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Increasing Binding Constants of Ligands to Carbonic Anhydrase by Using
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Two series of para-substituted benzenesulfonamides have been examined as inhibitors for bovine
carbonic anhydrase II (CAII, EC 4.2.1.1). Both series have hydrophobic alkyl group R connected
by amide linkages to the aromatic ring (H:NOgSC¢H;-CH;NHCOR; and H;NO;SCsH4-
CONR:R;3). The free energy of partitioning (AGp) of these ligands between water and octanol
had similar, linear correlations with the molecular surface areas of the hydrophobic groups R;
AGe was only relatively weakly influenced by the linkage to the benzenesulfonamide and the
detailed structure of the group R. Binding of these ligands to CAII was more complicated.
For compounds having the structure Ho2NO2SCsHy-L-R, the dependence of the free energy of
binding to CAII on the surface area of the hydrocarbon (fluorocarbon) group R for different
-L-R was (dAGy/dA, keal/(mol-100 A%): -CHNHCORy, —0.71 + 0.03; -CH,NHCORy, —0.72 +
0.07; -CONHCH;Ry, —2.5 £ 0.1; and -CONHCH;RFr, —2.7 £ 0.3. The available data permit
several conclusions: (i) details (linear, branched, cyclic) of the structure of the group Ry are
relatively unimportant in determining binding constants (although cyclic structures may bind
slightly more strongly than acyclic ligands with the same carbon number); (ii) for a given class
of compounds, binding constants of hydrocarbons and fluorocarbons having the same surface
area are very similar; and (iii) the nature of the linker L influences the sensitivity of binding
to the surface area of the group R, presumably by its influences in positioning the group in the
binding pocket of the enzyme. Fluorocarbons seem to be more hydrophobic than hydrocarbons
of the same carbon number because they have larger areas of hydrophobic surface; the
hydrophobicity of hydrocarbon and fluorocarbon surfaces are similar, after correction for

differences in area.
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Introduction

The purpose of this work is to examine a strategy for
increasing the strength of binding of a ligand for a
protein by using hydrophobic interactions between the
surface of the protein adjacent to the primary binding
site and the hydrophobic residues added to the ligand
(Figure 1).! Attachment of a hydrophobic group of
appropriate size and shape—a “greasy tail™—to the
ligand at a position that does not interfere with its
binding would allow simultaneous interaction of the
ligand with the primary binding site and of the added
hydrophobic group with an adjacent, secondary, hydro-
phobic site on the surface of the protein. These simul-
taneous interactions should increase the area of the
molecular surface in contact between the ligand and the ~
protein, while retaining the specificity of the original
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interaction. They should therefore decrease the overall
free energy of binding (AGy), provided that the favorable
decrease in the magnitude of AH} accompanying the
increase in surface area was not nullified by an unfa-
vorable increase in free énergy due to the loss in entropy
of the linker as a result of bivalent binding.

This strategy has been used before—either implicitly
or explicitly—in a number of instances.?2 We wish to
rationalize the strategy by understanding the magni-
tude of the increases in binding that might be expected
in a representative system of protein and ligand.

Choice of Model System. We have used a model
system consisting of carbonic anhydrase II (CAII, EC
4.2.1.1)% and benzenesulfonamides having hydrophobic
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& = Hydrophobic Patches Adjacent
to the Primary Binding Site

Figure 1. Strategy for increasing the binding affinity of a
ligand to its receptor using nonspecific hydrophobic inter-
actions. If AGy contributes nothing to the binding, AGLy =
AGy; if there is no entropic penalty for binding L—H, AGLx =
AGy + AGL.

groups attached in the para position. This position is
not in contact with the surface of the protein and points
toward free solution; substituents introduced at this
position change the binding affinity of benzenesulfon-
amide to CAII only minimally. We examined series in
which the H;NO2SCsHy- and the hydrophobic groups R
(R1, Rz, and R3) were connected by either -CH.NHCO-
or -CONR- (R = H, alkyl) linkages, both for synthetic
convenience (some alkyl groups are available as amines,
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Figure 2. Crystal structure of p-HoNO;SCsH,CONH(Gly);COOBn (ball and stick) interacting with the hydrophobic wall in the
active site of HCAII (2.4 A resolution).”™ The hydrophobic residues of the HCAII active site are shown as van der Waals spheres.
Atoms in the inhibitor that were crystallographically defined are connected by solid bonds; ill-defined atoms are connected by
dashed bonds. The inset shows the simulated conformations of the inhibitors superimposed in the active site of CA using molecular

dynamics.”

some as carboxylic acids) and to establish the influence
of these connecting groups over the behavior of groups

R.
2 0
H2NO2S ‘QCH oNH™ Ry HeNOZS _@Nﬂzﬂa
HzNO,SCgH,-CH,NHCOR HzNO,SC ¢H4-CONR 3R,

Objectives. We used CAII as the model protein in
these studies for several reasons: CAII binds benzene-
sulfonamides in a well-defined geometry; a number of
crystal structures of CAII have been reported—both with
and without bound ligands—and the active site is well-
defined structurally;!2# carbonic anhydrases have been
the subject of extensive pharmacological studies (di-
rected toward the treatment of glaucoma®); CA is
inexpensive and commercially available; and there are
several assays for binding strengths.® The binding site
of benzenesulfonamide is at the bottom of a conical "pit”
on the surface of CAII (Figure 2): one side of the pit
exposes a number of hydrophobic residues; the other
side exposes primarily hydrophilic residues. Interac-
tions directed toward these two types of surfaces can
be compared from a common point of attachment to the
benzenesulfonamide. A large body of data correlates
structures with binding constants: some of these
data’—especially those from Baldwin and co-workers at

Merck® and from Christianson!®»®—have been accom-
panied by crystallographic information that detail the
binding of the ligands to CAII at high resolution (<2.5
A). This work had three objectives as follows.

(i) To establish the sensitivity of the binding affinity
to the shape of the hydrophobic groups R. A reason for
using the hydrophobic effect!® as a basis for secondary
interactions between ligands and their receptors is that
hydrophobic interactions are relatively nondirectional.!!
In principle, a ligand with a hydrophobic tail, R, can
achieve a significant increase in binding without a
detailed match between the contours of the surfaces of
the group R incorporated into the ligand and the
hydrophobic surface of the receptor. We wished to
examine the influence of the details of the shape of
hydrophobic groups R on the magnitude of the ad-
ditional interaction between ligand and receptor. We
specifically wished to know if there was a significant
-opportunity to increase the strength of binding by
tailoring the structure of the hydrophobic group or if
the binding was insensitive to detailed structure and
responded primarily to more general characteristics
such as surface area.

