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Abstract

The highly water-soluble phosphine ligands,;®@gPCH,CH,NH(CH>CH,0),CH,CH,N(CH,PPh), (n = 1, 2, 3) were
prepared in 67-80% yields by the modified Mannich reaction using hydroxymethylphosphonium salts as the key materials
under mild condition; the palladium(ll) complexes of the ligaBdsc with 2:1 or 4:1 —PPhto P& molar ratio were also
prepared and characterized, and their catalytic activities were checked by carbonylation reaction of benzylchloride. XPS data
showed that the coordination bonds were formed between phosphorous, nitrogen, oxygen and palladium atoms in the palladium
complexedgla—c. Good catalytic activities of the complexds—c were observed in carbonylation reaction of benzylchloride
with atmospheric CO.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction phine trisulfonate’ (TPPTS), are the most common
ligands of choice for homogeneous catalysis due to
The basic problem of a homogeneous catalytic pro- their high solubility in water[2], much effort has
cess is the separation of catalyst from products and been directed toward the synthesis of new type of
the reusability of the catalysts. There are two promis- water-soluble transition-metal complexes by incor-
ing methods for the separation of transition-metal porating phosphines with water-soluble groups such
catalyst from the organic phase. One approach in- as -CQNa, —OH, -PMg", -NMe3™ -PQ;Na, and
volves anchoring the homogeneous catalyst to support polyetherd3—8]. We reasoned that a new route for the
on the absorbents such as silica, alumina, active car-synthesis of water-soluble phosphine ligands having
bon, resins or polymerfl]; another one comprises an ethoxylated aminoethylphosphonic acid side chain
the use of water-soluble complex catalyst which al- would be of particular interest because (i) the starting
lows to separate the catalyst from the organic phase materials are available and cheaply, the reaction con-
containing the reaction materials and products. Al- ditions are mild and need no special reagents; (ii) the
though sulfonated phosphines, e.g. ‘triphenylphos- transition-metal, especially Zr(1V), Ti(IV) and Zn(ll),
etc. with ligands could form a kind of layered crys-

" Corresponding author. Tek+86-23-6825-2360: tal or amorphous metallic phosphate, phosphonate
fax: +86-23-6825-3195. or mixed phosphonate phosphate inorganic polymers
E-mail addressxuebingma@163.net (X.K. Fu). [9]; (iii) the procedure of Mannich-type reaction
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Scheme 1.

with the amines substituted by phosphonic acids and referencg13]. Bis(hydroxymethyl)diphenylphospho-

the [PP(CH,OH),]*CI~ is quite simple[10]; (iv)

nium chloride was prepared according to the literature

the ethoxylated 2-aminoethyl-phosphonate-modified [14]. Other solvent were analytic grade. All melting

phosphine ligands have higher solubility than other

points were measured in an open capillary tube and un-

known phosphonate-modified phosphine ligands such correctedH NMR and3C {*H} NMR spectra were

as PhPCH,CH,PO3H,> and o-, p- or mPhhPGsH4
POzH: [4,5].

recorded at 298 K in PO on AV-300 spectrometer at
300.17 and 75.48 MHz, respectively with SiMéS,

We have been interested in the syntheses of 0.0) as external reference. THEP {1H} spectra were

water-soluble phosphonic acid functionalized phos-
phine ligands due to the mild synthetic conditions by
the modified Mannich reaction using hydroxymethyl

phosphonium salts as the key materials. In this paper,

recorded at 298 K in BO on AV-300 spectrometer at

121.31 MHz with 85% HPO, (8, 0.0) as external ref-

erence, and their chemical shifts are given in ppm.
Infrared spectra were recorded on Spectrum GX

we report (i) the synthesis and characterization of three using polystyrene as a standard (KBr pellet). Mass

new water-soluble phosphiné&a—c, (ii) the prepa-
ration of representative examples of transition-metal
complexes, (iii) the use of phosphin@s—c in the
biphasic catalytic carbonylation of benzylchloride. A
portion of this work has been previously communi-
cated[11]. The synthesis of the title ligands and their
palladium complexes is outlined Bcheme 1

