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Abstract Several 2-(substituted alkoxyhydrazinocarbonyl ac- 
etani1idothio)benzoxazoleslbenzothiazoles were synthesized and 
characterized by their sharp melting points, elemental analyses, 
and IR spectra. All thiobenzoxazoles/benzothiazoles possessed low 
anticonvulsant activity, which was reflected by the 10-40% protec- 
tion afforded by these compounds against pentylenetetrazol-in- 
duced convulsions. All thiobenzoxazoleslbenzothiazoles inhibited 
selectively the nicotinamide adenine dinucleotide "AD)-depen- 
dent oxidation of pyruvate, DL-isocitrate, and a-ketoglutarate by 
rat brain homogenates. NAD-independent oxidation of succinate 
remained unaltered. All 2-(substituted hydrazinocarbonyl acetani- 
lidothio)benzoxazoles/benzothiazoles inhibited monoamine oxi- 
dase activity of rat brain homogenates. Greater monoamine oxi- 
dase inhibition was observed with thiobenzothiazoles than with 
the corresponding thiobenzoxazoles. The low anticonvulsant activ- 
ity possessed by these thiobenzoxazoles/benzothiazoles was found 
to be unrelated with their ability to inhibit cellular respiratory and 
monoamine oxidase activities of rat brain homogenates. 
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Depressant effects of benzimidazole (1) and anti- 
convulsant properties of benzimidazoles and ben- 
zothiazoles (2) led to the development of zoxazolam- 
ine (3) and chlorozoxazone (4) as centrally acting 
muscle relaxants. Benzimidazole (5 ,  6) and benzoxa- 
zole (5, 7) derivatives have been reported to raise the 
threshold of electroshock convulsions. Earlier studies 

CI---CHFOCI + I H2N a C O O R  
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also indicated the anticonvulsant activity of ben- 
zothiazole, an isoester of benzoxazole and benzimid- 
azole, which, in the form of a methyl derivative, 
raised the electroshock threshold in cats (5). Further- 
more, diverse psychopharmacological properties ex- 
hibited by benzoxazoles (8) and benzothiazoles (2, 9) 
prompted synthesis of 2-(substituted alkoxy/hydra- 
zinocarbonyl acetanilidothio)benzoxazoles/benzothi- 
azoles. 

In the present study, thiobenzoxazolesbenzothia- 
zoles were evaluated for their anticonvulsant activity 
and ability to inhibit cellular respiratory and mono- 
amine oxidase activities of rat brain homqgenates. 

EXPERIMENTAL' 

Chemistry-The various 2-(substituted alkoxy/hydrazinocar- 
bony1 acetani1idothio)benzoxazoleslbenzothiazoles were synthe- 
sized by following the methods outlined in Scheme I ( R  = 0 or S). 
2-Mercaptobenzoxazole or 2-mercaptobenzotbiazole, on condensa- 
tion with N-cbloroacetylamino esters, resulted in the formation 
of 2-(substituted alkoxycarbonyl acetani1idothio)benzoxazolesl 
benzothiazoles. These compounds were treated with hydrazine hy- 
drate to form the corresponding 2-(substituted hydrazinocarbonyl 
acetanilidothio) benzoxazoleslbenzotbiazoles. 

Alkylamino Benzoates-These alkylamino benzoates were 
prepared by treating aminobenzoic acids with the appropriate al- 
cohol according to the method reported earlier (10). 

N-Chloroacetylaminoalkyl Esters-To a solution of an ap- 
propriate aminoalkyl benzoate (0.04 mole) in 20 ml of dry benzene 
was gradually added chloroacetyl chloride (0.022 mole), and the 
mixture was refluxed on a steam bath for 2-4 hr. Excess benzene 
was distilled, and the resulting mixture was poured over ice-cold 
water. The desired N-chloroacetylaminoalkyl esters, which sepa- 
rated out, were reported earlier (11). 

