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ABSTRACT

Rhenium (V,VI) complexes with organophosphorus ligands
proved to be catalytically active in hexene~l hydrogenation. The
kinetics of this process catalyzed by ReOCl3(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.

Komnnexcn peHus (V,VI) ¢ docdopopraHuyeCKUMU JUIaHOaMH 06—
JlalanT KaTaluTHYECKON aKTHUBHOCTHI B pPEeaKIUM I'UOPUPOBAHMS
rexkceHa-1. MsydeHa KMHeTHKa 3TOrO MNpoOLEcca, KaTalU3UPYEMOI'O
Re0C13(PPh3)2. IlokazaHo, uTO IIPUPOAa OPPAHUYECKOTO JIMT'aHza
B KOOpAMHAIUOHHOM cdepe peHUEBLIX KOMIIJIEKCOB BJIMAET Ha M30H-
PaTelbHOCTL UX OEHCTBUS B pPeakKUUsAX THAPUPOBaHHUA olebHHOBOM
CBA3U UK HUTPOTPYINb yI'JIEBOHOPOIOB.

Rhenium (V, VI) complexes with various organic and inor-
ganic ligands have not been examined as homogeneous catalysts.
There is only a short communication [1] on the hydrogenation of
the end group of aliphatic hydrocarbons in the presence of
ReClZSnClz. 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 Sncl3 anion are identical to those
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of PPh, [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 1) obtained like
in Refs. [4,5], in the hydrogenation of hexene-l in dimethyi—

formamide.
Table 1

Rhenium (III-IV) complexes with organophosphorus ligands
examined in hexene-1 hydrogenation

(p, = 5.06x10% kPa, T = 338 K, [Re] = 5x107° M, t = 34 b,
2 -
[CcH ) = 0.8 M)
Formula X L
ReX,LX cl Ph,PC,H,PPh,
ReX, L, Cl  PPhy; PPhEt,; PPh Bt
- *
cl 2(PPh,H), Ph,P(0XC H,(O)PPh,,
Reox 2(PPh3)*, Ph2PczH4PPh2*
3 1_2 * *
_ 2(PPh, D, 2(PPh3) » Ph,PCH,PPh, ,
Br *
Ph,P(0)C,H,(0)FPh,, Ph,PCH,PPh
ReO, XL, No; PPh,
* -
ReX L, cl PPh,f*

* Reduced during hydrogenation

In the hydrogenation of hexene-l 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%) > ReOCl3(PPh3)2 (20%) >

ReOBr3(Ph2PcszpPh2) (13%) > ReCl.(PPh,H), (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 (III) and (IV)
are inactive.

Studies of the kinetic peculiarities of olefin hydrogena-
tion in the presence of ReOCl3(PPh3)2 indicate that an excess
of triphenylphosphine stabilizes active forms of the complex.
Time dependence of the hexene~l conversion at different ligand

to rhenium concentration ratios is illustrated in Fig. 1. It is
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Fig.l. Hexene-1l -conversion vs. the hydrogenation time at vari-
ous triphenylphosphine - rhenium concentration ratios:
[PPh3]i£Re] =.0:1 (1), 3:% (2>, 8:1 (3), 17:1 (4.
1.6x10 ~ M, PH2 = 5.06x10~ 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-l were varied within (l.2-

4.8)x10_2 and (0.16 - 3.2) M, respectively, at P, = Gr8.lkd0§

kPa, T = 313 - 353 K and a total reaction mixturezvolume of 5

cm3.

Reaction orders with respect to substrate, hydrogen and
catalyst were 0.5, O and 1, respectively.
Like in Ref. [6], the suggested mechanism for hexene-1

hydrogenation involves the three main steps
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Ky
[Rel + § = [ReS]
X
[ReS] + H2 S [ReSHZ]
k

[ReSH,] -3+ [Re] + P
where [Rel is the catalyst, S is hexene-1l and P is hexane.
Rate-determining step of this process is the redox decom-
position of the dihydrdido olefin-rhenium complex. Kinetic equa-
tion for hexene-~1 hydrogenation has the form

k,K,K [S][Re]EHz]

W= 37172 or W = A [Rells]
1 + K, [S] + K K,[S][H,] B + [S]
where
K, [H,] 1
A = 2 2 and B =
Kl + Kle[HZ] Kl + KlKZ[HZ]

as the reaction is zero order with respect to hydrogen.

Plots of [Re][S]1/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 = 4x10Mexp(-87909/RTYs ™1 (E is in kJ/mold.

Catalytic activity of ReOCl (PPh3)2 was examined under 51-
milar conditions (P = 5.06x10° kPa, T = 338 X, [Re] = 1. 6x10
M). After 7 h reactlan only 0.1 - 0.3% of aniline was present
in the reaction mixture, i.e. the rate of nitro group hydroge-
nation is 8.5x10” % M/s, which is three orders of magnitude
lower than that for the hexene-l double bond (8.7x107° 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 = 4.05xlo3 kPa and
T = 368 K, the aniline yield after 4 h re%ction is more than
70%, whereas under the same conditions, hexene-l is not hydro-
genated at all.

44



BELOUSOV et al.: RHENIUM COMPLEXES

W %10 (M-s)

1
6 [Re]x102 (M)

1S] (M)

L L1 1 1 | )
0 4 8 PHzxm-3 (kPa)

Fig.2. Rate of hexene-1 hydrogenation vs. hydrogen pressure
(1), hexene-1 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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