Highly Enantioselective Hydrogenation
of a-Dehydroamino Acids by Rhodium

ORGANIC
LETTERS

2001
Vol. 3, No. 3
373—375

Complexes with New Unsymmetric
P—Chirogenic Bisphosphine Ligands

Atsushi Ohashi* and Tsuneo Imamoto*

Department of Chemistry, Faculty of Science, Chiba University,

Yayoi-cho, Inage-ku, Chiba 263-8522, Japan

imamoto@scichem.s.chiba-u.ac.jp

Received November 15, 2000

ABSTRACT
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New rhodium catalysts with unsymmetric P—chirogenic bis(phosphino)ethanes, BisP*-Rh, exhibited very high enantioselectivity (98—99%) in
the hydrogenation of a-dehydroamino acid derivatives. Such high enantioselectivity should result from the asymmetric environment around
the Rh atom, as was shown in the molecular structure of the catalyst analyzed by X-rays. The asymmetry can be controlled by the combination

of the alkyl groups on the two phosphorus atoms.

Optically active phosphinetransition metal complexes have
played an important role in catalytic asymmetric synthésis.
Since aC, symmetric bisphosphine ligand, DIOP, showed
high enantioselectivity, it has been considered tQat

have exhibited high enantioselectivity over a broad range.
On the other hand, it has been shown that unsymmetric
bisphosphine ligandswhich have different groups on the
two phosphorus atoms, have also been shown to be effective

symmetric bisphosphine ligands are endowed with superiorin some cases of asymmetric hydrogenation. However, an

catalytic propertie. The C, symmetric ligands such as
DIPAMP 2 BINAP,* DUPHOS: BIPNORS and PennPHO'S
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i) a) s-BuLi/(-)-sparteine, ether, —=78 °C, 3 h, b) CO,. ii) BHg—THF, THF, 0 °C, 1 h. iii) MsCl, CHxCl,, —15 °C, 1 h or
p-TsCl, Py, rt, 5 h. iv) a) n-BuLi, THF, 0 °C, 20 min, b} the tosylates or the mesylates, 55 °C, 2 h. v) a) TfOH, toluene, rt,

20 min, b) KOH/ EtOH, 55 °C, 2 h. vi) [Rh(nbd)o]BF4, THF.

Recently, we prepared rhodium complexes coordinated The preliminary hydrogenation with dehydibacetyl-

with new unsymmetric BisP* ligandslé—c) which have

RIVPS__RiMe
Me R
1a—c
Unsymmetric BisP*
la :R!=1-Ad,R?=+Bu
1b :R!=1-Ad,R>= Cy
le :R!=¢Bu,R?= Cy

phenylalanine methyl estet in the presence of rhodium
complex 2a provided a quantitative yield oN-acetyl-
phenylalanine methyl estét with 99.2% ee (R) (Scheme
2).

Scheme 2
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different alkyl groups on the two P* atoms in order to 4 7
introduce an asymmetric environment around the Rh atom 99.2% ee
more effectivel\:® This Letter reports a series of enantio-
selective hydrogenations afdehydroamino acid derivatives
using the newly designed unsymmetric BisHRh catalysts Encouraged by this result, varioasdehydroamino acid
and proposes a design concept to obtain high enantioselecderivatives were applied as reagents (Table 1). Asymmetric

tivity.
The synthetic route to obtain the unsymmetric BisiRh
is shown in Scheme 1. The bisphosphifi®rane precursors,

hydrogenation of di- or trisubstituted dehydroamino acid
derivatives4 and5 with 1a showed very high enantioselec-
tivity (entries 3 and 8), althoughb and 1c provided4 and

(R)-1-boranato[alkyl(methyl)phosphino]ethanol 2-tosylates or 5 with considerably lower enantioselectivity (entries 4, 5, 9,
(R)-1-boranato[alkyl(methyl)phosphino]ethanol 2-mesylates, and 10).

were synthesized from alkyl(dimethyl)phosphirteoranes

It has been considered difficult to achieve high enantio-

in three steps. The tosylates and mesylates were coupled wittselectivity in the hydrogenation of tetrasubstitutedlehy-

lithiated (S)-alkylmethylphosphine—borafkgo provide
(S,S)-unsymmetric BisP*BHs;, which were converted into

droamino acid derivative’$.The symmetric BisP*Rh'’s also
gave low enantiomeric excesses (entries 11, 12, 16, and 17),

the corresponding cationic rhodium complexes according to although they showed somewhat higher value$&dentries

the reported procedufé.
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21 and 22). Howeverb and1c showed very high enantio-
selectivity for the valine derivativéa (entries 14 and 15),
althoughla gave a low value foba (entry 13). A similar
tendency of enantioselectivity was observed@br(entries
18—20) and6c (entries 23—25), although remarkable dif-
ference was observed betweHmandlcin the hydrogena-
tion of 6c¢.