%-(Substituted Alkoxycarbonyl Acetani1idothio)benzoxa- 
zoles/benzothiazoles-A mixture of the appropriate 2-mercapto- 
benzoxazole or 2-mercaptobenzothiazole (0.01 mole) in 20 ml of 
dry acetone, anhydrous potassium carbonate (0.011 mole), and the 
suitable chloroacetylaminoalkyl ester (0.01 mole) was refluxed on a 
steam bath for 16-18 hr. The mixture was filtered to remove potas- 
sium chloride. Excess acetone from the filtrate was distilled; the 
crude products, which separated on cooling, were collected by fil- 
tration, washed with water, and recrystallized from ethanol. 

The various 2-(substituted alkoxycarbonyl acetani1idothio)ben- 
zoxazoles/benzothiazoles were characterized by their sharp melting 
points and elemental analyses (Table I). The presence of charac- 
teristic bands for -C(=O)O (1735 cm-I), CHz (2800 cm-I), and 
CONH (1690 cm-') in the IR spectra of these compounds provided 
further confirmation of their molecular structure. 

%-(Substituted Hydrazinocarbonyl Acetani1idothio)benzox- 
azoles/benzothiazoles-To a solution of the appropriate 2-(sub- 

All compounds were analyzed For their carbon, hydrogen, and nitrogen 
content. Melting points were taken in o en capillary tubes with a partial im- 
mersion thermometer and are corrected: IR spectra were obtained with Per- 
kin-Elmer Infracord spectrophotometer model 137 equipped with sodium 
chloride optics in potassium bromide films in the 700-3500-~m-~ range. 
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Table I-Physical Constants of 2- (Substituted Alkoxycarbonyl Acetani1idothio)- a R B - S -  CHmHH-& 
benzoxazoles/benzo thiazoles N 

Analysis, % 
Melting Yield, Molecular 

Compound R R Point0 % Formula Calc. Found 

C 59.64 59.86 
H 4.09 3.90 
N 8.19 7.93 
C 60.67 60.98 
H 4.49 4.29 

I 0 2-COOCH, 116" 58 CI $1 ,N2O,S 

I1 0 3-COOC,H5 90" 6 3  C 1 8 H 1 6 N 2 0 4  

7.70 N 7.86 
C 60.67 60.89 
H 4.49 4.30 
N 7.86 7.74 
C 56.98 56.66 

4.10 

111 0 4-COOC 2H 140" 72 '1 U H I  6N204S 

C , 7 H 1 4 N 2 0 3 S 2  H 3.91 
IV S 2-COOCH3 109" 60 

7.64 N 7.82 
58.28 C 58.06 

4.16 H 4.30 
N 7.52 7.40 
C 58.06 57.84 
H 4.30 4.42 
N 7.52 7.38 

V S 3-COOC,H5 147" 6 6  C 1 8 H 1 6 N 2 0 3 S 2  

VI S 4-COOC2H, 135" 70 C 1 8 H 1 6 N 2 0 3 S 2  

a Melting points were taken  in open capillary tubes with a partial immersion thermometer and arc corrected. 

stituted alkoxycarbonyl acetanilidothio) benzoxazole/benzothiazole 
(0.01 mole) in 20 ml of absolute ethanol was added hydrazine hy- 
drate (99-100%, 0.02 mole), and the mixture was refluxed on a 
steam bath for 10-12 hr. Excess ethanol was distilled; the crude 
products, which separated, were collected by filtration, dried, and 
recrystallized from ethanol. 

The various 2- (substituted hydrazinocarbonyl acetani1idothio)- 
benzoxazoles/benzothiazoles were characterized by their sharp 
melting points and elemental analyses (Table 11). The molecular 
structure of these compounds was further characterized by the 
presence of the characteristic bands for CONH (1660 cm-l), CH2 
(2850 cm-'), and NH2 (3350 cm-') groups in their IR spectra. 

Determination of Respiratory Activity of Rat  Brain Ho- 
mogenates2-Male albino rats, kept on an ad libitum diet, were 
used in all experiments. Rats, 100-150 g, were sacrificed by decapi- 
tation. The brains were removed immediately and homogenized3 
in ice-cold 0.25 M sucrose in a ratio of 1:9 (w/v). All incubations 
were carried out a t  37' in the conventional Warburg manometric 
apparatus, using air as the gas phase (12). The oxygen uptake was 
measured at  10-min intervals. 

