
drug levels were higher than blood levels; hut in both compartments, 
carnazeparn concent rations were considerably lower than those found 
in rats 5 min after injection. The drug declined faster in the blood of mice 
than in that of rats, the apparent half-lives in the two species being 9 and 
20 min, respectively, as calculated according to Gibaldi (4). 

2029 (1974). 

ibid., 24,1759 (1974). 
(2) L. Merlo, V. Noseda, R. Ferrini, G. Miragoli, and G. Marchetti, 
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Abstract Lithium aluminum hydride reduction of 1,4-dirnethyl-3- 
pyrazolidinone yielded 1,4-dimethylpyrazolidine. The latter compound 
and 1-methylpyrazolidine reacted with aryl isocyanates to produce 1- 
methyl-2-phenylcarhamoylpyrazolidines. Several of these adducts dis- 
played significant anticonvulsant activity in the maximal electroshock 
seizure and pentylenetetrazol seizure threshold tests. 

Keyphrases 0 Pyrazolidines, various substituted-synthesized, eval- 
uated for anticonvulsant activity in mice 0 Anticonvulsant activity- 
various substituted pyrazolidines evaluated in mice 0 Structure-activity 
relationships-various substituted pyrazolidines evaluated for anti- 
convulsant activity in mice 

Antiepileptic agents containing the semicarbazide 
functionality have been investigated only rarely (1-3). 
1 -Phenylsemicarbazide (I) is devoid of protective activity 
in the maximal electroshock test a t  300 mg/kg (4). How- 
ever, several tricyclic semicarbazides (II), which possess 
good potency and a favorable therapeutic ratio, have been 
described (5). 

0 

@:;wENH2 N 

I *I R 
CNN’ 

R \R  

Interest in new anticonvulsant agents (6-8) as well as 
in pyrazolidine analogs of medicinals (9) prompted the 
synthesis and evaluation of a series of 1-methyl-2-phen- 
ylcarbamoylpyrazolidines (IVa-IVw). 

DISCUSSION 

Chemistry-The synthesis of the title compounds necessitated the 
preparation of the two pyrazolidine bases IIIa and IIIb. 1-Methylpyra- 
zolidine (IIIa) was obtained by previously described methods (10). 
1,4-Dimethylpyrazolidine (IIIb), a new base, resulted from the lithium 
aluminum hydride reduction of 1,4-dimethyl-3-pyrazolidinone. The latter 

CH., 
I 
I 

CH,NHNH, + CH,=CCOOH -+ 

h I , I  h I tI , 
CH ,N-NH CH ,N-NH 

Scheme I 
I116 

precursor was prepared by condensing methylhydrazine with methacrylic 
acid (11) (Scheme I). 

Addition of these pyrazolidines to aryl-substituted isocyanates oc- 
curred smoothly to give IVa-IVw (Scheme 11). The physical properties 
of these adducts are given in Table I. 

Biological Activity-All phenylcarbamoylpyrazolidines were tested 
for anticonvulsant activity and neurotoxicity by the methods described 
under Experimental (Table 11). Of the 22 compounds tested, 19 exhibited 
some anticonvulsant activity. The p-bromo derivatives IVb and IVp were 
uniformly inactive. 

Compounds IVm, IVn, and IVu showed the best activity against 
maximal electroshock. They all possess a 2,6-substitution pattern in the 
aromatic ring reminiscent of the local anesthetic-antiarrhythmic drug 
lidocaine, which can temporarily arrest grand ma1 as well as certain other 
epileptic seizures (12). However, the short time of peak effect (0.5 hr) for 
IVm, IVn, and IVu probably indicates a short duration of action and may 
limit their usefulness (5). 

Compounds IVe, IVi, and IVm showed significant activity in the 
pentylenetetrazol test a t  0.5 hr but were devoid of activity a t  4 hr. 

