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ABSTRACT: Catalyzed by a rhodium complex of P-stereo-
genic diphosphine trichickenfootphos, five-membered cyclic α-
dehydroamino ketones bearing endocyclic acyl and endocyclic
vinyl groups were hydrogenated to give chiral α-amino ketones
with quantitative conversions and excellent enantioselectivities.

Asymmetric hydrogenation of α-acyl enamides is a practical
methodology for the synthesis of chiral α-acyl amines and

has been a popular research area for the past half century.1

However, the hydrogenation of cyclic α-acyl enamides, especially
those bearing an endocyclic α-acyl group, remains uncommon
(Figure 1, red-colored structures, X =C, N, O, S).2,3 On the other

hand, compared to the extensive research carried out with α-
dehydroamino acids, esters, and amides, only one report has
been published concerning the asymmetric hydrogenation of α-
dehydroamino ketones4 and none for cyclic substrates, though
chiral cyclic α-amino ketones are very useful structural motifs
found in a range of bioactive molecules and can be easily
derivatized to give versatile chiral cyclic β-amino alcohols and
amines.5 Previously, chiral cyclic α-amino ketones were typically
synthesized via intramolecular Friedel−Crafts reactions of chiral
α-amino acids and via α-aminations of cyclic ketones or their
equivalents.6−8 In addition to these procedures being inefficient,
these methodologies also suffer from problems of partial
racemization of the chiral α-amino ketones because of their
facile enolization under acidic and alkaline conditions. Therefore,
from both theoretical and practical perspectives, synthesis of
chiral cyclic α-amino ketones via the asymmetric hydrogenation
of cyclic α-dehydroamino ketones with high chemoselectivity

(distinguish the reductive CC and CO bonds) and
enantioselectivity is greatly desired.
Recently, we have made encouraging progress in the

asymmetric hydrogenation of several types of substrates.9,10

These include the hydrogenation of five-membered cyclic α,β-
unsaturated ketones, esters, amides, and imides bearing
endocyclic acyl and exocyclic vinyl groups (Figure 2).9 Herein,

we report the first asymmetric hydrogenation of five-membered
cyclic α-dehydroamino ketones bearing endocyclic acyl and
endocyclic vinyl groups for the synthesis of chiral cyclic α-amino
ketones (Figure 2).11

The model substrate N-(1-oxo-1H-inden-2-yl)acetamide (1a)
was easily prepared from benzaldehyde by an aldol condensation
and an intramolecular Friedel−Crafts reaction12 and subse-
quently used in the asymmetric hydrogenation. Under a high H2
pressure (40 atm) and long reaction time (18 h), Bn-BiphPhox-
Ir,9 DTBM-Segphos-Pd,10a and i-Pr-RuPhox-Ru10d complexes,
previously confirmed to be effective for the asymmetric
hydrogenation of related substrates, showed low activities and
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Figure 1. Acyclic and four kinds of cyclic α-acyl enamides.
Figure 2. Asymmetric hydrogenation of five-membered cyclic carbonyl
compounds with exo- and endocyclic vinyl groups.
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selectivities in the asymmetric hydrogenation of 1a (see
Supporting Information for details). In contrast, BenzP*-Rh
was successfully used to give product 2a (30% ee) and byproduct
3a in a ratio of 82/18 (Table 1, entry 1). Following a decrease of

H2 pressure to 3 atm, complete chemoselectivity was realized
with moderate enantioselectivity (79% ee, entry 2). Other
diphosphine-Rh complexes also showed excellent chemo-
selectivities while the P-stereogenic diphosphine ligand TCFP
(trichickenfootphos),13 which is more electron-rich and sterically
hindered compared to other ligands, gave the highest
enantioselectivity of 98% ee (entries 3−8). Other solvents
were tested, and EtOAc was found to give the highest
enantioselectivity (99% ee, entries 9−12). This reaction could
be carried out on a gram scale using MeOH as the solvent to
increase solubility. When the S/C was increased to 2000, 2.2 g of
1a was completely converted to 2a with a slightly reduced
enantioselectivity of 95% ee (entry 13). When the S/C was
further increased to 5000, 2a was obtained with 97% conversion
and 91% ee (entry 14).
With the optimized reaction conditions in hand, we

investigated the substrate scope of the hydrogenation reaction
catalyzed by the rhodium complex of (S)-TCFP (Scheme 1).
The chiral α-amido ketones readily racemize under both acidic
and basic conditions, even during flash chromatography using

