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l. Introduction and objectives

In the past few decades, the investigation of wsddrble transition
metal complexes played an important role in homegas catalysis. Most
complexes with phosphine ligands were investigatetetail. A large number
of water-soluble organic phosphine ligands and rtheansition metal
complexes have been prepared and used as cataipieous solutions.

It is economically important to recover the nobletah complexes
efficiently after the reaction. Since transition talecatalysts can be really
expensive, there is an aim to recover the orgarahoetatalysts and use
them in another catalytic reaction. Several metheel® tried, one of the best
methods was the two-liquid phase homogeneous s&alin which the
catalyst is dissolved in one phase and the substiatl the product(s) are
dissolved in the other. Thus, after the cataly#iaction, the catalyst is easily
recovered. According to another successful methuoal catalyst is anchored
on the surface of a solid support; these heteragdrinomogeneous catalysts
are easy to separate from the reaction mixture.

In some cases it is very important, that in thersewf the reaction,
where more than one products can be formed, ordyodrthem is produced.
The selective catalytic reactions have a great rtapoe; for example in the
pharmaceutical industry it is often required, tbaty one of the possible
stereoisomers is produced, and the other one, vithintost cases is harmful,
does not appear even in small amounts.

Hydrogenation reactions catalyzed by water solulpleosphine
complexes of rhodium and ruthenium have been exadriimoroughly by our
research group in the last few decades. The mainohiour work was the
preparation of water-soluble complexes, capablgetdctively catalyze some

hydrogenation reactions.



Some of the most widely examined water-soluble ndga are the
sulfonated triphenyl-phosphines; during my work timgppms = 3-
phenylphosphinyl-benzenesulfonic acid sodium sa#is wexamined. The
structure of this ligand is shown in Fig 1. Pta 538-triaza-7-
phosphatricyclo[3.3.1%f]decane is also a well-known water-soluble
phosphine ligand, and other water-soluble deriestivsuch as methyl-pta-
iodide (Me-ptdl) and benzyl-pta-chloride (Bzl-pi@l) are also known.

These two ligands were also investigated by mestaid(Fig 1.).
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Fig 1. The applied ligands

The ruthenium and rhodium complexes of thippms were prepared
and used in various catalytic systems by sevesdareh groups. My major
aim was to investigate the hydrogenation of alkynesith
[{RuCl,(mtppms}} ,] in water/organic biphasic systems. The effeciodide
excess on the catalytic property of this catalyas wlso studied. Selectivity
was elucidated with the application of different p&lues and Kpressures.

Furthermore, my goals were to anchore [{Ru@tppms)},] and
[RhCI(mtppms}] complexes on the surface of different ion-excleagnd to
investigate the catalytic properties of the obtdindeterogenized
homogeneous catalysts.

The preparation and characterization of Ru(ll) &mfl) complexes of

pta derivatives (Me-pth and Bzl-ptdCl), and the use of these new



complexes for the hydrogenation of different suliss in water/organic

biphasic systems were also among my aims.



lI. Applied experimental techniques

The low-pressure (1 bar) experiments were carrigdroa gas burette,
whereas in the case of higher pressures (10 bagiappressure resistent
glass tube reactors were applied. With the immmoddicatalysts the reactions
were carried out in the H-Cube hydrogenation rgacmhich is a flow-
through minireactor, developed by the Thales Naiotelogy Inc. The
prepared catalysts were filled into a cartridgetQGaat) by the mentioned
company.

The reaction mixtures from the hydrogenation of thikynes
(phenylacetylene, diphenylacetylene, 1-phenyl-gigme, 1-phenyl-but-1-
yne) and the trans-cinnamaldehyde were analysedR%890 Series Il type
gas chromatograph (Coloumn: Chrompack WCOT FusedicaSi
30mx0.32mm, CP WAX52CB).

The hydrogenation of styrene-4-sulphonic acid swodigalt was
followed by 'H-NMR spectroscopy with Bruker Avance 360 devicetd
processing was made by Bruker WinNMR software pgekdo characterise
and determine the pta derivatives and their Rl Rh(l) complexe$H-
and *'P-NMR spectroscopies were used. Elemental anabysisombustion
was examined in the Department of Pharmecutical n@@tey of the
University of Szeged. ICP-OES measurement wereiechrout in the

laboratory of Analab Ltd., Debrecen.



[1l. New scientific results

1. It was shown, that the [{Rufintppmsy},] complex catalyses the
hydrogenation of phenylacetylene in aqueous/orgdmphasic systems. In
alkene/alkyne mixtures, alkynes are preferentiajlgirogenated.

