Pharmacological Studies on
Some New Azlactone Derivatives

By G. ALAN ROBISON and F. W. SCHUELER

Several members of a new series of azlactone derivatives (substituted acrylic acid
amides), which by themselves exhibit convulsant properties, were found to be

capable of prolonging the duration of hexobarbital-induced hypnosis in mice.

Ex-

periments are described which indicate that this action is secondary to inhibition of

the biotransformation of hexobarbital in the liver.

One member of the series was

found to be a long-acting depressant capable of potentiating the action of strychnine.

HE CHEMICAL and physical properties of the

azlactones [5(4)-oxazolones] have been well
studied (1-4), but there have been relatively few
investigations of the pharmacological activity
of either the azlactones themselves or (with the
exception of the e-amino acids) their many
possible derivatives. Schueler and Hanna (5)
studied the cardiac activity of a series of azlac-
tones and related products, and Cronheim,
et al. (8), recently reported on the interesting
sedative properties of trimethoxybenzoyl-glycine-
diethylamide, which could be thought of as the
derivative of a saturated azlactone (4).

In testing several new series of these deriva-
tives for pharmacological activity, our attention
was initially drawn to a series of amides. Of
particular interest was the finding that a-benzoyl-
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amino-B-(4-pyridyl) acrylic acid piperidide (I)
was a central stimulant, whereas its 3-pyridyl
congener (II) acted to depress the CNS. This
relationship does not exist in the case of their
respective diethylamide analogues, which are
both convulsants.

On studying the central. activity of these
agents further, the discovery was made that I
(and both the diethylamides) would, despite
their convulsant properties, markedly prolong
the duration of hexobarbital-induced hypnosis
in mice, whereas II was relatively inactive in this
respect.

Studies were subsequently initiated to de-
termine the mechanism of action of this effect.
The results of these studies, together with the
results of studies designed to characterize the
nature of the central activity of the compounds,
are reported herein.

EXPERIMENTAL

Preparation of Materials.-——The azlactones used
as intermediates were prepared by reacting the ap-
propriate acyl glycine with the appropriate aldehyde
in the presence of acetic anhydride and sodium ace-
tate, as previously described (2), although heating
is not required in the case of the pyridinecarboxal-
dehydes. Commercially unavailable acyl glycines
were prepared by the regular Schotten-Baumann
reaction. The majority of the azlactones were
recrystallized from 959, ethanol.

The amides were prepared by the method B of
Barnes, et al. (1), and were recrystallized from
benzene-hexane. Those amides not previously
reported in the literature are shown in Table I.
The yields varied from about 40 to 80%.

Preliminary Screening.—The compounds were
administered to Swiss albino mice in doses up to at
least 500 mg./Kg. (orally, in suspension with 0.59%,
carboxymethylcellulose), and the gross effects ob-
served. With reference to Table I, compounds 5 to
10 were administered parenterally. LDg’s were
determined for some of the compounds (for mice by
i. p. injection), either by a simplified method of pro-
bits (7) or by the method of moving averages (8).
Rectal temperatures (mice) were measured by
means of a YSI model 43 tele-thermometer,

Drugs used in attempting to antagonize the con-
vulsant effect of I (compound No. § in Table I)
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TaBLE 1.—SUBSTITUTED ACRYLIC ACID AMIDES
TI)
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Analysesh —
No. R R? NRz M. P, °C.e Formula C,% H,% N, %
1 Phenyl tmp*® Piperidino decompn. CpHyuN;O; Caled. 67.90 6.60 6.60
180 Found 68.31 6.81 6.50
2 tmp tmp Piperidino decompn. CyHyN,O; Caled. 63.00 6.60 5.44
198 Found 62.73 6.55 5.79
3 tmp Phenyl Piperidino 160-162 CoHysNyO; Caled. 67.90 6.60 6.60
Found 66.94 6.40 6.53
4 tmp Phenyl Diethylamino  196-197 CpsHuN,O; Caled. 67.00 6.80 6.80
Found 66.27 6.52 7.03
5 4-Pyridyl Phenyl Piperidino 195-196 CoHzuN;O, Caled. 71.65 6.26 12.50
Found 71.25 6.11 12.29
6 4.Pyridyl Phenyl Diethylamino 197-198 CyoHy N3O,  Caled. 70.50 6.50 13.00
Found 69.83 6.46 12.56
7 4-Pyridyl Methyl Piperidino 148-149 CisHisN;O;  Caled. 66.00 6.95 15.39
Found 66.18 6.88 15.61
8 4-Pyridyl tmp Piperidino decompn. CpHxN;O; Caled. 65.00 6.35 9.88
169 Found 65.48 6.57 9.69
9 3-Pyridyl Phenyl Piperidino 187-189 CyoHuN;O, Caled. 71.65 6.26 12.50
Found 71.61 6.26 12.73
10 4-Pyridyl Phenyl Diethylamino 186-187 CisHyN;O:  Caled. 70.50 6.50 13.00
Found 70.62 6.50 13.03

