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The Rh—TangPhos complex is an efficient hydrogenation catalyst for making chiral #-amino acid derivatives. With the Rh—TangPhos system,
high enantioselectivities (up to 99.6%) and turnover numbers have been obtained in the hydrogenation of E/Z isomeric mixtures of both

P-alkyl and B-aryl f-(acylamino)acrylates.

The synthesis of chirgl-amino acids has drawn a great deal

and most efficient routes. While good to excellent enanti-

of attention due to its importance in biomedical research and oselectivities have been reported in Ror Rh-catalyzetl

the pharmaceutical industry. Enantiomerically pgramino

asymmetric hydrogenation of (E)-S-(acylamino)acrylates

acids and their derivatives have been used as importantderivatives with the use of chiral bisphosphine ligands such

building blocks for the synthesis gf-peptides,3-lactam
antibiotics, and many important drugsAlthough several

as BINAP? BICP/ DuPhos'¢ and BisP*/ the results of
hydrogenation ofZ)-3-(acylamino)acrylates derivatives are

stoichiometric and catalytic methods have been reported forless than satisfying.For example, hydrogenation oE})-

the synthesis of3-amino acid€, a practical and efficient
synthesis is still highly desirable. Direct hydrogenation of

methyl 3-acetamido-2-butenoate with an-RRINAP system
gave 96% ee, whileZ)-methyl 3-acetamido-2-butenoate gave

3-aminoacrylic acid derivatives represents one of the simplestonly 5% ee with the opposite configuration. Since b (
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and (B-isomeric substrates are formed simultaneously in [Rh(TangPhos)nbd]SBRnbd = 3,5-norbornadiene) as the
most synthetic protocols, the development of a new catalytic catalyst precursor. It was found that, with the-RFangPhos
system that can work well for both isomeric substrates is catalyst, both (& and (B-isomers were hydrogenated to
needed. This is especially important in the situation where form (R)-methyl 3-acetamidobutanoate. Our study showed
the (2)- and (E)-substrates cannot be easily separated andhat the solvent had a pronounced influence on both the
only their mixture can be employed as the starting material. reactivity and the enantioselectivity of the reaction (Table
Herein, we disclose a new catalyst, the -RfangPhos 1). While the (E)-isomer showed complete conversions in
system, for hydrogenation gfaminoacrylic acid derivatives.  most solvents except toluene (entries 1-5), the (Z)-isomer
High enantioselectivities have been obtained for both (Z)- showed lower reactivities (entries-80). THF was found
and (E)-isomeric substrates with the-RhangPhos system. to be an excellent solvent for the reaction, as complete
We have previously demonstrated that the-RlangPhos conversions were obtained for both{Znd (B-isomers. To
complexes are highly efficient catalysts for hydrogenation our surprise, excellent enantioselectiviti€&s= 99.6% ee;
of dehydroamino acids arfiefZ mixtures of enamidesThe Z = 98.5% ee) were obtained for both (2)- and (E)-isomers
structure of TangPhos has been confirmed by comparison(entries 2 and 7)To the best of our knowledge, these are
with the X-ray structure of its corresponding phosphine sufide among the highest enantioseleittes to date for hydrogena-
17 (Figure 1). To further expand the utility of this electronic- tion of methyl 3-acetamido-2-butenoate, especially for
hydrogenation of the (Z)-isoméother ligands: Me-DuPhos,

I 7-5% ce? BICP, 86.9% céf BINAP, 5% ¢d). A LiLE/Z

isomeric mixture of methyl 3-acetamido-2-butenoate was also

H H subjected to hydrogenation. When THF was used as the
% % solvent, (R)-methyl 3-acetamidobutanoate was obtained in
PEufH I?it S//PEutH E{FS 100%' yield and 99.5% ee (Qntry 11). .Th@ pfessure had a

large influence on the enantioselectivity. Higherpiessure
TangPhos 1 deteriorated the ee, which was consistent with Bérner's

observatiorf® When the hydrogenation of the 1:E/Z
isomeric mixture was conducted under 80 psi efiressure,
a lower ee (96.5%) was obtained.