The hydrogenation of phenylacetylene with [{Re@tppms)},]
proceeded with good yield in aqueous/organic bigh&gstems both in acidic
and in basic media. The hydrogen uptake is slowtr phenylacetylene than
with styrene-4-sulphonic acid sodium salt, but yatogenations of these two

substrates together, the phenylacetylene is redirséd
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Fig 2. The effect of the addition of phenylacetglen the hydrogenation of
sulphostyrene
6.6 mg (6.79x18 mmol ) [{RuCh(mtppms)}.], 8.1 mg (2.03x18 mmol)
mtppms, 103.1 mg (0.5 mmol) GHCHCH,SO;Na, 2 mL 0.1 M HCI
solution, at the 110. minute 1 mL 0.5 M phenylaletg chlorobenzene
solution, T=50 °C

The hydrogenation of 4-sulphostyrene started oftigr an induction
period, but then proceeded with rather high ratdi#on of phenylacetylene

reduced the rate of the hydrogen uptake.



2. It was confirmed, that the hydrogenation of rin& alkynes
(diphenylacetylene, 1-phenyl-prop-1-yne, 1-phengidsyne) is significantly
influenced by the pH.

In the hydrogenation of diphenylacetylene, thestikbene appeared
almost exclusively in acidic media, but in basiduons the trans-stilbene
and the diphenylethane appeared as major produttisavhigher conversion

than what was reached in acidic solutions (Fig 3).
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Fig 3. Hydrogenation of diphenylacetylene with §{B:(mtppmsy},] in
aqueous/organic biphasic systems

r‘cat:6-8xlo3 mmol, Rubstrate 0.5 mmOL \6.2 M phosphate buffgr2 ml—, Vtoluene:]-
mL, p(H)=1 bar, T=50 °C, t=3 h

Similar to the case of diphenylacetylene, the hgdmation of
1-phenyl-prop-1-yne and 1-phenyl-but-1-yne depeodsthe pH. In acidic
solutions the cis- and trans-products appear maiwuBareas the products
were trans-1-phenyl-prop-1-ene, trans-1-phenyldbatie, propylbenzene and
butylbenzene in basic solutions. In the case & tho substrates, migration

of the carbon-carbon double bond can occur, thusrasomers can appear.



3. It was proved, that the presence of iodide excascelerates the
hydrogenation of diphenylacetylene, and pH alsygka dominant role in the
productdistribution and conversion.

Hydrogenation of diphenylacetylene in the preserafe iodide
proceeded with a good yield. In acidic media tisestilbbene appeared almost
exclusively, furthermore the conversion was mughér, than in the systems
without iodide. In basic media the products werangrstilbene and the
diphenylethane. Nevertheless, both the cis and fpanducts appeared at pH
9-10, thus in the presence of iodide, the cis/tnarmguct switch shifts to
higher pH (Fig 4).
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Fig 4. Hydrogenation of diphenylacetylene in thegance of iodide with
[{RuCly(mtppmsy},] in aqueous/organic biphasic systems
ncat:6-8X103 mmOL Nubstrate 0.5 mmol, \6.2 M phosphate buf‘fe_'r2 mL, Vtoluene:l mL,
Nna= 10-Ra, P(H)=1 bar, T=50°C, t=3 h

4. It was established, that homogeneous phosplonglexes anchored on
the surface of ion-exchangers also catalyse thedyghation of acetylenes.
[{RuCl,(mtppms}},] and [RhClmtppms}] complexes were
immobilized on different ion-exchangers (DEAE-Mdés, QAE-Sephadex,
QAE-Lewatit). The anchored [{Rughmtppms)},] complex catalysed the



hydrogenation of alkynes and the reduction wascte&to the cis product
(Fig 5). The immobilized [RhChitppms}] complex also catalysed the
hydrogenation of alkynes (Fig5), but this catglyas most rhodium
complexes, is a good catalyst for alkene hydrogemathus the saturated

diphenylethane was the major product.
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Fig 5. The temperature dependence for the hydraganaf
diphenylacetylene in the H-Cube hydrogenation aevic
Substrate: 0.1 M diphenylacetylene solution, sdtven
toluene:ethanol=1/1, eluent: 96 % ethanol, H30 bar

5. It was determined, that a cartridge is able tdatyse the hydrogenation
rections several times. These immobilized complaxesreusable with no
significant loss in activity.

Several catalyst-containing cartridges were appleedhydrogenation
reactions in many runs. Neither [{RyC@htppms}} ] immobilized on DEAE-
Molselect, nor [RhClftppms}] anchored on QAE-Lewatit lost its activity

and selectivity after many reactions. This behavisshown in Fig 6.



80
801 ) LX)

L ° . ®
° o @ B diphenylethane ° ° 0

® cis-stilbene 60 '_ o
A trans-stilbene ®  diphenylethane

Pl X converion ® cis-stilbene
% 404 X % 40 A trans-stilbene
X sconversion

A A
A®A
204 AA A A AA AEA
20 ™ n n & x ™

A
*@‘? o =
0 T T T T T 01— A T

0 2 4 6 8 10 0 5 10 15 20
Number of reactions Number of reactions

60

[{RuCl,(mtppms)} ,]/Molselect catalyst [{RuCl,(mtppms)} ,J/Lewatit
catalyst

Fig 6. Investigation of stability of anchored coemes
Substrate: 0.1 M diphenylacetylene solution, sdtvietuene/ethanol=1/1,
eluent: 96 % ethanol

6. It was determined, that there is no significdriiference in the turnover
frequencies of the catalyst in different reactioypstems (homogeneous,
heterogeneous suspension and heterogenous floansg)st

Hydrogenation of diphenylacetylene was examinedthe H-Cube
hydrogenation device and in pressure-resistant sglaguippment in
suspension. The catalytic activity was comparedh whe results obtained in
homogeneous systems and the data are summariZadble 1. It can be seen,
that the TOF values in the different systems dodibér significantly from
each other. Nevertheless, the carbohydrate-based-exithangers
(QAE-Sephadex, DEAE-Molselect) were more activentithe catalysts
anchored catalysts on styrene-divinylbenzene copaly (QAE-Lewatit).



