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Highly enantioselective hydrogenation of N-phthaloyl enamides
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Abstract—Rh- or Ru-catalyzed highly enantioselective hydrogenation of N-phthaloyl enamides is presented. Electron-rich Tang-
Phos and DuanPhos are found to be effective ligands for Rh-catalyzed hydrogenation of a-aryl enamides and up to 99% ee has been
achieved. In contrast, for the hydrogenation of a-alkyl enamide, the Ru-C3-TunePhos complex is more effective and up to 69% ee
can be observed. This work is the first report of the hydrogenation of N-phthaloyl enamides.
� 2005 Elsevier Ltd. All rights reserved.
R

H
HN

O

O O

O

N
R

O

O

N
R

H3C

NH2
R

H3C

+
See ref. 4

Asymmetric

Hydrogenation * *

See in text
R = Aryl, alkyl

Scheme 1.
Asymmetric hydrogenation of enamides has shown sig-
nificant potential for the synthesis of chiral amines.1

Rh or Ru complexes of phosphine ligands have been
extensively explored as catalysts for the asymmetric
reduction of enamides. Although high catalytic activities
and enantioselectivities can be achieved in a number of
catalytic systems,2 a lack of efficient synthetic methods
for making enamides has been a major drawback in this
area.3 Recently, Stahl et al. have developed a strategy
for the preparation of N-phthaloyl enamides via the
Pd-catalyzed oxidative amination of simple alkenes.4

Phthalimide has been used in Stahl�s oxidative amina-
tion of alkenes, resulting in both a-aryl and a-alkyl
substituted N-phthaloyl enamides. From a practical syn-
thesis point of view, the phthalimide group can not only
serve as a directing group for asymmetric hydrogena-
tion, but also can be removed under mild conditions.5

We envision that asymmetric hydrogenation of N-
phthaloyl enamides would be a promising method for
the preparation of chiral amines (Scheme 1).6 Herein,
we wish to report our studies on this new strategy for
the synthesis of chiral amines starting from readily avail-
able alkenes such as styrene. To our best knowledge, the
enantioselective hydrogenation of N-phthaloyl enamides
has not been reported to date. Our preliminary results
indicate that the Rh-TangPhos and Rh-DuanPhos spe-
cies are highly enantioselective for the hydrogenation
of N-phthaloyl a-aryl enamides, while the Ru-C3-Tune-
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Phos complex is more selective for the reduction of
N-phthaloyl a-alkyl enamide.

To initiate our investigation, a series of N-phthaloyl
enamides 1 were synthesized according to the proce-
dures reported by Stahl.4a,b Enamide 1a was selected
as the model substrate for screening reaction conditions
and the results are summarized in Figure 1 and Table 1.

Since the Rh-TangPhos complex, [Rh(Tang-
Phos)(NBD)]SbF6, has exhibited high catalytic activities
and enantioselectivities for the hydrogenation of a wide
range of N-acyl a-aryl enamides,2k it was first employed
to reduce enamide 1a. Unfortunately, no conversion was
observed under the standard reaction condition for the
hydrogenation of N-acyl enamides (Table 1, entry 1).
To address the reactivity issue, the effect of hydrogen
pressure on this catalytic reaction was examined. Our
investigation indicated that high activity could be
achieved under elevated hydrogen pressure (10 atm)
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Table 2. Rh-Catalyzed asymmetric hydrogenation of enamides 1

O

O

N
R

O

O

N
R

H3C1 mol% complex A

H2 (30 atm), EtOAc

1 2
 25 oC, 18 h, >99% conv.

*

Entry R in 1 Product ee (%)a Conf.b

1 C6H5 (1a) 2a 98 R-(+)
2 4-ClC6H4 (1b) 2b 99 (+)
3 3-ClC6H4 (1c) 2c 99 (+)
4 2-ClC6H4 (1d) 2d 46 (+)
5 2-Naphthyl (1e) 2e 99 (+)
6 2-(6-OCH3Naphthyl) (1f) 2f 99 (+)
7 4-CH3C6H4 (1g) 2g 97 (+)
8 3-CH3C6H4 (1h) 2h 98 (+)
9 2-CH3C6H4 (1i) 2i 28 (+)
10 4-FC6H4 (1j) 2j 98 (+)
11 4-OCH3C6H4 (1k) 2k 98 (+)
12 n-Butyl (1l) 2l 13 R-(�)

a Enantiomeric excesses were measured by chiral HPLC.
b Absolute configuration was determined by comparison of the sign of
the optical rotation with the reported data, for entry 12, see Ref. 11.

