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Abstract: (S.S’I- I.?-Bis[(o-etbylphenyl)phenylphosphinolethane has been prepared via optically active 
phosphine-boranes. Asymmetric hydrogenation of a-(acylamino)acrylic acids by a rhodium complex with this 
ligand affords N-acylamino acids in 86-931 ee. 

Optically active phosphines possessing chiral centers at phosphorus have potential utility as ligands in 
catalytic asymmetric reactions, and many ligands of this class have been reported so far.’ Among them, the P- 
chiral phosphines having o-methoxyphenyl groups are exceptionally effective in catalytic asymmetric 
hydrogenation of a-(acylamino)acrylic acids. 2 The role of the methoxy group in the asymmetric reaction has 
not yet been completely explained, hut a weak interaction of the methoxy oxygen with the rhodium atom is 

suggested as one of the factors in effecting the enantioselectivity of the reduction on the basis of the X-ray 
analysis of a rhodium complex of (R,R)-l,?-bis[(o-methoxyphenyl)phenylphosphino]ethane (DIPAMP).2c We 
considered that a steric effect of ortho-methoxy group might be an important factor rather than the coordinative 
interaction. 

In order to demonstrate this idea, we designed a new P-chiral phosphine ligand, (S,S)-1,2-bis[(o- 
ethylphenyl)phenylphosphinojethane ((S,S)-1) which structurally resembled (S,S)-DIPAMP but possessed 

no oxygen functional groups. Synthesis of this ligand was accomplished via phosphine-boranes as the 
intermediates (Scheme 1). i 

Dichlorophenylphosphlne was treated 
sequentially with o-ethylphenylmagnesium 
bromide. lithium I-mcnthoxide, and borane 
THF to afford a mixture ot’ two 
diastereomers, (Sp)-2 and (Rp)-2, in 70 

Phs., 

OCH, 

% combined yield. The two compounds (w)-1 (S,S)-DIPAMP 

were separated by preparative HPLC (ODS, 
MeOH), and one compound was subjected to single crystal X-ray analysis to determine its absolute 
configuration at chiral phosphorus. 5,6 The molecular structure of compound (Sp)-2, whose chirality at 

phosphorus is S. is shown in Figure 1. ’ Compound (Sp)-2 was reduced by lithium 4,4’-di-t- 
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butylbiphenylide (LDBB) at -98 “C, followed by the treatment with iodomethane, to furnish (S)-3 with 88% 
ee in 91% yield.839 Without further purification, (S)-3 was 
dimerized via successive reactions with s-BuLi and 
copper(H) chloride, and the resulting product was 
recrystallized from hexane-dichloromethane to yield 
optically pure bisphosphine-borane (S,S)-4.10 The two 

boranato groups of this compound were removed by the 
reaction with DABCO in toluene at 50 “C for 30 min to 
furnish the desired phosphine l&and (S,S)-1 in almost 
quantitative yield.11 Complexation of this ligand with 
[RhCl(cod)]2, followed by treatment with NaBF4. afforded 
a rhodium cation complex 5. Figure 1 

This complex was employed for catalytic asymmetric reduction of a-(acylamino)acrylic acids. The 
reductions were carried out under almost the same conditions as those conducted by Knowles et al. using a 
rhodium complex of (R,R)-DIPAMP in order to compare the enantioselectivities of the two ligands.2b.c The 

results are summarized in Table 1, together with the reported ones. 
It is noted that markedly high asymmetric inductions (86-93%ee) were observed in these catalytic 

hydrogenations.12 Another significant fact is that the catalysts prepared from (S,S)-1 and (R,R)-DIPAMP 
provided the hydrogenation products with opposite chiralities, respectively. That is, both ligands, (S,S)-1 and 
(S,S)-DIPAMP, with the same chirality at phosphorus afford products possessing the same configuration. 
These comparable results indicate that the o-ethyl group in (S&l plays almost the same role as the O- 
methoxy group in DIPAMP and that a coordinative interaction of the methoxy group of DIPAMP is not a main 

factor in effecting the asymmetric induction. 
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Table 1. Asymmetric Hydrogenations of a-(Acylamino)acrylic Acids Using a Rhodium Complex 5” 

COOR’ COOR’ 

/=c 
w 

i( 
R NHCOR’ R NHCOR’ 

entry R’ R” 
substrate 

R solvent 
rhodium 

time (h) % ee of productb 

1 Ph H CH, 500 iPrOH 3 9OR (96S)“fd 

2 Ph H Ph 500 iPrOH 4 t3m (93spd 

3 Ph CH3 CH3 500 ;PrOH 6 93R (97spd 

4 Are H % 1000 00 % iPrOH 0 89R (94.sp’ 

5’ H H CH3 500 EtOH 6 93R (90.spd 

6’ I-I CH3 CH, 500 MeOH 3 91R (955yh 

a All reactions were carried out at 50 “C and under 3 atm of H2 pressure, unless otherwise stated. 

bEnantiomeric excesses were determined by measuring the rotations of the products. ’ Reported 

data obtained by the use of (R,R)-DIPAMP. d See Ref. 2c and 29. e Ar = 4-AcO-3-MeO&Ha. 
‘See Ref. 2b and 29. 9 The reaction was carned out at room temperature. h See Ref. 2e. 

In summary, we have demonstrated that optically active 1,2-bis[(o-ethylphenyl)phenylphosphino]ethane 
exhibits high asymmetric inductions in rhodium-catalyzed asymmetric hydrogenations of a-(acylamino)acrylic 
acids. Synthesis and catalytic activities of related P-chiral ligands are currently under investigation in our 
laboratory, and the results will be published in due course. 
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