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Abstract: Scheme 1. Biologically active compounds withf-amino
This contribution gives an overview of the synthesis of chiral ~ acid units®

f-amino acids via asymmetric hydrogenation of the correspond-

ing dehydroamino derivatives. Literature results are discussed

regarding substrate synthesis and catalyst performance and how

it is affected by substrate and catalyst structure as well as

experimental parameters. A tentative mechanistic concept for

the hydrogenation step is also presented.

Introduction

Enantiomerically pur@-amino acids and their derivatives

not only exhibit broad biological activity but are also the

building blocks for the synthesis ¢gi-peptides. The latter

are characterized by a high enzymatic stability and show

interesting three-dimensional structuteghe cyclization of

B-amino acids leads to the important family of ffrdactams.

Scheme 1 shows examples of pharmaceutically interesting

structures containing g-aryl-substituteg3-amino acid as a

common structural Compor_]eht' . . . aTop left: Taxol (R = Ph, R = Ac), a cancer chemotherapeutic agent; top
Methods for the preparation of optically enriche@émino right: Jasplakinolide with anthelminthic, insecticidal, and antifungal properties;

acids are predominantly based on stoichiometric reactionsbottom left: Kedarcidin, an antitumor antibiotic; bottom right: Elarobifan (RWJ-

. . . 53033), an integrin antagonist.
with chiral auxiliary agents and to a clearly smaller extent

on stereoselective catalytic reactiGh8?One of the most e asymmetric hydrogenation ¢-dehydroamino acid
promising methodologies, also regarding industrial applica- gerivatives is hardly established. In recent years, however,
tion, is the asymmetric hydrogenation of the appropriate g rapid development has taken place, and the most important

p-dehydroamino acid precursors catalyzed by homogeneousesyits are summarized and discussed in this contribution.
Rh or Ru complexes containing chiral phosphane ligands.

In contrast to the synthesis afamino acid precursors where  poqits and Discussion

it is a standard method with many industrial applicatibns, 1. Substrates.The prochiral starting compounds for the

asymmetric hydrogenation are easily obtained by the reaction

* Author for correspondence. E-mail: detlef.heller@ifok.uni-rostock.de.
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Scheme 2. Synthesis off-substituted #-acylamino acrylic acid derivatives
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Table 1. Enantioselectivity for the Rh-complex-catalyzed hydrogenation of dehydroamino acid precursors
BICP® Me- +Bu-BisP*! | BDPMI® Et-Ferro- | MalPHOS' | MonoPHOS!
DuPHOS'® TANE"
Ph,P Bu. +-Bi o} OO0
H = e +B ;P\_/P{Mc \NJLN/ \ e\g O O
EO| Ry 2 U |
T H PP C_@ - 0.0
bPh, ¥ - ¥
H PPh, PPh, . R/N~R
Z-1: 87 %ee | Z-1: 88 % ee | Z-1: 20 % cc | Z-2: 95 % ¢c | Z-1: 28 % ee | Z-1: 83 Y% ec | Z-1: 95 % ce
E-1:96%ee |E-1:98 % ee | E-1: 99 % ee | E-2: 92 % ee | E-1: 99 % ee | E-1: 98 % ee | E-1: 99 % ee

substituted3-acylaminoacrylates is due to the reflux condi-
tions applied for the acylation and a too-high concentration
of the acylating agent; similar effects were already known
for -alkyl-substituted derivative’$.If the acylation is carried

out at lower temperatures and with less acylating agent, the
yield of E-isomer can be increased, and as an additional
advantage, thE-isomer precipitates upon evaporation of the
solvent due to its low solubility?

