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Experimental Section'*

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 809, aqueous ethanol. One-half mole
of KaCO; was added, and following the evolution of COs the solu-
tion was heated under reflux overnight. The solvent was re-
moved under reduced pressure (steam bath), and the residue was
twice 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 at room temperature, it was recrystal-
lized from ethyl acetate—petroleum ether (60-70°) mixture.
The nitrile corresponding to the starting material for the ami-
doxime was often a by-product of the reaction.®

3-p-Chlorophenyl-1,2,4-0xadiazole (14).—To 0.1 mole of
DAMF-POCI; complex!® was 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 were taken with a Fisher-Johns apparatus and are un-
corrected.
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the residue was washed twice with 150 ml of ice water. The
product was recrystallized from methanol and gave 14, mp
100-102°, in 809 yield.

3,5-Disubstituted 4,5-Dihydro-1,2,4-oxadiazoles (Table IV).
(a) General Procedure.—To 0.1 mole of appropriate amidoxime
dissolved in 200 ml of 509, aqueous ethanol was added portion-
wise 0.15 mole of aldehyde. After the initial exothermic reaction
had ended, the solution was allowed to stand at room temperature
for 2 days and then 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 at room temperature.

(b) Spiro-4,5-dihydro-1,2,4-0xadiazoles (Table IV).—A mix-
ture of 0.05 mole of the appropriate amidoxime and 20 ml of
cyclohexanone®® was heated under reflux for 2 hr. The mixture
was concentrated under reduced pressure (steam bath) and the
product was reerystallized from benzene.!

Acknowledgment.—The microanalyses were deter-
mined by W. L. Brown and associates, and D. O. Woolf,
Jr., made the physical measurements. R.J. Boisvenue,
M. C. Brandt, W. R. Agan, and E. L. Colestock as-
sisted with the anthelmintic studies.

(15) The reaction did not take place when cyclopentanone or cyclo-
heptanone was used.

(16) In certain instances it was necessary to elute the product from an
alumina column using benzene in order to obtain crystals.
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It has been noted that 1-(2-diethylaminoethoxy )-2-phenylbenzimidazole causes central nervous system depres-

sion in experimental animals.
stance.

account is presented.

The first report on the synthesis of 1-hydroxybenz-
imidazoles was made by Niementowski! in 1910 who
reduced o-nitroacetanilide with ammonium sulfide
to form 1-hydroxy-2-methylbenzimidazoles. Fries and
Reity? 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 al.,> which involved base-
catalyzed cyelization of  N-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
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than the N-oxide structure assigned by Kew and
Nelson. In addition, it was also shown by Taka-

(1) St. v, Niementowski, Ber., 48, 3012 (1910).

(2) K. Fries and H. Reity, Ann., 627, 38 (1937).

(3) G. W. Stacy, B, V. Ettling, and A. J. Papa, J. Org. Chem., 28, 1537
(1964).

(4) D.J. Kewand P. F. Nelson, Australian J. Chem., 18, 792 (1962).

A variety of related compounds have been prepared and compared with this sub-
In addition, corresponding derivatives of 1-hydroxy-2-phenylbenzimidazole 3-oxide and 1-hydroxy-2-
phenylindole have also been synthesized and tested for CNS depression.

A structure—activity relationship

hushi and Kano?® that the parent substance, 1-hydroxy-
benzimidazole, could be readily alkylated with methyl
iodide to yield the l-methoxy derivative. It thus
occurred to us that a variety of 1-hydroxy-2-substi-
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,® et al., who noted that 2-benzyl-1-
(2-diethylaminoethyl)-3-nitrobenzimidazole exhibited
potent analgetic effects. Thus, 1-alkoxybenzimidazoles
related to this class of compounds were prepared from
the corresponding 1-hydroxy heterocycle. The 1-
hydroxy-2-arylbenzimidazoles and substituted deriva-
tives were 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 CXNS de-
pression in experimental animals, several modifications
of the same were made in a structure-activity rela-
tionship study (vide infra). Besides the usual changes
in the basic side chain, nuclear modifications at the
2 position, and substitutions on the benzene portion

(5) 8. Takahushi and H. Kano, Chem. Pharm. Bull. (Tokyo), 12, 282
(1964).