2. Experimental

2.1. Materials and methods

Tetrahydrofuran (THF), benzen¢grt-butyl alco-
hol, triphenylphosphine, 40% chloroethylphosphonic
acid solution (CEPA) and Pdglivere analytic grade.
Sodium diformamide was prepared according to the
literature referencgl2]. 1,5-Diamino-3-oxapentane,
1,8-diamino-3,6-dioxaone and 1,11-dimino-3,6,9-tri-

spectra were obtained from KYKY-QP1000A spec-
trometer using electron impact ionization method. GC
analyses were performed on a SP 3400 GAS chro-
matograph equipped with a flame ionization detector.
Elemental analysis were performed on PE 2400 el-
emental analysis instrument. The binding energy of
P2p, Nis, O1s Pd;.;d\,,/2 and Pc,ld5/2 in he compound
4a,,—C,, was measured on KRTO-SXSAM800 X
photoelectron spectrum.

2.2. Synthesis of the ligands and complexes

2.2.1. Synthesis of N-ethylphosphonic
acid-1,5-diamino-3-oxapentandd),
N-ethylphosphonic acid-1,8-diamino-3,6-dioxaone
(1b) and N-ethylphosphonic
acid-1,11-diamino-3,6,9-tri-oxaundecantc);:
general procedure

An amount of 0.2mol of CEPA (40% solution),

oxaundecane were prepared according to the literature300 g of ice water, 0.21-0.23 mol of 1,5-diamino-3-
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oxapentane, 1,8-diamino-3,6-dioxaone or 1,11-di- 2.2.2. Synthesis of’W'-bis(diphenylphosphino
mino-3,6,9-tri-oxaundecane and 0.3g Kl were methyl)-N-ethylphosphonic acid-1,5-diamino-3-oxa-
mixed and stirred below 18C, followed by ad- pentane 2a), N',N'-bis(diphenylphosphinomethyl)-
dition of 10% cold NaOH solution to maintain  N-ethylphosphonic acid-1,8-diamino-3,6-dioxaone
pH in the range of 9-10 during the whole ex- (2b) and N,N'-bis(diphenylphosphinomethyl)-N-
perimental process. The pH value of the reac- ethylphosphonic acid-1,11-dimino-3,6,9-tri-

tion solution was checked every half a day and oxaun-decandc): general procedure

stirred until the pH value of the solution no longer Compound: la— (0.075mol), sodium carbonate
changed. After about 3/4 volume of water was re- (89, 0.075mol) and 30 ml of water were charged in
moved under reduced pressure, hydrochloride acid flask, the solution of bis(hydroxymethyl)diphenylph-
(8moll~1) was added dropwise to adjust the pH osphonium chloride (42.4g, 0.15mol), 60 ml of wa-
5-7. The concentrated solution stood in refriger- ter and 60ml of methanol were added dropwise.
ator for 40h for crystallization. Then the white Then, triethylamine (15.3g, 0.15mol) was added
solids la—c were filtered, washed with cold wa- to maintain pH 8.5-9.5 and heated at °T5 for
ter, dried in vacuo and recrystallized in water. 3-4h. The white solid2a—c can be obtained by
la: mp >280°C. Yield: 36.0g, 85.0% IR (KBr, acidifying the reaction mixture with 3mott hy-

