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ABSTRACT

Pd(OCOCF3), )
NPMP (R)-BINAP NH-PMP
R~ “COsR Ha Rf” “CO,R
1 CF3CH,0H 2

up t0 91% ee

Under hydrogen pressure, a catalytic amount of palladium(ll) trifluoroacetate and 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl (BINAP) promoted
asymmetric hydrogenation of a-fluorinated iminoesters to afford highly enantioenriched g-fluorinated o-amino esters. The yield and ee were
much improved by employing fluorinated alcohols such as 2,2,2-trifluoroethanol (up to 91% ee).

Chiral fluorinated amino acids are an important class of is one of the most challenging subjects for further investiga-
nonnatural molecules, and they are receiving increasingtion in synthetic organic chemistry. For the construction of
attention in the medicinal, agricultural, and material sciefices. a chiral center ofx-amino acid, enantioselective reactions
Therefore, asymmetric synthesis of fluorine-containing amino of the imino (G=N) moiety in a fluorinated iminoester
acids is of particular interest. Asymmetric induction in fluoro provide a promising route for catalytic asymmetric fluoro
amino acid synthesis has been achieved by employingamino acid synthesis. Recently, several excellent examples
chirally modified substrates (stoichiometric approach) or of catalytic enantioselective reaction of nonfluorinated imines
chiral catalysts (catalytic approach). The former approach, such as reduction, alkylation, cyanation, Mannich-type
which has been widely investigated, generally provides the reactions, and aza Dieldlder reactions have been reporfed.
target amino acids in an excellent stereosele&tidout Especially, catalytic hydrogenatibif (involving the use of
requires a stoichiometric amount of chiral auxiliaries. hydrogen gas, the simplest hydrogen source) of ketimines
However, to date only a few examples of the catalytic is considered to be important for synthesizing chiral amines
approach have been reported despite its synthetic impor-

tance. Catalytic asymmetric synthesis of fluoro amino acids (2) (a) Soloshonok, V. A.; Kacharov, A. D.; Hayashi, Tetrahedron
1996 52, 245. (b) Soloshonok, V. A.; Kacharov, A. D.; Avilov, D. V.;
Ishikawa, K.; Nagashima, N.; Hayashi, I. Org. Chem1997, 62, 3470.
T Venture Business Laboratory, Graduate School of Natural Science and (c) Soloshonok, V. A.; Kirilenko, A. G.; Galushko, S. V.; Kukhar, V. P.

Technology. Tetrahedron Lett1994 35, 5063. (d) Sakai, T.; Yan, F.; Kashino, S.;
* Department of Applied Chemistry, Faculty of Engineering. Uneyama, K.Tetrahedron1996 52, 233.
(1) (@) Enantiocontrolled Synthesis of Fluoro-organic Compounds (3) For a review, see: Kobayashi, S.; Ishitani,Ghem. Re. 1999 99,
Soloshonok, V. A., Ed.; Wiley: Chichester, 1999. fliorine-containing 1069.
Amino Acids: Synthesis and Propertiéaukhar, V. P., Soloshonok, V. (4) For reviews, see: (a) Blaser, H.-U.; Spindler, FQomprehensie
A., Eds.; Wiley: Chichester, 1994. (c) Welch, J.Tetrahedrornl987, 43, Asymmetric Catalysjslacobsen, E. N., Pfaltz, A., Yamamoto, H., Eds.;
3123. (d) For asymmteric syntheses of fluorinated amino acids, see: Springer: Berlin, 1999; Vol. 1; pp 247265. (b) Bolm, CAngew. Chem.,
Uneyama, K. in ref 1a, pp 391418. Int. Ed. Engl.1993 32, 232.
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in an industrial process. However, the progress in catalytic afford chiral fluoro amino acid derivatives, which involves
enantioselective hydrogenation of imines has been mucha dramatic improvement in both product yield and enantio-
slower than that of olefins. One serious drawback to the selectivityby the use of fluorinated alcohol sants
transition-metal-catalyzed hydrogenation of imines is the In ordinary (nonfluorinated) solvents, wheniminoester
structural restriction of the substrate imines, namé&jz 1al% was subjected to hydrogen pressure in the presence of
isomerization of the &N moiety; each reaction with two  a small amount of chiral palladium complex;aminoester
geometrical isomers may give a product with different 2a formed in low to moderate ee (Table 1, entries3).
enantioselectivity. Several strategies have overcome such

a drawback. The fixation of the=EN bond geometry using _

cyclic imines, the chelation between metal catalysts and Table 1. Effects of Solvents on Hydrogenation

