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Ramaprilat wasal so shown to be a slow-tight-
binding inhibitor of ACE, operating by mech-
anism B, with K;* (Equation 17.30) of 7 pM
(122).A moredetailed discussion of the devel-
opment of the ACE inhibitors is available
(121).

2.5.3 Transition-State Analogs. Asachemi-
cal reaction proceedsfrom substratesto prod-
ucts, it will pass through one or more transi-
tion states. Theenergy barrier imposed by the
highest energy transition state controls the
overall rate of the reaction. Enzymes bring
about rate enhancements of 10'°-10% (123)
by lowering this energy barrier. They do this
by having agreater affinity to thestructure of
the transition state than to the structures of
either substratesor products. Althoughan en-
zyme may have good affinity for itssubstrate,
as evidenced by a low dissociation constant
(Ks, Equation 17.411, for the Michaelis(E - S)
complex, the enzyme canfurther stabilizethe
inherently unstabletransition state, for exam-
ple, by formingextrael ectrostatic or hydrogen
bonds, by providing more effective hydropho-
bic interactions, or by using structural re-
arrangements to exclude solvent, thereby
strengthening existing el ectrostatic contacts.

KN: &y
E+S E+S —> E+P
Ks Ky

" . (17.41)
E-S =——=F -§t=—2=E-P

Simple transition-state theory states that
the rate of an enzyme-catalyzed reaction is
correlated with the rate of a noncatalyzed re-
action by the same factor as the affinity of an
enzymefor the transition state to the affinity
of an enzymefor asubstrate (Equation17.41)
(99).

Therefore, the magnitude of enzymatic
catalysis (kg/ky) is related to the enhanced
binding of the transition state to the enzyme
(K/Kg). Compoundsthat can take advantage
of this enhanced binding to the transition
state can proveto be potent and selective en-
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zymeinhibitors. Such compounds, referred to
as transition-state analogs, can theoretically
have ratios o the binding constants of inhibi-
tor to substrate (K,/Kg) ontheorder of 1072 to
107*%. In addition, transition-state analogs
may have the further advantage of reduced
molecularity, as outlined earlier (Section
25.2) for multisubstrate analog inhibitors.
Several reviewson the theory and general as-
pects of transition-state analog inhibitors are
available and are recommended for a more
complete understanding of this topic (37, 96,
99, 100, 124, 125).

Thedesignaf agood transition-state mimic
is quite challenging. It requires, at the least,
sufficient knowledge of the mechanism o the
target enzyme to predict transition-state
structure(s). Thisiswhy transition-state ana-
logs are sometimes (but not in this review)
referred to as mechanism-basedinhibitors. A
detailed knowledge of the true energy profile,
including details such asthe existence of dis-
tinct chemical steps, high-energy intermedi-
ates, and their associated transition states, is
also useful (126). Further, by definition, the
transition state is unstable, often highly
charged, and possesses partially broken/
formed covalent bonds. Designing a stable
compound that will closely mimicatransition
state is impossible. However, the Hammond
postulate states that the transition state be-
tween areactant and a high-energy reaction
intermediate will resemble the intermediate
rather than the reactant. It is possible to de-
sign/synthesize an analog of a high-energy in-
termediate. Indeed, the mgjority of so-called
transition-state analogs are actually analogs
d high-energy reaction intermediates. Al-
though a clear distinction exists, the design
processis, for al practical purposes, thesame.

It should aso be noted that an enzyme is
designed to initially recognizethe features of
itssubstrates. Often substrate binding brings
about aconformational changein theenzyme
that will then maximize the'attractive forces
between the enzymeand transition state. The
transition-state analog may not possessthose
features of the substrate that facilitate rapid
binding, even though its affinity for the en-
zyme isextremely high. Although some tran-
sition-state analogs bind rapidly to enzymes,





