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Abstract 0 The dehydration of the 8-hydroxycyclopentanone, 11,16-
dihydroxy-16-methyl-9-0xo-13-trans-protenoic acid methyl ester, an
analogue of prostaglandin E,, proceeds with acid catalysis (pH < 3), by
uncatalyzed routes (pH =~ 4 and =~ 7), and with base catalysis (pH =~ 56
and > 8). Deuterium from the solvent is not introduced « to the reactant
keto function at 60% reaction at pH = 1, but ~30% exchange has occurred
at pH = 5, 50% at pH = 7, and 80% at pH = 9. The data are consistent
with a mechanism in which the substrate is initially enolized with catalysis
by acid, base, and water to a 1,3-enediol, which looses water with catalysis
by acid, base, and water. The first stage is rate determining in very acidic
solution, while the second stage assumes the limitation of rate to an ever
greater degree as the solution becomes more basic.
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The prostaglandins are a structural class of compounds
exhibiting the most diverse biological activities (1). Pros-
taglandin E; (alprostadil, [a) possesses, among other ca-
pacities, the potential for inhibiting gastric secretion in
humans (2). The analogue of prostaglandin E; (Ib) also
possesses this activity and is in fact 30-fold more potent
than the parent compound when administered orally
(3).

E-type prostaglandins tend to undergo dehydration to
yield the unsaturated A (II) and B (III) forms (4-6)
{Scheme I). We report here some observations on the de-
hydration of Ib, which illuminate the mechanistic char-
acter of its degradation.

EXPERIMENTAL

Materials—Racemic mixtures of the 16a- and 168-hydroxy epimers
and their respective antipodes for 11,16-dihydroxy-16-methyl-9-oxo-
13-trans-protenoic acid methyl ester (Ib, SC-29333) and its dehydration
products, IIb and IIIb, were used as supplied!.

Kinetics—The UV assay method developed by Monkhouse et al. (5)
was adopted to follow the dehydration kinetics of Ib. Stock solutions of
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Ib (2.53 X 10~3 M in methanol) were diluted 50-fold with thermostated
aqueous buffer (glycine-HCl, acetic acid-sodium acetate, sodium dihy-
drogen phosphate-sodium hydroxide, boric acid-sodium hydroxide),
purged with nitrogen, and maintained at a constant temperature. Sam-
ples were withdrawn at measured intervals and spectra were recorded
in Suprasil cells? from 200-350 nm. First-order rate constants were cal-
culated; the pH values of the highly acidic solutions were calculated from
the known concentrations of hydrochloric acid, with mean activity
coefficients obtained or extrapolated from literature data (7). The pH
values of the buffer solutions were read at the temperature of study with
a pH-meter3 standardized at the same temperature.

Deuterium Exchange—Exchange reactions were carried out to ~60%
dehydration under each set of conditions, in a 44% (v/v) deuterated
methanol-deuterated water solvent (CD30D-D,0) of 4.5-mL volume,
containing 20 mg of Ib. This solution was then extracted with 5 mL of
CDClj3; the extract was evaporated under nitrogen and reconstituted to
3 mL with CDCl;. The NMR spectrum at 350-500 Hz downfield from
tetramethylsilane was recorded with 150-Hz scale expansion and time
averaging. The ratio of integrated peak areas for the a-H at C-10 (368
Hz) to that of the 5-H at C-11 (448 Hz) was calculated.