2. Reaction conditions for the asymmetric hydrogena-
tion. Catalysts Even though some results on the asymmetric
hydrogenation of-dehydroamino acid derivatives have been
published beforé an important breakthrough was made only
recently by Zhang et &l.Table 1 summarizes selected
literature results for the Rh-catalyzed hydrogenation of the
pB-alkyl-substitute@s-acylaminoacrylateg-1 andZ-2 or E-1
&@nd E-2, used as model substrates because of their easy

Figure 1. X-ray crystal structure of Z-312 with the character-
istic hydrogen bond (left) respective of 3-bisacetylamino-3-
phenyl-acrylic acid methyl ester (on the right).

dehydroamino acid precursors were problematic because th
Z/E mixtures either could not be separated by the usual preparation. The reaction conditions are very mile-2D

9 - .
column chrc())matog_rapﬁy or only the unwante@-isomer 5 hydrogen pressure, rt), usually with a substrate/catalyst
was formed? In an interesting aside, we could recently show ratio of 100 (1 mol %). Preferred are chir&; symmetrical

that the compound described in the literature Bj-3- diphosphanes forming five- or seven-membered Rh chelate
acetylamino-3-phenyl-acrylic acid methyl est&-3) was

actually theN,N-bisacetylated product (Figure 1 on the right
shows the X-ray structuré}.The desiredE-3 was produced

in very low yield indicated by an additional spot in the thin-
layer chromatogram. Under usual conditionZ;&E-3-ratio

of 14.5 is obtained, obviously insufficient for an economic
preparation ofE-3. This unfavorabl&Z/E ratio for g-aryl-

(12) Crystallographic data (excluding structure factors) for the structuze3of
have been deposited at the Cambridge Crystallographic Data Centre as
supplementary publication no. CCDC-200716. Copies of the data can be
obtained free of charge on application to The Director, CCDC, 12 Union
Road, Cambridge, CB21EZ, UK (fax: int. code (1223) 336—033;
e-mail: deposit@ccdc.cam.ac.uk; Internet: http://www.ccdc.cam.ac.uk).
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deMayo, P.; Weedon, A. C.; Zabel, R. Wan. J. Chem1981,59, 2328—

2333 (c) Shabana, R.; Rasmussen, J. B.; Lawesson, BulDSoc. Chim.

(7) Zhou, Y. G.; Tang, W.; Wang, W.-B.; Li, W.; Zhang, X. Am. Chem.
S0c.2002,124, 4952—4953.
(8) Lee, S.; Zhang, Y. JOrg. Lett.2002,4, 2429—2431.
(9) Tang, W.; Zhang, XOrg. Lett.2002, 4 4159—4161.
(10) Pena, D.; Minnaard, A. J.; deVries, J. G.; Feringa, BJLAm. Chem.
S0c.2002,124, 14562—14563.
(11) You, J.; Drexler, H.-J.; Zhang, S.; Fischer, C.; Heller Abgew. Chem.,
Int. Ed. 2003,42, 913—916.
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Table 2. Hydrogenations of E-3 and Z-3 with different
catalysts (0.01 mmol catalyst, 1.0 mmol substrate, 15.0 mL
of MeOH, 1.0 bar, 25°C)

ligand in

[Rh(ligand)(MeOH})] E-3% ee Z-3% ee
Et-FerroTANE >99 76
Me-DuPHOS 96 81
Et-DuPHOS 89 85
CHIRAPHOS 55 56

complexes, but some unsymmetrical ligatiti¥®2'and even
a monodentate phosphorus ligand were also succé&3fné
results listed in Table 1 show that in most cases the
hydrogenation oE-isomeric substrates proceeds with con-

Figure 2. X-ray crystal structures of the Rh—g5-arene com-
plexes [Rh(R,R)-Et-DuPHOS)(benzene)]|BR and [Rh(S,S)-(Me-
DuPHOS)(toluene)]BF.

Et-DUPHOS or DIOP, for example, reducgd about 2.5-3

siderably higher enantioselectivities than with the analogous times faster thaiE-1. Generally, Ru catalysts are less active

Z-isomers. This was also observed f&f3 or Z-3 with

than Rh complexes where, depending on reaction conditions,

various catalysts under normal pressure (see Table 2)-complete conversion can be obtained in 10 Miks a

However, as already observed by Zha&rthere are excep-
tions such as the RFBDPMI-catalyzed hydrogenation of

f-alkyl-substituted substrates giving somewhat higher enan-

tioselectivity for theZ-isomers than thé-isomers® Also
remarkable is the very high enantioselectivity for the
hydrogenation oZ-isomers with Rh—TangPhds.

