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Cloud Points of Water-soluble Polyether Phosphites and Their Appli-
cation in the Biphasic Hydroformylation of Higher Olefins
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Water-soluble polyether phosphites alkyl polyethylene glycol o-
phenylene phosphite (APGPPs) were easily prepared via alcoholysis
of phosphorus chloride with polyoxyethylene alkyl ether. With ap-
propriate HLB (hydrophile-lypophile balance), the phosphites pos-
sess clear cloud points below 100 °C. Addition of some inorganic
salts decreases cloud points of the phosphites. When the phosphites
have long polyether chain binding to short-chain alkyl group, their
cloud points could be extrapolated from figure of dependence of
cloud points on addition of inorganic salts. Utilizing octylpolyglycol-
phenylene-phosphite (OPGPP) (APGPP, R: Octyl)/Rh complex
formed in situ as catalyst, over 90% conversion of 1-decene was
obtained, avoiding the limitation of water insolubility of substrates.
Preliminary results indicated that micellar catalysis and thermoreg-
ulated phase-transfer catalysis (TRPTC) coexist in the reaction sys-
tem. Below cloud point, micellar catalysis induced by polyether
phosphites may be existed. When temperature is increased to above
cloud point of the phosphites, this reaction works mainly in
TRPTC. The catalysts could be easily separated by simple decanta-
tion, but followed by considerable loss in activity after three succes-
sive reaction runs. Preliminary results indicated hydrolysis of
OPGPP happened during the reaction, which may explain for the
bad loss in activity. The catalyst was reused up to seven times with-
out clear decrease in activity when OPGPP/Rh ratio was increased
to 50.

Keywords hydroformylation, higher olefins, micellar catalysis,
thermoregulated phase-transfer catalysis

Introduction

Hydroformylation of olefins is a very important industrial
process, which is catalyzed homogeneously by complexes of
transition metal like cobalt, ruthenium and rhodium. More
than 90% of the process for hydroformylation of higher olefins
so far in industry are still using traditional cobalt catalyst,
which suffer from strict conditions and environmental prob-
lems. Inspired by commercial process of biphasic hydroformy-
lation of propylene employing water soluble HRh(CO)-
(TPPTS); (TPPTS, trisodium salt of trisulfonated triphenyl-
phosphine) as catalyst, worldwide research efforts in this
field are concentrated on aqueous/organic biphasic catalytic
system and related water-soluble ligands. The major drawback
in homogeneously catalyzed hydroformylation processes for
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higher olefins—catalyst/product separation, may be overcome
by employing the biphasic catalysis.! But low activity was
usually observed in aqueous/organic system which facilitates
the product/catalyst separation in the hydroformylation of
higher olefins because of mass-transfer limitations resulted
from very slight water-solubility of such long-chain olefins.
Recently addition of surfactant or a co-solvent to the commer-
cially employed RCH/RP system suitable for lower weight
olefins,>* and supported aqueous-phase catalysis,*> has
proved to promote profound improvement in activity. Howev-
er, so far catalytic system to achieve sufficient high conver-
sion and to bring a complete catalyst separation by decantation
or simple phase separation as well has yet been a challenge in
industrial application. Our group has developed a novel con-
cept of thermoregulated phase-transfer catalysis (TRPTC),%®
which provides a perspective future in a path to aqueous/or-
ganic biphasic hydroformylation of water immiscible olefins.®
According to the principle of TRPTC, Rh complexes modified
with polyalkyl glycol ether derived phosphines which give pre-
cise cloud point (Cp), could precipitate from the aqueous
phase at a temperature higher than Cp of the phosphine and
then transfer into organic phase to catalyze the reaction. After
the reaction, the complexes return to the aqueous phase and
are separated by simple phase separation from the product at a
temperature below Cp and could be employed in the succes-
sive reaction runs.

