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Chiral amino acids are some of the most important small R 0 0
molecules found in biological systems. Natural and unnatural OO o O o O °
a-amino acids are also highly utilized in academia and in the ol o o L0 mh 0oy
pharmaceutical, biotech, and chemical industries. Therefore, the OO . OO OOO

discovery of general methodology that can produce chiraimino PAta R p-Naph
acid derivatives in high yield and with useful levels of enantio- PA1b R =9-anthryl VANOL VaPoL
selectivity is of considerable importante. PAlc R=SiPh,

Relatively straightforwarctatalytic asymmetri@pproaches to ~ Figure 1. Chiral phosphoric acids.
chiral q-amino ac.id deriv.ativ_es include the Stregker rea_‘ﬁi_d“e Table 1. The Effect of Solvent on the Catalytic Asymmetric
alkylation of glycine derivatived,and the alkylation ofx-imino Reduction of Imino Esters with Catalyst 1e
esters! Perhaps the most straightforward and desirable means to

H_H
. . . . . . . . EtO,C. CO,Et
produce chiral amino acid derivatives is the direct reduction of /©/0Me : ﬁ z OOMe

a-enamide3 or a-imino ester$. a-Imino ester reductions are 2a, R=Et Me™ TN Me
. . . . N 2b, R =Me HN 3a-3c
attractive routes to amino acids as they are readily produced from Il 2c, R=/i-Pr 5mol% 1e, solvent, 50 °C
. . L2 Ph™ CO,R Ph” CO,R
ketones and are available with numerous substitution patterns.

A recently emerging direction for organocatalysis has resulted  enyy substrate solvent time, h yield, 9% e
from the |_n|t|al_ discoveries by Akly_aniaand Terad® th_at chlral_ N 1 2a CHCh 20 73 a7
phosphoric acid catalysts can provide excellent enantioselectivities 2 2a CH,Cl, 20 78 55
in a number of new transformatiofg\n important later develop- 3 2a THF 24 <1 ND
ment in chiral phosphoric acid catalysis has been the enantio- 4 2a 1,4-dioxane 20 <5 ND

lective reduction of unsymmetric ketimirfeShese reductions > 2a benzene 20 99 9%
S€ , Yy , 6 2a toluene 19 99(93) 96
first reported in a general study by Ruepfignd then subsequently 7 2b toluene 21 99 08
by List,® show that imines derived from a wide variety of ketones 8 2c toluene 88 16 5

could be reduced with excellent enantioselectivity. MacMillan
reported, soon thereafter, that a general one-pot asymmetric reduc-
tive amination starting directly from the ketone, a reaction 1ong Taple 2. The Effect of Phosphoric Acid Catalyst on Imino Ester
sought by organic chemists, was possible with this chemistry. Reduction

While these publications are excellent, they only contain a limited

ARG atlt OMe FO:C Bt coet OMe
amount ofcyclic a-imino ester substrates. It became apparent to /©/ ﬁ /©/
Me”™ "N” "Me
A ) g

aDetermined by'H NMR. P Isolated yield.

us that a general, highly enantioselective, organocatalytic reduction
of acyclico-imino esters was not previously reported. We wish to

5 mol% PA, toluene, 50 °C, 19h L

; . - Ph” ~CO,Et Ph7 ~CO,Et
communicate our results, which show that acyeliimino esters 2a 3a
can be reduced to provide-amino esters in high yield and with | il %5
excellent enantioselectivity using a chiral VAPBLderived ey catelt el % hd
phosphoric acid catalyst. 1 13 33 gg
Due to the previous success we have found using phosphoric 3 1c 6 1
acid catalysts prepared from the bisphenols VAPGInd VANOL 4 1d <5 17
(Figure 1), we chose to begin an evaluation of their potential ability 5 le 99 (93) 96