@ Melting points are uncorrected,
¢ tmp = 3,4,5-Trimethoxyphenyl.

included pyridoxine HCl, hexobarbital, zoxazol-
amine, and trimethadione. Drugs used in com-
bination with II (compound No. 9 in Table I) in-
cluded, in addition to its 4-pyridyl congener (1),
strychnine and pentylenetetrazol.

Hexobarbital Sleeping Time.—This was meas-
ured as the duration of loss of righting reflex, the
mice being considered asleep until they could right
themselves three times in one minute. Controls
were always run along with the experimental
group(s), and the significance of the difference be-
tween the mean sleeping times of the control and
experimental group(s) was determined by means of
Student’s “#” test. Compound No. 5(I) wasused as
an additional control in all experiments. The various
amides used to pretreat the mice were either given
orally, in suspension with 0.5%, carboxymethylcellu-
lose, or, when only the pyridyl derivatives were being
compared, parenterally (s. c. or i. p.) as the hydro
chloride or tartrate salts. Hexobarbital was always
administered intraperitoneally as the sodium salt,
using a dose of either 110 mg./Kg. or 150 mg./Kg.
Results are expressed in terms of per cent prolonga-
tion of the mean control sleeping time.

Hezxobarbital Metabolism.—For the determina-
tion of the effect of compound No. 5 on total body
hexobarbital concentration, the experimental mice
were pretreated with 25 mg./Kg. of the drug, sub-
cutaneously, followed in thirty minutes by the intra-
peritoneal administration of hexobarbital (200 mg./
Kg). One hour after the administration of the
hexobarbital, the total body concentration (mg./Kg.)
was determined, either by the method of Brodie,

b Analyses are by Alfred Bernhardt, Max Planck Institute, Mulheim, W. Germany.

et al. (9, 10), or by the one used by Fujimoto, ef al.
(11). Results by either method are in close agree-
ment.

Isolated rat liver perfusions were performed to
localize the effect of Tu-702 on hexobarbital metab-
olism at the organ level. The livers were obtained
from male Sprague-Dawley or Long-Evans rats
weighing 400-550 Gm. They were perfused (100
ml. albumin-Locke solution plus 50 ml. freshly
drawn whole rat blood) in a recirculating system
similar to that of Plaa and Hine (12). The per-
fused liver was given approximately one hour to
equilibrate with its new environment and then the
disappearance of added hexobarbital from the sys-
tem was studied in the presence and absence of com-
pound No. 5. The rate of disappearance of added
hexobarbital from the system was followed by de-
termining the hexobarbital concentration in aliquots
of the perfusate taken at ten, twenty, forty, eighty,
and one hundred and twenty minutes, and by de-
termination of the terminal concentration of hexo-
barbital in the liver at one hundred and twenty
minutes.!

RESULTS

Of the compounds listed in Table I only those
having a pyridyl moiety attached to the 8-carbon
caused grossly observable effects in mice (in doses
up to 500 mg./Kg). Compounds 5, 6, and 10 were
convulsants, superficially resembling pentylenetetra-

! The authors wish to express their gratitude to Dr. Gabriel

L. Plaa for his invaluable assistance in carrying out the liver
perfusions.
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zol 1 this respect. Of the anticonvulsants tested,
trimethadione was by far the most effective (Table
II). Zoxazolamine and hexobarbital were less
effective in that they protected only after doses
that caused obvious depression. Pyridoxine was
completely ineffective.