The use of Ru catalysts is thus far limited to two
examplesE-enamides could be hydrogenated with up to 96%
ee with a Ru—BINAP complex in MeOH. However, the
same catalyst hydrogenated the correspondirsgpmer with

consequence, the substrate/catalyst ratio can be increased
without problems to 1000 as for example f&f3 or with
the Rh—TangPHOS catalyt!

SolventsProtic solvents such as alcohols, but also THF
and CHCl,, are particularly suitable for the asymmetric
hydrogenation of3-dehydroamino acid precursors. A sys-
tematic investigation of the hydrogenation®fl with Rh—

BICP gave the following sequence of enantioselectivities:
toluene (96% eeF benzene (96% ee)} THF (94% ee)>
CH,Cl, (93% ee)> MeOH (85% ee}. For alcohols, the

poor enantioselectivity, and sometimes even the product withg||owing results were reported for the hydrogenatiorzef

the opposite configuration was obtainedRu—BINAPO

with Rh—Et-DuPHOS: MeOH 87% e&PrOH 82% ee and

catalysts were successfully used for the hydrogenation of n,_.5,OH 78% ed® Some authors differentiate between the

B-acylaminoacrylate$.Depending on the ligand and the

two isomers and recommend @&, for E-isomers and

substrate, ee values of up to 99% could be obtained (TableyjeOH ori-ProH forz-isomerst1°21°Also reported was that

3). SinceZ/E mixtures do not have to be separated (for
differentg-aryl-substituted compoundE ratios from 95/5

toluene can lead to comparatively low enantioselectivifies,
and that with certain catalyssolvent systems complete

the substrate/catalyst ratio of 25 is insufficient for practical

Particularly for Z-isomers, rates are often lower in

applications. Table 3 shows that it is also possible to achieve gromatic solvents. As shown for other systefis is not

comparable enantioselectivities both fotE mixtures and
for E-isomers of3-aryl-substitutegi-acylaminoacrylates with
Rh catalysts. Remarkable is the high ee of Rh—FerroTANE
for the o-methoxy-phenyl derivativé!!

The comparison of activity data is difficult because
differing reaction conditions or catalyst preparations used

necessarily due to an inherently low activity of these
substrates but rather to the formation of rather stable Rh(l)
arene complexes. Figure 2 shows the crystal structures of
such complexes with DUPHOS.

The complexed arene presumably blocks free coordination
sites leading to decreased activity as shown for hydrogenation

constants foiZ-1 and E-1 in MeOH wé*® could show that

the hydrogen uptake fat-1 with the cationic RR-DIPAMP

theE-isomers are not generally hydrogenated faster than thecatalyst in pure MeOH, on the right in a MeQixylene
Z-isomers, as claimed by some authors. Rh complexes ofmixiure. The MeOH/p-xylene anpi-xylene/Rh ratios were

(16) Heller, D.; Holz, J.; Drexler, H.-J.; Lang, J.; Drauz, K.; Krimmer, H.-P.;
Borner, A.J. Org. Chem2001,66, 6816—6817.

(17) (a) Yasutake, M.; Gridnev, |. D.; Higashi, N.; ImamotoQOrg. Lett.2001,
3, 1701—-1704. (b) Ohashi, A.; Kikuchi, S.; Yasutake, M.; Imamoto, T.
Eur. J. Org. Chem2002, 2535—2546.

(18) Heller, D.; Drexler, H.-J.; You, J.; Baumann, W.; Drauz, K.; Krimmer,
H.-P.; Bérner, A.Chem. Eur. J2002,8, 5196—5202.

(19) Holz, J.; Monsees, A.; Jiao, H.; You, J.; Komarov, I. V.; Fischer, C.; Drauz,
K.; Bérner, A.J. Org. Chem2003,68, 1701—1707.

(20) Demay, S.; Lotz, M.; Polborn, K.; Knochel, Petrahedron: Asymmetry
2001,12, 909—914.

(21) (a) Komarow, I. V.; Monsees, A.; Kadyrov, R.; Fischer, C.; Schmidt, U.;
Borner, A.Tetrahedron: Asymmetr8002, 1615—1620. (b) Komarow, I.
V.; Monsees, A.; Spannenberg, A.; Baumann, W.; Schmidt, U.; Fischer,
C.; Bérner, A.Eur. J. Org. Chem2002, 138—150.

