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Experimental Section14 

Amidoximes. General Procedure.-A mixture of 1 mole of 
alkyl or aryl cyanide and 1 mole of hydroxylamine hydrochloride 
was dissolved in 500 ml of 80% aqueous ethanol. One-half mole 
of K&03 was added, and following the evolution of CO? the solu- 
tion was heated under reflux overnight,. The solvent, was re- 
moved under reduced pressure (steam bath), and the residue was 
tu-ice extracted with 200 ml of absolute ethanol. The ethanol 
extract was concentrated to dryness, and the resulting amidoxime 
was recrystallized from benzene. Unless otherwise indicated, 
the amidoximes used are described in ref 2b. 

3-Substituted 1,2,4-Oxadiazoles (Table I). General Proce- 
dure.-A mixture of 0.1 mole of appropriate amidoxime and 100 
ml of triethyl orthoformate was heated under reflux for 2 hr, and 
the reaction mixture was then distilled under reduced pressure. 
If the product was a solid a t  room temperature, it was recrystal- 
lized from ethyl acetate-petraleum ether (60-70") mixture. 
The nitrile corresponding to the starting material for the ami- 
doxime was often a by-product of the reaction.8 

3-p-Chlorophenyl-1,2,4-oxadiazole (14).-To 0.1 mole of 
D31F-POClr complexlo n-as added, with stirring, an ether solu- 
tion of 0.05 mole of p-chlorobenzamidoxime. The temperature 
was maintained near 10" by means of an ice bath and the mixture 
was stirred for 10 min. After the solvent was removed at 60°, 

(14) Melting points \!ere taken n i t h  a Fisher-Johns apparatus and are un- 
corrected. 

the residue was washed twice with 150 ml of ice water. The 
product was recrvstallized from methanol and gave 14, mp 
i00-102°, in 80% yield. 

- 

3.5-Disubstituted 4.5-Dihvdro-1.2.4-oxadiazoles (Table IVI. . .  
(a)  General &ocedure;-To-O.l mole of appropriate'amidoxime 
dissolved in 200 ml of 50% aqueous ethanol was added portion- 
wise 0.15 mole of aldehyde. After the initial exothermic reaction 
had ended, the solution was allowed to stand a t  room temperature 
for 2 days and t,hen was concentrated under reduced pressure 
(steam bath). The residue was recrystallized from ethanol- 
water if it, was a solid, or was distilled using a spinning-band 
column if it was a liquid a t  room temperature. 

(b) Spiro-4,5-dihydro-l,2,4-oxadiazoles (Table IV).-A mix- 
t,ure of 0.05 mole of the appropriate amidoxime and 20 ml of 
cyclohexanone1~ was heated under reflux for 2 hr. The mixture 
was concentrated under reduced pressure (steam bath) and the 
product was recrystallized from benzene.l6 
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(15) The  reaction did not take place when cyclopentanone or cyclo- 

(16) I n  certain instances i t  was necessary to elute the product from an 
heptanone \vas used. 

alumina column using benzene in order to obtain crystals. 
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It ha5 been noted that  1-(2-diethylamiiioethoxy)-2-phenylbenzimidazole causes central nervoub system depreb- 
A variety of related compounds have been prepared and compared with this sub- 

I n  addition, corresponding derivatives of 1-hydroxy-2-phenylbenzimidazole 3-oxide and l-hydroxy-2- 
A structure-activity relationship 

sion in experimental animals. 
stance. 
phenylindole have also been synthesized and tested for CNS depression. 
account is presented. 

The first report on the synthesis of l-hydroxybenz- 
imidazoles was made by Kiementom4ii1 in 1910 who 
reduced o-nitroacetanilide with ammonium sulfide 
to form 1-hydroxy-2-methylbenzimidazoles. Fries and 
Reity2 later were able to effect this reduction much 
more efficiently with sodium hyposulfite. Finally, in 
1964 an alternate synthesis of this class of compounds 
was developed by Stacy, et ~ l . , ~  which involved base- 
catalyzed cyclization of S-benzyl-o-nitroaniline. 
These authors also emphasized that the nmr spectrum 
strongly supports the assignment of the N-hydroxy 
form as the preferred tautomeric structure rather 

U 

than the ?J-oxide structure assigned by Kew and 
Nelson.4 In addition, i t  was also shown by Taka- 

( 1 )  St.  v. Xiementowski, Ber., 45, 3012 (1910). 
(2) K. Fries and H. Reity, Ann . .  627, 38 (193i). 
(3) G. W. Stacy, B. V. Ettling, and A. .I. Papa, J. Org.  Chem., 29, 1637 

(1964). 
(4) D. J. Kew and P. F. Nelson, Australian J .  Chem., 16, 792 (1962). 

hushi and Kanoj that the parent substance, l-hydroxy- 
benzimidazole, could be readily alkylated with methyl 
iodide to yield the 1-methoxy derivative. It thus 
occurred to us that a variety of 1-hydroxy-Zsubsti- 
tuted benzimidazoles and their corresponding 1-alkoxy 
derivatives could be prepared for biological evalua- 
tion. This work was particularly prompted by the 
findings of Hunger,6 et al., who noted that 2-benzyl-l- 
(2-diethylaminoethyl)-.i-nitrobenzimidazole exhibited 
potent analgetic effects. Thus, 1-alkoxybenziniidazoles 
related to this class of compounds were prepared from 
the corresponding 1-hydroxy heterocycle. The 1- 
hydroxy-2-arylbenzimidazoles and substituted deriva- 
tives mere prepared according to the method of Stacy, 
whereas the 2-alkyl derivatives were synthesized by the 
procedure outlined by Fries and Reity. 