R 
I 

A 
N=C=O + CH,N-NH - 

IIIa: R = H 
IIIb: R = CH, 

7 

IVa -1vu 
Scheme I 1  
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Table I-Physical Properties of 1 -Methyl-2-phenylcarbamoylpyrazolidines 

Recrystal- 
Melting Yield, lization Analysis, % 

Compound R X Point % Solvent" Formula Calc. Found 
IVa 

IVb 

IVC 

IVd 

IVe 

IVf 

IVg 

IVh 

IVi 

IVj 

IVk 

IV1 

IVm 

IVn 

IVO 

IVP 

IVq 

IVr 

I vs 

IVt 

IVU 

IVU 

IVW 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

CH3 

CH3 

CH3 

CH3 

CH3 

CH3 

CH3 

CH3 

CH3 

71-73' 

121-123" 

105-107' 

110-112' 

84-85' 

72.5-73.5' 

91-93" 

87-89' 

101.5-103.5' 

112-113' 

85.5-86.5' 

94-95" 

92-93' 

1 10-1 12' 

70-71" 

101-1020 

99-1010 

107-109' 

79-80' 

67-68' 

126-127' 

72-13" 

113-115' 

40 

56 

65 

62 

82 

48 

71 

60 

60 

41 

57 

79 

71 

60 

58 

66 

72 

60 

94 

46 

64 

43 

65 

C 

A 

A 

A 

A 

A 

A 

B 

E 

C 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

D 

A 

A 

C 64.38 
H 7.37 
N 20.47 
C 46.49 
H 4.97 
N 14.79 
C 55.12 
H 5.89 
N 17.53 
C 55.12 
H 5.89 
N 17.53 
C 59.18 
H 6.32 
N 18.82 
C 61.26 
H 7.28 
N 17.86 
C 65.73 
H 7.81 
N 19.16 
C 65.73 
H 7.81 
N 19.16 
C 52.79 
H 5.64 
N 22.39 
C 52.79 
H 5.64 
N 22.39 
C 52.15 
H 5.16 
N 15.38 
C 48.19 
H 4.78 
N 15.33 
C 56.80 
H 6.36 
N 16.56 
C 66.92 
H 8.21 
N 18.01 
C 65.73 
H 7.81 
N 19.16 
C 48.34 
H 5.41 
N 14.09 
C 56.80 
H 6.36 
N 16.56 
C 62.63 
H 7.68 
N 16.85 
C 66.92 
H 8.21 
N 18.01 
C 66.92 
H 8.21 
N 18.01 c 54.54 
H 6.10 
N 21.20 
C 58.31 
H 6.78 
N 15.69 
C 67.98 
H 8.56 
N 16.99 

64.32 
7.62 

20.67 
46.44 

5.14 
14.55 
55.38 

6.06 
17.22 
55.01 

5.94 
17.27 
59.33 

6.36 
18.85 
60.89 

7.43 
17.73 
65.73 

7.74 
19.13 
65.81 
7.89 

18.87 
52.91 

5.85 
22.38 
53.16 

5.52 
22.65 
52.92 

5.18 
15.32 
48.28 

4.88 
15.33 
56.89 
6.59 

16.26 
67.01 

8.47 
17.87 
65.69 

7.72 
19.08 
48.28 

5.54 
14.21 
56.94 

6.45 
16.71 
62.74 

7.84 
16.74 
67.12 

8.31 
17.97 
66.99 

8.25 
17.96 
54.61 
6.23 

21.31 
58.34 
6.93 

15.88 
68.14 

8.54 
17.16 

a A = cyclohexane, B = hexane-cyclohexane, C = benzene-petroleum ether, D = benzene, and E = benzene-cyclohexane. 

EXPERIMENTAL' 
* Melting points were determined on a Thomas-Hoover apparatus and are un- 

corrected. IR spectra were taken on a Perkin-Elmer 700 spectrophotometer as either 
liquid films or potassium bromide pellets. NMR spectra were recorded on a Varian 
A-60A spectrometer, using tetramethylsilane as the internal reference. Elemental 
analyses were performed by PCR Inc., Gainesville, Fla., and Dr. Kurt Eder, Geneva, 
Switzerland, 