650 and 57, respectively. While the enantioselectivity was
the same, already a very small concentration of xylene (0.5
volume % related to MeOH) led to a significantly lower

activity. Using initial rate data, it was estimated that ca. 50%

(22) The hydrogenation of the correspondiigomers with the Et-FerroTANE
catalyst leads, as expected, only to enantioselectivities of abetB8®.

(23) (a) Halpern, J.; Riley, D. P.; Chan, A. S. C.; Pluth, 3.9Am. Chem. Soc.
1977, 99, 8055-8057; (b) Landis, C. R.; Halpern, QrganometallicsL983
2, 840—842. (c) Burk, M. J.; Kalberg, C. S.; Pizzano, A.Am. Chem.
S0c.1998,120, 4345—-4353. (d) Burk, M. J.; Bienewald, F.; Challenger,
S.; Derrick, A.; Ramsden, J. Al. Org. Chem1999,64, 3290—3298.

(24) Heller, D.; Drexler, H.-J.; Spannenberg, A.; Heller, B.; You, J.; Baumann,
W. Angew. Chem., Int. E®002,41, 777—780.
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Table 3. Comparison of Ru or Rh catalysts for the hydrogenation off-aryl-substituted f-acylaminoacrylates

a5 bar, 50°C, EtOH as solvent, 20 h reaction time, substrate/cataty®6. ° 1.3 bar, room temperature, THF as solvent, 24 h reaction time, substrate/catalyst
200.¢1 bar, 25°C, MeOH as solvent, max. 10 min reaction time, substrate/catalysd0.

[mi]
30 [Rh(Et-DuPHOS)(MeOH):]BFy

:: 87 % ee [Rh(Et-DuPHOS)(COD)]BF, 86 % ce

24 87 Y ee

22

20 [Rh(COD).]BF,

18 Et-DuPHOS

16

14 \

12 i

10 ; ¢

% z4 \

5 & Hacw - E

4 NA O

2 HS(?_ o] \
Figure 3. Hydrogenation of Z-1 with [Rh(DIPAMP)(MeOH) 5] * %o w @m % & % et WS

in MeOH and in MeOH/p-xylene = 650, respectively. (0.01

mmol catalyst, 1.0 mmol substrate, 1.0 bar pressure, 15.0 ML Fjgure 4. Effect of preparation methods for the hydrogenation

of solvent, 25°C). of Z-1 with Rh—Et-DUPHOS. From right to left, in situ
technique ([Rh(COD)]BF, + Et-DuPHOS), COD containing

inactive p-xylene complex was formed; this complex can precatalyst ([Rh(Et-DuPHOS)(COD)]BF4), solvent complex

be detected by NMR spectroscopy and was definitely ([Rh(Et-DuPHOS)(MeOH);]BF,) (0.01 mmol catalyst, 1.0 mmol
identified with °Rh NMR spectroscop§* substrate, 1.0 bar pressure, 15.0 mL of MeOH, 25C).18
Catalyst Preparation—Induction Perio&ince Zhang et
al % found that neutral Rh complexes achieve lower conver-
sion and enantioselectivity than the cationic complexes of
the general type [Rh(PP*)(diolefin)(PP*= chiral ligand),
these are now used exclusively. An alternative to the

preformed Rh—diphosphane complex is the so-called *in Pressure Dependencghang et af. reported higher rates

situ” method, where the catalyst is prepared in situ from a for the hydrogenation of th&-isomer B-alkyl-substituted
suitable precursor such as [Rh(CGP)and the chiral ligand. substrates than for theisomers. Therefore, higher hydrogen