Experiments were initiated by combining 2 ml of a CD30D solution
of Ib with 2.5 mL of a DO solution of appropriate materials. The latter
solutions were: (¢) 0.1 M DCl in D20; (b) 29 mg of CH3COONa and 0.1
mL of CD3COOD in 10 mL of Dy0; {c) 68 mg of KH;PO4 and 1.49 mL of
0.2 M NaOD in 10 mL of D;0; and (d) 31 mg of H3BO3 and 4.4 mL of 0.1
M NaOD in 10 mL of D30. The corresponding temperature and reaction
times were: (a) 60°C, 3.5 h; (b) 70°C, 113 h; (¢) 80°C, 6 h; and (d) 50°C,
2h.
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Figure 1 —Typical apparent first-order plots for the dehydration re-
action of 1b at 60°C. Key: (1) 0.1 M HCl, pH 1.11; (2} 260 X 103 M
KH:PO~NaOH, pH 7.65; (3) 3.18 X 10-3 M KH,PO,~NaOH, pH 7.23;
(4) 260 X 10-3 M KH,PO4~NaOH, pH 6.72; (5) 3.30 X 10~3 M
KH,PO4~NaOH, pH 6.24; (6) 1.6 X 10~3 M CH3COOH-CH3COONa,
pH 5.14.

Solvent Isotope Effect—The solvent isotope effect in acidic solution
was monitored at 80°C. This study utilized 0.01 M HCI (pH 2.0) with 1%
methanol and ~0.01 M DCI (pD was adjusted to 2.0) with 1% CD30D.

RESULTS AND DISCUSSION

Stoichiometry—The dehydration of Ib was followed by the appear-
ance of UV bands characteristic of IIb (Apax 222 nm, ¢ 11,000) and IIIb
(Amax 288, € 28,000), as shown by independent synthesis and spectral
study of IIb and I1Ib. Compound IIb appeared to be formed first and then
converted to I1Ib, which also decreased in concentration after some time.
Small amounts of other products, including the 8-epimers of Ib and 11b,
could be detected by HPLC, but were minor (<10%) in comparison with
I1b and II1b in 0.1 M HCl and pH 7.4 solutions at 60°C. It is very unlikely
that the 8-epimer formation affects the rate of the dehydration reaction
of Ib (I —II).

Another possible reaction intermediate, a prostaglandin C-type
product (IV), could be formed (Scheme II). Jones (8) reported that
prostaglandin C in methano! exhibits a UV A, at 234 nm (¢ 21,000) with
shoulders occurring at 228 and 243 nm. However, there was no indication
of formation of this type of intermediate in the UV spectra throughout
the course of the present kinetic studies. It may, of course, be formed but
not accumulated in sufficient amounts to be detected because of the in-
stability of this intermediate (8, 9).
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Figure 2—Log k,p,~pH profiles for the dehydration kinetics of Ib at
several temperatures, where all points were experimentally obtained
and the solid lines were fitted by Eq. 1. Key: (0) 50°C; (®) 60°C; (G)
70°C; (m) 80°C.

When the concentration of Ib at any time was calculated from [Ib] =
[Iblo = ([1Ib] + [IIIb]), with [IIb] and [IITb] determined spectrophoto-
metrically, first-order plots for loss of Ib were linear for two or more
half-lives. Typical first-order plots at various pH values are given in Fig.
1. These data suggest that the major process under study is the irre-
versible conversion of Ib to IIb, which then proceeds to IIIb and other
materials (Scheme I). Our observations do not bear on the conversion of
IIb to I1Ib or other products, although it is easy to see how IIIb might form
from IIb by two simple proton-transfer reactions.

Effect of pH—The complete log kapp-pH profiles for the dehydration
reaction of Ib at four temperatures are given in Fig. 2. Buffers were used
to maintain the pH, but at a concentration of only 3 X 10~3 M so that the
effects are essentially those of pH. The points of Fig. 2 are experimental;
the lines are theoretical and are derived from:

K

kepp = kyay + ko + kBKa +aaH

The rate constants ky, ko, kB, and koy, as well as the apparent disso-

ciation constant K,, were shown to be a complex combination of rate

constants (no simple definition of those empirical constants can reliably

be made at the present stage; however, see Eqs. 13-17). These constant

values were determined from the best fit of the log kapp-pH profiles in
accordance with Eq. 1 (Table I).

