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Binding to the neuronal voltage-dependent sodium channel (NVSC) was evaluated for 12
5-phenylhydantoins which systematically varied either log P and/or 5-phenyl ring orientation.
The linear correlation of log P with in vitro sodium channel binding activity (log IC50) for
hydantoins 1-12 and diphenylhydantoin (DPH) (r2 ) 0.638) suggested that simple partitioning
into the lipid phase is important but not sufficient to account for the effects of hydantoins on
the NVSC. Comparisons among different hydantoins with the same log P but different low-
energy phenyl ring orientations revealed that, in addition to log P, the correct 5-phenyl
orientation is important for efficient binding.

The neuronal voltage-sensitive sodium channel (NVSC)
is a transmembrane protein complex1 which, in concert
with other voltage-dependent ion channels, is essential
for the generation of action potentials in neurons and
other excitable cells.2-4 Action potentials nominally
consist of two phases: (1) depolarization caused by the
rapid entry of sodium into the cell through the NVSC
and/or calcium entry into the cell through voltage-
sensitive Ca2+ channels and (2) potassium movement
out of the cell through voltage-sensitive K+ channels,
repolarizing the cell and setting the resting membrane
potential (-60 mV).5

The NVSC can exist in at least three states, and
transitions between the states involve voltage-depend-
ent rate constants. These states are (1) closed and
activatable (resting); (2) open (activated); and (3) closed
and nonactivatable (inactivated). Activation controls
the rate and voltage dependence of the increase in
intracellular sodium concentration following depolar-
ization. Inactivation influences the rate and voltage
dependence of positive potential returning to negative
potential as the activated sodium channel returns to the
resting level during maintained depolarization.1,6

The structural morphology of neuronal sodium chan-
nels is species and tissue dependent. For example,
NVSC from eel electroplax consists of only a single
R-subunit.7 However, sodium channels from rat brain
contain three polypeptides: (1) a 260 kDa R-subunit,
(2) a 36 kDa â1-subunit, and (3) a 33 kDa â2-subunit,1,5,8
with the R-subunit independently sufficient for func-
tional expression.5 Furthermore, sodium channels found
in neurons have pharmacological and physiological
properties different from those in skeletal muscle or
cardiac cells.
NVSC subtypes from many species have been cloned,

and amino acid sequences have been determined for
examples from rat and human brain and skeletal and
cardiac tissue.4 For example, three major NVSC R-sub-
unit isoforms from rat brain have been designated as
type I, II, and III,1 with each containing six R-helical

transmembrane segments, although additional isoforms
have more recently been described.10

The NVSC undergoes specific binding with neurotox-
ins, and at least seven neurotoxin binding sites have
been identified.11 Site 2 interacts with grayanotoxin
and the alkaloids veratridine, aconitine, and batra-
chotoxin, resulting in persistent activation of the sodium
channel. A batrachotoxin derivative, [3H]batrachotoxi-
nin A 20-R-benzoate ([3H]BTX-B),12-14 has been exten-
sively used in in vitro radioligand binding assays for
evaluating the interactions of small molecules with the
NVSC. For example, the allosteric inhibition of [3H]-
BTX-B binding by the antimaximal electroshock (anti-
MES) anticonvulsant diphenylhydantoin (phenytoin or
DPH)15 at therapeutically relevant concentrations (40
µM) first implicated the NVSC as a potential anticon-
vulsant receptor site.16 Other classes of drugs also
interact with the NVSC and inhibit [3H]BTX-B binding,
including the local anesthetics and antiarrhythmics.
Consistently, these three classes of therapeutic agents
often possess overlapping pharmacological activities,
illustrated by the antiarrhythmic properties exhibited
by both the anticonvulsant DPH and the local anesthetic
lidocaine. Proposals for one-site17 and two-site18 models
continue to provide controversy concerning whether
anticonvulsants, local anesthetics, and antiarrhythmics
act at either the same or different sites on the NVSC.
Interconversions between NVSC states may be im-

