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Abstract

Several kinds of micelle forming amphiphiles were tested in the asymmetric hydrogenation of the
prochiral dialkyl 1-benzamido-2-phenyl-ethenephosphonates in aqueous media. The chiral catalytic system
[Rh(cod}]BF4/BPPM or amphiphilized PPM proved to be suitable for the hydrogenation reaction affording
enantiomeric excesses up to 99%. A chiral induction is possible to a certain extent (up teelthyeselected
chiral amphiphiles in the presence of achiral rhodium catalysts. © 1998 Published by Elsevier Science Ltd. All
rights reserved.

1. Introduction

Catalytic reactions in aqueous micelles have been an interesting research field in organic chemistry.
Occuring in a colloid medium, some reactions are influenced in their rate and stereosefettivity.
We are interested in the asymmetric hydrogenation of amino acid precursors by means of optically
active rhodium(l) complexes. Previous experiments showed that this hydrogenation may be carried
out in organic solvents, e.g. methanol, and in aqueous surfactant dispersions %6 Tel excellent
results of other hydrogenation reactions in water in the presence of surfactants led us to consider the
hydrogenation of prochiral esters of 1-benzamido-2-phenyl-ethenephosphonid)acidjire optically
active a-aminophosphonic acid ester2).(x-Aminophosphonic acids as analoguesoemino acids
are compounds with potential biological activity. In particular, the aim of investigations in this field
is directed to the physiological properties @faminophosphonic acids, for instance their peptides as
anticancer drugs, as pesticides and bacterididés.
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Generally, the utility of x-aminophosphonates and their peptidic derivatives as biological tools
strongly depends on the configuration of the carbon ceatrto the phosphorus atokt:'? As a
consequence of the importance of leaminophosphonic acids and their derivati&sonsiderable
research has been devoted to the asymmetric synthesis of these compounds over the padédecades.

2. Results and discussion

Recently it was shown that methanol is a good solvent for the catalytic asymmetric hydrogenation of
1, providing the best way t@.1%16 We have investigated chiral rhodium complexes as catalysts in the
asymmetric hydrogenation of dialkyl 1-benzamido-2-phenyl-ethenephosphonates in aqueous micellar
media and demonstrated the influence of different surfactants (anionic, cationic, zwitterionic, nonionic)
in water on the enantiomeric excess and the activity of this reaction (Scheme 1, Table 1). The chiral ligand
L," was in all cases @49)-N-tert-butoxycarbonyl-4-diphenylphosphino-2-diphenylphosphinomethyl-
pyrrolidine (BPPM) described by Achiwa and the catalyst was formed in an in situ system of
[Rh(cod}»]BF4 and BPPM.

Hw. . _-PO(OR), , +/PO(OR);

NHCOC¢Hs NHCOC¢H5
(1) (2)

i= [L;Rh(cod)r BF4, (cat.), amphiphile, water, Hp, (0.1MPa ), R = CH3, C;Hs, i-C3H7

PhyP PhyP
B t>\/ \b\/
PhyP
( chiral ) PhyP 2

|
leO C|:O
|
O-¢Bu (OCH,CH2) nOC2Hzs
BPPM amphiphilized PPM

Ly (achiral ) (C¢Hs)2P—(CH2)3—P(C¢Hs)2
Scheme 1.

In contrast to methandf water is a poor solvent for both the catalyst and the substrate and leads
to low activities and enantioselectivities, but the addition of surfactants increases the activity as well
as the enantioselectivify.We found that the rhodium—bppm catalyst gave the best results for the
asymmetric hydrogenation of dialkyl 1-benzamido-2-phenyl-ethenephosphobgteaqueous micellar
media, while the PROPRAPHOS—rhodium catalystyhich is very effective for the hydrogenation in
methanoft® seems to be unstable in water.

A comparison between the results of the catalytic hydrogenation of dimethyl 1-benzamido-2-phenyl-
ethenephosphonate with the rhodium—BPPM catalyst in different systems shows that for instance the
(9-enantiomer is formed very selectively (968 with an activity oft/2=6 min in methanol, whereas
the same reaction in water in the presence of the amphiphiles SDS or Tween 40 gi®=eti@ntiomer
with 98%ee(Table 1, entry 3, 5). In the presence of CTAHSe eevalue for the §-enantiomer rises
to 99% (entry 4) with a halftime of 7—12 min. In case of sulfobetaines we found a significant dependence
on the hydrophobic chain length especially for the activity (entries 6, 7, 8), which may be an effect of
different hydrophilic—lipophilic balances (HLBSs).
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Table 1
Effect of amphiphiles on the hydrogenation of different dialkyl 21-benzamido-2-phenyl-
ethenephosphonatel (n water with the catalytic system [Rh(ceiBF,/BPPM. Reaction conditions:
25°C; 0.1 MPa H; 7.5 mL H,O; 0.5 mmoll; 0.005 mmol [Rh(cod)BF4+0.005 mmol BPPM; 0.5
mmol amphiphilet/2 is the time necessary to consume half of the theoretical amount of hydrogen

