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Synopsis. A chiral diphosphinite ligand having dicyclo-
hexylphosphinooxy and dimethylamino moieties (Cy-POP-
AE) was effective for the asymmetric hydrogenation of N-
(benzoylformyl) amino acids by a Rh(I) catalyst under mild
conditions. A neutral rhodium(I) precursor enabled a
double asymmetric induction in methanol, while a cationic
precursor caused an asymmetric induction controlled mainly
by the substrate chirality.

Catalytic asymmetric reactions have recently at-
tracted much attention regarding selective syntheses
of chiral bioactive substances.? The Rh(I)-catalyzed
asymmetric hydrogenation of olefinic compounds has
achieved prominent success with various chiral ligands
under mild conditions.? In the case of the hydrogena-
tion of carbonyl groups, a high hydrogen pressure is
required,3-9 and only a few cases have been reported in
which the carbonyl moiety could be hydrogenated
under mild conditions.? Peralkylmonophosphine or
-diphosphine ligands with a high o-donating chara-
cter have been reported to be effective for the Rh(I)-
catalyzed hydrogenation of carbonyl groups under
atmospheric hydrogen pressure.5»

We have reported the selective asymmetric hydro-
genation of N-protected dehydrodipeptides with Rh(I)-
chiral diphosphinite (3S,4S)-1-[2-(dimethylamino)-
ethyl]-3,4-bis(diarylphosphinooxy)pyrrolidine: POP-

?I) R Rh(I)

AE’s®) or Rh(I)-diphosphine [2-[2-(dimethylamino)-
ethyl]-1,3-propanediyl Jbis[diphenylphosphine]: DPP-
AE?). In these Rh(I) catalyst systems an electrostatic
interaction between the ligand and substrate played
an important role. We report here that the Rh(I)-
catalyzed hydrogenation of benzoylformic acid deriva-
tives with a chiral amino acid residue can proceed
under atmospheric hydrogen pressure using a modi-
fied POP-AE containing the dicyclohexylphosphinooxy
moiety of strongly o-donating character (Cy-POP-AE)
and that the counteranion species of the Rh(I) catalyst
severely affects the stereoselectivity.

Results and Discussion

The Cy-POP-AE ligand was prepared in six steps
from diethyl (+)-tartrate. The chemical shift of
Cy-POP-AE in 31P NMR was in good agreement with
the value reported for the Cy-proNOP ((2S)-1-dicyclo-
hexylphosphino-2-[(dicyclohexylphosphinooxy)meth-
yllpyrrolidine).®  With [Rh(cod)z]BF4+—Cy-POP-AE
system, the hydrogenation of benzoylformic acid could
proceed smoothly under atmospheric pressure and at
ambient temperature in a dichloromethane solution to
give (S)-product. Polar solvents inclined to need a
long time for the reaction and to lower the stereoselec-
tivity (Table 1).
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Table 1. Asymmetric Hydrogenation of a-Keto Acid Derivatives with Rh(I)-Cy-POP-AE Catalyst
Time Conv.
Run Substrate Solvent % e.e. % d.e.
h %

1 PhCOCOOH EtOH 100 90 2.(S)

2 CH:Cl2 20 100 10 (S)

3 PhCOCO-B-Ala-OH MeOH 24 100 38 (R)

4 PhCOCO-(S)-Ala-OH CHCIs 48 100 23 (R,S)
5 EtOH 48 100 52 (R,S)
6 MeOH 48 100 56 (R,S)

Hydrogenation was performed under atmospheric hydrogen pressure at room temperature. Substrate/Cy-
POP-AE/Rh=50/1.4/1, Rh precursor was [Rh(cod)z]BF.
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Table 2. Effect of the Halide Ion on the Double Asymmetric
Induction in the Hydrogenation of PhCOCO-AA-OH
Run Ligand Substrate Rh precursor % d.e.
1 Cy-POP-AE PhCOCO-(S)-Ala-OH Rht 56 (R,S)
2 RhN 67 (R,S)
3 PhCOCO-(R)-Ala-OH Rh+ 12 (S,R)
4 RhN 5 (R,R)
5 PhCOCO-(S)-Phe-OH Rh+ 47 (S,S)
6 RhN 7(S,S)
7 PhCOCO-(R)-Phe-OH Rh+ 53 (R,R)
8 RhN 50 (R,R)
9 PhCOCO-(S)-Ala-OMe Rh¥ 33 (R,S)
10 PhCOCO-(S)-Ala~-OH+NE(s RhN 50 (R,S)
11 Cy-POP-IP PhCOCO-(S)-Ala-OH RhN 49 (R,S)
12 PhCOCO-(R)-Phe-OH RhN 41 (R,R)

