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The reactivity of niobium, molybdenum or 
tungsten thiolates towards alkynes is sensitive to 
acetylenic substituent effects. The photolysis of [(qs- 
C5H5)2NbH3] with dimethyldisulphide gives a thio- 
late derivative which reacts with alkynes affording 
mostly the diamagnetic niobium(III) compounds 
[($-C5Hs)JVb(SMe) (R ‘42X-R 2)] when R 1 and 
Rz are both electron-withdrawing groups; when one 
of the substituents R ’ or R 2 is non electronattract- 
ing group neither acetylene nor oalkenyl compounds 
are formed. The reaction of niobium, molybdenum or 
tungsten thiolates prepared in situ, with the fluoro- 
alkynes R&3C-H (RF = nC6 F13 n-C8 F1,) gives 
rise to substituted vinyl sulphtdes. For synthesised 
compounds, IR and ‘H, 13C, ‘9F NMR data are given. 

Introduction 

The reaction of [CpMH(CO),] (Cp = $-CsHs; M 
= MO, W) with an alkyl disulphide is well known [ 1 ] 
and gave the substituted compounds [CpM(SR)- 
(CO),], but to our knowledge the corresponding 
study with the hydrido-niobium complex [Cps- 
NbH3] has not yet been investigated. The reported 
niobium thiolates [2] [Cp2Nb(SR)2] (R = Me, Pr, cr- 
thienyl) were synthetised from [Cp2NbC12] treated 
with a thiol; oxidation of these neutral paramagnetic 
niobium(IV) compounds with iodine formed the 
diamagnetic complex cation [Cp,Nb(SR),]+. The 
preparation of stable tricyclopentadienyl niobium(V) 
dithiolates [Cp3Nb(SR)2] from [NbC13(SR)s] and 
sodium cyclopentadienide has also been reported [3]. 
It has been shown [4, 5, lb] that alkynes can react 
with the related ligands of molybdenum or tungsten 
thiolates to give compounds with new sulphur- 
containing ligands; in these reactions the products 
depend largely upon the acetylene and SR substi- 
tuents, substituted complexes [4] and a range of 
types of products including many examples of inser- 
tion [S, lb] have been prepared. However no 

reaction between niobium thiolates and alkynes has 
been studied up to now. 

We, therefore report, in the present paper on the 
products of the reactions between several acetylenes 
R’-C%-R2 (R1=R%F3, Co,Me, Me; R1=CF3, 
n-CsFr, and R2=H) and a very unstable diamagnetic 
niobium thiolate obtained from irradiation of [Cp,- 
NbHa] with dimethyldisulphide. The result observed 
with the fluoroalkyne n-CsFr,CEC-H being odd 
we extended the study to the reaction of fluoro- 
alkynes RF_c-C-H (RF = n-C6Fr3, n&F,,) with 
molybdenum and tungsten thiolates which are more 
available than the niobium thiolate. 

Experimental 

General Procedures 
A nitrogen atmosphere was employed routinely 

for all the reactions reported herein. Chromato- 
graphic separations and purifications were effected 
using Florisil. Elemental analyses were performed 
by the Service Central de Microanalyses du C.N.R.S. 

(Lyon). 

Physical Measurements 
Infrared spectra were recorded on a Pye-Unicam 

spectrophotometer (Nujol mulls). ‘H, 13C and 19F 
NMR spectra were obtained in CDC13 on a Jeol FX 
100 spectrometer using Me,$Si or CF3C02H as 
references. Molecular weight measurements were 
made on ca. lo* M CHC13 solutions at 26 “C with a 
Knauer osmometer. Mass spectra were determined at 
70 eV on a Varian Mat 311 spectrometer of the 
‘Groupement Regional des Mesures Physiques de 
1’Ouest’. The irradiation of the products was made 
using a Hanau TQ 150 mercury vapor lamp placed 
approximately 10 cm from the vessel. Melting points 
were taken in sealed capillaries immersed in a mineral 
oil bath and are uncorrected. 
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(IV). That pale-yellow oil was obtained in too low 
a yield for a complete analysis, it is only characteris- 
ed by its IR and’NMR spectra. IR: 360 m br, 740 m, 
790 w, 85Ow, 92Ow, 102Om, 106Ow, 117Os, 121Os, 
127Os, 1650m (vC=C), 1750~s (vC=O). ‘H NUR: 
3.70,s, (CO2 CHs); 2.67,s, (SCHs) in the 6/3 ratio. 