silica gel or neutral aluminum oxide. Since the asymmetric
hydrogenation goes to completion and no obvious impurities can
be found in the NMR spectra of the reaction mixture, the yields
were recorded by weighing the amount of products purified by
reslurry. With methyl groups substituted at different positions, all
four substrates 1b−1e were converted to 2b−2e with excellent
enantioselectivities. Hydrogenation of the substrate 1f with an
ethyl substituent at the 5-position gave 2f with 99% ee. Attempts
to synthesize a more electron-donating 6-OMe-substituted
substrate failed because the OMe group is not resistant to
AlCl3, which according to the procedure of 1a is used in the ring-
closing step. Changing the alkyl group in the 6-position to aryl
and acyl groups did not affect the enantioselectivities of the
corresponding products 2g and 2h. Substrates 1i−1n bearing
halogen substituents at either the 4- or 6-positions were all
reduced to their products 2i−2n with satisfactory enantiose-
lectivities. Products bearing electron-withdrawing groups such as
F and Cl atoms at the 4-position (2j and 2l) were obtained with
slightly lower ee of 98 and 97%, respectively. Furthermore,
multisubstituted substrates such as 1o and 1pwere also amenable
to our reaction conditions, affording the corresponding products
2o and 2p quantitatively with 99 and 98% ee, respectively.
The absolute configuration of the hydrogenated products was

assigned by comparison of the HPLC spectra with compound 2a,
which was synthesized via an intramolecular Friedel−Crafts
reaction of (S)-N-acetyl-L-phenylalanine. The favored and
unfavored transition states are shown in Figure 3.14 Less steric
hindrance between the Rh-chelate ring containing the NHAc
group of the substrate and the methyl group of the ligand is
observed in the favored transition state, thus leading to products
with the S-configuration.
To demonstrate the practicality of this methodology, several

transformations were performed (see Supporting Information
for details). Product 2a was reduced by Pd/C-catalyzed

Table 1. Ligand and Solvent Screeninga

entry ligand solvent conv 2a/3a (%)b ee 2a (%)c

1d,e (S,S)-BenzP* MeOH 82/18 30
2 (S,S)-BenzP* MeOH 99/0 79
3 (R)-Segphos MeOH 99/0 53
4 (R)-BINAP MeOH 99/0 81
5 (R,R)-Duphos MeOH 99/0 65
6 (R,R)-QuinoxP* MeOH 99/0 71
7 (R,R)-Miniphos MeOH 99/0 92
8 (S)-TCFP MeOH 99/0 98
9 (S)-TCFP CH2Cl2 99/0 98
10 (S)-TCFP EtOAc 99/0 99
11 (S)-TCFP THF 99/0 85
12 (S)-TCFP toluene 24/0 20
13f (S)-TCFP MeOH 99/0 95
14g (S)-TCFP MeOH 97/0 91

aConditions: 1a (0.4 mmol), ligand-Rh (1 mol %), H2 (3 atm),
solvent (2 mL), rt, 1 h. bConversions were calculated from 1H NMR
spectra. cThe ee values were determined by HPLC using chiral
columns. dH2 (40 atm). e18 h. fS/C = 2000, 6 h. gS/C = 5000, 30 h.

Scheme 1. Substrate Scopea

aConditions: 1 (0.4 mmol), TCFP-Rh (1 mol %), H2 (3 atm), EtOAc
(2 mL), rt, 1 h. The ee values were determined by HPLC using chiral
columns.
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hydrogenation and further derivatized to cyclic oxazoline
intermediate 3 in 83% yield. After a simple hydrolysis, chiral
cyclic β-amino alcohol 4 was obtained in 85% yield, and only the
cis-isomer was detected with 99% ee (Scheme 2). A similar

reduction of product 2i using borane-THF afforded the β-amido
alcohol 7 in 94% yield with 98% ee and 1.2:1 dr. The OH group
was removed to afford the chiral cyclic amide 8 in 67% yield and
with 97% ee (Scheme 3). According to previously reported

procedures, compound 4 could be readily converted to two types
of useful ligands 5 and 6 (Scheme 2).15 Compound 8 has the
potential to be used as a key intermediate for the synthesis of
important bioactive compounds 9 and 10 (Scheme 3).16 This
represents the first time such types of products have been
prepared via asymmetric hydrogenation.
In conclusion, five-membered cyclic α-dehydroamino ketones

bearing endocyclic acyl and endocyclic vinyl groups have been
hydrogenated for the first time to give chiral α-amino ketones
quantitatively with 97−99% ee. The reaction could be carried out
on a gram scale, and the catalyst loading could be increased to
5000 S/C. This methodology was further applied to the
asymmetric synthesis of several useful ligands and bioactive
compounds via simple derivatization.
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