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The resolution of racemic 1-(3-methoxyphenyl)ethylamine with (S)-mandelic acid by diastereomeric salt
formation can be made more economical by application of the Pope-Peachey method. This resolution was
further improved upon by the addition of small amounts of a nucleation inhibitor, which prevents the
formation of crystals of the more soluble diastereomer. The mandelic acid left in the solution is then used
for further crystal growth of the less soluble diastereomer, furnishing high yields and diastereomeric
excesses. Slow cooling and grinding of the crystals formed lead to increased secondary nucleation and
thus to more consumption of the less soluble diastereomer and even better results.

� 2009 Elsevier Ltd. All rights reserved.
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1. Introduction

A relatively new insight into diastereomeric resolutions is that
nucleation inhibitors that resemble structurally either the resolv-
ing agent or racemate can effectively inhibit the crystallization of
the more soluble diastereomer in a resolution. Application of this
principle in classical resolutions has been described for several sys-
tems.1–3 Recently we described this principle in detail for the res-
olution of racemic 1-(3-methoxyphenyl)ethylamine (3MeOPEA)
with (S)-mandelic acid (MA) as depicted in Figure 1. The standard
resolution at high concentration and using 1 equiv of MA resulted
in a solid in 72% yield and 10% de (thus to 40% less soluble diaste-
reomer and 32% of the more soluble diastereomer). The mother li-
quor (28%) was then saturated in both diastereomers with a
eutectic composition of 29% de. However, on addition of a small
amount (as little as 1 mol %) of (S)-2-acetoxy-2-phenylacetic acid
(AcMA), one of the best nucleation inhibitors for this resolution,
the crystallization of the more soluble diastereomer was inhibited
for more than three weeks. The result was that the diastereomeric
excess (de) of the isolated salts increased from 10% to 97%.4

2. Results and discussion

Inhibition of the crystallization of the more soluble diastereo-
mer under these conditions by addition of only 1 mol % of (S)-
AcMA results in a supersaturation of 278%5, the result being that
the less soluble diastereomer is obtained in 42% yield and 97% de.

The resolution might be further improved if less of the resolving
agent remained in the solution. In this way, less of the nucleation
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inhibitor can be used and/or even higher concentrations can be
applied.

A variation of a classical resolution frequently applied on an
industrial scale is the use of half of the resolving agent (in practice
usually 0.7 equiv) or optionally the Pope-Peachey approach in
which half of the resolving agent is replaced by a (low cost) achiral
acid or base.6,7 The role of the achiral acid or base is to form highly
soluble salts with the enantiomer remaining in the solution. Note
that on crystallization of the less soluble diastereomer the resolv-
ing agent is depleted in the solution and the solution equilibria
shift to the salts of the achiral acid or base. The crystallization yield
will never exceed 50%—the maximum yield of a perfect resolution
without racemization. Since only half of an equivalent of the
resolving agent is available the solubility of the diastereomeric salt
will also be increased and therefore the resolution conditions need
to be changed by using higher concentrations or less polar (poorer)
solvents. A search for a solvent that would dissolve the less soluble
salt, (S)-3MeOPEA-(S)-MA at a reasonable concentration at reflux
temperature but only a small part of this salt at room temperature,
led us to toluene as the most suitable solvent.
AcMA

Figure 1. Resolution of (±)-3MeOPEA with (S)-MA, using (S)-AcMA as a chiral
nucleation inhibitor.

mailto:r.m.kellogg@syncom.nl
http://www.sciencedirect.com/science/journal/09574166
http://www.elsevier.com/locate/tetasy


1364 M. Leeman et al. / Tetrahedron: Asymmetry 20 (2009) 1363–1364
Achiral acids were screened to deliver a salt with (R)-3MeOPEA
and which would dissolve in toluene at high concentrations. Acetic
acid was chosen as the achiral acid since it is cheap, non-toxic,
readily available, and produced oils that did not crystallize, at least
within a period of 3 weeks.

