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1. Introduction and objectives

The ideal catalyst is selective, active under mild conditions and it’s easy to separate from the
products what allows its repeated use in catalytic processes. The first two features are more typical of
homogeneous catalysts, conversely the latter is the main advantage of heterogeneous catalysts.
Scientists all over the world try to combine the advantages of the two different types of catalysts.

One of the options to solve this problem is dissolving the catalyst in a solvent (for example in
water) in which the organic substrate is very slightly soluble or insoluble. The catalytic reaction only
occurs when using intense stirring, then setting aside the reaction mixture gives the opportunity to
separate the phases. In the ideal case the organic phase contains the product(s) and the aqueous phase
contains the catalyst. The foundations of aqueous-organic biphasic catalysis were developed at the
Department of Physical Chemistry at University of Debrecen. It was shown that the water-soluble
analogue of the widely used Wilkinson’s catalyst, [RhCI(PPhs);], i.e [RhCl(mtppms-Na);] was
active in the hydrogenation of unsaturated carboxylic acids in water. Many hydrogenation reactions
were examined using [RhCI(PPhs);] in organic solutions or [RhCl(mtppms-Na);] in water, but only a
limited number of studies compared the catalytic properties of the mono- and the biphasic systems.
The reduction of sorbic acid (trans-trans-hexa-2,4-dienoic acid) has important practical aspects,
because the partially saturated derivatives and their esters are utilized by the cosmetics industry. One
of the aims of my work was to study the reaction conditions which can lead to increase the amount of
2-hexenoic acid in the reaction using Rh(I)-triphenylphosphine complexes.

Triphenylphosphine and their derivatives are air-sensitive. In contrast, the tricyclic phosphine,
1,3,5-triaza-7-phosphaadamantane (pta), developed as a flame retardant compound, is air-stable so
use of inert atmosphere is not necessary. Another important difference is, that triaryl and trialkyl
phosphines can form phosphonium salts in reaction with alkyl halides, while pta undergoes N-
alkylation. The sulphonated triphenylphosphines form phosphonium salts with unsaturated
carboxylic acids, too, which raises the question, whether pta and activated olefins yield
phosphonium salts or not.

Several of N-alkylated pta derivatives are known, but just a few of them contain groups in their
side-chain which are suitable for further functionalization. In my work I prepared some new N-
alkylated (positively charged) pta derivatives and studied their interactions with the negatively
charged mippms ion.

Mono- and binuclear Ru(Il)-complexes have been synthesized with pta derivatives. Both the
well-known trans-[RuCly(pta)s] and [RuCl(dmso)s] are light-sensitive and this indicated the
necessity to study the photoinduced changes of [RuCl(dmso);L;] (L = pta or its N-alkylated
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derivatives) synthesised during this work. Another aim was to investigate the catalytic activity of

these new complexes in the reduction of aldehydes and redox isomerisation of allylic alcohols.

2. Applied experimental techniques

The ligands and their complexes were prepared under inert atmosphere via Schlenk-techniques. All
catalytic experiments were carried out in the absence of air. In the case of elevated hydrogen
pressures (2-10 bar) heavy-walled glass tube reactors were applied.

Identification of the new complexes was carried out by multinuclear (]H-, Be., 3'p-, and ]9F-)
NMR spectroscopy on a BRUKER DRX 360 and a BRUKER AVANCE DRX 300 equipment. The
redox isomerization reactions of the water-soluble allylic alcohols were followed by 'H-NMR
spectroscopy.

The ESI-MS experiments were carried out using BRUKER BioTOF II ESI-TOF and VG
Autospec mass spectrometers. Elementary analyses were done on an Elementar Vario Micro (CHNS)
equipment.

Single-crystal X-ray diffraction data were collected on an Enraf Nonius MACH3 four-circle
diffractometer with Dr. Attila Bényei’s collaboration. The structures of [RuCls(pta-H);]Cl, and
[(pta);Ru(u-Cl)sRu(pta);]Cl were determined by Dr. Sonia Manas (University of Almeria, Spain) on
a Bruker APEX CCD diffractometer.

