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The asymmetric hydrogenation of prochiral olefins is one of the _
most extensively studied reactions in homogeneous catalysis and OO o R OO o, /Ph OO o. 7Ph
is widely applied in the preparation of optically active amino acids, o'P-N‘R o N\ o’P- "
itaconic acids, and aminég.Despite the successful use of mono- OO OO OO
phosphanes as chiral ligands in the pioneering studies on asymmetric (91

hydrogenation ofx--dehydroamino acid derivativéghe field has (S-MonoPhos (R = Me) (62 (SRS
been dominated for three decades by bidentate chiral ligethds, Figure 1. Monodentate phosphoramidités-3.

considered to be essential to achieve high enantioselectivities in

these hydrogenatiorfsHowever, recent breakthroughs have ques- NHAC 4a:R'=R%=Me
tioned this common view as chiral monodentate phosphorus ligands NHAc 4b: R' = Et, RZ= Me
can also lead to high enantioselectivities in a number of asymmetric R )\/cozaa RN 4c: R' =Me, R?= Et
hydrogenationé In the past three years, monophosphitfaapno- COR®  4d:R'=iPr, R2=Et
phosphonite8? monophosphoramiditeés,and monophosphités (2)-8a-f (E)-dad 4e: R'=Ph, R?=Et
have been successfully used in the enantioselective hydrogenation 4f: R' = pF-Ph, R? = Me

of a-dehydroamino acids and itaconic acid derivati¥asd more Figure 2. (E/2)-B-(Acylamino)acrylates.
recently enamides.

Enantiomerically purg-amino acid derivatives are important To examine the behavior of both ligands, they were first used in
building blocks in the synthesis @tpeptides ang-lactams? One the Rh-catalyzed hydrogenation of a benchmark substrate, methyl
of the most facile routes t8-amino acids involves the asymmetric ~ 2-acetamido cinnamateN{acetyl-dehydrophenylalanine methyl
hydrogenation of the corresponding dehydroamino acid precursors.eSter):? Satisfyingly, under standard conditiotiigh selectivities
Although this approach has been widely used for the preparation Were obtained with both ligands. In the caseofhe reaction was
of a-amino acids, the enantioselective metal-catalyzed hydrogena-Slightly slower, but the enantioselectivity (95%) was enhanced as
tion of f-(acylamino)acrylates has turned out to be more problem- compared to that of MonoPhos)(under the same conditions (93%
atic, mainly because the catalytic behavior is highly dependent on €8)- On the contrary, employing ligarg| we found that the
the structure of the substraté ¢r Z isomers, aliphatic or aromatic hydrogenation was dramatically faster, although the enantioselec-

side chainsy. To date, these hydrogenation approaches are basedtiVity (90%) was somewhat lower as compared to MonoPhos.
on bidentate phosphine or phosphinite complexes with rhodium Reémarkably, the ee of the product when using ligodly depends

(BDPMI,% DuPhos®¢ MiniPhos% BICP% and BPPMgf) or ~©n the chirality of the bisnaphthol uri.
ruthenium (BINAPG® and BINAPY). As far as we know, no Encouraged by these findings, we decided to study monodentate

monodentate ligands have been described for the catalytic asym-PhoSPhoramidited—3 in the hydrogenation of-dehydroamino
metric hydrogenation of-(acylamino)acrylates. acids (Figure 2, Table 1b). fSubstrattias—f were prepared according
Do, ) .

We now report the use of new monodentate phosphoramiditesto a known procedur%ﬁ, allowing the formatlon of bqth‘: and
in the rhodium-catalyzed asymmetric hydrogenation BZ)-3- E isomers S|mg|taneousl)4a—d) or exclusively th?Z ISOmers
dehydroamino acid derivatives leading to excellent (up to 99% ee) E:ﬁgrfrz.atzh?;eh isomers can be separated by silica gel column
enantioselectivities. . grapny. . . . . o

A systematic optimization of the structure of MonoPha fo First, the hydrogenation of th& isomers with aliphatic side

. : . 0

enhance both enantioselectivity and activity with this ligand in the SE?;?:e;V?ns tl‘?é(ail'lm(ljr:(e)d-enFal:ill):c:];;/(iraSI—o dn?eﬁtr;?(;sggg :r? dv;g;e
dehydroamino acid hydrogenation, initially led to the finding that °-. e yerog g
small R-groups on the amine unit of the ligand (Figure 1) are ufllng de()l A)SOf RE(COQBF“ ashcz(ajt.alysf[.pregursor;nd 20ebqu|v
necessary to achieve high stereoconté?.Further variations of gf Igiager(ﬁel?r)l;aglv;t t;zsﬁfgfsge;;iéamé)"zg arl:i u(zn)jfr uln de?r
th%_et\mlne fuznctltzin wgreslntrodg_(lzed tk)))t/ pregarltngt_newf phosphora- these conditions led to 92% and 94% ee (entries 12 and 13). To
mor;c?;hg?-[g?lnll \%a )e-lnllinrceeaex%;ngggihesr %gf?%n:eogrsger the best of our knowledge, this is the highest ee so far reported in

- ) the Rh-catalyzed hydrogenation faryl-3-(acylamino)acrylates.
(2. Bn) or with one smaller3, H) N-substituent. The best of all previous reported results is 75.6% ee with BDPMI
as ligand® Recently, up to 99% ee has been reported in the
*To whom correspondence should be addressed. E-mail: b.l.feringa@chem.rug.nl. ruthenium-catalyzed hydrogenationfryl-3-dehydroamino acids

