was 
chromatographed on an alumina column made up with petroleum ether. After 
elution with benzene, the eluate was stripped dry to give compound 3a. 

Compounds 3b-3f were prepared analogously to 3a, while 3h was eluted with 
THF. The yield of complexes 3 was ca. 708, from 2. 
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