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Abstract: The highly water-soluble phosphine ligands Na,OsPCH,CH,NH(CH,CH,0),,CH,CH,N-
(CH,PPh,), (n=1,2,3) were prepared by a new and smple route under mild conditions in good
yield; the palladium (11) complexes of the ligands 3a~c with 2:1 or 4:1 -PPh, to Pd*" molar ratio
were also prepared and characterized .
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The basic problem of a homogeneous catalytic process is the separation of catalyst from
products and the reusability of the catalysts. There are two promising methods for the
separation of trandtion-metal catalyst from the organic phase.  One approach involves
anchoring the homogeneous catalyst to support on the absorbents such as silica, dumina,
active carbon, resins or polymers', another one comprises the use of water-soluble
complex catalyst which alows to separate the catalyst from the organic phase containing
the reaction materials and products. Although sulfonated phosphines, e.g.
‘triphenylphosphine trisulfonate’ (TPPTS), are the most common ligand of choice for
homogeneous catalysis due to their high solubility in water’, much effort has been
directed toward the synthesis of new type of water-soluble transition-metal complexes by
incorporating phosphines with water-soluble groups such as -CO,;Na , -OH , -PMes",
-NMe;" -POsNa, and polyethers®®.  We reasoned that a new route for synthesis of
water-soluble phosphine ligands having an ethoxylated aminoethyl phosphonic acid side
chain would be of particular interest because (i) the starting materiads are available and
cheap, the reaction conditions are mild and need no special reagents; (ii) the transition
metal, especially Zr(1V), Ti(IV) and Zn(l1) et al., with ligands could form a kind of
layered crystal or amorphous metallic phosphate, phosphonate or mixed phosphonate-
phosphate inorganic polymers’; (iii) the procedure of Mannich-type reaction with the
amines substituted by phosphonic acids and the [Ph,P(CH,OH),]"Cl" is quite simple™;
(iv) the ethoxylated 2-aminoethylphosphonate-modified phosphine ligands have higher
solubility than other known phosphonate-modified phosphine ligands such as
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Ph,PCH,CH,POsH, and o, por m-thPCGH4P03H24'5.

The synthesis of thetitle ligandsis outlined in Scheme 1. A homologous series of
the water-solubl e ditertiary phosphines Na,OsPCH,CH,NH(CH,CH,0),CH,CH,N(CH,.
PPh,), (n=1,2, 3) has been prepared in good yield. Our approach combines the
introduction of the —N-CH,-PPh, moiety and the formation of the ethoxylated
2-aminoethyl phasphonic acid disodium salts with polar substituting group.

Scheme 1

NH NH b PP NH
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3a,b,c(a: n=1; b: n=2; c: n=3) 4am by cp (|:>|:>h2/|:>d2+ =2:1, m=1;

PPhy/Pd2t=4:1,m=2)
Reagents and conditions: a, 40% CICH,CH,PO;H, solution, NaOH, pH=8.5-9.5, 5-20°C,7d. b,
[Ph,P(CH,OH),]"Cl", H,O, NEt; 75°C; acidified by 3 mol*L™ hydrogen chloride solution. c,
NaOH/ H,O, N, protection. d, H,PdCl,, n-butanol, reflux, 4-5 h, N, protection. e,
[Ph,P(CH,0H),] "Cl°, H,0, NEt; 75°C; pH was adjusted to 12~13 with NaOH.

Exeperimental

la~c (0.075mal) , sodium carbonate (8 g, 0.075 mol) and 30 mL of water were charged
in flask, the solution of bis(hydroxymethyl)diphenyl phosphonium chloride (42.4 g, 0.15
mol), 60 mL of water and 60 mL of methanol were added dropwise. Then,
triethylamine (15.3 g, 0.15 mol) was added to maintain pH 8.5~9.5 and heated at 75°C
for 3~4 h. After the reaction mixture was cooled to room temperature, 6 mol-L™
sodium hydroxide solution was added to adjust pH to 12~13 under N, protection. The
white solid was alowed to stand overnight in refrigerator, filtered, washed with 1:1 (v/v)
ethanol/water and dried in vacuo to give 3a~c as white solids in 82-90% yield. The
white solids 2a~c also can be obtained by acidifying the reaction mixture with 3 mol+L™
hydrochloric acid to pH 3~4 in cooling, filtration, recrystallization from aqueous
methanal (v/v 1:1) and drying in vacuo.