Fresh brain homogenate (1 ml) equivalent to 100 mg of wet 
brain weight was added to the chilled Warburg vessels containing 
6.7 mM magnesium sulfate, 20 mM sodium hydrogen phosphate 
buffer solution (pH 7.4), 1 mM adenosine monophosphate (sodium 
salt), 33 mM potassium chloride, and 500 pg of cytochrome c in a 
final volume of 3 ml unless otherwise stated. The central well con- 
tained 0.2 ml of 20% potassium hydroxide solution. Pyruvate, DL- 
isocitrate, a-ketoglutarate, and succinate were used a t  a final con- 
centration of 10 mM. It was assumed that the endoge'nous NAD, 
present in brain homogenates, was sufficient for the cellular respi- 
ratory activity of rat brain homogenates. 

All 2-(substituted alkoxy/hydrazinocarbonyl acetani1idothio)- 
benzoxazoleshenzothiazoles were dissolved in propylene glycol 
(100%) and were used at  a final concentration of 2 mM. An equal 
volume of propylene glycol was added to the control vessels. 

Determination of Anticonvulsant Activity-Anticonvulsant 
activity was determined in mice of either sex, 25-30 g, against pen- 
tylenetetrazol-induced convulsions. The mice were divided in 
groups of 10, keeping the group weights as near the same as possi- 
ble. All 2-(substituted alkoxy/hydrazinocarbonyl aceknili- 
dothio)benzoxazoles/benzothiazoles were suspended in 5% aqueous 
gum acacia to give a concentration of 1% (w/v). The test com- 
pounds were administered intraperitoneally in a dose of 100 mg/kg 
to a group of 10 mice. 

Commercial chemicals were used. Sodium pyruvate, trisodium DL-isoci- 
trate, sodium a-ketoglutarate, adenosine monophosphate (sodium salt), and 
cytochrome c were obtained from Sigma Chemical Co., St. Louis, Mo. Other 
common chemicals were obtained from British Drug House, Bombay, India. 

3 Potter-Elvehjem. 

Four hours after the administration of the test compounds, the 
mice were injected with pentylenetetrazol (90 mg/kg sc). This dose 
was shown to produce convulsions in almost all untreated mice, 
and the mice exhibited 100% mortality during 24 hr (12). No mor- 
tality was observed during 24 hr in mice treated with 100 mg/kg of 
thiobenzoxazoles/benzothiazoles alone. 

The mice were observed for 60 min for the occurrence of sei- 
zures. An episode of clonic spasm persisting for at  least 5 sec was 
considered a threshold convulsion. Transient intermittent jerks 
and tremulousness were not counted. Animals devoid of threshold 
convulsions during the 60-min period were considered protected. 
The number of animals protected in each group was recorded, and 
the anticonvulsant activity of 2-(substituted alkoxy/hydrazinocar- 
bony1 acetani1idothio)benzoxazolesbenzothiazoles was represent- 
ed as percent protection. The mice were then observed for 24 hr, 
and their mortality was recorded. 

Determination of Monoamine Oxidase Activity-Mono- 
amine oxidase activity of rat brain homogenates was determined 
spectrophotofluorometrically, using kynuramine as the substrate 
(10). Male albino rats, 100-150 g, were allowed food and water ad 
libitum and were sacrificed by decapitation. The brains were re- 
moved immediately and homogenized3 in the ratio of 1:9 (w/v) in 
ice-cold 0.25 M sucrose. The monoamine oxidase activity of rat 
brain homogenates was determined by incubation a t  37O in air for 
30 min. The reaction mixture in a total volume of 3 ml consisted of 
0.5 ml of phosphate buffer (0.02 M, pH 7.5). 0.01 mM kynurarnine, 
and 0.5 ml of brain homogenates equivalent to 10 mg of wet weight 
of the tissue. 

