DERIVATIVES OF ARYLALKYLAMINES.

XXIII, SYNTHESIS OF N-ARYLALKYL-SUBSTITUTED 3-[2,3 (OR 2,4)-
DIHYDROXYPHENYL]-3-PHENYLPROPYLAMINES AND THEIR EFFECT ON THE UPTAKE
OF‘CATECHOLAMINES

R. S. Balayan, M. G. Akopyan, UDC 615.217.24.012.1
R. M. Vartanyan, A. A. Kaltrikyan,

0. M. Avakyan, B. N. Manukhin,

and £. A. Markaryan

Certain derivatives of diphenylpropylamine have sympatho- and andrenolytic activity
and block the uptake of catecholamines [2, 7, 9, 10]. This served as a basis for the syn-
thesis of new compounds (VIa-j) containing two hydroxyl groups in one of the aromatic rings
of the diphenyl fragment, and a study of their action on the uptake of catecholamines,
liberation of a mediator from the sympathetic nerve extremities, and on a-adrenoreceptors.
Compounds VIa-j were synthesized by the following scheme:

lPh

= HC - "

PhCH C+00Me — [XCOOMe] —_ /(I OH~ ycoon %%t xcoct PMR) XCONHR” ——» XCHNHR

HOCgHzR-2-R’-3 la,b RN No la,b Va,b Va-j VE-j
H NR”{//{ Ila,b

X = CHyCH(Ph)CgH,0OH-2-R-3-R’~4;
I—IVa, Va-d:R = OH, R’ = H; I—IVb, V£j, VIf-j:R = H,
R’ =OH; Va, f, Vla, §; R” = CHMeCHPh; Vb, g, VIb, £:
R" = (CH,),C.,HS (OMe),; Vg, h, Vg, h: R” = CHMe (CH,),Ph: X
Ve, i, VI, it 'R" = (CHp)yCHPhy; Vi, j, VI, §:R” = CHMeCH,CHPh,.

Alkylation of pyrocatechol or resorcinol by crotonic acid ester in the presence of
Al1Cl; leads to coumarins ITa, b via the intermediate esters (Ia, b), which confirms the
ortho-orientation of the phenolic hydroxyl in the addition of aryl to the conJugated.unsatur-
ated bond, found in [3, 4, 8].

Absorption bands were found in the 1750 (C=0 lact.) and 3200-3500 cm™! regions (OH
assoc.) in the IR spectra of IIa, b, and the presence of a peak of a molecular ion was re-
vealed in the mass spectrum.

Compounds IIa, b were converted by alkaline saponification into acids IIIa, b with
absorption bands at 2500-2750 cm™* region in the IR spectrum, characteristic of an intra-
molecular hydrogen bond in hydroxy acids {6], in addition to absorption in the 3200-3500
em™! region (OH assoc).

Amides Va-j were obtained by both condensation of coumarins IIa, b with arylalkyl-
amines, and by the reaction of the latter with acid chlorides IVa, c. However, the first
method is preferable. Reduction of amides Va-j by lithium aluminum hydride gave amines
IVa-j, which were then converted into hydrochlorides.

In the IR spectra of Va-j there are absorption bands in the regions of 1625-1635 (C=0
amide), 3200-3250 (NH amide), 3400-3500 cm~! (OH phen.), while VIa-j have bands in the re-
gion of 3150-3400 cm~® (NH, OH assoc.).

EXPERIMENTAL (CHEMICAL)

The IR spectra were run on a UR-20 spectrophotometer in mineral oil, and the mass spec-
tra on a "MX~1303" mass spectrometer with direct introduction of the sample into the ionic
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TABLE 1. N-Arylalkyl 3-[2,3 (or 2,4)-Dihydroxyphenyl]-3-
phenylpropionamides (Va-j)