The depressant effect of compound 9, the only
member of the series that was found to have this
effect, was of long duration. In doses less than
those required to cause loss of the righting reflex,
its most prominent effect in mice was the production
of a state of catalepsy. After a dose of 400 mg./Kg.
the mice would in many cases ‘‘sleep” (lose their
righting reflex) for longer than twelve hours. A
surprising observation was that pretreatment with
this compound lowered the threshold to convulsions
induced by either its 4-pyridyl congener (compound
5) or strychnine, as shown in Table ITI. Pentylene-
tetrazol, on the other hand, was not potentiated by
the compound.

Neither the dose of the 4-pyridyl congener (com-
pound 5) nor of the strychnine sulfate were sufficient
to induce convulsions in the control mice, but they
became very potent convulsant doses after pretreat-
ment with the depressant. An interesting observa-
tion was that after pretreatment with doses sufficient
to cause loss of the righting reflex, the subsequent
administration of 1.5 mg./Kg. of strychnine sulfate
would not necessarily induce convulsions, but was
invariably lethal (death being due to respiratory
failure). Like its depressant effect, the ability of the
depressant to potentiate the action of its 4-pyridyl
congener and of strychnine was of long duration.

TABLE I1.—PROTECTION BY TRIMETHADIONE
AcAinsT CONVULSIONS INDUCED BY
a-BENZOYLAMINO-3-(4-PYRIDYL)

AcCRrYLIC ACID PIPERIDIDE®

Ratio of
Number Ratio of
Convulsing Number
to Dying to
Number Number
Treated Treated
Control (no pretreat- 10/10 9/10
ment)
Pretreated with tri- 0/10 0/10

methadione, 500 mg./
Kg. (i. p.), 15 min. be-
fore convulsant

2 Swiss albino mice, 100 mg./Kg., s. ¢. injection.

TABLE ITI.—EFFECT OF PRETREATMENT WITH
a-BENZOYLAMINO-8-(3-PYRIDYL) ACRYLIC ACID
PIPERIDIDE® ON LETHALITY OF VARIOUS
CONVULSANTS

Ratio of Number of Mice
Dying to Number Treated
with the Corresponding

Convulsant
Controls
(no Pre-
treatment) Pretreated
Compound 5 (Table I),
50 mg./Kg., i. p. 0/10 10/10
Strychnine sulfate, 1.5
mg./Kg., i. p. 0/10 10/10
Pentylenetetrazol, 100
mg./Kg., i. p. 9/10 4/10

8 A 200 mg./Kg. dose, s. c., thirty minutes before adminis-
tration of the convulsant.
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The effect on the duration of hexobarbital-induced
hypnosis in mice varied depending on the conditions
of the experiment but, using a dose of hexobarbital
of 110 mg./Kg. and a pretreatment time of forty
minutes, 50 mg./Kg. of the 4-pyridyl piperidide
caused a prolongation in sleeping time of 9969,
(i. e., 24.1 = 0.9 minutes for the controls vs. 263.8
+ 17.5 minutes after pretreatment). Taking the
per cent prolongation after the 4-pyridyl piperidide
in each experiment as unity, the relative potencies
of the other derivatives tested arc listed in Table
IV. Also shown in this Tablc is the significance of
the difference between the effect of each of the com-
pounds and that of the 4-pyridyl piperidide. Shown,
in addition, is the estimated LD, for each of the
compounds (based on 24 to 48 mice per assay).

TABLE 1V.—PROLONGATION OF
HEXOBARBITAL-INDUCED HYPNOSIS IN MICE

Potency
Relative
No. to
{from Compound LDso,

Table I) 5a P mg./Kg.
5 1.00 .. 74
6 1.06 >0.05 132
7 0.43 <0.05 >1600
8 0.52 <0.05 >800
9 0.19 <0.01 476
10 0.89 >0.05 126

2 Doses equimolar to doses used of compound 5.

In all cases the dose used of each of the derivatives
was equimolar with the dose used of the 4-pyridyl
piperidide. Under these conditions the compounds
listed in Table I but not shown in Table IV caused
no significant prolongation of the control sleeping
time.