The various 2-(substituted hydrazinocarbonyl acetani1idothio)- 
benzoxazoles/benzothiazoles were dissolved in propylene glycol 
(100%) and added to the brain homogenates to produce a final con- 
centration of 0.1 mM. An equivalent emount of propylene glycol 
was added to the control tubes, and the mixture was incubated for 
10 min before the addition of kynuramine. The reaction mixture, 
after addition of kynuramine, was further incubated for 30 min. 
The reaction was stopped by the addition of 1 ml of 10% trichloro- 
acetic acid (w/v), and the precipitated proteins were removed by 
centrifugation. 

Suitable 1-ml aliquots of the supernatant solution were taken in 
2 ml of 1 N NaOH solution and were assayed for 4-hydroxyquino- 
line, formed during oxidative deamination of kynuramine by rat 
brain homogenates. The 4-hydroxyquinoline formed was measured 
fluorometrically in a spectrophotofluorometefl, using activating 
light of 315 nm and measuring fluorescence at  the maximum of 380 
nm. An increase in absorbance provided a direct measurement of 
4-hydroxyquinoline formation, which was taken as an index of the 
monoamine oxidase activity. The percentage inhibition was calcu- 

Aminco Bowman. 
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Table 11-Physical Constants of 2-(Substituted Hydrazinocarbonyl Acetanilidothio). aKks- N c H , , ~ R  
benzoxazoles/benzothiazoles 

Analysis, % 
Melting Yield, Molecular 

Compound R R Points % Formula Calc. Found 

C 56.14 56.02 
H 4.09 4.20 
N 16.37 16.18 
C 56.14 56.32 
H 4.09 3.90 

VII 0 2-CONHNH, 160" 4 5  C16H14N403S 

VIII 0 3-CONHNH, 270" 50 'I gH1 4N403S 

N 16:37 16.24 
C 56.14 55.90 
H 4.09 4.20 
N 16.37 16.18 
C 53.63 53.90 
H 3.91 3.76 
N 16.64 15.52 

IX 0 4-CONHNH2 188" 56 C16H14N403S 

X S 2-CONHNH, 185" 4 8  C16H14N402S2 

C 53.63 53.34 
H 3.91 3.98 
N 15.64 15.40 

XI1 S 4-CONHNH2 195" 58 C16H14N402S2 c 53.63 53.80 
3.82 

XI S 3-CONHNH, 230" 52 'I g H I  4N,02S2 

15.46 

QMelting points were taken in open capillary tubes with a partial immersion thermometer and are corrected. 

Table 111-Effects of 2-(Substituted Alkoxycarbonyl Acetanilidothio)benzoxazoles/benzothiazoles on the  
Oxidation of Pyruvate, DL-Isocitrate, a-Ketoglutarate, and Succinate by 
Rat Brain Homogenates and Their Anticonvulsant Activity 

Anti- 
Inhibitiona, % convulsant Pentylene- 

&-Keto- % Pro- Mortality b ,  
Activityb, tetrazol 

Compound Pyruvate DL-Isocitrate glutarate tection % 

I 
I1 

111 
IV 
V 

VI 

30.0 t 0.4 
52.6 t 0.8 
71.5 t 1.1 
23.4 f 0.3 
35.9 t 0.4 
59.3 t 0.9 

26.2 f 0.3  
51.0 t 0.8 
58.8 t i .0  
21.3 t 0.3  
42.5 t 0.5 
50.8 t 0.8 

23.7 t 0.5 20 
51.0 t 0.7 10 
55.3 t 0.8 
20.3 t 0.3 
24.6 t 0.4 
34.2 t 0.5 

20 
40 
20 
30 

4 0  
50  
40 
30 
40 
30 

aAssay proccdures and the contents of the reaction mixture are as indicated in the text. Each experiment was done in duplicate, and the 
values represent mean values of percent inhibition with t S E  of the mean calculated from three separate experiments. Inhibition was deter- 
mined by thc decrease in the oxygen uptake/lOO mg wet brain weightlhr. All substrates and the test compounds were used at  a final concen- 
tration of I 0  dnd 2 mM, respectively. The oxygen uptake in the control experiments, in thc absence of added test compounds, was 96.4 t 
5.8. 116.2 t 6.3. 102.5 f 6.7, and  171.8 t 10.6 p1/100 mg wet tissue weightlhr using pyruvate, DL-isocitrate, or-ketoglutarate, and  succinate, 
respectively, as substrates. The percent inhibition by succinate was nil. b Screening procedures are as described in the text. The  test com- 
pounds were administered (100 mg/kg ip) 4 hr prior to  the administration of pentylenetetrazol (90  mg/kg sc ) .  Mortality in pentylenetetrazol- 
treated animals was observed for 24 hr. 