To get the active species the diene has to be removed via
hydrogenation. For the hydrogenation afamino acid pressures were necessary for the latter. It was also shown

precursors it is well-known that for COD this step is that the enantioselectivity for tHe-isomers was practically
comparatively slow, especially for ligands forming five- pr_essure—indepe_ndeﬁrmhe results listed in Table 4 confirm
membered chelates, resulting in substantial induction periodsthIS outcome which applies also to solvents ather thap MeOH
and increasing rates with reaction tif¥éAs Figure 4 shows and for other catalyst systerh&: For the hydrogenation of

for the hydrogenation oZ-1 with Rh—Et-DUPHOS this Z—_l we show_ed that the enantloselectlylty increases st_ro_ngly
with decreasing hydrogen pressure; this finding is not limited
(25) (a) Drexler, H.-J.; Baumann, W.; Spannenberg, A.; Helle).0Drgano- to MeOH as solvent and was also confirmed for other
met. Chem2001,621, 89-102. (b) Borner, A.; Heller, DTetrahedron p-alkyl-substituted substrates and catalyst systems (Table
Lett. 2001,42, 223—225. (c) Cobley, C. J.; Lennon, I. C.; McCague, R.; 4).9,16,26,27 Note that this behavior is well-known and well

Ramsden, J. A.; Zanotti-Gerosa, Aetrahedron Lett2001,42, 7481— . . :
7483. understood for the hydrogenation efdehydroamino acid

makes meaningful activity comparisons or kinetic measure-
ments difficult. A similar effect was also described for a
monodentate phosphoramidite where a “preformed solution
of both catalyst precursor and ligand” led to a substantial
improvement in both the activity and the selectivity.

358 e Vol 7, No. 3, 2003 / Organic Process Research & Development



Table 4. Enantioselectivities as function of the hydrogen
pressure for the hydrogenation off-alkyl-substituted
p-acylaminoacrylates in MeOH with different catalyst
systemg6.27

Z-isomer pressure E-isomer pressure,
ligand substrate bar/% ee bar/% ee

Et-DUPHOS Z-1/E-1 45 bar: 35% ee 45 bar: 96% ee
30 bar: 47% ee 30 bar: 96% ee
1 bar: 87% ee 1 bar: 98% ee

Me-BasPHOS Z-1/E-1 30 bar: 56% ee 30 bar: 98% ee
1 bar: 67% ee 1 bar: 98% ee

Et-DuPHOS Z-4/E-4 30 bar: 28% ee 30 bar: 97% ee
1 bar: 68% ee 1 bar: 98% ee
Et-DuPHOS Z-5 30 bar: 38% ee . ) . )
1 bar: 80% ee Figure 5. Hydrogenation of a 1/1 mixture of Z-1/E-1 with [Rh-
(Et-DUPHOS)(MeOH),]BF 4 in comparison to the hydrogenation
Et-FerroTane E-5 15 bar: 74% ee of the individual isomers Z-1 and E-1. (0.01 mmol catalyst, 1.0
DIOP Z-1/E-1 30 bar: 26% ee 30 bar: 70% ee mmol substrate, 1.0 bar pressure, 15.0 mL of MeOH, 25C)

1bar: 17% ee 1lbar: 71% ee ) ) o
Table 5. Comparison of enantioselectivities under elevated

hydrogen pressure forZ-1, E-1 and 1/1 mixtures ofZ-1/E-1
i i 2
derivatives?®a However, there are also exceptions as the With [Rh(ligand)(MeOH 2)]BF.*"
example of RR-DIOP for Z-1in Table 4 shows where the i . 0Z-l 0E-l _
enantioselectivity is higher at 30 bar than at 1 bar. Similar [Rh(igand)(MeOR)]™ (% ee) (% ee) Z-1E-1(1:1)
results were described for the hydrogenatioZ df with an Et-DUPHOS (35 bar) a4 96

mean value 70% ee,

unsymmetrical P-chiral ligand and for monodentate phos- observed 67% ee
phoramidite ligands as wellb10 Me-BasPHOS (35 bar) 56 97  mean value 76.5% ee,

observed 76% ee

A remar_kable pressure effect was opserved for. the DIOP (30 bar) 26 70 mean value 48% ee,

