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Enantiomerically purgg-amino acids and their derivatives are HaN,  COOH  HoN_  COOH HN,  COOH
key structural elements of many natural products and drugs. They b 7 \ O
are also important chiral building blocks for the synthesis of N
B-peptides for biomedical researehChiral cyclic f-amino acids (1R, 2R)-ACPC (1R, 2R)-APC cispentacin
have recently gained much attention due to their increasing 1 2 3
importance for the synthesi_s gﬁpeptides? For inst_anceirans Figure 1. Cyclic f-amino acids.
aminocyclopentanecarboxylic acitl, fransACPC, Figure 1) and _
trans-4-aminopyrrolidine-3-carboxylic acid?( trans-APC) have Table 1. Ru-Catalyzed Hydrogenation of
. 2-Acetylamino-cyclopent-1-enecarboxylic Acid Ethyl Ester
been successfully used by Gellman and co-workers for constructing
B-peptide antibiotic§2 while (1R,29-cis-aminocyclopentane- Ru(COD)(Methallyl); (5 mol%)
carboxylic acid 8, cispentacin) itself is a strong antifungal AcHN_  COOEt °h'|r_'aE'H'__'gjr1‘g :O’E/";%) AcHN,  COOEt
antibiotic# Although some stoichiometric asymmetric synthesis or ‘
resolution methods of chiral cycligg-amino acids and their . Hz (50 atm), MeOH, rt -
derivatives have been reportethe development of new, efficient,
and catalytic asymmetric synthetic methods remains an important  entry? chiral P* ligands conv. (%) % ee (config)
goal. Herein we report the first catalytic synthesis of chiral cyclic 1 (SS-DIOP 91 34 (B2R)
B-amino acids via asymmetric hydrogenation of cygigacyl- 2 (RR)-Me-DuPhos 100 69 @29
amino)acrylates, and excellent enantioselectivities have been achieved. 3 (SSRR)-TangPhos 100 57829
. : : 4 (S-BINAP 100 99 (B2R)
Although great success has been achieved in asymmetric
) . . S ) i 5 (9-MeO—BIPHEP 100 99 (52R)
hydrogenatlon of trlsubs_tltut_ed functionalized olef_ln_s, hydrogenation 6 (9-C1-TunaPhos 100 98 §2R)
of tetrasubstituted olefins is generally more difficult, and much 7 (9-C2-TunaPhos 100 99 E2R)
fewer successful results have been repottéthile many excellent 8 (9-C3-TunaPhos 100 99 G2R)
chiral catalytic systems have been developed for hydrogenation of 9 (9-C4-TunaPhos 100 99 §2R)
trisubstituted olefins of acyclif-(acylamino)acrylate$® enantio- 10 (§-C5-TunaPhos 100 9 82R)
Y Y ylates, 11 (9-C6-TunaPhos 100 97 §2R)