In the first experiments, a half equivalent of AcOH, a half equiv-
alent of (S)-MA, varying amounts of (S)-AcMA (replacing the AcOH)
as a nucleation inhibitor, and 1 equiv of racemic 3MeOPEA were
mixed with toluene in stirred reactor tubes, heated at reflux
(�111 �C) to dissolution, and the tubes were stirred for 30 min at
70 �C during which time crystallization started. The tubes were
subsequently stirred and further cooled to 20 �C at 0.1 �C min�1.
After eight more hours of stirring at 20 �C, the solids were col-
lected, washed, and the yields and de’s were determined as shown
in Table 1.8
Table 1
The effect of (S)-AcMA on the resolution efficiency

Entry (S)-AcMA (%) Yielda (%) dea (%) S-factorb

1 None 47 54 0.51
2 0.01 46 56 0.50
3 0.10 47 61 0.56
4 1.00 43 97 0.83

a The results are averages of duplicates.
b S-factor = 2 � yield � de.
For entry 1 in Table 1, no additive was added and, as explained
in the introduction, the crystalline salt cannot be isolated in more
than 50% yield. As expected, the isolated salts only have moderate
de’s. However, as seen in entry 4, only 1% of (S)-AcMA blocks the
nucleation of the more soluble diastereomer (R)-3MeOPEA-(S)-
MA and almost all of (S)-MA in the solution is used for the precip-
itation of the less soluble (S)-3MeOPEA-(S)-MA yielding nearly
enantiomerically pure material. Lower concentrations of (S)-AcMA
(entries 2 and 3) were not effective with this setup.

On the basis of a recent discovery9 of attrition-enhanced
deracemization, we turned our attention to a different protocol.
When the mixtures were heated to dissolution at 100 �C and then
cooled to 20 �C at 0.1 �C min�1, instead of fast cooling from 111 �C
to 70 �C and subsequently cooled to 20 �C at 0.1 �C min�1, the res-
olution efficiency increased dramatically as shown in Table 2.
Table 2
The effect of (S)-AcMA with slow crystallization

Entry (S)-AcMA (%) Yielda (%) dea (%) S-factorb

1 None 42–43 92–99 0.79–0.83
2 0.05 41–42 98–99 0.81–0.83
3 0.10 41–42 99 0.81–0.83

a The results are extremes of triplicates.
b S-factor = 2 � yield � de.
As can be concluded from the differences between Table 1, en-
try 1 and Table 2, entry 1 the temperature profile used in the res-
olution is essential. This can be explained9 by the crystallization of
the less soluble diastereomer together with the grinding action of
the magnetic stirrer,10,11 which delivers more crystal surface (sec-
ondary nucleation) and promotes the consumption of the (S)-MA in
the solution, therefore reducing (but not eliminating) the supersat-
uration of the more soluble diastereomer. The results seen here are
thus strictly kinetic in nature.

During the cooling, the crystallization was observed. In Table 2,
entry 1, the reaction mixture with the lowest de (92%), started to
crystallize at 84 �C whereas both reaction mixtures with >98% de
started to crystallize above 85 �C. Screening Pope-Peachey resolu-
tions in a test tube without slow cooling or grinding, will most
likely result in far from optimal (thermodynamic) results as a result
of higher supersaturation. Faster cooling might be possible if the
grinding action on the first formed crystals is more intense, for
example, by the addition of solid glass beads and vigorous stirring.9

Entries 2 and 3 in Table 2 show that addition of a small amount
of (S)-AcMA seems to result in more reproducible results and in
higher de’s as a result of the widening of the metastable zone
width of the more soluble diastereomeric salt.

3. Conclusion

The results in Table 1, entry 1 represent the thermodynamic
end-state of the resolution. The resolutions that give better results
are kinetically steered and after prolonged stirring (days–years),
these will produce the same thermodynamical end-state. Thus, in
large-scale Pope-Peachey resolutions, a precise cooling profile,
grinding of the less soluble crystals, seeding, and/or addition of a
nucleation inhibitor might be essential to obtain reproducibly good
results. The addition of a small amount of a proper nucleation
inhibitor can dramatically increase the success rate even without
precise cooling.
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