Table 1. Screening reaction conditions for the enantioselective hydro-
genation of enamide 1a
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H3CRh or Ru complex

S/C = 100, solvent

1a 2a

rt, 18 h

*

Entry Complexa H2 (atm) Solvent Conv. (%)b ee (%)c

1 A 3 EtOAc 0 n.a
2 A 10 EtOAc >99 96(R)
3 A 30 EtOAc >99 98(R)
4d A 50 EtOAc >99 98(R)
5 A 100 EtOAc >99 98(R)
6 A 30 THF >99 98(R)
7 A 30 Toluene 0 n.a
8 A 30 1,4-Dioxane 0 n.a
9 A 30 i-PrOH >99 98(R)
10 A 30 CH2Cl2 >99 92(R)
11 B 30 EtOAc >99 97(R)
12 C 30 EtOAc >99 98(R)
13 D 30 EtOAc >99 38(R)
14 E 30 EtOAc >99 73(R)
15d F 50 EtOAc >99 82(S)

a A = Rh[(RP,SC)-TangPhos](NBD)SbF6; B = Rh[(RP,SC)-DuanPhos]-
(COD)BF4; C = Rh[(RP,SC)-DuanPhos](NBD)SbF6; D = Rh[(R,R)-
Et-DuPhos](COD)BF4; E = Rh[(R,R)-Me-DuPhos](COD)BF4; F =
Ru[(S)-C3-TunePhos](DMF)nCl2.

b Conversions were determined by crude proton NMR.
c Enantiomeric excesses were measured by chiral HPLC and absolute
configuration was determined by comparison of the sign of the
optical rotation with the reported data, see Ref. 9.

d The reaction was carried at 50 �C.
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Figure 1. Structure of ligands for asymmetric hydrogenation.
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and up to 96% ee was observed (Table 1, entry 2). Fur-
ther increasing the hydrogen pressure to 30, 50, or
100 atm led to higher ee (98%, Table 1, entries 3–5). Sev-
O

O

N
Ru[(S)-C3-TunePhos](

S/C = 100, H2 (50 atm

1l
50 oC, 18 h, > 99% co
eral solvents have also been tested for their influence on
the catalyst activity and selectivity. The hydrogenation
of 1a did not take place in either toluene or 1,4-dioxane,
while complete conversions were observed in other
tested solvents such as EtOAc, THF, i-PrOH, and
CH2Cl2 (Table 1, entries 3, 6–10). Rh-catalysts with
other phosphine ligands were also screened in this reac-
tion for comparison. While the Rh complexes derived
from DuanPhos7 and TangPhos gave high reactivities
and enantioselectivities (Table 1, entries 3, 11, and 12),
the Rh-DuPhos complexes offered much lower ee�s
(38% ee with Et-DuPhos, entry 13; 73% ee with Me-Du-
Phos, entry 14, Table 1) despite that Rh-DuPhos com-
plexes were effective for hydrogenation of N-acyl
enamides.3f,g Thus, our experimental results indicated
that the hydrogenation of N-phthaloyl enamides was
indeed more sterically demanding and required more
selective catalytic systems. Ru complex with C3-Tune-
Phos8 has also been explored for hydrogenation of ena-
mide 1a and a lower ee compared to Rh-TangPhos
system was observed (82% ee, Table 1, entry 15).

The scope of asymmetric hydrogenation of N-phthaloyl
enamides has been examined and the results are shown
in Table 2. The reactions proceeded smoothly in all cases
under the optimal conditions (cf. Table 1, entry 3).10

High enantioselectivities were generally achieved for
a-aryl enamides regardless of the electronic property
of the aromatic substituents. However, much lower
O

O

N
H3CDMF)nCl2

), EtOAc

(S)-2l
nv., 69% ee
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selectivities were observed with substrates bearing an
ortho-substituent on the aromatic ring (Table 2, entries
4 and 9). Unfavored steric interaction between the
ortho-substituent and the catalyst might be the reason
for the low enantioselectivities.

Asymmetric hydrogenation of a-alkyl enamides bearing
allylic proton on the alkyl group is a challenging
problem and very few experimental results have been
reported in the literature so far.12 Taking advantages
of the facile synthesis of N-phthaloyl a-alkyl enamides
from simple alkyl alkenes, enamide 1l was prepared
and the hydrogenation was tested under the optimal
condition.13 Unfortunately, only 13% ee was obtained
with Rh-TangPhos catalyst (Table 2, entry 12). How-
ever, moderate ee could be achieved with Ru-C3-Tune-
Phos catalyst (69% ee, Eq. 1), indicating a promising
direction for further exploration of the hydrogenation
of a-alkyl enamides.

In conclusion, we have demonstrated a rapid synthesis
of chiral amine derivatives via a reaction sequence of
oxidative amination of simple alkenes and highly enan-
tioselective hydrogenation. The electron-rich TangPhos
and DuanPhos are effective ligands for the Rh-catalyzed
hydrogenation of a-aryl enamides while a Ru-C3-Tune-
Phos complex is more effective for the hydrogenation of
a-alkyl enamide. This work is the first report of the
asymmetric hydrogenation of N-phthaloyl enamides
and further exploration is in progress.
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