(i) To compare the hydrophobic effect of similar
hydrocarbons and fluorocarbons in binding to CAII
Fluorocarbons are commonly considered to be “more
hydrophobic” than homologous hydrocarbons.!? Table
1 compares physical properties of hydrocarbons and
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Table 1. Comparison of Physical Properties of Hydrocarbons
and Fluorocarbons

physical properties H F ref
Atomic Properties
electronegativity (Pauling) 2.1 40 13a
covalent bond length of C-X (4) 1.09 1.38 13b
-CX3 Properties

van der Waals radius (A) 2.0 27 13c
molecular surface area (hemisphere, A%e 394 60.6
molecular volume (hemisphere, A3y 16.8 42.6

Physical Properties
contact angle (water on poly(ethylene) 103 112 13d
or Teflon, deg)

Y% water (dynescem™!, X = cyclohexane 51 50 13e
or Teflon)

solubilities of CX4 (mM) 1 0.1 13f

polarizability for CX, (10724 cm?) 2.59 3.84 13g

¢ The molecular surface area or molecular volume of -CX3 was
obtained by calculating the molecular surface area or molecular
volume of CX3CXj3 and dividing by 2.

fluorocarbons.!® Although fluorine has been considered
to be a bioisostere for hydrogen in drug design, fluoro-
carbons and hydrocarbons have significantly different
covalent bond (C—F) lengths, van der Waals radii for
-CXs groups, and polarizabilities. The size of fluoro-
carbons, as indicated by molecular surface area or
molecular volume, is larger than that of hydrocarbon
analogs. We wished to compare the magnitudes of
changes in binding caused by adding hydrocarbons or
fluorocarbons with the formulae of Ry = C,Hz,+1 and
Rr = C,F2,41 to a ligand and to understand the basis of
these differences.

(iii) To develop the use of molecular surface areas in
estimating the magnitudes of hydrophobicities. The
surface areas of molecules have been used extensively
to rationalize solubilities of hydrocarbons in water,14 to
correlate with partitioning between water and organic
solvent,!5 and to study the role of solvation energy in
protein folding and binding.111¢ In most cases, solvent
accessible surface area (SASA)!7 has been used to
estimate hydrophobic interactions. The SASA is deter-
mined from the area of the surface traced by the center
of a probe sphere (e.g., 1.4 A for water) as it is rolled
over the van der Waals surface of a molecule. The
molecular surface area (MSA)!8 is calculated from the
area of a continuous envelope stretched over the van
der Waals surface of a molecule. Although SASA and
MSA are approximately proportional, 1619 SASA is com-
monly used because it provides a measure of the number
of water molecules that can be packed around a
surface.l* Recently, it has been suggested that MSA
is the better parameter to describe the interaction
between two surfaces in contact.!5220 Rees et al. have
suggested that solvation energies derived from crystal
morphologies are better quantitated with the transfer
energies between vapor and water using MSA than
SASA.2% In this study, we chose to use the MSA of the
ligands to correlate with their free energy of partitioning
(AGp) between octanol and water and their free energy
of binding to CAII (AG).

Results and Discussion

Sensitivity of the Hydrophobic Effect to the
Shapes of the Hydrophobic Tails. Table 2 and
Figure 3 summarize the dependence of the hydrophobic-
ity and binding affinity on the structure of hydrophobic
groups R of compounds of the structure HoNO2SCgsHy-
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Table 2. AGp between Water and Octanol® and AGy, to BCA?
for Perproteo Inhibitors p-HoNOSCsH4sCH;NHCOR with
Different Shapes

partition binding

surface AGpr K» AGy

area (kcal/ (108 (kcal/

ligand R (A2  p mol) M1 mob)
C5 Inhibitors

2A  cyclopentyl 317 6 -11 60 -93

2B neopentyl 333 11 -14 171 -94

2C  1-ethylpropyl 334 10 -14 29 -88

2D  3-methylbutyl 335 11 -14 48 -91

2E  n-pentyl 340 17 -17 51 -91
C86 Inhibitors

2F  cyclohexyl 336 12 -15 7.6 -94

2G  cyclopentylmethyl 339 12 -15 6.7 -93

2H  2-methylpentyl 359 21 -18 57 -92

21 n-hexyl 360 29 -20 57 -9.2
C7 Inhibitors

2J  cycloheptyl 352 31 -20 100 -96

2K  cyclohexylmethyl 353 42 -22 130 -9.7

2L 2,2,3,3-tetramethyl- 357 37 -21 110 -96

cyclopropyl

2M  cyclopentylethyl 361 43 -22 120 -9.7

2N  1-ethylpentyl 379 69 -25 71 -94

20  n-heptyl 383 69 -25 120 -9.7

¢ Partition coefficients were measured between octanol and 20
mM phosphate buffer (pH = 7.5). ® Binding constants of the
ligands to BCA were measured by fluorescence in 20 mM phos-
phate buffer (pH = 7.5).

CHNHCOR.?! The hydrophobicity of the ligands is

HNOLS Joj\ R= an2n+1 or an2n-1:
2NO, —< >‘CH2NH R n=5,6,7.

represented by the partition coefficient (P) and the free
energy of partition (AGp) of the ligand between octanol
and water phases. The partition coefficient is deter-
mined as the ratio of the concentrations of the ligand
between the two phases. Figure 3A shows that the
value of AGp correlates linearly with the MSA of the
group R. This correlation suggests that the partition
coefficients are not sensitive to the details of the shape
of the hydrophobic tails R and that the surface area is
the predominant measure of the magnitude of hydro-
phobicity. The correlation gave dAGp/dA = —2.5 £ 0.5
keal/(mol-100 A2) (regression coefficient r = 0.95).22 This
value is consistent with transfer energies of 2—3 kcal/
(mol100 A2) for apolar compounds partitioning between
a hydrocarbon-like solvent and water based on SASA.14¢23

