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The alkaloid quinidine is one of the most effective antiarrhythmic agents. The bicyclic quinuclidine
system is a structural fragment of the quinidine molecule. This fact prompted us to carry out a search
for antiarrhythmic agents among a number of quinuclidine derivatives with a simpler structure than quini-
dine. As a result of an investigation carried out earlier, it has been established that 3-benzoyloxyquinucli-
dine hydrochloride (I, oxylidine) displays antiarrhythmic action on various forms of experimental arrhyth-
mia [1].

Tt would be expedient to follow the variation in antiarrhythmic activity when different substituents
are introduced into the benzene nucleus of 1, and also to study 3-aroylaminoquinuclidines having elements
of structural similarity with Novocainamid in the same direction.

For this purpose, the 3-aroyloxy-, 3-aroylamino- and 3-aralkylamino-quinuclidines shown in Tables
1 and 2 were synthesized.

Esters II, TIT and V-X were obtained by reacting 3-hydroxyquinuclidine with the hydrochlorides of the
substituted benzoic acids in pyridine at 20° or 100°C, and ester TV, with an amino group in the benzene ring,
was obtained by redueing nitro derivative ITI. The 3-acylaminoquinuclidines (XIV-XVIII) were synthesized
by reacting 3-aminoquinuclidine with the hydrochlorides of the acids, and 3-(4-aminobenzoylamino)quinucli-
dine was synthesized by reducing the corresponding nitro derivative XXI.

Two methods were used to synthesize the 3-alkyl- and 3-aralkyl-aminoquinuclidines: the reduction
of the 3-acylaminoquinuclidines with lithium aluminum hydride, and the reductive alkylation of 3-amino-
quinuclidine with various carbonyl compounds or of the corresponding amines with 3-ketoquinuclidine. By
the first method, 3-[N~(y-phenylpropyl)amino]-quinuclidine (XX) was obtained from XV, and 3-methyl-
aminoquinuclidine (XXIIT) was obtained from 3-formylaminoquinuclidine (XXII). Amines XIX, XXIV and
XXV were prepared by hydrogenation of the azamethines synthesized from 3-ketoquinuclidine and 8-phen-
ethylamine or ethanolamine and also from 3-aminoquinuclidine and veratraldehyde.

Compounds XXVI-XXXIV were synthesized in the following way. 3-IN-(8-hydroxyethyl)amino]-
quinuclidine (XXIV) was converted into 3-IN-methyl~N~(3-hydroxyethyl)aminolquinuclidine (XXVI) by re-
action with formalin and formic acid, and the esters XXVII and XXVIII were obtained from the latter. The
dihydrochloride of 3-IN-(B-chloroethyl)aminolquinuclidine (XXIX) was formed by reaction of the dihydro-
chloride of XXIV with thionyl chloride, and amines XXX and XXXI were obtained by subsequent reaction of
XXIX with morpholine and N-methylpiperazine. Cyanoethylation of amine XXIII led to 3~IN-methyl-N-(3-
cyanoethyl)amino]quinuclidine (XXXII), the cyano group of which was reduced to aminomethyl, and amine
XXXIV was obtained from 3-IN-methyl-N-(y-aminopropyl)amino]quinuclidine (XXXTII).

The antiarrhythmic activity of compounds II-XX was studied. The investigations were carried out
using I for comparison. We determined the effect on the refractory period of isolated rabbit cardiac auri-
cle by the method of [2]; the effect on arrhythmia induced by electrical stimulation of the right cardiac
auricle of urethane-narcotized cats under artificial respiration [3]; and the effect on arrhythmia in rats
induced with aconite (30 pg/kg, intravenously) [4].
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It was established that I in a concentration of 3+ 10-¢
g/ml lengthens the refractory period by 25%. At doses of
1-10 mg/kg (intravenously) it appreciably reduces or pre-
vents arrhythmia induced in cats by electrical stimula-
tion of the cardiac auricle. In the case of aconite-induced
disturbances of the cardiac rhythm in rats, I has a di-
luting effect when administered by various routes. To
judge from the data obtained, I is similar to Novocainamid