Table 1. The comparison of the different hydrogenatnethods

TOF (h")
Catalyst Suspension H-Cube Homogeneous
system
Ru-
tppms/DEAE- 10.0 7.3
Molselect
Ru-
tppms/QAE- 12.8 10.8 6.6
Sephadex
Ru-
tppms/QAE- 8.4 2.8
Lewatit
50 °C o
50 °C, 0(H,)=30 bar (H5())_1Cbar
. p(H,)=10 bar Solvent: Pif2)=~ D
Reaction ) Solvent:
. Solvent: toluene/ethanol
conditions _ water/toluene
toluene/ethanol =1/1 “o/1
=1/1 Eluent: 96 % o
pH=10
ethanol

7. Several new Ru(ll) and Rh(l) complexes of BZIqit and Me-ptal” were

prepared, and their structures were elucidated.
[RuCly(H,0)(Bzl-pta}]Cls, [Rul,(H,O)(Me-pta}]ls, [Rhl(Me-pta}]ls

[{Rhi(Me-ptd)},] were from Rug8BH,O and
RhCkx3H,0 in the presence of an excess of the correspotidiugd in 96 %

and synthesized
ethanol at reflux temperature. In the case ofMeeptal” Nal excess was
applied. The compositions of the complexes wererdehed by elemental
analyses (combustion and ICP-OES methods), andsthectures were
characterised by/P-NMR measurements.

10



8. It was established, that [Ruy(H,0)(Bzl-pta}]Cls, [Ruly(H,O)(Me-pta)]l
and [RhI(Me-ptaj]l ; catalyse the hydrogenation of phenylacetylend; e
rhodium complex, the hydrogenation of diphenyldeat/proceeded, too.

[RuClL(H,0)(Bzl-pta}]Cl; and [Rup(H,O)(Me-pta}]ls complexes
catalyse the hydrogenation of phenylacetylene, ted pH has a great
influence on the reaction (Fig 7). In acidic sajas 8-10 % conversions were
reached, but in basic media (pH=10-12) the conwergot up to 30 %. The
reduction was selective to styrene, this was thi meoduct (around 80 %).
The activity of the [Rhl(Me-ptg)l; complex was much higher; although in
acidic solutions the conversion was still low, loutbasic media it increased
up to 100 %. Hydrogenation of diphenylacetylene anghenyl-prop-1-yne
took place only with the Rh catalyst, at high pH{10-12).
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Fig 7. Hydrogenation of phenylacetylene with com@$eof pta derivatives
ncat:9-SX:I-O3 mmOL r&ubstra?o-25 mmOI, \6.2 M phosphate buffe_'r2 mL, Vtoluene:l ml—,
T=80 °C, p(H)=10 bar, t=3 h
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9. It was demonstrated, that [Ru,0)(Bzl-pta}]Cls,
[Rul,(H,O)(Me-pta}]l 3 and [Rhil(Me-ptaj]l ; catalyse the hydrogenation of

trans-cinnamaldehyde.

The Rh-based complex was much more active in #sg ¢oo, than the

Ru ones, and higher conversions were reached aethigH. In addition,
[RuCl,(H,0)(Bzl-pta)]Cl; and [Rub(H,O)(Me-pta}]l; complexes selectively
produced the cinnamyl alcohol, thus the carbon-erygouble bond was

hydrogenated. The [Rhl(Me-ptiy complex hydrogenated first the carbon-

carbon double bond, but in basic solutions hydragen of the aldehyde

function took place too, and the fully saturateddreginnamyl alcohol

appeared as main product.
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Fig 8. Hydrogenation of trans-cinnamaldehyde witmplexes of pta
derivatives
ncat:9-SX:I-O3 mmOL r&ubstratgo-25 mmOI, \6.2 M phosphate buffgr2 ml—, Vtoluene:]- mL,
T=80 °C, p(H)=10 bar, t=3 h
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10. Under a hydrogen atmosphere, [Rhl(Me-gjtg) catalyse the
hydrogenation of oct-1-ene-3-one, while under argexdox isomerization to
octan-3-one is observed.

In  hydrogen atmosphere (1 bar and 10 bap Hressure)
[Rhi(Me-pta}]l ; catalyse the hydrogenation of oct-1-ene-3-ol.didia media
the hydrogen uptake was slower, but in neutrallasic solutions almost 100
% conversion was reached, with octan-3-ol as saldyct. Under argon the

iIsomerization took place to octan-3-one.
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