(6) A. Hunger, H. Keberle, A. Rossi, and K. Hoffmann, Hely. Chim. Acta,
43, 1032 (1960).
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« OOy indicates maleate salt,

of the heteroeyele, other heteroevelie ring systems
closely allied to  1-hydroxybenzimidazole were also
synthesized.

'or instance, the condensation of nitrosobenzene
with benzonitrile oxide according to the method of
Minisel and eo-workers” afforded 1-hydroxy-2-phenyl-
benzimidazole 3-oxide.  The appropriate 1-alkoxy de-
rivatives of this and related compounds were accord-
ingly prepared.

In addition, it wuas also of interest to synthesize -
hydroxy-2-phenylindole, the carbon isostere of the pro-
totype compound.  This was done according to the
method of Fischer and Hitty® The alkylation of this
compound, however, initially  caused  econsiderable
difficulties.  The  procedure employed  had  proven
successful in our previous studies, 7.e., the substance
to be alkylated was dissolved in toluene or toluene-
dimethylformamide and then treated with Nal to
form the sodium salt which, in turn, was allowed to

(7 1 Tetrahedron Letlers. 12, 785
(1963).
(8) E. Iischerand H. Hity, Ber., 28, 383 (1800).
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react with the appropriate alkylating agent.
these conditions no homogeneous product could be

isolated.

Chromatograms of the crude isolated oils

only revealed the presence of a multiplicity of prod-

wets,

This could be eaxily rationalized on the basis

of the existence in =olution of the following tautomers,
cach of which undergoes alkylation and probably

side reactions.

e = O
N sH, x N/ .
; ) CoH,
O 0
A\ 13

That izomers A and B indeed exist in equilibrium
in certain solvents has been clearly demonstrated re-
cently by Mousseron-Canet and Bora® by means of
nmr studies.  These investigators have shown {that
pyridine i one of the few solvents inowhich isomer A
exclusively  present,  Consequently,  the  desired

1=

0y ML Mousseron-Canet and J. P Bova, Compt. Rend., 260, 2851 (1465).
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alkylation reaction was carried out in pyridine and in
s0 doing good yiclds of the desired l-alkoxy-2-phenyl-
indoles were obtained.  That alkylation had occurred
at the 1 position rather that at position 3 became
obvious from the nmr spectrum which showed a singlet
at 8 6.3 for a CH signal associated with the proton at
C-3.

CNS Depressant Effects.—In general, it was noted
that benzimidazole ethers were more active than the
ethers derived from 1-hydroxybenzimidazole 3-oxides
and the 1-hydroxyindoles. The benzimidazole 3-oxide
compounds (16-18) did show some CNS 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
at the 2 positions of compounds 16-25 were not made
since it had already been determined in the benzimid-
azole group that such modifications did not afford
improved activity. Within this group of compounds,
the structural conditions for maximum tranquilizing
musecle relaxant activity were somewhat specific.

Compound 8 [1-2-diethylaminoethoxy)-2-phenylbenz-
imidazole] was found to be the most effective in the
series. Structural changes, however, led to no im-
provement of tranquilizing activity. Tor example,
a 2-methyl substituent in place of 2-phenyl led to a
lowering of the activity. Compound 8 was also
more potent than 7 or 9. Thus, the diethylamino-
ethoxy group appeared to be necessary for maximum
activity. Substitutions on the 2-phenyl group as
shown in 10 and 13 were of no advantage. Compounds
12 and 14 with substituents on the benzene ring fused
to the hetero system showed diminished activity.

On the other hand, the neuropharmacological profile
of 8 was of considerable interest. Depressant activity
was produced by this compound in mice. Doses as
low as 5.0 mg/kg sc decreased spontaneous motor
activity in the jiggle cage test. Tor a 509, reduction
in activity, 25 mg/kg of this compound subcutaneously
was required as determined in the photoclectrie activity
cage.

