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The CNS activities of five thiolactams were studied for the first time,

These compounds caused clonic and

tonie convulsions in mice a few sec after ip injection. The most potent compd examined is 2-azacyclooctanethione
which has LD, 23 mg/kg. The variation of the acute lethal toxicity (log 1/LDs) of series of thiolactams was
found to be mainly due to the variation in the lipophilic character as measured by the octanol-H.O partition

coefficient or tle (log P or —Rar).

The dipole moment () term appears to play a significant role in determining

the convulsant activity and the toxicity of thiolactams, lactams, and v~thiobutyrolactone.

Many organic compounds containing the amide or
thicamide type of resonating structures

(where A = O,8) have been found to possess CNS
activities.!»? Although thiclactams have been known
for more than a decade, no systematic study of their
biological activities has been reported thus far.

As an extension of our study on the CNS activities
of lactams,® cyclic ureas, and thioureas,* the authors
wish to report the more potent CNS stimulatory
activity and the structure—activity correlation of a
series of thiclactams and lactams.

Experimental Section

Materials,—The thiolactams were synthesized in our labora-
tory by refluxing the corresponding lactams with thioacetic
acid.® The mp of the recrystd products agreed with the lit.
values. The elemental anal. were performed by C. F. Geiger,
Ontario, Calif.; the experimental values of C, H, N, and S were
all within 30.49 of the caled values.

Acute Lethal Toxicity (LDs).—Groups of 6 Swiss—Webster
albino mice, 3 males and 3 females weighing 18-28 g, were in-
jected ip with a series of doses. Signs of CNS activity were ob-
served continuously for 2 hr and then at regular intervals for 2
days. All drugs were administered in ag soln in a vol of 1 ml
or less unless otherwise stated. Control animals received saline
injection. The LDy was estimated for each drug according to
the method of Miller and Tainter.s

Measurement of the Partition Coefficient,—The 1-octanol-
H,O partition coefficients (P) were measured using a Perkin-
Elmer Model-124 double beam grating spectrophotometer.
The octanol was satd with H,O and vice versa, so no corrections
for vol change after equil were necessary. The analytical wave-
length ranged from 260 to 272 mgu (see Table I).

Tle.—Two different solvent systems were used in this study, 7.e.,
dioxane and BuOH-AcOH-H,0 (4:2:1). Baker-flex sheets pre-
coated with silica gel-1B were used to measure the R: values of the
thiolactams, These R: values were converted to the Ry values
according to the formula Ry = log (1 — R:)/R¢ or the conversion
table.”
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Regression Analysis.—The method of least squares was used
in correlating the acute lethal toxicity (log 1/LDy) and the
physicochemical constants using an IBM 360/65 computer.

Effect of 2-Azacyclooctanethione on the Motor Activity of Mice,
—2-Azacyclooctanethione (3 mg/kg) was injected into each
mouse, and the animal was placed in an Electronic Motility
Meter Fc 40 (Mortron Produkter, Stockholm, Sweden) enclosed
with a circular wall with 20 cm diameter. The cumulative
reading over a 30-min period after injection was compared with
that of a control animal receiving normal saline injection. The
results of 6 test mice (3 males and 3 females) as compared with
the results of 6 mice in the control group are summarized in
Table III.

Effect of 2-Azacyclooctanethione on the Pentobarbital Sleeping
Time in Mice.—A group of 6 mice (3 males and 3 females) were
given 15 mg/kg of the drug 10 min after the injectiou of sodium
pentobarbital (60 mg/kg), and the sleeping times were compared
with those of the animals receiving sodium pentobarbital alone.
The results are shown in Table I1I.

Results and Discussion

The signs observed and the estimated LDy values
as well as the physicochemical coustants used in the cor-
relation are assembled in Table I. The equations cor-
relating the toxicity and the physicochemical parameters
are summarized i1 Table II.