IR spectra were recorded on a Perkin Elmer Instruments Spectrum One FT-IR spectrometer
equipped with Universal ATR Sampling Accessory.

The reaction mixtures were analyzed on HEWLETT-PACKARD 5890 Series 11 and Agilent
7890A type gas chromatographs using Chrompack WCOT Fused Silica 30 mx32 um and CP
WAX52CB columns.

The photochemical experiments were carried out in a photoreactor developed at the
University of Almeria (Spanish Patent: P200200835 ES 2206017 A1 2004.) equipped with 150 W
power halogen light source. At the University of Debrecen the solutions were thermostated and
stirred in a reaction vessel illuminated by 150 W power halogen lamp (Osram, 64640HLX).

The pH of the solutions was determined by a Radelkis OK-117 pH meter. The UV-VIS spectra

were recorded on a Jasco V-650 spectrophotometer.
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List of abbreviations

Cinnamaldehyde: (2E)-3-phenylprop-2-enal
Cinnamylalcohol: (2E)-3-phenylprop-2-en-1-ol
Cp: cyclopentadienyl

dmso: dimethyl sulfoxide

Fumaric acid: frans-butenedioic acid

Hydrocinnamaldehyde: 3-phenylpropionaldehyde

Malic acid: cis-butenedioic acid

PPh;: triphenylphosphine

Sorbic acid: trans-trans-hexa-2,4-dienoic acid
THF: tetrahydrofuran

TOF: turnover frequency (h™)

(mtppms-Na): Sodium diphenylphosphinobenzene-3-sulfonate

(mtppts Naz): Na salt of tris(3-sulfophenyl)phosphine

CioHy4: p-cymene (1-methyl-4-isopropylbenzene)

Phospha-urotropines

(P\‘
pta: 1,3,5-triaza-7-phosphatricylo-
[3.3.1.1]decane

P

T

N\/ —N

AN

pta-H: 1-azonia-3,5-diaza-7- phosphatricylo -
[3.3.1.1]decane

H
H\C/\C/ co pta-Bor: R = COOH
R~ \|_| pta-Glut: R = CH,COOH
(P+\‘
N\J/N

\N—\

P
e

N\\//N/&

pta-Me: R =-CH;

pta-Ethyl: R =-CH,-CH;
pta-Propyl:R= -(CH,),-CH;
pta-Butyl: R =-(CH,);-CHj;
pta-Hexyl: R =-(CH,)s-CHj;
pta-Bn: R = -CH,C4H;
pta-EtOH: R =-CH,-OH
pta-EtOAc: R =-CH,-CO,- CH,-CH;



3. New scientific results

1. Hydrogenation of sorbic acid in mono- and biphasic systems with

[RhCI(PPh;);] and its water soluble derivative

Hexanoic acid had been reported in the literature as the only product resulting from the
hydrogenation of sorbic acid in benzene catalyzed by [RhCI(PPhs);]. It was shown in this work that

under conditions presented in Table 1. trans-hex-2-enoic acid is also formed in significant quantities.

> \/\/\COO R

frans-hex-2-enoic acid

V/\/\COOR L

[RhCIL3] H;

sorbic acid hexanoic acid

R= H, CHy, K; L=PPhy; mtppms ST
3 3, MPPMS L 3 COOR

trans-hex-3-enoic acid

Figure 1.: Hydrogenation of sorbic acid

According to the literature in hydrogenation of dienoic carboxylic acids with isolated C=C bonds,
water increases the selectivity towards monoolefinic products (Figure 1).

In the case of sorbic acid, containing conjugated C=C bonds, the observation was
contradictory. The experiments presented here showed that addition of water decreased both the

conversion and the selectivity (Table 1.)