The validity of this concept has been successfully
demonstrated for hydrogenation, CO selective reduction of ni-
troarenes'>!! and hydroformylation reactions.®® Thermoregu-
lated phase-transfer catalysts (TRPTCs) show higher activity
as compared to those obtainable by using other biphasic cata-
lysts. Therefore employment of TRPTC was successfully taken
in achieving high conversion of substrate in the aqueous/or-
ganic biphasic hydroformylation of higher olefins, avoiding the
limitation of low solubility of substrate in water. This inspired
us to get more insight into catalytic behavior of the TRPTC
catalysts in the catalytic process and properties of the
polyether substituted phosphines in aqueous solution.!? At-
tempts to design and prepare new active hydroformylation cat-
alysts possessing TRPTC function are encouraged as well. In
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recent years, phosphites as modified ligands have received
much attention because of their clear improvement in activity
of the catalysts in the hydroformylation of higher olefins and
less reactive internal olefins. Here a type of polyether phos-
phite (alkyl polyethylene glycol o-phenylene phosphite,
APGPP) was synthesized by using alcoholysis of o-
phenylenephosphorochloridite with polyoxyethylene alkyl ether
(Scheme 1) . In contrast to most phosphites in literature, the
demonstrated phosphites with certain lipophility and right
length of polyether chain were water soluble and possessed
clear cloud points.

Scheme 1

O\
©i0/1’ Cl + HO(CH,CH0),R

o, -
@O/P—O(CHZCHZO),,R

R=CgHy7, C¢Hs,n=8—66

NEty/THF
—

Results and discussion
Preparation of water-soluble phosphines

As generally accepted, water solubility of polyether non-
ionic phosphines depends on their length of polyether chains
and structure of the hydrophobic group in the molecules,
while effect of pH of aqueous solution on their solubility can
be negligible. In literature, polyether phosphines were mainly
prepared by two approaches. One is to through the reaction of
functionalized polyether derivative with phosphorus chlorides
or other phosphorus derivatives . '+ This method was taken by
most of the organic chemists and most of polyether phosphines
were obtained in this way. In our group, most thermoregulat-
ed phase-transfer ligands were synthesized via catalyzed
ethoxylation of phosphines containing active hydrogen groups.
Water solubility of the phosphines is only dependent of length
of polyether chain. Meanwhile, more or less of phosphine
oxides were produced during the ethoxylation on high temper-
ature, inducing discrimination of three valence phosphines
from the phosphine oxides. Here alkyl polyethylene glycol
phenylene phosphites (APGPPs) (R: Octyl, OPGPP) were
prepared via the former approach. From Scheme 1, APGPPs
are apt to be manufactured in contrast to industrially employed
phosphites. Water solubility of the phosphites was obviously
effected by the group of polyoxyethylene alkyl ether. Some
specifications of the phosphites can be adjusted accordingly by
changing alkyl group or length of polyether chain in the
molecules.

Determination of cloud point of polyether phosphites

In our previous study, polyether substituted triaryl phos-
phines showed cloud points, which could be adjusted with

ethylene oxide addition during the ethoxylation of the phos-
phines .58 In comparison, APGPPs’ cloud points are depen-
dent on polyether chain length and structure of alkyl group as
well. Their cloud points were determined to be below 100 °C
with right polyether chain length as alkyl group is defined.
While length of polyether chain surpasses 19 unit ethylene
glycol, cloud points are above 100 °C, which is not easily
determined by using traditional methods at atmospheric pres-
sure.

Usually cloud points of nonionic surfactant are dependent
on their structures. Addition of inorganic salts, alcohol eic.
to the aqueous solution was reported to flutter their cloud
points. 7"¥® Specifically, different inorganic salts have differ-
ent dependence figure of addition amount on cloud points of
the nonionic surfactants.'® Table 1 shows that addition of in-
organic salts decreases cloud points of APGPPs. Theoretical-
ly, cloud points of APGPPs could decrease to be below 100
°C when enough inorganic salts is added to its aqueous solu-
tion. Figure of cloud points dependence on addition of inor-
ganic salts was accordingly formed. From the reversing direc-
tion in the figures, real cloud point of the aqueous phosphine
solution could be obtained by extrapolating the figure to the
point without addition of salt. Apparently figure expression
takes different figures from types of the addition salts. Here
three inorganic salts were under consideration to deduce the
cloud points of OPGPP with n > 19 ethylene glycol units,
which are difficult to determine their cloud points under atmo-
spheric solution. As a result, average values deduced by ad-
dition of different salts are taken as their cloud point. As
shown in Figs. 1 and 2, OPGPP (A, n=13; B, n= 19),
polyether phosphonites (C, n =16; D, n =28) were inves-
tigated on this extrapolation of cloud points, respectively.