R Found, % Calc., %

-} bl Empirical R. ()
£2 |9 mp, °C clul~ formula clul| ~|T
o 0 Ral
O > o®
Va 83 132—4 76,40( 6,45 4,0 | Cy,H,sNO; 76,77] 6,60 [ 3,73 0,8
Vb 68 113—5 [70,90] 6,801 3,34 | C;5H,,NO; 71,190 6,45( 3,321 0,7
Ve 63 103—5  |77.25] 7.29 | 3,97 | C,2HNO, 77.63| 6.94 | 3.32| 0.6
Vd 77 1824 (77,11 7,0 | 3,50 | CyyH,gNOs 77.40( 6,65 | 3,10] 0.7
ve 79 | 135—7 [79.74] 6.37 | 3:41 | C4HpNO, 800 | 6.66 3,01 0.7
Vi 93 135-—-8 76,50| 6,50 | 4,04 | C,,HysNO; 76,77 6,60 3,73 0,7
Vg 69 80—3 |71,31(6,20] 3,62 Cy3Hy;NO; 71,19/ 6,45 3,32 0,7
vh 50 | 0il-like [77.90] 7.25 (3,80 | C,3H,:NO; 77,63 6,94 | 3,59 0.6
Vi 70 82--3 [77,50] 6,70 { 3,36 | C45H,,NO;3 77,40 6,65 3,10 0,5
\'& 92 | 1345 (80,0 [ 6,84 | 3.38| CaeHoNOs 80,0 | 6,66 3.01| 0.7
TABLE 2. 3-[2,3 (or 2,4)-Dihydroxyphenyl}-3-phenyl-N-
(arylalkyl)propylamine Hydrochlorides (VIa-j)

' Found, % Cale., %

Com- -|Yield,| o Empirical
pound |% mp, °C cl N formula cl N | Re®

Via 46 202—4 9,01 3,85 Ca4H3eNO,CI 891 [ 3,51 0,7

Vb 53 | 100—2 | 825 2,05 | CasHogNO,CI 7.98] 315| 06

Vie 51 125—6 88,8 3,01 Cy3H3geNO,Cl 8,62 | 3,40 0,6

Vid 49 | 190—3 | 7,19 321 | CauHaNO,Cl 7.49 | 2.95| 07

Vie 51 90—2 7,44 3.08 Cg1HzsNOLCI 7,27 | 2,86 0,7

Vit 53 215—8 8,70 3,22 Cs4HysNO,Cl 8,91 | 3,61 0,7

Vig 50 1313 8,05 3,40 Cy5HygNO,CI 7,98 | 3,15 0,6

Vin 50 | 188—90 | 895 370 | CoaHyNO,CI 862 | 340| 07

Vii 52 | 129-32| 729 | 309 | CyoHagNOCl 749 | 295{ 06

Vij 49 | 120—3 | 740 3,01 | CyHagNOCl 7,271 286 06

source. In TLC, Siluvol UV-254 plates in benzene—acetone (4:1) (A) and benzene—acetone
(7:4) (B) systems, using iodine vapors as a developer.

4-Phenyl-8-hydroxy-3,4-dihydrocoumarin (IIa). A 13.6 g (0.12 mole) portion of pyro-
catechol is added to 34.6 g (0.26 mole) of AlCl, in 200 ml of PhNO,, and after 30 min, 20
g (0.12 mole) of methyl crotonate are added at 15-20°C. The mixture is then heated for
10-12 h at 70-75°C, then cooled and decomposed by 50 g of crushed ice. The mixture 'is
stirred for 30 min, and approximately 150 ml of dilute HCl (1:1) are added in the course
of 30 min until the precipitate is dissolved. The mixture is extracted by ether, the solvent
is evaporated, and the residue is distilled in vacuo. Yield 17 g (59.27) of IIa, bp 198-
200°C (3-4 mm Hg). Found %: C 75.28; H 5.03. C,gH,,0;. Calculated %: C 74.98; H 5.03.
Rf 0.68 (A). M% 240.