In ncurological dosage range studies at doses of
30-200 mg/kg sc¢ or orally, it produced a quieting effect
which was not like that produced by neuroleptics such
as reserpine or chlorpromazine. There was no muscu-
lar incapacitation as noted with barbiturates or muscle
relaxants such as mephenesin. Thus, this compound
was described as a tranquilizer of the chlorodiazepoxide
class. T'urther testing, however, proved that it had
characteristics of all the above types of CNS depres-
sants but did not satisfy all eriteria of any single type.

Although 8 had a quieting effect in mice, at 20 mg/kg
ip it had no cffect in the monkey, whereas reserpine
or chlorpromazine produce a marked effect at doses
less than 5.0 mg/kg. In the cotton rat, it was inef-
fective at 100 mg/kg ip (approximately one-half the
LD;, value), while chlorodiazepoxide had a taming
effect at 25 mg/kg.

Elimination of the pinna reflex in 509, of the animals
was obtained with a dose of 165 mg/kg se in mice.
Doses as high as 400 mg/kg by the same route had no
effect. on the corneal reflex of these animals. This
selective effect of the drug on the pinna reflex is char-
acteristic of muscle relaxants. However, as noted
above, no incapacitation or lack of coordination was
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noted. Furthermore, in the chloralose—urethan ancs-
thetized cat, doses as high as 25 mg/kg iv did not selec-
tively depress polysynaptic reflexes, another character-
istic of muscle relaxants.

Other pharmacological properties of 8 were also
investigated. In the anesthetized dog at 9.0 mg/kg
iv there was no 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 LD values were 200 mg/kg
ip and 600 mg/kg sc.

Experimental Section

Biological Methods.—The methods emploved for determining
the newrological and jiggle cage effects are herein recorded.
Male albino mice (CFl) weighing 20-25 g were used. Drugs
were given subcutaneously or orally at a concentration adjusted
for an injection of .20 ml/20-g animal.

For neurological studies, animals were placed in individual
metal 10-cm cube containers. A Plexiglass wall allowed con-
stant observation of the 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 animals were removed from the
cages and a number of neurological reflexes tested (e.g., righting,
grasping, etc.,). Notations were also made of the animals’
motor activity, general appearance, and behavior.

Since the jiggle cage method depends upon the measurement
of alteration of intensity of the motor activity produced in mice,
a very sensitive activity-recording apparatus is required. The
unit prepared by Anderson is most satisfactory for this purpose.
Its sensitivity depends upon the reduction of the inertia of the
cage and its contained mice, the weight is nicely balanced by
air pressure applied to a valve which is controlled by the sus-
pended cage. Briefly, the apparatus consists of a spring-sus-
pended cage attached to a pneumatic movement amplifier, which
makes a kymographic tracing through a spring-loaded manom-
eter. The manometer is kept on a steady base line by maintain-
ing a constant air pressure within the recording system. Animal
movements disturb the cage, upset the delicate balance, and per-
mit the escape of air from the system. Escaping air lowers the
pressure and causes the manometer with its attached writing
point to record the activity on a kymograph. Most satis-
factory results were obtained when three mice were placed to-
gether in the cage.

Animals were placed in the cages for 1 hr before injection.
The initial dose for all drugs was 50 mg/kg sc and, if an effect was
produced, lower doses (0.3 log interval) were used in subsequent
experiments until the ineffective dose was obtained. The
activity of the mice was recorded for 2 hr and compared with that
of control mice tested concurrently.

Chemistry.’* 1-Hydroxy-2-methyl-6-methoxybenzimidazole.
—4-Acetamido-3-nitroanisole (9 g) was dissolved in 250 ml of
109, aqueous NaQH and the resulting red-orange solution was
treated slowly with vigorous stirring with 25 g of NasS:Os.
The temperature of the reaction mixture during the addition
was maintained at 50°. The mixture was then allowed to stir
at room temperature overnight whereupon a fluffy amorphous
precipitate was formed. This material was removed by filtra-
tion, and the filtrate was neutralized with concentrated HCL
This solution was chilled overnight whereupon a tan precipitate
was formed which was collected, washed well with water, and
dried in vacuo. One recrystallization from ethyl aleohol yielded
5.0 g of product, mp 215°.

