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Conformation, Partition, and Drug Design 

Keyphrases Conformations-drug, biological activity, fraction of 
conformer and partition coefficient o Structure-activity relation- 
ships-drug conformers, biological activity, fraction of conformer and 
partition coefficient 0 Partition coefficients-drug conformers, struc- 
ture-activity relationships, biological activity 

To the Editor: 
Current interest in drug conformation rests on the 

postulate that a single preferred conformer binds to the 
receptor productively. If this conformer can be identified, 
it can then be fixed, or at least its population can be en- 
hanced, by chemical means. In most areas of interest in 
drug design, however, drug-receptor complexes are not 
available for detailed molecular study, so the active con- 
formation must be inferred. The usual procedure has been 
to seek correlations between conformation, determined 
experimentally or theoretically for a drug series, and bio- 
logical response. 

Until recently, the dominant conformer was assumed 
to be the biologically active agent (1). While there have 
been problems of agreement on the form of the dominant 
conformer (2), the widely variable responses that can occur 
even when the physical conformation is unambiguous (3) 
have encouraged the idea that a minor conformer may 
sometimes be responsible for activity (4-7). Thus, besides 
an interest in the nature of the active conformation, there 
is an interest in the fraction of active conformer in solution 
and in how it varies with chemical structure (5,6). 

An entirely different approach to drug design is based 
on multiparameter correlations of biological response with 
partition coefficients and other physical properties. This 
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Scheme I-Distribution of drug D as active conformer Di and inactive 
conformer(s) DJ between the aqueous phase W, the lipoidal loss phases 

L, the receptor phase R, and the receptor surface. 

quantitative structure-activity relationship approach (8) 
is used routinely by medicinal chemists in drug design (9). 
These two different approaches are almost invariably 
pursued in isolation. The purpose of this paper is to discuss 
the relation between them. 

A flexible molecule behaves as many different molecules, 
depending on conformation. Different conformations have 
their own physical, chemical, biological, and thermody- 
namic properties. Of particular use is the concept of the 
micropartition coefficient, defined as the partition coef- 
ficient attaching to an individual conformer. 

Consider a drug supplied as a single dose to a multiphase 
system (Scheme I). Regions of similar partition coefficient 
constitute a single phase even if anatomically separate. The 
model comprises an aqueous phase (volume V w )  and a 
receptor phase (volume V R ) ,  together with N nonaqueous 
loss phases (devoid of receptors) with volumes VI, ( L  = 
1-N). If biological activity resides in a single conformer Di, 
its equilibrium concentrations in the various phases are 
[Db], [oh], and [LIZ] ,  giving fractions of active conform- 
er: 

Equilibration of the drug between the receptors and the 
receptor phase is defined by a binding constant: 

(Eq. 2) 

where [R] and [RD'] are the concentrations of free recep- 
tors and productive drug-receptor complexes, respec- 
tively. 

Suppose that drug distribution is much faster than 
degradation or elimination. Suppose also that the biolog- 
ical response is directly proportional to receptor coverage 
[ R D ' ] ,  that receptors are identical and independent, and 
that a negligible fraction of the total drug is bound to re- 
ceptors. Receptor flexibility and the mechanism and ki- 
netics of drug binding are outside the scope of this dis- 
cussion. If the total dose is S, then: 

S = Vw[Dw] + VH[DHJ + I a F N V ~ [ D ~ ]  

s = [UW] v w  + VHPR + 

(Eq. 3) 

(Eq. 4) 

where PR and PL are partition coefficients. The relation- 
ship [Dw]  = [DH]/PH,  taken with Eqs. 1 and 2, allows [Dw] 
to be substituted, giving: 

I.= I 

I 1 I.= I 
V,,PI, 
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Table I-Conformer Populations in Furfuraldehyde 
A&. - Ratio 

Tab le  11-Conformer Populations in 1-Fluoro-2-chloroethanes 
~ ..- 
Actrow, trans/ 

Medium c kcal/mole CLS Reference 

Vapor 1.0 1.0 (25O) 5 11 
2.0 (25O) 31 12 
2.0 (37’) 26 13 

1,l -Difluoro-2,2-dichloro- 2.9 0.34(37’) 1.7 13 
ethylene 

Dimethvl sulfoxide 45 -0.84 (37’) 0.22 13 

For a constant biological response (i.e., constant [RD’]) ,  
l/S is a measure of the potency of any drug within a series. 
If all nonaqueous loss phases can be considered collectively 
with PN as a net coefficient for partition into phases of 
total volume VN = ZfZr  VL, then: 

(Eq. 6) 
. .  