rich phosphine in asymmetric hydrogenation, the Rh— 1O testthe synthetic utilities of the RfTangPhos system
TangPhos system was employed for hydrogenation of bothfor the synthesis ofi--amino acid derivatives, a series of
(2)- and (E)-isomers of methyl 3-acetamido-2-butenoate. £-alkyl- andf-aryl-substituteg-(acylaminoacrylates were

(Table 1) The hydrogenation was conducted at room tem- tested for hydrogenation_. As shown _in T_able 2, awide_array
perature under 20 psi of Hn the presence of 0.5 mol % of f-alkyl andg-aryl -amino acid derivatives were obtained
in excellent ees. For hydrogenation &){3-alkyl 3-(acyl-

_ amino)acrylates, extremely high enantioselectivities—(98
100%) have been obtained (entries 1 an®B These results

Figure 1. Structure of TangPhos and its phosphine sulfide

Table 1. Solvent Effect of Hydrogenation of Methyl are comparable with those obtained with Imamoto’s Bi&P*.
3-Acetamido-2-butenoate with the Rh—TangPhos System Entries 1 and 2 showed another example in which bajh (
COOMe _COOMe and (E)-isomeric substrates gave the hydrogenation product
/[ [Rh(TangPhos)nbd]SbFg R with the same configuration in high ees. These results further
HaC™ "NHAc  solvent, Hy, rt HsC” NHAG demonstrated that &8/Z mixture of 3-(acylamino)acrylates
(E)-2 orfand (Z)-2 3 could be hydrogenated in high ee with the-RfangPhos
: system.
conversion ee

Asymmetric hydrogenation g#-aryl -(acylamino)acry-

a 0, 0, . . .
entry substrate solvent 06) C6) lates remains a challenging task. Since tAg @nd (E)-
1 (B)-2 CH30H 100 97.0 isomeric substrates are not separable by column chromatog-
2 (E)-2 THF 100 99.6 raphy, hydrogenation of thel/Z mixtures is crucial for the
3 (B)-2 toluene 82 98.0 synthesis of chirap-aryl f-amino acid derivatives. While
4 (E)-2 CHCl; 100 99.4 ! . o .
5 E)2 EtOAC 100 99.5 many S-aryl f-amino acid derivatives have been important
6 @)-2 CH3OH 13 83.7 intermediates for drug syntheSidittle success has been
7 2)-2 THF 100 98.5
8 (2)-2 toluene 55 96.9 (6) Tang, W.; Zhang, XAngew. Chem., Int. E®002,41, 1612.
9 2)-2 CH,CI 88 085 (7) Crystallographic data for the X-ray structureldiave been deposited
2>z ) with Cambridge Crystallographic Data Centre as supplementary publication
10 (2)-2 EtOAc 99 98.5 no. CCDC-190907. For a graphical structure, see Supporting Information.
11 (E)-2/(2)-2 (1:1) THF 100 99.5 (8) (a) Boesch, H.; Cesco-Cancian, S.; Hecker, L. R.; Hoekstra, W. J.;

Justus, M.; Maryanoff, C. A.; Scott, L.; Shah, R. D.; Solms, G.; Sorgi, K.
a Absolute configurations were determined to Réby comparing the L.; Stefanick, S. M.; Thurnheer, U.; Villani, F. J., Jr.; Walker, D. @g.
optical rotations with reported values. Reactions were carried out under 20 Process Res. De 2001, 5, 23. (b) Hoekstra, W. J.; Maryanoff, B. E.;
psi of H in solvent at room temperature for 24 h. Substrate/[Rh(Tang- Damiano, B. P.; Andrade-Gordon, P.; Cohen, J. H.; Costanzo, M. J.;
Phos)nbd]SbE= 200:1. The ees were determined by chiral GC using a Haertlein, B. J.; Hecker, L. R.; Hulshizer, B. L.; Kauffman, J. A.; Keane,
chiralselect 1000 column. P.; McComsey, D. F.; Mitchell, J. A.; Scott, L.; Shah, R. D.; Yabut, S. C.
J. Med. Chem1999,42, 5254. (c) Zhong, H. M.; Cohen, J. H.; Abdel-
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Table 2. Hydrogenation of3-Alkyl or S-Aryl
B-(Acylamino)acrylates with the Rh—TangPhos System

