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For the first time, the biological interesting enantiomerically enriched a-aminophosphinic 
acids and their derivatives were prepared by asymmetric hydrogenation of suitable precursors 
and saponification of the obtained products. Enantiomeric excesses of up to 99 8 were 
obtained. 

Keywords: a-aminophosphinic acids; hydrogenation; rhodium; catalysis 

INTRODUCTION 

a- Aminophosphinic acids as analogs of amino acids may have biological 
and pharmacological properties and may be an effective constituent in her- 
bicides, bactericides and antibiotics. ' Therefore, the significance of these 
compounds increases permanently and the search for new, more efficient 
synthetic protocols continues unabated. The synthesis and application of 
a-aminophosphonic acids has been recently reviewed.' The preparation of 
racemic a-aminophosphinic acids 1 (Scheme 1) has been often 
de~cribed.'g'~ 

* Correspondence author. 
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210 TORSTEN DWARS et al. 

n =  I .  

SCHEME 1 a-Aminophosphinic acids 

However, only a few authors reported the synthesis of the corresponding 
enantiomerically enriched compounds! A catalytic route, especially cata- 
lytic asymmetric hydrogenation to enantiomerically pure derivatives of the 
a-aminophosphinic acids has not been described in the literature until now. 

In this article, we summarize the preparation of the unsaturated precur- 
sors of the a-aminophosphinic acid derivatives (A) and their hydrogena- 
tion under various conditions (B). In part C we report the isolation of 
enantiomerically pure derivatives of the a-aminophosphinic acids. 

RESULTS AND DISCUSSION 

The asymmetric hydrogenation of dehydroamino acids catalyzed by chiral 
rhodium(1) complexes is an elegant method to produce enantiomerically 
enriched unusual amino acids.5 However, this method needs suitable pre- 
cursors. Therefore, we describe the preparation of the vinyl-phosphinic 
acid derivatives. 

A. Synthesis of (E)-( l-N-Acylamino-2-aryl)vinyl-aryl(or alky1)- 
phosphinic Acids and Their Esters 

In 1993 BROVARETS et al.6 reported a synthesis of (1-N-ben- 
zoylamino-2-pheny1)vinyl-phenylphosphinic acid ethyl ester. Firstly, they 
chlorinated the double bond of N-benzoylaminocinnamic acid and the fol- 
lowing ARBUZOV reaction led to the desired product. Only products with 
an (E)-configuration are observed, which is important for the subsequent 
rhodium catalyzed hydrogenation step. We also used this method. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
7
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



a- AMINOPHOSPHINIC ACIDS 21 I 

R1 R’ 

The various cinnamic acid derivatives were prepared by the classical 
ERLENMEYER synthesis.’ In all cases the chlorination of the double 
bond occurred nearly quantitatively. The obtained products were often 
unstable to heat and light and were used without recrystallization. After 
the ARBUZOV reaction with different phosphonites, we obtained the 
(E)-( 1 -N-benzoylamino-2-aryl)vinyl-aryl(or alky1)phosphinic acid esters 2 
- 11 in moderate yields (10-35 %, Scheme 2). 

R1 R’ 

Me Et Ph Me Me Ph 
iPr Et Ph Me Ph 

5 F Et Ph 10 H Et Me 
6 NOz Et Ph 11 H Et nBu 

SCHEME 2 Preparation of the (04 I-N-benzoylamino-2-aql)vinyl-aryl(or alkyl)-phos- 
phinic acid esters 

12 H Ph 

The corresponding (E)-( 1 -N-benzoylamino-2-aryl)vinyl-aryl(or alkyl) 
phosphinic acids 12 - 15 were prepared in good yields (over 80 %) by 
transesterification with halogenotrimethylsilane at room temperature fol- 
lowed by saponification of the trimethylsilyl ester (Scheme 3). 

14 Me Ph 

OR2 1. BrSiMe3 OH 6;‘ R3 2. H20 - 
NHCoPh ?CISiMe3, NaBr 

2. H20 

R’ R’ 

13 F Ph 1 15 H Me 

SCHEME 3 Preparation of the (IT)-( 1-N-benzoylamino-2-aql)vinyl-aql(or alkyl)-phos- 
phinic acids 
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212 TORSTEN DWARS et al. 

B. Asymmetric Hydrogenation of the Q-( 1-N-Acylamino-2-ary1)- 
vinyl-aryl (or alky1)phosphinic Acids and Their Esters with Chiral 
Rhodium Complexes 

Catalytic asymmetric hydrogenations with chiral rhodium complexes are 
frequently used reactions with excellent enantioselectivities and activi- 
ties.' The ligands for the asymmetric hydrogenation of the 
(E)-( 1 -N-acylamino-2-aryl)vinyl-aryl(or alky1)phosphinic acid deriva- 
tives are depicted in Scheme 4. The diphosphines (R,R)-DIOP8, 
(S,S)-BPPM9, bisphosphinite (R)-Ph-P-Glup-OH" and aminophosphine 
phosphinites (R)-PROPRAPHOS' I ,  (S)-PROPRAPHOS' ', (5')-cyclo- 
pentyl-PROPRAPHOS l2 constitute seven-membered chelate rings with 
rhodium. The diphosphines were used with [Rh(cod)2]BF4 in situ, whereas 
the other ligands were utilized as cationic rhodium complexes 
[Rh(cod)L]BFd. 

(R)-Ph-P-GLUP-OH (2S,4S)-BPPM (4R,5R)-DIOP 

R - P r  (S)-PROPRAPHOS (S)-PPP dT!i2 R = P r  (R)-PROPRAPHOS (R)-PPP 
pph2 R = cyclopentyl (S)-cyclopentyl-PROPRAPHOS 

SCHEME 4 Applied ligands for the asymmetric hydrogenation 

Detailed instructions for the hydrogenation (Scheme 5 )  are described in 

The rhodium complexes of (2S,4S)-BPPM, (4R,SR)-DIOP, @)-PRO- 
PRAPHOS, (5')-cyclopentyl-PROPRAPHOS resulted in the (3-configura- 
tion of the newly formed stereogenic center as proved by X-ray structure 
analysis. (R)-Ph-P-GLUP-OH, (R)-PROPRAPHOS afforded consequently 
the corresponding (R)-configurations.13 The ee values with respect to the 

the EXPERIMENTAL section. 
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a-AMINOPHOSPHINIC ACIDS 213 

R' 

OR2 0, I 
[Rh(cod)L]BF4 

R' 

SCHEME 5 Asymmetric hydrogenation of the (E)-( I-N-acylamino-2-aryl)vinyl-aryl(or 
alky1)phosphinic acid derivatives by chiral rhodium complexes 

a-C-atom (eec) were determined from the enantiomeric excesses of the 
diastereomeric pairs of the ester.13 

1. Asymmetric catalytic hydrogenation in methanol as solvent 

A comparison of the activities (tIl2 : time necessary to consume half of the 
theoretical amount of hydrogen - halflife; was taken as a measure for the 
activity) and enantioselectivities of various catalysts in Table I shows, that 
the combination Rh-(S,S)-BPPM gave the best results (up to 86 % eec). In 
the case of acid, the rate increased concommitant with a decrease in ee. 

TABLE I Hydrogenation results of (@-( I -N-benzoylamino-2-phenyl)vinyl-phenylphosphinic 
acid and their esters by use of different catalysts 

tlL? t eec I %I 
[h]  [h]  (configuration 

R1 R2 R3 L 

12 H H Ph 

H H Ph 

H H Ph 

H H Ph 

H H Ph 

H H Ph 

7 H Me Ph 

H Me Ph 

H Me Ph 

H Me Ph 

H Me Ph 

(5')-PROPRAPHOS 

(R)-PROPRAPHOS 

(5')-c yclopent y I-PROPRAPHOS 

(S,S)-BPPM 

(R,R)-DIOP 

(R)-Ph-P-Ghp-OH 

(S)-PROPRAPHOS 

(R)-PROPRAPHOS 

(9-cyclopentyl-PROPRAPHOS 
(S.5')-BPPM 

(R,R)-DIOP 

0.3 2.1 

0.3 0.7 

0.2 0.7 

0.5 4.2 

0.9 4.4 

2.0 7.0 

0.9 4.2 

0.9 3.0 

2.5 23.0 

1.0 12.6 

1.2 14.0 
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214 TORSTEN DWARS et al. 

tIR t eec [%I 
R1 R2 R3 L [h]  [h] (configuration 

H Me Ph (R)-Ph-PGlup-OH 7.2 39.7 78(R) 

2 H Et Ph (8-PROPRAPHOS 2.2 16.5 71 (S) 

H Et Ph (R)-PROPRAPHOS 1.7 13.1 1 61 (R) 
H Et Ph (9-cyclopentyl-PROPRAPHOS 1.5 6.5 59 (S) 
H Et Ph (S,S)-BPPM 1.6 19.6 86(S) 

H Et Ph (R,R)-DIOP 1.8 9.8 59 (s) 

H Et Ph (R)-Ph-P-Glup-OH 3.2 22.0 71 (R) 
Conditions : 25 "C, I bar H2-pressure, 15 ml methanol, I mmol substrate, 0.01 mmol 
[Rh(cod)L]BF,, for R', R2, R3 see Scheme 5 

An interesting aspect should be given by a comparison of hydrogenation 
results of unsaturated amino acidI2*l4, aminophosphonic and 
aminophosphinic acid derivatives. 

The Figures 1 and 2 clearly indicate a trend of the activities and enantio- 
selectivities for the ligand (5')-PROPRAPHOS in methanol. Both the activ- 
ities and selectivities decrease in the order of the aminocarboxylic, 
aminophosphonic and aminophosphinic acid precursors. The sterical 
effect of the tetrahedral phenylphosphino, methylphosphino and 
phosphono groups in contrast to the planar carboxylic group may be 
responsible for these results (Scheme 6). 

