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doesoffer several advantagesfromthepoint of
view o timeand quality aspects, therearealso
anumber of drawbacks. If, for example, ara-
cemization o the unwanted isomer cannot be
found, there would be a waste of 50%aof mate-
rial. Therefore, it can often be advantageous
toconduct theseparation at an earlier stagein
thesynthesisof the drug. Thisleadsto better
atom efficiency compared with resolution of
the final product, resulting in a reduction of
the overall amount of waste and cost.

Onesuch exampleis Verapamil, whichisa
well-established treatment of cardiovascular
ailments (77). S-(—)-Verapamil (51) has spe-
cifictransmembrane calcium channel antago-
nist activity, whereas its antipode (53) influ-
ences a wider range of cell pump actions,
including those for sodium ions (78). Vera-
pamil has been separated intoitssingle enan-
tiomers by resol ution with expensiveresolving
agents, which required multiple recrystalliza-
tions to effect completeseparation (79). Look-
Ing into the synthetic sequence of Verapamil,
severa intermediates seemed to be attractive
alternativesto Verapamil (80). Theintermedi-
ate verapamilic acid (Fig. 18.19) was €ffi-
ciently separated using a-methylbenzylamine
(xMBA),whichis an extremely cheap resolv-
ing agent (81). Subsequent transformation of
the easily obtained R- or S-verapamilic acid
(50 or 52), required a further three to four
synthetic stepstoyield the active pharmaceu-
tical ingredient.

The racemate aminoglutethimide (27) has
been shown to be effectivein thetreatment o
hormone-dependent breast cancer (Fig.
18.20). Further studies have shown that the
R-enantiomer ismore potent than itsantipode
asan aromatase inhibitor (82).Theresolution
of aminoglutethimide itself has been reported
intheliterature, using tartaric acid. Thisres
olution suffersfrom theformation of solid so-
lutions(83), which requireendlesscrystalliza-
tions to deliver the single enantiomer (84).
Useof a suitable precursor (54)enabled sepa
ration of the intermediate (55), by treatment
with the alkaloid resolving agent (—)-cincho-
nidine. This chiral acid was then cyclized to
nitroglutethimide, which on reduction, gave
the desired R-aminogl utethimide (56) (85). It
is noteworthy that in the case of aminoglute-
thimide, the amine functionality isan aniline
moiety. Becauseof thelow pK, associatedwith
this amine (2.5-4.6), the number of acidic re-
solving agents that can be employed are re-
duced, because they need to be of relatively
high acidity toform a salt.

3.3 Crystallization-Induced Asymmetric
Transformation

A number of amino acidshave been separated
by resolution, in certain casestheyield of the
required diasterecisomer has been greater
than 50% (86). p-Chlorophenylalanine is o
considerable pharmacological interest, be-
cause of itsability to inhibit serotonin forma-