z | SELEEHI Y and quinidine in the characteristics of its action. It is
TRHEIET Y@ active at lower doses than Novocainamid, but the ratio of
§ 5 | $R25E55%e effective and lethal doses (i.e., the "therapeutic breadth")
& SHgaddgs ! is approximately the same for both compounds. In some
3 = BR=12 BE2RW experiments (with aconite-induced arrhythmia), I has a
%' S S g longer-lasting effect than Novocainamid.
3 o BN88 838 Several of the esters of 3-hydroxyquinuclidine ap~-
BRET B8 proach I in their ability to lengthen the refractory period,
especially those esters containing OH, CHj or chlorine
g GG%GGUEEE groups in the phenyl nucleus (II, V, VII, VIII), These com-
g mEaEs T & c"j“m“ pounds, however, are considerably inferior to I in the
- %QQ«%%%EZN% other forms of experimental arrhythmia. The remaining
9 12 2% 20 S . . s . .
é :;: f Ezz:nim: 5;225 3—_hydroxyg}1£1.muchd1ne esters have only slight antiarrhyth-
£ JU:USU—UU"U:'S ) mic properties. v
a ° The 3-aroylamino- and 3-aralkylaminoquinuclidines
z §§§§f§§§§ [ (see Table 2), including XTIII, which can be regarded as a
: cyclic analog of Novocainamid, do not possess antiarrhyth-
Eo 5 | TERELBES S mic activity.
x |8 ddmddagg 2
@‘m & » | gomn sene ~ In addition to the antiarrhythmic effect of the 3-
o }g ATy SV ‘ :f hydroxy- and 3-aminoquinuclidine derivatives, we also
3 2 oo e @ studied other aspects of their pharmacological activity.
Q o | mEES aSEN, ;' The hydrochloride of 3-benzoylaminoguinuclidine (XII)
Z et g occupies a special place among the substances studied.
%) S Injection of XII into the veins of urethane-narcotized cats
¢ ST SN — B in doses of 0.5-1 mg/kg and above causes a sharp in-
% B & J,OLJD ddddddd S@e crease in arterial pressure, stimulation of respiration
Z 8z INSKREIRNRINZ v o 8 ; : : ;
8 - and contraction of the third eyelid. These reactions are
§ - A < b et 3 Ea § suppressed by the administration of ganglion-blocking
® as susygSnat 8 LB agents (1 mg/kg of hexonium), which indicates that this
= R B é‘& o compound has a stimulating action on the ganglia of the
‘qé Qg o vegetative nervous system and related formations.
5 x rEnTETSTno % H 2 Tachyphylaxia is characteristic of compound XTI, the
% B § % effect decreasing on subsequent administrations. .
'g o - z 8 : The 3-aminoquinuclidine derivatives XIV-XX are
% TEELGEETIE g i similar to one another in pharmacological properties.
_sg - E : s At doses of 5-10 mg/kg, they have a depressant effect
Ea &P >. Loi on the ganglia of both the parasympathetic and sympa~
< & oz%EImUU A (B & g thetic nervous systems. At relatively high concentra-
. B v o tions (1+107%-1.107% )* they all achieve acetylcho-
; 5 % &i ‘é line-induced spasms of an isolated section of rabbit in-
ES‘ g s SR R e g '§ + testine either completely or by 50%. Compared with
< g TERTEE>ET< 158 8 known ganglion-blockers and cholinolytics, these com-
B & LHP pounds are of relatively low activity. The substances

under investigation possess a moderate hypotensive ac-
tion: in doses of 2.5-5-10 mg/kg, they reduce the arterial
pressure of urethane-narcotized cats by 20-40 mm, the
hypotensive effect lasting for 5-30 min; they have no ef-

" . fect on the central m- and n-choline-reactive systems.
As in Russian original — Publisher, ‘
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EXPERIMENTAL

3-(2-Hydroxybenzoyloxy)quinuclidine (T). Salicylyl chloride (3.3 g) is added to a solution of 2.7 g of
3-hydroxyquinuclidine in 30 ml of dry pyridine at 0°C, The solution is left for 24 h at 20°C, andthen heated
for 3 h at 100°C, cooled, treated with 20 ml of a 50% potash solution, and extracted with benzene. The ben-
zene and pyridine are distilled off under vacuum and the residue triturated with ether. The ether-insoluble
residue is filtered off and the ether solution treated (until acid to Congo) with a 20% alcoholic solution of
hydrogen chloride. The hydrochloride of II is obtained.

Esters IIT and V-X are prepared analogously to ITat 20°C or with heating. The constants, analysis
results, synthesis conditions and yields of esters II-X are given in Table 1.

3-(2-Aminobenzoyloxy)quinuclidine (IV), Alcohol (100 ml) and 0.3 g of platinum oxide are added to
3.45 g of 3-(2-nitrobenzoyloxy)quinuclidine (IIT) and the mixture shaken with hydrogen. After hydrogen
absorption has ceased, the catalyst is filtered off, and the filtrate is acidified with a 20% alcoholic solution
of hydrogen chloride and evaporated under vacuum. The residue is triturated with ether and the dihydro-
chloride of IV filtered off.

3-(4-Nitrobenzoyloxy)quinuclidine (XXI), Caustic soda (1.2 g) is added to a suspension of 3 g of 3~
aminoquinuclidine dihydrochloride in 60 ml of methanol, the mixture carefully stirred, the sodium chloride
filtered off, and the methanol distilled off under vacuum. Then 30 ml of anhydrous benzene is added to the
residue, and a solution of 2.8 g of 4-nitrobenzoyl chloride is added with stirring and cooling. The reaction
mass is boiled for 4 h, cooled, and the hydrochloride of XXI filtered off.

The 3-aroylaminoquinuclidines (XIV-XVIII) are prepared in analogous manner.