in the asymmetric reduction of imines derived frerketo esters.
Our initial experiments proved successful R&-1e catalyzed
the Hantzsch ester reduction 24 to give moderate enantioselec-  Isopropyl ester substitution (entry 8) gave a much lower yield and
tivities of the corresponding-amino esteBa in chloroform and a very low enantioselectivity (5%), presumably due to steric
in dichloromethane (Table 1, entries 1 and 2). Coordinating solvents hindrance.
such as THF and 1,4-dioxane gave considerably reduced yields An evaluation of a variety of chiral phosphoric acids in the
(entries 3 and 4). However, the reaction provided quantitative reduction ofo-imino esters confirmed to us thaewas a superior
conversion and excellent enantiomeric excess (96%) in non- catalyst (Table 2). Catalydta (entry 1), while somewhat bulky,
polar and noncoordinating solvents such as benzene and toluenalid not provide good reactivity (29% NMR yield) or enantio-
(entries 5 and 6). Methyl ester substitution (entry 7) gave a slight selectivity (27%). Catalystb (entry 2), a much more hindered acid,
improvement in enantiomeric excess, but the resutiiragnino ester provided the amino ester in a moderate ee, whidéentry 3), the
proved difficult to separate from the Hantzsch ester byproduct so catalyst used by MacMilldé for the successful asymmetric
subsequent chemistry was evaluated with ethyl ester substitution.reductive amination of ketones, was virtually inactive using the

aDetermined by'H NMR. P Isolated yield.
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Table 3. VAPOL Phosphoric Acid-Catalyzed Asymmetric

Reduction of a-Imino Esters
Ry EDZCﬁCOZEt R,
el
N HN
2)\C02Et

H
5 mol% (S)-1e, toluene, 50 °C R

Me”™ "N” "Me
|

Ry™ T“COLEt
2a, 2d-2m 3a, 3d-3m

entry R, R, time, h yield, %? ee

1 OMe Ph 19 93 9Ep)¢

2 OMe 4-MeGH4 22 98 96

3 OMe 4-MeOGH4 22 96 94

4 OMe 4-CIGH4 18 95 98

5 OMe 4-BrGH4 18 93 98

6 OMe 4-CRCeHa 21 98 96

7 OMe 3,5-FGH3 18 95 98

8 H Ph 18 94 95

ob OMe Me 21 88 99g)¢
100 OMe (CH)sCH;3 18 90 96
110 OMe CH,CH,Ph 19 85 98

overall yields (16-20%) but identical ee’s. However, in the three
cases utilizing alkyl-substitutegtimino esters, we found good yield.
These investigations provide clear evidence that this methodology
can be adapted to a general one-pot procedure, albeit with some
potential loss in yield.

In conclusion, we have developed chemistry whereby t\C
group of o-imino esters can be reduced with excellent yield and
enantioselectivity utilizing hindered chiral phosphoric acids.
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a|solated yields? Imino esters were formed in situ from the correspond-
ing keto ester angb-anisidine in the presence & A molecular sieves
(reductive amination). Entries 9 and 10 were run at room temperature.
¢Yield was determined after LAH reduction to the corresponding alcohol
(see Supporting Informationy.The absolute stereochemistry3d and3k
was determined after deprotection by comparison with literature rotation
data for the known amino acid esters (see Supporting Information).

described conditions. It is interesting that, while our previously
reported imine amidation chemistiywas particularly sensitive to
the purification methods fofle, the above chemistry shows no
deleterious effects even with batches of catalyst that have given
less than ideal results with the methodology in ref 11.

In an effort to establish generality, we initiated a study where
we varied thea-imino ester substrate (Table 3). Aryl substitution
on the imine carbon (B showed no deleterious effects whesra-
electron-donating groups were used (entries 2 and 3). Likewise,
the use opara-electron-withdrawing groups on the arene ring gave
a substrate that could be reduced with excellent yield and selectivity
(entries 4-6). A metasubstituted (3,5-FgH3) arene was also a
suitable substrate for this reaction (entry 7).

When the imine nitrogen was substituted with a phenyl group
(Ry = H, entry 8), the chemistry was virtually identical to the
p-methoxyphenyl-substituted case (entry 1). We were pleased to
find that in our initial evaluation the use of primary alkyl-substituted
ketimines is suitable for reductions, providing high yield and
enantiomeric excess in three cases (entriet19. It should be noted
that in these three examples the imines were not preformed but
generated in situ in the presence of molecular sieves, before the
asymmetric reduction (reductive amination). In the last case (entry
11), the resultingti-amino ester could not be separated cleanly from
the Hantzsch ester byproduct, so subsequent LAH reduction was
necessary to provide an isolated yield (85% over two steps). We
determined the absolute stereochemistry of prodBaend3k via
CAN deprotection of the PMP group and comparison with the
absolute rotation and ee of the respective known amino acid*@ster.

During the discovery of this chemistry, we have found that, in
general, the use of in situ generatedmino esters gave lower
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