portant in considering the modes of action of these
drugs. The distribution of channels among the three
states, resting, opened, and inactivated, is a function
of membrane potential and time.19,20 Compounds that
bind to the NVSC may, because of changes in access or
interconversion rates, have different binding affinities
to the resting, activated, or inactivated state of the
sodium channel. This provides one possible explanation
for the differences in binding and therapeutic profiles
among anticonvulsants, local anesthetics, and antiar-
rythmics.21,22 DPH binds to the inactivated state of the
NVSC in a voltage- and frequency-dependent manner,23
providing an explanation for its selective effects on
hyperactive versus normal neurons.
Examination of membrane effects for DPH using

fluorescent fatty acid probes24 implied that DPH may
exert an inhibitory effect on the NVSC by simple
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partitioning into the lipid bilayer. However, DPH
exhibits saturable binding to the NVSC, which is
associated with properties of specific receptor-ligand
interactions.25 Studies18 also indicate that sodium
channel blockade by DPH is affected by changes in
intracellular, but not extracellular, pH.
The effects of log P26 and 5-phenyl ring orientation27

on whole animal anticonvulsant activity have been
summarized. Our preliminary investigations suggested
that log P28 and 5-phenyl ring orientation29 may also
be important for the efficient binding of hydantoins to
the NVSC. Here we systematically evaluate the effects
of log P and NVSC binding for a structurally diverse
group of hydantoins 1-12 which possess a range of log
P values (0.96-2.96). Within this group, we also make
comparisons between structural isomers that vary
5-phenyl ring orientation while maintaining a constant
log P.

Methods
Biological Data. All compounds 1-12 were evaluated for

relative binding to the NVSC (Table 2) in an in vitro assay
using rat cerebral cortex synaptoneurosomes. Results are
expressed as log IC50, where IC50 represents the micromolar
concentration of compound required to inhibit the specific
binding of [3H]BTX-B by 50%.
Conformational Analysis. All compounds were energy

minimized with the Tripos force field30 (SYBYL software) using
default bond distances and angles and neglecting electrostat-
ics. While all compounds were synthesized and evaluated as
racemic mixtures, for internal consistency the geometries of
1-12 were modeled in SYBYL using only the arbitrarily
chosen R-configuration at C5. Conformational searching was
utilized to estimate the energetically reasonable range of
torsion angles (N1,C5,C6,C7) for rotation of the phenyl ring
relative to the hydantoin ring.
For 1-7 we performed, using GRIDSEARCH, conforma-

tional searches of torsion angle N1,C5,C6,C7 rotated 0-179°
(for symmetrical phenyl rings in 1-3 and 5-7) or 0-359° (for
the unsymmetrical phenyl ring in 4) in 1° increments. Briefly,
GRIDSEARCH utilizes a torsion angle driver followed by
energy minimization (Tripos force field). For 1-6 the starting
position of the R1 group was fully extended with an N1,C5,-
C1′,C2′ torsion angle of 50°. After viewing the results, selected
conformations near each apparent local energy minimum were
submitted to an additional minimization to confirm that the
local energy minimum had been identified. For compound 4,
selected conformations with energies roughly 2 kcal/mol above
the global minimum were also energy-minimized after first
defining the N1,C5,C6,C7 atoms as a rigid aggregate (to fix
the N1,C5,C6,C7 torsion angle); this procedure more accurately
defined the range of torsion angles within 2 kcal/mol of the
global minimum. The results revealed that, for analogs 1-3
and 5-7, all conformations from 0 to (180° are within 2 kcal/
mol of the lowest energy minimum. A single energy minimum
was found for all but 7, whose two minimum energy conforma-

tions placed the methyl of the N-ethyl group either above (7a)
or below (7b) the plane of the hydantoin ring. In contrast, for
compound 4, higher rotational energy barriers were observed,
and two torsion angle ranges of phenyl ring conformers were
identified within 2.0 kcal/mol of the lowest energy minimum
(Table 2). The lowest energy minimum within each range
positioned the o-methyl group either above (4a) or below (4b)
the plane of the phenyl ring. For DPH the conformation of
the X-ray crystal structure31 was used. Other than the torsion
angles of the phenyl groups (see footnote k in Table 2), the
calculated torsion angles, bond angles, and bond lengths for
DPH were in close agreement with those of the crystal
structure.
Conformational searches on rotationally restricted 5-phenyl