Anal. Caled for CyHyN»Os:
C, 60.76; H, 6.13.

1-Hydroxy-2-p-chlorophenylbenzimidazole.—N-p-Chloroben-
zyl-o-nitroaniline (34.0 g, 0.60 mole) prepared by the con-
densation of o-nitrochlorobenzene with p-chlorobenzylamine

C, 60.66; H, 5.66. Found:

(10) ¥.T. Anderson and G. Wagle, Federution Proc., 158, 394 (1956).
(11) All melting points reported herein were obtained on a Thomas—
Hoover capillary melting point apparatus and are corrected.
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according to Gib=on wax dissolved in 350 ml of CHLOU con-
taining 27.6 g of NaOI{ pelletx. The mixiure was heated under
reflux for 5 hr and then cooled to room temperature.  The
supernatant liquid was poured off from the residue and brought
to pH 7 with 209, HCI solution.  After chilling this solution
overnight, the light yellow crystals were collected on a filter
and washed well with water. This material was recrysiallized
from ethyl alcohol water (1:1) to give 16.0 g of white crvstalline
substance, mp 216-217°,

Anal.  Caled for CH,CINLO: O, 6381 H, 371 N, 11.45.
Found: (, 63.57; H, 3.64: N, 11.32.

The following compounds were prepared in similar faxhion,

1-Hydroxy-2-p-methoxyphenylbenzimidazole, mp 159-191°.
Anal. Caled for CL N0, O, 60.98; I, 5.04; N, 1166
Found: ¢, 70.22; TI, 5.12: N, 11.42.

1-Hydroxy-6-nitro-2-phenylbenzimidazole, mp 273° dec,

Adnal. Caled for CupHlNO. €, 61070 11, 3050 N, 16.46.
C,61.25; 1, 3.70: N, 16.43,

6-Chloro-1-hydroxy-2-phenylbenzimidazole, mp 241°.
Caled for CisHCINO: €, 63.81: 11, 3.71: N, 11.45.
C, 63.685: 11, 3.69: N, 11.38.

General Procedures for Preparation of Compounds in Table 1.
1-(2-Diethylaminoethoxy )-2-phenylbenzimidazole Dihydrochlo-
ride (8).-—1-Hydroxy-2-phenylbenzimidazole (25.0 g, 0.119 mole)
wax dissolved in 200 ml of dimethylformamide (DNF) eontaining
50 ml of toluene.  Six grams< (0.131 mole) of Nall (53¢, sus-
pension in mineral oil) was added 1 this =olution with vigorous
stirring and the mixture was heated at 30° for 30 min. Al the
end of this time, the =olution was cooled 1o room temperature
and then treated with 91 ml of a 1oluene solution containing
0.177 g of 2-dimethylaminoethyl chloride/ml of solution and the
resulting solution was heated at 60° for 3 hr.  After cooling the
=olution to room temperature, 50 ml of ethyl alcohol was added 1+
decompose any unreacted Nall. To this solution there wa~
added 1 1. of ether, and the resulting precipitate was removed.

Anal.
Found:

(12) AL 8. Gibsou, J. Clem. Sor,, 1076 (19586,
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The flirate was evaporated to a viscous residue in cacno. This
was dissolved in a small amount of ethyl aleohol and the solution
in turn was treated with saturated ethanolic HCL - Alter chilling
the solution overnight, the copious precipitate was collected onou
filter, washed well with ether, and then recrystallized twice from
ethyvl aleohol-ethytether (1:1) to vield 17.5 g of white cryv=talline
produet.