Since substance 8 (Table I) showed good CSS  dc- 
pression in experimental animals, several modifications 
of the same were made in a structure-activity rela- 
tionship study (vide in f ra) .  Besides the usual changes 
in the basic side chain, nuclear modifications at  the 
2 position, and substitutions on the benzene portion 

( 5 )  S. Takahushi and H. Kano, Chem. Pharm.  Bul l .  (Tohro).  12, 282 
(1964). 
(6) A. Hunger, H. Keberle, 9. Rossi, and K. Hoffmann, Helv. C h i n  Acta,  

4S, 1032 (1960). 
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:Ilkylati(JlI rc:wt i o 1 1  w:tb ( ~ i ~ c c l  out i n  pyridine arid in  
so doing good yields of thc desired 1-alkoxy-2-phenyl- 
indo1c.i \\.ere obtained. That alkylation had occurred 
:it the 1 positiori rather that at  position 3 bccanie 
oh ious  from the iimr spectrum which showed a singlet 
at 6 G.3 for 21 C H  signal associated with the proton at  
C-3. 

CNS Depressant Effects.-In general, it was noted 
that benzimidazole ethers xvere more active than the 
ctheri derived from 1-hydroxybenzimidazole 3-oxides 
and the 1-hydroxyindoley. The benzimidazole 3-oxide 
compounds (16-18) did show some CKS depressant ac- 
tion, but greater toxicity was associated with this effect. 
The indole compounds (19-25) were practically devoid 
of effects. Substitutions on the benzene ring and also 
:it thc '2 po.iitioti5 of cvmpouiids 16-25 were riot made 
iiiwc It hwd xlrc:~cly l)ceti clctcrmi1ied in  the t)ciizimid- 
azole group t1i:it yu(*li iiiot1ific:itiotis did )lot afford 
improved activity. Within this group of compounds, 
the structural (wiidiiions for niaxinium tranquilizing 
muscle relaxant activity were somewhat specific. 

Compound 8 [ l-2-dicthylamiiioethoxy)-2-phenylbenz- 
iniitlazole] i ~ a s  found to be the most effective in the 
series. Structural changcs, however, led to no im- 
provcnicnt of tranquilizing activity. For example, 
:L ?--methyl substituent in place of 2-phenyl led to a 
lowering of the artivity. Compound 8 was also 
more potent than 7 or 9. Thuq, the diethylamino- 
ethoxy group appeared to be necessary for maximum 
activity. Substitutions on the "phenyl group as 
shown in 10 and 13 n ere of iio advantage. Compounds 
12 and 14 with substituents on the benzene ring fused 
to  the hetero iystetii showed diminished acativity. 

On the other hand, the neuropharmacological profile 
of 8 was of c*oniiderable interest, Depressant activity 
was produced by this compound in mice. Doses as 
low as ,j .O rng/lig sc decreased spontaneous motor 
activity in the jiggle cage test. For a 50% reduction 
111 activity, '2,i nig/l<g of this compound subcutaneously 
\ K L ~  required its dcterniiricd in the photoelectric activity 
CklgC. 

Iii ueurological dosage range studies at doses of 
X-200 m g k g  sc or orally, it produced a quieting effect 
which was riot like that produced by neuroleptics such 
:is reserpine or chlorpromazine. There was no muscu- 
lar incapacitation a:, noted with barbiturates or muscle 
relaxants such as niephenesin. Thus, this compound 
was described as a tranquilizer of the chlorodiazepoxide 
class. Further testing, however, proved that it had 
characteristics of all the above types of C S S  depres- 
sants but did not satisfy all criteria of any single type. 

Although 8 had a quieting effect in mice, at  20mg/lig 
ip it had no effect in the monkey, whereas reserpine 
or chlorpromazine produce :I niarlied effect at doses 
less than 5.0 mg/lig. In  the cotton rat, it \vas incf- 
fcctivc a t  100 nig/lig ip (approxiniatcly one-half the 
LD,, vitlue), while clilorodiazepoxide had a taming 
effect at  25 mg/kg. 