Activation Parameters—The Arrhenius plots for the rate constants
of Eq. 1 are shown in Fig. 3. The enthalpies and entropies of activation

Table I—Apparent Catalytic Rate Constants (ky, ko, kg, and
kon) and Kinetic Dissociation Constant (K, ) for the
Dehydration of Ib in Aqueous Solution (1% Methanol) at
Various Temperatures @

+ kOH& (Eq. 1)
aH

K, %

Temperature, ky X 103, ko X 108, kg X 105, kon, 108,
°C M-1lg-1 g~1 s~1 M-lg-t M

50 + 0.5 0.29 0.46 0.03 0.69 0.21

60 + 0.5 0.94 1.11 0.57 1.55 0.27

70+ 0.5 2.16 2.47 0.75 4.27 1.27
80 + 0.5 5.74 5.20 1.11 9.44 3.59

¢ Determined from the best fit of the log kapp—pH profiles in accordance with
Eq. 1.
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Figure 3—Arrhenius plots for the apparent catalytic rate constants
and the kinetic dissociation constent of dehydration kinetics of I, where
each constant was defined by Eqs. 13-17 and each unit was shown as
in Table I. Key: (O) koy; (@) ky; (4) kp; (B) ko; (0) K.

for each constant of Eq. 1 are shown in Table II.

Solvent Isotope Effect—At 80°C and pH (pD) 2.0, the ratio kn
(H20)/k1(D20) was found to be 0.8.

Deuterium Exchange at C-10 of Ib—It was possible to make an
approximate determination of the degree of deuterium incorporation at
the methylene carbon next to the keto function of Ib (C-10) by comparing
the intensity of the NMR signal for the a-hydrogen at C-10 (368 Hz) to
that of the 3-hydrogen at C-11 (448 Hz). The NMR spectrum of IIb ob-
tained from the dehydration reaction of Ib in a medium of 0.05 M
DC1-45% CD30D showed that no incorporation occurred up to 60% re-
action at 60°C. In deuterated acetate buffer in the same solverit at 70°C,
~30% of the C-10 hydrogen had been exchanged at 60°C reaction. A
similar experiment with deuterated phosphate buffer showed 50% ex-
change at 80°C and with deuterated borate buffer 80% exchange at
50°C.

General base catalysis of enolization by buffers might give a ldrger ratio
of exchange to dehydration at the higher buffer concentrations used in
the exchange experiments in comparison with the kinetic experiments.
However, it seems very unlikely that it could have resulted in an incorrect
assignment of the rate-determining steps, since enolization seems clearly
established as rate determining at low pH and the shape of the pH-rate
profiles requires a partial change in the rate-determining step at pH >7
(cf., Mechanistic Analysis).

Formulation of the Rate Equation—A simple mechanism for loss
of I, consistent with these findings, is shown in Scheme III. This postu-
lates the conversion of I to its-enolic form (V), which is assumed to be
present in low steady-state concentrations, by pathways involving acid,
base, and water catalysis (10). The enol V then decomposes by three
similar pathways to II. Of course, V will be partly or wholly converted to
enolate in the more basic solutions, but this will not affect the observable
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Table II—Activation Parameters * Associated with the Catalytic
Constants for the Dehydration of Ib

Catalytic AH#, AS#,

Constant? kcal/mol cal/K-mol
ky 2241 743
ko 18+1 =313
kg 10+1 -541+3
kon 20+1 +283
K, 19 + 2¢ +29 % 6°

¢ Standard states of unit molarity at 80°C. b See Eq. 1. ¢ These are properly AH®
and AS® for interconversion of activated complexes.

kinetics (and cannot be deduced from the kinetics, only assumed on the
basis of analogy).

In Scheme II1, k2, k¥, and kb are the rate constants for hydronium
ion-, neutral (water), and hydroxide ion-catalyzed enolization. The terms
k_18, k_1¥, and k_,? are for the reverse enolization reaction. For dehy-
dration, Ag?, Ao¥, and Azb are the rate constants for the hydronium ion-,
neutral (water), and hydroxide ion-catalyzed dehydration reaction (V
—II). .

