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During the last several decades, many effective chiral bisphos- Scheme 1

phines have been developed. However, there is no solution in OO R NS R
dealing with many transition metal-catalyzed asymmetric transfor- OH (1) n-BuLi, THF F NP OPAT,
mations since enantioseletivities are often substrate-dependent. OH (2) AroPCl, THE OPAr,
Subtle changes in conformational, steric, and electronic properties OO OO

of chiral ligands can lead to dramatic variations of reactivities and 1 R R
enantioselectivities. Conformationally rigid and tunable chiral g= u A'ro\= Pl;h BINAPO

. e . . = Me, Ar= Me-0-BINAPO 2a
ligands offer a grea_t advan_tage for optimizing _the enantloselet_:tlvty R < Ph, Ar = Ph Ph-o-BINAPO 2b

of a reaction. Herein, we like to report ruthenium catalysts with a R = 3,5-Me,CgH3, Ar = Ph Xylyl-o-BINAPO 2¢
novel family of BINOL-derived phosphinite ligands for the first R =Ph, Ar = 3,5-MeCeHa Ph-o-Xyiyl-BINAPO 2d

highly enantioselective hydrogenationfryl-substituteds-(acyl-
amino)acrylates. These catalysts are also effective for highly
enantioselective hydrogenation @aryl-substitute¢b-keto esters.

Table 1. Asymmetric Hydrogenation of 5-Aryl-Substituted
B-(Acylamino)acrylates 32

) . BINAPO
Noyori and co-workers have demonstrated that highly skewed AcHN Q [(;rgymene)RuC'zlz A 2
BINAP was an effective ligand for many asymmetric catalytic A X oR EtOH, Hy, 50 °C Ar oR
reactions-?2 A comparison of the structure of BINAP with the less- 3 5

effective BINAPO ligandéreveals two possible reasons: (1) the
oxygen atoms in the BINAPO increase the distance between the entry ligands Arof3 Rof3 ee (%)  config.
chiral binaphthyl moiety and PRlgroups and therefore decrease

1 BINAPO Ph Me 8a) 2 (59) S
the influence of chiral binaphthyl on orientation of the phenyl groups 2 2a Ph Me @a) 22 (59) S
of PPh and (2) the presence of the-©—P bond in BINAPO 3 2 Ph Me @a) 98 (59) S
increases the flexibility of backbone. To develop highly effective g gg EE mg 83 g? ((23 g
BINAPO ligands, we have designed ligar@s—d by introducing 6  BINAP Ph Me@a 3163 s
groups into 3,3positions of the binaphthyl backbone (ortho- 7 MeO-Biphep  Ph Me3a) 39 (a) S
substitued BINAPO, abbreviated asBINAPO): introduction of g gc D-E-I%Hﬁ me gb)) g? (gb)) g
_ ; : : H C P-Cl-CgHg e (oC C,
3,3-R g'roups can restrict .t'he orler!tatlon of Ar grpups adjacent tp 10 2 p-Br-CeHs Me 3d) 97 Bd) s
phosphine atoms. In addition, tuning of the steric and electronic 17 ¢ p-Me-CeHa Me 39 99 (56 S
properties can be achieved by changing the R and Ar groups of 12  2c p-MeO-GHs  Me (3f) 99 (5f) S
ligands. These ligands can be synthesized from the corresponding 13  2c 0-Me-CeHs4 Me (3g) 96 (59) S
diols 4 (SCheme l) 14 2c 0-MeO-GsHa Me (3h) 80 (5h) S
Enanti . ”' . id d their derivati 15  2c Ph Et Gi) 98 (i) S
. nantlomgrlt.:a Yy purqﬁ-amlno aclas ah t ell’. erivatives are 16 2¢c p-F-CsHa Et (3j) 98 (5) IS
important building blocks for the synthesis/@{peptides-lactam 17 2c p-Cl-CgH4 Et (3k) 95 (5k) S
antibiotics, and many important drugRecently, several synthetic 18  2c p-Br-CeHa Et@3I) 93 () S

methodologies have been developed to nfkenino acids by using aThe absolut " i determined b . tical

L . . e . € apsolute configurations were aetermine y comparing optica
stoichiometric chiral auxiliaries and catalytic methGdamong rotations with reported values. The reaction was carried out under 80 psi
these methods, straightforward asymmetric hydrogenati@hawhi- of Hz in EtOH at 50°C for 20 h, substrate/[Rp{cymene)Cil2/ligand =
noacrylic acid derivatives represents one of the simplest routes.50/1/2-1-bTheC ee (%) values were determined by GC using a chiralselect
Previous attempts at asymmetric hydrogenatiofi-¢dicylamino)- 1000 columns Determined by the sign of rotations.