analogs 8-12 were performed using RANDOM SEARCH. In
this approach all bonds that are part of the aliphatic ring,
except the fusion bond shared with the benzene ring (and the
hydantoin ring for 12), were selected for searching. The
method sets up to three of the selected bonds to random
torsional angles, and the resulting conformer is submitted to
energy minimization to locate the nearest local minimum. The
minimization is performed in two stages so that molecules with
energy higher than a cutoff value (the default value of 70 kcal/
mol was used) are eliminated early. The second stage of
minimization uses gradient termination to ensure complete
minimization. The resulting conformer is then compared to
all previous structures based upon an RMS match of the
atoms; if different, it is retained. The other default values
utilized were 1000 maximum perturbation/minimization cycles,
an RMS threshold of 0.2 Å (the minimum difference between
two conformations to be designated as unique), a convergence
threshold of 0.005, and six maximum hits (the number of times
each unique conformer must be identified to terminate the
search). Each search was repeated, starting with a different
conformer, to verify results. Table 2 reports all minima whose
energies were within 2 kcal/mol of the global minimum.
To estimate phenyl torsion angle ranges within 2 kcal/mol

of the lowest energy conformer for 8-12, each local energy
minimum was evaluated in the following manner. The bond
connecting the alkyl ring fragment to the phenyl ring was
removed, the N1,C5,C6,C7 torsion angle was rotated by 5°,
and the bond was reconnected. Atoms N1, C5, C6, and C7
were defined as an aggregate (fixing the torsion angle), and
the resulting conformer was energy-minimized. This was
performed in each direction (+ and -) from the local energy
minimum until a conformer was generated whose energy was
2 kcal/mol greater than the global energy minimum. The
results are given in Table 2.

Chemistry

The syntheses of analogs 1-3,28 7,29 8,32 9,29 10-11,33
and 1229 were previously described. In the preparation
of hydantoin 11,33 we synthesized benzocylooctenone34
by literature methods, and this was converted to 11 in
30% yield via synthetic method B (see the Experimental
Section). New hydantoins 4, 5, and 6 were also pre-
pared by the Bucherer-Berg35 procedure from the ap-
propriate ketones.36 The starting ketones were synthe-
sized using Grignard reactions of o-, m-, and p-tolyl
nitrile and butylmagnesium bromide. Table 1 contains
selected data for the compounds prepared in this study.

Results and Discussion

The neuronal voltage-sensitive sodium channel is a
site of action for the anticonvulsant diphenylhydantoin,
one of the most widely used agents for the treatment of
generalized seizures. Unfortunately, the exact location
and nature of this site has not yet been determined. We
have been interested in investigating structure-activity
relationships for the interactions of hydantoins with the
NVSC in order to define structural features that give
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rise to efficient binding.28,29 This approach may lead
to new anticonvulsants with enhanced activity.
Previous investigations revealed that log P may be

important for whole animal anticonvulsant activity,26
and our preliminary studies suggested that both log P
and phenyl ring orientation may be important for in
vitro binding to the NVSC.28,29 In the present study we
have selected hydantoin analogs which provide more
systematic evaluations for each of these properties.
We conveniently estimated log P values for new

compounds, as we did in an earlier study,28 by the
addition of π values to the experimentally determined
log P of the appropriate parent structure. We thus
estimated the log P values in Table 2 for compounds
4-12 (the others were taken from ref 8) by adding the
π values for substituents at C5 and N1 to the log P for
5-phenylhydantoin (0.46)26 to provide the final log P.
The π values used were 0.50 for each CH2 or CH3 in
the alkyl chain at C5 and 0.56 for an N-CH3 substitu-
ent.37 For example, the log P for hydantoin 7 was
calculated as (log Pparent + π5-methyl +πN1-methylene +
πmethyl) ) (0.46 + 0.50 + 0.56 + 0.50) ) 2.02. Since the
ring closure of 7 provides the bicyclic hydantoin 12, the
log P of 12 was calculated as (log P7 + πring closure) ) 2.02
+ (-0.50) ) 1.52.
We previously observed that structurally similar

5-alkyl-5-phenylhydantoin homologs 1-3 demonstrated
enhanced binding to the NVSC with increases in log P.28
However, as shown in Table 2, log P is not the only
important variable. Comparisons of structurally dis-
similar hydantoins with the same log P (e.g., 1 vs 7, 2
vs 11, 9 vs 12) demonstrate that, in addition to log P,
structural features influence the potency of binding to
the NVSC. This is further supported by the observation
that compounds 2 and 11, which have log P values
equivalent to that for DPH, do not exhibit comparable
binding potencies. The linear correlation of log P versus
sodium channel binding (log IC50) for 1-12 and DPH
(Figure 1) is only a moderately good model (r2 ) 0.64).
This result indicates that simple nonspecific partitioning
of hydantoins into the membrane lipid phase, which has
been suggested by others as a possible mechanism for
the effect of DPH on the NVSC,24 is not sufficient for
potent inhibition.