Table 1 Cloud points (Cp) of APGPPs’ aqueous solution
R n

Cp® (C) Cp® (T ) HLB° Water solubility

CH; 3 — - 8.9 soluble
CeHs 13 65 — 13.2 soluble
CgHy, 13 58 —_ 12.6 soluble
CeHyy 19 — 55 14.6 soluble
GH; 26 — 67 16.1 soluble
GH;;y 38 — 73 18.1 soluble
GH;; 58 — — 20.2 soluble
CpHys 19 55 35 13.2 soluble

% Cp, cloud point, w (3%) aqueous solution; % 90 mmol/kg NaCl +
w (3%) APGPPs’ aqueous solution; ° HLB, hydrophile-lypophile bal-
ance: 7+ 11.7x1g(M,/M,), M, and M, are molecular weight of hy-
drophilic and hydrophobic group respectively . '®

From Fig. 1, phosphite A (OPGPP, n =13) was de-
duced to have a cloud point of 60 °C, indicating only 2 °C
gap from its experimental value (58 °C), while phosphite B
(OPGPP, n =19) was deduced to have its cloud point of 103
«C. In addition, cloud points of C ( PhP[( OCH,CH, )6-
OPh]z) and D (PhP[(OCHzCHz)ngPh]z) in Flg 2, were
determined to be 66 °C and 107 °C respectively according
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Table 2 Hydroformylation of 1-decene catalyzed by TRPTC ligands/Rh catalysts
En Livand® Reaction time  1-Decene conversion Aldehyde yield  Aldehyde selectivity® Aldehyde Average TOF¢
. Ligand ) (%) (%) (%) n/ isof (h-1)
1 A 5 91.5 : 9.0 84.5 0.67 188.0
2 B 8 95.0 9.5 85.1 0.70 113.1
3 C 6 96.3 93.1 89.5 0.71 155.2
4 D 4 98.0 97.3 89.3 0.75 243.0
5 E 4 95.6 93.4 90.2 0.76 233.5
6 F 3 98.7 4.2 83.6 0.73 314.0
7 G 3 97.6 92.6 84.5 0.78 308.7
8 TPPTS 8 15.6 14.8 80.5 3.9 18.5

® Ligand: A: PhyP-p-C¢H,-(OCH,CH,)150H; B: P-| p-CeH,-(OCH,CH, )sOH |35 C: PhP-{ p-CoH,-(OCH,CH, )s0H1,; D: Ph,P(OCH,CH, ) 6-
OCQH”; E: PhP{ (OCH2CH2)14OC@H17}2; F: OP(;PP (R= Can, n= 13); G: OPGPP (R= CsH17, n= 19) . b Aldehyde selecnvny= (l-unde—
canal + 2-methyl decanal)/total aldehydes. ¢ n/iso = mol ( normal ddeﬁyde)/ mol (iso aldehyde) . ? TOF = mol (aldehyde)/mol(Rh)/h. Reaction con-
ditions: Rh(acac)(COQ), (2.78 X 1075 mol), ligand (3.62X 10" * mol) , P/Rh (mol) = 13, 1-decene (1.058 X 10-2 mol), toluene (4.0 mL), H,0
(6.0 mL), standard internal (0.2 mL), syngas pressure 5.0 MPa, CO/H, = 1, reaction temperature 100 °C, reaction time 3 h.

to the the extrapolating method. There is only 1.5 C gap be-

120 : E:g; tween the deduced value of C and its experimental value.
110 B A NaOAc From the figures, it was also observed that addition of KOAc,
100—_5{ : g:g NaOAc, NaCl and NaBr would decrease cloud points of the
90 ® NaOAc polyether phosphites and polyether phosphonites, while de-
~ 80 creased extents in the cloud points seemed to follow on a ten-
o] dency as KOAc > NaOAc > NaCl > NaBr.
& ol A Therefore extrapolation of cloud points from dependence
f£3 of cloud points on addition inorganic salts would provide some
307 ‘N\‘__‘\‘\‘ significant physical character for polyether derived nonionic
407 phosphines with cloud points. In a further practice, applica-
30+ tion of phosphines may be made sensible in varying their
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Fig. 2 Dependence on addition of inorganic salts to cloud points
(Cp) of PhP[ (OCH,CH,),OPh,.

cloud points by addition of inorganic salts to their aqueous so-
lution.

Hydroformylation of olefins by OPGPP/Rh complexes

Comparison of different TRPTC ligands in the hydroformyla-

tion

In industrial practice, linear aldehydes from hydroformy-
lation process have found more application in the production
of detergent alcohols in the range of C(12)—C(18) or plasti-
cizer alcohols in the range of C(8)—C(11). Some of the re-
sults for 1-decene hydroformylation are summarized in Table 2
for several representative TRPTC ligands. More than 80% of
the hydroformylation products were determined to be n-unde-
canal and 2-methyl-decanal, which would find their potential
application in perfume industry.

