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ABSTRACT 

Rhenium (V,VI) complexes with organophosphorus ligands 

proved to be catalytically active in hexene-i hydrogenation. The 

kinetics of this process catalyzed by ReOCI3(PPh3) 2 has been 

examined. The organic ligand in the coordination sphere of rhe- 

nium complexes was found to affect selectivity to olefin bonds 

or nitro groups in the hydrogenation of hydrocarbons. 

KoMnneKc~ peHHH(V,VI) C ~OC~OpopFaHHueC~HMH n~raH~aMM o6- 

na~amT KaTa~MTHqeCKO~ aKTHBHOCTDm B peaKRHH FM~pHpOBOHMH 

FeKceHa-]. HsyqeHa KHHeTHKa 9TOFO npo~ecca, KaTa~HsMpyeMoFO 

ReOCI3(PPh3) 2 . HoKasaHO, qTO npMpo~a opPaHHqeCKOFO nMPaH~a 

B KOOp~HHa~HOHHO~ c~epe peHMeB~X KOMHneKCOB B~HHeT Ha HS6M- 

paTe~bHOCTb MX ~e~CTBHH B pe&K~M~X FH~pHpOBaHMH oHe~MHOBO~ 

CBHSH HnH HMTpoFpyHH~ yF~eso~opo~oB. 

Pahenium (V, VI) complexes with various organic and inor- 

ganic ligands have not been examined as homogeneous catalysts. 

There is only a short communication [i] on the hydrogenation of 

the end group of aliphatic hydrocarbons in the presence of 

ReCl2SnCl 2. We have shown previously [2] that rhenium thiocom- 

plexes hydrogenate selectively the nitro groups of aromatic hy- 

drocarbons not affecting the double bonds. Donor-acceptor pro- 

perties of the coordinated SnCI~ anion are identical to those 
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of PPh 3 [3]. Hence the introduction of phosphorus-containing 

ligands into the coordination sphere of rhenium complexes is 

likely to facilitate the hydrogenation of olefin bonds. This as- 

sumption has been confirmed by the catalytic action of rhenium 

complexes with organophosphorus ligands (Table i) obtained like 

in Refs. [4,5], in the hydrogenation of hexene-i in dimethyi- 

formamide. 

Table 1 

Rhenium (III-IV) complexes with organophosphorus ligands 

examined in hexene-i hydrogenation 

(PH2 = 5.O6xlO 3 kPa, T = 338 K, [Re] = 5xlO -3 M, �9 = 3-4 h, 

[C6H12] = 0.8 M) 

Formula X L 

ReX2L ~ C1 

ReX4L 2 C1 

C1 

ReOX3LI_ 2 

Br 

ReX6L 2 CI- 

Ph  4PPh 2 

PPh3; PPhEt 2; PPh~t 

2(Pph2H>, Ph2P(O)C2H4(O>PPh~, 
2(PPh3)w, Ph2PC2H4PPh2 ~ 

2(PPh2n), 2(PPh3)~, Phz~2K2PPh ~ , 

Ph2P(O>C2H4(O)PPh ~, Ph2~2~4PPh2" 
PPh 3 

PPh2H~ 

Reduced during hydrogenation 

In the hydrogenation of hexene-i to hexane (no hexene-1 

isomers have been revealed) catalytically active were rhenium 

complexes containing ligands marked with asterisks. The highest 

catalytic activity was observed for the rhenium (V, VI) com- 

plexes ReOBr3(PPh3) 2 <30%) > ReOCI3(PPh3) 2 (20%) > 

ReOBr3(Ph2PC2H2PPh2) (13%) > ReCI6(PPh2H) 2 (6%). The yield of 
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hexane is shown in parentheses. The other complexes with aster- 

isks are less active and the complexes of rhenium CIII) and (IV) 

are inactive. 

Studies of the kinetic peculiarities of olefin hydrogena- 

tion in the presence of ReOCI3CPPh3) 2 indicate that an excess 

of triphenylphosphine stabilizes active forms of the complex. 

Time dependence of the hexene-i conversion at different ligand 

to rhenium concentration ratios is illustrated in Fig. i. It is 
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Fig.l. Hexene-i conversion vs. the hydrogenation time at vari- 

ous triphenylphosphine - rhenium concentration ratios: 

[PPh3]:[Re] = O:i Cl), 3:1 (2), 8:1 C3), 17:1 C4). 

1.6xlO -2 M, PH2 = 5.O6xlO 3 kPa, T = 338 K 

seen that the optimum ratio is 8:1, therefore, the kinetics of 

olefin hydrogenation was examined at this ratio. The concentra- 

tion of rhenium oxocomplex and hexene-i were varied within (1.2- 

4.8)xlO -2 and (0.16 - 3.2) M, respectively, at PH = ~-8"i)xlO3 

kPa, T = 313 - 353 K and a total reaction mixture2volume of 5 
cm 3 . 

Reaction orders with respect to substrate, hydrogen and 

catalyst were 0.5, O and i, respectively. 

Like in Ref. [6], the suggested mechanism for hexene-i 

hydrogenation involves the three main steps 
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[Re] + S KI~. [ReS] 

K2~ 
[ReS] + H 2 \ [ReSH 2] 

k 3 
[ReSH 2] ~ [Re] + P 

where [Re] is the catalyst, S is hexene-i and P is hexane. 

Rate-determining step of this process is the redox decom- 

position of the dihydr~do olefin-rhenium complex. Kinetic equa- 

tion for hexene-1 hydrogenation has the form 

k3KIK2[S][Re][H2 ] A [Re][S] 
W = or W = 

1 + KI[S] + KIK2[S][H 2] B + [S] 

where 

k3KIK2 [H 2 ] 
A = 

K 1 + KIK2[H2] 
and B = 

K 1 + KIK2[H 2] 

as the reaction is zero order with respect to hydrogen. 

Plots of [Re][S]/W against the substrate concentration at 

various rhenium concentrations permit to determine the constants 

A and B used to calculate Curves 1-3 in Fig. 2 according to the 

above equation. Assuming B to be constant (B = 0.89 M) at all 

temperatures studied, A can be expressed as: 

A = 4xlollexp(-87909/RT)s -I (E is in kJ/mol). 

Catalytic activity of ReOCI3(PPh3) 2 was examined under si- 

milar conditions (PH = 5.O6xlO 3 kPa, T = 338 K, [Re] = 1.6xlO -2 

M). After 7 h reaction only O.i - 0.3% of aniline was present 

in the reaction mixture, i.e. the rate of nitro group hydroge- 

nation is 8.5xlO -8 M/s, which is three orders of magnitude 

lower than that for the hexene-i double bond (8.7xi0 -5 M/s). 

It should be noted that the hydrogenation rate of nitro- 

benzene to aniline catalyzed by rhenium oxocomplexes with sul- 

fur-containing ligands, e.g. l-methyl-2-mercaptoimidazole, is 

much higher. Thus, at [Re] = 5xlO -3 M, PH = 4.O5xi03 kPa and 

T = 368 K, the aniline yield after 4 h reaction is more than 

70%, whereas under the same conditions, hexene-i is not hydro- 

genated at all. 
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Fig.2. Rate of hexene-i hydrogenation vs. hydrogen pressure 

(i), hexene-i concentration (2) and rhenium concentra- 

tion (3) at T = 338 K. All curves were calculated ac- 

cording to the suggested kinetic equation; experimental 

data are shown as dots 

Thus the results indicate that either the nitro group or 

olefin bond is involved in the hydrogenation reactions of hyd- 

rocarbons depending on the ligand in the coordination sphere of 

rhenium complexes. 
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