The free energies of binding of the ligands to CAII,
AGyp, is dependent on the value of the pK. of the
sulfonamide group (HzNO:S-), hydrophobicity of the
ligands, and the value of pH in the medium. In this
study, AGy, also correlated with the surface areas of R.
The correlation of AGy, with surface area showed slightly
greater scatter than did that for AGp, but the uncer-
tainty in the measurements was also greater. The
magnitude of the change in AG}, with area was smaller
than for AGp: dAGy/dA = —0.8 £ 0.5 kecal/(mol-100 A2).
Although one rationalization of this difference might be
that only a fraction (30%) of the surface area of the
group R contacts the hydrophobic site of the protein,
results obtained with a different series of compounds
(HeNO,SCsH,CH;:NHCORyr) demonstrate a similar
effect of surface area on partitioning and binding.
Although the fractional change in surface area that we
examined was small (~20%), there were no significant
changes in binding constants to suggest high sensitivity
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Figure 8. Values of AGp of ligands p-H;NO:SCeH4CHy-
NHCOR between octanol and water and values of AGy for
binding to BCA correlate with the MSAs of ligands (A, B). The
correlation between AGp and AGy (dAGp/dAG, = 0.3 £ 0.2, r
= 0.6%) suggests that hydrophobic groups with cyclic structure
bind slightly more tightly to CAII than analogs having similar
hydrophobicities but different geometries (C). The compounds
are those given in Table 2,

of binding to details of the structure of R (Figure 3B).
Figure 3C correlates the binding affinities of the ligands
to their hydrophobicity. This figure suggests that cyclic
structures are slightly more tightly binding to CAII than
linear analogs with similar hydrophobicity. The cyclic
structures might plausibly lose less entropy when
binding to the surface of CAII than more conformation-
ally mobile alkyl analogs. This qualitative hypothesis
was further supported by the observation that the
neopentyl side chains (2B) binds more tightly than less
branched Cs analogs (2C—E).

A second series of experiments examined sulfonamide
ligands derived from primary and secondary amines
with the same aggregate carbon numbers; these ligands

Journal of Medicinal Chemistry, 1995, Vol. 38, No. 13 2295

Table 3. AGp between Water and Octanol® and AGy, to BCA?
for Perproteo Inhibitors p-HoNO2SCsH,CONR;R; with Different
Dimensions

partition binding
surface AGp K, AGy
area (kcal/ (108  (kcal/
ligand Ri R, (A?) P mo) M) mol
8A methyl methyl 245 14 -021 11 -9.6
3B H ethyl 249 1.5 -0.24 59 -93
3C ethyl ethyl 287 85 —1.3 17 -9.8
3D H butyl 295 13 -15 63 -10.7
3E propyl propyl 332 121 -2.8 19 -9.9
3F H hexyl 342 163 -3.0 130 -11.0

¢ Partition coefficients were measured between octanol and 20
mM phosphate buffer (pH = 7.5). > Binding constants of the
ligands to BCA were measured by fluorescence in 20 mM phos-
phate buffer (pH = 7.5).
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Figure 4. Dependence of AGp and AGy, on the dimensions of
inhibitors p-HeNO,SC¢H,CONR;R; (Table 3). The value of
AGpis correlated to MSA with similar sensitivity for both types
of compounds (A): dAGp/dA = 3.0 = 0.3 keal/(mol-100 A2) (r =
0.99). The value of AG) is more sensitive to the MSA when
the hydrophobic groups are disposed in one alkyl group (B):
dAGydA = 2.0 £ 0.6 keal/(mol-100 A2%) (» = 0.95); when the
hydrophobic groups are disposed in two alkyl groups, dAGY
dA = 0.5 £ 0.1 keal/(mol-100 A2) (r = 0.95).

obviously have different shapes (Table 3, Figure 4).

Primary Secondary
H2NOQS—©—2 Ry=H Ry =CrHan.s
NR,R; or
R2=CanHanet  Ra=CpHane

Again, in partition experiments, AGp depended prima-
rily on the MSAs and was relatively insensitive to
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Table 4. AGp in Water/Octanol* and AGy, to BCA? for Perproteo and Perfluoro Inhibitors p-HoNO2SC¢H,CH,NHCOR

R=-CHy),H R = -(CFy),F
surface AGp AGy surface AGp AGy
ligand n area (A2) pKa (kcal/mol) (kcal/mol) ligand n area (A2r pK, (kcal/mol) (kcal/mol)

4A 1 245 10.2 1.10 -8.5 4G 1 263 10.1 0.5 -9.2
4B 2 268 9.9 0.39 -8.6 4H 2 300 9.8 -14 -9.6
4C 3 291 -0.27 -8.7 41 3 337 -2.1 -9.9
4D 4 314 -0.81 -89 4J 4 374 -2.7 -10.3¢
21 6 360 -2.0 -9.3 4K 6 448 —-4.7 -10.7¢
20 7 383 -2.5 -94 4L 7 485 d —10.8¢

@ Partition coefficients were measured between 20 mM phosphate buffer (pH = 7.5) and octanol. ® The binding constants to BCA were
measured by ACE in Tris-Gly buffer (pH = 8.3) unless otherwise indicated. ¢ R = -(CF3)H. ¢ AGp < —6 kcal/mol. ¢ The values of K}, were

measured by fluorescence in Tris-Gly buffer (pH = 8.3).
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Figure 5. Dependence of the values of AGp and AG; of inhibitors p-HoNO2SCgHCH;NHCOR (R = perfluoro- and perproteoalkyl
chains) on their chain length and MSAs. The similar sensitivity to MSA in the two series suggests that the intrinsic hydrophobicities
of fluorocarbons and hydrocarbons are the same: dAGp/dA = —2.6 + 0.1 (r = 0.99) and —2.6 + 0.3 (» = 0.98) kcal/(mol-100 A2) for
hydrocarbons and fluorocarbons, respectively; and dAGw/dA = —0.71 + 0.03 (r = 0.99) and —0.72 + 0.07 (» = 0.98) kcal/mol-100
A?) for hydrocarbons and fluorocarbons, respectively. The observation that fluorocarbons bind to CAII slightly more strongly
than hydrocarbons (as indicated from the y-intercept in panel D) with the same surface areas is probably due to a slight difference

in the pK, of the amide CONH hydrogens.

whether the hydrophobic surface was disposed in one
or two alkyl groups (Figure 4A). Binding of these
ligands to CAII depended on both their surface areas
and whether the hydrocarbons were incorporated into
a primary or secondary amine (Figure 4B). The reduced
binding for ligands containing secondary amines com-
pared to ligands incorporating primary amines with the
same carbon number was not due to the loss of the
amide NH proton—with its potential for hydrogen
binding—since NHEt and NMe; give similar binding
constants. The decreased binding of ligands with
secondary amides compared to primary amides thus
seems to result from the ability of the primary amide
to position the longer and more flexible n-alkyl chain
to contact the hydrophobic surface on the protein more

effectively than that of the secondary amide with two
shorter alkyl groups.

