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14, R = p-chlorophenyl 

ti2.30 9 ,  15 1 s .  17 
69.59 10.78 12.49 

14.40 
16.08 

17.49 
17.49 

1 5 , 5 l  
15.51 

55.53 3 . 0 3  
13, 86 
15.90 

57.14 3 .43  28.56 
52.94 2.96 20.58 
42.25 4 .25  19.71 

----Found, %--- 
C lI  N 

ti2 37 9 .22  1s 04 
69.45 10.98 12 57 

14.42 
15.65 

16. 98 
17.20 

15.:36 
15.17 

55.16 3.s9 
13 ti2 
15 69 

56.!)3 3.71 '23.39 
53.11 3.11 20.28 
4'2.81 4 . 3 3  19.79 

a Characterized by a stroiig absorption band a t  6.40-6.45 p in the infrared. Reference 3b. c n-CaHIaC(NH)SHOH, mp 58-60"? 
ilnctl. Calcd for CjH16N20: N, 19.42. Found: S, 19.18. Reference 3a. e p-C1C6H4CH2C(NH)NHOH, mp 110-112", .lnal. 
Calcd for CbH,CISrO: N, 15.17. Found: N, 15.39. 1 Starting amidoxime was obtained as an oil. Q ~L-CH,C,H~C(NH)SI-~OH, 
mp  120-121", Anal. Calcd for C,H1&20: N, 18.66. Found: S, 18.75. m-C1C6H&(KH)KHOH, mp 118-120", Anal. Calcd for 
CjHiCI?;,O: N, 16.42. Fotuid: N, 16.13. * m-C1-p-CH3C6H3C(XH)NHOH, mp 129-131", dnal. Calcd for CbH9C1S20: X, 15.18: 
Found: N, 15.06. 3 m-CF3C6H,C(KH)NHOH, mp 83-85', Anal. Calcd for CsH7F3N?O: N, 13.72. Found: S, 13.32. Starting 
amidoxime, bee rcf 10. 1 n 2 a ~  1.4370. m n 2 5 ~  1.5462. n 1,5265. 0 ~ Z S D  1.5535. 

ated are shown in Table I, and their biological test re- 
sults are given in Table 11. 

The compounds of Table I, with the exception of 1, 
were prepared by heating the appropriate iminohy- 
droxamic acid' (amidoxime) and triethyl orthoformate 
under reflux for 2 hr.3a Loiiger heating lowered the 
yield and formed the nitrile RCi\'.6 

NH 
3-p-Chlorophenyl-l,2,4-oxadiazole (14) was chosen 

for extended studies on the basis of its activity and sta- 
bility, and the results are shown in Table 111. It was 
prepared in quantity in SO% yield by an alternate 
methodg involving reaction of p-chlorobenzamidoxime 
and the D-11F-POC1, complex.lO 

RC=NOH + ~ C H J ~ N ~ H O P O C I ~  ci-  - 
I 

"2 

r 1 

I -1 

\Ve have also prepared dihydrooxadiazoles of the 
type represented by 11, where Ra is alkyl or aryl, arid 
Rs is alkyl or aralkyl, by the reaction of nmitlosimes 

(T) H. E.  Ungnade and I.. 11.. Iiissingcr, .I.  O r g .  C h ~ m . ,  23, 17!14 (1958). 
( 8 )  ( '. . \ insnort l i ,  . I .  H e t e w t U d i r  Chrm. ,  in press. 
('3) This metliutl was suggested hy  E. C. Kornfeld and was studied by 

L. .\. \\ ' l iiteand E. R.  Lavannino. 
(10) C. S. Dai i s ,  .1. AI. Knevel, and G. L. Jenkins, J .  Org. Chem., 27, 

lYlY (1Y62). 

TABLE I1 
ANTHELMIXTIC A4CTIVITY . ~ G A I X S T  A\-. dltbitLs IS 1IlCE'' - Gax.age-- --Subcutaneou5- - 

Dose, Worm Dose, Worm 
reduction, X  NO.^ mg/kg reduction, CiC mg,kg 

1 25 86 5 0 89 
50 99 100 89 

2 100 81 500 1) 
3 50 89 100 0 

500 73 
4 100 0 500 0 

3 100 0 500 0 

6 100 0 500 0 

7 100 60 500 0 

8 100 0 500 0 

9 100 0 500 0 

10 500 72 500 0 
11 100 OS 500 0 
12 500 SO 500 0 
13 500 74 500 I1 
14 50 63 100 0 

100 94 500 100 
15 500 76 500 0 
16 500 45 500 0 
17 100 0 500 0 

1 s  100 95 100 0 
l!) 500 1 no 500 100 

100 0 100 0 
20 100 59 100 0 

500 97 

500 87 

500 89 

500 89 

500 86 

500 88 

500 70 

See RIethods. Refers to Table I. 
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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 

Acknowledgment.-The niic+roanalyses were deter- 
mined by W. L. Brown and associates, arid D. 0. Woolf, 
Jr., made the physical measurements. R. J. Boisvenue, 
11. C. Brandt', W. R. Agan, and E. L. Colest'ock as- 
sisted with the anthelmint'ic st'udies. 

(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. 

~ 

Derivatives of 1-Hydroxybenzimidazoles and 1-Hydroxyindoles and Their Central 
Depressant Effects 

GEORGE DESTEVENS, ANS BROOKER BROWN, DAVID ROSE, HARVEY I. CHERSOV,  AND J. PLUMMER 

Research Division, CIBA Pharmaceutical Company, Division of C I B A  Corporation, Sununit, .Yew Jersey 

Received October 27, 1966 

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). 


