of pregnancy and is needed to initiate uterine excitability and in-
duce contractions at a force capable of expelling the fetuses.

It appears from this study that the administration of cyproter-
one acetate, an antiandrogenic, progestational compound, at mid-
pregnancy prolongs the progesterone dominance. That the action
of this compound is prolonged is in agreement with the findings of
Bridge and Scott (2) who observed that prostatic secretion in dogs
treated with cyproterone acetate was abolished for a period greater
than 47 days after the termination of drug treatment.

The duration of action of this compound would alse explain the
increase in the gestational period of rats treated at midpregnancy
with cyproterone acetate and the inability of these animals to de-
liver at term. Since the undelivered fetuses continue to grow,
forceful and painful expulsion might account for the high percent-
age of cannibalization observed in these animals (4).

Since it was determined that the force of contractions is reduced
following the administration of cyproterone acetate, investigations
are presently in progress to assay the levels of estrogens and pro-
gesterone in the treated animals. The results obtained from these
studies are important in elucidating the mechanism of action of
this compound on uterine contractility.
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N,N’-Bis[3-(3-substituted urea)propyl]piperazines
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Abstract 00 Several N,N’-bis[3-(3-substituted urea)propyl]pipera-
zines were synthesized and characterized by their sharp melting
points, elemental analyses, and IR spectra. All substituted pipera-
zines were found to possess anticonvulsant activity, which was re-
flected by 20-70% protection observed against pentylenetetrazol-
induced seizures in mice. Some of these compounds inhibited oxi-
dation of pyruvic acid by rat brain homogenate. No correlation
could be observed between the anticonvulsant activity possessed
by these substituted piperazines and their ability to inhibit the ox-
idation of pyruvic acid.

Keyphrases 0 N,N'-Bis[3-(3-substituted urea)propyl]pipera-
zines—synthesis, anticonvulsant activity and relationship to inhi-
bition of pyruvic acid oxidation O Structure-activity relation-
ships—N,N’-bis[3-(3-substituted urea)propyl]piperazines, anti-
convulsant activity, rats, inhibition of pyruvic - acid oxidation
0O Oxidation, pyruvic acid—effect of piperazinoureas, relationship
to anticonvulsz_int activity O Piperazines, N,N’-bis[3-(3-substitut-
ed urea)propyl]—synthesis, anticonvulsant activity and relation-
ship to inhibition of pyruvic acid oxidation

Anticonvulsant, antireserpine, and central nervous
system (CNS) depressant properties exhibited by
substituted piperazines (1, 2) and the inhibition of
the oxidation of pyruvic acid by N,N’-bis[3-(3-substi-
tuted thiourea)propyl]piperazines (3) possessing an-
ticonvulsant activity (4) led to the synthesis of some
N, N’-bis[3-(3-substituted  urea)propyl]piperazines

(piperazinoureas). In the present study, at-
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tempts were made to correlate the anticonvulsant ac-
tivity possessed by these piperazinoureas with their
enzyme inhibitory effectiveness.

EXPERIMENTAL!

N,N'-Bis[3-(3-substituted urea)propyl]piperazines (I-XIiI)
—Compounds I-XIII were prepared by refluxing a mixture of N,N’-
bis(3-aminopropyl)piperazine? (0.01 mole) and the appropriate
isocyanate (0.02 mole) in dry benzene on a steam bath for 2 hr. Ex-
cess benzene was removed by distillation under reduced pressure.
The solid mass which separated out was collected by filtration and
recrystallized from suitable solvents. These substituted pipera-
zinoureas were characterized by their sharp melting points, elemen-
tal analyses?, and IR spectra (Table I).

Determination of Anticonvulsant Activity—Anticonvulsant
activity was determined in mice of either sex weighing 25-30 g.
The mice were divided into groups of 10, keeping the group
weights as near the same as possible. Each piperazinourea was sus-
pended in 5% aqueous gum acacia to give a concentration of 0.25%
(w/v). The test compound was injected in a group of 10 animals at
a dose of 100 mg/kg ip.

Four hours after the administration of the piperazinourea, the
mice were injected with pentylenetetrazol (90 mg/kg sc). This dose

! All compounds were analyzed for their carbon, hydrogen, and nitrogen
content. Melting points were taken in open capillary tubes and are correct-
ed. IR spectra were obtained with Perkin-Elmer Infracord spectrophotome-
ter model 137 equipped with NaCl optics in KBr films in the range of 700-
3500 em™ L.