Hydrogenation was performed under atmospheric hydrogen pressure at room temperature in methanol.
Substrate/ligand/Rh=50/1.4/1, Rh*=[Rh(cod)z]BFs, RhN=[RhCl(cod)]s.

In the case of PhCOCO-B-Ala-OH with an achiral
amino acid unit, the direction of asymmetric induc-
tion was (R)-selective, opposite to the reaction of
PhCOCOOH. It was noted that solvent effect on the
reaction of N-(benzoylformyl) amino acid was reversed
to the reaction of benzoylformic acid (Table 1, Runs
4—6). The increase in the solvent polarity raised both
the reactivity and stereoselectivity; this tendency was
the same as observed in the cases of dehydrodipeptides
with a free carboxyl group.” On the other hand, a
high stereoselectivity was reported in less polar
solvents for the hydrogenation of N-(benzoylformyl)
amino acid esters.5»

In reactions of N-(benzoylformyl) amino acids, the
kinds of rhodium precursors showed a striking effect
on the direction of asymmetric induction (Table 2,
Runs 1—8). In the case of cationic precursors, the
newly developed chirality was mainly controlled by
the chirality of the amino acid unit, though the
direction of asymmetric induction was strongly de-
pendent on the structure of the amino acid unit (Runs
1 and 5, 3 and 7). A neutral rhodium precursor, how-
ever, amplified the asymmetric induction through the
chirality of Cy-POP-AE (R-selectivity) and relatively
high stereoselectivities were observed by a double
asymmetric induction in matched pairs;? a good
selectivity of 67% (R,S) was obtained in the case of
PhCOCO-(S)-Ala-OH. A comparison of the 3P
NMR spectra of the reaction systems in CD3OD using
[Rh(cod)Cl]z and [Rh(cod)z]BFs precursors indicated
the presence of the Rh(I)Cl species in methanol for the
system using [Rh(cod)Cl]s, as well as the cationic
Rh(I) species. These results indicate that the active
rhodium species coordinated by chloride caused a
double asymmetric induction in methanol. This
halide ion effect makes a sharp contrast to the
hydrogenation of dehydroamino acids or dehydro-
dipeptides in methanol solvent where no conspicuous
difference was observed between the reactions with
cationic and neutral rhodium(I) precursors.2:6)

The reaction system of Cy-POP-AE-PhCOCO-(S)-
Ala-OH afforded higher stereoselectivity than the
systems of Cy-POP-AE-PhCOCO-(S)-Ala~-OMe or

Cy-POP-IP-PhCOCO-(S)-Ala-OH (Cy-POP-IP: an
analog of Cy-POP-AE having an isopentyl unit
instead of 2-(dimethylamino)ethyl group); this dif-
ference was ascribed to a contribution of the electro-
static interaction between the carboxyl group of
PhCOCO-(S)-Ala~OH and the amino group of
Cy-POP-AE to the asymmetric induction. The
lowered stereoselectivity by amine addition also sup-
ported this conclusion.”

The present results imply that Rh(I)Cl-Cy-POP-
AE system would be useful for the asymmetric
hydrogenation of N-(acylfomyl) amino acid under
atmospheric hydrogen pressure utilizing double asym-
metric induction in a polar alcoholic solution.