selective hydrogenation of tetrasubstituted olefins of cyclic or
acyclic g-(acylamino)acrylates remains an unexplored area. We 2 For a detailed procedure of catalyst preparation, see Supporting
were interested in developing an efficient catalyst for hydrogenation Information. Ru:P*:HBR:substrate= 1:1:2:20, The hydrogenations were
of tetrasubstituted olefins of cyclig-(acylamino)acrylates. Thus, Egn;]ormed at room temperature under 50 atm ppressure in MeOH for
a series of cycligs-(acylamino)acrylates were synthesized from '
their corresponding cycligg-keto esters through amination and dramatically different enantioselectivities. While DIOP, DuPhos,
acylation in high yields. 2-Acetylamino-cyclopent-1-enecarboxylic and TangPhos gave only moderate enantioselectivities (entrgs 1
acid ethyl ester4) was selected as the hydrogenation substrate for chiral biaryl ligands such as Me€BIPHEP and BINAP provided
testing different hydrogenation methods. ARI$SR,R)-TangPhos 99% ee’s (entries45). To test the effect of the dihedral angle of
complex®was first used as the catalyst for asymmetric hydrogena- chiral biaryl ligand on enantioselectivity of the reaction, a set of
tion. It was found that this catalyst, which was very successful for TunaPhos ligand$ with different dihedral angles was employed.
hydrogenation of trisubstituted olefins gf(acylamino)acrylate®; With the exception of C1-TunaPhos and C6-TunaPhos that provided
exhibited no reactivity under similar conditions. A low conversion slightly lower ee’s, other TunaPhos ligands showed comparably
was observed even when a higher hydrogen pressure (50 atm) andhigh enantioselectivities (entry-6L1). The preparation method of
temperature (50C) were employed. the Ru catalysts is important for the high reactivity. When a Ru
Bruneau et at?and Rautenstrauch et®lhave recently reported  catalyst precursor such as [NWe;][{ RuCI((S-C3-TunaPhog)-
hydrogenation of tetrasubstituted enamides and a vinylogous (u-Cl)3]** was applied for hydrogenation under identical conditions,
p-oxoester, respectively, by employing Ru catalysts generated in a lower conversion (80%) was obtained although the high enantio-
situ from a monomeric Ru precursor, a chiral phosphorus ligand, selectivity was maintained. Alcoholic solvents such as MeOH and
and HBFR. We thus switched to the use of chiral Ru catalysts for EtOH are beneficial for the reactivity; lower conversion was
hydrogenation of the tetrasubstituted olefindofThe Ru catalysts observed when THF, Ci€l,, or toluene was used as the solvent.
were prepared in situ by protonation of a mixture of Ru(COD)- We then used C3-TunaPhos as the ligand for Ru-catalyzed
(methallyly and a chiral bisphosphorus ligand with two equivalents asymmetric hydrogenation of a series of cygligacylamino)-
of HBF4,-Me,O in CH,Cl,. After evaporation of the solvent, the acrylates. As shown in Table 2, over 99% ee was obtained in
residue was directly used for hydrogenation. The reactions were hydrogenation of 2-acetylamino-cyclopent-1-enecarboxylic acid
performed at room temperature under 50 atm efpressure in methyl ester’, entry 2). Excellent enantioselectivity (98% ee) was
MeOH. As shown in Table 1, different chiral ligands exhibited also achieved in hydrogenation of substi@t®ntaining a BocNH
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Table 2. Hydrogenation of Cyclic or Acyclic g-(Acylamino)crylates
with a Ru—(S)-C3-TunaPhos Catalyst

entry? substrate product %eeP (confign)¢
AcHN COOEt AcHN, COOEt
@) U (43)  99(+)
AcHN_  COOMe AcHN, ,COOMe
2 ®) U (5a) 99 (+)
BocHN_  COOMe BocHN, ,COOMe
3 5 ®) U (6a) 98 (+)
AcHN_  COOEt AcHN, ,COOEt
4 = @ (7a)  95(+)
N N
COOEt COOEt
AcHN COOEt AcHN, COOEt
5 ¢ @) © O (8a) 92+
AcHN_  COOMe AcHN, ,COOMe
6 9) 6 (9a) 80 (+)
7 AcHN__ COOMe (1g) AcHN,  COOMe(10a) 44 ()
8 AcHN_  COOEt (11) AcHN_ ,COOEt(11a) 72 (+)

7= s

a For a detailed procedure of catalyst preparation, see Supporting

Information. Ru:§)-C3-TunaPhos:HBEsubstrate= 1:1:2:20, The hydro-
genations were performed at room temperature under 50 atm igdsure

in EtOH for 18 h.b The enantiomeric excesses were determined by chiral
GC on a chiralselect 1000 gr-dex 225 column® The sign of optical
rotation. The absolute configuration @é (entry 3) is determined as$PR).

Scheme 1. Epimerization of 6a
COOMe COOMe
BocHN NaOMe, MeOH BocHN N
reflux, 12 h \Q
6a 6b
(1S,2R) (1R,2R)
80% yield

group (entry 3). The chiral cis produga has been used as a synthon
for the peptide synthes® A heterocyclic-(acylamino)acrylates

7 is also hydrogenated to give the cis proddet in excellent
enantioselectivity (entry 4). Hydrogenation of a cyclohexenyl
substrate8 provided the cis hydrogenation product in 92% ee.
However, lower ee’'s were observed in hydrogenation of the
cycloheptenyl and cyclooctenyl substrag@snd 10. An acyclic
pB-(acylamino)acrylatel 1 with a tetrasubstituted olefin was also
hydrogenated, and the produtfia was obtained in 72% ee.
Hydrogenation with other biaryl ligands such as BINAP, MeO

BIPHEP, C2-, C4-, and C5-TunaPhos provided similar hydrogena-

tion results.