Comparison of Hydrophobicity and Its Influ-
ence on Binding for Hydrocarbons and Fluoro-
carbons. One of our objectives was to determine how
the surface characteristics of perfluoro (fluorocarbon) or
perproteo (hydrocarbon) chains affected the partitioning
of the ligands between water and octanol and the
binding of these ligands to CAIl. In one series of
ligands, we attached linear alkyl or perfluoroalkyl
groups with different chain length to the aminomethyl
benzenesulfonamide group (Table 4, Figure 5). Although
fluorocarbons were significantly more hydrophobic than
hydrocarbons of the same chain length, they showed
similar intrinsic hydrophobicities (free energy of parti-
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1 R = CpXgne1, X=H o F
H2NOZS—©-CH2NH R n=1-7

tion per unit surface area): dAGp/dA ~—2.6 kcal/
(mol-100 A2) for both hydrocarbons and fluorocarbons.
Correlation of AGy, of the ligands to CAII with the chain
length and the surface areas of the ligands gave similar
trends as those of partitioning: dAGydA was ~—0.72
keal/(mol-100 A2) for both hydrocarbons and fluoro-
carbons. Again, the difference between dAGp/dA and
dAGv/dA is consistent with the hypothesis that a frac-
tion (~30%) of the hydrophobic group of the ligand
contacts the surface of the protein relative to the area
interacting with partitioning systems for this type of
linkage (-CH;NHCO-).

The difference between the intercepts for the sets of
data for hydrocarbons and fluorocarbons in Figure 5D
might, in principle, be caused by different values of the
pK, for benzenesulfonamides in each set or by enhanced
hydrogen bond interactions of the amide group in the
perfluoro series compared to the perproteo series. We
measured the values of pK, for the sulfonamide (HoNQO,S)
groups for four ligands: 4A B,G,H. These results
showed that the length and composition of the
chain—whether fluorocarbon or hydrocarbon—did not
affect the value of the pK, of the HyNO;S- group
significantly. The differences between the values of pK,
for pairs of the same carbon number were less than 0.2
pK, unit; this small difference (which is about the
uncertainty in the measurement) cannot account for the
enhancement of binding for the perfluoro series.’#~¢

The enhancement of binding observed in the perfluoro
series might also reflect stronger hydrogen bond inter-
actions of the amide group with donors or acceptors in
the active site of CAII. To test this hypothesis, since
we could not measure the pK, of the amide CONH
directly by titration, we prepared a series of ligands in
which the perfluoro group was separated from the amide
by one CH; unit in each series (Table 5, Figure 6). The

o)
HQNOQS—O_(
NHCH,R

dependence of the magnitudes of AGp and AG}, on the
number of methylene units and MSAs is shown in Table
6. For these ligands, the lines correlating AGy with
MSAs for two series had similar intercepts (Figure 6D).
Assuming again that the perfluoro group had little
influence on the pK, of the sulfonamide, this result
supports the hypothesis that the intercept in the previ-
ous series reflected differences in the acidity or basicity
of the amide group and resulted from the enhanced
hydrogen bond interactions of this amide group with
groups on the surface of the binding site of CAIL.

The values of AGp in this series of ligands show a
sensitivity to surface area that is similar to that in the
other series: dAGp/dA was ~—2.8 keal/(mol-100 A2) for
both hydrocarbons and fluorocarbons (Table 6). This
correlation indicates that partitioning is only sensitive
to the surface areas of the hydrophobic tails and is not
sensitive to the type of linkages. The intrinsic hydro-
phobicity is the same for hydrocarbons and fluoro-
carbons. As a comparison, AGy shows significantly
different sensitivity to the MSA compared to the previ-
ous series: dAGydA was ~—2.6 kcal/(mol-100 A2) for
both hydrocarbons and fluorocarbons (Table 6). The

R= CHXQH+1, X=HorF
n=1-3.
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Table 5. AGp between Water and Octanol® and AGy to BCA?
for Perproteo and Perfluoro Inhibitors
p-Ha2NO2SCgH,CONHCH2(CX;),X

partition binding
surface AGp AGy
-(CX2)nX area (kcal/ K, (kcal/
ligand X n (A2) P mol) (106 M-1) mol)

3B H 1 249 1.5 -0.24 5.9 -9.3
5A F 1 270 70 -11 47 -10.5
5B H 2 271 34 -0.71 26 -10.1
5C F 2 303 33 -2.1 180 -11.3
3D H 3 295 13 -1.5 63 -10.7
5D F 3 333 110 -2.8 1100 -12.3

e Partition coefficients were measured between octanol and 20
mM phosphate buffer (pH = 7.5). ® Binding constants of the
ligands to BCA were measured by fluorescence in 20 mM phos-
phate buffer (pH = 7.5).
different sensitivity of AGy to surface area in the two
series having different linkages (Table 6) indicates two
possibilities of hydrophobic interaction: different hy-
drophobic sites on CAII interact with hydrophobic
groups from different linkages or the same hydrophobic
site on CAII interacts with the hydrophobic groups from
the two series with different degrees of contact. X-ray
crystallographic studies of the complex structure of
representative ligands with CAII may be able to dis-
tinguish between these two possibilities.

Conclusion

The magnitude of the binding of para-substituted
benzenesulfonamide (H:NO:SCcH4~-CH:NHCOR; and
-CONR:zRj3) to CAIl is determined predominantly by the
surface area of the hydrophobic group R, by the con-
necting group (-CHoNHCO- or -CONR-), and not by the
details of the structure of the hydrophobic group. We
observed only small systematic differences, at the border
of observability, among different types of alkyl groups,
with cyclic compounds binding slightly more tightly
than linear or branched analogs. These results support
the idea that hydrophobic bonding to the surface of CAII
is relatively insensitive to the structure of the alkyl
group.

The free energy of partitioning (AGp) seems to be
determined primarily by the MSAs of the ligands and
is independent of the groups connecting them to the
benzenesulfonamide moiety. By contrast, the free en-
ergy of binding (AG4) depends on the type of connecting
groups: dAGy100 A2 ~ —0.72 keal/(mol'100 A2?) for
compounds containing the -CHeNHCO- linkage, and
dAG/100 A2 ~ —2.6 keal/(mol-100 A2) for those having
the -CONHCHj;- linkage. These results suggest the
hydrophobic groups having different linkages to ben-
zenesulfonamide either interact with different hydro-
phobic sites on the CAII or interact with the same
hydrophobic site with different degrees of contact (Table
6).