v, cm1): 3348, 3381 (-NH), 1263 (F0), 1154 drochloric acid to pH 3—-4 in cooling, filtration, re-
(P-0), 1067, 954 (P§M,). 'H NMR (D20, 4, crystallization from agueous methanol (v/v 1:1) and
ppm): § 1.03 (t, 2H, PCH), 2.90-2.95 (m, 2H, drying in vacuo.2a: mp 142-144C. Yield: 37.2¢,
CH2NH), 3.16-3.22 (m, 2H, NHC}), 3.38-3.41 81.2% (found: C, 63.21; H, 6.47, N, 4.61. Calc. for
(m, 2H, CH:NH,), 3.48-3.54 (m, 4H, CHDOCH,). C3z2oH39N204P3: C, 62.92; H, 6.35; N, 4.43%). IR
13 NMR (D20, 8, ppm): 9.7 (s, CHP), 38.6  (KBr, v, cm™1): 1589, 1488, 1478, 1438 (+€5s),
(s, CHNH), 48.3 (s, HNCHCH,OCH,CH,N) 1419 (P-GHs), 1309 (F0O), 1121, 1114 (P-0),
58.0 (s, CHOCH,). 3P {IH} NMR (D20, §, 1060, 1053 (P@H,). 'H NMR (D20, 8, ppm):
PPM): 2.0 (s, PO)1b: mp >28C°C. Yield: 38.8¢, 7.80-7.63 (m, 20H, §Hs), 5.09 (s, 4H, PCEN),
75.8%. IR (KBr, v, cm1): 3442, 3394 (-NH), 3.28-3.24 (m, 10H, CENHCH,CH,O-CH,CH,N),
1235 (PO), 1147 (P-0), 1074, 944 (RE)). 1.52-1.57 (t, 2H,J = 6.7, CHbPO3H,). 13C NMR
'H NMR (D20, 8, ppm): 1.03 (s, 2H, PC}, (D20, 8, ppm): 9.7 (s, CHP), 38.6 (s, CHN),
2.92-2.95 (t, 2H, CbNH, 3J (HH) 5.1 Hz), 3.16-3.19  48.3 (S, N&2CH,OCH,CHN), 50.8 (d, GH,PPh,

(t, 2H, HNCHp, 3J (HH) 5.5Hz), 3.36-3.40 (t, J(PC) = 239.8Hz), 58.0 (s, CkDCHp), 111.5 (d,
2H, CHoNH,, 3J (HH) 5.1Hz), 3.49-3.53 (t, J(PC) 315Hz), 127.8 (dJ(PC) = 47.7 Hz), 131.1(d,
4H, CHO 3J (HH) 5.5Hz), 3.42-3.47 (t, 4H, J(PC) =34.2Hz), 133.1 (d,J(PC) = 12.3Hz)
OCH,CH,0, 3J (HH) 10.8Hz). 13C NMR (DO, 31p {IH} NMR (D20, 8, ppm): 1.18 (s, PgHy),