2 Aldrich Chemical Co., Milwaukee, Wis.

3 Central Drug Research Institute, Lucknow, India.



Table I—Physical Constants of

N,N’-Bis[3-(3-substituted urea)propyllpiperazines

R— NHCONH—(CH,),—N

N—(CH,),— NHCONH-—R

/
R s IR ,
e- ectra i

Com- Melting  Yield, crystallization (CONH), Analysis, %
pound R Points % Solvent Formula cm ~1 Calec. Found
I C.H; 149° 55 Dioxane CisH3.N4O, 1640 C 56.14 56.00
H 9.94 10.00
N 24 .56 24 .31
11 CesH; 202° 90 Dioxane C,:Ha N0, 1640 C 65.75 66.13
H 7.76 7.85
N 19.17 19.43
111 0-CH;—C:H; 227° 60 Acetic acid C2H3:NO, 1650 C 66.95 66.76
H 8.15 8.42
N 18.02 18.42
v m-CH;— C:H, 195-197° 75 Nitrobenzene C26H3sN O, 1650 C 66.95 67.03
H 8.15 8.32
N 18.02 18.13
A% p-CH,—C:H, 225° 85 Acetic acid C2H:N,O, 1660 C 66.95 67.25
H 8.15 7.94
N 18.02 18.20
VI 0-C1—C¢H; 235° 60 Acetic acid C.24H3,CI,NO, 1655 C 56.80 56.66
H 6.31 5.95
N 16.56 16.21
VII m-Cl—CsH;, 238° 77 Acetic acid C.::1H;:C1.N O, 1650 C 56.80 56.96
H 6.31 6.33
N 16.56 16.70
VIII p-C1—C¢H, 203° deec. 82 Acetic acid C4H;3.CL.NO, 1655 C 56.80 56.72
H 6.31 6.55
N 16.56 16.36
X p-Br—CsH, >270° 83 Acetic acid C,3H3,Br,NO, 1660 C 48.32 48.44
H 5.37 5.57
N 14.09 13.96
X 0-OCH;—C¢H, 175° 62 Acetonitrile C2Hy:N:O, 1650 C 62.65 62.40
H 7.63 7.94
N 16.86 16.56
XI p-OCHg* CsH 1 196° 82 Nitrobenzene CstasN504 1650 C 62.65 62.70
H 7.63 7.78
N 16.86 16.69
X1I 0-0OC.;H;—C:H, 182° 60 Dioxane C.sH4:NO, 1655 C 63.87 64.01
H 7.98 8.23
N 15.96 16.08
XII1 p-OC.H;— C:H,4 203° 80 Nitrobenzene CosH N0, 1640 C 63.87 63.92
H 7.98 8.15
N 15.96 16.09

“ All melting points were taken in open capillary tubes and are corrected. ® All substituted piperazinoureas showed their characteristic absorptions for

CONH.

of pentylenetetrazol has been shown not only to produce convul-
sions in almost all untreated mice but also to exhibit 100% mortali-
ty during 24 hr (5). However, no mortality was observed during 24
hr in animals treated with 100 mg/kg of the test compounds alone.

The mice were then observed for 60 min for seizures. An episode
of clonic spasm that persisted at least 5 sec was considered a
threshold convulsion. Transient intermittent jerks and tremulous-
ness were not counted. Animals devoid of threshold convulsions
during the 60 min were considered protected. The number of ani-
mals protected in each group was recorded, and the anticonvulsant
activity of these substituted piperazinoureas was represented as
percent protection. In the present study, no anticonvulsant activi-
ty was observead in animals treated with 5% aqueous gum acacia so-
lution alone. The animals were then observed for 24 hr and their
mortality was recorded.

Toxicity Studies—The approximate 50% lethal dose (approxi-
mate LDz values) of the substituted piperazinoureas (Table II)
was determined in albino mice of either sex, weighing 20-25 g, by
following the method reported earlier (6).