In a preliminary study we reported the NVSC binding
of 1 vs 9 and 7 vs 12, and the results suggested that
the 5-phenyl orientation may be important for the in
vitro binding of hydantoins to the NVSC.29 To further
investigate the effects of 5-phenyl orientation, indepen-
dent from the effects of log P, we designed, synthesized,
and evaluated NVSC binding for new hydantoins 4-6
and we also prepared and evaluated known spirohy-
dantoins 8-11 and tricyclic hydantoin 12. Compounds
4 and 8-12 all contain phenyl rings with more re-
stricted energetically favorable rotameric conformations
as compared to 1-3, 5, and 6. Compounds 5 and 6 serve
as isomeric models of 4 that do not experience signifi-
cant changes in phenyl ring conformational accessibility
as compared to 1-3.
To estimate the 5-phenyl ring orientations that are

most highly populated in 1-12, the torsional angles N1,-
C5,C6,C7 for all minimum energy conformers within 2
kcal/mol of the lowest energy minimumwere calculated.
Around each energy minimum, the range of N1,C5,C6,-
C7 torsional angles that provided conformations with
energies e2 kcal/mol greater than the global energy
minimum was also calculated. As illustrated in Table
2, all phenyl ring orientations of compounds 1-3 and
5-7 meet the above criterion, while compound 4 exhib-
its one large and one narrow torsional angle range.
Compounds 8-11 represent a homologous series of
spirohydantoins containing phenyl rings that are con-
formationally restricted about N1,C5,C6,C7 due to a
5-alkyl side chain that is covalently bound to the ortho
position of the 5-phenyl ring, and the range of accessible
torsion angles defining the 5-phenyl conformations
increases for larger ring sizes. Compound 12 is much
more highly constrained.
One notes in Table 2 that the sodium channel binding

activity increases in going from 8-10, with no further
increase in activity for 11. One possible explanation for
this trend is that increases in log P may correlate with
increased binding activity. However, an exception is
evident in that compound 11, which exhibits a larger
log P than 10, does not exhibit a corresponding increase
in sodium channel binding activity. Another possible
explanation for this trend is the inability of the 5-phenyl
substituent of the smaller ring systems to adopt a
preferred conformation. A comparison between hydan-
toins with identical log P values from the spiro series
(8-11) and the least restricted series (1-3) reveals that
1 exhibits roughly the same IC50 as 10 and that 2
exhibits roughly the same IC50 as 11, suggesting that
10 and 11may each be able to adopt an optimum phenyl
ring orientation.
To further pursue this question, we prepared and

evaluated the isomeric series 4-6, for which all ex-
amples have the same log P. These compounds were
designed to have the same log P value (2.96) as the most
potent compound in this study, hydantoin 3. In this
series the o-methyl group of 4 restricts phenyl ring
orientation as compared to isomers 3, 5, and 6. Note
that even though log P is constant, there is a 5.8-fold
range in the sodium channel IC50 values. Interestingly,
compounds 3, 5, and 6 all exhibit potent binding to the
NVSC as compared to compound 4 (Table 2). This
suggests that compound 4 may not be able to signifi-
cantly populate the phenyl ring conformation required
for optimum sodium channel binding activity.