SCHEME 6 Structure of the phenylphosphinic, methylphosphinic, phosphonic and carboxy- 
lic acid ester group 

2. Hydrogenation in other organic solvents 
It is well known, that selectivities and rates in asymmetric hydrogena- 

tion reactions strongly depend on the solvent used. Normally, the asym- 
metric catalytic hydrogenation proceeds as well as in polar and apolar 
solvents. Therefore, the unsaturated aminophosphinic acid and their 
methyl and ethyl ester derivatives were hydrogenated in methanol, dichlo- 
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a-AMINOPHOSPHINIC ACIDS 215 

50 

40 

10 

0 
acid acid mthyl ester acid elhyl ester 

FIGURE I Halflifes of hydrogenation with (S) PROPRAPHOS as ligand of the precursors of 
amino, aminophosphonic and aminophosphinic acid derivatives 

acid acid rethytester acid ebyl ester 

FIGURE 2 Enantioselectivities of the hydrogenations of the precursors of amino, aminophos- 
phonic and aminophosphinic acid derivatives with (S)-PROPRAPHOS as ligand 
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216 TORSTEN DWARS et al. 

romethane, tetrahydrofuran, benzene, toluene, dioxane and 1 ,Zdimetho- 
xyethane. The results are summarized in Table 11. 

TABLE I1 Hydrogenation results of (Q-( 1-N-benzoylamino-2-pheny1)vinyl-phenylphosphinic 
acid and their esters by use of different catalysts 

L - (S)-PPP L - (S,S)-BPPM 

12 H H Ph methanol 0.2 0.9 56 0.3 1.4 81 

H H Ph dioxane 0.4 3.0 20 0.2 1.5 69 
H H Ph dichloromethane 0.3 1.5 63 0.4 2.2 76 
H H Ph tetrahydrofuran 0.2 1.0 10 0.3 2.1 14a 
H H Ph benzene 1.2 5.5 19 2.0 8.2 70 
H H Ph toluene 2.0 15.3 18 2.4 11.2 76 

7 H Me Ph methanol 0.6 3.4 76 0.1 1.0 86 
H Me Ph dioxane 0.2 10.2 32 0.1 0.9 87 

H Me Ph 1,2-dimethoxyethane 2.3 10.2 67 0.4 2.5 84 
H Me Ph dichloromethane 0.5 2.8 83 0.8 3.9 79 
H Me Ph tetrahydrofuran 1.8 15.3 19 0.6 3.0 34 
H Me Ph benzene 0.3 1.7 43 0.8 3.4 90 
H Me Ph toluene 2.0 17.3 26 0.6 2.8 83 

2 H Et Ph methanol 0.7 3.8 75 0.2 1.9 87 
H Et Ph dioxane 3.0 24.0 23 0.2 1.6 90 

H Et Ph dichloromethane 0.7 11.7 79 0.3 1.7 79 
H Et Ph tetrahydrofuran 5.0 28.8 18 0.5 11.9 69 
H Et Ph benzene 0.3 1.5 31 0.5 2.4 91 
H Et Ph toluene 2.5 20.4 25 1.2 6.3 82 

a. (R)-configuration. Conditions : 25 "C, 1 bar H -pressure, 7.5 ml organic solvent, 0.5 
mmol substrate, 0.01 mmol [Rh(cod)L]BF4, for R 1 %  , R , R 3 see Scheme 5 

In each case, hydrogenations with the ligand (S,S)-BPPM gave better 
enantioselectivities than with (3-PROPRAPHOS. In general, the PRO- 
PRAPHOS-ligand should be used in the solvents methanol and dichlo- 
romethane, whereas eec-values > 80 % for the esters were observed with 
(S,S)-BPPM in all tested solvents, except tetrahydrofuran. Hydrogenations 
in acetonitrile gave no hydrogenation products of the substrates. 
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a- AMINOPHOSPHINIC ACIDS 217 

3. Hydrogenation reactions under variation of the substrate to catalyst 
ratios 
A high substrate to catalyst ratio is decisive for the use of a catalytic reac- 
tion under industrial conditions. Therefore, we tried to increase the sub- 
strate to catalyst ratio without loss of ee. 

Table 111 shows the dependence of enantioselectivity and activity of the 
catalysts [Rh(cod)(S,S)-bppm]BF4 and [Rh(cod)(S)-propraphos]BF4 on 
the substrate to catalyst ratio within the hydrogenation of the unsaturated 
aminophosphinic acid derivatives. 

TABLE I11 Hydrogenation results of the unsaturated aminophosphinic acid derivatives with 
change of the substrate to catalyst ratio 

12 H H Ph 50: l a  0.2 0.9 

H H Ph 

H H Ph 

7 H Me Ph 

H Me Ph 

H Me Ph 

H Me Ph 

2 H Et Ph 

H Et Ph 

H Et Ph 

H Et Ph 

10 H Et Me 

H Et Me 

H Et Me 

100: I b  0.3 

200: I C  1.8 

50: 1 0.6 

100: 1 0.9 

200: 1 3.5 

300: Id 5.8 

50: I 0.7 

100: 1 2.2 

200: 1 5.0 

300: 1 6.5 

50: 1 0.3 

100: 1 1.7 

200: 1 3.3 

2.1 

12.9 

3.4 

4.2 

6.7 

44.2 

3.8 

16.5 

19.0 

24.0 

9.9 

18.0 

21.0 

56 

65 

18 

76 

69 

52 

49 

75 

71 

43 

46 

77 

64 

66 

0.3 1.4 

0.5 4.2 

1.7 24.8 

0.1 1.0 

1.0 12.6 

1.4 26.3 

4.7 41.2 

0.2 1.9 

0.7 2.0 

0.8 5.3 

4.0 23.0 

0.1 0.9 

0.2 1.0 

1.6 3.0 

81 

76 

79 

86 

85 

78 

63 

87 

87 

86 

61 

93 

94 

94 

a. 
b. 
c. 
d. 
Conditions : 25 “C, 1 bar H2-pressure, 0.01 mmol cat.=[Rh(cod)L]BF4. for R’, R2, R3 see 
Scheme 5 

0.5 mmol substrate, 7.5 ml methanol. 
1 .O mmol substrate, 15 ml methanol. 
2.0 mmol substrate, 30 ml methanol. 
3.0 mmol substrate, 45 ml methanol. 
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218 TORSTEN DWARS er al. 

Although [Rh(cod)(S,S)-bppm]BF, was the more active catalyst, we 
measured a lower activity when the substrate to catalyst ratio was 
increased (see Table 111). In general, the loss of enantioselectivity was 
accompanied by a loss of activity. Good results were obtained up to a sub- 
strate to catalyst ratio of 100 for the ligand (9-PROPRAPHOS, and 200 
for (S,S)-BPPM. We think that lower enantioselectivities with higher sub- 
strate to catalyst ratios (>200) are caused by impurities in the substrate 
(halogenide from former steps of the substrate synthesis). Again, the 
eec-values were higher for the esters than for the corresponding acids. 

4. Dependence of the activity and enantioselectivity on temperature 
and hydrogen pressure 
The consequences of a variation of the reaction conditions, temperature 
and hydrogen pressure have been described for various catalyst systems, 
but no general trend could be found for activities or enantioselectivities. l7 

We observed incomplete hydrogen uptake, rhodium precipitation and 
long reaction times especially at higher temperatures (between 30 and 
50 OC, solvents : dioxane, 1 ,Zdimethoxyethane). In addition, decreasing 
enantioselectivities or poor reproducibility of the eeC-values were usually 
observed. 

Increasing hydrogen pressure often increases the activity, but also 
decreases the selectivity. We examined experiments using pressures up to 
50 bar. Although the reaction rate increased, the enantioselectivities 
decreased significantly in the case of the ligand (9-PROPRAPHOS, and 
less in the case of (S,S)-BPPM. 

5. Hydrogenations of modified substrates 
The unsaturated substrates used were distinguished by varying the substit- 
uents at the 2-phenyl group (R') and at the phosphorus atom (R3). 

Table IV shows the influence of the substituent R' on the rate and the 
selectivity of the hydrogenation. 

Once more, the ligand (S,S)-BPPM was more active and selective than 
(5')-PROPRAPHOS (d2 0.1 ... 0.3 h vs. 0.2 ... 2.3 h and 76 ... 90 % eeC vs. 
56 ... 77 % eec). However, in general, no significant influence of elec- 
tron-donating (R' = Me, R' = iPr) or electron-withdrawing (R' = F, 
R' = NO2) substituents were observed on the activity and the enantioselec- 
tivity, respectively. 
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a- AMINOPHOSPHINIC ACIDS 219 

TABLE IV Influence of the substitution on the hydrogenation results of the various 
(O-( 1 -N-benzoylamino-2-aryryl)vinyl-phenylphosphinic acids and their esters 

L - (SJ-PPP L - (S,S)-BPPM 
R' R2 R3 

tin lhl t lh1 eec [%I (S) 110 lhl  r lhl  eec [%I (S) 
12 H H Ph 0.2 0.9 56 0.3 1.4 81 

13 F H Ph 0.2 0.9 65 0.1 0.9 76 

14 Me H Ph 0.3 1.0 70 0.2 0.7 80 

7 H Me Ph 0.6 3.4 76 0.1 1.0 86 

9 F Me Ph 0.6 3.3 77 0.1 0.6 90 

8 Me Me Ph 1.0 13.0 68 0.2 1.3 89 

2 H Et Ph 0.7 3.8 75 0.2 1.9 87 

5 F Et Ph 1.0 6.2 64 0.3 2.6 87 

6 NO1 Et Ph 0.7 5.0 60 0.3 2.6 81 

3 Me Et Ph 2.0 10.6 60 0.2 2.4 85 

4 iPr Et Ph 2.3 16.8 60 0.3 1.8 87 

Conditions : 25 "C, 1 bar H -pressure, 7.5 ml methanol, 0.5 mmol substrate, 0.01 mmol 
[Rh(cod)L]BF4, for R'. RZ, Rs see Scheme 5 

The substituent at the phosphorus atom, which is situated more closely to 
the reaction center, has more influence on the enantioselectivity. The results 
are compiled in Table V. The hydrogenation of the unsaturated compounds 
with the small methyl group as substituent at the phosphorus atom gave the 
highest rate and best enantioselectivity. Similar rates and ee's were observed 
with the P-methyl and P-phenyl derivatives in the series of the ethyl esters. 
However, the n-butyl derivative gave lower ee and slower rates. In order to 
ascertain whether sterical andor electronical effects are responsible, more 
P-alkyl and P-aryl derivatives have to be tested. 