All the thiolactams studied eaused clonic and touie
couvulsions within a few sec of ip injection. The
5-membered (n = 3) thiolactam caused mild sedation
at lower doses and convulsions at higher doses. Since
the dual activities were observed for the 7-membered
lactam, it appeared that this was probably uot due to
conformational difference. From ir study it has been
shown® that the cis—trans transition occurred for the
ring size of 9. The most potent compd studied is
2-azacyclooctanthione (LDj, = 0.16 mmole/kg), which
is more toxic than pentylenetetrazole (LDj = 0.67
mmole/kg) and nikethamide (LD, = 0.98 mmole/kg),
but less toxic than strychnine LD;; = 0.003 mmole/kg)
or picrotoxin (LDs = 0.012 mmole/kg) in mice by the
same route of administration.®

From eq 1, 4, aud 5 one can see that the variation
in the toxicity of the thiclactams is mainly due to the
change in the lipohydrophilic character as measured
by log P or (—Ry;). More than 859 (y2 > 0.85) of
the variance in the data can be accounted for by eq 1, 4,
or 5. Addition of the dipole moment () term in
eq 2 did not significantly improve the correlation.
Combination of the — Ry and ¢ terms did uot further
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TasLE I
Acute LETHAL ToxIiciTy AND PrYSICOCHEMICAL CONSTANTS OF THIOLACTAMS AND LacTAMS

C (CH2)n>

C—N_

INd H
log ——— RY——
LDs&, 1/C, BuOH~-
mg/ moles/ Amax, log P £+ AcOH-~
n Mp, °C cor Conformation?® Observation ke kg w (D) mu 8.D. H,0  Dioxane
A=S8
3 112.5-114 Cis (strain) Mild sedat at 500 mg/kg; conv 525 2.28 4.520(5.07)c 260 —0.05 = 0.503 0.676
(112-113) and saliv at 1000 mg/kg 0.03
4 94.5-95.59 Cis (half-chair, Convulsions 175 2.82 4.83%(5.15)¢ 267 0.13 = 0.555 0.760
(95-96)4 strainless 0.02
envelop)
5 104-105.5 Cis (envelop;  Convulsions 65 3.30 4.88°(4.83) 270 0.75 = 0.743 0.822
(105-105.5)¢  boat) 0.02
6 81.5 (82-83)¢ Cis (puckered Convulsions, salivation, urina- 23 3.80 4.86>(4.81)¢ 272 1.00 &= 0.747 0.841
ring; boat) tion 0.02
7 87.5 (87.5- Cis (skew) Convulsions, salivation, urina~- 30/ 3.72 4.85*(4.80) 272 1.44 = 0.814 0.866
88)d tion 0.01
A=0
5 Cis (envelop;  Slight sedat at 300 mg/kg, con- 650¢ 2.24¢ 3.88" —0.190
boat) vulsions at 500 mg/kg
6 Cis (puckered  Convulsions 2700 2.67¢ 3.86% 0.24¢
ring boat)
7 Cis (skew) Convulsions 185¢ 2.88¢ 3.85% 0.67¢
11 Trans Trembling, side position 6250.11,720 3.64*% 1.720
y-Thiobutyrolactone
Convulsions 199¢ 2.71¢ 3.837 0.60°

e From H. E, Hallam and C. M. Jones, J. Chem. Soc. 4, 1033 (1969). °® Estimated by adding 1 Debye unit to the dipole moment of
the corresponding lactam measured in CsH, at 25°. ¢ From C. M. Lee and W. D. Kumler, J. Org. Chem., 27, 2052 (1962), measured in
dioxane at 30°. ¢ From R. Huisgen and J. Witte, German Patent 1,024,508 (1958); Chem. Absir., 54,19453c (1960). ¢ Estimated value
based on the dipole moment of the 7-membered thiolactam (n = 5) and the differences of the dipole moments of 7~ to 9-membered
lactams. / Propylene glycol (1%) was added to prevent precipitation of the drug, the vehicle alone did not show any CNS activity.
¢ From ref 3, * From A. L. McClellan, “Tables of Experimental Dipole Moments,” W. H. Freeman and Co., San Francisco and London,
1963, measured in benzene at 25°. ¢ Suspended in 5% gum acacia. 7 From I. Wallmark, M. H. Krackov, 8. H. Chuy, and H. G, Mant-
ner, J. Amer. Chem. Soc., 92, 4447 (1970), measured in C¢H, at 25°.