/[COORQ [Rh(TangPhos)(nbd)]SbFg :/COOR2
R NHAC rt, Hy (20 psi), 24 h, THF Rq/\NHAc
4 5

entry? R1 R2 geometry®  ee” (%)  configuration
1 Me Et ((E)-4a) E 99.5 (5a) R
2 Me Et ((2)-4a) z 97.3 (5a) R
3 Me i-Pr (4b) E 99.3 (5b) R
4 Et Me (4c) E 99.6 (5¢) R
5 n-Pr Et (4d) E 99.6 (5d) R
6 i-Bu Me (4e) E 98.5 (5e) R
7 Ph Me (4f) E/Z 93.8 (5f) S
8 p-F-Ph Me (49) E/Z 95.0 (59) S
9 p-Cl-Ph Me (4h) E/Z 92.3 (5h) S
10 p-Br-Ph  Me (4i) E/Z 95.1 (5i) S
11  p-Me-Ph  Me (4j) E/Z 94.0 (5j) S
12 p-MeO-Ph Me (4k) E/Z 98.54 (5k) S
13 p-BnO-Ph Me (4l) E/Z 98.5 (5l) S
14  o-Me-Ph  Me (4m) E/Z 74.3 (5m) S
15 0-MeO-Ph Me (4n) E/IZ 83.1 (5n) S

aReactions were carried out under 20 psi of iH THF at room
temperature for 24 h. Substrate/[Rh(TangPhos)nbd)SHhE00:1. Absolute
configurations were determined by comparing the optical rotations with
reported values? The ee (%) values were determined by chiral GC using
a Chiralselect 1000 columfFor E/Z ratios of E/Z mixtures, see refs 4c
and 8.9 The ee was determined by chiral HPLC using ars)}whelk-01
column.

(less than 100 turnovers). We found that the-RlangPhos
system is very efficient for this type of substrate. As shown
in Table 2 (entries #15), good to excellent ees (74:3
98.5%) have been obtained for a serieg3edryl 3-(acyl-
amino)acrylates. While no major electronic effect was
observed for para-substitutgearyl g-(acylamino)acrylates,
electron-rich substrates gave slightly higher ees (entries 12
and 13). For ortho-substitutgtlaryl 5-(acylamino)acrylates,
lower enantioselectivities were observed (entries 14 and 15).
To further demonstrate the catalytic efficiency of the-Rh
TangPhos system for hydrogenation gf(acylamino)-
acrylates 4l was subjected to hydrogenation in THF under
20 psi of H in the presence of 0.1 mol % [Rh(TangPhos)-
nbd]Sbk. The product (S)-5Was obtained in 100% yield
and in 98.5% ee (TON= 1000), with no deterioration of
enantioselectivity.

In conclusion, an efficient catalytic system for rhodium-
catalyzed asymmetric hydrogenationb{acylamino)acry-
lates has been developed. With TangPhos as the chiral ligand,
high enantioselectivities (up to 99.6%) and turnover numbers
have been obtained in the hydrogenationEsZ isomeric
mixtures of boths-alkyl andS-aryl 5-(acylamino)acrylates.
Under these conditions, a variety of chifablkyl andg-aryl
p-amino acids can be efficiently synthesized. Since the
substrates are easy to prepare according to known pro-
cedured®® the Rh—TangPhos system provides an efficient
and practical way for making chirgtamino acid derivatives.
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