Table 1. Hydrogenation of sorbic acid by [RhCI(PPh;);] in ethyl acetate

conversion products (%)
Vwater/ Virone (%) trans-h:;;lz-enmc trans-hex-3-enoic acid | hexanoic acid
0 51 36 1 14
1 20 8 1 11

0,01 mmol catalyst in 5 mL EtOAc, 7'=40 °C, ¢ =1 h, [subs.]/[cat.] = 18, p(H;) = 1 bar

Independent experiments proved that trans-hex-3-enoic acid underwent a much faster
hydrogenation than trans-hex-2-enoic acid, consequently hexanoic acid appearing at the beginning of
the reactions is formed on this route.

The unfavorable effect of water can be interpreted as follows. Sorbic acid becomes partially
deprotonated, and not only the olefinic but also the carboxylate group becomes temporarily
coordinated to the Rh(I)-ion.

This assumption is supported by the fact that the water content of ethyl acetate influences

significantly the hydrogenation of acids and the respective esters. Acids containing carboxylic ions
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capable of forming coordination bonds (sorbic acid, 2- and 3-hexenoic acid) undergo slower

hydrogenation than their respective ester derivatives (7Table 2.).

Table 2.: Effect of water on the hydrogenation of sorbic acid and its methyl-ester

. products (%)

conversion - -

substrate o trans-hex-2-enoic trans-hex-3-enoic S
(%) . . hexanoic acid/ester
acid / ester acid / ester

sorbic acid 51 36 1 14
sorbic acid 70 39 trace 31
metylester

0,01 mmol [RhCI(PPh;);] catalyst in 5 ml EtOAc, =1 h, 7= 40 °C, [subs.]/[cat.]=18; 5 ml water; p(H,) = 1 bar

It was found that hydrogenation of sorbic acid dissolved in ethyl acetate by [RhCI(PPh;)s]

showed almost identical conversion and selectivity to reduction of K-sorbate by [RhCI(mtppms-

Na)].

conversion (%)

100
90

hexanoic acid

M (rans-hex-3-enoic acid

M trans-hex-2-enoic acid

monophase monophase biphase
EtOAc H,0 EtOAc - H,0O
[RhCI(PPh;)3)] [RhCl(mtppms-Na);] § [RhCl(mtppms-Na);]

Figure 2: Comparison of the mono- and biphasic systems

t=1h; T=40°C; ng, = 0.01 mmol; [subs.]/[cat.] = 18; p(H,) = 1 bar;

Vinonophase = SmL EtOAc or SmL H,O; Viippase = 5 ml EtOAc + SmL H,O

Experiments were also carried out in biphasic systems. While in ethyl acetate [RhCI(PPhs);]

did not catalyse the hydrogenation of aqueous K-sorbate at all, sorbic acid hydrogenation in aqueous-

organic biphasic system by [RhCl(mtppms-Na);] was faster than in both monophasic reactions

(Figure 2.).

The selectivity for trans-hex-2-enoic acid also increased. A possible explanation for this is that

the trans-hex-2-enoic acid finds a temporary shelter from hydrogenation in the organic phase until

the much more reactive sorbic acid disappears.
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II. 1,3,5-triaza-7-phosphaadamantane (pta) derivatives

1./ Reaction with acids

1.1. Reaction with unsaturated carboxylic acids

a./ It was shown for the first time, that in aqueous media maleic anhydride, maleic- and
glutaconic acids undergo addition to the P-atom of pta with their double bonds. The identification of
the phosphonium salts were carried out by 'H-, *'P-, *C-NMR spectroscopy and their composition
were determined by elemental analysis.

The molecular structures of the zwitterionic compounds in solid-state were confirmed by single

crystal X-ray diffraction (Figure 3).

Figure 3:Phosphonium salts of pta formed with maleic and glutaconic acids

It was shown that with maleic acid the addition was complete already in 3 hours, however
when it was replaced with its isomer, fumaric acid - the reaction reached only 20 % conversion after
one week.

It was pointed out, that the N-alkylated and the N-protonated derivates of pta cannot form
phosphonium salts neither with anhydrides nor with acids. Theoretical calculations (density
functional theory [DFT] method with B3LYP functional and 6-31g*(d), 6-311+g**(d,p) basis set)
proved that the formation of quaternary nitrogen reduce the electron density of phosphorous atom,
therefore the formation of P-C bond becomes unfavorable.

b./ The coordination polymer formed in the reaction of Ag(CF;SO3) with the adduct of pta and
glutaconic acid is not light-sensitive. Remarkably, Ag(I) ions of the polymers are coordinated not
only to the N- or O-atoms of phosphonium salt, but silver-silver bonds also can be detected.