3, ppm): 10.7 (s, CHP), 38.0 (s, CHN), 49.3 —12.6 (d, PPh). 2b: mp 147-148C. Yield: 35.5¢,
(s, NCHCH;) OCH,CHzN) 66.4 (s, CHO), 72.3% (found: C, 62.63; H, 6.65; N, 4.30. Calc. for
67.3 (s, OCHCH0). 3P {H} NMR (D20, CaaHasN20sPs: C, 62.10; H, 6.33; N, 4.06%). IR
5, ppm): 3.3 (s, PO).1c. mp >280°C. Yield: (KBr, v, cmi1): 1588, 1488, 1478, 1438 (8s),
40.49, 67.4%. IR (KBr,v, cm1): 3447, 3383 1419 (P-GHs), 1308 (P-0), 1121, 1114 (P-O) 1060,
(-NHp), 1161 (P-0), 1073, 951 (RE,). *H NMR 1058 (PQH>). 'H NMR (D20, 8, ppm): 7.98-7.78
(D20, 8, ppm): 1.00 (s, 3H, CkP), 3.15-3.19 (m, 20H, GHs), 5.24 (s, 4H, PCEN), 3.26-3.23 (m,
(t, 4H, NCH,, 3J (HH) 5.2Hz) 3.36-3.38 (t, 14H, CHINH(CH2CH,0),CH,CH,N), 1.42-1.38 (t,
2H, CHaNH, 3J (HH) 8.0Hz), 3.42 (m, 12H, 2H,J5.3,CHPOs3Hp). 3P {*H} NMR (D20, 8, ppm):
CH,O (CHCH,O)CH,). 3C NMR (D20, 3§, 4.4 (s, P@QHy), —12.5 (s, PP§). 2c: mp 156-158C.
ppm): 9.2 (s, CHP), 35.2 (s, CHN), 58.1 (s, Yield: 35. 39, 67.4% (found: C, 62.17; H, 6.76; N,
NCH,CH,O  (CH,CH20),CH,CHoNH),  66.4, 3.39. Calc. for @GgH47N206P3: C, 61.2; H, 6.12; N,
66.7, 67.1, 67.3, 67.4, 69.4 (m, GB(CH,CH,0O), 3.21%). IR (KBr,v, cm~1): 1589, 1488, 1478, 1438
CHp). 3P {H} NMR (D20, &, ppm): (—CgHs), 1419 (P-GHs), 1309 (P0), 1121, 1115
3.5 (s, PO). (P-0), 1060, 1053 (P£Bl»). 1H NMR (D0, 8, ppm):
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7.97-7.76 (m, 20H, §Hs), 5.23 (s, 4H, PChHN),
3.28-3.25 (m, 18H, Ct‘NH(CH2CH20)3CH2CH2N),
1.39-1.36 (t, 2H, J 4.0, Ci#PO3H>). 3C NMR (D20,
8, ppm): 10.5 (s, CHP), 38.9 (s, CHN), 46.6 (s,
NCH,CH,OCH,CH,N), 50.8 (d, G,PPh, J(PC)
=239.1Hz), 62.0 (s, CkDCHy), 111.5 (d,J(PC)
= 315.3Hz), 127.6 (tJ(PC) = 42.9Hz), 131.1 (t,
J(PC) = 34.2Hz), 133.1 (t,J(PC) = 27.9Hz) 3P
{1H} NMR (D20, 8, ppm): 4.7 (s, PH>), —12.2 (s,
PPh).

2.2.3. Synthesis of disodium salts of
N’,N'-bis(diphenylphosphinomethyl)-N-
ethylphosphonate-1,5-diamino-3-oxapentane
(3a), N',N'-bis(diphenylphosphinomethyl)-N-
ethylphosphonate-1,8-diamino-3,6-dioxaone
(3b) and N,N'-bis(diphenylphino
methyl)-N-ethylphosohonate-1,11-dimino-3,6,9-
tri-oxaundecane3c): general procedure

Compound: 2a—¢ (0.1 mol) was dissolved in
methanol. Aqueous sodium hydroxide solution (50%,
w/v) was added dropwise under drotection, After
30 min, the residue was cooled in refrigerator, allowed
to crystallize overnight, filtered and dried in vacuo
at 50°C to give 3a—c as white solids in 82—-90%
yield.

Compound:3a, IR (KBr, v, cm~1): 3308 (-NH-),

1561, 1543, 1451 (-§Hs), 1009 (PQ2"). 3P {1H}
NMR (D20, §, ppm): 5.2 (s, PO)~12.6 (d, PPh);
3b: IR (KBr, v, cm1): 3132 (-NH-), 1556, 1543,
1452 (-GHs), 1013 (PQ?"). 3P {1H} NMR (D0,
8, ppm): 4.4 (s, PO)~12.5 (d, PPh); 3c: IR (KBr,
v, cm1): 3130 (-NH-), 1556, 1545, 1438 (s8s),
1026 (PQ?%7). 3P {1H} NMR (D0, 8, ppm): 37.5
(s, PO), 3.2 (s, P&¥), —12.2 (d, PP}).