1-(2-Dimethylaminoethoxy )-2-phenylbenzimidazole 3-Oxide
(16).- A slurry of 3.0 g (0.0132 mole) of 1-hydroxy-2-phenyi-
henzimidazole 3-oxide i1 30 ml of DAFE was allowed to react with
0.64 g (0.014 mole’ of 33¢C; NaH at steam bath temperature for
15 min.  The mixture wax then cooled to room temperature and
allowed to react with 2.1 g (0.0155 mole) of 2-diethylaminoethyl
chloride for 24 hr. The =olution was filtered, and the filtrate
was evaporated fn zacuo to an oil 1o which wax then added H.0.
Thix mixture was extracted well with ether and the ether extraci
was dried (Na,=0.:).  Removal of the dryving =alt by filtration
and concentration of the ether solution on the steam bath gave a
light: vellow oil.  Ethanolic TICI was added 1o the oil and the
solution wa~ chilled overnight. The resulting precipitate was
collected on a filter and reerystallized from ethyl aleohol ethyl
ethercl: 1.

1-{2-Diethylaminoethoxy )-2-phenylindole (21}, —i-{Ivdroxy-
phenyvlindole (4.0 g, 0.019 mole) was dizsolved in 150 ml of dry
pyridine and the solution was then treated with 0.85 g (0.018
mole) of 539, Nall, The mixture was stirred at room tempera-
ture for 1 hr, the =olution changing in color from light vellow to
dark brown. A toluene solution (25 ml) of 2-diethyvlaminoethy]
chloride (100 mg/ml) was added and the solution xtirred at room
temperature overnight.  The reaction mixture was added fo
300 mlof Hat) wherenpon an oil precipitated from =olution.  The
oil was separated and any excess water and pyridine were removed
by heating the oil a1 40° in zacuo for 4 hr. The oil was dissolved
in ether and dried { Na,80,).  Thix sult was then filtered off and
the ether solution wasx evaporated to dryness.  Again an oil was
obtained from which the maleate salt was prepared in an ethyl
aleohol solnton. The product was recrystallized from ethyl
ileohol-ethylethercl: 1

A Series of Central Nervous System Stimulants Based on the
4-Substituled 3,3-Diphenyl-2-pyrrolidinone Skeleton. 11
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The previously deseribed preparation of 4-(2-substituted ethyl)-3,3-diphenyl-2-pyrrolidinones by a rearrange-
ment of (l-substituted 3-pyrrolidinyDdiphenylacetic acids has been expanded in order 1o observe structiure-

activity relationships.

Variation of the ring and side-chain substituents has produced compounds of varving

biological activity, generally central nervous syvstem stimulants.

Part I' of this series desceribed the synthesis of T-alkyl-
4-(2-substituted ethy1)-3,3-diphenyl-2-pyrrolidinones [T,
R = lower alkyl, R’ = CiH;, X = (1 or Br (subse-
quently replaced by various basic residues) . The key

R’
CoHj -CH.CH,X
0
|

—

n}
A
i

intermediate 4-(2-haloethyl) compounds (I, X = Cl or
Br, R" = C¢H;) were prepared from (I-alkyl-3-pyr-
rolidinyl)diphenylacetonitriles via a rearrangement of
the corresponding acid chlorides (ITa = IIb — Ile —
I; R = alkyl, R" = C¢H;, X = Clor Br). In general

(1) C. Dy Lunsford, A D, Cale, Jr., o W, Ward, B, V. Iranko. and .
Jenkins, . Med. Chem., T, 302 (1964).

Ha, A=CN
h. A =COOH
¢, A=COCl
d. A+ CONH,

the compounds stimulated the central nervous systen.
1-Ethyl-4-(2-morpholinoethyl) - 3,3-diphenyl-2- pyrro-
lidinone? (I, R = C:H;, R’ = C¢H;, X = morpholino;
VIa), selected for extensive study, proved to be a po-
tent respiratory stimulant in animals and man.

Further variation of substituents on the 4-ethyl-2-
pyrrolidinone nucleus is reported in the preseunt work.

(2) Doxapram bydrochloride, Dopram?®.