(Figure 4).
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Figure 4: Structure of silver ions and phosphonium salts of pta with glutaconic acid

1.2. Reaction with cc. HBr

It is generally accepted, that only one of the three nitrogen atoms of pta can be protonated. In
my work it was proved, that the treatment of pta with cc. HBr leads to the triply protonated (pta-
H3)Br;. Solid state structure of this compound was also determined.

It was well-known, that the ring system of pta can be opened with cc. HBr treatment, but the
structure of (P{CH,;NH;}3)Br; or its oxidized form were not determined previously. The latter salt

was separated and characterized by single X-ray diffraction (Figure 5).

Brz
ht

Br1
]

Figure 5: Structure of (pta-H;)Br;«H,O and (O=P{CH,NH;};)Br;
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2./ N-alkylated phospha-urotropin derivatives

2.1. Reaction with alkyl halides

Four new, N-alkylated phospha-urotropin derivatives were synthesized from the reaction of pta

with appropriate alkyl halides (hexyl bromide, 1,4-dibromobutane, 2-bromoacetic acid ethyl ester, 2-
hydroxyethyl bromide) (Figure 6.).

P P\| _l X
r \| RX ( + R =CH--Y
N N ton, refl > N -N~g V= CoH X=B
~—|~ aceton, reriux = - =Br
N 59
N ks (CHy)sBr X=Br | new
pta -COOC,Hs X=Br | compounds
mtppms-Na -CH,OH ~ X =Br
R water H X= CF4S05

-H X=l known
«(CHp)-H n=1,2,3 X=Br » compounds

L\\ Jy o CH,=CH, X=Br
CeH X=Cl

Figure 6: N-alkylated pta derivatives

The identification of the new compounds was carried out by 'H-, >C- and *'P-NMR spectroscopy
and by clemental analysis. Solid state structure of three of them (R = CH,CH,OH, C4HyBr,
CH,COOC,Hs) were determined by single crystal X-ray diffraction.

Spontancous resolvation was observed in the case of (pta-R)Br (R = 4-bromobutyl) according
to its X-ray diffraction structure. It was determined, that pseudochiral N-alkylated pta formed a chiral
lattice with a bromide counter ion. The space group of the crystal is chiral (P2;2,2; No. 19) and Z =1,
so the asymmetric unit contains only one ion pair. It implies that an enantiomorph crystal
conglomerate was obtained. Both enantiomeric forms were isolated and their conformation was

determined by single crystal X-ray diffraction (Figure 7).

Figure 7: Structure of (4-bromobutyl-pta)Br
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I observed the same phenomenon while working with N-alkylated derivative, prepared from 2-
bromoacetic acid ethyl ester.

It was confirmed, that alkylation of pta with 1,4-dibromobutane did not lead to a bisphosphine
product, even using large excess of the phosphine. However, using 1,4-bis-chloromethylbenzene and

a twofold excess of pta yielded the corresponding bisphosphine (Figure 8.).

P\, —‘cb

\—N

2

Figure 8: Preparation of a water-soluble bisphosphine

Alkylation of pta with benzyl chloride was carried out according to the literature. The single

crystals of N-benzylated derivatives were obtained from both aqueous and methanolic solutions.
2.2. Water-soluble phosphine ion-pairs
Adding anequimolar amount of mtppms-Na to the aqueous solution of both new and known

(pta-R)X compounds (shown in Figure 4) resulted in white precipitates, when R = butyl,
4-bromobutyl, hexyl and benzyl. The structure of (pta-R)(mtppms) organic salts was determined by

P21_Q

X-ray crystallography (Figure 9.).