Owing to the limitation from mass-transfer, only 15.6%
conversion of 1-decene was achieved with TPPTS/Rh as cata-
lyst. Conversely high conversion of. 1-decene is usually
reached because TRPTC catalyst transfers to organic phase
and the catalysis takes place in organic phase in terms of full
homogeneous catalysis. So water solubility of substrate has no
effect on the activity of the substrate. Different TRPTC cata-
lysts may reach almost full conversion when reaction hours was
enough. In comparison, almost full conversion of 1-decene
was achieved in 3 h with OPGPP/Rh as catalyst.
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Roles of thermoregulated phase-transfer catalysis ( TRPTC)
and micellar catalysis

When OPGPP (n =13), corresponding to a cloud point
of 58 °C, was used as ligand, there was a sudden increase in
conversion at temperature from 50 °C to 60 “C (Table 3) . The
results could be elucidated from the TRPTC principle that
when the temperature is higher than their cloud points, the
catalyst could precipitate from aqueous solution and transfer to
organic phase, causing the catalysis in full homogeneous
catalysis in the organic phase. Interestingly considerable ac-
tivity as 42 % conversion of 1-decene was yet achieved at 50

C though this is below its cloud point. It may be the result

of formation of micelles in this system owing to the existence
of polyether phosphites. As was reported, aqueous am-
phiphilic phosphines solution led to formation of micelles as
aggregates, in which water-immiscible reactants were encap-
sulated. ! Tt was proposed that the catalysis took place
mainly in the micelles at this lower temperature.

Table 3 Effects of temperature on the hydroformylation

Entry OPGPP Temp. 1-Df>cene {%ldehyde .Aldelllyde
n (C) conversion (%)  vyield (%) n/iso
9 13 40 25.0 25.0 2.5
10 13 50 42.0 42.0 2.1
11 13 60 84.7 84.7 1.36
12 13 70 88.7 88.7 1.33
13 13 80 9.3 - 97.3 0.91
14 13 90 99.8 90.0 0.72
15 19 80 98.5 97.8 0.92
16 28 80 98.6 97.5 0.91
17 38 80 99.2 98.0 0.92

Reaction conditions: 1-decene (1.0 mL), n-heptane (2.0 mL), H,0
(3.0 mL), ligand/Rh (mol) 13, Sub/Rh (mol) 1000, Syngas pressure
5.0 MPa, CO/H, = 1/1, reaction time 3 h.

It is reasonable that TRPTC will prevail in the catalysis
when temperature is increased to above cloud points of the
corresponding complexes. The conversion of substrates may
be mainly the result of micellar catalysis induced by the
polyether amphiphilic phosphines below cloud points.

Recovery of catalyst and the improvement in catalyst recovery

One main goal to meet in aqueous/organic biphasic
catalysis has still been the catalyst separation and recovery.
TRPTC has broken mass-transfer limitation due to substrate’ s
insolubility in water, but catalyst separation and recovery
have been yet a problem to be tackled as the first item. In the
system (Fig. 3), it was observed that a considerable de-
crease in conversion appeared after consecutive four reaction
runs. In the fifth run, conversion of 1-decene was determined
to be only 45% . Significant loss in activity may be the result
of hydrolysis of the polyether phosphines since phosphites are
probably sensitive to water or alcohol. On the similar condi-
tions of hydroformylation, aqueous OPGPP solution was

stirred for 72 h hence the solution gradually tummed to brown,
different from its original colorless solution. 3'P NMR deter-
mination of the solution was observed at a range from § -
1.37 to 3 3.46 indicating that OPGPPs have been undergone
full hydrolysis. The resulted solution shares close chemical
shift values with that from previous phosphites hydrolysis in
the presence of strong acid or base.?? Hydrolysis of OPGPP
may gradually go on through paths accordingly as shown in
Scheme 2, and the hydrolysis may be carried on to the final
step. Hence considerable loss in activity in the successive re-

action runs may be mainly attributed to the hydrolysis of the
OPGPP. .

Il Conversion (%)

[0 Aldehyde yield (%)
100

s

Run

O O O

Fig. 3 Recycling of OPGPP (n = 13)/Rh catalyst in the hydro-
formylation of 1-decene. Reaction conditions are the same
as Entry 13 shown in Table 3.