The rate of change in concentration of I, I1, and V is deseribed by:

- -—L = (kl‘ﬂ}] + klw + klew/aH)[I] -

‘(il:_laaﬂ +h_ Y + ko PKo/ap)[V] (Eq. 2)
%Y] = (ki%an + k1™ + k1 °Ko/an)(1] -
(E—1%ay + k1™ + k_1PK W/an)[V] —
(A2"an + A% + APK w/an) (V] (Eq. 3)

The steady-state kinetic law for this mechanism is:
k. = _(k1%an + ki* + kiPKufan)(Aan + A¥ + A"Kw/an)
P k_ysay + ko™ + ko PK /oy + Aofan + MY + APKo/ay
(Eq. 4)
It is convenient to mtiltiply the numerator and denominator of Eq. 4 by
the equilibrium constant (K,) for enolization of I:
Ky = (k1*/k-1%) = (k™/k_1™) = (k(b/k_(b) (Eq. 5)

This yields Eq. 6, in which ko2 = K A\e®, ko™ = K \o¥, and kob =
K 1)\2b:

B = (k1%an + k1" + kiPKo/an)(kofay + ko¥ + kPKo/an)
arp (ki2 + ko®ay + (k1% + ko) + (ki® + k2P Ku/ay
(Eq. 6)

This formulation has the advantage that each rate constant has an initial
reference state of I, rather than some referring to I (the K values) and
some to V.

The mechanistic kinetic law of Eq. 6 can be related to the phe-
nomenological law of Eq. 1 by expanding the numerator of Eq. 6. Each
term in the expansion will be important in a particular pH region:

1. In acidic solution, only terms in ay are important, and so Eq. 6
can be simplified to:

L. .. sl
WPE R R
2. In less acidic conditions (pH ~4), only k;* and k2* may be im-
portant, so that:

(Eq.7)

k1 Vko¥
kapp = —————— Eq. 8
P = G+ k) Ea.8)
3. Near neutral pH, acid-catalytic terms are not important, so
that:
b~ k%™ (an)? + kiPkoP(K )2 + R1%kPK wau + k%R K way
W= [(ky™ + ka™ap + (k1P + kD) Kulan
(Eq. 9)
where k1%k3%(an)? and kbkoP(K )2 are negligible, so that Eq. 9 gives:
(R1" + koYK,
klbk2w+ kgbklw) k¥ + kg%
kapp = ( (Eq. 10)
app k>4 kb (kb + kzb)Kw] Eq
R ML L S
kY + koV



4. At high pH (pH >9) only the k£ and k> are important, so that

Eq. 6 is simplified to:
app = (klb + kz")

The overall rate expression, kpp, may be represented as the sum of Eqgs.
7, 8, 10, and 11, because when one term is important, all the others are
not:

(Eq.11)

k ( kitkg® )a ( k1%ko¥ )+(k1bk2w+k1wk2b)
piall PICI 0 Rt 1*

¥+ k¥ k1b+k2b
[(klb + kzb)Kw]
k¥ + koW by b
. 1 2 ( kbl ko b) Kw (Eq. 12)
(k1P + kgh)Kw] a ki + ko
k™ + ko¥ A

A comparison of Egs. 1 and 12 reveals that both have the same math-
ematical form, so that Eq. 11 provides the correct log k,pp-pH profiles
for the dehydration of I. From Eqs. 1 and 12, the relationships shown in
Egs. 13-17 are obtained:

ky8kot

ky = m (Eq. 13)
e (Eq. 14)
kg = ﬂi’:‘;:__:_;"”k_z“ (Eq. 15)
kon = k—iﬂe—%- (Eq. 16)
K, = % (Eq. 17)

Mechanistic Analysis—The deuterium exchange data and solvent
isotope effect can aid in bringing out further detail. First, at low pH, as
Eq. 13 emphasizes, either hydronium-catalyzed proton removal from I
(k1®) or hydronium-catalyzed elimination of water from V (k4?) deter-
mines the rate. Lack of deuterium exchange suggests that ks2 > k1 (no
reversion from V), so that kapp = k1%ay, with a rate-limiting transition
state resembling VI (where L. = H in H,0, D in D;0).