Comparison of hydrocarbons and fluorocarbons in
partition experiments showed that their intrinsic hy-
drophobicities are the same: dAGp/100 A2 ~ —2.7 keal/
(mol-100 A2); fluorocarbons are more hydrophobic than
hydrocarbons of the same carbon number because they
have larger surface areas. The similarity between
hydrocarbons and fluorocarbons may be useful in de-
signing inhibitors based on hydrophobic effect. The
properties of the two classes of compounds are predicted
to be similar (for similar surface areas); the fluorocar-
bons should, however, be more resistant to oxidative
metabolism than the hydrocarbons.
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Figure 6. Values of AGp for partitioning between octanol and water, and values of AGy for binding to CAII correlated with MSA
for compounds with structure p-HeNO:SC¢H,CONHCH;R. The similar sensitivity to MSA from two series suggests that both the
intrinsic hydrophobicities and the strength of binding of fluorocarbons and hydrocarbons of the same surface area are the same:
dAGpdA = —2.8 + 0.1 (r = 0.99) and —2.7 £ 0.1 (» = 0.99) kcal/(mol-100 A2) for hydrocarbons and fluorocarbons, respectively; and
dAGYdA = —2.5 £ 0.1 ( = 0.99) and —2.7 £ 0.3 (» = 0.99) keal/(mol100 A2) for hydrocarbons and fluorocarbons, respectively.

Table 6. Dependence of Magnitudes of AGp® and AGi? on the Number of Methylene Units and MSAs

AGp/CX; AGp/100 A? AGH/CX;y AGK/100 A2
ligands type: NH,0,SAr- (kcal/mol) (kcal/(mol-100 A2) (kcal/mol) (keal/(mol-100 A2))
4A-D,2L0 -CH;NHCORxy -0.60 % 0.03° -2.6+0.1 -0.16 + 0.01¢ -0.71 + 0.03
4G-L -CH;NHCORy -0.9 £0.1° -2.6 £0.3 -0.27 + 0.03 -0.72 + 0.07
3B,D, 5B -CONHCH:Ry -0.64 + 0.03¢ -2.8£0.1 -0.56 % 0.01% -25+0.1
5A,C,D -CONHCH_:RF -0.85 + 0.02 -2.7+0.1 —0.86 % 0.05/ -2.7+0.3
3A,C.E -CONRR -3.0£0.3 -0.5+0.1

@ Partition coefficients were measured between 20 mM phosphate buffer (pH = 7.5) and octanol. ? The dissociation constants to BCA
were measured by ACE in 25 mM Tris and 192 mM Gly buffer (pH = 8.3) or by fluorescence in 20 mM phosphate buffer (pH = 7.5). ¢ r
=099.9r=099.¢r=0.98./r=098.8r=099. " r=0.99. ' r =0.99./ r = 0.99.

In summary, this paper suggests that hydrophobic
surface area, rather than details of the structure of the
hydrophobic group, is the dominant factor in determin-
ing the strength of hydrophobic binding to the hydro-
phobic surface of CAII. We observed a maximum
enhancement in binding of 2.6 kcal/(mol-100 A2) from
interactions between hydrophobic surfaces. Fluorocar-
bons are similar to hydrocarbons in their hydrophobic
binding, although they may differ in their influence on
polar interactions.

Experimental Section

Calculation of the SASAs and MSAs. The Quanta 3.3
parameter set from Molecular Simulation Inc. and the
CHARMm 22 molecular mechanics program were used for the
computations in this study.?* We built the structure of the
ligands using standard valence geometries in Quanta 3.3 and
used it as the starting conformations for energy minimizations.
The conformational energy was minimized using adopted-basis
Newton—Raphson (ABNR) until the gradient in the potential
energies reached 0.01 kcal/mol/A. We assume that this

conformation represents the average conformations of the
ligand in both binding and partitioning experiments. We used
the above conformation and van der Waals radii to calculate
the MSAs of the ligands. The SASAs were calculated simi-
larly, except that another probe radius (1.4 A) was added to
each van der Waals radius used for the caliculation of the
MSAs.

Synthesis of Derivatives of Benzenesulfonamldes.
Synthesis of the two types of sulfonamide ligands followed
literature procedures.5

2A: 'H NMR (400 MHz, DMSO-ds) 6 8.25 (t,J = 5.8 Hz, 1
H),7.64(d,J=82Hz,2H),7.27(d,J=82Hz 2H), 7.18 (s,
2 H), 4.19 (d, J = 5.9 Hz, 2 H), 1.68—1.37 (m, 9 H); 13C NMR
(100 MHz, DMSO-ds) 6 175.43, 144.00, 142.51, 127.35, 125.67,
44.28, 41.28, 29.96, 25.60; HRMS (M) calcd for C;3H1eN203S
282.3600, found 282.1038.

2B: 'H NMR (400 MHz, DMSO-dg) 6 8.36 (t, J = 5.8 Hz, 1
H),7.756(d,J=17.8Hz, 2 H), 7.41(d, J = 8.0 Hz, 2 H), 7.31 (5,
2 H), 4.30 (d, J = 5.9 Hz, 2 H), 2.02 (s, 2 H), 0.95 (s, 9 H); 13C
NMR (100 MHz, DMSO-dg) 6 171.99, 144.83, 128.35, 126.39,
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48.99, 41.90, 30.68, 29.87; HRMS (M + H)* caled for
ClstoNzoss 2851273, found 285.1273. Anal. (ClaHzoNzoas)
C,H,N.

2C: 'H NMR (400 MHz, DMSO-d¢) 6 8.43 (t,J = 5.9 Hz, 1
H),7.76 (d,J = 8.3 Hz, 2 H), 7.42(d, J = 8.3 Hz, 2 H), 7.30 (s,
2 H),4.34 (d,J = 6.0 Hz, 2 H), 2.06—1.99 (m, 1 H), 1.53—-1.31
(m, 4 H), 0.79 (t, J = 7.4 Hz, 6 H); 1*C NMR (100 MHz, DMSO-
de) 0 174.84, 144,07, 142.53, 127.47, 125.61, 49.18, 41.61, 25.22,
11.90; HRMS (M + H)* calcd for C13H20N203S 285.1273, found
258.1273.

2D: H NMR (400 MHz, DMSO-d¢) 6 8.40 (t, J = 5.8 Hz, 1
H),7.75(d,J = 8.4 Hz, 2 H), 7.39 (d, J = 8.4 Hz, 2 H), 7.28 (s,
2H),4.30(d,J =5.9Hz, 2 H), 2.16—2.12 (m, 2 H), 1.51-1.38
(m, 5 H), 0.86—0.82 (m, 6 H); 13C NMR (100 MHz, DMSO-d¢)
6 172.41, 143.84, 142.52, 127.38, 125.61, 41.62, 34.24, 33.36,
27.19, 22.21; HRMS (M + H)" caled for C13H0N205S 285.1273,
found 285.1273.