2.2.4. Synthesis of the palladium(ll) complexes:
general procedure

PdCb (0.177 g, 1 mmol) was dissolved in concen-
trated hydrochloric acid, and then distilled off the ex-
cessive hydrochloric acid to get brown redR¢Cl.
An amount of 60 ml ofn-butanol and ligandSa—c
(2 or 1 mmol) were added. The mixture was allowed
to reflux for 4h under B, evaporated to 30 ml of

X.B. Ma, X.K. Fu/Journal of Molecular Catalysis A: Chemical 195 (2003) 47-53

70-78% yield 3P {1H} NMR (D0, 8, ppm): 4ay:
44.5;4ay: 42.6;4bq: 44.2;4b,: 40.3;4cy: 28.1;4co:
28.0.

2.2.5. General procedure for catalytic carbonylation
reaction of benzylchloride

A 150-ml three-neck round-bottom flask was
charged with PdGI (9 mg, 0.005mmol) which dis-
solved in several drops of concentrated hydrochloric
acid and evaporated, 20ml of waté8a—c, and a
stir bar, pressurized with N\ heated at 55%C for
0.5h, and cooled to room temperature. Then the
flask was added 15 ml of 1,2-dichloroethane, evacu-
ated, flushed with CO several times, pressurized with
0.1 MPa CO, placed in an oil bath and heated &®&5
for 0.5h, and followed by adding benzylchloride
(0.63g, 5mmol). Half an hour later, NaOH solu-
tion (1.25molf?, 4.0ml) was added slowly during
the whole carbonylation reaction process for 22 h at
55-58°C. The reaction mixture was then allowed to
cool to room temperature, acidified with 3 motl
HCI to pH 1-2. The product phenylacetic acid in the
substratum was separated by separatory funnel and
collected. The aqueous phase in the upper layer was
extracted with 1,2-dichloroethane (10ml2) and
all the organic phase was combined. The component
analysis in combined organic phase was carried out
on gas chromatograph, and the contenBafc and
palladium complexes in agueous phase was measured
by ultraviolet spectroscopy.

3. Results and discussion
3.1. Synthesis and characterization

Compoundla—c have been prepared in 67-85%
yields by reacting equimolar amounts of 2-chloro-
ethylphosphonic acid (40% aqueous solution) with
ethoxylated diamine in a dilute alkaline solution be-
low 15°C for 7 days. They are all white crystals with
high melting point (>260C), and can be obtained
by direct work-up and recrystallization from water.
In this step, 2-chloroethylphosphonic acid is easily

n-butanol under reduced pressure, cooled, and alloweddecomposed above 1€, so the temperature is a

to stand overnight in refrigerator. The solids were fil-
tered, washed with-butanol and dried under reduced
pressure to give the products,,—c, as solids in

essential factor which needed to controlled. The com-
poundsla— in D,O solution showed only single res-
onance in thélP NMR spectra for phosphonic acid
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Table 1

Entry DCI + D,0O D,O NaOD + D,0O
(ppm) (ppm) (ppm)

la 6.0 2.0 1.6

1b 5.9 3.3 0.6

1c 6.2 35 1.6

at § = 2.0, 3.3, or 3.5, respectively, which demon-

51

region of the IR spectra which have been assigned to
the phosphonic acid group. But in the sodium salts
3a—c phosphonate group only show a broad and in-
tense infrared adsorption at 1026-1009¢mThe
palladium complexesla— are all colored crystals
with high melting point (>250C), and can be eas-
ily obtained by direct work-up fromm-butanol. Due

to the complexing of —PRhgroups with palladium
atoms, each compound has®® chemical shift of

strated that the pure products had been obtained and28.0—44.5 ppm, and a strong absorption of P—Pd bond