acrylates using Ruand RH# catalysts led to moderate to good puPhogc and Ru-BINAP systems for hydrogenation garyl-
enantioselectivity. The main issue is that the different catalytic substituteds-(acylamino)acrylates.

behaviors (ee values, catalytic activities) exist with and E- To test the synthetic utility of bisphosphinite ligar@jsve have
isomeric substrates. For examplek){nethyl 3-acetamido-2-  explored the Ru-catalyzed asymmetric hydrogenatioys-afyl-
butenoate gave 96% ee in Noyori’s Ru-BINAP systewhile (2)- substitutegB-(acylamino)acrylate8 (Table 1). Substrateda—| (E/Z

methyl 3-acetamido-2-butenoate gave only 5% ee with the opposite = 5/95 to 40/60) can be made from tfeketo esterst according
configuration. So far, only moderate ee can be obtained with Rh- to a literature procedur®:® The E/Z mixture of enamidesSa—|
cannot be separated by silica gel column chromatography. The Ru
* Corresponding author. E-mail: xumu@chem.psu.edu. catalyst was prepared by mixing the [Regdymene)Cl], and a
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Table 2. Asymmetric Hydrogenation of 3-Keto Esters 42 have been achieved with most substrates{@® ee) except for

0-BINAPO 4f and4g. Under the same reaction conditions, we examined the
Q 0 l{(p-Cymene)RuCly], (;)H Q enantioselectivties for hydrogenation 4& BINAP (80% ee),
Ar OR  EtOH/DCM, Hy,, 50 °C Ar/\)J\OR MeO-BIPHEP (88%), BINAPO .(29%)2§1.(29%),'2b (94%), 2c
4 (99%), and2d (97%). The enantioseleatities achieed with Ru-
6 2c as the catalyst are the highest reported for substréde For
enty  ligand Arofd Rof4 ee()of6®  configs hydrogenation qﬁ-alkyl-sub.stitutecﬁ-ke.to esters, we found that
1 % on Etda) 99 63) R 0-BINAPO (2_d) is a better ligand (entries-911). _ .
2 2c p-F-CoHa Et (4b) 93 (6b) R _In conclusion, we have developed a novel family of chiral
3 2c p-Cl-CeHa Et (40) 98 (60) R bisphosphinite ligands for enantioselective Ru-catalyzed hydrogena-
4 2c p-Br-CeHa Et (4d) 96 (6d) R tion. These catalysts are especially effective for hydrogenation of
g gg p‘mggﬁ'c*ef_' EI Ej?)) g? gg) S B-aryl-substituted-(acylamino)acrylates ang-aryl-substituted
7 2 g_Me_CGH4 4 Et (49) 90 (60) R p-keto esters. The highly enantlosele_ctlve hydrqgenatl_on provides
8 2c 0-MeO-CsHy Et (4h) 98 (6h) R a useful way to preparg-aryl-substitutedg-amino acids and
9 2d Me Me (@i) 96 (6i) S pB-hydroxyl acids. Further studies of other transition metal com-
10 2d Me Et @j) 96 (6)) S plexes of these ligands and their applications are in progress.
11 2d CICH;, Et (4k) 98 (6k) R
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bisphosphinite ligan in situ in hot DMF The reaction was
carried out under 80 psi of Hn EtOH at 50°C for 20 h. Although
ligands BINAPO an®a—d show similar reactivity, the enantiose-
lectivity varied dramatically. For example, substratevas reduced
with 2% ee using a Ru-BINAPO complex as the catalyst (entry 1).
The enantioselectivity increased to 22% with Ru-M&INAPO

(2a) (entry 2), Surprisingly, ee values increased dramatically when
an aryl was introduced in th@ BINAPO ligand (entries 35). Up

to 99% ee has been achieved with the Rueatalyst (entry 4).
This result is superior to ee values obtained with other phosphine
ligands (entry 6, 31% ee with BINAP; entry 7, 39% ee with MeO-
BIPHEP).

A variety of p-aryl-substituteds-(acylamino)acrylates were
employed as substrates for the Ru-catalyzed hydrogenation reaction
with 2c as the ligand (Table 1). High enantiomerical excesses have
been achieved with the exception 8l (entry 14). There is no
major electonic effect on the substitution pattern3of96—99%
ee). A possible explanation of the low ee (80%) witmethoxy-
substituted enamid&h is that competing coordination of the
o-methoxy group exists in the Ru system. In this catalytic system,
methyl S-aryl-substitutegB-(acylamino)acrylates gave slightly better
enantioselectivities than the corresponding efhwgryl-substituted
p-(acylamino)acrylates.

It is noteworthy thabur catalytic system Ru-bisphosphinite can
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we have examined Ru-catalyzed enantioselective hydrogenation of
[-aryl-substitutegb-keto esters (Table 2). High enantioselectivities
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