2E: 'H NMR (400 MHz, DMSO-ds) 6 8.37 (t,J = 6.0 Hz, 1
H), 7.75 d, J = 8.2 Hz, 2 H), 7.39 (d, J = 8.1 Hz, 2 H), 7.29 (s,
2H),430d,J =6.0 Hz, 2 H), 2.13 (t,J = 7.5 Hz, 2 H), 1.52
(t, J = 7.3 Hz, 2 H), 1.25 (m, 4 H), 0.85 (t, J = 7.0 Hz, 3 H);
13C NMR (100 MHz, DMSO-dg) 6 172.30, 143.87, 142.52,
127.40, 125.61, 41.61, 35.25, 30.87, 24.90, 21.80, 7.29; HRMS
(M + H)* caled for C13HzoN203S 285.1273, found 285.1273.

2F: 'H NMR (400 MHz, DMSO-ds) 6 8.33 (t,JJ = 5.8 Hz, 1
H),7.75(,J = 8.2 Hz, 2 H), 7.38 (d, J = 8.2 Hz, 2 H), 7.31 (5,
2H),4.29d,J =5.9Hz 2 H), 2.19-2.13 (m, 1 H), 1.72—-1.12
(m, 10 H); 13C NMR (100 MHz, DMSO-d¢) 6 175.29, 144.01,
142.48, 127.25, 125.63, 43.94, 41.46, 29.20, 25.44, 25.25; HRMS
(M + H)* caled for C14H2oN203S 297.3951, found 297.1273.
Anal. (CI4H20N20:;S) C, H, N.

2G: 'H NMR (400 MHz, DMSO-d¢) 6 8.38 (t,J = 5.9 Hz, 1
H), 7.74 d,J = 8.4 Hz, 2 H), 7.39 (d, J = 8.2 Hz, 2 H), 7.30 (s,
2 H), 4.30 (d, J = 5.9 Hz, 2 H), 2.12—2.15 (m, 3 H), 1.69—1.67
(m, 2 H), 1.58—1.45 (m, 4 H), 1.14—1.09 (m, 2 H); 3C NMR
(100 MHz, DMSO-dg) 6 171.87, 143.94, 142,52, 127.40, 125.68,
44,94, 41.56, 36.66, 31.90, 24.50; HRMS (M + H)* caled for
C14H20N203S 297.3951, found 297.1273.

2H: H NMR (400 MHz, DMSO-ds) 6 8.38 (t,J = 5.6 Hz, 1
H),7.76 (d,J = 8.2 Hz, 2 H), 7.39 (d, J = 8.2 Hz, 2 H), 7.30 (s,
2 H), 4.31 (m, 2 H), 2.29 (m, 1 H), 1.51-1.12 (m, 6 H), 1.04 (d,
J = 6.8 Hz, 3 H), 0.84 (t, J = 8.2 Hz, 3 H); 13C NMR (100
MHz, DMSO-d¢) 6 175.75, 143.99, 142.52, 127.32, 125.61,
41.52, 38.65, 33.47, 29.13, 22.07, 17.97, 13.85; HRMS (M +
H)* caled for C13HoN203S 299.4110, found 299.1429.

2I: 'H NMR (400 MHz, DMSO-dg) 6 8.38 (t,J = 5.9 Hz, 1
H),7.75(,J =84 Hz,2H),7.39(d,J = 8.4 Hz, 2 H), 7.30 (s,
2H),4.30(d,J=59Hz 2H), 213 (t,J =7.4Hz, 2 H), 1.52—
1.24 (m, 8 H), 0.87 (t, J = 6.0 Hz, 3 H); 13C NMR (100 MHz,
DMSO-ds) 6 172.33, 143.93, 142.55, 127.43, 125.66, 41.64,
35.33, 31.01, 28.35, 25.23, 22.03, 13.95; HRMS (M™) calcd for
C14H22N203S 298.4030, found 298.1351. Anal. (C14H22N203S)
C,H, N.

2J: 'H NMR (400 MHz, DMSO-dg) 6 8.30 (t,J = 5.9 Hz, 1
H),7.75(, J = 8.5 Hz, 2 H), 7.37 (d, J = 8.3 Hz, 2 H), 7.30 (s,
2H),4.27(d,J=59Hz 2H),2.31(m,1H), 1.76—1.41 (m, 12
H); 13C NMR (100 MHz, DMSO-d¢) 6 176.23, 144.58, 142.98,
127.29, 125.62, 45.55, 41.45, 31.12, 27.84, 26.08; HRMS (M +
H)* caled for C15H2oN20:S 311.4222, found 311.1429.

2K: 'H NMR (500 MHz, DMSO-d¢) 6 8.38 (t,J = 5.9 Hz, 1
H), 7.75 (d, J = 8.2 Hz, 2 H), 7.39 (d, J = 8.2 Hz, 2 H), 7.29 (s,
2H),430(d,J =59Hz, 2H),202d,J=17.0Hz 2 H), 1.63
(m, 6 H), 1.23—1.05 (m, 3 H), 0.95-0.85 (m, 2 H); 3C NMR
(125 MHz, DMSO-dg) 6 171.44, 143.89, 142,51, 127.39, 125.60,
43.17,41.60, 34.63, 32.51, 25.81, 25.56; HRMS (M + H)* caled
for C15H22N203S 311.4222, found 311.1429.

2L: 'H NMR (400 MHz, DMSO-ds) 6 8.35 (t,JJ = 5.9 Hz, 1
H),7.73(d,J =8.4 Hz, 2 H), 7.38 (d, J = 8.4 Hz, 2 H), 7.29 (s,
2H),4.28(,J=5.9Hz 2H),3.33(s,1 H), 1.16 (s, 6 H), 1.11
(s, 6 H); 13C NMR (100 MHz, DMSO-dg) 6 171.87, 144.99,
143.24, 128.14, 126.39, 41.91, 36.16, 27.22, 23.69, 16.76; HRMS
(M + H)* calcd for C15H22N203S 311.4222, found 311.1429.

2M: 'H NMR (400 MHz, DMSO-d¢) 6 8.390 (t, J = 5.9 Hz,
1H),7.74 d,J =8.4Hz,2 H), 7.38 (d, J = 8.4 Hz, 2 H), 7.30
(s, 2 H),4.29 (d, J = 5.9 Hz, 2 H), 2.14 (t, J = 7.5 Hz, 2 H),
1.72—1.44 (m, 9 H), 1.04 Im, 2 H); 1*)C NMR (100 MHz, DMSO-
de) 6 173.31, 144.68, 143.30, 128.12, 126.39, 41.84, 34.88, 32.18,
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31.72, 24.80, 22.85; HRMS (M + H)* caled for C15H22N203S
311.4222, found 311.1429.