4-Phenvyl~7-hydroxy-3,4-dihvdrocoumarin (IIb) is obtained in the same way as Ila. Yield
15 g (53.5%Z), bp 245-247°C (2 mm Hg). Found %Z: C 75.30; H 5.27. C,;H,,05. Calculated,
Z: C 74.98; H 5.03. Rf 0.8 (a). Mt 240. ’

3-(2,3-Dihydroxyophenyl)-3-phenylpropionic Acid (IIIa). A solution of 2.5 g (0.062
mole) of NaOH in 20 ml of water is added to 5 g (0.027 mole) of coumarin IIa. The mixture
is boiled for 5-6 h until a homogeneous mass is obtained, and then it is diluted with water
and extracted by ether. From the aqueous layer acid IIa is precipitated by dilute HC1
(1:1). The product is purified by recrystallization from an alcohol-water mixture. Yield
4.6 g (86.5%) of IITa, mp 116-118°C. Found, %: € 70.02; H 5.86. C,;H,,0,. Calculated,
Z: C 69.75; H 5.46. Rf 0.53 (A).

3-(2,4-Dihydroxyphenyl)-3-phenylpropionic acid (IITh) is obtained in the same way
as IITa. Yield 4.5 g (84.47), mp 130-133°C. Found, %: C 70.10; H 5.41. C,;H;,0,. Calcu-
lated, %Z: C 69.75; H 5.46. Rf 0.74 (B). :

N-Phenylisopropyl 3-(2,3-Dihvdroxyphenyl)-3-phenylpropionamide (Va). a) A mixture
of 4 g (0.016 mole) of acid IITa and 3 ml of SOCl, in 150 ml of SOCl, in 150 ml of absolute
benzene is boiled for 6 h. After distillation of the solvent and excess of SoCl,, 100 ml
of benzene, 0.016 mole of phenylisopropylamine and 0.016 mole of pyridine are added to the
residual acid chloride IVa. The mixture is boiled for 5-6 h, and cooled, and water is added.
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TABLE 3.

Influence of Hydrochlorides VIa-j on Uptake of
Catecholamines

Action of compounds in a conen.

of 1 Umole on neuronal uptake of
noradrenaline-3H by rat's

Action of compounds in a concn..
of 10 Umoles on extraneuronal

£
ugtake of adrenaline-° H by sec-
t
b ot

tri wall of
spermiduct : ng'l; ﬁfggzﬁn ricle
g HQ i -l €,
[R-] S . ! ~ 1 -
Compound : 8. 88 SEg b8 3 @ ® W 0 B~
" 53| wiked 5480 51 pibendy ity
© 5. oy - Q P S¥E e =8d P
wii| o B98uE |2 g+ Ha gg\ﬂ‘:‘,’ g H
Bgldiaiss dBSey (R pBiEcadlst
EE|Bedilz [BR. i 25 (9858208858
Control 40 |.175 11816 811] 100 20 |[59 617173 | 100
Via 20 92 81943 527 53 <0.002
Vib 20 64 794+2 657 37 <<0,001 10 (41 13643702 69 <0,02
Vic 20 | 127 83631 192 73 >0,5
vid 20 | 9281564177 53 0,01
Vie 20 | 141 84646 950 81 >0,25
Vif 20 54 2875 157 31 <0,001 10 {38 1556219 64 <0,01
VI 20 47 2825 201 27 0,001 10 134 57843769 58 <0,01
VI 20 96 3151 445 55 0,05
Vii 20 | 141 8469 646 81 >0,25
V1j 20 | 1190806192 68 >0,25
Melipramine| 10 92 8124 266 53 <0,002 .
Meta.neph:::'mt:-I 10 | 155 8554-29 612‘ 89 >0,5 10 {37 8573824 63 0,01
TABLE 4. 1Influence of Hydrochlo-

rides VIa-j on Liberation of Media-
tor from Sympathetic Nerve Extremi-
ties and on Adrenoreceptors in
Experiments on Rat's Spermiduct