TasLr II

EQUATIONS CORRELATING ACUTE LETHAL TOXICITY AND PHYSICOCHEMICAL CONSTANTS OF THE THIOLACTAMS AND LACTAMS
log Po (£ Eq.
Compds Equation ne » 8¢ 95% c.i.) no.
Thiolactams log 1/C = 0.940 log P 4+ 2.583 5 0.929 0.272 1
log 1/C = 0.695log P + 1.582u — 4.941 5 0.972 0.212 2
logl/C = —0.633(log P)2+ 1.764log P + 2.516 5 0.963 0.244 1.39 () 3
log1/C = 7.571(— Ra)aiox® — 2.850 5 0.955 0.193 4
log1/C = 4.460(—Rxy)paw — 0.185 5 0.944 0.243 5
log P = 7.253(— Ru)aiox — 5. 127 5 0.959 0.203 6
log P = 4.053(—Ry)paw — 2.033 5 0.968 0.180 7
(—Ru)saw = 1.604(—Ryr)aiox — 0.606 5 0.966 0.041 8
Lactams + #-thio- log1/C = 0.083log P + 2.550 5 0.243 0.272 9
butyrolactone log1/C = 0.9691og P + 6.834u — 24.028 5 0.968 0.086 10
log1/C = —0.506(log P)* + 0.9031log P + 2.441 5 0.970 0.083 0.89(0.59-1.46) 11
Thiolactams log1/C = 0.4741og P + 2.596 10 0.547 0.488 12
Lactams and log1/C = 0.4621log P + 0.685u — 0.342 10 0.856 0.342 13
y-thiobutyro- log 1/C = —0.802(log P)? + 1.660 log P + 2.458 10 0.760 0.405 1.04 (& «) 14
lactone log1/C = —0.589(og P)2+ 1.3361log P + 0.584 — 0.012 10 0.935 0.240 1.13(0.85-8.00) 15

@ The number of data points used in the regression analysis. ® The correlation coefficient. ¢ The standard deviation from regression.
4 Diox, dioxane; BAW, BuOH-AcOH-H 0.

improve the correlation either. The (log P)? term  found that the wcy, ranged from 0.18 to 0.62 instead
in eq 3 is not statistically significant; nevertheless, of staying around 042 (mom = eTeyelohexene =
this equation reflects the fact that the optimum lipo-  0.42).1° Since the standard deviation of the experi-
philic character for maximum toxicity (log P; ob- mental log P values is of the order of 0.01 to 0.03, this
tained by setting d (log 1/C)/d log P = 0) is around  variation of mgy, values probably is not due to experi-

14. mental error. In order to verify this, the log P, the
When the additivity of the = constant (m, = log — Ry, and the u values are plotted vs. n (Figure 1),
Prgrent moi—r — 108 Pogrent mol Was examined as the

. . h A (10) T. Fuijita, J. Iwasa, and C. Hansch, J. Amer. Chem. Sac., 86, 5175
ring size increased from 5 to 9 (n = 3-7), it was (1084),
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Figure 1.—The dependence of the physicochemical constants of
thiolactams on the ring size.