The solvent isotope effect at 25°C for such a transition state would be
given (11) by ky,0/kn,0 = (0.69)3/¢1922, where ¢, and ¢ are isotopic
fractionation factors relative to water for the hydrogen attached to the
keto group () and those of the reacting water molecule (¢2). For alim-
iting reactant-like structure, ¢; ~ 0.69, ¢2 ~ 1.0 and ky,0/kp,0 = 0.48.
For a limiting product-like structure, ¢; ~ 1.0, ¢2 ~ 0.69, and ky,0/kp,0
= 0.69. Rough correction to 80°C gives limiting predictions of 0.53
(reactant-like) and 0.73 (product-like}. The latter is not far from the
observed effect of 0.8 + 0.1.

In acetate buffer, exchange of deuterium concurrently with reaction
was observed, with ~30% exchange accompanying 60% dehydration. In
this pH range, the dominant term is kg (Eq. 14). The exchange indicates
some reversion from enol to reactant, so that apparently ko¥ > k¥, with
eno! formation more important than elimination but not exclusively rate
determining (kqpp > k1%).

Setting aside the phosphate buffer experiment momentarily, we can
examine the borate buffer findings. These pertain to the high pH region
governed by kou (Eq. 16). Since exchange exceeds dehydration (80%
exchange, 60% dehydration), base-catalyzed decomposmon of the enol
dominates but does not wholly control rate limitation (k1" 5 kP, kapp
=~ koPK/ay).

Returning to the phosphate buffer exchange data, we note that these
are related to the pH region of ~7, where:

_Ka _
K, +ay

with kp given by Eq. 15 and K, by Eq. 17. At low pH in this range. kqpp
=~ kpK,/ay or:

kapp = kB (Eq. 18)

(RiPko™ + R1R")K
kapp =
(k1 + ka¥)an
From arguments in the last two paragraphs, k1® 3 k9P and ko% 3 k1%, so
we can expect that k1Pko¥ > k¥kob in Eq. 19, or:
_ (kiPRa")Kw
PP (k™ + ko¥an

(Eq. 19)

~ k’Ky/an (Eq. 20)

so that the main rate-limiting process at the acidic end of this pH range
is base-catalyzed enolization (presumably proton abstraction from I by
the hydroxide ion). At the high pH end of the range, kapp = kg (¢f. Eq.
15), and by the same arguments as just given:

k lbk o

kuppz klb'l'kzbE ko* (Eq.21)
so that the rate-determining step now tends toward water-catalyzed
elimination from V. If enol formation truly determined the rate below
pH 7, no exchange would be expected there, and if elimination from the
enol truly determined the rate above pH ~7, then 100% exchange would
be expected there. In fact, in a phosphate buffer, ~50% exchange was
observed at 60% reaction.

We can compare finally the deductions made from the kinetics and the
exchange experiments with the activation parameters for consistency.
For example, we conclude that ky is dominated by k;* with a transi-
tion-state structure like VI. From Table II, the formation of VI from I
and hydronium ion is indicated to require AH¥ = 22 kcal/mol, AS* ~
—7 eu. These are acceptable in terms of the hypothesis, a small negative
AS#* being consistent with a himolecular process in which some solvation
(presumably from the hydronium ion) is released.