Decrease in num- |Decrease in num-
ber of duct con- {ber of duct con-
strictions caused|Strictions caused
k-] by transmural ix- |by adrenaline, %
g ritation, % with {|with respect to
] respect to con- Jcontrol (number
g‘ trol (number of jof constrictions
8 constrictions/ er 60 min ac-
60 min action), ion), Mt m
Mtm
Via 7716 59435
Vvib 48:-46 684-40,4
Vie 78+25,8 +914-124
Vid 76+-30,5 26-4-16
Vie 915 +914139
Vif 9618 93107
VI 80+7,9 304-11,1
Vih 95:5.4 89:£20.7
Vi 4038 952
Viji 60433 —+244-35
Melipramine 99+3,2 83427
Desipramine 99-+1 554-24
Octadine 844-8,3 -+-1344-26,8
Prasosine 71+12,1 98,5-+1,1

Note. + increase in number of duct
constrictions, caused by adrenaline
(in 7 with respect to control).

The benzene layer is separated, and washed, first with 6% HCl to an acid reaction, and then

with water.
ble 1).

After distillation of the solvent, the residue is crystallized from ether (Ta-

b) A mixture of 0.0l mole of coumarin ITa and 0.0l mole of phenylisopropylamine is

boiled in absolute benzene for 5-6 h, the solvent is distilled, and amide Va is precipitated
from the residug by ether.

Amides Vb-j are obtained in the same way as Va (see Table 1).
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3-(2,3-Dihydroxymethyl)-3-phenyl-N-(phenylisopropyl)propylamine Hydrochloride (VIa).
A solution of 0.02 mole of amide Va in 100 ml of absolute ether is added to a solution of
0.03 mole of LiAlH, in 100 ml of absolute ether. The mixture is heated for 10-12 h, and
decomposed, with cooling, by 10 ml of water. The precipitate on the filter is washed with
ether. After distillation of the solvent, the residue is converted into hydrochloride,
which is recrystallized from an alcohol—ether mixture (Table 2).

Hydrochlorides VIb-j are obtained in the same way as (VIa) (see Table 2).

EXPERIMENTAL (PHARMACOLOGICAL)

The influence was studied of hydrochlorides VIa-j on the uptake or noradrenaline-3H
and adrenaline-3H from the firm "Amersham' (England). The radioactivity was measured on
a liquid scintillation counter "Intertechnique CL~30" (France).

The influence of compounds VIa-j on the neuronal uptake of catecholamines was studied
in experiments on spermiducts of rats, which were placed into 5 ml chambers containing an
oxygen-saturated Tyrode solution, at 37°C for 30 min. The sperimiducts were then incubated
with compounds VIa-j for 30 min. They were then incubated in a fresh Tvrode solution for
30 ?in in the presence of compounds VIa-j and noradrenaline-®H at a concentration of 0.2
uCi/ml.

The influence of the most active compounds VIb, f, g on the extraneuronal uptake of
catecholamines was studied on sections of left ventricle wall of the rat's heart under some-
what changed experimental conditions: 1) Instead of noradrenaline-3H, adrenaline-3H was
used, since the affinity to the extraneutronal uptake sites is greater in adrenaline than
in noradrenaline [11]; 2) the amount of adrenaline added to the incubation medium was in-
creased by diluting adrenaline-3H with a nonlabeled (cold) adrenaline to 2.5°10° mole; 3)
the time of incubation with adrenaline-3H was shortened to 5 min, since 2-3 min are suffi-
cient for complete extraneuronal uptake of catecholamines in experiments with heart per-
fusion [11].

Our investigations showed that compounds VIa-j have a blocking action on the neuronal
uptake of noradrenaline-3H. Thus, at a concentration of 1 umole, six of ten compounds re-
liably block the uptake of noradrenaline-®H (Table 3). Statistical treatment of the results
obtained also showed that in their blocking activity, compounds VIb, g reliably surpass
melipramine (P < 0.05), while compounds VIa, d do not differ from the latter. The influence
of metanephrine on the neuronal uptake of noradrenaline-3H is statistically unreliable (P >
0.05). Compounds VIib, f, g, which most pronouncedly block the neuronal uptake of noradrena-
line-3H, at concentration of 10 umole also reliably block the extraneuronal uptake of a-
drenaline-?H to the extent of 31-427%, and with respect to this parameter do not differ from
known blocker of the extraneuronal uptake of catecholamines, metanephrine (P > 0.1).