(‘V). (V) is a mixture of isomeric dimethyl-2- 
methylthiobut-2enedioates in l/l ratio. Fractional 
crystallisation gave the pure isomers (Va) (puns) 
and (Vb) (cis). 

(Va). Anal. Calcd.: C, 44.2; H, 5.3; S, 16.8%. 
Found: C, 44.2; H, 5.3; S, 16.8%. IR: 375m, 56oW, 
65Om, 7OOm, 78Om, 81Ow, 85Osh, 870m, 9OOm, 
95Ow, 99Om, 1025m, 106Om, llOOw, 1190s br, 
12OOs, 1250s br, 1600 m (vC=C), 1715s and 1730s 
(YC=O), 3020~ and 3080 (K-H). ‘HNMR: 6.32,s, 
(H); 3.92,s, (CO?CHs); 3.82,s, (COzCH3); 2.40,s, 
@Me), in the l/3/3/3 ratio. Melting point: 55 “C. 
Mass spectrum m}e: [M]+ = 190 (parent: 190); [M- 
CH3]+ = 175; [MaCH3]+ = 159; [M-SCH,]+ = 143; 
[M-C02CH3]+ = 131; [C02CH3]+ = 59; [SCH3]+ = 
47. 

(Vb). ‘H NMR: 5.65,s, (H); 3.90,s, (COzCHs); 
3.728, (C0,CH3); 2.42,s, (SCHJ), in the l/3/3/3 
ratio. 

The thermal reaction (ca. 40 “C) of [Cp,NbH3] 
with dimethyldisulphide and dimethyl acetylene- 
dicarboxylate gave quite the same product than the 
photolytic reaction but the yields were much more 
lower, above all for complex (IIb). 

Reaction of Niobium Thiolate(I) with the Acetylenes 
R’&-X-H (R %‘F3, n-C,F,,) or CH3<<-CH3 

In the same way as described above, the reactants 
niobium thiolate(I), prepared in situ, and alkyne were 
irradiated and after work-up on the mixture no 
complex well-defined containing the alkyne was 
isolated. With the trifluoropropyne and the but-2- 
yne only complex(I) was isolated. The fluoroalkyne 
n-CsF1,XX-H gave mostly an organic product(VI1) 
which will be described below. 

Reaction of [CpM(SMe)(CO)3] (M = MO or W) with 
Fluoroalkynes R ‘4%X-H (R 1=n-C6F13, n-CflF,,) 

The alkynes n-R&X--H were added to the thio- 
metallates prepared in situ, but, such as mentioned 
above for niobium, identical results were obtained 
when isolated thio-metalIates were used. In a typical 
reaction, to a solution of ca. 5.7 mmol of [CpMH- 
(CO),] in tetrahydrofuran, dimethyldisulphide in 
excess was added. The mixture was stirred (l-2 h; 
ca. 30 “C), and to the resulting solution were added 
12 mmol of n-R&ZC--H. It was irradiated at room 
temperature for CQ. 30 h. The tetrahydrofuran was 
then evaporated to dryness, and the residue was dis- 
solved in methylene chloride and chromatographed. 
Three types of compounds were separated. The first 
component (eluant : methylene chloride-hexane in 

the l/3 ratio) obtained in too low a yield was not 
identified, but its infrared spectrum showed the 
presence of fluorine and carbonyl groups. The second 
components identified to a mixture of cis + truns 
vinylic sulphides (VI) and (VII) were purified by 
distillation in vucuo (yields ca. 20-30% for MO and 
5-10% for W). The third components were non- 
fluorinated complexes ([CpW(CO)sSMe] or [{CpMo- 

(COLSMe 121 1. 
The same products were obtained by the thermal 

reactions but the yields were lower than those of the 
photolytic reactions. 

(VI). n-CiF3CjF2(C,F2)sC,F2CAH=CHBScCH3: 3,4,5,6,7, 

8-tridecafluoro-2-methylthio-ldecene. 