To examine the asymmetric environment around the rho-
dium atom, crystallizations dfa—cwere performed. After
many trials, only2a gave crystals suitable for X-ray work.

The molecular structure dfa is depicted in Figure
The bond distances, bond angles, and torsion angles around
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Table 1. Rh-Catalyzed Enantioselective Hydrogenation of
o-Dehydroamino Acid Derivativés

Unsymmetric BisP*-Rh

Figure 1. ORTEP drawing of rhodium complex (30% probability)
[Rh((S9)-AdBu-BisP*)(nbd)]BF; (2a): the hydrogen atoms and the
BF, anion are omitted for clarity. Dihedral angles €@1—Rh—
P2 46.9°, C2P2—Rh—P1 26.7°.

R! COsMe (0.2-1 mol %) R! N CO,Me
RZ NHAc H2 (2—6 atm), n,2h R2 NHAc
b
entry substrate ligand % s:e
(confign)”
1 CO.,Me 1-Ad-BisP* 99.9 (R)?
2 -Bu-BisP* 99.9 (R)?
PH NHAC t-Bu-BisP (R)
3 4 Ad'Bu-BisP* (1a) 99.2 (R)
4 AdCy-BisP* (1b) 77.7 (R)
5 'BuCy-BisP* (1c) 68.7 (R)
6 COMe 1-Ad-BisP* 99.6 (R)?
7 NHAG 1-Bu-BisP* 98.1 (R
8 5 Ad'Bu-BisP* (1a) 96.2 (R)
9 AdCy-BisP* (1b) 67.9 (R)
10 ‘BuCy-BisP* (lc) 60.0 (R)
11 1-Ad-BisP* 12.4 (R)
. Me fOMe -Bu-BisP* 35.9 (R
13 Me NHAc Ad'Bu-BisP* (1a) 21.3 (R)
14 6a AdCy-BisP* (1b) 94.0 (R)
15 ‘BuCy-BisP* (1¢) 93.5 (R)
16 COsMe 1-Ad-BisP* 9.5 (R)
17 E>=< 1-Bu-BisP* 14.4 (R)
NHAc ' )
18 b Ad'Bu-BisP* (1a) 16.3 (R)
19 AdCy-BisP* (1b) 87.6 (R)
20 'BuCy-BisP* (1¢) 82.8(R)
21 1-Ad-BisP* 82.4 (R
22 CO,Me t-Bu-BisP* 83.6 (R)
23 <:>==< Ad‘Bu-BisP* (1a) 79.5 (R)
NHAc
24 6¢ AdCy-BisP* (1b) 98.2 (R)
25 ‘BuCy-BisP* (1¢) 85.8 (R)

“Reactions were conducted at 1t and an initial H, pressure of 2 or 6
atm using 0.8 M MeOH solution of substrate and the catalyst
precursors [(S,5)-BisP*-Rh(nbd)]*BF4~ (0.2 or 1 mol %). Reaction
time was 1-2 h, and complete conversion was observed in all cases.
bEnatiomeric excesses were determined by chiral capillary GC using
Chrompack’s Chiral-L~Val column (25 m) (di- and tetrasubstituted) or
HPLC using a Daicel Chiral OJ column (trisubstituted). “Absolute
configurations were confirmed by comparison of the signs of optical
rotation and chiral HPLC or GC elution order, with configurationally
defined examples. “See Ref. 5.

the Rh and two phosphorus atoms are approximately the
same as the corresponding ones of the symmetric BisP*
Rh. However, the conformation of the five-membered
chelation ring is strongly distorted compared with that of
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the symmetric BisP*Rh since steric repulsion of the
1l-adamanyl group on P1 with the neighboring atoms is
different from that of thdert-butyl group. The distortion is
well explained by the dihedral angles between the planes of
P1-Rh—P2 and Rhr-P1-C1, and between the planes of-P1
Rh—P2 and RkP2—C2. The former dihedral angle of the
1-adamantyl group is 46°vhereas the latter one of thert-
butyl group is 26.7°. These values are nearly the same for
the symmetric BisP*Rh complex. Such a difference should
cause a further asymmetric environment around the Rh atom.
The asymmetry should be introduced when the substrate
molecule comes close to the Rh atom at the transition state.
In summary, catalytic asymmetric hydrogenation of di-,
tri-, or tetrasubstituted.-dehydroamino acid derivatives by
the unsymmetric BisP*Rh 2a—cgave high reactivity and
enantioselectivity. X-ray crystallographic analysis 24
exhibited a distorted chelation ring structure compared with
the corresponding ones of the symmetric BisiRh com-
plexes. This suggests that the asymmetric environment is
effectively controlled by choosing the alkyl groups on the
phosphorus atoms.
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