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B-Amino acids have found extensive application in the life Scheme 1. Asymmetric Hydrogenation of Unprotected Enamines
sciences as components of biologically active peptides and small- NH, O Rh-L* NH, O
molecule pharmaceuticalsSynthetic derivatives of biologically R X"“oMe - )\/”\
relevant peptides incorporatifigamino acids often display interest- 1
ing pharmacological activity, with increased potency and enzymatic
stability relative to their native counterparts, and have played im-
portant roles in advancing the understanding of enzyme mecha- NH; O Rh-L* NH, O
nisms, protein conformations, and properties related to molecular R)\/U\NHPh —2’ )\/U\NHPh
recognition? In organic synthesis3-amino acids are commonly
used as chiral building blocksand a great deal of research has 3 4
focused on facile, practical, and scalable methods for their prepara- a: R =Ph; b: R = 4-MeO-Ph; ¢: R = 4-F-Ph;
tion4> d: R = PhCHy—; e: R =3-Py

Given its inherent efficiency and atom econofngatalytic
asymmetric hydrogenation would seem to be an ideal approach to
preparing enantiopurf-amino acids. Indeed, such methods are

Table 1. Asymmetric Hydrogenation of 1a@

entry ligand yield®% ee°%  configuration

; i ; ; ; 1 [((R,R-DiPAMP)Rh(cod)]BR 0.1
among the most stqdled a_lnd7W|der appll_ed fc_>r th(_a enantioselective 2 [(S'9.Me-DuPHOS)Rh(Cod)BF 714 93 s
preparation ofx-amino acids=—° Yet, despite significant advance- 3 (S-BINAPHANE/[Rh(cod)ICIL 111 10.8 R
ments in recent yeat8,asymmetric hydrogenation has yet to find 4 (9-f-BINAPHANE/[Rh(cod)]Cl], 77.3 9.8 S
application in the large-scale preparation of enantiopliegnino g f(s()écé)'_TELf_'\,':ErPrgTOAS,\/I[ER)%ﬁ‘(’fgg):]HBF 3'790 8%"‘(‘) E
acids!! Their practical preparation still relies on the resolution of 74 (R)-(9-I/[Rh(cod)ICIL 93.7 96.1 S
racemate$ or the use of chiral auxiliarie's. 8 (R-(S-I/[Rh(cod)[CIL trace
o .9 (R-PHANEPHOS/[Rh(cod)]CH 57.6 76.2 R
One significant drawback to current approaches to asymmetric 1o ().TMBTP/[Rh(cod)|Cl} 150 784 s
hydrogenation of unsaturatgdamino acids is the requirement of 11 ((9-BINAP)RuCh 0.9
an acyl protecting group on the nitrogen: this group is considered 12 (G;g:g::{/['[’l(rfgg&%ﬁz ifz 847 S

indispensable to satisfy the chelation requirement between the
substrate and the metal, leading to high reactivity and selectivity. aReaction conditions: in 2,2,2-trifluoroethanol (TFE), SK20, 1:1
Direct acylation of enamines is not a trivial chemical transformation, ligand/metal, 90 psig b 50 °C, 18 h. For information on the ligands, see
and there are no other efficient methods for enamide syntHesis. dS\L/J\?portmg Information? Assayed by HPLCE Assayed by chiral HPLC.
. . L ith 1 mol % catalyst® In MeOH.

In addition, removal of the acyl group often requires heating in
strongly acidic or basic conditions, which may be incompatible with  Not surprisingly, a number of the metdigand complexes
other functional groups in the molecule. The difficulty and redun- screened gave poor results. The -Rérrocenophosphinel)
dancy of introduction and removal of the acetamide group has complex, however, gave good conversion and enantiomeric excess.
seriously limited the use of this otherwise powerful synthetic Further examination of a number of other Josiphos-type ligands
method. with varying electronic and steric properties revealed that for ester

We report here the first general method of high-yielding, highly 13, ligand | gave the best results in terms of conversion and
enantioselective hydrogenations wfiprotected3-enamine esters  enantioselectivity. With these encouraging results, we proceeded
1and amides$ (Scheme 1}/ This transformation obviates the need  to investigate the scope of this reaction on both enamine esters
for N-protecting group chemistry, directly yielding the desired and enamine amides.
p-amino acid derivative. Th@-enamino esterslf and amides3)
are easily prepared in high yield by reaction of }0#\c with the
corresponding readily availabfeketo esters and amidé%!°Both @J\P’Buz @J\PtBuz

are obtained exclusively as th#){isomer via direct crystallization P(4-CF3-Ph), PPh,

from the reaction mixturé?