Anal.: Calcd.: C, 27.6; H, 1.3; S, 8.2; F, 63.0%. 
Found: C, 27.8; H, 1.5; S, 8.1; F, 62.6%. IR: 5OOw, 
535w, 56Ow, 61oW, 65Ow, 67Ow, 72Om, 745m, 
805m, 85Om, 92Ow, 94Om, 97Ow, 1060m, 1150s 
and 121Ovs, 1250~s (AZ-F), 1600 m (vC=C). ‘H 
NMR: Isomer cis (40%); 6.80, d of tr, (HB), JBPA = 
10.5, JB_, = 3; 5.42, d of tr, (HA), JA+ = 10.5, 
JA< = 15.75; 2.45,s, (H,). Isomer trans (60%): 
7.15,d oftr,(H&,JB-~=15,JB+=2;5.28,doftr, 
(HA), JA-B = 15, JA+ = 12. 19F NMR: 80.8, i; 
126.5, j; 123.3 and 122, k; 109.2,1. Boilingpoint: ca. 
30 “C/l mmHg. Mass spectrum m/e: [Ml+ = 392 
(parent: 392); [M-CH,]+ = 377; [M-F]+ = 373; 
[MXF,]’ = 323; [$F,]+ = 169; [CsFs]+ = 131; 
[-CF,-CH=CHSCH,] = 123; [C,F,]+ = 119; 
[C,F,]+ = 100; [CFs]+ = 69; [SCHJ]+ = 47. 

(VII). n-CIF3C~~(C,F2)5C,F2C,H=CHBScCH3: 3,4,5,6, 

7,8,9,10-heptadeiafluoro-1-methylthio-ldecene. 

Anal. Calcd.: C, 26.8; H, 1.0; S, 6.5; F, 65.6%. 
Found: C, 26.8; H, 1.1; S, 6.5; F, 65.2%. IR: 53Ow, 
56Ow, 655m, 71Ow, 73Ow, 74Ow, 75Ow, 85Ow, 
940m, 990m, 1120m and 1135m, 115Os, 121Ovs, 
1245~s (K-F), 133Ow, 1620m (vC=C). ‘H NMR: 
Isomer cis (40%): 6.68, d of tr, (HB), JB__A = 10.5, 
JB+ = 3; 5.38, d of tr, (HA), JA+ = 10.5, JA+ = 
15; 2.40,s, (H,). Isomer truns (60%): 7.05, d of tr, 
(HB), JB_A = 15, JB__l = 2.25; 5.25, d. of tr., (HA), 
JA-B = 15, JA_I = 11.25; 2.36,s, (Hc). 19F NMR: 
80.4, i; 125.8, j; 121.2, k; 108.4,1. Mass spectra m/e: 
[M+] = 492 (parent: 492). 

Results 

Irradiation of [Cp,NbHs] with dimethylsulphide 
in tetrahydrofuran afforded an unstable purple com- 
plex(1). Owing to its unstability, good elemental 
analysis were not obtained, however the diamagne- 
tism of the compound, obvious from the sharpness 
of NMR peaks, indicates that niobium probably 



8 J.-L. Le Quere, F. Y. Petillon, J. E. Guerchais and (in part) J. Sala-Pala 

exists in its +5 formal oxidation state. (I) is therefore 
different from the known neutral paramagnetic com- 
pound [Cp2Nb(SR),] [2]. The data presently 
available do not allow us to formulate precisely that 
complex which contains two cyclopentadienyl and 
two SMe groups per niobium. 

Photochemical treatment of (I) with alkynes gave 
the complexes (II) [Cp,Nb(SMe)(R1CzR2)] when 
the alkynes used are electronegative (R’=RGCF, 
or C02Me). From their spectroscopic properties the 
complexes (Ha) and (IIb) have similar structures. 
Elemental analysis, molecular weight and 
spectroscopic data on (II) are in accord with a struc- 
ture in which the alkyne, acting as a two-electron 
donor, has substituted at least one SMe group of (I). 
The lack of strong F-F coupling on the 19F NMR 
spectrum of (Ha) is in accord with a truns derivative 

171. 