For the region of pH 4-5 where kg rules, the most important rate con-
stant was k% with some contribution from k3¥. Speculative structures
for the transition state would be VII and VIII, respectively. According
to Table II, conversion of I in aqueous solution to chiefly VII and some
VIIl is accompanied by AH* = 18 kcal/mol, AS¥ = —31 eu. The entropy
change, in particular, is reasonable for the “freezing” of water molecules
associated with proton transfer and development of change. Since kg is
roughly determined by ko (see argument for Eq. 21), its activation pa-
rameters should also correspond to those expected for a transition state
like VIII. Indeed the values found (AH¥ = 10 kcal/mol, AS¥ = —54 eu)
are of the magnitudes anticipated.

For kon, determined chiefly by kP with some contribution from &,
the appropriate transition-state structures are IX and X. Here, as for
formation of VI, the energy-requiring, entropy-producing release of water
on binding of the strongly solvated hydroxide ion to generate a charge-
delocalized transition state leads to relatively large AH#* (20 kcal/mol)
and—from compensation with entropy loss in the bimolecular reac-
tion—to a negligible AS* (2 eu).

Lastly we have the equilibrium constant K,, defined by Eq. 17. This
equilibrium constant is for the reaction of Eq. 22; the reactant state for

this equilibrium:
Vi1 +. X
[VIII} HY + [ X ]

is a weighted average of activated complexes VII and VIII (for water-
catalyzed enolization and elimination, respectively), the more stable
transition state contributing more to the average, while the product state
is a similar weighted average of [X and X (for base-catalyzed formation
and decomposition of enol). As the values of K, in Table I show, the
water-catalysis activated complexes are acids of pK, ~ 5.4-6.7 at 50—
80°C, with pK, estimated at 7.6 at 25°C. As anticipated, this is inter-
mediate between values of 1.74 for H30* (product-like structure for
VII-X) and 15.74 (reactant-like structure for VII-X).

On the other hand, the thermodynamic parameters of ionization are
unlike those of stable acids, as judged by the very extensive collection of
Izatt and Christensen (12). Most stable acids have smaller, positive AH
(compared with 19 kcal/mol) and much more negative AS (versus 29 eu)
of ionization than these activated complexes. Conceivably this is a re-
flection of a greater internal structural plasticity of activated complexes
and the greater attendant release of solvation upon ionization.

(Eq. 22)
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Abstract O The anticonvulsant potencies (EDsp) of a,a-diphenylsuc-
cinimide, phenytoin, and phenobarbital were evaluated in mice by a
standard maximal electroshock technique. Potencies were expressed in
terms of intraperitoneal dosage and blood and brain concentrations.
Overt neurotoxicity (TDso) was assessed by the rotorod method. These
data were compared with relative hydrophobicities for the above com-
pounds and three others [carbamazepine, cyheptamide, and (diphenyl-
acetyl)urea) taken from the literature. An approximate parabolic de-
pendence of anticonvulsant potency on hydrophobicity was observed
regardless of the means of expressing potency (intraperitoneal dosage,
blood concentration, or brain concentration); approximate optimal hy-
drophobicities were in the range of 2.18-2.23 (log P). Calculated ther-
apeutic indices (TDso/EDgo) also displayed a parabolic dependence on
hydrophobicity, while toxic potency (TDsg) displayed a linear dependence
(within the limited range of log P values studied). Implications of the
parabolic dependence of anticonvulsant potency and linear dependence
of toxic potency on hydrophobicity are discussed with respect to the
possible mechanisms involved.