1,4-Dimeth~lpyrazolidine (IIIb)2-This compound was prepared 
by the lithium aluminum hydride reduction of 1,4-dimethyl-3-pyrazo- 
lidinone (1 1) in tetrahydrofuran by the Same procedure utilized for the 
preparation of 1-methylpyrazolidine (10). The colorless liquid, bp 
128-131', was obtained in 39% yield; NMR (CDC13): 6 1.17 (d, 3, C-CH3), 2 This experiment was carried out by W. J. Layton. 
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Table 11-Anticonvulsant Effect 
MES sc Met 

i5A;;ivityq0 hr 0,5Ac;ivity; hr 
Compound ED50 ED50 TD50 

IVa + 
IVb 
IVC 
1Vd 
IVe + + IVf 
I v g  
1Vh 
IVi 

ND IVj 
IVk 
IVl 
IVm ++ 
IVn ++ 
IVO + 
IVP 
IVq + 
IVr + 
IVS + + IVt 
IVU 
IVU ++ 
IVUJ + 

- 
- 
- 

- 
- 

- 

- 

153 (144-163) + 
ND 
ND + 
ND + ++ ND 
ND + ND 
ND 
ND ++ 
ND ND + ND 
ND 

- 

- 
- 

- 
55.7 (48.1-75.3)d ++ 
48.8 (39.7-61.6)d + + - ND 

ND 
ND 
ND 
ND + 
ND + 
ND + 

62.2 (60.8-63.9)d + 
88.0 (75.5-99.3)d - 

- 
- 

ND‘ 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

181 (155-226) 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

148 (134-166)d 
150 (142-159)d 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

174 (1f~9-197)~ 
207 (177-245)d 
171 (144-250) 35.4 (19.0-56.1) Ethotoin 85.5 (72.0-92.2) 

0 +++. + +, and + signify activity at 30,100, and 300 mg/kg, respectively; - denotes n o  activity observed at 300 mg/kg. * TD5o = median toxic dose in the rotorod test. 
N D  = not determined. Determined at time of peak effect (0.5 hr). e No activity observed at 100 mg/kg. 

2.80 (s, 3, NCH3), and 1.60-3.47 (m, 6, NH and remaining ring H) ppm. 
Storage under a nitrogen atmosphere is necessary to avoid oxidation to 
1,4-dimethyl-2-pyrazoline. 

Anal.-Calc. for C ~ H I ~ N ~ :  C, 59.96; H, 12.08; N, 27.97. Found C, 59.74; 
H, 12.28; N, 27.83. 
1-Methyl-2-phenylcarbamoylpyrazolidines (IVa-IV w)-A typical 

reaction is described, that for the preparation of 1-methyl-2-p-chloro- 
phenylcarbamoylpyrazolidine (IVd). Table I lists the physical and ana- 
lytical data. 

T o  a solution of 2.58 g (0.030 mole) of 1-methylpyrazolidine (10) in 15 
ml of dry benzene was added dropwise a solution of 4.12 g (0.0268 mole) 
of p-chlorophenyl isocyanate in 10 ml of dry benzene with magnetic 
stirring. The resulting mixture was refluxed for 3 hr, cooled, diluted with 
25 ml of benzene, and extracted with 50 ml of 5% hydrochloric acid. The 
acidic extract was washed with 40 ml of ether and made bpsic by the ad- 
dition of solid sodium carbonate (carbon dioxide evolution). 

The aqueous solution was extracted twice with 40-ml portions of ether 
and dried (magnesium sulfate). Evaporation of the ether resulted in a 
crystalline residue. Recrystallization from cyclohexane afforded 3.95 g 
(62%) of colorless crystals, mp 110-112°; IR (KBr): 1662 (C=O) and 3325 
(NH) cm-l; NMR (CDC13): 8 2.57 (s, 3, NCHs), 1.67-4.20 (m, 6, aliphatic 
ring H),  7.4 (m, 4, ArH), and 8.57 (broads, 1, CONH) ppm. 

Pharmacological Testing-All compounds were tested for anti- 
convulsant activity3. The compounds were evaluated using the Anti- 
convulsant Screening Project Test Systems (13, 14). Three tests were 
performed: MES (maximal electroshock seizure test), sc Met (subcuta- 
neous pentylenetetrazol seizure threshold test), and the rotorod test to 
evaluate neurotoxicity. The ED50 and TD50 values and their confidence 
limits were determined by probit analysis. Additional details concerning 
the pharmacological testing were reported recently (7). All tests were 
performed on male Carworth Farms No. 1 mice. 

€3) the Antiepileptic Drug Development Program administered by the Sectlon 
on Epilepsv. National Institutes of Health. Bethesda. MD 20014. 
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