TABLE V Influence of the substitution on the hydrogenation results of the various 
(m-( 1 -N-benzoylamino-2-phenyl)vinyl-phenyl(or alky1)phosphinic acid and their esters 

12 H H Ph 0.2 0.9 56 0.3 1.4 81 

15 H H Me 0.1 0.5 66 0.1 0.3 90 

7 H Me Ph 0.6 3.4 76 0.1 1.0 86 
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220 TORSTEN DWARS et al. 

L - (S)-PPP L - (S,S)-BPPM 
RI 2 $ 

~ I R  lhl  t lhl  eec 17471 (S) tln lhl t lhl  eec [%I (S) 

2 H Et Ph 0.7 3.8 75 0.2 1.9 87 

10 H Et Me 0.3 9.9 77 0.1 0.9 93 

11 H Et nBu 3.0 21.9 39 0.7 11.5 67 

Conditions : 25 "C, 1 bar H -pressure, 7.5 ml methanol, 0.5 mmol substrate, 0.01 mmol 
[Rh(cod)L]BF,, for R'. R2, R3 see Scheme 5 

6. Hydrogenations in aqueous micellar media 
Hydrogenations were normally carried out in organic solvents, mostly in 
alcohols. However, water would be an attractive alternative, because it is a 
non-toxic and non-polluting solvent." In general, hydrogenation reactivi- 
ties and enantioselectivities are lower in water than in organic solvents." 
Nevertheless, activity and selectivity increase if the reaction is carried out 
with addition of a surfactant.18a,20 The influence of the amphiphiles seems 
to be connected with the ability to form micelles and to solubilize substrate 
and complex, which are both slightly soluble in water. Scheme 7 shows 
surfactants that have been used for the asymmetric catalytic hydrogenation 
of a-aminophosphinic acid precursors in aqueous micellar media. 

sodium dodecyl sulfate (SDS) cmc=l.l  moll1 

@̂/ 0 
,N, HS04 

cetyllrimethylammonium hydrogen sullate (CTAHSO.) cmc=9.2 1 0.4 moll1 
-,N&sos @/ 0 

N-dodecyl-N.N-dimethyi-3-ammonio-1 -propanesuffonate (DDAPS) cmc=1.2 1 O 3  moWl 

_ Q /  0 
,N &SO3 

N-hexadecyl-N,N-dimethyl-3-ammonio-l-propanesulfonate (HDAPS) cmc=l.2 10" moWl 

Tween 40 (w+xty+z=20) 
Ho(C~H40)w (OCZH4hoH 

(°C2H4)~0H cmc=l.O 10-5 moyl % (OC 2HdZOCOC 15H31 

cmc - critical micellar concentration 

SCHEME 7 Surfactants used in hydrogenation reactions 
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a-AMINOPHOSPHINIC ACIDS 22 1 

For the hydrogenation in this system we used the catalyst with the ligand 
(S,S)-BPPM. Initial experiments indicated, that the reaction could be car- 
ried out most efficiently with a surfactant:substrate:catalyst ratio of 
100:50:1. We hydrogenated the substrate acid as the sodium salt because 
of its suitable solubility in water. 

Table VI exhibits the results for the hydrogenations in aqueous micellar 
media in the presence of different surfactants (anionic, cationic, zwitteri- 
onic and non-ionic). The high enantiomeric excesses (>90 %) for the sub- 
strates used, are the conspicuous result. Unfortunately, we often observed 
no quantitative conversion, even after 20 h. 

The experiments with the cationic (CTAHS04 - cetyltrimethylammo- 
nium hydrogen sulfate) and the anionic (SDS - sodium dodecyl sulfate) 
surfactants were especially successful. Here, we had over all (eec and con- 
version) a high yield of the optical active product. The substrate esters 
with R '  = H  gave the best results. Nearly 100% eec of compound 10 
(R' = H, R2 = Et, R3 = Me) was obtained. 

TABLE VI Hydrogenation results of unsaturated a-aminophosphinic acid derivatives in 
water in presence of various surfactants 

solvent - water 
~ ~~~ 

substrate R' R2 R' r eec IW Conversion 
lh l  f S) IS1 

SDS : sub. : cat. = 100 : 50 : 1 

12 H H Ph 6Sa)  53a - 

7 H Me Ph 2.6 97 96 

8 Me Me Ph 18.0 97 80 

2 H Et Ph 2.0 96 100 

5 F Et Ph 18.0 % 66 

3 Me Et Ph 19.0 % 100 

4 iPr Et Ph 18.0 93 95 

10 H Et Me 0.3 98 100 

CTAHS04 : sub. : cat. = 100 : 50 : 1 

7 H Me Ph 3.5 97 85 

8 Me Me Ph 18.0 97 30 

2 H Et Ph 18.0 95 95 

5 F Et Ph 22.0 1 9  65 
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222 TORSTEN DWARS et af .  

solvent - water 

substrate R' R2 d t eec [%I Conversion 
[hl (S) [%I 

4 Pr Et Ph 19.0 93 75 

10 H Et Me 1.5 99 100 

Tween 40 : sub. : cat. = 100 : 50 : 1 

7 H Me Ph 9.0 81 95 

8 Me Me Ph 8.0 88 50 

2 H Et Ph 20.0 29 85 

5 F Et Ph 21.0 81 62 

4 iPr Et Ph 19.0 47 40 

10 H Et Me 25.0 97 100 

HDAPS : sub. : cat. = 100 : 50 : 1 

7 H Me Ph 5.0 93 83 

8 Me Me Ph 20.0 89 50 

2 H Et Ph 18.0 78 60 

5 F Et Ph 18.0 86 62 

4 iPr  Et Ph 7.0 86 80 

Conditions : 25 OC, I bar H2-pressure. 7.5 ml water, 1 mmol surfactant, 0.5 mmol substrate, 
0.01 mmol [Rh(cod)(S,S)-bppm]BF4, for R', R2, R3 see Scheme 5 
a addition of 0.1 N NaOH, substrate acid were hydrogenated as sodium salt 

Figure 3 shows a comparison of the best hydrogenation results in repre- 
sentative organic solvents and in aqueous micellar media. 

In general, we found higher enantiomeric excesses in aqueous micellar 
media compared to organic solvents (1-111 and IV, V). Nevertheless, if we 
consider the conversion of the hydrogenation, the reaction in water/SDS 
gave a higher yield of optically active product than in organic solvents. 

C. Synthesis of Free a-Aminophosphinic Acids 

After separation of the hydrogenation product and catalyst (and sur- 
factant), we obtained the N-protected a-aminophosphinic acid derivatives. 
We prepared the free a-aminophosphinic acid by hydrolytical removal of 
the benzoyl group with half concentrated hydrochloric acid. The obtained 
hydrochloride was converted with butylene oxide into the a-aminophos- 
phinic acid (see Scheme 8). 
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FIGURE 3 Enantioselectivities of the hydrogenation in organic solvent and aqueous micellar 
media. Solvent : I methanol, 11 dioxane, I11 benzene, IV watedSDS, V water/CTAHS04 

OR2 o,\ 
r Y P h  1. HCI - 

2. butylene oxide 

R2 = Me, Et 

SCHEME 8 Synthesis of the free a-aminophosphinic acid 

D. NMR Spectra 

For structure elucidation and characterization of compounds 2-29 the 'H, 
I3C and 31P spectra have been recorded. In some cases, for the unambigu- 
ous assignment of signals in the aromatic part, recording of DEFT and 
2D-COR spectra was necessary. Because of diastereomeric mixtures in the 
case of compounds 16-25 we found a doubling of signals. An outstanding 
feature of the 'H as well as I3c spectra is the splitting of various signals 
due to the coupling with the phosphorus atom. Some characteristic cou- 
plings or ranges of couplings, respectively, are summarized in Table VII. 
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224 TORSTEN DWARS et al. 