2N: 'H NMR (400 MHz, DMSO-dg) 6 8.44 (t,J = 5.9Hz, 1
H),7.75(,J =8.4Hz,2 H),7.40(d, J = 8.4 Hz, 2 H), 7.31 (s,
2 H),4.32(d, J = 5.9 Hz, 2 H), 2.08 (m, 1 H), 1.50—1.15 (m, 8
H), 0.80 (m, 6 H); 13C NMR (100 MHz, DMSO-dg) 6 174.98,
144.11, 142.56, 127.47, 125.62, 47.42, 41.59, 32.01, 29.32,
25.67, 22.15, 13.95, 11.98; HRMS (M + H)* caled for
Ci15H24N203S 313.4381, found 313.1586.

20: 'H NMR (400 MHz, DMSO-dg) 6 8.44 (,J =59 Hz, 1
H),7.74 (d,J = 8.4 Hz, 2 H), 7.38 (d, J = 8.4 Hz, 2H), 7.31 (s,
2H),430(d,J =5.9Hz 2 H), 2.11 (t,J = 7.5 Hz, 2 H), 1.50
(m, 2 H), 1.23 (m, 8 H), 0.83 (t, J = 7.1 Hz, 3 H); 13C NMR
(100 MHz, DMSO-ds) 6 172.26, 143.89, 142.53, 127.39, 125.43,
41.60, 35.28, 31.15, 28.60, 28.39, 25.23, 22.08, 13.98; HRMS
(M + H)* caled for C15H24N203S 313.4381, found 313.1586.

3A: 'H NMR (400 MHz, DMSO-ds) 6 7.88 (d,J = 8.1 Hz, 2
H), 7.59 (d, J = 8.1 Hz, 2 H), 7.46 (s, 2 H), 2.99 (s, 3 H), 2.87
(s, 3 H); 3C NMR (100 MHz, DMSO-dg) 6 168.98, 144.63,
139.76, 127.50, 125.75, 38.86, 34.75; HRMS (M + H)* calcd
for CoH12N205S 229.2756, found 229.0647.

3C: 'H NMR (400 MHz, DMSO-d¢) 6 7.87 (d, J = 8.1 Hz, 2
H), 7.53 (d, J = 8.0 Hz, 2 H), 7.44 (s, 2 H), 3.43 (m, 2 H), 3.13
(m, 2 H), 1.14 (s, 3 H), 1.03 (s, 3 H); 13C NMR (100 MHz,
DMSO-dg) 6 168.76, 144.32, 140.47, 126.64, 125.85, 42.80,
38.75, 13.93, 12.78; HRMS (M + H)* caled for C1:H16N205S
257.3297, found 257.0960.

3E: H NMR (400 MHz, DMSO-dg) 6 7.87 (d, J = 8.3 Hz, 2
H),7.51(d,J =8.3Hz, 2 H),7.45 (s, 2 H), 3.37(t,J = 7.1 Hz,
2 H), 3.07 (t, J = 7.1 Hz, 2 H), 1.60 (m, 2 H), 1.46 (m, 2 H),
0.90 (t, J = 7.2 Hz, 3 H), 0.65 (t, J = 7.2 Hz, 3 H); 13C NMR
(100 MHz, DMSO-dg) 6 169.30, 144.28, 140.54, 126.83, 125.89,
49.95, 45.64, 21.29, 20.28, 11.25, 10.83; HRMS (M + H)* calcd
for C1aHzoN203S 285.1273, found 285.1273.

4A: 'H NMR (400 MHz, DMSO-d¢) 6 8.43 (t,J =5.6 Hz, 1
H),7.75(,J =8.2Hz, 2 H),7.40(d,J = 8.2 Hz, 2 H), 7.30 (s,
2 H), 4.28 (d, J = 6.0 Hz, 2 H), 1.67 (s, 3 H); 13C NMR (100
MHz, DMSO-ds) 6 169.50, 143.81, 142.60, 127.59, 125.74,
41.82, 22.60; HRMS (M + H)* caled for CoH;2N203S 228.0569,
found 228.0565. Anal. (CoH;2N203S) C, H, N.

4B: 'H NMR (400 MHz, DMSO-ds) 6 8.37 (t,J =59 Hz, 1
H),7.75(d,J = 8.1 Hz, 2 H), 7.40 (d, J = 8.3 Hz, 2 H), 7.31 (s,
2H),430(d,J =6.0Hz, 2 H), 2.14 (q, J = 7.6 Hz, 2 H), 1.01
(t,J = 7.6 Hz, 3 H); 13C NMR (100 MHz, DMSO-dg) 6 173.06,
143.90, 142.54, 127.48, 125.69, 41.65, 28.46, 9.94; HRMS (M
+ H)* caled for C1o0H14N203S 243.0803, found 243.0798.

4C: 'H NMR (400 MHz, DMSO-ds) 6 8.49 (t,J = 59 Hz, 1
H),7.74(d,J=8.3Hz,2H), 7.39(d, J = 8.1 Hz, 2 H), 7.31 (s,
2 H),4.30(d, J =6.0 Hz, 2 H), 2.11 (t,J = 7.2 Hz, 2 H), 1.53
(m, 2 H), 0.85 (t,JJ = 7.4 Hz, 3 H); 13C NMR (100 MHz, DMSO-
de) 6 172,35, 143.99, 142.60, 127.53, 125.75, 41.72, 18.77, 13.73;
HRMS (M)* caled for C11H16N203S 256.0882, found 256.0888.

4D: 'H NMR (400 MHz, DMSO-dg) 6 8.39 (t,J = 5.9 Hz, 1
H),7.74(d,J =8.2Hz,2H), 7.38 (d, J = 8.2 Hz, 2 H), 7.30 (s,
2H), 429(d,J =6.0Hz, 2 H),2.13(t,J = 7.3 Hz, 2 H), 1.49
(m, 2 H), 1.27 (m, 2 H), 0.86 (t, J = 7.4 Hz, 3 H); 13C NMR
(100 MHz, DMSO-ds) 6 172.44, 143.96, 142.58, 127.49, 125.73,
41.71, 35.11, 27.49, 21.90, 13.79; HRMS (M + H)* calcd for
C12H1sN205S 271.111, found 271.112.

4G: 'H NMR (400 MHz, DMSO-d¢) 6 10.10 (t, J = 5.7 Hz,
1H),7.81(d,J=83Hz, 2H), 745, JJ =83 Hz, 2 H),7.35
(s, 2H), 4.45(d, J = 5.9 Hz, 2 H); 1*3C NMR (100 MHz, DMSO-
ds) 6 156.50, 143.18, 141.47, 127.84, 125.98, 42.30; HRMS (M)*
caled for CoHoF3N,03S 282.0286, found 282.0287.