lated from the decrease observed in absorbance, and this value 
provided an index of the monoamine oxidase inhibitory property 
of these 2-(substituted hydrazinocarbonyl acetanilidothio) benzox- 
azoleshenzothiazoles. 

RESULTS AND DISCUSSION 

The effects of 2-(substituted alkoxycarbonyl acetani1idothio)- 
benzoxazoleshenzothiazoles on the cellular respiratory activity of 
rat brain homogenates are recorded in Table 111. All compounds 
selectively inhibited the in oitro NAD-dependent oxidations of 
pyruvate, DL-isocitrate, and a-ketoglutarate by rat brain homoge- 
nates. However, NAD-independent or flavine-dependent oxidation 
of succinate remained unaltered. 

As is evident from Table 111, substituted thiobenzoxazoles (I- 
111) possessed greater inhibitory effectiveness than the corre- 
sponding thiobenzothiazoles (IV-VI) during oxidation of all sub- 
strates. These 24substituted alkoxycarbonyl acetani1idothio)ben- 
zoxazoleshenzothiazoles possessed low anticonvulsant activity, 
and the protection afforded by these compounds against penty- 
lenetetrazol-induced convulsions ranged from 10 to 40%. Data on 
anticonvulsant activity and 24-hr pentylenetetrazol mortality pro- 
vided evidence for some association between increased protection 
from convulsions and decreased pentylenetetrazol-induced mortal- 
ity by these compounds in experimental animals. 

The selective inhibitory effects of 2-(substituted hydrazinocar- 
bony1 acetani1idothio)benzoxazoleshenzothiazoles during NAD- 

dependent oxidations of pyruvate, DL-isocitrate, and a-ketoglu- 
tarate by rat brain homogenates are recorded in Table IV. Con- 
trary to such a selective inhibition of NAD-dependent oxidations 
by the precursors, 2-(substituted alkoxycarbonyl acetanili- 
dothio)benzoxazoleshenzothiazoles, the 2-(substituted hydrazino- 
carbonyl acetani1idothio)benzothiazoles possessed greater inhibi- 
tory effectiveness than the corresponding 2-(substituted hydra- 
zinocarbonyl acetani1idothio)benzoxazoles only during oxidation 
of pyruvate and DL-isocitrate. The inhibition of the oxidation of 
a-ketoglutarate by X and XI was an exception to such an in- 
creased effectiveness of 2-(substituted hydrazinocarbonyl acetani- 
lidothio)benzothiazoles, since these compounds possessed lower 
inhibitory activity as compared to their corresponding 2-(substi- 
tuted hydrazinocarbonyl acetani1idothio)benzoxazoles (VII and 
VIII). The oxidation of succinate, as was observed with their pre- 
cursors (I-VI), was not inhibited by these compounds (VII-XII). 

The various 2-(substituted hydrazinocarbonyl acetani1idothio)- 
benzoxazoleshenzothiazoles also provided low protection against 
pentylenetetrazol-induced convulsions. The low anticonvulsant ac- 
tivity possessed by these compounds ranged from 10 to 40%. These 
results indicated that, in general, the compounds possessing higher 
anticonvulsant activity also provided greater protection against 
pentylenetetrazol mortality in experimental mice. 