Figure 9: Structure of (pta-R)(mtppms) salts (R = Bn, C4HyBr)
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II1. Synthesis of Ru(II)-complexes containing phosphatriazaadamantane and its
derivatives

1.Source of Ru: [{(n° -CioH14)RuCl 5]

1.1. Reactions with (pta-R)(mtppms) salts

The first synthesis of [(1°-CioH;4)RuCl(pta-Bn)(mtppms)]C1 has been described in this work.
In the first step of the stepwise complex formation [(1n°-C;oH;4)RuCl(pta-Bn)]C1 was obtained in the
reaction of (pta-Bn)Cl and [ {(n°-CioH4)RuCl,},]. Then a methanolic solution of this compound and
an equivalent amount of mtppms-Na was refluxed to yield [(n°-CioH;4)RuCl(pta-Bn)(mtppms)]Cl
containing two different phosphine ligands. The molecular structure was not determined for this
compound by single crystal X-ray diffraction, however it was obtained for [(n°-CioH;4)RuCL(pta-
-Bn)]Cl.

A one-step synthesis of [(n°-C1oH,4)RuCl(pta-Bn)(mtppms)]Cl by refluxing (pta-Bn)(mtppms)
and [ {(n°-C1oH14)RuCl},] in methanol was also found possible (concentrations of the reactants: [Ru]

= [pta-Bn] = [mtppms]) (Figure 10.).

: TCI
\(@ /CI /C ! 2(pta Bn)(mtppms)
CI/ RU\CI> )

thp} ol A\ J )

PhH,C ™+
SOy \/

2 (pta-Bn)Cl

(pta-Bn)(mtppms)
{ mtppms-Na

> @ Tu
// . ., /JHzPh @{
c L\J) 033\®/PF{?12\CI CI/ 4\/,}+
0

Figure 10: Half-sandwich Ru(IT) complexes containing water soluble phosphine ion pairs

The reaction of [{(n°-C1oH14)RuCl}2] and equimolar (pta-Bn)(mtppms) resulted in formation
of [(°-C1oH14)RuCL(mtppms)] and [(n°-C1oH14)RuCly(pta-Bn)]" ions known from the literature. At
room temperature or at reflux this solution did not change its composition. Similar reactions were
carried out using (pta-Butyl)(mtppms) and (pta-Hexyl)(mtppms) salts producing slightly water
soluble [(N°-C1oH14)RuCl(pta-R)][(n°-C1oH14)RuCly(mtppms)] salts.
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1.2. Reaction with {(pta)-CH,-CsH4-CH,-(pta)}Cl,

Reaction of the chloride salt of {(pta)-CH,-CeHi-CH,-(pta)} with equimolar [{(n’-
-C1oH14)RuCl},] resulted in a binuclear complex, where two [{(1n°-CioHi4)RuCl},] units are linked
by the phosphine as a bridging ligand (Figure 11.). The composition and the structure of this
complex was proved by elemental analysis and 'H-, *C-, *'P-NMR and ESI-MS, respectively.

R R _IC'z Ct?\ /@;;((::Il
) N (PO RO o/ e b
S QP — A SR

Figure 11: Synthesis of binuclear Ru(IT)-complex

It was also shown that the same product was formed even when the ligand was present in large

excess, i.¢. no mononuclear complex was detected in the reaction mixture.

2. Ru-source: [RuChL(PPh;)s]

The [RuCl,(H,O)(pta)s], only produced in situ in previous works, was obtained in crystalline
form. The compound yielded by ligand exchange between [RuCL(PPh;);] and pta was characterized
in detail; its structure was determined by multinuclear NMR and ESI-MS, while its composition was
assessed by elemental analysis. One nitrogen atom of each phosphine ligand of [RuCl(H,O)(pta);]
complex is protonated in 0.1 M HCI solution. The resulting [RuCls(pta-H);]Cl, was separated as
single crystals and its structure analyzed (Figure 12.). The structure of [RuCly(pta-H);]*" cation is a
distorted octahedron similar to the case of [RuCls(pta-Me)s;]*" known from the literature: Py,c-Ru-
P,ans is nonlinear ( bond angle 166.145° ) and the bond distances between Ru-P,., (2.335 A) are
higher than between Ru-P,; (2.223 A ). Cl4 and CI5 chloride ions are half occupied therefore there

are five halogen ions per Ru(II) ion in the unit cell.
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Figure 12: Structure of [RuCls(pta-H);|Cl,