To demonstrate the synthetic utility of the chiral cis hydrogena-
tion products for the synthesis of trans cyclicamino acid
derivatives, compounfla was heated in a basic alcoholic solution
to yield its trans epimerans(1R,2R)-2-tert-butoxycarbonylamino-
cyclopentanecarboxylic acid methyl estéb)in high yield (Scheme
1). The chiral trans produéb has been frequently used by Gellman
and co-workers for the synthesis @fpeptidesic

hydrogenation. The Ru catalysts combined with chiral biaryl ligands
such as C3-TunaPhos are found to be efficient for hydrogenation
of tetrasubstituted olefins of cyclje-(acylamino)acrylates and up

to 99% ee’s have been achieved. Since the hydrogenation substrates

are easy to synthesiz&we believe that this methodology may be
potentially practical for the synthesis of both cis and trans chiral
cyclic f-amino acids.

Acknowledgment. This work was supported by National
Institute of Health. We thank Dr. Mark A. Scialdone in DuPont
for his helpful suggestions.

Supporting Information Available: Detail hydrogenation proce-
dure and spectroscopic data of substrates and products. This material
is available free of charge via the Internet at http://pubs.acs.org.

References

(1) (a) Gademann, K.; Hintermann, T.; Schreiber, J.Qdrr. Med. Chem.
1999 6, 905. (b) Gelman, S. HAcc. Chem. Resl99§8 31, 173. (c)
Seebach, D.; Abele, S.; Gademann, K.; Guichard, G.; Hintermann, T.;
Jaun, B.; Matthews, J. L.; Schreiber, J. Nelv. Chim, Actal998 81,
932.(d) Seebach, D.; Matthews, J. Chem. Commurl997 2015.

(2) (a) Liu. M.; Sibi, M. Tetrahedron2002 58, 7991. (b) Davies, H. M. L.;
Venkataramani, CAngew. Chem., Int. E®002 41, 2197. (c) Juaristi,
E.; Lopez-Ruiz, H.Curr. Med, Chem1999 6, 983. (d)Enantioselectie
Synthesis off-Amino Acids Juaristi, E., Ed.; Wiley-VCH: New York,
1997. (e) Cole, D. CTetrahedron1994 50, 9517.

(3) (a) Porter, E. A.; Wang, X.; Lee, H.-S.; Weisblum, B.; Gellman, S. H.
Nature200Q 404, 565. (b) Wang, X.; Espinosa, J. F.; Gellman, S.JH.
Am. Chem. So@00Q 122 4821. (c) Appella, D. H.; Christianson, L. A.;
Klein, D. A.; Richards, M. R.; Powell, D. R.; Gellman, S. H.Am. Chem.
Soc.1999 121, 7574.

(4) (a) Konishi, M.; Nishio, M.; Saitoh, T.; Miyaki, T.; Oki, T.; Kawaguchi,
H. J. Antibiot. 1989 42, 1749. (b) Oki, T.; Hirano, M.; Tomatsu, K;
Numata, K.; Kamei, HJ. Antibioti. 1989 42, 1756.

(5) (a) Berkessel, A.; Glaubitz, K.; Lex, Eur. J. Org. Chem2002 2948.

(b) Yokota, Y.; Cortez, G. S.; Romo, Oetrahedror2002 58, 7075. (c)

Miyata, O.; Muroya, K.; Kobayashi, T.; Yamanaka, R.; Kajisa, S.; Koide,

J.; Naito, T.Tetrahedron2002 58, 4459. (d) Bolm, C.; Schiffers, Ingo,

Dinter, C. L.; Defree, L.; Gerlach, A.; Raabe, Gynthesi2001, 1719.