1 pooRr)
2
O-t<
“\NHCOC4Hs

Substrate:

Entry R Amphiphile® #/2 min (S), ee [%]° conversion [%]
1 CH; without in H,O ~12hRh} 91 70
2 without in CH;0H 6 96 100
3 SDS 7 98 100
4 CTAHSO, 11 99 97
5 Tween 40 12 98 100
6 DDAPS 13 98 81
7 HDAPS 17 98 94
8 ODAPS 110 96 96
9 C,H; without in H,O ~10hRh{ 93 85
10 without in CH;0H 12 95 100
11 SDS 4 98 95
12 CTAHSO, 13 98 92
13 Tween 40 22 97 69
14 i-C;H; without in H,O no hydrogenation
15 SDS 13 99 65
16 CTAHSO, 80 99 68
17 Tween 40 81 30
18 HDAPS 92 28

a: SDS: sodium dodecyl sulfate, CTAHSO, : cetyltrimethylammonium hydrogen sulfate,
Tween 40: polyoxyethylenesorbitane monopalmitateDDAPS: N-dodecyl-N, N-dimethyl-3-
ammonio- 1 -propanesulfonate, HDAPS: N-hexadecyl-N, N-dimethyl-3-ammonio-1-
propanesulfonate, ODAPS: N-octadecyl-N, N-dimethyl-3-ammonio- 1-propanesulfonate

b: determined by HPLC column: Chiralcel OD-H; R=CH3: eluent: hexane/2-propanol

90 : 10; R=C,Hs: eluent: hexane/ ethanol 98:2; R=i-C;H;: eluent: hexane/2-propanol 99:1.

The reactivity of different esters of dehydro-aminophosphonic acids within the micellar system
depends on the ester group and decreases from the methyl to the isopropyl ester. We suppose as a
conclusion that the embedding of the catalyst—substrate complex within these micelles is more difficult in
the case of the isopropyl ester because of a steric effect. A comparison of the stereoselectivity of different
amphiphiles shows the best results in the presence of SDS.

To check the limits of the method different 1-benzamido-2-(substituted-phenyl)-ethenephosphonic
acid methylestet8 were hydrogenated in the micellar media with the catalytic system
[Rh(cod)]BF4/BPPM (Table 2).

In comparison with the results obtained in methanol as sol®%ehe enantioselectivity of the hy-
drogenation in micellar aqueous media is higher in all cases (7-11%). In a few cases the activities are
similar. For instance the hydrogenation of {is& compound in methanol has an activityté#=7 min
and an enantioselectivity of 89%e (S),16 while in water and in the presence of SDS the halftime is
t/2=6 min with an enantioselectivity of 98%e (S) (entry 4). The conversion (Huptake) is quantitative
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Table 2
Effect of amphiphiles on the hydrogenation of different dimethyl 1-benzamido-2-(substituted-phenyl)-
ethenephosphonates in water with the catalytic system [Rhy{|8¥yBPPM. For reaction conditions

see Table 1
ITI PO(OCH3)
R-—@—C=C/\ v
Substrate: NHCOCeHs
Entry R Amphiphile® t2min  (S), ee [%]°  conversion [%]

1 p-Cl SDS 4 98 100
2 CTAHSO, 7 99 100
3 Tween 40 20 96 65
4 p-F SDS 6 98 100
5 CTAHSO, 12 99 100
6 Tween 40 9 98 100
7 o-F SDS 16 97 93
8 CTAHSO, 13 99 100
9 Tween 40 25 96 95
10 m-F SDS 7 96 100
11 CTAHSO, 20 98 100
12 Tween 40 18 96 96
13 p-CF; SDS 11 96 98
14 CTAHSO, 14 98 97
15 Tween 40 16 97 90
16 p-CH; SDS 5 99 100
17 CTAHSO, 8 99 100
18 Tween 40 11 98 100
19 p-CH(CHs;), SDS 15 98 100
20 CTAHSO, 30 98 100
21 Tween 40 350 80 75
22 p-NO, SDS 6 98 100
23 CTAHSO, 11 98 91
24 Tween 40 no conversion

a: Abbreviations see Table 1
b: determined by HPLC column: Chiralcel OD-H; methylesters: eluent: hexane/2-propanol
90 : 10; except R’=m-F: column: Chiralpak AD, eluent: hexane/ethanol 95:5

in most cases. A comparison of the different amphiphiles shows that the anionic SDS as a rule gave the
best activities and enantioselectivities [up to 9884S)]. The alternatively used surfactants CTAHEO

and Tween 40 are less active than SDS but excellent for stereoselectivity, except for Tween 40 for the
p-isopropyl and the-nitro compounds (entries 21 and 24).