substrate acylhydrazoné&sand the use of proper additivés Pd(OCOCFs),
have evolved for highly enantioselective hydrogenation of NPMP (R)-BINAP N*H'PMP
C=N bonds. Despite the easy availability of fluorinated FsC~ “COgEt Hy(100atm) FaC~ ~COzEt
a-iminoester® which serve as a suitable precursor of 1a rt,24h 2a
fluorinated chiral amino acids, to our knowledge, there has
been no report of transition-metal-catalyzed asymmetric 2a

entry solvent

hydrogenation of fluorinated imines and imino esters with
high enantioselectivity. The existence of a fluoroalkyl group
would be disadvantageous for selectivity, because it makes 1 toluene™ 52 399

yield, %0 ee, %

the reactivi.ty With ngcleophile.s much higher and at_ t.he same 2 CHyCOH 39 4R
time coordlnathn_ with catalytic metal weaker. Addltlo.nally, 3 PO wace  61(5)
it raises the acidity of the-proton of the product amines, 4 CHOH ® o
leading to racemization under some reaction conditions. S CH3CH o 2 0@
Herein, we describe the first successful, conceptually new s )
(without substrate modification) example of asymmetric 6 CRCHO0H >9 8@
hydrogenation of acyclic and weakly coordinate fluorinated 7/ CRCH0H 8 91®
iminoesters catalyzed by Pd(OCO{BINAP complex to 8  CRCFCH,0H 94 88®
9  (CE;»CHOH >99 69 R
(5) Ti-catalyzed asymmetric hydrogenation of imines: (a) Willoughby, d 50 28 (R
C. A Buchwald, S. LJ. Am. Chem. So2992 114, 7562. (b) Willoughby, 10 CR(CR),(CH,0H ®
C. A.; Buchwald, S. LJ. Am. Chem. Sod994 116, 8952. (c) Willoughby, 11 CFCRE(CHy);0HY 43 27®
C. A.; Buchwald, S. LJ. Am. Chem. So&994 116, 11703. Hydrosilylation
of imines: (d) Willoughby, C. A.; Buchwald, S. L1. Org. Chem1993 12 CRCOE % 5B
58, 7627. (e) Verdaguer, X.; Lange, U. E. W.; Reding, M. T.; Buchwald,
S. L.J. Am. Chem. Sod.996 118 6784. (f) Verdaguer, X.; Lange, U. E. aReaction conditions: Pd(OCOg 4 mol %, R)-BINAP 6 mol %,
W.; Buchwald, S. LAngew. Chem., Int. EA.998 37, 1103. Hz 100 atm, TFE, rt, 24 h. PMR= p-methoxyphenyl® Isolated yields.
(6) Ru-catalyzed asymmetric hydrogenation of imines: (a) Oppolzer, W.; ¢ Determined by HPLCY Pd(OCOCH), was used¢ Reaction temperature
Wills, M.; Starkemann, C.; Bernardinelli, @.etrahedron Lett199Q 31, was 35°C. 5 equiv ofn-BusNHSQy was added? CRC(OCHs)(NHPMP)-

4117. Hydrogen transfer to imines: (b) Uematsu, N.; Fujii, A.; Hashiguchi, CO,Et (98%, racemic)! CRC(OEt)(NHPMP)CQEt (60%, racemic).
S.; Ikariya, T.; Noyori, RJ. Am. ChemSoc.1996 118,4916. (c) Noyori,
R.; Hashiguchi, SAcc. Chem. Re4.997, 30, 97. (d) Ahn, K. H.; Ham, C.;
Kim, S.-K.; Cho, C.-W.J. Org. Chem.1997 62, 7047. (e) Vedejs, E.; -
Trapencieris, P.; Suna, B. o%. Chem1999 64, 6724. © ) Nucleophilic solvents such as ethanol and methanol attacked
G (Z:) lﬁh-ca\;\?lyéed':asyﬂllm&trig h%drogengtioF? on( imineé: Sa) F?eC_alsléi, G%. the imino carbon ofl to give a-alkoxylated aminoesters

