
Tetrahedron Letters 46 (2005) 2049–2052

Tetrahedron
Letters
Asymmetric hydrogenation of imines catalyzed by
iridium complexes with phosphine–phosphite ligands:

importance of backbone flexibility

Sergio Vargas, Miguel Rubio, Andrés Suárez and Antonio Pizzano*
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Abstract—Chiral phosphine–phosphites provide an alternative class of ligands for the iridium catalyzed enantioselective hydro-
genation of imines. Optimization of ligand structure has afforded enantioselectivities up to 84% ee in the reduction of N-aryl imines.
A significant influence of backbone nature on enantioselectivity has also been observed.
� 2005 Elsevier Ltd. All rights reserved.
Asymmetric catalytic hydrogenation of imines is a very
attractive approach to the synthesis of chiral amines
due to simplicity and efficiency often associated to enan-
tioselective hydrogenation.1 However, despite the great
advances achieved in the reduction of ketones and
olefins, the hydrogenation of prochiral imines is at a
substantially lower maturity.2 For instance, good to
excellent results have been obtained in the hydrogena-
tion of several N-alkyl, -benzyl3 and cyclic imines,4 while
the hydrogenation of N-aryl imines (Eq. 1), a transfor-
mation of great interest due to the importance of corre-
sponding chiral amines,5 has offered significant
difficulties. Thus, intense efforts have been dedicated to
the study of this reaction and only few catalysts have
been able to surpass the 80% ee level.6,7 The latter values
are often acceptable for agrochemical applications,8

while enantioselectivities in the 95–99% ee range have
only been reached with an iridium catalyst bearing a
strong donor ferrocenyl diphosphine described by Xiao
and Zhang.9 Upon this background, it looks clear that
both the examination of new catalytic systems and the
identification of suitable ligand properties for this reac-
tion are of great interest.
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Chiral phosphine–phosphites form a group of ligands
receiving a growing interest in asymmetric catalysis.10

They have been applied successfully in a variety of cat-
alytic processes, but to the best of our knowledge they
have not been investigated in the hydrogenation of
imines. We have recently described a straightforward
synthesis of a family of modular phosphine–phosphites
and its application in the highly enantioselective hydro-
genation of several olefins.11 In this contribution we re-
port preliminary results pointing to the usefulness of
phosphine–phosphites in the hydrogenation of N-aryl
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Scheme 1.

Table 2. Hydrogenation of 1 with precatalysts 1/2 [Ir(Cl)(COD)]2 +

liganda

Entry Substrate Ligand % Ee (conf.)

1 1a 6a 81 (S)

2 1a 6f 70 (S)

3 1a 6g 76 (S)

4 1a 6h 82 (S)

5b 1a 6h 84 (S)

6 1b 6h 83 (S)

7 1a 3a 36 (S)

8 1a 3f 47 (S)

9 1a 3h 42 (S)

Compound 2b: Chiralpak AD, 30 �C, hexane–PriOH (99:1), 1.0 mL/

min. Configuration was determined by comparison of optical rotation

with literature value.6a

a All hydrogenations were completed under conditions specified.

Reactions were carried out at room temperature with an initial
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imines. In addition, the high modularity of the corre-
sponding catalysts have allowed to identify backbone
mobility as an important variable in this reaction.

Initially, we have performed a screening with some
catalyst precursors of formulation [Ir(COD)(3)]BF4

(COD = 1,5-cyclooctadiene) as well as with those pre-
pared from [Ir(Cl)(COD)]2 and 3, at a metal to ligand
ratio of 1, in the hydrogenation of model substrate N-
(1-phenylethylidene)aniline 1a (Ar = Ar 0 = Ph).12 This
exploration indicated that neutral precursors were more
active than cationic ones. For instance, under reaction
conditions depicted in Table 1, conversions with 3b were
100% and 45%, respectively. Thus, all catalysts men-
tioned below were prepared in situ from the iridium
dimer and the appropriate phosphine–phosphite at a
Ir–ligand ratio of 1.

Use of compounds 3a–e led to active catalysts that com-
pleted the reaction under relatively mild conditions (Ta-
ble 1).13 Enantioselectivities were low in all cases, thus
indicating the need of a substantial structural modifica-
tion in order to improve catalyst performance. Inspired
by the mentioned study on a ferrocenyl based catalyst,9

we envisioned ligand flexibility as a plausible variable
for catalyst optimization. As ligands 3 possess a rather
rigid backbone, it is of interest the investigation of more
flexible derivatives. For that purpose we have prepared
ethane bridged phosphine–phosphites 6 (Scheme 1). As
a requisite for the latter, hydroxy-phosphines 4 are
required. Procedure described in the literature for
2-diphenylphosphinoethanol14 proved suitable for the
preparation of the rest of compounds 4. Subsequent
condensation with chiral chlorophosphite 5, in the pres-
ence of NEt3, led to ligands 6.15

Interestingly, catalyst derived from 6a completed the
reaction under our standard conditions. The reaction
was faster than expected and was actually completed
in less than 6 h. Most noteworthy, this ligand produced
a significant increase on the enantioselectivity of the
reaction up to 81% ee (Table 2). With the intention to
further optimize the enantioselectivity of the reaction,
we have also examined other phosphine aryl substitu-
ents.16 Unfortunately, ligands 6f–h did not provide a sig-
nificant improvement and the best result was 82% ee
Table 1. Hydrogenation of 1a with precatalysts 1/2 [Ir(Cl)(COD)]2
+ 3a

Entry Ligand % Ee (conf.)

1 3a 36 (S)

2 3b 25 (S)

3 3c 20 (S)

Conversion was determined by 1H NMR and enantiomeric excess (ee)

by chiral HPLC (Chiralcel OJ, 30 �C, hexane–PriOH (97:3), 1.0 mL/

min). Configuration was determined by comparison of optical rotation

with literature value.6a

a All hydrogenations were completed under conditions specified.

Reactions were carried out at room temperature with an initial

hydrogen pressure of 30 bar, in methylene chloride at a S/C = 100.

Reaction time 24 h.

hydrogen pressure of 30 bar, in methylene chloride at a S/C = 100.

Reaction time 24 h. Conversion was determined by 1H NMR and

enantiomeric excess (ee) by chiral HPLC (2a: Chiralcel OJ, 30 �C,
hexane–PriOH 97:3, 1.0 mL/min).

b Hydrogenation performed at 0 �C, reaction time 10 h.
obtained with the xylyl derivative 6h, which could be in-
creased to 84% ee at 0 �C. In addition, p-anisyl imine 1b
(Ar = Ph, Ar 0 = 4-MeO–C6H4) of interest due to its easy
conversion into the primary amine,9 was hydrogenated
to give 2b with 83% ee (entry 6).

The notable increase on enantioselectivity (Dee = 45%)
obtained with 6a, regarding to 3a, have prompted us
to investigate if this positive influence of the backbone
is more general. For that purpose o-tolyl (3f, Scheme 1)
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and xylyl (3h) have also been prepared.17 Most note-
worthy, the latter ligands produced amine 2a with signif-
icantly lower enantiomeric excesses than their ethane
counterparts 6f and h. Then, values of Dee in the three
couple of ligands investigated ranged from 23% to
45% ee indicating a general positive influence of the eth-
ane backbone.18

In conclusion, we have demonstrated that chiral phos-
phine–phosphites are appropriate ligands for the iridium
catalyzed asymmetric hydrogenation of imines. Ligand
optimization have led to efficient catalysts, as well as it
has identified the nature of the backbone as an impor-
tant variable in catalyst design. Studies regarding opti-
mization and scope of this catalytic system are
currently under progress.
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