The next aim was the investigation of the influence of rhodium(l) complex catalysts with amphiphilized
ligands on the hydrogenation of dehydro-aminophosphonic acid esters. The synthesis of amphiphilic
ligands like this has been described elsewRere.

These in situ formed amphiphilic complexes are capable of forming catalytic metallomicelles in water
themselves or can act together with other amphiphiles to form mixed micelles (Table 3 and Fig. 1).

The results in Table 3 show satisfying activities with the amphiphilic rhodium complexes for the
asymmetric hydrogenation df in water with high enantioselectivities without the addition of other
amphiphiles (entries 1-4). In comparison to these results the hydrogenation with the rhodium—-BPPM
complex without amphiphiles in water would be very sloif2€12 h, see Table 1, entry 1) due to
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Table 3
Effect of rhodium(l) complexes with amphiphilized ligands on the hydrogenation of dimethyl 1-
benzamido-2-phenyl-ethenephosphond)en(water with the catalytic system [Rh(ce$BF,/amphi-
philized phosphine A or B (with or without the presence of SDS). For reaction conditions see Table 1:
0.5 mmoll; Rh:phosphine:substrate=1:1:100, 1:1:50, 1:1:400

PhoP

[ ]\/ PPh,

| A:n=10
C=0
B:n =23

(OCH;CHy) n OC2H»s
Ligand: amphiphilized phosphine

Entry  Rh: ligand : substrate : amphiphile t/2min  (S), ee [%]" conversion [%]

1 1:1TA:100:0 33 93 100
2 1:1B:100:0 63 94 80
3 1:1A:50:0 29 95 92
4 1:1B:50:0 30 95 80
5 1:1A:100:20SDS 4 98 100
6 1:1B:100:20SDS 5 98 98
7 1:1A:400:80SDS 11 98 95
8 1:1B:400: 80 SDS 20 98 100

a: HPLC see Table 1 and Experimental

t/2 min
160
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Figure 1. Rh—amphiphilic PPM catalyst in comparison with Rh—BPPM catalyst in the presence of different SDS concentrations.
Enantioselectivity and activity of the hydrogenation of dimethyl 1-benzamido-2-phenyl-ethenephosphpirateater. The
dotted vertical line ) marks the cmc of SDS in water
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destruction of the catalyst. The addition of nonfunctional amphiphiles like SDS increases the activity and
the enantioselectivity in both systems because micelles or mixed micelles are formed. The concentration
of the catalytic system could be decreased significantly with the use of mixed micelles without loss of
enantioselectivity (entries 7 and 8).

Fig. 1 shows the effect of the amphiphilized catalyst in comparison with the rhodium—-BPPM catalyst
in the presence of different SDS concentrations. Here a clear discrepancy is observed in the activity and in
the enantioselectivity between the amphiphilized and nonamphiphilic rhodium complexes. Whereas the
hydrogenation ol with the rhodium—BPPM catalyst is very slow in the presence of small concentrations
of the anionic SDS, the amphiphilic rhodium complex increases in activity as well as enantioselectivity
when low SDS concentrations are used.

The causes of this effect seem to be different. Nonamphiphilic rhodium—substrate complexes are
solubilized by embedding within the micelles and the dependence of the activity and enantioselectivity
on the SDS concentration shows, for the BPPM complex, a common increase near the cmc of SDS
(8.1x1072 mol/L). In the case of the amphiphilic ligands a mixed micelle should result and the
activity begins much earlier because of the lower cmc of the polyether containing ligand. It was not
possible to measure the cmc of the highly air sensitive phosphines or phosphine complexes, but it is
known that similar surfactants derived from pyrroliding)-2-hydroxymethyl-pyrrolidine and &4R)-
4-hydroxymethyl-pyrrolidine have cmcs in all cases betweeh@® > and 7<10~° mol/L. A comparison
with these values shows that the cmcs of the amphiphilic ligands are much lower than that of SDS.
Therefore, the metallomicelles can themselves have a similar effect to polymerized n#itelles.