Table 1. Selected Properties for Hydantoins 1-12

compd % isolated yield (method) mp, °C

1 64 (A) 169-171
(165-166)a

2 65 (C) 204-205
(204-205)

3 91 (A) 119-122
(125-127)

4 20 (A) 144-145
5 56 (A) 162-164
6 60 (A) 158-160
7b 54 176-177
8 31 (A) 238-240

(238-240)
9b 91 240-242
10 51 (C) 250-255

(252-253)
11 30 (B) 201-202

(201-202)
12b 54 154-156

a Numbers in parentheses are literature melting ranges: 1-3,
11 (ref 35); 8 (ref 32); 10 (ref 33). b Data previously reported in
ref 29.
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Besides structurally similar hydantoins 3-6 (log P
) 3), the compounds in Table 1 can also be divided into
three distinct groups of hydantoins which contain

structurally dissimilar compounds exhibiting the same
log P values. In comparing 9 and 12 (log P ) 1.5), IC50

changes 3.4-fold; for 1, 7, and 10 (log P ) 2), IC50

changes 4.4-fold; for 2, 11, and DPH (log P ) 2.5), IC50

changes 6.3-fold. Within each group the minimum
energy conformation for the most potent examples
contain phenyl ring torsion angles (N1,C5,C6,C7) of -11
to 11°. Energy minima for the least potent compounds
contain considerably different phenyl ring torsion angles.
These results suggest an optimum phenyl torsional
angle range.
In conclusion, log P is clearly an important parameter

for the potent binding of hydantoins to the NVSC. This
may result from the necessity of hydantoins to enter or
cross the cell membrane prior to interaction with the
channel protein. However, the above studies, which
compare structurally diverse hydantoins with identical
log P, reveal that different hydantoins with the same
log P value may exhibit significantly different binding
affinities, suggesting that hydantoins likely bind to a
specific site on the NVSC. Furthermore, these results
suggest a preferred phenyl ring orientation that gives
rise to the optimum binding of 5-phenylhydantoins to
this site.

Table 2. Conformational Analysis Results, Lipophilicities, and Sodium Channel Binding Activities for Hydantoins 1-12 and DPH

hydantoina
torsion angle range, deg

N1,C5,C6,C7b
low-energy conformer torsion angle,

deg N1,C5,C6,C7c
energy,
kcal/mold log P

Na+ channel
IC50 (µM)

1 0 to (180 4 7.8 1.96 162e
(2.10)f [136-193]g

2 0 to (180 4 8 2.46 103e
(2.63) [85-124]

3 0 to (180 4 8.1 2.96 39e
(3.16) [32-47]

4a -108 to 1 -37 11 2.96 225
(3.08) [218-233]

4b 147-169 159 12
5 0 to (180 4 8.2 2.96 58

(3.13) [57-60]
6 0 to (180 4 8.2 2.96 95

(3.13) [86-106]
7a 0 to (180 -42 7 2.02 720n
7b -57 7 (-)h
8a 89-159 144 15 0.96 2112

(0.91) [2021-2207]
8b 104 15
9a 95-158 138 8.1 1.46 851i

(1.47) [761-953]
9b 115 8.2
10a 67-102 87 14.3 1.96 251

(2.03) [225-280]
10b 107 - (-177) 163 13.7
10c 135 15
10d 118 15
10e 152 15
10f 107 16
11a 83-178 153 20 2.46 251

(2.59) [228-277]
11b 118 20
12a -4 to 26 11 9.3 1.52 250n

(-)h
12b 32-42 37 10.9
DPH 0 to (180 2j 7.1k 2.46l 40m

(2.08)
a Letters in parentheses designate different low-energy conformers when more than one was identified. b The range of torsion angles

calculated to be within 2 kcal/mol of the lowest energy minimum. c The lowest energy conformation(s) within the indicated torsion angle
range. d Calculated using the Tripos Force Field (Maximin2) within SYBYL 6.1 and neglecting electrostatics. e The sodium channel binding
data was taken from ref 28. f For comparison, numbers in parentheses are log P values calculated by the ClogP for Windows 1.0.1 program
distributed by BioByte Corp. of Claremont, CA. g Range describing -1 to +1 standard deviation. h Could not be calculated by ClogP due
to a missing fragment value. i The sodium channel value was determined in the present study. j Taken from the X-ray crystal structure
in ref 31. k The energy calculated for the x-ray structure. The energy calculated for the minimized structure (Tripos force field) (N1,C5,C6,C7
torsion angle ) -11°) was similar (6.9 kcal/mol). l The experimental value from ref 37. m Reference 15. n Reference 29.

