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Rhodium catalysed enantioselective hydrogenation in water
using pyrphos bound to poly-acrylic acid as ligand
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Abstract

ŽŽ . . Ž .Coupling of pyrphos R, R -3,4-bis-diphenylphosphino-pyrrolidine to poly-acrylic acid PAA furnish a new water-solu-
Ž . Ž .ble ligand PAA–pyrphos , which can be successfully applied as a ligand in biphasic H OrEtOAc rhodium catalysed2

Ž Ž .enantioselective hydrogenation of acetamido cinnamic acid. Contrary to the PAA–PPM PPM s 2S,4S -4-
.diphenylphosphino-2-diphenylphosphino-methylpyrrolidine ligand system the enantioselectivity of catalysts based on the

PAA–pyrphos ligand system is virtually unaffected by changes in reaction parameters which influence the local phosphine
concentration. q 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Catalytic asymmetric hydrogenation of dehy-
droamino acids is one of the most important
advances in homogeneous catalysis, and enan-
tioselectivities approaching 100% have been re-

w xported 1,2 . The difficulty in separating the
catalyst from the products is the main drawback
with homogeneous catalysts. This problem can,
however, be solved by performing the catalytic
reaction under biphasic conditions, i.e., having
the catalyst substituted with water-soluble phos-
phines in an aqueous phase and the substrater
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w xproducts in a nonmiscible organic phase 3–5 .
An easy recovery and reuse of expensive enan-
tioselective hydrogenation catalysts is of course
very desirable, and water-soluble bidentate chi-
ral phosphines are therefore desirable chiral lig-
ands in biphasic asymmetric hydrogenations
w x6,7 .

Herein we report on the preparation of a new
Ž .ligand, PAA–pyrphos, comprised of R, R -3,4-

bis-diphenylphosphino-pyrrolidine coupled to
the sodium salt of poly-acrylic acid, and its use
in rhodium catalysed biphasic enantioselective

w xhydrogenations 8 . The study is aimed at com-
paring how the different chelate ring sizes in

ŽŽ .PAA–pyrphos and PAA–PPM 2S,4S -4-di-
phenylphosphino- 2-diphenylphosphino-methyl-

.pyrrolidine bound to PAA , affects the enantio-
w xselectivity 9,10 .
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2. Results and discussion

Ž .Dicyclohexylcarbodiimine DCC mediated
couplings of amino-substituted phosphines to

w xPAA have been described previously 9,11 , and
this reaction proceeds smoothly also in the case
of pyrphos and the three different ligands, A–C,
containing different amounts of phosphorus were
straightforwardly synthesised and isolated as

Ž .their sodium salts Fig. 1 . Ligand A contained
3.9% P while B and C contained 1.6% and
0.95% P, respectively. The 31P NMR spectra of
these ligands only revealed one resonance at
10.8 ppm for the free ligand and no phosphi-
neoxide was detected. The IR spectra exhibited
absorbtions for the amid carbonyl at 1612 cmy1

and for the carboxylate anion at 1584 and 1406
cmy1.

For the PAA–PPM ligand system, we have
previously noted that the factors which affect
the local concentration of phosphine groups,
that is the phosphine loading on the polymer,
the ionic strength and the polymer concentration
in the aqueous phase also affects the enantiose-
lectivity of the catalysts based on the PAA–PPM

w xligands 10 . Tentatively we suggested that the

Fig. 2. Hydrogenation of a-acetamido cinnamic acid to N-acetyl
phenylalanine.

main cause for this local concentration effect
could be ascribed to the type of complexes
formed; a high local concentration promotes the
formation of complexes in which the rhodium
atom coordinates two phosphorus atoms from
different phosphine moieties while a low local
concentration promotes the formation of an au-
thentic chelate complex, and that these two type
of complexes give rise to different enantioselec-
tivities. The seven-membered chelat ring which
is formed by the PAA–PPM ligand upon coor-
dination to a metal centre is for reasons of
ring-size less stable than the five-membered
ring formed by the PAA–pyrphos ligand. Con-
sequently, the PAA–pyrphos ligand system
should give an opportunity to verify or reject
the hypothesis regarding local concentration ef-
fects.

The catalysts were generated in situ by stir-
w Ž . xring Rh NBD O SCF with PAA–pyrphos2 3 3

Fig. 1. Preparation of PAA–pyrphos.
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Table 1
Hydrogenation of a-acetamido cinnamic acid using catalysts pre-

w Ž . xpared by reacting Rh NBD O SCF with PAA–pyrphos2 3 3

a b cŽ . Ž .Entry Ligand Yield time ee configuration Additive

Ž . Ž .1 A 76 6 82 S
Ž . Ž .2 A 63 8 77 S 70 mM NaClO4
Ž . Ž .3 B 70 6 76 S
Ž . Ž .4 B 81 6 79 S 70 mM NaClO4
Ž . Ž .5 C 71 6 78 S
Ž . Ž .6 C 81 6 83 S 70 mM NaClO4

aw xRh s1.5 mM.
b Determined by 1H NMR.
c Determined by polarimetry.