Experimental

(38,45)-1-[2-(Dimethylamino)ethyl]-3,4-bis(dicyclohexyl-
phosphinooxy)pyrrolidine (Cy-POP-AE). (3S,4S)-1-[2-
(Dimethylamino)ethyl]-3,4-pyrrolidinediol was prepared from
diethyl (+)-tartrate in five steps, as was described previ-
ously.? To a THF solution (50 ml) of this diol (1.7 g,
9.8 mmol) containing 60 mmol of triethylamine, was added
dropwise chlorodicyclohexylphosphine (5.0 g, 21 mmol) in
20ml THF at 0°C; the mixture was stirred overnight.
Hydrochloride salt of triethylamine was filtered and the
filtrate was evaporated to dryness to give white solids. These
solids were dissolved in 30 ml hexane; undissolved tetracyclo-
hexyldiphosphine and pentavalent phosphorus compounds
were filtrated off at —20 °C. The filtrate was evaporated and
residual solids were recrystallized from dry ether at —50 °C to
afford Cy-POP-AE (3.6 g, 49%) as white crystals: Found: C,
67.28; H, 10.84; N, 4.44%. Calcd for C32HegoN202Ps: C, 67.81;
H, 10.67; N, 4.94%; 'H NMR (CDCls) 6=0.8—2.1 (44H, m,
¢-CGe¢Hn), 2.25 (6H, s, -NCH3s), 2.3—3.1 (8H, m, -NCHs-
CH:2N-, -CH2-NCHz-), 3.8—4.3 (2H, m, O-CH-); 3P NMR
(CDCls) 6=144.4; MS m/z=567 (MH*) (FAB, m-nitrobenzyl
alcohol matrix); [a]® =+55.1° (¢ 0.17, CHCls).

(3$,4S5)-1-Isopentyl-3,4-bis(dicyclohexylphosphinooxy)-
pyrrolidine (Cy-POP-IP). Cy-POP-IP was prepared from
(3S,4S)-1-isopentyl-3,4-pyrrolidinediol similarly to Cy-POP-
AE and recrystallization from dry ether at —50 °C afforded
Cy-POP-IP (38%) as white crystals: Found: C, 69.60; H,
11.07; N, 2.29%. Calcd for C3sHeNOgP2: C, 70.05; H,
10.87; N, 2.48%; 'H NMR (CDCls) 6=0.8 (6H, d, J=6.5 Hz,
CHz), 0.8—2.1 (47H, m, ¢-C¢H11~, -CH2CH-), 2.2—3.1 (6H,
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m, N-CHz-), 3.9—4.3 (2H, m, O-CH-); 3P NMR (CDCls)
6=144.4; MS m/z=566 (MH™) (FAB, m-nitrobenzyl alcohol
matrix); [a]® =+61.7° (¢ 0.21, CHCls).

Substrates. N-(Benzoylformyl) amino acids (PhCOCO-
AA-OH: AA=(S)- and (R)-Ala, (S)- and (R)-Phe, and B-Ala)
were prepared by condensation of benzoylformic acid with
amino acid methyl ester hydrochloride in THF using
dicyclohexylcarbodiimide, 1-hydroxy-1H-benzotriazole, and
N-methylmorpholine (or triethylamine) at 0 °C followed by
hydrolysis according to methods described in the liter-
ature.10

N-(Benzoylformyl)-(S)- and (R)-alanine were obtained as
crystals (73—75%), while N-(benzoylformyl)-(S)- and (R)-
phenylalanine were very viscous oil; the latter were purified
as dicyclohexylammonium salt,!? then converted to free
acid by potassium hydrogensulfate. N-(Benzoylformyl)-B-
alanine was obtained as pale-yellow solids (77%).

Hydrogenations. The catalyst solution of Rh(I)-Cy-
POP-AE or -Cy-POP-IP was prepared from [Rh(cod)2]BF4
or [Rh(cod)Cl]z and the ligand in 5ml of solvent (Rh
0.01 mmol; ligand/Rh=1.1—1.5). It was then transferred to
a reaction vessel containing 0.5 mmol of the substrate using
a fine stainless tube so as to avoid contamination with
oxygen. Degassing was repeated three times and the solution
was stirred for 30 min under N3 followed by H: introduc-
tion. After the reaction, the solution was diluted with
methanol and rhodium was removed using a Dowex 50
cation-exchange resin. The solution was evaporated to
dryness and the products were converted to methyl esters in
methanol-HCIL. The diastereomeric excess was determined
by an NMR method using Eu(hfc)s in CDsOD-CDCls
monitoring the methine proton of the mandelic acid unit in
the product.
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