Figure 1. A linear correlation of log P versus sodium channel
binding activity for hydantoins 1-12 and DPH.
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Experimental Section

Melting points were recorded on an Electrothermal melting
point apparatus and are uncorrected. IR spectra were re-
corded on a Beckman Acculab 6 and Nicolet IR/42 spectrom-
eters, and elemental analyses were performed by Atlantic
Microlabs of Norcross, GA. 1H NMR and 13C NMR spectra
were recorded on GE (NT series) and Bruker (ARX series)
NMR spectrometers operating at 300.1 MHz (for 1H). The
spectra were obtained in DMSO-d6 (for hydantoins) and CDCl3
(for all other compounds) at ambient temperature and refer-
enced internally to tetramethylsilane (TMS). Mass spectra
were obtained on a Hewlett-Packard 5885 GC/MS. Spectral
data for new hydantoins 4-6 are summarized below.
[3H]Batrachotoxinin A 20-R-benzoate ([3H]BTX-B) with a

specific activity of 30 Ci/mol was obtained from New England
Nuclear (Boston, MA).
Method A. To a stirring solution of 50% ethanol were

added ketone (0.66 mol/L), KCN (1.33 mol/L) and (NH4)2CO3

(2.66 mol/L). The solution was warmed to 50-65 °C for 12 h.
After the solution was cooled to room temperature, the
hydantoin precipitate was filtered, and the filtrate was acidi-
fied (pH 2) by the addition of concentrated HCl to give more
precipitate, which was filtered again. The filtrate was con-
centrated to half-volume and cooled, and the hydantion
product that precipitated was filtered. The solids were
combined and recrystallized from hot ethanol to give the final
product.
Method B. To a solution of 50% ethanol contained in a

300 mL Parr pressure apparatus were added ketone (0.7 mol/
L), KCN (1.3 mol/L), and (NH4)2CO3 (2.7 mol/L). The solution
was heated at 125 °C for 24 h, the apparatus was cooled to
room temperature, and the hydantoin precipitate was collected
by filtration. The filtrate was adjusted to pH 2, concentrated
to half-volume, cooled, and the hydantoin precipitate was
filtered. The crude solids were combined and recrystallized
in hot ethanol to give the final hydantoin product.
Method C. Ketone and trimethylsilyl cyanide (TMSCN)

were combined without solvent in a 1:2 molar ratio under
anhydrous conditions, and ZnI2 (5-10 mg) was added as a
catalyst. This mixture was stirred at room temperature under
a nitrogen atmosphere for 12 h. The reaction was monitored
by the disappearance of the CdO stretching peak in the IR
spectrum of the reaction mixture. The TMS ether was not
purified but was directly hydrolyzed to the cyanohydrin by
adding equal amounts of ether and 15% HCl and stirring
vigorously at room temperature for 1 h.38 The ether layer was
separated, and the acidic layer was washed three times with
ether. The ether extracts were combined and evaporated to
give cyanohydrin in 100% yield. The cyanohydrin was con-
verted to hydantoin35 by dissolving cyanohydrin and (NH4)2-
CO3 in a 1:2 molar mixture in 50% ethanol. The mixture was
then heated at 55-65 oC for 12 h. The reaction mixture was
adjusted to pH 2 by the addition of HCl, concentrated to half-
volume, and cooled, and the hydantoin precipitate was filtered.
The crude solid was recrystallized from hot ethanol to give
the final hydantoin product.
5-Butyl-5-(2-methylphenyl)hydantoin (4). To a solution

of 50% ethanol (80 mL) contained in a 300 mL Parr pressure
apparatus were added 1-(2-methylphenyl)pentanone (1.5 g, 8.5
mmol), KCN (1.1 g, 17 mmol), and (NH4)2CO3 (3.9 g, 34 mmol).
The solution was heated at 125 oC for 24 h, and the apparatus
was cooled to room temperature. The precipitate was filtered,
and the filtrate was acidified (pH 2) by the addition of
concentrated HCl. The filtrate was concentrated to half-
volume, cooled in an ice bath, and filtered again. The
combined solids were recrystallized from hot ethanol to give
pure 4 (0.50 g, 20% yield): mp 144-145 °C; 1H NMR (DMSO-
d6) δ 7.42-7.36 (m, 2H, Ph), 7.21-7.15 (m, 2H, Ph), 6.44-
6.38 (s, 1H, NH), 2.35-2.33 (s, 3H, CH3), 2.24-1.98 (m, 2H,
CH2), 1.41-1.19 (m, 4H, CH2), 0.90-0.84 (m, 3H, CH3); 13C
NMR (DMSO-d6) δ 177.0, 157.0, 137.0, 132.6, 128.2, 127.4,
126.1, 67.5, 36.7, 25.2, 22.3, 20.4, 14.1; IR (KBr) 1760, 1700
(CdO) cm-1; MS (EI) 246 (M+). Anal. (C14H18N2O2) C, H, N.
5-Butyl-5-(3-methylphenyl)hydantoin (5). To a stirring