3-(4~-Aminobenzoylamino)quinuclidine (XIIT). Methanol (100 ml) and 0.15 g of platinum oxide are
added to 3.8 g of the hydrochloride of XXI and the mixture is shaken with hydrogen. The necessary amount
of hydrogen is absorbed in 10 min. The catalyst is filtered off, the methanol distilled off under vacuum,
the residue triturated with acetone, and the hydrochloride of XIII isolated.

3-(y-Phenylpropylamino)quinuclidine (XX). A portion of 3-(8-phenylpropionylamino)quinuclidine
(XV) (8.45 g) is added with stirring to a suspension of 1.5 g of lithium aluminum hydride in a mixture of
50 ml of benzene and 50 ml of ether. The reaction mass is stirred while boiling for 20 h, cooled, and
treated with 3 ml of water. The inorganic salts are filtered off and reextracted with benzene. The com-
bined extracts are evaporated and the residue distilled under vacuum. :

3-(8-Phenethylamino)quinuclidine (XIX), A mixture of 6.3 g of 3-ketoquinuclidine, 6.1 g of 3-phen-
ethylamine, and 100 ml of benzene is heated in an apparatus with a Dean-Stark attachment for 7 h. The
bengzene solution is evaporated under vacuum, the residue dissolved in 100 ml of absolute alcohol, and
shaken with hydrogen in the presence of 0.2 g.of platinum oxide. After the absorption of 1 g-eq of hydrogen
the platinum is filtered off, the alcohol solution evaporated under vacuum, and the residue distilled.

XXIV and XXV are synthesized under analogous conditions by reaction of 3-ketoquinuclidine with
ethanolamine and of 3-aminoquinuclidine with 3,4-dimethoxybenzaldehyde followed by reduction of the
azamethines.

3-Formylaminoquinuclidine (XXII). A portion of formic acid (1.56 g) and 3.76 g of acetic anhydride
are heated at 60°C for2 h. The mixture is cooled to 0°C and 20ml of benzene and 3 g of 3~aminoquinuclidine
added. Two days later, the reaction mass is evaporated under vacuum, and the residue is treated with
potash and extracted with chloroform.

8-Methylaminoquinuclidine (XXIIT) is synthesized by reducing XXII with lithium aluminum hydride
under the conditions described for the preparation of XX,

3-IN-methyl-N-(3-hydroxyethyl)amino]quinuclidine (XXVI). A portion of XXIV (8.65g) 4.8 g of 35%
formalin, 7 g of formic acid and 15 ml of water are heated at 100°C for15 h, The reaction mass is evapo-
rated under vacuum, and the residue treated with potash and extracted with chloroform,

3-m~-methyl-N-(8 -acetoxyethyl)amino]quinuclidine (XXVTII), A portion of XXVI (2 g) and 5 ml of
acetic anhydride are heated at 100° for 3 h. The solution is evaporated under vacuum, and the residue
made alkaline with potash and extracted with benzene.
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3-IN-methyl-N-(S-benzoyloxyethyl)amino]quinuclidine (XXVII). A portion of XXVI (2 g), 1.55 g of
benzoyl chloride, and 20 ml of dry chloroform are boiled for 6 h. The reaction mass is evaporated under
vacuum, and the residue dissolved in 15 ml of 109 hydrochloric acid and extracted with benzene. The acid
solution is then made alkaline with potash and the reaction product extracted with benzene.

Dihydrochloride of 3-[N-(B-chloroethyl)aminolquinuclidine (XXIX). A portion of the dihydrochloride
of XXIV (8.7 g) and 40 ml of thionyl chloride are boiled for 4 h. Excess thionyl chloride is distilled off
under vacuum, the residue is triturated with acetone, and XXIX is filtered off.

3-IN-(B-N-morpholinoethyl)amino]quinuclidine (XXX). A portion of XXIX (3 g), 7 g of morpholine,
and 20 ml of absolute alcohol are boiled for 6 h. The solution is evaporated under vacuum, and the residue
stirred with 20 m1 of a 25% potash solution and extracted with benzene

Compound XXXI is obtained in an analogous manner from XXIX.

3-[N-methy1—N—(B—-cyanoethyl)amino]quinuclidine (XXXM), A portion of XXIX (2 gl), 1.5 g of acryl-
onitrile, 2 ml of water, and 18 ml of alcohol is boiled for 5h, The alcohol is distilled off under vacuum,
and the residue treat ed with potash and extracted with ether,

3=[N-(y-aminopropyl)amino]quinuclidine (XXXIII) is prepared by reducing XXXII with lithium alumin-
um hydride (see XX), and 3~IN-(y-dimethylaminopropyl) aminolquinuclidine (XXXIV) is prepared by alkyl-
ating the amine XXXIIT with formalin and formic acid (see XXVI).

The constants, analysis results, and yields of the 3-aminoquinuclidine denvatlves (XO-XXXIV) are
given in Table 2,
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