no polysubstitution products exist. It can be also
verified by the IR data of symmetrical and asymmet-
rical stretch vibration of —NK at 3448—-3381 cmt.
The compoundda—c contains two dissociable pro-
tons which are involved in the dissociation of the
—PQ;H~ and —-NH™ groups, all the species can be
traced and measured by the determination of the
dissociation constan{&4]. The K1 and K, charac-
teristic of the dissociation of —P{®l, in 1la— is 6.85,
6.83, 6.82 and 10.53, 10.51, 10.48, respectively. So,
H2NCH2CH2(OCH,CHy),,NHCH2CH,POsH™  (pH
6.82-10.48), HNTCH,CHy(OCH,CHy),NHCH,-
CHoPOsH™ (pH < 6.82) and BNCHyCH2(OCH,-
CHy),NHCH,CH,PO32~ (pH > 10.48) species dom-
inantly formed in the studied range of pH 4-13 for the
systems, which is verified by corresponding chemi-
cal shifts in31P NMR spectrum for phosphonic acid
(-PGsH>) in different pH medium showed ihable 1

31p NMR spectrum for phosphonic acid (—5H})
in different pH medium.

Usually, oxidation of phosphine is the main side re-
action in the preparation of compourizisc and3a—,
and the content of diphenylphosphine oxide in the re-
action mixture can be detected BYP NMR spectra.
Its chemical shiftis found &t= 37.4. For avoiding the
oxidation of phosphine, the reactions were carried out
under Ny atmosphere at 5T in aqueous methanol.
In this case, even after storage for several months, no
oxidation product could be detected. CompouPatsc
and3a—c contain two groups in th!P NMR spectra
corresponding to the phosphine and phosphonate moi-
eties, respectively. After the diphenylphosphinomethyl
groups were introduced into the compouridsc by
reaction of bis(hydroxymethyl)diphenylphosphonium
chloride with —NH groups, then the IR data of sym-
metrical and asymmetrical stretch vibration of —\é
3448-3381 cm! were not observed. All compounds
2a—c contain several intense in the 1121-900¢m

in the IR spectrum at 562 cm, both characteristic of
coordination between —PPlgroups with palladium
atoms.

3.2. The distribution coefficient (D) &&—c in water

The distribution of3a—c in organic/aqueous system
is pH dependent, which can be measured as follows:
10 mg3a—c were added 5ml of HCI or NaOH water
solution with accurate pH values and 5ml of cyclo-
hexane or 1,2-dichloroethane. After intensive oscillat-
ing and demixing, the content 8&— in organic and
aqueous layers were quantitatively determined by ul-
traviolet spectrograplib is the distribution coefficient
of 3a—c in water phase at specific pH value:

C(H,0)
[C(H20) + C(org)]

The distribution coefficiend for 3cin water/1,2-dich-
loroethane system is near 100% at pH 1Fig (1), but
that of 3a and3b is only 97% and 92% respectively,
which can be concluded that due3opossesses more
ethoxy groups, it is easier to be extracted into the

D= x 100%

100

60

D(%)

40

20

pH

Fig. 1. The distribution coefficientD for 3c in water/1,2-
dichloroethane system.
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aqueous phase than the other ligaBdsind3b. Fur-
thermore, it is noted that compoun#éa—c are more
soluble in water to some extent below pH 3, which
are attributed to the protonation of —NH- groups to
amine salts —NH"™—. From Fig. 1, it is concluded
that the distribution coefficierid for 3c in water/1,2-
dichloroethane system coincided with the species
of (PhpPCH,;)2NCH>CH2(OCH,CH2)3sNHCH,CH,
POsH> in different pH medium which can be traced
and measured by th&p 5.20 and K2 9.08 character-
istic of the dissociation of —P§Pl», and the different
species showed a distinct variation in aqueous sol-
ubility. (PhpPCH,;)2NCH2CH2(OCH,CH2)3sNHCH;
CH2POsNa has the highest solubility, (BRCH)2-
NCH2CH2(OCH,CH3)3NHCH,CH,POsHNa has the
intermediate solubility, and (BRCH),NHTCH,-
CH2(OCH,CH)3NHCH,CH;POsH™ has the lowest
solubility.

