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On the Stereochemical Course of 
Asymmetric Mannich Reactions
Dieter Seebach*, Martin Schiess"1, and W. Bernd Schweizer

Although several examples were 
presented, and although it was established 
by NMR spectroscopy that the major 
diastereomers obtained with aromatic al­
dehydes were all of the same configuration, 
no assignment could be made at that 
time121. We have now been able to deter-

Abstract: In the TiCl4-mediated Mannich reaction, /Lamino ketones are obtained with 
diastereoselectivities of 70-95%. The configuration of the major isomer obtained from 
benzaldehyde, piperidine, and cyclohexanone [2-(a-piperidinobenzyl)cyclohexanone 1] is 
shown by X-ray crystallography to be unlike (u, cf. Fig. 1). Thus, the trigonal centers 
combine to form the C—C bond with relative topicity like (Ik, 3). Possible mechanisms of
the reaction are briefly discussed.

The Mannich reaction (a), Scheme 1, is 
of similar importance to organic synthesis 
as the aldol addition; mechanistically, the 
former is the imino analogue of the latter 
reaction. Only recently, a diastereoselec- 
tive Mannich reaction - with so-called 
open-chain stereocontrol - was disco­
vered: the TiCl4-mediated version (b)P1.
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mine the crystal structure of 2-(a-piperi- 
dinobenzyl)cyclohexanone 1 by X-ray 
analysis (see Fig. 1 for a stereoview). The 
aminoketone 1 is prepared from benzalde­
hyde, piperidine, and cyclohexanone by 
the published procedure p), it predominates
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by a factor of 4:1, its configuration is m131, 
and its conformation in the crystal is as 
depicted in formula 2.

With the structure of one of the benzal­
dehyde-derived Mannich products eluci­
dated, it is possible to specify the relative 
topicity131 of the asymmetric induction 
leading to it as Ik and, thus, to discuss the 
mechanism of the reaction. Formally, the 
two centers joining to give the new carbon 
carbon bond approach each other like 
those in the aldol addition141 of cyclohe­
xanone lithium, sodium, magnesium, or 
boron enolate to benzaldehyde[4b’51, com­
pare 3 with 4, and see the general discus­
sion of reactions in which trigonal centers 
combine to form two new asymmetric car­
bon atoms161. This result is by no means 
trivial or expected: (1) Ti-enolates, which 
may be involved here, add to aldehydes 
preferentially with relative topicity ul (see 
5), and not Ik[7), and (2) the approach of 
the two centers with synclinal (see 3 and 5) 
and not antiperiplanar arrangement (see 6)

3 (rel. topicity Ik) 4

5 (rel. topicity ul)

Fig. 1. ORTEP stereoview ofl. Ellipsoids are drawn at the 50% probability level1"1.

of the double bonds is often attributed to 
chelation between the heteroatoms and a 
metal atom (cf. 4)[4bl; the nitrogen of an 
iminium ion, however, is no donor for a 
metal. Thus, electrostatic forces may be 
decisive. On the other hand, the reaction 
occurs at low temperature (—75 °C), in 
non-polar solvents, and with a heavy preci­
pitate present, so that the actual mecha­
nism may not involve free ions in solution 
at all. Obviously, further investigations are 
necessary to reach definite conclusions.

X-ray analysis of 1:
Single crystals of the major diastereo­

isomer (m.p. 109-110°C) from the reaction 
of Li-cyclohexenolate, benzaldehyde, and 
piperidine, as prepared by the published 
procedure121, were obtained by four re­
crystallizations from pentane (+20 to 
-20 °C).

Monoclinic space group P2,/n, 
a = 8.990, b = 10.734, c = 16.628 A, 
$ = 92.42°, V = 1603.2 A3, Z = 4, 
px = 1.13 g • cm 3, C18H25NO. 2817 indepen­
dent reflexions of a crystal (rather wide 
mosaic spread, 1164 with I > 3a (I)) were 
measured with an Enraf Nonius CAD-4 
diffractometer at room temperature out to 
sin 0/2 < 0.6 A (MoK„ radiation, 
2 = 0.71069 A). The structure was solved 
by direct methods181 and refined by full-ma­
trix least-squares analysis191. All H-atoms 
except for three were located in a Fourier 
difference synthesis. The refinement (non- 
H-atoms anisotropically, H-atoms located 
in difference Fourier isotropically, three

H-atoms with calculated positions) with a 
modified weighting scheme1101 (w = 
a(F)~2-exp (r-(sin 0/2)2), r = 6 A2) con­
verged withR = 0.098 (Rw = 0.113)1'1’121.
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