The monoamine oxidase inhibitory activity of 2-(substituted hy- 
drazinocarbonyl acetani1idothio)benzoxazoleshenzothiazoles is re- 
corded in Table v. The inhibition of rat brain monoamine oxidase 
was found to be higher with 2-(substituted hydrazinocarbonyl ac- 
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Table IV-Effects of 2 4  Substituted Hydrazinocarbonyl Acetanilidothio)benzoxazoles/benzothiazoles on the 
Oxidation of Pyruvate, DL Isocitrate, a-Ketoglutarate, and Succinate by Rat Brain Homogenates and 
Their Anticonvulsant Activity 

Anti- 
Inhibit iona,  % convulsant Pentylene- 

a -Ke to -  % Pro- Mortalitya, 
Activity a ,  tetrazol 

Compound Pyruvate DL-Isocitrate glu tarate  tection % 

VII 
VIII 

IX 
X 

XI 
XI1 

52.5 f 0.7 
43.9 f 0.4 
56.9 * 0.6 
72 .1  f 1.1 
65 .8  f 0.9 
74.2 f 1.6 

46.3 2 0.7 
33.2 +_ 0 .5  
31.4 i 0 .5  
51 .3  f 0.9 
36.6 t 0.4 
65 .8  f 1 . 0  

6 9 . 5  i 1 . 1  
65 .3  f 1.0 
53.1 f 0.8 
31.7 r 0.4 
51.7 i 0.5 
56.4 i 0.7 

3 0  
30 
3 0  
40 
10 
20 

6 0  
5 0  
6 0  
10 
80 
7 0  

‘Assay procedures for  the cellular respiratory activity of rat  brain homogenates and screening procedures for the determination of anticon- 
vulsant activity are as described in Table 111. T h e  percent inhibition by succinate was nil. 

etani1idothio)benzothiazoles (X-XII) than with the corresponding 
2-(substituted hydrazinocarbonyl acetani1idothio)benzoxazoles 
(VLI-IX). The monoamine oxidase inhibitory effectiveness of these 
compounds was similar to their ability to inhibit the cellular respi- 
ratory activity during NAD-dependent oxidations of pyruvate and 
DL-isocitrate by rat brain homogenates. 

These results indicated that the conversion of 2-(substituted 
alkoxycarbonyl acetani1idothio)benzoxazoleshenzothiazoles (I- 
VI) into 2-(substituted hydrazinocarbonyl acetani1idothio)benzox- 
azoles/benzothiazoles (VII-XII) in no way altered the low anticon- 
vulsant activity against pentylenetetrazol-induced convulsions. 
However, opposite effects were observed by such a conversion with 
respect to their ability to inhibit the cellular respiratory activity of 
rat brain homogenates. In the present study, 2-(substituted hydra- 
zinocarbonyl acetani1idothio)benzothiazoles (X-XII) exhibited 
greater inhibition of the NAD-dependent oxidations of pyruvate 
and DL-isocitrate as compared to  2-(substituted hydrazinocarbon- 
yl acetanilidothio) benzoxazoles (VII-IX). 

On the other hand, such an inhibition of NAD-dependent oxida- 
tions was greater with 2-(substituted alkoxycarbonyl acetanili- 
dothio)benzoxazoles (1-111) than with the corresponding 2-(substi- 
tuted alkoxycarbonyl acetani1idothio)benzothiazoles (IV-VI). 
These results indicated an altered inhibition of cellular respiratory 
activity by the conversion of the COOR (I-VI) to CONHNH2 (VII- 
XII) group during oxidation of pyruvate and DL-isocitrate by brain 
homogenates. The increased basicity of 2-(substituted hydrazino- 
carbonyl acetani1idothio)benzoxazoleshenzothiazoles (VII-XII) 
compared to the corresponding precursors, 2-(substituted alkoxy- 
carbonyl acetani1idothio)benzoxazolesbenzothiazoles (I-VI), may 
presumably account for the generally greater selective inhibitory 
effectiveness of 2-(substituted hydrazinocarbonyl acetanili- 
dothio) benzoxazoles/benzothiazoles. 

