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Dynamic kinetic resolution (DKR) is one of several powerful Scheme 1. Ru—BINAP-Catalyzed anti Selective Hydrogenation

tools for efficient synthesis of one enantiomer from racemic starting anti-selective hydrogenation
materials without any loss.The ruthenium-catalyzed DKR in o O H,/Ru-(S)-BINAP OH O
combination with axially chiral phosphines was originally developed R OR? R - OR?
by Noyori et al? for asymmetric synthesis of 2-substituted

. . . NH+HCI NHy+HCI
pB-hydroxyesters includingsyn-hydroxy-a-amino esters from
chirally labile 2-subst|tutec18-keto_ esters. This t_apoqh-maklng _ Alkyl substrate Aromatic substrate
methodology has attracted considerable attention in the organic . » . »
chemistry community and has been successfully applied to produc- R ; "P’LRQS.::';%E/“ R :/ Ph,_R9377Mgo/
tion of B-lactam antibiotic intermediaf®. Recently, we have antysyn =>s9:1, So7ee antysyn = S3iv, e
demonstrateftifor the first ime thato-aminofi-keto ester hydro-  rapje 1. Optimization of Asymmetric Hydrogenation Using Ir
chlorides have been directly hydrogenated in an anti selective Catalyst?
manner through DKR with the RtBINAP catalyst to producanti- o o 1) Ir-(S)-BINAP complex (3 mol%) OH O

[-hydroxy-a-amino esters with high diastereo- and enantioselec- OMe S"c"lzvgﬁ?;;?g’ additive, time : OMe
tivities.5 This method has revealed that alkyl substrates are the most NH,HCI  2)BzCl, TEA, THF NHBz
suitable for the hydrogenation; however, aromatic substrates are 1 2

poor for the enantioselectivity (Scheme 1). The anti aromatic
B-hydroxy-a-amino acids are of importance and are incorporated  ®"Y solvent
into the backbone of a wide range of antibiotics and cyclopeptides {6  MmeOH . 48 a1 937 0

such as vancomycins and papuamides. Therefore, stereoselective

dr
additives (eq) time (h) yield (%) antisyn @ (%)

. . . . . . 2¢ PhH - 4 98:2 8
synthesis of the anti aromafichydroxy-o-amino acids still remains 8 4
a formidable challengé Herein we describe the first successful 39 MeOH - 48 83 987 32
dynamic kinetic resolution catalyzed by in situ generated Ir axially 4% MeOH - 48 18 - 19
chiral phosphln(_a catalyst in asymmetric syntht_95|s o_f anti aromatic AcOH ) 8 81 091 o7
B-hydroxy-o-amino esters from the correspondimgaminof3-keto
esters AcOH AcONa (1) 3 90 >99:1 69
Initially, we briefly surveyed transition metals for the hydrogena- 79 AcOH AcONa (1) 3 79 >99:1 77
tion of thea-aminof-keto ester, as shown in Table 1. Interestingly, 89 AcOH AcONa (1), Nal (0.06) 24 82 >991 90

in addition to the known ruthenium catalyst, the rhodium and
iridium catalysts also underwent highly anti selective hydrogenation
but with low enantioselectivities (entries-B). However, we were aThe reaction was carried out by using-[S)-BINAP (prepared from

pleased to find for the first time that the iridium complex derived [IrCl(cod)]> and BINAP prior to the hydrogenation) additive(s) in solvent.

. L . b RuCh[(S)-binap](dmf), was used instead of-H(S)-BINAP. ¢ The catalyst
from [Ir(ch)CI]z and BINAP IS a .promISIng catalyst for DKR in derived from [Rh(cod)CH and §-BINAP and 50 atm of hydrogen was
asymmetric hydrogenation of-aminos-keto ester (entry 3). The  ysed instead of #(9-BINAP and 100 atm of hydrogef.50 atm of

procedure for preparation of the catalyst was critical for its catalytic hydrogen was used.The in situ generated catalyst from [IrCl(cogind
activities. The most active catalyst was made prior to hydrogenation (3-BINAP in the hydrogenation was usedVot determineds (S)-MeO-
. L ) . . BIPHEP was used as a chiral ligand instead 9f§INAP.

by mixing the iridium complex with BINAP in methylene chloride
at 23°C for 10 min (entries 3 and 4). Acetic acid was the solvent easily prepared by the known methdds® The anti selective
of choice for the diastereoselectivity (entry 5). The presence of hydrogenation via dynamic kinetic resolution using 3 mol % of
sodium acetate affected the enantioselectivity dramatically (entry the Ir—(S-MeOBIPHEP catalyst proceeded with almost complete
6). Next, we examined the ability of several chiral phosphines. diastereoselectivities under 100 atm of hydrogen in the presence
Among them, MeOBIPHEP was most efficient for the enantiose- of sodium acetate (1 equiv) and sodium iodide (0.06 equiv) in acetic
lectivity (entry 7). Moreover, the addition of an iodide anion sodrce, acid at 27-30 °C to afford the anti aromatiB-hydroxy-a-amino
especially sodium iodide, led to maximized enantioselectivity esters with high enantioselectivities in excellent yields. The products
(entries 8 and 9). The absolute stereochemistry of the thus-obtainedvere protected without purification as tiebenzolyl derivatives
amino acid was unambiguously determined as the knvacetyl for their isolation and HPLC analysis. The diastereoselection in
derivative® this reaction was surprisingly high despite the substituent on the

This method was then applied to various aromatic substrates toaromatic nucleus, and thel NMR analysis of the crude products
clarify the generality of the hydrogenation, and the results are shown revealed almost no presence of #y&3-hydroxy-a-amino esters.
in Table 2. The starting-aminof-keto ester hydrochlorides were  The halogeno substrates are compatible under the hydrogenation

99  AcOH AcONa(1),1,(0.08) 24 55 s901 87
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Table 2. Asymmetric anti Selective Hydrogenation? In conclusion, we have developed an efficient asymmetric
o o 1. 'l:(sz'(')\geotB'P:EIP complex oH o synthesis of anti aromatjgé-hydroxy-o-amino acid esters from the
A<2:C()Na ";2"0)"_' 37_30 C. 96 h z readily availablex-aminof3-keto esters using the-tMeOBIPHEP
Ar OMe — 761 TEA THF : Ar OMe catalyst for the first time. Our hydrogenation is the first example
NHz-HCl T NHBz of dynamic kinetic resolution using the Ir axially chiral phosphine
ar catalyst and can be carried out in an environmentally friendly
entry R yield (%) anti : syn ee (%) solvent using commercially available chiral phosphines. The product
) 82 209 1 % anti aromatuﬁ-hydroxyq—amlno acids are _useful as building blocks
©/ for the synthesis of various pharmaceuticals and natural products.
5 Further studies on the mechanism and the expansion of the scope
2 >99 : 1 94 i ili i
Bno©/ and applicability are now in progress.
" @/ 88° 299 1 95 Acknowleo_lgmt_en_t._ Dedice_t_ted w_ith gr_eat appreciation _to Profe_s-
Bno sor Takayuki Shioiri of Meijo University on the occasion of his
70th birthday (Koki).
4 <0©/ 80 98:2 93 ) ) ) )
o) Supporting Information Available: Experimental procedures and
spectral data for all new compounds. This material is available free of
5 O/ 8 >99 1 o4 charge via the Internet at http://pubs.acs.org.
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