TABLE VII Coupling constants JH.H. JP,c and JF,c of the substrates and products 

coupling constants 2 -1s  16 - 29 

3JOCH2.CH3 7.0 - 7.2 7.0- 7.1 

3JCH2,CH3 7.2 (11) 7.5 (25) 

2JPSH3 15.0- 15.1 13.7 - 14.7 

11.0- 11.3 10.7 - I 1  .O 3 
JP,-OCH3 

13.5 - 15.0 3 
JP.=CH- - 
3 3.2 - 4.5 10.0 JP.NH 
I 135.0 - 154.8 - JP,=C< 

96.5 - 115.4 

100.8 - 104.0 88.8-91.6 

140.5 - 141.2 

- JP~CH 
I 

1 
JP.CH3 
I 122.3 - 125.8 JPC- I 9 

- 2JP,=CH- 18.0 - 22.1 

1.5 - 7.0 

2JP,xH3 5.7-6.0 5.7 - 7.6 

5.7 - 6.5 6.7 - 8.2 

10.3 - 10.5 9.7 - 10.2 

14.7 - 16.4 11.0- 13.6 

2JP*CH2 - 

2 
JP.OZ;HZ 
2 

3 
JRC-2. 

JP.C-I 

JP,C-3' 

JPCO 

JPC-c 

3 J ~ , ~ ~ 2 ~ ~ 3  6.0 - 6.7 5.3 - 6.0 

13.4 - 13.9 12.5 - 12.8 3 

3 

4 

1 
JF,C-4 

2JF,C-3 21.8 - 22.1 21 .O - 21.9 
3 

4JF.C-l 3.3 (5) 3.2 - 3.3 

1.5-3.3 2.9 - 4.8 

2.7 - 3.0 2.7 - 2.8 

250.2 - 251 .O 243.2 - 245.1 

7.2 (5) 8.0 (19) JF,C-2 

The couplings 3Jp,=cH of about 14 Hz for compounds 2-15 prove the 
&-arrangement of the and P at the C=C double bond and, therefore, the 
existence of the E-isomers. In the case of trans-arrangement (Z-configura- 
tion) a higher coupling constant should be expected.21 Couplings of car- 
bon to the phosphorus were found up to four bonds. The coupling 
constants 'Jp,CHand 2~p,cH2 for the diastereomeric compounds are 
dependent on the configuration at the phosphorus atom. In comparison to 
the NMR data of the analogous phosphonic acid derivatives,22 the cou- 
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a- AMINOPHOSPHINIC ACIDS 225 

plings Jp,=c< and IJp,,, - of the phosphinic acid derivatives were found to 
be significantly lowered (IJP+-< = 135-154.8 (2-15), 207.5-212.6 (Table 
I1 in Ref. 22); lJp,cH = 96.5-115.4 (1629). 155.8-157.5 (Table I1 in Ref. 
22) (Note : The ranges for 2JcH=,p and 3 J ~ - l , p  (compounds 2-11) given in 
Table I1 of Ref. 22 must be changed, 2JCH,,p = 21.0-22.9 Hz and 3Jc-l,p = 
18.5-19.1 Hz, due to the assignment forC-1 and =CH- of the phosphonate 
9 have to be reversed). 

SUMMARY 

We described the preparation of 11 new unsaturated a-aminophosphinic 
acid derivatives based on a method by BROVARJ2TS.6 For the first time 
these compounds were successfully used as substrates for the asymmetric 
catalytic hydrogenation to enantiomerically enriched a-aminophosphinic 
acids, now readily available. The enantioselectivity and activity is lower 
than for a-amino or a-aminophosphonic acid substrates. We found opti- 
mal conditions for the reaction by variation of the type of catalyst, the sol- 
vent, the substrate-catalyst ratio, temperature and hydrogen pressure. Best 
enantioselectivities (up to 99 %) were reached in aqueous micellar media. 
The free a-aminophosphinic acids are available by hydrolytical removal 
of the N-protective group. 

EXPERIMENTAL 

Melting points were taken on a Koflerh3oetius apparatus. IR-spectra were 
recorded in KBr pellets on a Nicolet Magna 550 spectrometer. 'H NMR-, 
13C NMR- (both relative to Si(CH3)4) and 31P NMR-spectra (relative to 
85% H3PO4) were recorded on Bruker AC 250, ARX 300 and ARX 400 
spectrometers. Calibration of the 'H and I3C spectra was carried out by 
means of solvent peaks (CDCI3 : 6'H = 7.25; 6I3C = 77.0). The coupling 
constants were determined using Gaussian multiplication and first-order 
analysis. The enantiomeric excesses were determined for the esters by 
HPLC (chiral stationary phase : Chiralpak AD, column : 250~4.6 mm2, 
DAICEL; eluent : hexane/ethanol (911); Liquid Chromatograph 1090, 
Hewlett Packard) and for the acids by capillary electrophoresis (boric acid 
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226 TORSTEN DWARS et al. 

buffer, 10 mM P-cyclodextrin, 0.05 96 polyvinylalcohol, pH 9.6, U = 15 
kV, capillary : 30 cm x 50 pm, BioFocus 3000 Capillary Electrophoresis 
system, BIORAD). 

SUBSTRATES 

OR2 

R’ 

2 
3 
4 
5 
6 
I 
8 
9 
10 
11 
12 
13 
14 
15 

R’ R’ R’ 

R’ = H, F, NO2. Me, Rr 
R2 = H, Me. El 4 
R3 = Me. nBu, 

\ / 4  

H Et 
Me Et 
iPr Et 
F Et 

N0z Et 
H Me 

Me Me 
F Me 
H Et 
H Et 
H H 
F H 

Me H 
H H 

Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Me 
nBu 
Ph 
Ph 
Ph 
Me 

HYDROGENATION 
PRODUCTS 

OF? 

R1 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

2-N-Benzoylamino-2,3-dichloro-3-aryl-propionic acids 

0.04 mol of the corresponding 2-N-benzoylamino-3-aryl-acrylic acid was 
suspended in 40 ml of carbon tetrachloride. Then 100 ml of a saturated 
solution of chlorine in carbon tetrachloride was added. The suspension 
was stirred for 24 hours at room temperature. The solid was filtered off, 
washed with carbon tetrachloride and dried. The crude products was 
quickly used for the following reactions without recrystallization. 

(E)-(l-N-Benzoylamino-2-aryl)vinyl-aryl(or alky1)phosphinic acid 
esters 2-11 

25 mmol of dialkylaryl(or alky1)phosphonite was added slowly at room 
temperature to a stirred suspension of 25 mmol of the 2-N-ben- 
zoylamino-2,3-dichloro-3-aryl-propionic acid in 40 ml of benzene. The 
stirring was continued up to the end of gas evolution. After standing over- 
night the formed precipitate was filtered off and the filtrate was concen- 
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a-AMINOPHOSPHINIC ACIDS 221 

trated under reduced pressure. Ether was added to the residue to yield a 
precipitation. The recrystallization was carried out in aqueous ethanol. 

(E)-(  1 -N-Benzoylamino-2-phenyl)vinyl-phenylphosphinic acid 
ethylester 2 

Synthesis was started from 2-N-benzoylamino-2,3-dichloro-3-phenyl-pro- 
pionic acid and diethyl phenylphosphonite. 

Yield : 4.6 g (47 %); mp: 153-155 “C (k6 158-160 “C); anal. calc. for 
C2,H2,N03P: C 70.58; H 5.67; N 3.58; P 7.91; found : C 70.54; H 5.44; 
N 3.6; P 7.95, FT-IR : 1662, 1440, 1286, 1026; for approximate NMR data 
see the analogous methyl ester 7 and Table VII. 

(E)-(l-N-Benzoylamino-2-(4-methylphenyl)vinyl-pheny~phosphinic 
acid ethylester 3 

Synthesis was started from 2-N-benzoylamino-2,3-dichloro-3-(4-methyl- 
pheny1)-propionic acid and diethyl phenylphosphonite. 

Yield : 2.9 g (29 %); mp: 177-180 “C; anal. calc. for C2,H,N03P : C 
71.10; H 5.97; N 3.46; P 7.64; found : C 70.39; H 5.95; N 3.48; P 7.76, 
FT-IR: 1669, 1439, 1280, 1023; ‘H NMR (CDCI,): 6 1.37 (t, 3H, 

(m, 2H, H-3); 7.31 (d, lH, Jp,H = 14.8 Hz, =CH-); 7.34-7.56 (m, 8H, H-2, 
H-3’, H-3”, H-4’, H-4”); 7.65 (br d, J , H  = 3.2 Hz, lH, NH); 7.68-7.75 (m, 
2H, H-2”); 7.81-7.91 (m, 2H, H-2’); 13C NMR (CDCI,): 6 16.4 (d, 

J C H ~ , C H ~  = 7.1 HZ, CH,); 2.28 (s, 3H, Ar-CH3); 4.20 (m, 2H, OCH2); 7.07 

Jp,c = 6.5 Hz, CH3); 21.3 (Ar-CH3); 61.7 (d, JEc = 6.0 Hz, OCH2); 124.7 
(d, Jp,, = 152.0 Hz, =C<); 127.2 (C-2”); 128.5 (d, J ,c=  13.5 Hz, C-3’); 
128.6 (C-3”); 129.2 (C-3); 129.5 (C-2); 129.9 (d, J , c  = 140.8 Hz, C-1’); 
131.3 (d, J,c= 16.0 Hz, C-1); 131.6 (d, J , c=  10.3 Hz, C-2’); 131.8 (C-4”); 
132.4 (d, Jp,c=2.8Hz, C-4’); 133.9 (C-1”); 138.6 (d, Jp,c=20.3 Hz, 
=CH-); 139.6 (C-4); 164.9 (CO); 3’P NMR (CDCI,): 6 29.2. 

(E)-( 1 -N-Benzoylamino-2-(4-isopropylphenyl))vinyl- 
phenylphosphinic acid ethylester 4 

Synthesis was started from 2-N-benzoylamino-2,3-dichloro-3-(4-isopro- 
pylpheny1)propionic acid and diethyl phenylphosphonite. 
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228 TORSTEN DWARS er al. 

Yield : 3.5 g (32 %); mp: 164-166 “C; anal. calc. for C26H28N03P: C 
72.04; H 6.51; N 3.23; P 7.14; found: C 71.69; H 6.37; N 3.19; P 7.12, 
FT-IR: 1671, 1439, 1281, 1023; ‘H NMR (CDC13): 6 1.18 (d, 6H, 

3H, JCH,CH~ = 7.0 Hz, CH(CH3),); 4.21 (m, 2H, OCH,); 7.13 (m, 2H, 
H-3); 7.33 (d, lH, JP,H= 14.6Hz, =CH-); 7.367.55 (m, 8H, H-2, H-3’, 
H-3”, H-4’, H-4”); 7.59 (d, Jp,H=3.2Hz, lH, NH); 7.69-7.75 (m, 2H, 
H-2”); 7.82-7.91 (m, 2H, H-2’); I3C NMR (CDC13) : 6 16.4 (d, Jp,c= 

JcH~,CH = 7.0 HZ, CH3); 1.36 (t, 3H, J C H ~ , C H ~  = 7.0 Hz, CH3); 2.84 (sept, 

6.5 Hz, CH3); 23.60, 23.62 (CHcH3)2); 33.9 (CH(CH&); 61.7 (d, 
Jp,c = 6.0 Hz, OCH2); 124.0 (d, Jp,c = 152.0 Hz, =C<); 126.6 (C-3); 127.2 
(C-2”); 128.5 (d, Jp,c= 13.8 Hz, C-3’); 128.6 (C-3”); 129.7 (C-2); 130.5 
(d, JRC= 141.0 Hz, C-1’); 131.6 (d, Jp,c = 10.4 Hz, C-2’); 131.7 (d, 
Jp,c = 15.8 Hz, C-1); 131.8 (C-4”); 132.4 (d, Jp,c = 3.0 Hz, C-4’); 133.9 
(C-1”); 138.9 (d, Jp,c=20.2Hz, =CH-); 150.6 (C-4); 165.1 (CO); 31P 
NMR(CDC1,): 629.3. 