(e) LePlae, P. R.; Umezawa, N.; Lee, H.-S.; Gellman, Sl.Krg. Chem.

2001, 66, 5629. (f) Ndeberg, D.; Branalt, J.; Kvarnstmg |.; Classon, B.;

Samuelsson, B.; Nillroth, U.; Danielson, U. H.; Kar|éA.; Hallberg, A.

Tetrahedronl997 53, 7975. (g) Kanerva, L. T.; CsomspP.; Sundholm,

O.; Bernah, G.; Fuop, F. Tetrahedron: Asymmetr$996 7, 1705. (h)

Davies, S. G.; Ichihara, O.; Walters, I. A. Synlett1993 461. (i)

Yamazaki, T.; Zhu, Y.-F.; Probstl, A.; Chadha, R. K.; Goodman,JM.

Org. Chem.1991, 56, 6644.

For recent reviews, see: (a) Blaser, H.-U.; Spindler, Malan, C.; Pugin,

B.; Spindler, F.; Steiner, H.; Studer, M\dv. Synth. Catal2003 345,

103. (b) Ohkuma, T.; Kitamura, M.; Noyori, R. l@atalytic Asymmetric

SynthesisOjima. |., Ed.; Wiley-VCH: Weinheim, 2000; p 1. (c) Brown,

J. M. In Comprehensie Asymmetric Catalysidacobsen, E. N., Pfalts,

A., Yamamoto, H., Eds.; Springer; Berlin, 1999; p 121.

(7) (a) Drexler, H.-J.; You, J.; Zhang, S.; Fischer, C.; Baumann, W.;
Spannenberg, A.; Heller, DOrg. Process Res. De2003 7, 355. (b)
Holz, J.; Monsees, A.; Jiao, H.; You, J.; Komarov, I. V.; Fischer, C.;
Drauz, K.; Boner, A.J. Org. Chem2003 68, 1701. (c) You, J.; Drexler,
H.-J.; Zhang, S.; Fischer, C.; Heller, Bngew. Chem., Int. EQ003 42,
913. (d) P€nm, D.; Minnaard, A.; de Vries, J. G.; Feringa, B. L.Am.
Chem. Soc2002 124, 14552. (e) Tang, W.; Zhang, Xrg. Lett.2002
4, 4159. (f) Lee, S.; Zhang, Y. Org. Lett.2002 4, 2429. (f) Yasutake,
M.; Gridnev, I. D.; Higashi, N.; Imamoto, TOrg. Lett.2001 3, 1701.
(g) Heller, D.; Holz, J.; Drexler, H. J.; Lang, J.; Drauz, K.; Krimmer,
H.-P.; Baner, A.J. Org. Chem?2001, 66, 6816. (h) Zhu, G.; Chen, Z;
Zhang, X.J. Org. Chem1999 64, 6907.

(8) (@) Wu, J.; Chen, X.; Guo, R.; Yeung, C.-h.; Chan, A. S1.®rg. Chem.
2003 68, 2490. (b) Zhou, Y.-G.; Tang, W.; Wang, W.-B.; Li, W.; Zhang,
X. J. Am. Chem. So@002 124, 4952. (c) Lubell, W. D.; Kitamura, M.;
Noyori, R. Tetrahedron: Asymmetr{991 2, 543.

(9) (a) Dupau, P.; Bruneau, C.; Dixneuf, P. Adv. Synth. Catal2001, 343
331. (b) Dobbs, D. A.; Vanhessche, K. P. M.; Brazi, E.; Rautenstrauch,
V.; Lenoir, J.-Y.; Gefig J.-P.; Wiles, J.; Bergens, S. Angew. Chem.,
Int. Ed.200Q 39, 1992.

(10) (a) Wu, S.; Wang, W.; Tang, W.; Lin, M.; Zhang, ®rg. Lett.2002 4,

4495, (b) Zhang, Z.; Qian, H.; Longmire, J.; Zhang, X.Org. Chem.
2000 65, 6223.

6

~

In conclusion, we have developed the first catalytic asymmetric (11) See Supporting Information.

synthesis of chiral cyclig-amino acid derivatives via asymmetric
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