From this figure one can see that the change in log P
more or less parallels the change of —Ry. This is
also indicated by the high correlation coefficients of
eq 6 and 7. The surprisingly low log P of the 6-
membered ring (n = 4) may be attributed to its rel-
atively high dipole moment as compared with that of
the 5-membered ring, resulting in higher water solu-
bility. For the 7-membered and larger rings the
dipole moments stay pretty constant and the wcm,
is closer to 0.4. This finding points to the importance
of the electronic effect on the additive-constitutive
nature of the = constant. One can also see that, at
least in a number of cases, the — Ry values give prac-
tically the same correlation as log P,'! and the Ry
values obtained from different solvent systems correlate
quite well {eq 8).

For the 4 lactams and vy-thiobutyrolactone, the
dipole moment term in eq 10 is highly significant
(F1» =27), so is the (log P)? term in the parabolic
eq 11 (Fi. = 30). All the dipole moments of the
lactams were experimentally determined;'? unfor-
tunately, only 3 experimental dipole moments of the
thiolactams were available in the literature.'* The re-
ported dipole moment of the thiolactams were measured
in dioxane and those of the lactams were measured in
Ce¢Hg. It is known that dioxane solutions usually give
higher dipole moments than C¢Hg solutions;** in order

(11) C. B. C. Boyce and B. V. Milborrow, Nature (London), 208, 537
(1965).
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to avoid this additional source of error we elected to
use the estimated dipole moment of the thiolactams
by adding 1 Debye unit to the u of the corresponding
lactam measured in CeHs. These 5 estimated values
gave better correlation than the 3 experimental values
plus 2 estimated values.

When the thiolactams, lactams, and vy-thiobutyro-
lactone are pooled together, eq 12-15 are obtained.
The (log P)? and p terms in eq 15 are significant at 95
perceutile level (Fi¢ = 6.6; 13 resp). More than
87% (y? > 0.87) of the variance in the data can be
“explained” by eq 15. It is interesting to note that
the log P, value of 1.13 obtained from eq 15 is
very close to those that have been found for a series of
cyclic urea and thiourea derivatives (log Py = 1.4-
1.5).4 This suggests that the site of action and the
intermolecular forces involved in drug-receptor inter-
actions are probably the same for all the aforementioned
compounds. The sign associated with the s term in
eq 2, 10, 13, and 15 is positive, indicating that the
higher the dipole moment the higher will be the con-
vulsant activity and the acute lethal toxieity. This
is in accord with what has been found for the acute
lethal toxicity of a series of cyclic urea and thiourea
derivatives,* and in contrast with what has been found
for the anticonvulsant activity of a series of imides,
barbiturates, and hydantoins,”® where the dependence
of the anticonvulsant activity on the u term is negative.

From Table III it can be seen that even though the

Tasre IT1
EFFECTS OF 2-AZACYCLOOCTANETHIONLE ON THE MQTOR AcTtiviTy
AND THE SODIUM PENTOBARBITAL Snrrping Tive 1n Micr

Sleeping
Motor time,”
activity min = % in-
Drug(s) given =+ 8.D. {.D. crease P
Saline (control) 849 =+ 67
2-Azacyclooctanethione
(3 mg/kg) 1146 = 272 +35 2.37 <0.05
Sodium pentobarbital
(60 mg/kg) 52 + 26
Sodium pentobarbital (60
mg/kg) + 2-azacyclooctane-
thione (15 mg/kg) 87 £19 +65 2.35 <0.05

a The sleeping time was arbitrarily defined as the time iuterval
between the loss and the spontaneous recovery of the righting
reflex.

motor activity was significantly increased by 3 mg/kg
of 2-azacvelooctanethione, the pentobarbital-induced
sleeping time was increased rather than decreased by
15 mg/kg of the thiolactam. This may possibly be due
to competitive protein binding, thus releasing more
of the pentobarbital for CNS depression. This finding
ruled out the possibility of using the thiolactams as
possible analeptic agents in barbiturate poisoning.
One possible application of the potent thiolactams may
be the use as rodenticides. In preliminary testing
when some cheese was incorporated with 2-azacyclo-
octanthione and given to 6 mice without giving the
regular food, 3 of the animals died within 24 hr and all
of them died in 2 days.
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