(E)-( l-N-Benzoyla~no-2-(4-fluorophenyl))vinyl-phenylphosphinic 
acid ethylester 5 

Synthesis was started from 2-N-benzoylamino-2,3-dichloro-3-(4-fluoro- 
pheny1)propionic acid and diethyl phenylphosphonite. 

Yield : 3.4 g (33 9%); mp: 193-194 “C; anal. calc. for C23H2,FN03P : C 
67.48; H 5.17; N 3.42; P 7.57; found : C 67.5; H 5.16; N 3.37; P 7.75, 
FT-IR : 1665, 1439, 1282, 1234, 1021; ‘H NMR (CDCl,) : 6 1.36 (t. 3H, 

(d, lH, JP,, = 15.0 Hz, =CH-); 7.35-7.57 (m, 8H, H-2, H-3’, H-3”, H-4’, 
H-4”); 7.66 (br d, lH, JPH = 3.5 Hz, NH); 7.68-7.73 (m, 2H, H-2”); 
7.80-7.89 (m, 2H, H-2’); 13C NMR (CDCl,) : 6 16.5 (d, Jp,c = 6.5 Hz, 

(d, JEC = 151.0 Hz, =C<); 127.2 (C-2”); 128.6 id, Jp,c = 13.7 Hz, C-3’); 

J C H ~ , C H ~  = 7.1 HZ, CH3); 4.20 (m, 2H, OCH2); 6.95 (m, 2H, H-3); 7.27 

CH3); 61.9 (d, Jp,c =6.0Hz, OCH2); 115.5 (d, JFC= 21.9 Hz, C-3); 125.4 

128.7 ((2-3”); 129.5 (d, J , c  = 140.5 Hz, C-1’); 130.5 (dd, J , c =  15.3 Hz, 
JF,c = 3.3 Hz, C-1); 131.4 (d, JF,c= 7.2 Hz, C-2); 131.7 (d, Jp,c = 10.3 Hz, 
C-2’); 132.0 (C-4”); 132.6 (d, Jp,c = 2.8 Hz, C-4’); 133.7 (C-1”); 136.9 
(d, Jpc  = 20.2 Hz, =CH-);163.0 (d, JF,c = 251.0 Hz, C-4); 165.5 (br, CO); 
31P NMR (CDC13): 6 29.1. 
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a-AMINOPHOSPHINIC ACIDS 229 

(E)-( 1 -N-Benzoylamino-2-(4-nit~phenyl))vinyl-phenylphosphinic 
acid ethylester 6 

Synthesis was started from 2-N-benzoylamino-2,3-dichloro-3-(4-nitrophe- 
ny1)-propionic acid and diethyl phenylphosphonite. 

Yield : 1.3 g (12 %); mp: 168-172 “C; anal. calc. for C23H21N203P: C 
63.3; H 4.85; N 6.42; P 7.10; found: C 63.26; H 4.72; N 6.31; P 7.49, 
FT-IR: 1670, 1439, 1348, 1024; ‘H NMR (CDCI,): 6 1.40 (t, 3H, 
J C H ~ , C H ~  = 7.0 HZ, CH3); 4.23 (dq, 2H, J p , c ~ 2  = 7.7 Hz, 
JcH~,~ , ,  = 7.0 Hz, OCH2); 7.20 (d, lH, J , ,  = 15.0 Hz, =CH-); 7.39-7.60 
(m, 8H, H-2, H-3’, H-3”, H-4’, H-4”); 7.67-7.73 (m, 2H, H-2”); 7.80- 
7.90 (m, 3H, H-2’, NH); 8.12 (m, 2H, H-3); I3C NMR (CDC13): 6 16.5 (d, 
J , c  = 6.5 Hz, CH3); 62.3 (d, J ,c = 6.0 Hz, OCH2); 123.6 (C-3); 127.2 
(C-2”); 128.8 (d, Jp,c = 140.9 Hz, C-1’); 128.9 (C-3”); 128.9 (d, 
Jp,c = 13.7 Hz, C-3’); 129.3 (d, Jp,, = 146.6 Hz, =C<); 129.6 (C-2); 131.7 
(d, Jp,c = 10.5 Hz, C-2’); 132.5 (C-4”); 132.7 (d, Jp,, = 19.2 Hz, =CH-); 
133.1 (d, Jp,c=2.9 Hz, C-4’); 133.3 (C-1”); 141.4 (d, Jp,c = 16.4 Hz, 
C-1); 147.3 (C-4); 164.1 (d, J , C  = 3.3 Hz, CO); 31P NMR (CDCI,) : 6 
28.5. 

(E)-( 1-N-Benzoylamino-2-pheny1)vinyl-phenylphosphinic acid 
methylester 7 

Synthesis was started from 2-N-benzoylamino-2,3-dichloro-3-phenyl-pro- 
pionic acid and dimethyl phenylphosphonite. 

Yield : 2.9 g (31 %); mp: 156-158 “C (lit.6 140-142 “C); anal. calc. for 
C22H20N03P: C 70.02; H 5.34; N 3.71; P 8.21; found: C 69.89; H 5.38; 
N 3.71; P 8.05, FT-IR : 1663, 1440, 1289, 1019; ‘H NMR (CDCl3): 6 3.81 
(d, 3H, Jp,H = 11.0 Hz, OCH,); 7.22-7.29 (m, 3H, H-3, H-4); 7.35 (d, lH, 
J , ,  = 14.5 Hz, =CH-); 7.36-7.55 (m, 8H, H-2, H-3’, H-3”, H-4’, H-4”); 
7.68-7.72 (m, 2H, H-2”); 7.73 (d, lH, JP,H = 4.5 Hz, NH); 7.80-7.89 (m, 
2H, H-2’); I3C NMR (CDCI3): 6 52.0 (d, JP,,= 6.0 Hz, OCH3); 125.6 (d, 
Jp,c = 149.5 Hz, =C<); 127.3 (C-2”); 128.5 (C-3); 128.5 (d, 
Jp,c = 13.9 Hz, C-3’); 128.6 (C-3”); 129.2 (d, Jp.c = 141.2 Hz, C-l’), 129.4 
(C-2, C-4); 131.7 (d, J , c =  10.3 Hz, C-2’); 131.9 (C-4”); 132.6 (d, 
Jp,, = 2.8 Hz, C-4’); 133.7 (C-1”); 133.9 (d, Jp,c = 15.8 Hz, C-l), 139.1 (d, 
Jp,c = 20.2 Hz, =CH-); 165.1 (CO); 3’P NMR (CDC13): 6 31.0. 
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(E)-( 1-N-Benzoylamino-2-(4-methylphenyl))vinyl-phenylphosphinic 
acid methylester 8 

Synthesis was started from 2-N-benzoylamino-2,3-dichloro-3-(4-methyl- 
pheny1)propionic acid and dimethyl phenylphosphonite. 

Yield : 2.3 g (24 %); mp: 144-146 “C; anal. calc. for C23H22N03P: C 
70.58; H 5.67; N 3.58; P 7.91; found : C 69.89; H 5.56; N 3.63; P 7.89, 
FT-IR : 1665,1438, 1283, 1022; for approximate NMR data see the analo- 
gous ethyl ester 3 and Table VII. 

(E)-( 1-N-Benzoylamino-2-(4-fluo~phenyl))vinyl-phenylphosphiNc 
acid methylester 9 

Synthesis was started from 2-N-benzoylamino-2,3-dichloro-3-(4-fluoro- 
pheny1)propionic acid and dimethyl phenylphosphonite. 

Yield : 2.6 g (26 %); mp: 155-157 “C; anal. calc. for C22H19FN03P: C 
66.83; H 4.84; N 3.54; 7.83; found: C 66.90; H 4.78; N 3.52; P 8.04, 
FT-IR : 1670, 1440, 1284, 1021 ; for approximate NMR data see the analo- 
gous ethyl ester 5 and Table VII. 

(E)-(l-N-Benzoylamino-2-phenyl)vinyl-methylphosphinic acid 
ethylester 10 

Synthesis was started from 2-N-benzoylamino-2,3-dichloro-3-phenyl-pro- 
pionic acid and diethyl methylphosphonite. The crude product was puri- 
fied by column chromatography. Eluent : ethyl acetate, rf = 0.13. 