Pure metallomicelles have an extreme high concentration of catalytically active groups in the polar
layer of the micelles which probably limits the accessibility. This should be overcome by mixing with
‘nonfunctional’ surfactants like SDS, and the experiments with mixed micelles display as a ‘mixing
effect’ an enhancement of activity and enantioselectivity.

Besides the asymmetric hydrogenation in water in the presence of nonchiral amphiphiles and chiral
catalysts we were also interested in testing the chiral induction in hydrogenations using achiral catalysts
and chiral amphiphiles. The possibility of chiral induction by chiral micelles is known for several
reactions, e.g. ester saponificatfdriydrogenation of ketone§,oximercuratiorr? etc.

The influence of different carbohydrate amphiphiles such as tetradecynd -D-maltoside,
dodecyl - and B-pD-maltoside and decyp-D-maltoside were investigated in the presence of the
achiral catalyst [Rh(cod)(bdpp)]BFor the hydrogenation of different dialkyl 1-benzamido-2-phenyl-
ethenephosphonates) (

Carbohydrate amphiphiles could not only activate the hydrogenation but could also induce chirality on
a low level as can be seen in Fig. 2. There are differences in the chiral induction between the maltoside
amphiphiles with different chain lengths and betweendhand f-maltosides. The influence seems to
be connected with the ability to form micelles and to solubilize substrate and complex. A similar effect
was observed in the hydrogenation of methyyacetamido-cinnamaté. Besides the chiral induction is
influenced by different alkyls in the ester groups of the 1-benzamido-2-phenyl-ethenephosphbnates (

o-Maltosides gave no chiral induction within the hydrogenation product in all cases. In contrast the
B-maltosides led to a chiral induction between 6 and EE{E). The effects of the decyl-, dodecyl- and
tetradecylf-D-maltosides are different. The reason could be the different hydrophilic—lipophilic balance
(HLB)2° in these three carbohydrate amphiphiles.

The stability of the carbohydrate micelles is indicated by the cmc, representing the ability to form
micelles, the HLB as a measure of the dispersibility in water and hydrogen bonds in the headgroup, which
are responsible for a stabilization of the micelles on the interface to water. It seems that the combination of
these three facts is optimal in tiffemaltosides and results in their chiral induction ability. The influence
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Figure 2. Asymmetric hydrogenation of different esters (methyl-, etindropyl) of 1-benzamido-2-phenylethenephosphonic
acid AP in water. Chiral induction in the presence of achiral Rh-catalysts and chiral amphiphiles. 18Becybltoside;
2=dodecylB-D-maltoside; 3=tetradecyl-D-maltoside

of the hydrogen bond on the micelle formation in water has been discussed by Kano and I$himura.
addition the size of the substrate influences the inclusion in the chiral part of the micelle. As described
by Shinitzky and HaimowitZ/ for serine amphiphiles the requirements for a transfer of chirality may be
a chiral suprastructure due to hydrogen bonds within the headgroup of the amphiphiles on the surface of
the micelle and the location of the catalytic system near the stereogenic centres. We suppose that due to
the highest chiral induction of 11%e(S) in the case of thepropylester group that the catalyst substrate
system of this compound is better situated between the chiral head group and the hydrophobic tail than
the catalyst—substrate complex of the smaller ethyl- and methylesters.

Chiral induction of several dimethyl 1-benzamido-2-(substituted-phenyl)-ethenephosphonates
is shown in Table 4. There are only small differences between the different kinds of substituted
compounds.

3. Conclusions

Different types of micelle-forming amphiphiles promote activity and enantioselectivity in asymmetric
hydrogenation of several esters of 1-benzamido-2-(substituted-phenyl)-ethenephosphonit)anids (
aqueous media. With a rhodium(l)-BPPM complex as the optically active in situ catalyic system
halftimes of 4 min and enantioselectivities up to 98&gcould be observed. There are differences in the
reactivity of the tested substrates. The best results were obtained with dimethyl 1-benzamido-2-phenyl-
ethenephosphonate.

Hydrogenations with metallomicelles which were formed by rhodium(l) complex and new amphi-
philized PPM ligands led to enantioselectivities of 98%(S) and by addition of SDS even to 98%
ee (S at relatively high substrate concentration (rhodium:substrate=1:400). The rhodium(l) complex
forms with amphiphilized PPM in the presence of small SDS concentrations mixed micelles and a clear
advantage is observed in activity and enantioselectivity of the hydrogenation in comparison to the system
of rhodium(l)-BPPM complex and varying concentrations of SDS.