In experiments on an isolated rat's spermiduct we studied the influence of the compounds
on the constriction of the organ, caused by transmural electric irritation and by adrenaline
at a concentration of 1:107% g/ml [1]. The compounds were tested at a final concentration
of 0.05 u mole/ml. The action of each of the compounds was verified on at least four ducts.

It was found that like melipramine and prasosine, compounds VIf, h induce a pronounced
blocking of both the liberation of the mediator from the sympathetic nerve extremities, and
of a-adrenoreceptors (Table 4). The action of compound VIc resembles that of octadine:

a sympatholytic effect leads to increase in the sensitivity of the adrenoreceptors ("reaction
to denervation').

The acute toxicity of the most active compounds was determined in experiments on white
mice of both sexes weighing 18-23 g each. The compounds were administered intraperitoneally.
Each dose was tested on 6 animals. The experimental results were recorded 24 h after ad-
ministration. The mean lethal dose (LD;,) was calculated according to Leachfield and
Wilkoxon [5]. The LD;, of compound VIf is equal to 128 (101.6-158.75) mg/kg, of compound
Vig 165 (142-191.4) mg/kg, and of melipramine 91 (83.9-98.7) mg/kg. The difference between
the toxicities of VIf, g and melipramine was statistically reliable (P = 0.05), they are
less toxic than melipramine.

Our investigations thus showed that compounds VIb, f, g have a pronounced blocking
action on the neuronal uptake of noradrenaline-3H and extraneuronal uptake of adrenaline-3H,
while compound VIf, like melipramine blocks other adrenergic processes also: the process
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of liberation of the mediator from the sympathetic nerve extremities, and on a-adrenore-
ceptors. Hence, hydrochlorides VIa-j are interesting as anti-adrenergic compounds with
a considerable blocking action on several adrenergic processes, simultaneously.
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ANTTHYPOXIC ACTION OF DIOXINDOLE DERIVATIVES

L. I. Mazhilis, V. N. Garalene, UDC 615.23:547.756].07
A. P, Stankyavichyus, and S. P. Risyalis

In a study of the antihypoxic activity of isatin and other compounds of the indolinone
series [2, 5, 6], we and other authors have noted the presence of this activity under the
condition that the 2-carbonyl group is retained. In particular, acetyloxindole, a compound
in which the 3-keto group is completely reduced in comparison with isatin, exhibits pro-
nounced protective action during hypobaric hypoxia [2]; this structural fragment is con-
tained also in pyracetam, in which an antihypoxic activity has also been observed [4].

It was interesting to study the antihypoxic properties of derivatives of dioxindole,
which occupies an intermediate position between compounds of the oxindole and isatin series.

We therefore synthesized 13 dioxindole derivatives of the general formula

;:I:ia¥
N OO
‘R i,

R

I-X

ILR=R!=R?= R¥=H; I:R —MSW Rl = W-W—
INI: R=Cl-7, Rl=R2=R¥=H; IV:R=R2=R3 =
Rl=Ac; V:R= Rl-Rz—*H R® = CH,Ac; VIR Br-5, RI—R’-—H R3® = CH,Ac;
VII; R=Br-5, Rl=R2=H,R3= pvrldyl-z-methyl VII:R = Br-5,
RI—RS'—'H Rz—Ac IX:R=Cl-7, Rl=R3=H, R2=Ac; X:R=R3=H
Rz—COEt XIR Me5 RI*R = COEt, R¥=-H; XII:R= Br5
Rl—-Rz——COEt R3=H XIIIR Br-5, Rl = R”—COPr R% =H

Dioxindoles containing substituents in the benzene ring and at the nitrogen atom only
(II-IV), were obtained by reducing the corresponding isatins by sodium dithionite [8], and
3H-substituted compounds (V-VII) were obtained by condensing CH,-active compounds with

isatins [3].
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