3.3. XPS analysis of palladium complexes

Phosphines3a— reacted with HPdCl in 2:1 or
4:1 molar ratio inn-butanol under N for 4-5h to
form complexesta—c. XPS data show that the bind-
ing energy of Bp, Nis and Qs in the complexegic;
with 2:1 molar ratio increased 0.3, 1.5, 0.8eV, re-
spectivelydco with 4:1 molar ratio increased 0.2, 1.3
and 0.2 eV, and that of Bgs/> and Pdgs/> decreased
0.2-0.3 and 0.3-0.5 eV, which indicate that coordina-
tion bonds are formed among phosphorous, nitrogen,
oxygen and palladium atoms in the complexes. The
MS spectra of palladium complexda—c display ion

Table 2

peak ofm/z 322 at which demonstrate that one?Pd
ion can complex with two PRhgroups.

3.4. Catalytic carbonylation reaction

Under phase-transfer conditions in the presence of
a base (e.g. sodium hydroxide), PdGtiphenylphos-
phine, and tetrabutylammonium iodide, the carbony-
lation of benzylchloride can be achieved to give
phenylacetic acid in high yield15]. This catalytic
system is ideally suited to assess the performance
of hydrophilic phosphonate functionalized phosphine
ligands such aga—c. 3P NMR analysis of the so-
lution containing palladium chloride an8a which
heated at 55C for 0.5h indicated several new reso-
nances including a singlet 42.6 ppm which assigned
to the new palladium species. A singlet at 37.5 ppm
was also observed and has been assigned to the oxide
of 3a. After the flask was pressurized with carbon
monoxide and heated at 56 for 0.5 h, the immedi-
ate color change from yellow to reddish-brown, pre-
sumably resulting from the reduction of palladium(ll)
complexes to a zerovalent palladium phosphine com-
plexes[16]. The mixture was heated for 22 h at 85,
then the organic phase was separated, and the yield of
phenylacetic acid and the side products in different re-
action conditions gathered irable 2was measured on
gas chromatograph. Ultraviolet spectroscopy showed
that the content of ligand3a—c and their palladium
complexes in water was recovered in 85-92%.

The biphasic catalytic carbonylation of benzylchlo-
ride catalyzed by the palladium complexes3afc.

Cat.
CHzCl+ CO + NaOH —— CH,CO,Na + CH,OH + NaCl+ Hy0

Entry Ligand Molar ratio of to P& Conversion The content of The yield of phenylacetic acid
charged (-PPHPET) (%) phenylcarbinol (%) (%?), based on the peak areas

of benzylchloride

1 3a 8:1 100 93.8 (5.48 min) 6.2 (8.75nMn

2 3a 16:1 100 83.9 (5.52min) 16.1 (8.72 min)

3 3a 32:1 79.6 6.7 (5.81 min) 72.9 (8.72min)

4 3a 64:1 76 5.2 (5.81) 70.8 (8.78 min)

5 3b 32:1 82.2 7.7 (5.81 min) 74.5 (8.72min)

6 3c 3211 82.3 6.2 (5.81min) 76.1 (8.72min)

Experimental conditions: 0.1 MPa CO, 55-88 22 h. Measurement conditions of gas chromatograph: coP@0®.03 min)— 280°C

(20 min), 20°C/min; INJ 250°C OV-17; Aux 320°C FID.
aBased on the peak areas of benzylchloride in GC spectra.
b The retention time.
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In summary, we have reported the synthesis of
new highly water-soluble phosphonate-functionalized
phosphines and representative palladium(ll) com-
plexes. XPS data clearly indicated that coordination
bonds are formed among phosphorous, nitrogen, oxy-
gen and palladium atoms in the compleXesc. We
expect that the phosphonated phosphine lig&zds
in combination with transitional metals such as Pd,
Rh and Pt will be one of new and important types
of catalysts for the biphasic catalytic hydrogenation,
carbonylation and hydrofomylation of olefinic hydro-
carbon and chlorhydrocarbons.

