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6 ASYMMETRIC SYNTHESIS

Synthetic organic chemists have a vast array
o toolsat their disposal when faced with the
challenged preparingachiral compound asa
singleenantiomer. The purposedf thissection
istointroduce the reader to someasymmetric
approachestoward chiral drugsand medicinal
compounds, highlighting examples where the
stereoisomers behave differently in biological
systems. There are many excellent books and
reviewscoveringmethodsfor asymmetric syn
thesisand their applicationto the preparation
d pharmaceutical agentsand complex natural
products (127).

6.1 Chiral Pool

The use of enantiopure starting materials
from naturein thesynthesisof chiral drugsis
not only of great historical significance but re-
mains of critical importance to the pharma
ceutical industry. Consideration of the cur-
rent biggest-selling single enantiomer drugs
showshow important thisapproachis (8df the
top 10 in 1996 were obtained from chiral poal
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starting materials or by synthetic manipula
tion of fermentation products) (127). The
optically pure starting materials that have
been used in drug synthesisincludeamino ac-
ids, hydroxy acids, terpenes, alkaloids, carbo-
hydrates, and many more structurally diverse
compounds. Thereare many synthesesinvolv-
ing clever manipulation of chiral pool starting
materials and use of these chiral centers to
inducefurther asymmetry (i.e., by diastereos-
elective reactions). We will briefly consider
some examples in which al or most o the
chiral centersin thetarget moleculeoriginate
directly from nature.

Angiotensin-convertingenzymes(ACE) in-
hibitors are used mainly for the treatment of
cardiovascular disorders and are among the
biggest selling drugs worldwide (128). Enala-
pril (80) is synthesized from the natural
amino acidsL-alanine and L-proline (129). Lis-
inopril (81)incorporates alysine derivative
(130). One of the chiral centersin Captopril
(82) isderived from proline, but the other is
generated by chemical or enzymatic resolu-
tion (131). Cilazapril (83) isaconformation-
ally restricted second generation ACE inhib-
itor developed by Roche, and the core is
synthesized from a glutamic acid derivative
and an amino acid-derived pyridazine (128,
132).

There are many other examples of drugs
based on an amino acid backbone. Stoner et al.
recently reported asynthesis of the HIV pro-
tease inhibitor ABT-378 (Lopinavir) (84)
(133). In asimilar synthesisto that of there-
lated compound, Ritonavir, key intermediate
(85)isprepared by stepwise diastereosel ective
reduction of enaminone (86).Thismeansthat
the existing chiral center, derived from natu-
ral L-phenylalanine (protectedto 87), controls
theformation of thetwo new stereocentersas