Yield : 2.6 g (31 %); mp: 138-141 “C; anal. calc. for CI8H2,NO3P: C 
65.64; H 6.12; N 4.25; P 9.41; found: C 65.57; H 6.12; N 4.24; P 9.45, 
IT-IR: 1660, 1289, 1034; ‘H NMR (CDC13): 6 1.28 (t, 3H, 
J,H~,c,~ = 7.0 Hz, CH3); 1.70 (d, 3H, JP,H = 15.0 Hz, P-CH3); 4.05 (m, 
2H, OCH,); 7.21 (d, lH, J , ,  = 13.8 Hz, =CH-); 7.24-7.32 (m, 3H, H-3, 
H-4); 7.36-7.53 (m, 5H, H-2, H-3”, H-4”); 7.80-7.86 (m, 2H, H-2”); 8.07 
(d, J , H  = 4.5 Hz, lH, NH); I3C NMR (CDC13): 6 15.0 (d, Jp,c = 104.0 Hz, 
P-CH3); 16.4 (d, J ,c  = 6.5 Hz, CH3); 60.9 (d, Jp,c = 6.3 Hz, OCH2); 
127.4 (C-2”); 127.9 (d, Jp,c = 141.8 Hz, S<); 128.6 (C-3, C-3’); 129.3 
(C-2, C-4); 132.0 (C-4”); 133.4 (C-1”); 133.8 (d, Jp,, = 15.0 Hz, C-1); 
137.1 (d, Jp,c = 19.5 Hz, =CH-); 165.7 (d, Jp,c = 1.5 Hz, CO); 31P NMR 
(CDC13): 6 41.2. 
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a- AMINOPHOSPHINIC ACIDS 23 I 

(E)-( 1-N-Benzoylamino-2-phenyl)vinyl-n-butylphosphinic acid 
ethylester 11 

Synthesis was started from 2-N-benzoylamino-2,3-dichloro-3-phenyl-pro- 
pionic acid and diethyl n-butylphosphonite. The crude product was puri- 
fied by column chromatography. eluent : ethyl acetate, rf = 0.3 1. 

Yield : 2.4 g (26 %); mp: 129-132 “C; anal. calc. for C2,H2,N03P: C 
67.91; H 7.06; N 3.77; P 8.34; found : C 67.68; H 7.05; N 3.77; P 8.44, 
FT-IR: 1667, 1280, 1029; ‘H NMR (CDC13): 6 0.88 (t, 3H, JCH,,CH~ 

1.39 (m, 2H, P-CH,-CH,-C&-); 1.63 (m, 2H, P-CH2-CI-12-); 1.96 (m, 2H, 
P-CH2-k 4.09 (m, 2H, OCH2); 7.14 (d, lH, Jp,H = 13.5 Hz, =CH-); 7.23- 
7.33 (m, 3H, H-3, H-4); 7.39-7.55 (m, 5H, H-2, H-3”, H-4”); 7.80-7.85 
(m, 2H, H-2”); 7.87 (d, JP,H = 4.5 Hz, lH, NH); I3C NMR (CDCI,) : 6 

= 7.2 HZ, P-CH,-CH,-CH,-C&); 1.32 (t, 3H, J C H ~ , C H ~  = 7.0 Hz, CH3); 

13.5 (P-CH~-CH~-CHZ-CH,); 16.5 (d, Jp,, = 6.0 Hz, CH3); 23.6 (d, 
Jp,c = 4.0 Hz, P-CH*-CH2-); 23.8 (d, Jp,c = 16.7 Hz, P-CH,-CH,-CH,-); 
28.2 (d, Jet= 101.0 Hz, P-CH,-); 60.9 (d, Jp,c= 6.5 Hz, OCH2); 126.6 (d, 
Jp,c = 135.0 Hz, =C<); 127.4 (C-2”); 128.6 (C-3”); 128.7 (C-3); 129.2 
(C-4); 129.3 (C-2); 132.0 (C-4”); 133.7 (C-1”); 134.2 (d, Jp,c = 14.7 Hz, 
C-1); 136.5 (d, Jp,c= 18.0 Hz, =CH-); 165.2 (d, J ,c = 2.0 Hz, CO); ,‘P 
NMR (CDC13) : 6 44.2. 

(E)-( l-N-Benzoylamino-2-aryl)vinyl-aryl(or alky1)phosphinic acids 
12-15 

a) 10 mmol of the corresponding ester and 20 mmol bromotrimethylsilane 
were stirred in 20 ml of chloroform for 30 min at room temperature. The 
solvent and volatile reaction products were removed under reduced pres- 
sure. After the addition of aqueous ethanol to the residue the solution was 
concentrated in vacuo, and the acid precipitated as colorless crystals. The 
recrystallization was carried out from ethanol/water. 

b) 10 mmol of the corresponding ester, 10 mmol chlorotrimethylsilane 
and 10 mmol sodium bromide were stirred in 30 ml of dry acetonitrile at 
room temperature for 1 hour. Then, the solution was evaporated to dryness 
and worked up as given in a.). 
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232 TORSTEN DWARS et af. 

(E)-( 1-N-Benzoylamino-2-pheny1)vinyl-phenylphosphiNc acid 12 

Synthesis was started from 2 or 7. 
Yield : 2.8 g (74 %); mp: 95-98 "C; anal. calc. for C21H18N03P x H2O: 

C 66.14; H 5.29; N 3.67; P 8.12; found : C 66.09; H 5.29; N 3.65; P 7.76, 
IT-IR : 1649, 1440, 1185; for approximate NMR data see the analogous 
methyl ester 7 and Table VII. 

After removal of the crystal water: 
Mp : 163-166 "C (lit.6 168-170 "C); anal. calc. for C21Hl8N03P : C 

69.42; H 4.99; N 3.86; P 8.53; found: C 69.44; H 4.95; N 3.87; P 9.16, 
FT-IR : 1684, 1438,1198. 

(E)-( l-N-Benzoylamino-2-(4-fluorophenyl))vinyI-phenylphosphinic 
acid 13 

Synthesis was started from 5 or 9. 
Yield : 2.3 g (57 %); mp: 105-108 "C; anal. calc. for C21H17FN03P x 

H20: C 63.16; H 4.80; N 3.51; P 7.76; found: C 63.11; H 4.78; N 3.54; P 
7.60, FT-IR : 1649, 1439, 1196; for approximate NMR data see the analo- 
gous ethyl ester 5 and Table VII. 

(E)-( l-N-Benzoylamino-2-(4-methylphenyl)vinyl-phenylphosp~Nc 
acid 14 

Synthesis was started from 3 or 8. 
Yield : 3.3 g (83 %); mp: 102-104 "C; anal. calc. for C,,H,$rlO,P x 

H20: C 66.83; H 5.61; N 3.54; P 7.83; found: C 66.65; H 5.78; N 3.59; P 
7.75, FT-IR: 1651, 1439, 1185; for approximate NMR data see the analo- 
gous ethyl ester 3 and Table VII. 

(E)-( 1-N-Benzoylamino-2-pheny1)vinyl-methylphosphinic acid 15 

Synthesis was started from 10. 
Yield : 2.1 g (71 %); mp: 168-170 "C; anal. calc. for CI6Hl6NO3P: C 

63.75; H 5.35; N 4.65; P 10.28; found : C 63.11; H 5.47; N 4.61; P 10.36, 
FT-IR : 1676, 1172; for approximate NMR data see the analogous ethyl 
ester 10 and Table VII. 
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a- AMINOPHOSPHINIC ACIDS 233 

Hydrogenation 

Hydrogenation was performed usually under normal pressure (or necessa- 
ryly at higher hydrogen pressure) and at 25 "C (or necessaryly at other tem- 
perature). A suspension of 1 mmol of substrate (unsaturated compounds 2- 
15) and 0.01 mmol of catalyst ([Rh(cod)L]BF4, for L see Scheme 4) and in 
the case of hydrogenation in water 0.5 mmol of substrate, 0.01 mmol of cat- 
alyst and 1 mmol of surfactant (see Scheme 7) in 15 ml of deaerated solvent 
was stirred for 15 min under argon in a hydrogenation flask. Then, stirring 
was stopped, the argon replaced by hydrogen at atmospheric pressure, and 
the hydrogenation was started by stimng. The reaction was followed volu- 
metrically. The reaction was continued up to the theoretically expected 
hydrogen uptake. The solvent was removed in vucuo (in the case of water, 
the mixture was extracted 3 times with 5 ml chloroform and then the organic 
phase was used for removal), and the residue was dissolved in a little dichlo- 
romethane/methanol (29/1) and filtered through a 3 cm plug of silica gel in 
order to remove the rhodium complex quantitatively. After concentration of 
the filtrate, the product was obtained in 90 - 96 % yield (in the case of water 
70 - 95 %). The enantiomeric excess with respect to the formed center of 
chirality was determined by HPLC or by capillary electrophoresis. 

(l-N-Benzoylamino-2-phenyl)ethyl-phenylphosphinic acid ethylester 16 

Synthesis was started from 2 by catalytical hydrogenation. 
Mp: 134-137 "C; anal. calc. for C23H24N03P: C 70.22; H 6.15; N 

3.56; P 7.87; found: c 70.15; H 6.17; N 3.53; P 7.84, [ o l ] ~ ~ ~  53.3 
(c = 0.13, CH30H, ee = 93 % (S)), lT-IR : 1661, 1439, 1025; for approxi- 
mate NMR data see the analogous ethyl ester 24 and Table VII. 

(1-N-Benzoylamino-2-(4-methylphenyl))ethyl-phenylphosphiNc acid 
ethylester 17 

Synthesis was started from 3 by catalytical hydrogenation. 
Mp : 143-146 "C; anal. calc. for C24H26N03P : C 70.75; H 6.43; N 

3.44; P 7.6; found: C 70.20; H 6.38; N 3.44; P 7.43, FT-IR : 1661, 1441, 
1025; 'H M R  (CDC13) : 6 1.16 (t, 3H, J C H ~ , C H ~  = 7.0 Hz), 1.30 (t, 3H, 
J C H ~ , C H ~  = 7.0 Hz)(2xCH3); 2.21 (s, 3H), 2.25 (s, 3H)(2xAr-CH,); 2.91- 
3.51 (m, 4H, 2xCH2); 3.79-4.23 (m, 4H, 2xOCH2); 5.13 (m, 2H, 2xCH); 
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234 TORSTEN DWARS er al. 