UV-VIS and *'P-NMR analyses proved that [RuCL(H,O)(pta)s] is able to coordinate one more
pta in aqueous solution (the reaction was carried out protected from light as the complex is
photosensitive) resulting in the formation of the known trans-[RuCly(pta)s]. Synthesis of consistent

products was unsuccessful in the case of other water-soluble phosphines like Na(mtppms), (pta-

-Me)CF;SO0s, (pta-Bn)CL

3. Ru source: [RuCly(dmso)4]

3.1. The synthesis of cis-cis-trans-[RuCl,(dmso),L,] complexes (L = pta, (pta-Me)CF;S0s, (pta-
-Bn)Cl)

In chloroform solutions, room temperature is sufficient to substitute trans positioned dmso
ligands of [RuCly(dmso)s] with pta (Figure 13) . Cis-cis-trans-[RuCly(dmso),(pta),] can also be
produced when the reaction partners are dissolved in water. In this environment not only pta can
replace two dmso ligands, but also its N-metyl (pta-Me) and N-benzyl (pta-Bn) derivatives undergo
such reaction. This behavior is surprising since there is no literatural data on charged Ru(Il)-dmso
complexes. The compounds produced were characterized by 'H-, *'P-, ?C-NMR- and ESI-MS
spectroscopy. Their composition was proved by elemental analysis.

UV-VIS spectroscopy proved that [RuCly(dmso)(pta),] is the only product when the ratio of
[pta] to [Ru] is less or equal than 2, but higher ligand ratios and longer reaction times lead to
incorporation of an additional phosphine to Ru(II) ion.

The reaction product in chloroform is the known frans-[RuCly(pta)s], while in water it is the

previously unknown [Ru(H,0)x(pta)s]*".
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T 7 o\
N(\/N+ o \nwh HN—IN
LN/ "R ~/ SN VAN
[RuCly(dmso),(pta)s] [RuCl,(dmso ), (pta-H),]Cly
+ 2 pta
R=CH2-C6H5; BI"I; X=Cl CHC|3
R=CH; X=CF3SOjy’ H20
trans{RuCly(pta)]  trans{Ru(H20)z(ptas)]*

Figure 13: Synthesis of Ru(IT)-dmso-complexes

We have shown that one nitrogen atom of each coordinated phosphine of [RuCl,(dmso)x(pta);]
can be protonated in aqueous solution and this protonation occurs at lower pH values (pK = 3.40)
than in the case of the free ligand (pK = 5.63 - 6.0).

Cis-cis-trans-[RuCly(dmso),(pta),], its protonated form cis-cis-trans-[RuCly(dmso),(pta-
H),]Cl, and cis-cis-trans-[RuCly(dmso),(pta-Me),](CF3S03), were produced as single crystals and

their structure was determined (Figure 14.).

Figure 14: The structure of [RuCl,(dmso),(pta);] and [RuCl,(dmso),(pta-Me),](CF;S03),

Only RuCLP,S, crystals, where P2 or S2 unit means bidentate ligands, were previously
described in the literature. The specialty of the three crystal structures presented here is that only
monodentate ligands are coordinated to the metal ion. Similarly to trans-[RuCly(pta)s] P-Ru-P angles

differ substantially from 180°.