solution of 50% ethanol (30 mL) were added 1-(3-methylphen-

yl)pentanone (3.2 g, 18 mmol), KCN (2.4 g, 36 mmol) and
(NH4)2CO3 (8.3 g, 73 mmol). The solution was warmed to 50-
60 oC for 48 h. After cooling to room temperature, the
precipitate was filtered and the filtrate was acidified (pH 2)
by the addition of concentrated HCl. The filtrate was concen-
trated to half-volume, cooled, and filtered again. The combined
solids were recrystallized from hot ethanol to give pure 5 (2.5
g, 56% yield): mp 162-164 °C; 1H NMR (DMSO-d6) δ 7.42-
7.36 (m, 2H, Ph), 7.21-7.15 (m, 2H, Ph), 6.44-6.38 (s, 1H,
NH), 2.35-2.33 (s, 3H, CH3), 2.24-1.98 (m, 2H, CH2), 1.41-
1.19 (m, 4H, CH2), 0.90-0.84 (m, 3H, CH3); 13C NMR (DMSO-
d6) δ 175.9, 157.6, 138.5, 137.6, 129.1, 128.7, 125.9, 122.3, 68.9,
38.5, 25.8, 22.5, 21.6, 13.8; IR (KBr) 1750, 1705 (CdO) cm-1;
MS (EI) 246 (M+). Anal. (C14H18N2O2) C, H, N.
5-Butyl-5-(4-methylphenyl)hydantoin (6). To a stirring

solution of 50% ethanol (30 mL) were added 1-(4-methylphen-
yl)pentanone (2.6 g, 15 mmol), KCN (1.9 g, 30 mmol), and
(NH4)2CO3 (6.7 g, 59 mmol). The solution was warmed to 50-
60 oC for 48 h. After the solution was cooled to room
temperature, the precipitate was filtered, and the filtrate was
acidified (pH 2) by the addition of concentrated HCl. The
filtrate was concentrated to half-volume, cooled, and filtered
again. The combined solids were recrystallized from hot
ethanol to give pure 6 (2.1 g, 60% yield): mp 158-160 oC; 1H
NMR (DMSO-d6) δ 7.42-7.36 (m, 2H, Ph), 7.21-7.15 (m, 2H,
Ph), 6.44-6.38 (s, 1H, NH), 2.35-2.33 (s, 3H, CH3), 2.24-1.98
(m, 2H, CH2), 1.41-1.19 (m, 4H, CH2), 0.90-0.84 (m, 3H, CH3);
13C NMR (DMSO-d6) δ 175.5, 156.7, 138.3, 134.6, 129.6, 125.1,
68.8, 38.3, 25.8, 22.5, 21.0, 13.8; IR (KBr) 1710, 1700 (CdO)
cm-1; MS (EI) 246 (M+). Anal. (C14H18N2O2) C, H, N.
SodiumChannel Binding Assay. We previously reported

the details of this procedure.39 Briefly, synaptoneurosomes (∼1
mg of protein) from rat cerebral cortex were incubated for 40
min at 25 °C with the test compound (seven different concen-
trations spanning the IC50) in a total volume of 320 µL
containing 10 nM [3H]BTX-B and 50 µg/mL of scorpion venom.
Incubations were terminated by dilution with ice-cold buffer
and filtration through a Whatman GF/C filter paper, and the
filters were washed four times with ice-cold buffer. Filters
were counted in a Beckmann scintillation counter. Specific
binding was determined by subtracting the nonspecific bind-
ing, which was measured in the presence of 300 µM veratri-
dine, from the total binding of [3H]BTX-B. All experiments
were performed in triplicate and included a control tube
containing 40 µMDPH. The IC50 values were determined from
a Probit analysis of the dose-response curve and excluded
doses producing less than 10% or greater than 90% inhibition.
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