Chiral induction up to 11%e (S was obtained with nonchiral rhodium—phosphine complexes and
carbohydrate amphiphiles. The chiral induction increased by changing from dimethyl 1-benzamido-2-
phenyl-ethenephosphonate to the-gropylester when similar carbohydrate amphiphiles were used.
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Table 4
Experiments for chiral induction within chiral micelles. Hydrogenation of dimethyl 1-
benzamido-2-(substituted-phenyl)-ethenephosphondjes (vater with the achiral catalytic system
[Rh(bdpp)(cod)]|BE. Effect of carbohydrate amphiphiles. For reaction conditions see Table 1. BDPP:

(CeHs)2P(CH)3P(CeHs)2
II_I PO(OR)
Substrate: NHCOCsHs
Entry R R’ Amphiphile® /2 min  (S), ee [%]° conversion [%]

1 CH, H TD,M 24 5 100
2 DDgM 41 6 98
3 DM 55 7 96
4 CH; H TDM 38 7 100
5 DDM 50 8 100
6 DgM 35 9 95
7 CH(CH,), H TDM 95 9 100
8 DDM 90 9 100
9 DM 130 11 90
10 CH, p-Cl DDM 16 5 89
11 DgM 50 6 85
12 CH, p-F DDM 97 4 96
13 DM 15 6 100
14 CH, o-F DDM 28 6 97
15 DM 33 9 100
16 CH, m-F DDM 1 5 100
17 DM 44 6 98
18  CH, p-CH, DDM 40 7 95
19 DM 165 8 100
20 CH;  p-CH(CHj), DDM 100 7 9
21 DyM 20 h 8 50

a: Abbreviations see Fig. 2
b: HPLC see Table 1 and Experimental

4. Experimental

The enantiomeric excess (# was determined by HPLC using a Liquid Chromatograph 1090
series Il equipped with DAD (Hewlett Packard) and Chiralyzer (IBZ Messtechnik GmbH, Hannover).
Separations were carried out on Chiralcel OD-H or Chiralpak AD analytical columns280%Gmm I.D.
(Daicel, Mallinckrodt Baker, Germany). The esters were determined as follow: all methylesters (except
R=m-F): Chiralcel OD-H column, eluent: hexane:isopropylalcohol 90:10nH&: Chiralpak AD column,
eluent: hexane:ethanol 95:5; all ethylesters: Chiralcel OD-H column, eluent: hexane:ethanol 98:2; all
isopropylesters: Chiralcel OD-H column, eluent: hexane:isopropylalcohol 99:1.

All detergents and BPPM were purchased from commercial sources and used as obtained. Tween
and sulfobetaines were from Sigma GmbH, BPPM from Merck, CTAH&0d SDS and the phos-
phine bis(diphenylphosphino)propane from Fluka. The starting complex [Rh{Béd) was prepa-
red in accordance with the literatufe,as were the phosphine complexes [Rh(cod)(bdpp)]BRd
[Rh(cod)(bppm)]BE&.182° The synthesis of the dehydro-benzamidophosphonates has been delcribed.
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4.1. Synthesis of the amphiphilized ligands A and B

A solution of 1.1 mmol of the pyrrolidine and 1.32 mmol of triethylamine was cooled to 0°C
under stirring. Then 1.1 mmol alkylpolyoxyethylene oxycarbony! chloride in 3 ml@kiwas added
dropwise. The mixture was stirred for 3 h at room temperature, the solvents were removed under
vacuum and the residue dissolved in 10 mL ether. After storing overnight the crystallized triethylamine
hydrochloride was filtered over Celite 545 and glass wool, the filtrate was concentrated in a vacuum and
the residue dried in a vacuuhd.

4.2. Hydrogenation

Hydrogenation was performed under normal pressure at 25°C. A suspension of 1 mmol dimethyl 1-
benzamido-2-phenyl-ethenephosphonate, 0.01 mmol [Rh{&Fe), 0.01 mmol of the nonamphiphilic
or amphiphilic ligand (phosphine) and 1 mmol surfactant in 15 mL deaerated water was stirred for 15 min
under argon in a thermostated hydrogenation flask. Then stirring was stopped, the argon was replaced
by hydrogen under atmospheric pressure, and the hydrogenation was started by stirring. The reaction
was followed volumetrically. The time necessary to consume half of the theoretical amount of hydrogen
(halftime, t/2) was taken as a measure of the activity. The mixture was extracted with 5 mL chloroform
after finishing the experiment. The enantiomeric excess of the product was determined by HPLC on a
Liquid Chromatograph 1090 as described above.
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