Determination of Respiratory Activity of Rat Brain Ho-
mogenate*—Male albino rats, kept on ad libitum diet, were used
in all experirments. Rats, 100-150 g, were sacrificed by decapita-
tion. The brzins were removed immediately and homogenized in
ice-cold 0.25 M sucrose in a Potter-Elvehjem homogenizer in a

4 Commercial chemicals were used. Sodium pyruvate, adenosine mono-
phosphate (sodium salt), and cytochrome ¢ were obtained from Sigma
Chemical Co., 5t. Louis, Mo. Other common chemicals were obtained from
British Drug House, Bombay, India.

ratio of 1:9 (w/v). All incubations were carried out at 37° in the
conventional Warburg manometric apparatus, using air as the gas
phase (5). The oxygen uptake was measured at 10-min intervals.

Fresh rat brain homogenate (1 ml) equivalent to 100 mg wet
weight was added to chilled Warburg vessels containing 6.7 mM
magnesium sulfate, 20 mM sodium hydrogen phosphate buffer so-
lution (pH 7.4), 1 mM adenosine monophosphate (sodium salt), 33
mM potassium chloride, and 500 ug of cytochrome ¢ in a final vol-
ume of 3 m] unless otherwise stated. The central well contained 0.2
ml of 20% KOH solution. Pyruvate was used at a final concentra-
tion of 10 mM. It was presumed that the endogenous NAD, pres-
ent in this homogenate, was sufficient for the oxidation of sodium
pyruvate.

All substituted piperazinoureas were dissolved in propylene gly-
col (100%) and were used at a final concentration of 1 X 1073 M.
An equal volume of propylene glycol was added to the control ves-
sels.

RESULTS AND DISCUSSION

In the present study, N,N’-bis|[3-(3-substituted urea)propyl]pip-
erazines were synthesized and evaluated for their anticonvulsant
activity. The degree of protection afforded by these pipera-
zinoureas against pentylenetetrazol-induced seizures and the 24-hr
mortalities are recorded in Table II. These results indicated that
the compounds possessing 70% protection (X and XIII) also pro-
vided greater protection against pentylenetetrazol-induced mortal-
ity in the experimental animals. However, such a relationship be-
tween greater anticonvulsant activity and less mortality was not
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Table II—Anticonvulsant Activity of N,N’-Bis{3-(3-substituted urea)propyllpiperazines and Their Inhibitory
Effects on the Oxidation of Pyruvic Acid by Rat Brain Homogenates

Anticonvulsant Pentylenetetrazol
Activitye, % Mortalitye after Approximate LD,

Compound Protection 24 hr, % Values?, mg/kg Inhibition®, %
I 50 50 >3200 37.5 +£1.44

II 50 50 >3200 Nil
II1 50 40 1600 20.1 4 1.40
v 60 30 1600 17.4 +1.41
\ 40 20 >1600 19.5 +-1.95
VI 40 30 >1600 15.2 = 1.51

VII 30 40 >1600 Nil

VIII 20 20 >1600 Nil

IX 40 30 1600 Nil
X 70 10 >1600 17.5 +£1.20
X1 40 50 >1600 31.5 = 0.85
XII 50 40 >1600 14.2 + 0.92
XIJII 70 20 1600 52.7 & 2.60

@ Screening procedures for the determination of the anticonvulsant activity and the approximate LDso values are described in the text. Substituted pipera-
zinoureas were administered (100 mg/kg ip) 4 hr before the administration of pentylenetetrazol (90 mg/kg). Mortality in pentylenetetrazol-treated animals was
observed for 24 hr. ® Vessel contents and assay procedures are described in the text. Each experiment was done in duplicate, and the values are the mean values
of four separate experiments with =+ standard error of the mean. The oxygen uptake was measured at 10-min intervals during a 1-hr incubation. The percentage
inhibition was calculated from the decrease in the oxygen uptake per 100 mg wet brain weight. The mean oxygen uptake during oxidation of pyruvic acid, in
the absence of piperazinoureas, was 150.46 =+ 1.41 x1/100 mg/hr. The final concentrations of pyruvic acid and substituted piperazinoureas were 10 and 1 mM,
respectively.

sufficiently uniform (e.g., Table II: 50% protection = 50 or 40%
mortality; 40% protection = 20 or 30% mortality; 20% protection =
20% mortality).

Each piperazinourea was found to be devoid not only of the sed-
ative or CNS-depressant effect but also of 24-hr mortality in the
100-mg/kg dose used in the present study. Thus, 24-hr mortality
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