6.92-7.08 (m, 6H, 2xH-2, 4xH-3); 7.15-7.26 (m, 4H, 2xH-2, 2xH-3”); 
7.27-7.51 (m, 9H, 2xH-2”, 2xH-3”, H-4’, 2xH-4”, 2xNH); 7.52-7.60 (m, 
lH, H-4”); 7.69-7.79 (m, 4H, 2xH-2’. 2xH-2”); 7.79-7.90 (m, 2H, 
2xH-2’); I3C NMR (CDCI,): 6 16.37 (d, Jp,c =5.6 Hz), 16.42 (d, 
J , c  = 5.6 Hz) (~xCH~) ;  20.89, 20.94 (2xAr-CH3); 33.8 (d, Jp,c = 1.8 Hz), 
34.3 (d, Jp.cz6.5 Hz)(~xCH~);  48.7 (d, J , c =  114.5 Hz), 49.7 (d, 
Jp,c = 107.5 Hz)(~xCH); 61.5 (d, Jp,c = 7.1 Hz, OCH2); 126.9, 127.1 
(2xC-2”); 128.0 (C-3”); 128.2 (d, Jp,c = 124.8 Hz, C-1’); 128.3 (C-3”); 
128.3 (d, Jp,c = 12.6 Hz), 128.7 (d, J , c  = 12.6 Hz)(2xC-3’); 128.86, 
128.95, 129.0, 129.04 (2xC-2, 2xC-3); 129.1 (d, Jp,c= 122.3 Hz, C-1’); 
131.0, 131.3 (2xC-4”); 132.0 (d, Jpgz9.8 Hz), 132.2 (d, Jp,c= 10.2 
Hz)(2xC-2’); 132.5 (d, Jp,c = 2.7 Hz), 132.7 (d, Jp,c = 2.7 Hz)(2xC-4’); 
133.4 (d, Jpc = 13.1 Hz), 133.8 (d, J , c  = 11.8 Hz)(2~C-l); 134.2, 134.3 
(2xC-1”); i36.0 (C-4); 166.9 (d, Jp,c=4.2 Hz), 167.1 (d, Jp,c=4.0 
Hz)(2xCO); 31P NMR (CDCI3) : 6 39.7,41.3. 

(1-N-Benzoylamino-2-(4-isop~pylphenyl))ethyl-phenylphosphi~c 
acid ethylester 18 

Synthesis was started from 4 by catalytical hydrogenation. 
Mp : 133-135 “C; anal. calc. for C&H3$J03P: C 71.70; H 6.94; N 

3.22;P7.11;found:C72.43,H6.92;N3.09;P7.13,EJT-IR: 1660, 1439, 
1030; ‘H NMR (CDC13) : 6 1.16 (t, 3H, J C H ~ , C H ~  = 7.0 Hz, CH3); 1.18 (d, 

(m, 2H, ~xCH(CH,)~);  2.98-3.50 (m, 4H, 2xCH2); 3.844.16 (m, 4H, 
2xOCHz); 5.14 (m, 2H, 2xCH); 6.75 (d, IH, JP,H = 10.0 Hz), 6.90 (d, lH, 
JP,H = 10.0 Hz)(2xNH); 7.62-7.85 (m, 6H, 4xH-2’, 2xH-2”); 7.00-7.50 
(m, 18H, 4xH-2, 2xH-2”, 4xH-3, 4xH-3”, 2xH-4’, 2xH-4”); 13C NMR 

12H, J c H ~ , ~ ,  = 7.0 Hz, CH3); 1.27 (t, 3H, J C H ~ , C H ~  = 7.0 Hz, CH3); 2.81 

(CDCI,) : 6 16.4 (d, Jp,, = 6.0 Hz, CH3); 23.9,24.0 (2xCH(GH3)2); 33.61, 
33.66 (2xCH(CH3)2); 34.0 (d, Jp,c = 1.5 Hz, CH2); 48.5 (d, 
Jp+c= 114.5 Hz, CH); 61.5 (d, Jp,c=7.1 Hz, OCH2); 126.3, 126.4 
(2xC-3); 126.7, 127.0 (2xC-2”); 128.3, 128.4 (2xC-3”); 128.4 (d, 
Jp,c= 124.8 Hz, C-1’); 128.4 (d, Jp,c= 12.5 Hz, C-3’); 128.7 (d, 
Jp,c = 12.5 Hz, C-3’); 129.1 (2xC-2); 131.1, 131.4 (2xC-4”); 132.1: (d, 
J , c =  9.7 Hz), 132.3 (d, J , c  = 10.0 Hz)(2xC-2’); 132.6 (d, Jp,c = 2.8 Hz), 
132.7 (d, Jp,c=2.8 Hz)(2xC-4’); 133.7 (d, Jp,c= 12.0 Hz), 134.1 (d, 
Jp,c = 11.0 Hz)(2xC-l); 134.3, 134.4 (2xC-1”); 147.1, 147.2 (2xC-4); 
166.9 (d, Jp,c = 4.5 Hz, CO); 31P Nh4R (CDC13): 6= 39.7,41.2. 
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( 1 -N-Benzoylamino-2-(4-fluorophenyl))ethyl-phenylphosphinic acid 
ethylester 19 

Synthesis was started from 5 by catalytical hydrogenation. 
Mp : 141-145 “C; anal. calc. for C23H23FN03P : C 67.15; H 5.63; N 

3.40; P 7.53; found : C 66.78; H 5.31 ; N 3.26; P 7.44, m-IR : 1661, 1439, 
12 16, 1029 ; for approximate NMR data see the analogous methyl ester 23 
and Table VII. 

( 1 -N-Benzoylamino-2-(4-ni tropheny1))eth yl-phenylphosphinic acid 
ethylester 20 

Synthesis was started from 6 by catalytical hydrogenation. 
Mp : 192-195 “C; anal. calc. for C23H23N205P : C 63.01 ; H 5.29; N 

6.39; P 7.07; found : C 62.74; H 5.31 ; N 6.42; P 6.69, FT-IR : 1661, 1439, 
1346, 1029; ‘H NMR (CDC13): 6 1.10 (t, 3H, J C H ~ , C H ~  = 7.1 Hz), 1.31 (t, 
3H, J C H ~ , C H ~  = 7.1 Hz)(2xCH3); 3.00-3.60 (m, 4H, 2xCH2); 3.80-4.20 
(m, 4H, 2xOCH2); 5.10-5.30 (m, 2H, 2xCH); 7.14 (m, 2H, 2xH-3”); 
7.25-7.62 (m, 15H, 4xH-2,2xH-2”, 4xH-3’, 2xH-3”, 2xH-4’, H-4”); 7.64- 
7.73 (m, 2H, 2xH-2’); 7.76-7.89 (m, 4H, 2xH-2’, 2xH-2”); 7.95-8.10 (m, 
2H, 2xH-3); 8.13 (d, 4H, Jp,H = 10.0 Hz, NH); I3C NMR (CDCl3) : 6 16.3 
(d, J,c= 5.5 Hz), 16.4 (d, J , c  = 5.5 Hz) (~xCH~) ;  34.0 (d, Jp,, = 2.0 Hz), 
34.6 (d, Jp,c=7.0 Hz) (~xCH~) ;  48.3 (d, Jp,c= 114.5 Hz), 49.3 (d, 
Jp,c= 108.5 Hz)(~xCH); 61.7 (d, Jp,c=7.0 Hz), 61.8 (d, Jp,c=7.0 
Hz)(~xOCH~);  123.3, 123.4 (2xC-3); 126.9, 127.2 (2xC-2”); 127.3 (d, 
Jp*c = 125.8 Hz, C-1’); 127.9, 128.3 (2xC-3”); 128.3 (d, Jp,c = 12.8 Hz, 
C-3’); 128.5 (d, Jp,c = 123.0 Hz, C-1’); 128.9 (d, Jp,c = 12.5 Hz, C-3’); 
129.9, 130.1 (2xC-2); 131.2, 131.5 (2xC-4”); 131.5 (d, Jp,c = 10.1 Hz), 
132.1 (d, Jp,c = 10.2 Hz)(2xC-2’); 132.8 (d, J,c= 2.8 Hz), 133.1 (d, 
Jp,c = 2.8 Hz)(2xC-4’); 133.7, 133.8 (2xC-1”); 144.8 (d, Jp,c = 13.6 Hz), 
145.3 (d, Jp,, = 12.3 Hz)(2xC-l); 146.7, 146.8 (2xC-4); 167.0 (d, 
J , c  = 4.3 Hz), 167.3 (d, Jp,, = 3.9 Hz)(~xCO); 31P NMR (CDCl3) : 6 
38.9,40.9. 

(1 -N-Benzoylamino-2-phenyl)ethyl-phenylphosphinic acid 
methylester 21 

Synthesis was started from 7 by catalytical hydrogenation. 
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Mp: 157-160 “C; anal. calc. for C2,H2,N03P: C 69.65; H 5.84; N 
3.69; P 8.16; found: C 68.94; H 5.83; N 3.63; P 7.61, [ a ] ~ ~ ~  32.8 
(c = 0.13, CH30H, ee = 86 % (S)); IT-IR: 1660, 1439, 1035; for approxi- 
mate NMR data see the analogous ethyl ester 24 and Table VII. 

(1-N-Benzoylamino-2-(4-methylphenyl))ethyl-phenylphosphi~c acid 
methylester 22 

Synthesis was started from 8 by catalytical hydrogenation. 
Mp : 137-140 “C; anal. calc. for C Z ~ H ~ ~ N O ~ P  : C 70.22; H 6.15; N 

3.56; P 7.87; found : C 70.35; H 6.06; N 3.78; P 8.04, FT-IR : 1648, 1439, 
1030; for approximate NMR data see the analogous ethyl ester 17 and 
Table VII. 