Exploratory catalyst screening employ&@&namino estetaand @
a diverse array of commercially available catalysts and nonracemic I
ligands. Representative results are summarized in Table 1.

As shown in Table 2, a wide variety of unprotected enamine

T Department of Process Research, Merck and Co., Inc. ; ; ;
* Department of Analytical Research, Merck and Co., Inc. estgrs _and_ amldes_ all Qave the correspondﬂagml_no aC'C_" .
8 Solvias AG. derivatives in high yield with good to excellent enantioselectivity
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Table 2. Asymmetric Hydrogenation of Enamine Esters and our hope that this discovery will provide a practical and efficient
a . . . .
Amides method for the large-scale preparationemino acids and their
time  vyield ee derivatives.
i i o 9 iqurati
eny enamine  figand  sovent  h " % configuration Acknowledgment. We thank Ms. Lisa DiMichele for assistance
% 1"" : IAF%H 12 ?7-6 9.1 S with NMR spectra, Mr. Roy Helmy for LCMS data, and Dr.
a e race
3 1b | TFE 11 875 950 s Thomas J. Novak for HRMS data.
4 lc I TFE 11 854 96.1 ©) Supporting Information Available: General procedures for syn-
5 1d | TFE 11 944 933 R thesis of enamines and their hydrogenations; physical characterization
6 1e ' TFE 24 905 957 © data for substrates and products (PDF). This material is available free
oo s I MeoH 8 746 956 ) f charge via the Internet at http://pub r
g 3a I TFE 18 941 822 € or charge via the Internet at http://pubs.acs.org.
e 3b Il MeOH 8 820 96.3 €)
10 3 ! MeoH g8 3 %0 ) R?I‘)ergncesc N. InChemistry and Biochemistry of the Amino AciBarrett
rey, C. N. InChemistry an lochemistry o e AmINo AciBarrett,
1 3d I MeOH 8 94.0 971 ) G. C,, Ed.; Chapman and Hall: New York, 1985; Chapter 3.
. . . (2) (a) Spzatola, A. F. I€hemistry and Biochemistry of Amino Acids, Peptides
2 Reaction conditions: 0.15 mol % [(COD)RhgIP.3 mol % ligand, and ProteinsWeinstein, B., Ed.; Marcel Dekker: New York, 1983; Vol.
50 °C, 90-100 psig H. ® Assay yield.cIsolated yield.d With 1 mol % 7, pp 331-333. (b) Gellman, S. HAcc. Chem. Re<998 31, 173. (c)
catalyst.2 With 0.7 mol % catalyst. Gademann, K.; Hintermann, T.; Schreiber, JOurr. Med. Chem1999

6, 905.
(3) Cardillo, G.; Tomasini, CChem. Soc. Re 1996 117—-128.
(4) Enantioselectie Synthesis ofi-Amino Acids; Juaristi, E., Ed.; Wiley-
i 0 ; H i VCH: New York, 1996.
using only 0.3 mol % catalyst under relatively mild conditions (100 (5) For the latest review, See: Ma, J.-Angew.Chem., Int. Ed2003 42,
4290

psig H). Ligand | gave the best results in the hydrogenation of

enamine esters, while ligantl gave the highest rates and E% g;?\?ﬁeiistﬁcocbtﬁgﬁ;nAE;Q(EOA% ?[156623 dzr?dv\r/(ﬁ{gsqgces ”,‘\ﬁreigd_
enantioselectivities for the hydrogenation of enamine amides. Pergamon Press: New York, 1989. ’ » e W B

; ; i ik i itivi (8) (a) Noyori, R. Asymmetric Catalysis in Organic Synthesishn Wiley &
Interestingly, this cataly.tlc system gxhlblted a hlgh.sensmvny to Sons: "New York, 1994, (batalytic Asymmetric Synthesigjima. |.
solvent. For hydrogenation of enamine esters, TFE is preferred for Ed.; Wiley-VCH: New York, 2000.