4H: 'H NMR (400 MHz, DMSO-d¢) 6 10.17 (s, 1 H), 7.81
(d,J = 8.3 Hz, 2 H), 742 (d, J = 8.3 Hz, 2 H), 7.34 (s, 2 H),
4.47 (s, 2 H); 13C NMR (100 MHz, DMSO-ds) 6 157.09, 143.20,
141.50, 127.74, 125.99, 42.43; HRMS (M + H)* calcd for
C10HoFsN203S 333.0332, found 333.0337.

4I: 'H NMR (400 MHz, DMSO-ds) 6 10.20 (s, 1 H), 7.81 (d,
J=8.1Hz,2H), 744 (d,J = 8.2 Hz, 2 H), 7.36 (s, 2 H), 4.49
(s, 2 H); 13C NMR (100 MHz, DMSO-dg) 6 157.00, 143.29,
141.55, 127.86, 126.04, 42.64; HRMS (M)* caled for
C11HoF7N20,S 382.022, found 382.023.

4J: 'H NMR (400 MHz, DMSO-d¢) 6 10.10 (s, 1 H), 7.78 (d,
J=8.3Hz 2H), 742 (d, J = 8.3 Hz, 2 H), 7.34 (s, 2 H), 7.06
(tt, J = 50.3, 5.6 Hz, 1 H), 4.46 (s, 2 H); 13C NMR (100 MHz,
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DMSO-dg) 6 156.87, 143.15, 141.41, 127.71, 125.94, 42.50;
HRMS (M + H)* caled for C12Hi1oFsN20sS 415.0363, found
415.0355.

4K: 'H NMR (400 MHz, DMSO-dg) 6 10.20 (s, 1 H), 7.81
(d, J =82Hz, 2 H), 7.45 (d, J = 84 Hz, 2 H), 7.37 (s, 2 H),
4.49 (s, 2 H); 13C NMR (100 MHz, DMSO-ds) 6 157.02, 143.31,
141.56, 127.87, 126.05, 42.64; HRMS (M)* calcd for
C14HoF13N03S 532.012, found 532.011.

4L: 'H NMR (400 MHz, DMSO-dg) 6 10.21 (s, 1 H), 7.80 (d,
J=8.3Hz 2H),742(d, J = 8.1 Hz, 2 H), 7.35 (s, 2 H), 4.47
(s, 2 H); 3C NMR (100 MHz, DMSO-dg¢) 6 157.01, 143.30,
141.56, 127.87, 126.04, 42.64; HRMS (M)* caled for
C15HoF15N203S 582.009, found 582.008.

5A: 'H NMR (400 MHz, DMSO-ds) 6 9.29 (t,J = 6.1 Hz, 1
H),8.02(d,J =8.1Hz, 2 H), 7.93(d,J = 8.0 Hz, 2 H), 7.51 (s,
2 H), 4.11 (m, 2 H); 3C NMR (100 MHz, DMSO-d¢) 6 166.02,
146.83, 136.10, 128.19, 125.79, 40.42; HRMS (M)* caled for
CgHgFaNanS 282.028, found 282.026.

5C: 'H NMR (400 MHz, DMSO-dg) 6 9.28 (t,J = 6.1 Hz, 1
H),8.02(d,J="7.9Hz,2H),7.93(d,J = 7.8 Hz, 2 H), 7.51 (s,
2 H), 4.17 (m, 2 H); 3C NMR (100 MHz, DMSO-dg) 6 152.46,
133.06, 122.18, 114.25, 111.88, 23.94; HRMS (M + H)* caled
for C10HoF5N203S 333.0332, found 333.0318.

5D: 'H NMR (400 MHz, DMSO-dg) 6 9.26 (s, 1 H), 8.03 (d,
J=8.1Hz, 2H),7.94 (d,J = 8.0 Hz, 2 H), 7.51 (s, 2 H), 4.19
(m, 2 H); '3C NMR (100 MHz, DMSO-ds) 6 152.54, 133.07,
122.20, 114.26, 111.88, 24.06; HRMS (M + H)* calcd for
C1:HoF7N203S 383.030, found 383.032.

Measurement of Partition Coefficients. Partition coef-
ficients, P, of the ligands between octanol and 20 mM sodium
phosphate buffer (pH = 7.5) were measured at 20 °C (eq 1).

_ Coct _ CoVo - CwVw 1
A e @
P — % — e—AGp/RT (2)

The octanol and buffered aqueous solutions were presaturated
by each other before use. A saturated solution of the ligand
in 20 mM sodium phosphate buffer (pH = 7.5) was first
prepared, and its concentration was measured by UV (C,). The
ligand in a volume (V,) of this solution was partitioned between
the water and octanol phases in a 20 °C water bath for 24 h.
The ratio of the volume of the two phases (V, vs V) was
adjusted inversely proportional to the partition coefficient
crudely measured initially so that the ligand could partition
in the above two phases equally. The concentration of a ligand
in the aqueous phase (Cp) was measured by UV absorption;
its concentration in octanol (C.t) was calculated by the
difference between the total amount of ligand (C,V,) and the
amount of ligand in water (CyV,) divided by the volume of
octanol (Vy).22 The observed range of variation in the parti-
tion coefficients between 20 and 70 °C was small; the insen-
sitivity of the partition coefficients to temperature® prevented
the determination of enthalpic and entropic contributions to
AGp.

Measurement of Binding Constants. Both fluorescence
spectroscopy® and affinity capillary electrophoresis (ACE)éa?
were used to measure the binding affinity of ligands to CAII.
In the fluorescence method, dansylamide (which has K, = 4.0
x 108 M™! for CAIl, determined by a direct fluorescence
method® each time before the measurement of other ligands)
was allowed to compete against nonfluorescent ligands for
CAIL In ACE, a fixed concentration of a charged ligand with
known binding constant was allowed to compete with the
neutral ligand of interest. The binding constants for the
competing ligands were determined by the analysis of the
change of electrophoretic mobility of the CAIl-charged ligand
complex. Values of the binding constants determined by both
ACE and fluorescence agreed to within the uncertainty of these
measurements (20%).

Measurement of pK,. The arylsulfonamides were titrated
using 1 N NaOH in water; the value of pH in the solution was
measured by a glass electrode. The values of pK, were
obtained by performing nonlinear least-squares fits of the
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values of pH versus volumes of added NaOH,; this fit yielded
values of pK, of 10.2, 9.9, 10.1, and 9.8 for the ligands
4A B,G,H, respectively (the uncertainty is +0.2).
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