PdCl, (0.177 g, 1 mmol) was dissolved in concentrated hydrochloric acid, and then
digtilled off the excessive hydrochloric acid to get brown red H,PdCl,. 60 mL of
n-butanol and ligands 3a~c (2 mmoal, or 1 mmol) were added. The mixture was allowed
to reflux for 4 h under N, evaporated to 30 mL of n-butanol under reduced pressure,
cooled, and allowed to stand overnight in refrigerator. The solid was filtered, washed
with n-butanol and dried under reduced pressure to give the products 4a,~Cr, as solidsin
70-78% yield.

Results and Discussion

Compound la~c have been prepared in 75-90% yields by reacting equimolar amounts of
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2-chloro- ethylphosphonic acid (40% aqueous solution) with ethoxylated diamine in a
dilute alkaline solution below 20°C for seven days™. Then the medium was adjusted to
pH=7, followed by evaporating most of the water, cooled to give the phosphonic acids
white solid 1a~c. The compound 1a in D,O solution showed only single resonance in
the *'P NMR spectrum for phosphonic acid at 5 3.98.

Phosphines 2a~c possess water- soluble property to some extent even in acidic
conditions. Their structures were characterised by IR, 'H NMR, *P NMR, MS
spectroscopies and demental analysis.  The IR absorbtion at 2595-2597cm™ shows the
protonation of tertiary phosphines (=P"-H) at low pH values, which may hinder the
formation of corresponding transition-metal complexes.

Usually, oxidation of phosphine is the main sde reaction in the step ¢, and the
content of diphenyl phosphine oxide in the reaction mixture can be detected by P NMR
spectra.  Its chemical shift is found at & 37.39. For avoiding the oxidation of
phosphine, the reactions were carried out under N, atmosphere at 5-10°C in agueous
methanol. In this case, even after sorage for several months, no oxidation product
could be detected.

Figurel The distribution coefficient (D) of 3c in water phase at different pH
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The distribution of 3a~c in organic/ aqueous system is pH dependent, which can be
measured as follows: 10 mg 3a~c were added 5 mL of HCl or NaOH water solution with
accurate pH-values and 5 mL of cyclohexane or 1,2-dichloroethane. After intensve
oscillating and demixing, the content of 3a~c in organic and agueous layers were
quantitatively determined by ultraviolet spectrogram. D is the digtribution coefficient
of 3a~c in water phase at specific pH-value.

D={ C(H,O)/[C(H,0) +C(org)]} X 100%

The digribution coefficient D for 3c in water/1,2-dichloroethane system is near 100% at
pH 11.0 (Figure 1), but that of 3a, b is only 97% and 92% respectively, which can be
concluded that due to 3c possesses more ethoxy groups, it is easier to be extracted into
the agueous phase than the other ligands 3a, b.  Furthermore, it is noted that compounds
2a~c are more soluble in water to some extent below pH 4 than they are at pH 4~6
respectively, which are attributed to the protonation of -NH- groupsto amine salts.

Phosphines 3a-c reacted with H,PdCl, in 2:1 or 4:1 molar ratio in n-butanol under N,
for 4-5 h to form complexes 4a~c. XPS data show that the binding energy of Pa,,Nis
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and Oy in the complexes 4c; with 2:1 molar ratio increased 0.3, 1.5, 0.8 eV respectively,
4c, with 4:1 molar ratio increased 0.2, 1.3 and 0.2 eV, and that of Pdsys» and Pdsgs»
decreased 0.2-0.3 eV and 0.3-0.5 eV, which indicate that coordination bonds are formed
among phosphorous, nitrogen and palladium atoms in the complexes. The MS spectra
of palladium complexes 4a~c display ion peak of m/z 322 at which demonstrate that one
Pd* ion can complex with two PPh, groups.

To summarize, we have prepared and characterised a new, highly water-soluble
ethoxylated 2-aminoethylphosphonate-modified phosphine ligands and their palladium
complexes. The catalytic properties of the palladium complexes of 4a~c in
carbonylation, hydroformylation and hydrogenation reactions in biphasic system (water /
organic phase) are currently under investigation.
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