.; Cullen, W. R.; Fryzuk, M. D.; James, B. R.; Kang, G.-J.; Rettig, S. J. : i : Lty
Inorg. Chem1991, 30, 5002. (b) Bakos, J.; Orosz,.AHeil, B.; Laghmari, (ent“ei 4 and 5)_' Surprisingly, in 2,2,2 t_rlﬂuorloetham)l
M.; Lhoste, P.; Sinou, DJ. Chem. Soc., Chem. Commui991, 1684. (TFE) both the yield and ee were dramatically improved
Lensink, C.; de Vries, J. GTetrahedron: Asymmetnt992 3, 235. i iti
Hydrogen transfer to imines: (c) Mao, J.; Baker, D.Qg. Lett. 1999 1, fa?gé:?’/OIG)teTFeel’l t?e %as_l_:]l'lertzgg Iglf:rlisvseergtfy :2:53(33'?]? (? of
841. Hydrogenation of acylhydrazones: (d) Burk, M. J.; Feaster, J. E. y y 7). e
?mE. Cgen}. %O?\lngzt 1r114’d62gfé S()i)sBourEégAé J.; Martinez, J. P.; Feaster, atm) or amount of catalyst (1 mol % Pd) did not affect the

. E.; Cosford, NTetrahedro ) .

(8) Ir-catalyzed asymmetric hydrogenation of imines: (a) Spindler, F.; ee of2a Also 2,2,3,3,3-pentafluoro-1-propanol and 1,1,1,3,3,3-

Pugin, B.; Blaser, H.-UAngew. Chem., Int. Ed. Engl99Q 29, 558. (b) hexafluoro-2-propanol (HFIP) gave comparable results to

Togni, A. Angew. Chem., Int. Ed. Endl996 35, 1475. (c) Morimoto, T; ; ;
Achiwa, K. Tetrahedron Asymmetrt995 6, 2661. (d) Sablong, R.: those of TFE (entries 8 and 9). The decrease of ee in HFIP

Osborn, J. ATetrahedron Leit1996 37, 4937. () Schnider, P.; Koch, ~May be due to slow racemization which was observed on

G.; Prgdt, R.; Wang, G.; Bohnen, F. M.; Kger, C.; Pfaltz, AChem. Eur. stirring merely 2a and HFIP. When fluorinated alcohol

J. 1997 3, 887. (f) Kainz, S.; Brinkmann, A.; Leitner, W.; Pfaltz, A. h | d ethvl trifl ined

Am. Chem. Sod999 121, 6421. omologues and ethyl trifluoroacetate were examined as a
(9) Asymmetric hydrogenation of isolateB)¢ and ¢)-1-acetonaphthone  solvent, both the ee and yields fell off considerably (entries

oximes: Chan, A. S. C.; Chen, C.-C,; Lin, C.-W.; Lin, Y.-C.; Cheng, M.- 10-12)

C.J. Chem. Soc., Chem. Commad995 1767. :
(10) (a) Uneyama, KJ. Fluorine Chem1999 97, 11. (b) Watanabe,

H.; Hashizume, Y.; Uneyama, Kletrahedron Lett1992 33, 4333. (c) (11) TFE and HFIP have been used as solvent in asymmetric hydrogena-
Amii, H.; Kishikawa, Y.; Kageyama, K.; Uneyama, K. Org. Chem200Q tion of the G=N bond?¢ but no improvement was reported.
65, 3404. (d) Burger, K.; Sewald, NSynthesisl99Q 115. (e) Bravo, P.; (12) The X-ray structure analyses of PdiBINAP complexes have been

Capelli, S.; Meille, S. V.; Viani, F.; Zanda, M.; Kukhar, V. P.; Soloshonok, reported: (a) Ozawa, F.; Kubo, A.; Matsumoto, Y.; Hayashi, T.; Nishioka,
V. A. Tetrahedron: Asymmetr§994 5, 2009. (f) Fustero, S.; Navarro, E.; Yanagi, K.; Moriguchi, KOrganometallicsL993 12, 4188. (b) Oshiki,
A.; Pina, B.; Asensio, A.; Bravo, P.; Crucianelli, M.; Volonterio, A.; Zanda, T.; Mashima, K.; Yamagata, T.; Tani, Bull. Chem. Soc. Jpri998 71,

M. J. Org. Chem1998 63, 6210. 2859-2864.
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The combination of palladium(ll) trifluoroacetate and with ammonium cerium(lV) nitrate, HCI, and ;HPd—C,
BINAP!2 gave the best results, while the use of palladium respectively?d10¢
compounds bearing coordinative groups (Bdeth(dba)- Though the role of TFE in this hydrogenation has not been
CHCI5) or other bidentate chiral ligands (DIOP (8% ee), clarified yet, there have been several reports where fluori-
CHIRAPHOS (5% ee), and BPPFA<(% ee)) gave poor nated alcohol was used as a solvent for transition-metal-
results. Palladium(ll) acetate often works as well as trifluo- promoted reaction¥'including hydrogenatiof:%In those

roacetate, but not in the case of bulky esters suctbake. works, the role of fluorinated alcohols is rationalized as a
Weakly coordinative species are preferred as solvent, coun-stabilizer of active catalyst? or hydrogen bond dondfa15¢
teranion, and additive. Dihydrogen bonding between fluorinated alcohols and hy-