Scheme 2

o
@: CP-O(CH,CH,O),R + H,0
o

R= C8H17, n=13
a @[O\P/H + HO(CH,CH,0),R
e ————
Reflux o \\0 2

Further hydrolysis

It was also observed that catalyst separation and recovery
in the successive runs were improved greatly by using higher
phosphite/Rh ratio for the hydroformylation system (Table
4) . It was made sensible that high excess of phosphites inthe
reaction may make up for the decomposed phosphites, retain-
ing enough ligands to coordinate to the rhodium center.

Experimental
General methods

The preparation and purification of materials were per-
formed under pre-purified nitrogen using standard Schlenk-
type techniques. The following reagents were of analytically
pure: PCl;, distilled prior to use, phenol, catechol (from
EtOH) ; Rh(acac) (CO),(from Beijing Chemical Institute),

1-hexene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene
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(from Fluka); toluene, heptane, THF, ether were distilled
from sodium; methylene chloride and Et;N were distilled from
CaH,. Octanol was treated with sodium and distilled under
pre-purified nitrogen. Industrial ethylene oxide was purified
via gasification followed by liquefaction ( colorless). TPPTS
from Technische Hochschule Aachen, Gemmany; KOAc,
NaOAc, NaCl, NaBr; water was redistilled prior to use under
nitrogen.

Table 4 Recycling of OPGPP/Rh catalyst in a P/Rh ratio of 50

Reaction Successive Conversion Aldfehyde n-Undecanal Aldehyde
yield .
runs runs (%) (%) n/iso
(%)
18 1 98.8 98.8 48.9 0.95
19 2 97.6 93.4 49.2 0.97
20 3 97.1 94.2 50.7 1.03
21 4 96.8 95.1 50.1 0.99
22 5 9.4 93.4 52.3 1.10
23 6 93.3 80.2 60.8 1.55
24 7 94.3 83.2 58.6 1.23
25 8 94.2 85.6 56.2 1.20

Reaction conditions: 1-decene (2.0 ml), solvent (4.0 mL), H,0
(6.0 mL), temperature 80 °C, Sub/Rh (mol) 1000, P/Rh ratio 50,
syngas 5.0 MPa, CO/H, = 1/1, reaction time 3 h.

Infrared spectra were recorded on a Perkin Elmer 2000
instrument. 'H and *P NMR were recorded at 300 MHz, 90
MHz respectively on a Varian VXR-300s spectrometer.
Chemical shifts are referenced to residual deuterated solvent
signals for 'H NMR and external 85% H;PO, (8 0.00) for

3P NMR. Gas chromatography analysis was run on an SP-09
instrument (OV-101) (50-m capillary column, carrier gas:
0.2 MPa N,, FID detector) equipped with a Schimadzu inte-
grator. Dodecane was used as an internal standard. Mass
spectra were measure on a Finnigan 312/SS 200 GC-Mass
spectrometer.

Preparation of polyethoxjfethylene alkyl ethers

CsH;;( OCH,CH, )30H was taken as an example of R
(OCH,CH,) ,OH. Octanol (5.0 g, 45 mmol) and anhydrous
NaAc (0.08 g, 9 mmol) were added to a 100-mL glass auto-
clave. The autoclave was flushed three times with N, before
setting the pressure at 0.2 MPa and heated in an oil bath,
stirred with magnetic stirrer. When the temperature reached
to 130 °C, desired amount of ethylene oxide was added drop-
wise into the autoclave, the pressure being maintained at 0.4
MPa. After addition, the reaction mixture was distilled in
vaccum for another 2 h and then flushed with N, for three
times, On cooling to room temperature, the product was ob-
tained as a viscous liquid. The average length of polyoxyethy-
lene ether chain was determined from its hydroxyl value,
n=13. MS-APCI (M + Na)*: 351.2, 393.4, 439.4,
483.4, 527.5, 569.5, 615.5, 659.7, 703.6, 746.7,
792.8, 836.8.

Synthesis of o-phenylenephosphorochloridite (PPC)%

PCl; (94 g) was added in one portion to catechol (50
g) in which 1.0 mL of water had previously been added.
There was a brisk evolution of hydrogen chloride and the mix- -
ture became solid. After an hour, another portion of phospho-
rus trichloride (39 g) was added and the mixture was heated
with stirring, on the steam bath for 2.5 h. Distillation gave
74.5 g colorless fluid (b.p. 91 °C/18 mm) . Hours later the
fluid turned to colorless needle crystalline. Yield 94%,
m.p. 30—30.5 °C, *'P NMR (CDCl;, 90 MHz) &: 174.5.