T University of Groningen.
#DSM Retgearch. 9 using bidentate phosphinite ligan¥sDuring the optimization
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Table 1. Asymmetric Hydrogenation of (E/2)-4 and @)-p-dehydroamino acid derivatives with both aliphatic and

NHAc H, NHAc aromatic side chains. Particularly, two different catalytic systems
Rl )\JCOZF%2 —_>Rh(COD)ZBF4 Rl CO,R? have been established f&r(up to 99% ee) and (up to 95% ee)
ligand (1-3) isomers, based on the very easy fine-tuning of monophosphora-
4 5 midites leading to selectivities comparable to or better than those
cat P time conv  ee reached with bidentate ligands reported so far.
ent 4 ligand solvent % bar, h %)° %)¢
Z g 0 = () Gor 09 Acknowledgment. We thank Mr. M. B. van Gelder and Mr. E.
r (@4a 3 EHOAC 1 12 8 3 P. Schudde for technical support and Mr. M. van den Berg, Dr. J.
22 (2)-4a 3 i-PrOH 1 1 24 98 20 . . .
¥ @4a 3 iPrOH 1 1 3 40 47 A. F. Boogers, and Dr. A. H. M. de Vries for useful discussions.
42 (2)-4a 3 i-PrOH 1 10 16 100 77 D.P. also thanks the European Community (IHP Program) for the
50 (2)-4a 3 i-PrOH 1 10 1 100 94 award of a Marie Curie Fellowship (contract no. HPMF-CT-2002-
6 (24a 3 i-PrOH 2 10 03 100 95 01612).
7 (24b 3  i-PrOH 2 10 03 100 94
SE (D-4c 3 i-PrOH 2 10 03 100 94 Supporting Information Available: Experimental and chromato-
1%) %33 g :E:g: (2)'5 %g 33 igg gg graphic details (PDF). This material is available free of charge via the
1 (2)-4d 3 i-PrOH 2 25 005 100 92 Internet at http://pubs.acs.org.
120 (2)-4e 3 i-PrOH 2 10 0.3 100 92
13> (2)-4f 3 i-PrOH 2 10 0.3 100 94 References
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aThe reaction was performed at room temperature by dissol¥jng
Rh(COD}BF,, and ligand (100:1:2) in the suitable solvehA solution of
Rh(COD}BF,4 and 2 equiv of ligand in CkCl, (10 mM) was added to the
reaction mixture¢ Determined by!H NMR. 9 Determined by chiral GC.
The configuration of the product R (5a—d) andS (5e—f). See Supporting
Information for details. For the absolute configuration of the ligands, see
Figure 1.

process, several observations were made: (1) A protic solvent leads
to an important increase in the enantioselectivity (compare entries
1 and 2)!* (2) At low hydrogen pressure, the ee decreases during
the reaction (entries 2 and 3). (3) Higher hydrogen pressure results
in a considerable increase in the enantioselectivity (entries 3 and
4)16 (4) A dramatic increase in the reaction rate (TOF up to 1000
h=1, entry 11) and in the ee of the product is obtained when a
preformed solution of both catalyst precursor and ligand in-CH
Cl, is added to the reaction mixture (entries 4 and 5). Under these
conditions, it is possible to reduce the amount of catalyst while
maintaining the same enantioselectivity (TGN200, entry 9).

In contrast to the results with thi&isomers, when studying the
hydrogenation offf)-4a—d, ligand -2 turned out to be the most
efficient, affording excellent enantioselectivities (989% ee,
entries 19-21 and 24) when using 2 mol % of Rh(COBJ, as
catalyst precursor and 2 equiv of liga@dvith respect to rhodium
in CH,Cl, under 10 bar of K In this case, it was observed that by
using a nonprotic solvent, better conversion and enantioselectivity
were obtained as compared to a protic solvent (entries 14 vs 15
and 16 vs 17). As in th& series, the rate of the reaction and the
ee of the product were improved when a preformed solution of
both catalyst precursor and ligand in g, was added to the
reaction mixture (entries 18 and 19). Remarkably, at higher
hydrogen pressure, the same ee was reached (entry 21 atd 22).
Under these conditions, it was also possible to reduce the amount
of catalyst while maintaining the same enantioselectivity (entry 23).

In conclusion, new and readily accessible monodentate phos-
phoramidite ligands2 and 3) have been developed that lead to
excellent ee’s and full conversions in the hydrogenationE)t (
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(10) Other authors (see ref 7b) recently also described the beneficial influence
of small alkyl groups on the nitrogen.

(11) MonoPhos1) was prepared from bi§-naphthol and HMPT with excellent
yields: Hulst, R.; de Vries, N. K.; Feringa, B. Letrahedron: Asymmetry
1994 5, 699.

(12) See Supporting Information.

(13) With 5% of Rh(COD)BF, as the catalyst precursor, 11% of the
monodentate ligand in EtOAc at room temperature, and 1 bar,of H

(14) Although the diastereoisome$ -3 seems to be less stable th&R)-

3, both led to a similar ee. This result is analogous to one reported by

Reetz and Mehler in the case of monophosphites (see ref 5d).

It is known that polar solvents favor the hydrogenation Bj-/-

(acylamino)acrylates probably because these solvents can break up the

intramolecular hydrogen bond in the substrate and thus allow a selective

bidentate coordination to the metal (see ref 9a and f).

(16) Interestingly, it has been reported that in the case of bidentate phosphines,
the ee decreases upon increasing the pressure (see ref 9a and c).
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