R’ = R2 = CF3 (IIa) 

R’ = R2 = C02Me (Hb) 

Compounds (II) showed in their IR spectra the 
expected features for an alkyne complex; thus the 
medium band near 1790 cm-’ is assigned to a 
v(Cq), bands arising from the CF, or C02Me groups 
occur in the respective regions: Ill&1240 cm-’ 
(K-F) and 1700-1750 cm-’ (v&O), 121&1250 
cm-’ (vC*). S ome by-products were also formed 
in a low yield in the reaction of (I) with the dimethyl 
acetylenedicarboxylate. An oily compound(IV) and a 
mixture of tram (Va) (50%) and cis (Vb) (50%) 
dimethyl- methylthiobut-2enedioates, MeC02CH= 
C(SMe)C02Me, were separated off by distillation. 
The two components (Va) and (Vb) were obtained 
pure by fractional crystallisation and their stereo- 
chemistry were readily deduced from their elemental 
analysis, mass spectra and spectroscopic data. The 
mass spectrum of isomer (Va) showed a molecular 
ion M+ and characteristic ions [M-SCH,]’ and [M- 
C02CH3]‘. The NMR resonances of (Va) and (Vb) 
components were assigned by comparison with those 
of analogous compounds [8]. Owing to its very low 
yield, the elemental analysis of (IV) was not deter- 
mined; however, the IR and ‘H NMR spectra suggest- 
ed for (IV) a formulation such as (C02Me)2C= 
C(SMe)2C=C(C02Me)2. When complex (I) reacted, 
in the same way, with the acetylenes R-C-C-H 
(R = CF3, n-CsF17) or the but-2-yne, which are 
less electronegative alkynes than those (hexafluoro- 
but-2-yne and dimethyl acetylenedicarboxylate) 
used above, no complex of type (II) or else organo- 
metallic compound containing the coordinated 
alkyne was characterised; however with the fluoro- 

alkyne nCsF,,-GC-H some organometallic com- 
pound containing fluorine was detected by IR and 
NMR. The reaction of [Cp,NbH,] with dimethyl- 
disulphide and but-2-yne or trifluoropropyne gave 
only compound (I) whereas with the fluoro-alkyne 
n-&F,, -Cx-H some vinylic sulphide (VIb) was 
obtained. 

The reaction of fluoroalkynes R&3LH (RF = 

n-C6Fls, n&F,,) with [CpMH(CO)s] (M = MO, W) 
and dimethyldisulphide was also investigated in view 
of the similarity in reactivity towards R&x--H 
of these hydridocomplexes to hydrido-niobium com- 
pound. Indeed the main features of the reactions 
appear the same for these two kinds of complexes; 
irradiation of a tetrahydrofuran solution of [CpMH- 
(CO),] (M = MO, W) in the presence of dimethyl- 
disulphide and fluoroalkynes afforded mainly a mix- 
ture of cis (40%)-trans (60%) vinylic sulphides(V1) 
and (VII) 

H 
Rf /SMe 

cis /c=c \ 
SMe H H I 

and thiolates [CpW(SMe)(CO)3] (VIII) or [{CpMo- 

(SMe)(CO), I2 1 (IX). H owever, such as above men- 
tioned for niobium, trace amount of carbonyl fluori- 
nated organotungsten or molybdenum complexes 
have been detected by IR and NMR techniques, but 
these species were not identified. When the acetylenes 
reacted with the thiolates [CpM(SMe)(CO)s] , the 
substituted vinylic sulphides yields were quite similar 
to those obtained according to the method described 
above. Complexes (VIII) and (IX) were identified 
by comparison of their spectroscopic data with 
those of samples prepared according to methods 
described elsewhere [ 1, 91. The mixture of isomeric 
olefins (VI) or (VII) was not separated. The stereo- 
chemistry of isomers (VI) or (VII) was deduced from 
elemental analysis, IR and mass spectra [18], and 
from the characteristic coupling constants of vicinal 
vinylic protons [lo] (J = 10.5 Hz for the cis and 15 
Hz for the trans protons) and vinylic protons and 
(Y or /3 fluorine in the ‘H NMR. The ratios of the 
two isomers were determined from the integration 
of the easily identifiable SMe peaks on the ‘H NMR 
spectra. The IR spectra show bands ‘characteristic 
of CF3 and CF2 groups in the 1100-1250 cm-’ 
range and exhibit the vC=C peak near 1600 cm-‘. 