The present protocol is applicable to the enantioenriched dride metal complexes has been established in recent
synthesis of-fluorinated amino acids. Thus, other trifluoro-  inorganic studie4® It would suggest that TFE preferably
and chlorodifluoromethylated iminoestetb—d were also coordinates weakly to palladium and thus can easily be
hydrogenated to afford the corresponding alanine derivativesreplaced with less coordinative fluorinated iminesTFE
2b—d stereoselectively (Table 2, entries-2). It is noted also might influence the character of the imino group by
protonation or hydrogen bonding.

In summary, we have developed a novel approach for the
catalytic asymmetric synthesis of fluoro amino acids which
Table 2. Asymmetric Hydrogenation od-Fluorinated is considered to be an inherently difficult but highly valuable
Iminoestersl* process. The presence of a catalytic amount of Pd(O-

NPMP P(%fglﬁgga)z NH-PMP COCR),—BINAP in fluorinated alcohols, a simple catalyst
RI~ “CO.R W Rt~ “CO,R system, result_eq in highly enantloseleqt|ye hydrogenation of
1a-f CF3CH,0H 2a-f o-fluorinated iminesl. Although the origin of the solvent
rt,24h effect is equivocal and the scope and limitations of this
homogeneous Pd-catalyst system are still unknown now, the
OO present finding clearly suggests that weakly nucleophilic and
PPh, thus less coordinative alcohols such as TFE are favorable
PPh, ) . . . :
OO for asymmetric catalytic hydrogenation of highly reactive
(R)}-BINAP fluorinated imines? Further synthetic applications of this
catalytic system and precise mechanistic studies on the origin
entry 1 2 of this remarkable effect are in progress.
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corresponding amino alochol.
0OL0002471

(14) (a) Forschner, T. C.; Cutler, A. Rrganometallicsl985 4, 1247.
. (b) Milani, B.; Anzilutti, A.; Vicentini, L.; Santi, A. S.; Zangrando, E.;
thaF no hydrogenonS|s.was observed for the bengyl ester Geremia, S.. Mestroni, Grganometallics1997 16, 5064.
moiety. The estetebearing a long perfluoroalkyl chain was (15) (a) Nagahara, H.; Fukuoka, Y. Jpn. Kokai Tokkyo Koho JP 61
; P i T 44830;Chem. Abstr1986 105 60346p. (b) Negishi, J.; Sawai, M. Jpn.
also hydrogenated with similar selectivity (entry 5); it is | 0 20 v b 563 51345 hem Abstr. 1088 109, 1898917, (C)
interesting to consider the steric difference between the CF Teunissen, H. T.; Elsevier, C. Chem. Commuri998 1367.

and GF;s groups.o-Difluoroimine 1f resulted in moderate S (1%(% E?éag%gb S-( S-:GHamle\}h '1- ﬁ-: PglialA(Oﬁ’gM[; Ag_- Chem-s
. . . 3 . 0OC. . uarl, Y.; Ayllon, J. A.; sabo-etienne, S.;
ee (entry 6), possibly due to ti#Z isomerism’® p-Anisyl, Chaudret, B.; Hessen, Bnorg. Chem.1998 37, 640. (c) Epstein, L. M.;

tert-butyl, and benzyl protection ib and2c can be easily ~ Shubina, E. S.; Bakhmutova, E. V.; Saitkulova, L. N.; Bakhmutov, V. I.;

i ; Chistyakov, A. L.; Stankevich, I. VIinorg. Chem.1998 37, 3013. (d)
removed to afford free 3,3,3-trifluoroalanine by treatment Messmer. A.: Jacobsen, H.: Berke. €hem. Eur. 11999 5, 3341

(17) We also completed asymmetric hydrogenation of trifluoromethyl

(13)1%F andH NMR spectra oflf indicate the existence d&- and imines (CRC=N(PMP)Ar, 1g) in addition to trifluoromethyl iminoesters
Z-isomers (see Supporting Information). For other iminoesterse, only 1la—f, which gave enantioenriched trifluoromethylamines{CIH(NHPMP)-
one isomer was observed in NMR study. Ar; 90% ee).
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