hydrogenation oZ-4 with Rh—Et-DUPHOS: the enantio- observed 48% ee

selectivity not only decreased with increasing pressure, but
the configuration of the product was inverse! Such a pressure-
dependent inversion of the enantioselectivity was also found Z-1 and E-1 with the Rh—Et-DuPHOS catalyst was inves-
for other substrate®;it is of importance because it shows tigated in more detail, and the resulting ee’s are shown in
that within certain pressure rang&4 mixtures cannot be  Figure 68 In both cases, a maximum was observed for the
hydrogenated effectively. enantioselectivities between°C and ambient temperature.
Hydrogenation of Z/E MixturesWith the exceptions  Over a temperature range of 7G the ee’s foiZ-1 change
mentioned above, the same sense of chirality is induced inonly from approximately 85 to 87.5%, fdz-1 from 90 to
the product regardless of the double bond configuration in ca. 99%.
the substrate, allowing, in principle, the hydrogenation of
the ZE mixtures. Figure 5 shows the hydrogen uptake curve 3. Mechanism of the Asymmetric Hydrogenation
for the hydrogenation oZ-1 andE-1 and of a 1:1-mixture As depicted in Figure 7, two basic mechanisms can be
of Z-1/E-1 with the Rh—Et-DuPHOS system. For the distinguished: the “unsaturated route” where two diastereo-
mixture, both activities and enantioselectivities were found meric substrate complexes (major/minor) with the prochiral
to be between the results for the individual isomers which olefin are formed followed by the rate-determining oxidative
was confirmed by other authdt8 Table 5 shows that similar  addition of hydrogen. For the hydrogenationcofiehydro-
results will be obtained under higher hydrogen pressure. Thisamino acids, this mechanism is generally favoifedn
means that in favorable cases, the costly separation of thealternative catalytic cycle is the so-called “hydride route”
isomers can be avoided, solving one of the central problemswhere a dihydride complex is formed which then reacts with
of the asymmetric hydrogenation @famino acid precursors.  the prochiral olefir?® In support of this idea, Gridnev/
Temperature Dependence of the Hydrogenatidii. Imamoto could detect monohydride intermediates (hydrido
results described until now were obtained at room temper- alkyl complexes) after addition oE-1 to the dihydride
ature. The temperature dependence of the hydrogenation osolvent complex [Rhk{BisP*)(MeOH)]BF4,'"2using NMR
spectroscopy at-100 °C. It is, however, questionable
(26) Holz, J.;ﬂStUrmer, R.; Schmidt, U.; Drexler, H.-J.; Heller, D.; Krimmer, whether such species are also stable enough during the
H.-P.; Borner, A.Eur. J. Org. Chem2001, 4615—4624. hydrogenation at ambient temperature.

(27) Heller, D.; Holz, J.; Komarov, I.; Drexler, H.-J.; You, J.; Drauz, K.; Borner,
A. Tetrahedron: Asymmetr§002,13, 2735—2741.

(28) (a) Landis, C. R.; Halpern, J. Am. Chem. S0d.987,109, 1746—1754. (29) (a) Giernoth, R.; Heinrich, H.; Adams, N. J.; Deeth, R. J.; Bargon, J.;
(b) Brown, J. M. Hydrogenation of functionalized carbezarbon double Brown, J. M.J. Am. Chem. So@000,122, 12381—-12382. (b) Gridneyv,
bonds. InComprehensive asymmetric catalysiscobsen, E. N., Pfaltz, I. D.; Yamanoi, Y.; Higashi, N.; Tsuruta, H.; Yasutake, M.; Imamoto,
A., Yamamoto, H., Eds.; Springer-Verlag: Berlin, 1999; Chapter 5.1, pp T. Adv. Synth. Catal2001,343, 118—136. (c) Gridnev, I. D.; Yasutake,
121-182. (c) Feldgus, S.; Landis, C. R. Am. Chem. So2000, 122, M.; Higashi, N.; Imamoto, T.J. Am. Chem. Soc2001, 123 5268-
12714-12727. 5276.