Table V-Monoamine Oxidase Inhibitory Activity of 
2-(Substituted Hydrazinocarbonyl 
Acetanilidothio)benzoxazoles/benzothiazoles 

Compound 

Monoamine 
Oxidase 

Inhibition‘, 
% 

VII 
VIII 

IX 
X 

XI 
XI1 

33.4 ? 0 .5  
46.0 f 0.7 
52 .3  +_ 0 . 5  
35.3 t 0.3 
57 .8  t 0 .6  
64.1 f 0.9 

QAssay procedure and the contents  of the reaction mixture are a s  
indicated in the text. Each experiment was done  in triplicate, and 
the values are the mean values with i SE of the mean calculated 
f rom three separate c x  eriments. Kynuramine and the test com- 
pounds were used at a &anal concentration of  0.1 mM. T h e  enzyme 
activity observed in the absence of  the test compounds ranged from 
21.3 t o  24.9%change in transmission/lO mgwet  brain weighti30 min. 

These results failed to  provide any correlation between the in 
uitro selective inhibition of NAD-dependent oxidations and mono- 
amine oxidase inhibition and the low anticonvulsant activity of 
these thiobenzoxazoles/benzothiazoles. Further studies dealing 
with detailed pharmacological and toxicological properties may ac- 
count for the enzyme inhibitory effectiveness of 2-(substituted alk- 
oxy/hydrazinocarbonyl acetani1idothio)benzoxazolesbenzothia- 
zoles. 

REFERENCES 

(1) L. S. Goodman, Bull. N .  Engl. Med. Centre, 5,97(1943). 
(2) E. F. Domino, R. J .  Peterson, and K. R. Unna, J .  Pharma- 

(3) D. F. Marsh, Fed. Proc., 14,1183(1955). 
(4) A. P. Roszkowski, J .  Pharmacol. Exp. Ther., 129,75(1960). 
( 5 )  W. G. Bywater, W. R. Coleman, 0. Kamm, and H. H. Mer- 

(6) L. S. Goodman and J .  E. P. Toman, Fed. Proc., 4, 

(7) T .  R. J .  Putnam and H. H. Merrit, Arch. Neurol. Psychiat., 

(8) S. Joseph, C. W. Richmond, and J. L. Valentine, J .  Med. 

(9) E. F. Domino, K. R. Unna, and J. Kerwin, J .  Pharmacol. 

(10) R. S. Misra, J. P. Barthwal, S. S. Parmar, and S. J. Brum- 

(11) G. Z. Sanna and M. Granta, Chem. Zentralbl., 11, 

(12) A. K. Chaturvedi, J. P. Barthwal, S. S. Parmar, and V. I. 

col. Exp. Ther., 103,342(1951). 

rit, J .  Amer. Chem. Soc., 67,905(1945). 

120( 1945). 

45,505(1941). 

Chem., 10,408(1952). 

Exp. Ther., 105,486(1952). 

leve, J .  Pharm. Sci., 63,401(1974). 

3313(1937); Rend. Semin. Fac. Sci. Uniu. Cagliari, 5.88(1935). 

Stenberg, J. Pharm. Sci., 64,454(1975). 

ACKNOWLEDGMENTS AND ADDRESSES 

Received March 31, 1975, from the *Department of Pharmacol- 
ogy and Therapeutics, King George’s Medical College, Lucknow 
Uniuersity, Lucknow 226003, India, and the *Department of 
Chemistry, Uniuersity of North Dakota, Grand Forks, N D  58202 

Accepted for publication June 11,1975. 
Supported in part by U.S. Public Health Service National Insti- 

tutes of Health Grants 1 TO1 HL-05939, 1 R01 DA-00996-01 (De- 
partment of Physiology and Pharmacology, School of Medicine, 
University of North Dakota), GM-21590, and Career Development 
Award 1-K4-GM-09888 to V. I. Stenberg. 

The authors thank Professor K. P. Bhargava and Professor R. G. 
Severson for their advice and encouragement. Grateful acknowl- 
edgment is made to the Council of Scientific and Industrial Re- 
search, New Delhi, India, for providing a Research Fellowship to 
R. S. Misra. 

4 Present address: Bio-Organic Laboratory, Michigan Cancer 
Foundation, Meyer L. Prentis Cancer Center, Detroit, MI 48201 

T o  whom inquiries should be directed. Present address: De- 
partment of Physiology and Pharmacology, School of Medicine, 
University of North Dakota, Grand Forks, ND 58202 

408 I Journal of Pharmaceutical Sciences 