Ž .ligand A–C , giving a orange aqueous phase
w Ž . .xqŽcontaining Rh P–P NBD P–P s PAA–

.pyrphos and a colourless EtOAc phase. Hydro-
Ž .genations of a-acetamidocinnamic acid Fig. 2

with the in situ prepared catalysts gave N-
Ž .acetyl- S -phenylalanine with only small varia-

Žtions in the enantioselectivity, around 80% Ta-
.ble 1 . Performing the hydrogenations at a

NaClO concentration of 70 mM decreased the4

chiral induction for the PAA–PPM based cata-
lysts, while the PAA–pyrphos based catalysts
only varied slightly. The enantioselectivity is
generally lower in water than in organic sol-

w xvents 12 and thus the lower enantioselectivity
obtained for the PAA–pyrphos compared to
catalysts based on the parent pyrphos ligand is
not surprising.

3. Conclusion

The small and unsystematic variations in
enantioselectivity observed for the PAA–
pyrphos based catalysts, by changing the ligand
loading or the ionic strength and hence the local
phosphine concentration around the polymer,
can be taken as a confirmation that the forma-
tion of complexes other than the authentic
seven-membered chelate complex is the cause
for the variations in enantioselectivity obtained
for the PAA–PPM based catalysts.

4. Experimental

All reactions were performed under an inert
atmosphere and double distilled water and

Ž .EtOAc A.R. were used throughout the study.
ŽPAA was used as supplied Merck, 63% H O-2

.solution . a-Acetamido cinnamic acid was pur-
chased from Acros and recrystallised from EtOH

w Ž . xprior to use. Rh NBD O SCF was synthe-2 3 3
w xsised according to the literature 13 . High grade

Ž .H 5.7 was supplied by AGA, Sweden. The2

enantiomeric excess was determined polarimet-
rically using a Perkin-Elmer 241 polarimeter.
The pyrphos ligand was supplied by Novartis,
Basel, Switzerland. 31P NMR spectra were
recorded on a Varian 300 Unity spectrometer.
31P NMR shifts are given relative to H PO ,3 4

positive values downfield. Elemental analysis
were performed by Mikro Kemi Uppsala, Swe-
den.

5. Preparation of PAA–pyrphos

Three different PAA–pyrphos ligands, with
different phosphorus content, have been pre-
pared and the following describes the synthesis

Ž .of ligand A 3.9% P .
Ž .PAA 0.470 g, 63% H O solution was dis-2

Ž . Žsolved in THF:H O 14 ml, 5:1 . Pyrphos 0.1902
. Ž .g , dissolved in THF 4 ml , was added fol-

Ž .lowed by dropwise addition 30 min of DCC
Ž . Ž .0.126 g dissolved in THF 4 ml . After stirring
the reaction mixture overnight, THF was evapo-

Ž .rated and water 5 ml added to the remaining
slurry. The pH was adjusted to 8 by addition of

Ž .Na CO s to ensure complete dissolution of2 3

the product. The remaining slurry was stirred
for 30 min and the precipitated dicyclohexy-

Ž .lurea DHU was separated by filtration and
washed twice with 3 ml portions of water. The
combined aqueous phases were evaporated to
dryness under high vacuum giving a white pow-

Ž .der 0.510 g .
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31 Ž .P NMR D O : y10.8 ppm.2
Ž . y1FT-IR KBr : 1612, 1584, 1406 cm .

Elemental analysis: ligand A: 3.9% P, 1.1%
N; ligand B: 1.6% P, 0.4% N; ligand C: 0.95%
P, 0.25% N.

6. Hydrogenations

All catalysts were generated in situ by reac-
w Ž . xtion of Rh NBD O SCF and the ligands2 3 3

A–C. The hydrogenations were performed at a
constant rhodium concentration of 1.5 mM and
a Rh:P ratio of 1:2.1.

ŽThe ligand A–C: A 8.6 mg, B 21.7 mg, C
. Ž .35.6 mg dissolved in water 3.5 ml

w Ž . x Ž .Rh NBD O SCF 2.3 mg was added and2 3 3

the resulting slurry was stirred till all the Rh-
Žprecursor had dissolved, whereafter EtOAc 3.5

. Ž .ml and a-acetamido cinnamic acid 108 mg
were added. The reaction flask was evacuated
and filled with H twice. The hydrogenation2

reaction was commenced by starting the stirrer
and the H pressure was kept constant by keep-2

ing a low H flow through the system. After the2
Ž .selected time 6 h the hydrogenation was

stopped and the aqueous phase washed twice
with EtOAc and Et O, respectively. The com-2

bined organic phases were dried over Na SO ,2 4

filtered and finally evaporated to dryness.
The conversion was determined by 1H NMR

Ž .and the optical yield with polarimetry Table 1 .
Ž . Ž .N-acetyl- S -phenylalanine 1: CD OD ; s,3
Ž . Ž .1.89, C H C O ; dd 2.95 C H H -CH; dd, 3.10,3

Ž .C H H -CH; dd, 4.63, C H-CH ; m, 7.20,2
w x20 ŽC H y . polarimetry a sq46.08 cs1,6 5 D

.6EtOH .
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