3.2. Photoconversion of cis-cis-trans-[ RuCly(dmso),L;] complexes

It was observed that in aqueous solution [RuCly(dmso)x(pta)2] exposed to visible light in the

presence of an equivalent amount of pta transforms to a compound containing three chloride bridges.
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[RuCly(dmso),(pta),] [RuClx(dmso)4] [RuCly(PPhs)s]

+ pta (P) +3pta
h\? Hzo,h\/ +3 pta
Hz0 CHCl5/ H,0
P Cl
\ hv
5 +pta (ptal: (R =3) P—Ru“— / |—Ru—|:> ‘—H = [RuClx(H2O)(pta)s]
K(n™-C1oH14)RUCl2}7} . / \ / 2
2Y, \Y

[(pta)sRu(u-Ch)sRu(pta)s]Cl
Figure 15: Synthesis of binuclear Ru(IT)-pta complex

It was shown that [(pta);Ru(u-Cl)sRu(pta);]Cl can also be synthesised by illumination of the

following aqueous solution (Figure 15):

a./ [RuCly(dmso).] and 3 equivalent pta

b./ [1°-C1oH14)RuCL ], and 6 equivalent pta

c./ trans-[RuCly(pta)s] and any of the water-soluble Ru(Il)-sources {[RuCl,(dmso)s] or
[{(n°-CioH14)RuCL},]} in quantity resulting [Ru]:[pta] = 1:3

d./ [RuCL(H>O)(pta)s]

¢./ [(dmso);Ru(pu-Cl);RuCl(dmso),] and 6 equivalent pta.

"H-, C- and *'P- NMR, ESI-MS, and clemental analysis data support the composition of the
newly synthesised [(pta);Ru(p-Cl)sRu(pta);]Cl. The complex was also separated as single crystal and
its structure analysed (Figure 16.). Aqueous solutions of [(pta);Ru(u-Cl)sRu(pta);]Cl are also
photosensitive and in the presence of two equivalent pta the dinuclear complex transforms to cis-

[RuCly(pta),] and cis-[RuCl(H,O)(pta)s]” known from the literature.

Cli4

Figure 16: The structure of [(pta);Ru(u-Cl);Ru(pta);
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IV. Catalytic properties of Ru(Il)-complexes containing
phosphatriaazadamantane (or its derivatives)

1./ Reduction of aldehydes with Na-formate in the presence of Ru(ll)-pta catalysts

It was shown that the reduction of benzaldehyde with Na-formate is catalysed more efficiently
by [RuClL(H,O)(pta)s] presented here than with trans-[RuCly(pta)s] described in the literature.

It was observed that the activity of trans-[RuCly(pta)s] decreased upon irradiation because it
transformed to less efficient cis-[RuCl(H,O)(pta)s] and cis-[RuCly(pta)s] complexes. The yield of
benzyl alcohol is even lower in the presence of cis-cis-trans-[RuCl,(dmso),L,] {L = pta, (pta-Bn)CI,
(pta-Me)(CF3S03)} complexes (Table 3.).

Phosphine-free [RuCly(dmso)s] and [(dmso);Ru(u-Cl);RuCl(dmso),] complexes do not
catalyse the reaction (7able 3.).

Table 3: Reduction of benzaldehyde and cinnamaldehyde with Na-formate

benz- .
aldehyde trans-cinnamaldehyde
catalyst benzyl- conversion cinnamyl Hydrocinnam- 3-phenyl-
alcohol (%) alcohol aldehyde propanol
(%) ’ (%) (%) (%)
trans-|RuCly(pta),] 92 30 30 - -
"in-situ" cis-| RuCl(H,O)(pta)4]
and cis-[RuCly(pta),]* 85 33 24 > 3
[RuClL,(H,O)(pta);] 99 55 55 - -
[(pta);Ru(u-Cl)sRu(pta)s]” 25 5 5 - -
[RuCl»(dmso)4] 0 0 - - -
[(dmso);Ru(u-Cl);RuCl(dmso), ] 0 0 - - -
cis-cis-trans-| RuCly(dmso),(pta)s| 71 34 16 7 11
cis-cis-trans-[RuClL(dmso),(pta-Bn), | 68 33 28 2 3
cis-cis-trans-[RuCl(dmso),(pta-Me),]" 78 40 36 2 2

0.0625 mmol catalyst in 5 ml 5 M NaHCOO solution, =3 h, "= 80 °C, 5 mL chlorobenzene a./ 4.92 mmol benzaldehyde;
b./ 3.96 mmol cinnamaldehyde; * These compounds are formed from aqueous frans- [RuCl,y(pta),] upon20 min irradiation