Acknowledgements

This project was supported by Chongging scientific
foundation of PR China.
References

[1] W. Henderson, G.M. Olsen, L.S. Bonnington, J. Clem. Soc.,
Chem. Commun. (1994) 1863.

53

[2] E.G. Kuntz, Chemtech 15 (1987) 570.

[3] D.C. Mudalige, G. L Rempel, J. Mol. Catal. A: Chem. 116
(1997) 309.

[4] T.L. Schull, J.C. Fettinger, D.A. Knight, Inorg. Chem. 35
(1976) 6717.

[5] J.w. Ellis, K.N. Harrison, P.A.T. Hoye, Inorg. Chem. 31
(1992) 3026.

[6] T. Okano, Y. Moriyama, H. Konishi, Chem. Lett. (1986)
1463.

[7]1 T. Malmstrom, C. Andersson, Chem. Commun. (1996)
1135.

[8] B. Mohr, D.M. Lynn, R.H. Grubbs, Organometallics 15 (1996)
4317.

[9] A. Clearfield, Comm. Inorg. Chem. 10 (1990) 89.

[10] J. Fawcett, P.A.T. Hoye, R.D.W. Kemmitt, J. Chem. Soc.,
Dalton Trans. (1993) 2563.

[11] X.K. Fu, X.B. Ma, Chin. Chem. Lett. 13 (2002) 839.

[12] V. Meduna, P. Sawlewicz, R. Vogt, Synth. Commun. 19 (1989)
1487.

[13] Y.L. Han, T.B. Lu, H.W. Hu, X. Liu, Synth. Commun. 21 (1)
(1991) 79-84.

[14] T. Kiss, J. Balla, G. Nagy, H. Kozlowski, J. Kowalik, Inorg.
Chim. Acta 138 (1987) 25.

[15] L. Cassar, M. Foa, A. Gardano, J. Organomet. Chem. 121
(1976) C55.

[16] G. Papagogianakis, J.A. Peters, L. Maat, R.A. Sheldon, J.
Chem. Soc., Chem. Commun. (1995) 1105.



	Synthesis of a new type of amphilic and water-soluble tertiary phosphine ligands substituted by an ethoxylated phosphonic acid chain and their palladium complexes
	Introduction
	Experimental
	Materials and methods
	Synthesis of the ligands and complexes
	Synthesis of N-ethylphosphonic acid-1,5-diamino-3-oxapentane (1a), N-ethylphosphonic acid-1,8-diamino-3,6-dioxaone (1b) and N-ethylphosphonic acid-1,11-diamino-3,6,9-tri-oxaundecane (1c): general procedure
	Synthesis of N´,N´-bis(diphenylphosphino methyl)-N-ethylphosphonic acid-1,5-diamino-3-oxa-pentane (2a), N´,N´-bis(diphenylphosphinomethyl)-N-ethylphosphonic acid-1,8-diamino-3,6-dioxaone (2b) and N´,N´-bis(diphenylphosphinomethyl)-N-ethylphosphonic...
	Synthesis of disodium salts of N´,N´-bis(diphenylphosphinomethyl)-N-ethylphosphonate-1,5-diamino-3-oxapentane (3a), N´,N´-bis(diphenylphosphinomethyl)-N-ethylphosphonate-1,8-diamino-3,6-dioxaone (3b) and N´,N´-bis(diphenylphino methyl)-N-ethylphosohona...
	Synthesis of the palladium(II) complexes: general procedure
	General procedure for catalytic carbonylation reaction of benzylchloride


	Results and discussion
	Synthesis and characterization
	The distribution coefficient (D) of 3a-c in water
	XPS analysis of palladium complexes
	Catalytic carbonylation reaction

	Acknowledgements
	References