Vol. 7, No. 3, 2003 / Organic Process Research & Development o 359



Figure 6. Enantioselectivities for the hydrogenation ofE-1 (left) and Z-1 (right) with the Et-DUPHOS system as function of the
temperature.

unsaturated route be detected. For the system DIPAMP as an example only
one substrate complex (probably the major complex) is
+ substrate  cat-substrater, ky - +H, observable, signals of a solvent complex are not visible (see
-, cat.-substrateg; 4 ( right part of Figure 8). These first interpretations of the
ky k. reaction sequence have, however, only a tentative character

and have to be confirmed by further studies.
cat. - substrate Pr T Ds

( +H, ( Summary

-H, + substrate Findings from the literature can be summarized as follows:
cat.-H, The hydrogenation g8-substituteg-acylaminoacrylates
) is possible under mild reaction conditions (normal pressure
hydride route and ambient temperature) using Rh and Ru complexes with
Figure 7. Unsaturated route and hydride route as alternative various chiral diphosphanes.
pathways in the enantioselective hydrogenation of a prochiral MeOH, THF, and CHCl, are preferred solvents. The

olefin with chiral, C,-symmetric Rh catalysts (cat.= catalyst,

p = product). choice of the right solvent (exclusive of deactivating arene

complexes) and an optimal catalyst preparation (avoidance

For the “hydride route” under isobaric, stationary condi- 0f induction periods) increase the efficiency of the catalysis.
tions a constant concentration of the hydride species would ~ The hydrogenation of thE-isomers usually occurs with
be expected. An increase of the hydrogen partial pressurehigher enantioselectivity and is practically pressure inde-
would raise the concentration of the hydride species, andpendent. The hydrogenation of tEeisomers is frequently
thus the macroscopic activity, but should not change the pressure dependent; usually the enantioselectivity increases
enantioselectivity. In addition, a first-order dependence on with decreasing pressure; however, there are exceptions.
olefin results (a formal kinetic derivation can be found in With suitable catalystsZ/E-mixtures can be hydrogenated
the Supporting Information of ref 18). Kinetic investigations with high enantioselectivity without isomer separation. With
of the hydrogenation oZ-1 and E-1 with different Rh some substrates, caution is required because of a possible
catalysts under normal pressure showed that the rate ofpressure-dependent inversion of the product chirality for the
hydrogen uptake can usually be described quantitatively in Z-isomer.
terms of a MichaelisMenten model, with first- and zero- The industrial application depends on the general ac-
order olefin dependencies as the two limiting situatiths. ceptance of the homogeneous hydrogenation technology
The considerable pressure dependence of the enantioseledn general. For thg3-amino acid derivatives the central
tivity for most Z-isomers (Table 4) and the observation of problem is rather the substrate synthesis than the catalytic
zero-order agree better with the “unsaturated route” than with step because of the impressive results reported in the past
the “hydride route”. few years, particularly for the Rh complexes. An alternative
Within this framework, the reported kinetic findings can method for the preparation of chigglamino acid derivatives
be well-arranged. A first-order reaction means that the is (dynamic) kinetic resolutio?: The necessary racemit
stability constants of the substrate complexes are small.amino acids seem partly efficiently available very receffly.
Therefore, under hydrogenating conditions only the solvent
complex [Rh(ligand)(MeOH]BF, is to be expected. Infact,  (30) For a detailed discussion of the overall kinetics of asymmetric hydrogena-
for all systems which follow first-order kinetics, independent tions, see, e.g.: Heller, D.; Thede, R.; Haberland JDMol. Catal. A:
Chem.1997,115, 273—281.
of the substrate geometry, Only the solvent complex could (31) Boesch, H.; Cesco-Cancian, S.; Hecker, L. R.; Hoekstra, W. J.; Justus,
be found in solution under argon (the left part of Figure 8). M.; Maryanoff, C. A.; Scott, L.; Shah, R. D.; Solms, G.; Sorgi, K. L.;
A zero-order reaction, in turn order of zero, points to stable ~ perogek 2 M Thumneer Ui Villani F. 3. Walker, b. Grg. Process
substrate complexes, and only substrate complexes should32) Tan, C. Y. K.; Weaver, D. FTetrahedron2002,58, 7449—7461.
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Figure 8. 3P NMR spectra of a solution of 0.01 mmol [Rh(Et-DuPHOS)(MeOH)]BF4 + 0.1 mmol E-1 (left) and of a solution of
0.01 mmol [Rh(DIPAMP)(MeOH),]BF4 + 0.05 mmol Z-1 (right).
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