The latter compounds are ineffective at reducing cinnamaldehyde, too. [RuCly(H,O)(pta)s],
characterized in this work, was the most active catalyst with respect to conversion and selectivity.
The order of activity of the other Ru-pta complexes (from high to low) is
[RuCly(dmso),(pta-Me),]*" > [RuCly(dmso)(pta).] > [RuCly(dmso)a(pta-Bn),]* > [RuCly(pta)s].
Since the reduction of cinnamaldehyde could lead to several different compounds the selectivity of

the reactions was also examined.
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Figure 17.: Hydrogenation of cinnamaldehyde

It was shown that dmso-containing Ru(Il)-pta complexes slightly facilitate the formation of
dydrocinnamaldehyde and 3-phenyl-propanol in addition to cinnamyl alcohol.
The same applies to cis-[RuCl(H,O)(pta),] and cis-[RuClx(pta)s] complexes generated by irradiating
of trans-[RuCly(pta)s].

2./ Hydrogenation/isomerisation of allylic alcohols with [RuCl,(dmso)4] catalyst and its water-

soluble phosphine-substituted derivatives.

It was established that aqueous [RuCly(dmso).] can catalyse the isomerisation of 1-octane-3-ol
to ketone only in the presence of different hydrogen sources. Besides octane-3-on, low amounts of
the hydrogenated product, octane-3-ol are also formed under a hydrogen atmosphere of 1 bar

pressure (Figure 18).
OH (@] OH
\)\ [RUCly(dmso)4]; Ho .~ \)J\ . \)\
CsHyq1 T=80°C;t=1h CsHyq1 CsHyq1

Figure 18.: Transformation of 1-octene-3-ol

The magnitude of transformation and the ratio of hydrogenated products could be increased by

addition of water-soluble sulphonated triphenylphosphines (mtppms, mtppts) to the solutions.
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Figure 19: Redox isomerisation of 1-octene-3-ol with Ru(IT)-dmso complexes

0,01 mmol catalyst in 3 mL water, 0,5 mmol 1-octen-3-ol in 1 mL toluene,
p(Hy) =1 bar, T=80 °C, t=1 h, [P]:;[Ru] = 2 (P = mtppms, mtppts)

The efficiency of [RuCl,(dmso)>(L),] complexes is low and the reaction is not catalysed at all
by trans-[RuCly(pta)s] and [RuClL(H,O)(pta);].

Using an equivalent amount of Na-formate instead of hydrogen gas octane-3-on is formed
exclusively with [RuCly(dmso)4] catalyst.

Under circumstances presented for Figure 19 the transformation is complete for 1-heptene-3-ol
and 1-hexene-3-ol but the conversion (while preserving selectivity) slightly decreases with the
shortening of the carbon chain of allylic alcohols.

It was found that reduction of ketones did not occur not even upon clevation of formate
concentration. It was determined from the temperature dependence of the reaction that below 50 °C it
was very slow, quasi undetectable.

Aqueous solutions containing [RuCl,(dmso)s] could be used repeatedly after its separation
from the reaction products, but the activity of the catalyst dropped to half of the original value in the
second cycle. In the phosphine-containing systems, saturated alcohol is also formed besides the
isomerised reaction product.

The in situ” catalyst formed in the reaction of [RuCly(dmso)s] with mtppms slightly favors

reduction over isomerisation.
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Figure 20: Isomerisation and hydrogenation of 1-octene-3-ol whit Na-formate

0,01 mmol catalyst in 3 mL water, 0,5 mmol 1-octen-3-ol in 1 mL toluene, nyicoo = 0,5 mmol, 7=80 °C, =1 h,
[P]:[Ru] = 2 (P = mtppms, mtppts)

In can be completed that [RuCly(dmso),(L),] complexes do not meet the performance of
[RuCly(dmso)4] catalyst either in the field of selectivity in conversion, but they are much more
efficient than the  dmso-free  [RuCly(H,O)(pta);] and the poorly catalysing
trans-[RuCly(pta)s] (Figure 20.).
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