Preparation of alkylpolyethylene glycol phenylenephosphite

Dry R(OCH,CH,),0H (57.3 mmol, 1 equiv.) was
dissolved in degassed dry THF and the solution was cooled in
the range of — 5 C to 0 °C. Mixture of dry EtzN (57.3
mmol, 1 equiv.), PPC (86 mmol) and THF (20 mL) was
added to the cooled solution in 15—30 min with vigorous stir-
ring. A white precipitate immediately formed in the drop
adding. The mixture was stirring for another 6 h and kept
overnight. THF was removed from the clear and colorless fil-
trate. To the viscous resultant 100 mL of dry ether was added
in three portions and the solution was stirred for 2 h on below
- 15 °C before being filtered. The final filirate was obtained
as a colorless viscous fluid or pale wax. Conversion (85—
90% ) was determined by the total of Et;N-HCl. Yield varies
in the range from 40% to 80% on the polyether chain
length. *'P NMR (CDCl;, 90 MHz) &: 127.64—129.23;
"H NMR (CDCL) 8: 0—1.28 (m, 14.6H, C;Hys), 3.4—
3.96 (m, 62H, OCH;), 6.8—7.2 (m, 4H, arom); ¥T-IR
v: 3454 (OH - PEG), 3050 (arom), 2950, 2880, 2958,
1640, 1590, 1500, 1470, 1387, 1324, 250, 1080, 970,
868, 775, 774, 697 cm™!.

General procedure for hydroformylation of higher olefins

Hydroformylation experiments were performed in a 75 ml-
stainless steel autoclave equiped with magnetic stirrer. Hydro-
formylation catalysts were formed in situ from Rh(acac)(CO),
with ligands. The autoclave was charged with 1-decene, cata-
lyst precursor, ligand, solvent, degassed water and internal
standard. The system was flushed five times with CO of 1.0
MPa and checked for leaks. Then the autoclave was pressur-
ized with CO/H, (1/1) to the desired pressure, and heated to
the required temperature in a thermostatic oil bath. After 3 h,
the samples were taken from the reaction products, dried over
anhydrous MgSO,, and analyzed by GC-MS.

Hydrolysis of octylpolyethylene glycol phenylenephosphite

OPGPP with n equal to 13 dissolved in degassed water
and 3% aqueous OPGPP solution was accordingly obtained.
The solution was stirred for some hour with a magnetic stirring
in a thermostatic oil bath. The temperature was kept at 80
°C. The solution gradually turned to brown. 3P NMR deter-
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mination of the solution was observed at a range from &
-1.37t0 8 3.46.

Conclusion

It is shown that polyether phosphites APGPP could be
easily prepared by alcoholysis of phosphorus chloride with
polyoxyethylene alkyl ether. With appropriate hydrophile-ly-
pophile balance (HLB), the phosphites possess clear cloud
points below 100 °C. When the phosphites have long
polyether chain binding to short-chain alkyl group, cloud
points of the phosphites could be extrapolated from figure of
dependence of cloud points on addition of inorganic salts. U-
tilizing OPGPP/Rh complex formed in siti as catalyst, 90%
or more conversion of 1-decene was obtained, avoiding the
limitation of substrate insolubility, which may be attributed to
the results of micellar catalysis and TRPTC in the reaction
system. When temperature is above the cloud point of the
phosphines and complexes, this catalysis works mainly in
TRPTC. Furthermore, the catalysts could be easily separated
by simple decantation, but followed by considerable loss in
activity in the successive reaction runs. Preliminary results
indicated hydrolysis of OPGPP happened in the reaction,
which explain for the bad loss in activity after four successive
reaction runs. It was also proved that catalyst separation and
recovery could be greatly improved with higher OPGPP/Rh
ratio. The catalyst was reused up to seven times without clear
decrease in activity with a ratio of OPGPP/Rh equal to 50. In
view of the fact that search for water-soluble ligands and new
potential biphasic catalytic systems are focal points of present
academic and industrial work, the above polyether phos-
phire, OPGPP and its’ induced micellar catalysis and
TRPTC in the aqueous biphasic hydroformylation inspired our
further study on polyether phosphines and their appllcatlon in
biphasic catalysis.
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