Three special cases exist, depending on which phase is 
dominant (contains most of the drug). 

Case l-If VRPR >> v w  + VNPN,  then 1/s a KRfk. 
Potency increases with the fraction of drug in the active 
conformation and with increasing affinity constant. This 
case is trivial. 

Case 2-If VW >> VRPR + VNPN,  then 1/S 0: K R ~ ~ P R .  
If most of the drug is lost in the aqueous phase, potency 
becomes a mixed function of partition coefficient and ac- 
tive conformer fraction; neither alone can be expected to 
correlate directly with biological data. 

Case 3-If VNPN >> VW + VRPR, then 1/S a 
KRfkPR/PN. 

Attention concentrates on Case 2, which is simpler than 
Case 3 but demonstrates the main principles and is ap- 
plicable equally to steady-state mod,els (7). 

The micropartition coefficient, Pk, for the active con- 
former may be defined by analogy with the overall or ma- 
cropartition coefficient, PR: 

(Eq. 7) 

By combining Eqs. 1 and 7,-it may be seen that: 
fkp~ = fiVP’R (Eq. 8) 

so an alternative form for Case 2 is l/S a K ~ f t v P k .  
Equation 8 demonstrates a necessary interdependence 

between the conformer balance and partition coefficient. 
Variations in the active conformer fraction between phases 
must be accompanied by variations in macro- and micro- 
partition coefficients. This result has consequence only 
to the extent that shifts in conformer balance actually 
occur. Conformer populations can vary substantially with 
solvent (10-14) (Tables I and 11), and this must mean that 
micropartition coefficients can vary sharply with confor- 
mation. Further evidence comes from recent work on hy- 
droxyureas (15). Similarly, the 4.3-fold increase in the 
octanol-water partition coefficient between p- and 
ortho-hydroxybenzoic acids is almost certainly due to in- 
ternally hydrogen-bonded species in the latter having 
greater micropartition coefficients than the open forms 
(16). 

In real tissues, drugs distribute themselves among the 
different biological phases in a complex manner. The two 

ACHouche - Act,,, Ratio 
Medium t kcalhole  translgauche Reference 

Vapor 1 .o 0.90 2.3 14 
Cyclohexane 2.0 0.3 1 0.85 14 
Methvl iodide 7.0 -0.16 0.38 14 
Acetdne 20.7 -0.64 0.17 14 
Pure liquid 21.1 -0.67 0.16 14 

a These values assume that the intensity of the C-CI stretching band is inde- 
pendent of conformation. The relative values of the trans-gauche ratio and d AG 
are unaffected by this assumption. 

forms for Case 2 show the effects of partition and confor- 
mation to be complementary variables in any model of 
such behavior. In our idealized situation (Case Z ) ,  the bi- 
ological potency is related to the usual macropartition 
coefficient, P, and the active conformer fraction in the 
receptor phase. Alternatively, a relation could be sought 
involving the active aqueous phase conformer fraction and 
the micropartition coefficient, Pk. Either relation in log- 
arithmic form takes on a quantitative structure-activity 
relationship appearance (9). The choice between them is 
a matter of experimental convenience. The utility of 1/S 
a K R & P ~  is limited by experimental difficulties in de- 
termining the micropartition coefficient, Pi ,  but such 
values may become more accessible as methods for theo- 
retical calculation improve. Some measure of the active 
conformer fraction will be required in any comprehensive 
study of the relation between structure and activity. 

This complementary relationship has implications for 
toxicity and pharmacodynamics. 
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