Discussion 

Complex (I) has not been fully characterised, 
however two structures could be suggested for that 
diamagnetic compound from its ‘H NMR spectra: 
a dimeric structure [{Cp2Nb(SMe),},] (Nb-Nb) 
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(Ia) or a monomeric structure such as [Cp,NbH- 
(SMe),] (Ib). Although no obvious hydrogen peak 
(Nb-H) was detected on the NMR spectrum, the 
monomeric stoichiometry (Ib) seems more likely. 
The geometry of the [CpzMXJ] compounds has been 
discussed by Lauher and Hoffmann [ 111; the three 
X ligands lie in the bisector plane of the [Cp?M] 
moiety. Our ‘H NMR results agree with such a geom- 
etry, the H ligand occupying one of the extreme 
positions. 

The reactivity of acetylenic compounds towards 
(I) was sensitive to substituent effects. While alkynes 
having two electron-withdrawing groups (CFa-C= 
C-C I$ and MeC02--C%C02Me) gave rise to a sub- 
stitution reaction, trifluoropropyne, but-2-yne and 
the fluoroalkyne n-CsF,,-C~H afforded neither 
acetylene nor oalkenyl complexes. Alkynes having 
electron-attracting groups gave stable a-alkenyl 
derivatives with dihydrido-molybdenum or -tungsten 
complexes [ 121, whereas with niobium thiolate 
acetylene species were obtained. Usually the stabi- 
lity of alkenyl complexes increases with the increase 
of electron-withdrawing properties of the substi- 
tuents of the alkyne [12, 13, lb]. The absence of 
oalkenyl niobium species, even when (I) reacted 
with electronegative alkynes, could be accounted 
for in terms of lack of an electron-donating nature 
of the niobium(V) [Cp,Nb(SMet] moiety. The 
formation of cis and truns MeC02CH=C(SMe)C0,- 
Me in the reaction of (I) with dimethyl acetylene- 
dicarboxylate is in agreement with the following 
mechanism: 

(I) + R’-Cx--R2 + [aalkenyl complex] 

+ c&Pans-R’-CH=C(SMe)R’ (1) 

R’ = R2 = CFs, C02Me 

The hydrogenation was not stereoselective. Such a 
mechanism was suggested previously by Nakamura 
and Otsuka [ 121 for the reaction of dihydrido- 
molybdenum complex with diphenylacetylene. 

The reactivity of niobium thiolate (I) and of 
[Cp,NbHs] towards alkynes are quite different. 
The reaction of trihydrido-niobium complex with 
CF&ZCCFs is mostly characterised by the 
cleavage of C-F bond in hexafluorobut-2-yne giving 
u paramagnetic fluorine compounds [Cp,NbFX] 
(X = F, -C(CF,)=CHCF,) and also a cyclometallic 
complex [Cp,Nb ((CFs)C=C(CF,))2] , the alkyne 
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compound [Cp2NbH(CF&ZC-CFs)] was only 
formed in a very low yield [14]. Now the use of 
alkynes having non electron-attracting substituents 
gave rise to the acetylene complex [6a]. Reaction 
of hexafluorobut-2-yne with the sixteenelectron 
compound [Cp,NbCl] , formed in situ from [Cp,- 
NbC12] by amalgam reduction, afforded also an 
acetylene derivative [15] , (I) and [Cp,NbCl] have 
therefore a closely reactivity towards alkynes. 

As in the reactions of niobium thiolate (I) with 
non electron-attractive alkynes no well-defined u- 
alkyl, u-alkenyl or acetylene complex was obtained 
when molybdenum or tungsten thiolates reacted with 
fluoroacetylenes Rs-GC--H (RF = n-CsF1s, n-Cs- 
Fr,). For explaining the formation of cis and trans 
substituted vinyl sulphides (VI), a reaction path 
where a u-alkenyl intermediary derivative is formed 
as in reaction (1) could be suggested. The alkenyl 
sulphide R1-CH=CHSR2 are well known [ 161, but 
the fluoroalkenyl sulphides are less numerous [CFa- 
CH=C(SR’)R with R = CFs or H and R’ = H, Et, 
t-Bu, I%; (CFs),C=C(SR)2 with R = Et, t-Bu] [17], 
and those described here [R&ZH=CH(SMe) with 
RF = nC,Fra, n-&F,,] are new. 
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