high reactivity and selectivity. In MeOH, however, the reaction (%) Ez;elg%fgpi% he classieDOPA synthesis: Knowles, W. $cc. Chem.
was almOSt tOtally |nh|b|ted (entry 2 in Table 2) On the Other hand, (10) (a) .You‘ J.; D’rex|e.|" H.; Zhang’ S.; Fischer‘ C. He||erp]hgew,chem”

i i i i i Int. Ed.2003 42, 913. (b) Zhou, Y.-G.; Tang, W.; Wang, W.-B.; Li, W.;
_the hydrogena_tlons of enamine a_mlde_s gave much higher sele_ct_lvr[y Zhang. X.J. Am. Chem. S0@003 14 4952, (¢) Tang, W.. W S..
in MeOH than in TFE (entry 8) Itis believed that the solvent aCIdIty Zhang' X.J. Am. Chem. So2003 125, 9570. (d) For a recent review,
p|ays an important role in the reactiéh. see: Drexler, H.; You, J.; Zhang, S.; Fischer, C.; Baumann, W.;

. . . Spannenberg, A.; Heller, DDrg. Process Res. @e2003 7, 355.
The success of this hydrogenation method despite the lack of a (11) Abdel-Magid, A. F.; Cohen, J. H.; Maryanoff, C. &urr. Med. Chem.

directingN-acyl group on the substrate begs the question of what 1999 6, 955. . ) )

. k . . . . (12) Cohen, J. H.; Bos, M. E.; Cesco-Cancian, S.; Harris, B. D.; Hortenstine,
sort of mechanism is operative that gives high rates of reaction J. T.; Justus, M.; Maryanoff, C. A.; Mills, J.. Muller, S.; Roessler, A.;
and high enantiofacial selectivity in the RHK insertion step. Scott, L.; Sorgi, K. L.; Villani, F. J., Jr.; Webster, R. R. H.; Weh,@g.

- ) X . . P Res. De 2003 7 .
Mechanistic studies are ongoing and will be reported in due course. (13) ”(’g,‘;‘i;z N??Tgferg?gl M?%esrehe,y S.D.; Liu, J.; Huang, A.; Rivera, N.

However, preliminary results of deuterium labeling studies suggest JR';DNjollliltpéE': H\?i.atc’z/,I Yh Mc\SVilga}nés, Jb. C,; \Ii\_/ilgan}sbJ; _I\Fl” Armstr%g,
the intriguing possibility that the reaction proceeds through the imine A-m_-'Chém_“§_5Q504a{2§'3048_-' APOWSKL, £ 5 S TIen K. .
tautomer, making this reaction mechanistically analogoy&ke- 84513 I;_alrgem, JfCIEn%ellf%BVZVZlD?, 4|2tl. ML Novori. Rletrahed

_ H : Irst report: ubell, . D.; Kltamura, ., Noyori, etranedron:
toester and -amide hydrogenatic¥s. Asymmetry1991, 2, 543,

(16) Burk, M. J.; Casy, G.; Johnson, N. B. Org. Chem1998 63, 6084.
(17) For previous examples of asymmetric hydrogenation of electron-rich

H [Rh] N-alkyl andN,N-dialkyl enamines, see: (a) Lee, N. E.; Buchwald, S. L.
N N J. Am. Chem. Soc994 116 5985. (b) Tararov, V. I.; Kadyrov, R,;
M Riermeier, T. H.; Holz, J.; Bmer, A. Tetrahedron Lett200Q 41, 2351.

R R' (c) Seido, N.; Nishikawa, T.; Sotoguch, T.; Yuasa, Y.; Miura, T,

Kumobayashi, H. U.S. Patent 5859249, 1999.
R' = OR2 NR3 (18) Commercially unavailablg-keto esters were prepared via the Masamune
’ 2 protocol: Brooks, D. W.; Lu, L. D.-L.; Masamune, Sngew Chem., Int.
Ed. Engl.1979 18, 72.
) . (19) Simple amide exchange of thieketo esters gives the corresponding
In summary, we have discovered an unprecedented enantiose- amides: Kibler, C. J.; Weissverger, 8rg. Synth. CollectVol. lll, 108.

; ; ; ; i (20) It is postulated that the intramolecular hydrogen bond dictates this
lective reQuctlon Qf unpr.OteCted enammq esters and amldes us!ng phenomenon. The&Zf-conformation of the substrates is confirmed by NMR
commercially available ligands under mild hydrogenation condi- (NOE).

i H ; ] ] i ] it (21) The effect of TFE in enamine ester hydrogenations can be mimicked by
tions. _Thls me_thoq_glves high _enantloselectlylty, high reactivity, other acidic alcohols such as phenol derivatives.
and wide applicability and requires no protecting groups. Contrary (22) When amid@awas reduced in MeOH with fusing catalystl /[(COD)-

to accepted thinking, our results clearly show thatikacyl group RhCI)., we observed D-incorporation only in tifeposition.
is not a prerequisite for such transformations to be effected. It is JA0479011
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