Elimination of the pinna reflex in 50yo of the animals 
was obtained with a dow of 10pj mg/kg sc in mice. 
Dohes a5 high a i  400 ing/kg by the wi i e  route had no 
c$fert on thr. c o r n d  rrflrx of theye :inimalr. This 
selective cffect of thc drug 011 the pi1ina reflex is char- 
acteristic of muscle relaxants. However, as noted 
above, 110 iricapacitatiori or lack of coordination was 

tiotcd. Furthcrniorc, in tlic chloralose-urctli~iti uies- 
thetized cat, doses as high as 25 mg/kg iv did not selec- 
tively depress polysynaptic reflexes, another character- 
istic of muscle relaxants. 

Other pharmacdogical properties of 8 were also 
iiivcstigated. In  the anesthetized dog at  9.0 mg/kg 
iv the1.e \vas 1 1 0  significant effect on the blood pressure, 
heart rate, or respiration. A dose of 50 mg/kg sub- 
cutaneously (8) was inactive as an antiinflammatory drug 
in the rat granuloma pouch test. There was no 
effect on body growth following a dose of 20 mg/kg 
ip. The approximate LDjo values were 200 mg/kg 
ip arid GOO mg/kg sc. 

Experimental Section 

Biological Methods.-The methods emploved for delerininiiig 
the neiuological and jiggle cage effects are herein recorded. 
hiale albino mice (CFl) weighing 20-25 g were used. Drugs 
were given subcutaneously or orally a t  a colicelitration adjusted 
for mi iiijection of 0.20 mlI2O-g animal. 

For neurological studies, animals were placed in individual 
metal 10-cm cube containers. A Plexiglass wall allowed con- 
st,ant observation of t,he animals. Following a 30-min control 
period, the animals were given the drug, three mice at each of 
five doses with the dosage range being 1.0-200.0 mg/kg. At 
regular intervals for 2 hr the aiiimals were removed from t,he 
cages and a number of Ileivological reflexes tested (e.g., righting, 
graspiiig, etc.). Xotatioiis were also made of the animals' 
motor activity, general appearance, and behavior. 

Siiice the jiggle cage method depends upon the measurement, 
of alteration of intensit,y of the motor activity produced in mice, 
a very sensitive act,ivity-recordiiig apparatus is required. The 
unit prepared by Anderson1o is moat ,satisfactory for this purpose. 
I t s  sensitivi1~- depetids iipoii the rediiction of the inertia of the 
cage and it- rontaiiied mice, the u-eight is nicely balanced by 
air presslire applied to a valve which is coiitrolled by the sus- 
peiided cage. Briefly, the apparatus conrists of a spring-sus- 
pended cage attached to a piieumat,ic movement, amplifier, which 
makes a kymographic traciiig through a spring-loaded manom- 
et,er. The manometer is kept, on a steady base line by maintain- 
ing a constant air pressiire within the recording 
movements dihtiirb the cage, rlpset the delicate balance, and per- 
mit the escape of air from the system. Escaping air lower5 t.he 
pressiire and causes the manometer with its attached writing 
poiiit to record the activity on a kymograph. Most satis- 
factory resiilt,;; were obtained when three mice were placed to- 
gether iii the czige. 

Animals were placed in t,he cages for 1 hr before injection. 
The initial dose for all drugs was 30 mg/kg sc' and, if an effect was 
prodwed, lower doses (0.3 log interval) were used in subsequent 
experimeiits rintil the ineffective dose m-as obt.ained. The 
activity of t'he mice was recorded for 2 hr and compared wit'h t'hat' 
of control mice tested conciirrently. 

Chemistry.]' l-Hydroxy-2-methyl-6-methoxybenzimidazole. 
-4-Acetamido-3-nitroai~iaole (9 g)  was dissolved in 250 ml of 
10yc aqueous SaOH aiid the resulting red-orange solut'ion was 
treated s l o d y  with vigorous stirring with 25 g of NanSsOd. 
The temperatiire of the reaction mixture dwing the addition 
war maintained at 50'. The mixt,ure was then allowed to stir 
at room temperatiire overnight whereupon a fluffy amorphous 
precipit,ate was formed. Thi. material was removed by filtra- 
tioii, aiid the filtrate was iieutralized with concentrat'ed HC1. 
Thi:, solrilioii  ai chilled ovenlight whereupon a tan precipit,ate 
was formed which wa. collected, washed well with water, and 
dried in  caum. One rec,rystallization from ethyl alcohol yielded 
3,Ogof produrt, mp213'. 

-Anal. Calcd for C , H c , S y O r :  C, 60.66; H, 5.66. Found: 
C, 60.76; H, 6.13. 

1 -Hvdroxv-2-v-chloro~henrlbenzimidazole.-S-p-Chlorobet~- - . .  -~ 
ay1-o-ttitl.oatiiliiie (34.0 g, 0.60 mole) prepared by the con- 
densatioti of o-liitl~oc~hlori,beil~e~~e with p-chlorobeiisyl:lnlitle 

(10) F. F. .hde r sonand  G. \ \agle.  Federution €'roc., 16, 394 (1966). 
(11) All melting points reported herein were obtained on a Thomas- 

Hoover capillary melting point apparatus and are corrected. 