Table V shows the effect of compound 5 on hexo-
barbital body levels in mice. It will be seen from
these data that in oue hour the rate of disappearance
is reduced by almost one-half by pretreatment with
this drug.

TABLE V.—EFFECT OF
a-BENZOYLAMINO-(4-PYRIDYL) ACRYLIC ACID
P1rERIDIDE ON HEXORARBITAL BoDpy LEVELS

Disap-
—MHexobarbital, mg./Kg.—  pearance,
Initial After 60 min.® %
Controls
(6 mice) 200 80.3 & 3.5 59.9
Pretreated
(6 mice) 200 133.7 + 15.3 33.2

¢ & Standard error.

The results of the liver perfusion experiments are
shown by means of decay curves (Fig. 1), hexobar-
bital concentration being expressed as a percentage
of the concentration initially present (approx. 650
meg./ml.). While these curves each represent the
results of a single experiment, the results of duplicate
experiments were in excellent agreement with those
illustrated. The control curves were calculated
to follow most closely a second-order rate reaction,
with a half-life (based on the initial concentration)
of about forty minutes.
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Fig. 1.—Effect of a-benzoylamino-g-(4-pyridyl)
acrylic acid amide (I) on rate of disappearance of
hexobartbital from rat liver perfusate. A, control;
B, 25 mg. of I added fifteen minutes before hexobar-
bital; C, 25 mg. I added thirty minutes before hexo-
barbital.

DISCUSSION

The relationship between structure and activity
in this series of compounds represents something
of a paradox. The situation in the case of the struc-
tures (i. e., I being a convulsant and II a depressant)
does not exist in the case of their diethylamide
analogues, the trausition from diethylamino to
piperidino having in fact a different effect depending
on the position of the nitrogen in the pyridyl ring.
In the 4-pyridyl series this change, represented by
the transition from compound 6 to compound 5,
results in a quantitative change only (an increase
in toxicity, as shown by the LDsy’s in Table IV).
‘The same change in the 3-pyridyl series, represented
by the transition from compound 10 to compound 9,
corresponds to an opposite change in acute toxicity
and, in addition, there is a qualitative change from
stimulant to depressant.

Based on gross observations, the convulsants in
this series appear to be of the same type as pen-

605

tylenetetrazol, a suggestion supported by the an-
tagonistic effect of trimethadione (13). Pentylene-
tetrazol has a stimulating effect on excitatory sy-
napses within the central nervous system (14).

The depressant effect of «-benzoylamino-g8-(3-
pyridyl) acrylic acid piperidide is poorly understood,
but its ability to potentiate strychnine is interesting.
Unlike pentylenetetrazol, strychnine is a convulsant
by virtue of its ability to depress inhibitory synapses
within the CNS (14, 15). One class of depressants
that potentiate strychnine are the erythrina alka-
loids, which are capable of blocking transmission
between motor-axon collaterals and Renshaw cells
(16). Whether a similar mechanism of action can
be invoked in the casc of the 3-pyridyl piperidide
remains to be seen. The fact that after pretreat-
ment with this compound strychnine is lethal with-
out necessarily causing convulsions suggests that
strychnine’s ability to inhibit transmission at excit-
atory synapses (15) may be of importance in ex-
plaining some of its gross effects.

Substitution of either methyl or trimethoxyphenyl
(as in compounds 7 and 8, respectively) for the
phenyl moiety of compound 5 results in a drastic
reduction in central activity, although the ability
to prolong the duration of action of hexobarbital
is retained to a considerable degree, as shown by the
data in Table I1V. The prolongation of hexobar-
bital sleeping time is probably secondary to inhibi-
tion of the biotransformation of hexobarbital in the
liver, which is the principal means by which the
action of hexobarbital in the body is terminated (17).
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