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Combinatorial chemistry[1] is an important method for the
development of pharmaceuticals,[2] agrochemicals,[3] cata-
lysts,[4] and materials.[5] It can be performed either on a solid
phase or in solution and in some cases, the advantages of
solid- and liquid-phase synthesis may be combined, if the
products can be precipitated as salts.[6] The aim of combina-
torial chemistry is the preparation of a multitude of organic
compounds with constitutional diversity. Stereochemical
aspects have so far played only a minor role, although the
configuration of a molecule can have a considerable effect on
its biological activity; this applies to both the absolute as well
as the relative configuration.[7] Herein we present a method to
access stereochemical diversity of nonpeptidic active com-
pounds as a new combinatorial strategy.[8] By using enantio-
merically pure catalysts, several stereo-
genic centers are constructed in a cata-
lyst-controlled manner.[9] This general
concept is introduced with the example
of the synthesis of 12 stereoisomers of
the biologically highly active ipecacua-
nha alkaloid emetine (1), which contains
four stereogenic centers. The ruthenium
complexes (R,R)-5 and (S,S)-5 devel-
oped by Noyori and co-workers[10] were
used as catalysts. The key step of the
synthesis is the enantio- or diastereoselective hydrogenation
of imines, which can be prepared either by oxidation of a
secondary amine or by a Bischler–Napieralski reaction.

Oxidation of the racemic mixture of 2a and 4a with
potassium permanganate led to the imine 3 in very good
yields,[11] which was hydrogenated to the almost enantiomeri-
cally pure tetrahydroisoquinolines 2a and 4a by transfer
hydrogenation with formic acid in the presence of the
catalysts (R,R)-5 and (S,S)-5, respectively (Scheme 1).[12]

Protection of the secondary amino group in 2a and 4a with
benzyloxycarbonyl chloride, cleavage of the silyl group, and
subsequent oxidation of the primary alcohol yielded the

[*] Prof. Dr. L. F. Tietze, Dipl.-Chem. N. Rackelmann, Dr. G. Sekar
Institut f#r Organische Chemie
Georg-August-Universit)t G*ttingen
Tammannstrasse 2, 37077 G*ttingen (Germany)
Fax: (+49)551-399-476
E-mail: ltietze@gwdg.de

[**] The investigations were supported by the Deutsche Forschungsge-
meinschaft (SFB 416) and the Fonds der Chemischen Industrie. We
thank BASF, Bayer, Degussa, Symrise, and Wacker Chemie for
providing us with chemicals.

Communications

4254 � 2003 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim DOI: 10.1002/anie.200351129 Angew. Chem. Int. Ed. 2003, 42, 4254 –4257



aldehydes 2c and 4c, respectively. A domino reaction[13] of 2c
with Meldrum acid (6) and the enol ether 7 in the presence of
catalytic amounts of ethylenediammonium diacetate
(EDDA) led to the formation of the lactone 8, which was
treated directly with methanol/potassium carbonate and then
hydrogenated with Pd/C as catalyst. In this sequence, cleavage
of the lactone 8 occurs first with the formation of a methyl
ester and an aldehyde, which after hydrogenolysis of the Cbz
protecting group reacts with the formed secondary amino
function to give an enamine. This enamine is hydrogenated
under the reaction conditions to form the benzoquinolizidine
framework of emetine (1). The mixture of the three
diastereomers 10a–c (1.5:1.0:1.8) can be separated chroma-
tographically.[14] The conversion of the enantiomeric alde-
hyde 4c under identical conditions afforded the diastereom-
ers 11a–c.

The condensation of the diastereomeric benzoquinolizi-
dines 10a–c with 2-(3,4-dimethoxyphenyl)ethylamine (12)
gave the corresponding amides, which were converted into
the imines 13a–c in a Bischler–Napieralski reaction in 60–
78% yield (Scheme 2). In a similar manner, the imines 14a–c
were prepared from 11a–c. Hydrogenation of 13a–c with
(S,S)-5 led to 15a–c, whereas the diastereomers 15d–f were
obtained in the presence of (R,R)-5.[15] Analogously, the
stereoisomers 16a–c and the corresponding diastereomers
16d–f were obtained from 14a–c with (S,S)-5 and (R,R)-5,

respectively. The yields in all hydrogenations were greater
than 71%, the diastereoselectivities were, however, slightly
different because of the presence of matched and mismatched
combinations: Thus, in the transfer hydrogenation of 13awith
(S,S)-5, selectivities > 98:2 were found (that is, the other
possible diastereomer could not be detected), whereas in the
worst case, in the reaction of 13a with (R,R)-5, a ratio of 91:9
was observed.

The concept of stereoselective combinatorial synthesis,
which is introduced by means of the synthesis of 12 stereo-
isomers of emetine (1), makes a large number of stereo-
isomers of a chiral compound accessible in a targeted manner.
The reactions introduced may be varied in many ways. Thus
we have also used 2-phenylethylamine, 2-(2-methoxyphenyl)-
ethylamine, 2-(2,5-dimethoxyphenyl)ethylamine, and a sero-
tonin derivative as amino components instead of 12. The
described strategy is generally applicable, and good results
can be expected if the enantiomeric catalysts or reagents
allow high stereochemical control, independent of the sub-
strate.
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Scheme 1. Synthesis of benzoquinolidizines 10a–c and 11a–c : a) 3 (1 equiv), (R,R)-5 or (S,S)-5, respectively, (2.5 mol%), HCO2H/NEt3, DMF,
room temperature, 60 min, 93%, >95% ee ; b) 2c or 4c (1.1 equiv), 6 (1 equiv), 7 (10 equiv), EDDA (1 mol%), benzene, 60 8C, ultrasound, 17 h,
86%; c) K2CO3 (0.5 equiv), MeOH; then Pd/C, H2, 77%. DMF=N,N-dimethylformamide, EDDA= ethylenediammonium diacetate, Bn=benzyl,
Cbz=benzyloxycarbonyl, TIPS= triisopropylsilyl, Ts=p-toluenesulfonyl, cymene=4-isopropyltoluene.
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(m, 1H; 12-H), 1.83–1.93 (m, 2H; 1-H, 1’-H), 2.08 (m, 1H; 2-H),
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55.96 (OMe), 58.86 (C4), 63.34 (C11b) 107.8, 109.1, 111.4, 111.7
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