Keyphrases O «,a-Diphenylsuccinimide—anticonvulsant potency,
hydrophobic properties, overt neurotoxicity, maximal electroshock screen
in mice O Anticonvulsants—q,a-diphenylsuccinimide, hydrophobic
properties, overt neurotoxicity, maximal electroshock screen in mice O
Hydrophobicity—a,a-diphenylsuccinimide, anticonvulsant potency,
overt neurotoxicity, maximal electroshock screen in mice

The synthesis of «,«a-diphenylsuccinimide (I) was re-
ported by Miller and Long in 1951 (1). The anticonvulsant
profile of the compound was evaluated in rats by a
pentylenetetrazole model and in mice by a maximal elec-
troshock (MES) model of epilepsy (1, 2). The compound
was judged ineffective (500 mg/kg) in the prevention of
pentylenetetrazole-induced seizures. However, sufficient
dosage conferred complete protection against MES sei-
zures; the EDsq (oral) in the MES model was 45 mg/kg (1,
2). A quantitative estimate of neurotoxicity was not pro-
vided. Since this early work, additional reports on the
pharmacology of this compound have not appeared, and
after three decades its profile remains unclear.

The present study was undertaken (a) to evaluate the
anticonvulsant, neurotoxic, and hydrophobic properties
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of a,a-diphenylsuccinimide, phenytoin, and phenobarbital
and (b) to compare these properties with the same prop-
erties for carbamazepine, cyheptamide, and (diphenyla-
cetyl)urea (3, 4). Relative anticonvulsant potencies, de-
termined using a standard MES model of epilepsy (5), are
expressed in terms of intraperitoneal dose and blood and
brain concentrations. Neurotoxicity was assessed using a
rotorod method (6). Relative neurotoxicities and thera-
peutic indices are reported on the basis of intraperitoneal
dose. Relative hydrophobicities were approximated using
hydrophobic w-constants (7). Inspection of the data
suggests that the potency of a,a-diphenylsuccinimide is
subject to the same parabolic dependence on hydropho-
bicity already described for other compounds (8).

EXPERIMENTAL

Drugs—Phenytoin sodium! and phenobarbital sodium? were gifts.
a,a-Diphenylsuccinimide was prepared utilizing a modification of a
method described previously (1). The procedure involved the addition
of ethyl bromoacetate to a mixture of diphenylacetonitrile in sodium
ethoxide. The intermediate ethyl 8-cyano-8,8-diphenylpropionate was
hydrolyzed, initially in potassium hydroxide to 3-cyano-3,8-diphenyl-
propionic acid and subsequently in concentrated hydrochloric acid to
a,x-diphenylsuccinic acid. At this point the synthesis deviated from the
published procedure. a,c-Diphenylsuccinic acid was heated at reflux in
acetyl chloride to give the anhydride, an ethereal solution of which was
treated with ammonia. The intermediate a,a-diphenylsuccinamic acid
was removed by filtration and heated at reflux with acetyl chloride to give
a,a-diphenylsuccinimide, which was recrystallized from methyl alcohol,
mp 140-142°C (reported mp (1) 140-142°C). This material showed one
spot on TLC (silica gel, alumina; chloroform). IR (chloroform): 1770 and
1740 cm~! (5-membered ring, imide C=0's); 'H-NMR (deuterochloro-
form): 6 3.38 (s, 2, CHy), 7.16 (s, 10, ArH), and 8.84 ppm (s, 1, NH).

Animal Studies—Phenytoin sodium was suspended in 30% polyeth-
ylene glycol 400, and a,a-diphenylsuccinimide was suspended in 5% gum
acacia. Phenobarbital sodium was dissolved in 0.9% NaCl. The suspen-
sions were sonicated (probe-type) for ~5 min to produce a fine suspen-
sion. The drugs were administered intraperitoneally in a volume of 0.01
mL/g of body weight to male CF; mice3, average weight 22 g, The mice,
30-32 d of age when received, were allowed several days to acclimatize
before testing. Food and water were given ad libitum.

The anticonvulsant activity of each drug was evaluated by a standard
MES test (5). A 60-Hz alternating current (50 mA) was applied for 0.2
s via corneal electrodes. Protection was defined as the absence of tonic

1 Warner-Lambert Co., Morris Plains, N.J.
2 Sterling-Winthrop Research Institute, New York, N.Y.
3 Charles River Breeding Laboratories, Wilmington, Mass.
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