(1-N-Benzoylamino-2-(4-fluorophenyl))ethyl-phenylphosphinic acid 
methylester 23 

Synthesis was started from 9 by catalytical hydrogenation. 
Mp : 154-157 “C; anal. calc. for C22H21FN03P : C 66.49; H 5.33; N 

3.53; P 7.80; found : C 66.52; H 5.43; N 3.55; P 7.82, IT-IR : 1651, 1439, 
1033; ‘H NMR (CDC13): 6 2.91-3.47 (m, 4H, 2xCH2); 3.55 (d, 3H, 
JP,H = 10.8 Hz), 3.67 (d, 3H, Jp,, = 11.0 Hz)(2xOCH3); 5.05-5.21 (m, 2H, 
2xCH); 6.82 (m, 2H), 6.92 (m, 2H, 2xH-3); 7.10 (m, 2H, 2xH-2); 7.16- 
7.23 (m, 2H, 2xH-3”); 7.26-7.53 (m, 14H, 2xH-2, 2xH-2”, 2xH-3’, 

(m, IH, H-4’); 7.86-7.89 (m, 6H, 4xH-2’; 2xH-2”); I3C NMR (CDC13) : 6 
4xH-3”, H-4’, 2xH-4”, NH); 7.64 (d, lH, JP,H = 10.0 Hz, NH); 7.55-7.62 

33.5 (d, Jp,c= 1.8 Hz), 34.1 (d, Jp,c ~ 6 . 5  Hz)(~xCH~);  48.6 (d, 
J , c  = 115.0 Hz), 49.6 (d, Jp,c = 108.0 Hz)(~xCH); 51.8 (d, Jp,c = 7.0 Hz), 
51.9 (d, Jp,c=7.0 Hz)(~xOCH~);  115.1 (d, J ~ C z 2 1 . 2  Hz), 115.2 (d, 
JF,C = 21.2 Hz)(2xC-3); 126.9 (C-2”); 127.0 (d, Jp,c = 125.0 Hz, C-1’); 
127.2 (C-2”); 127.9 (d, Jp,c = 123.0 Hz, C-1’); 128.1, 128.4 (2xC-3”); 
128.5 (d, Jp,, = 12.7 Hz), 128.9 (d, Jp,c = 12.5 Hz)(2xC-3’); 130.5 (d, 
JF,C = 8.0 Hz), 130.7 (d, JF,C = 8.0 Hz)(2xC-2); 131.2, 131.5 (2xC-4”); 
132.1 (d, Jp,c = 10.0 Hz, C-2’); 132.2 (dd, Jp,c= 13.1 Hz, JF,C = 3.2 Hz, 
C-1); 132.3 (d, Jp,c= 10.0Hz, C-2’); 132.6 (dd, Jp,c= 12.3 Hz, 
J ~ , c = 3 . 3  Hz, C-1); 132.9 (d, Jp,c=2.7 Hz), 133.0 (d, Jp,c= 2.7 
Hz)(2xC-4’); 133.9 (C-1”); 161.7 (d, JF,c = 244.7 Hz), 161.8 (d, 
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a- AMINOPHOSPHINIC ACIDS 231 

J ~ c z 2 4 4 . 7  Hz)(2xC-4); 166.9 (d, Jp,c =4.5 Hz), 167.2 (d, Jp,c=4.0 
Hz)(2xCO); 31P NMR (CDCl,) : 6 41.4,43.2. 

(1-N-Benzoylamino-2-phenyl)ethyl-methylphosphinic acid ethylester 
24 

Synthesis was started from 10 by catalytical hydrogenation. 

Mp: 199-201 “C; anal. calc. for ClgH22N03P: C 65.25; H 6.69; N 
4.23; P 9.35; found : C 64.9, H 6.68; N 4.18; P 9.04, FT-IR : 1633, 1043; 
for approximate NMR data see the analogous n-butyl-phosphinic acid 
ethyl ester 25 and Table VII. 

(1-N-Benzoylamino-2-phenyl)ethyl-n-butylphosphinic acid ethylester 
25 

Synthesis was started from 11 by catalytical hydrogenation. 

Mp:  130-132 “C; anal. calc. for C21H28N03P: C 67.54; H 7.56; N 
3.75; P 8.30; found : C 67.48; H 7.63; N 3.79; P 8.38, FT-IR : 1656, 1027; 
‘H NMR (CDC1-J : 6 0.78 (t, 3H, J C H ~ , C H ~  = 7.5 Hz), 0.88 (t, 3H, 

= 7.0 Hz, CH3); 1.20-1.60 (m, 8H, 2xP-CH2-CH2-CH2-, 2xP-CH2-CH2-); 
1.33 (t, 3H, J c H ~ , ~ ~ ~  = 7.0 Hz, CH,); 1.60-1.85 (m, 4H, 2xP-Cu2-); 
3.00-3.35 (m, 4H, 2xCH2); 3.42-3.59 (m, 4H, 2xOCH2); 4.80-4.95 (m, 
2H, 2xCH); 7.10-7.45 (m, 17H, 4xH-2, 4xH-3, 4xH-3”, 2xH-4, 2xH-4”, 
NH); 7.67-7.80 (m, 4H, 2xH-2”); 7.98 (d, lH, J,H = 10.0 Hz, NH); I3C 

J C H ~ , C H ~  = 7.5 Hz)(~xP-CH~-CH~-CH~-CH~);  1.15 (t, 3H, J C H ~ , C H ~  

NMR (CDC1-J: 6 13.37, 13.44 (~xP-CH~-CH~-CH~-CH~) ;  16.6 (d, Jp,c= 
5.3 Hz), 16.7 (d, J , c  = 5.5 Hz) (~xCH~) ;  23.5 (d, Jp,c = 4.6 Hz), 23.6 (d, 
J , c  = 4.6 Hz)(~xP-CH~-CH~-); 23.8 (d, Jp,c = 15.3 Hz), 23.9 (d, 
Jp,c = 15.3 Hz)(~xP-CH~-CH~-CH~-); 26.5 (d, JRc = 87.5 Hz), 26.9 (d, 
Jp,c = 87.7 Hz)(~xP-CH~-); 33.5 (s, CH2); 34.9 (d, Jp,c = 4.0 Hz, CH2); 
48.9 (d, Jp,c=96.5 Hz), 49.0 (d, Jp,c = 104.6 Hz)(~xCH); 61.1 (d, 
Jp,c=7.1 Hz), 61.2 (d, J,c= 7.1 Hz)(~xOCH~);  126.5, 126.8 (2xC-4); 
127.0, 127.3 (2xC-2“); 128.1, 128.3 (2xC-3”); 128.3, 128.4 (2xC-3); 
129.07, 129.1 (2xC-2); 131.3, 131.4 (2xC-4”); 134.1 (C-1’); 136.7 (d, 
JRC = 11.0 Hz), 137.1 (d, JKc = 11.2 Hz)(2xC-l); 166.9 (d, JKc = 3.8 Hz), 
167.4 (d, Jp,, = 4.0 Hz)(~xCO); 31P NMR (CDCl3): 6 53.5,54.8. 
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(l-N-Benzoylamino-2-phenyl)ethyl-phenylphosphinic acid 26 

Synthesis was started from 12 by catalytical hydrogenation. 
Mp : 201-204 "C; anal. calc. for C21H2,$03P : C 69.03; H 5.52; N 

(c = 0.12, glacial acetic acid, ee = 99 % (S)), FT-IR : 1627, 1438, 1203; for 
approximate NMR data see the analogous ethyl ester 24 and Table VII. 

3.63; P 8.48; found: c 68.97; H 5.49; N 3.84; P 8.52, 51.7 

(1-N-Benzoylamino-2-(4-fluorophenyl))ethyl-phenylphosphinic acid 
27 

Synthesis was started from 13 by catalytical hydrogenation. 
Mp : 195-198 "C; anal. calc. for C2,HI9FNO3P: C 65.79; H 5.00; N 

3.65; P 8.08; found : C 65.88; H 5.0; N 3.66; P 8.06, FT-IR : 1650, 1438, 
1201; for approximate NMR data see the analogous methyl ester 23and 
Table VII. 

(1-N-Benzoylamino-2-(4-methylphenyl))ethyl-phenylphosphinic acid 
28 

Synthesis was started from 14 by catalytical hydrogenation. 
Mp : 227-230 "C; anal. calc. for C22H22N03P : C 69.65; H 5.84; N 

3.69; P 8.16; found : C 69.49; H 5.61 ; N 3.60; P 8.20, IT-IR : 1643, 1440, 
1197; for approximate NMR data see the analogous ethyl ester 17 and 
Table VII. 

(l-N-Benzoylamino-2-phenyl)ethyl-methylphosphinic acid 29 

Synthesis was started from 15 by catalytical hydrogenation. 
Mp : 197-200 "C; anal. calc. for C16H18N03P : C 63.36; H 5.98; N 

4.62; P 10.21; found : C 63.37, H 5.81; N 4.52; P 10.26, PT-IR : 1641, 
1162; for approximate NMR data see the analogous ethyl ester 24 and 
Table VII. 

(1-Amino-2-pheny1)ethyhyl-phenylphosphinic acid 30 

10 mmol 16 or 21 were refluxed for 20 hours with 6N hydrochloric acid. 
Then the solution was filtered and the filtrate was extracted three times 
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with ether. The aqueous phase was concentrated under reduced pressure. 
The residue was dissolved in a small amount of dry methanol and then 
heated shortly. After that, butylene oxide was added, the solution was con- 
centrated again and the compound 30 precipitated. 

Yield : 1.9 g (72 %); mp: 240-244 "C; anal. calc. for ClqH16N02P: C 
64.36; H 6.17; N 5.36; P 11.86; found: C 64.07; H 6.24; N 5.29; P 11.46; 

2.49-2.62 (m, 2H, CH2); 3.07-3.49 (m, lH, CH); 7.07-7.71 (m, 10H, 
2xPh); I3C NMR (D20): 6 38.8 (CH2); 58.1 (d, J , c  =95.4Hz, CH); 
132.0-140.7 (2xPh); 31P NMR (D20) : 6 23.7. 

P K ~ H  = 1.3, PKNH~ = 7.7; FT-IR : 1619, 1437, 1217; 'H NMR (D20) : 6 
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