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Summary — New indolyloxypropanolamines in which the substituent at the side chain nitrogen atom was the 2-(1H-
indol-3yl)-1,1-dimethylethyl group have been synthesized as putative anti-hypertensive agents. In vitro assays were used
to measure their affinity for the 8-, §,-, a;- and a,-adrenoceptors, where a marked tendency towards f,-adrenoceptor
selectivity was observed.

The tryptamine indole ring was responsible for their a, and Ca?* blocker properties and results compared to those obtained
with the 4 stereoisomers of 1-((2-(1H-indol-3yl)-1 methylethyl)amino)-3-(2-methylphenoxy)-2 propanol 32, Intrinsic sym-
pathomimetric activity (ISA) was imparted to the oxyindole ring.

In the anesthetized dog, five analogs (4, 5, 24, 25, 27) antagonized the effects of isoproterenol (8-blockade) and nore-
pinephrine (a-blockade) more than 509, at doses lower than or equal to 0.1 mg/kg i.v. The anti-hypertensive activity was
confirmed in spontaneously hypertensive rats. Two compounds, 4 (CM 40441a) and 25 (SR 41717a), were selected for further
pharmacological studies.

Résumé — Synthése d’indolyloxypropanolamines portant le groupement (1H-indolyl-3)-2-diméthyl-1,1 éthyle: études de
structure-—activité et activité anti-hypertensive. Une série d’indolyloxypropanolamines portant sur I’atome d’azote de la chaine
latérale le groupement (1H-indolyl-3 )-2-diméthyl-1,1 éthyle a été synthétisée en vue d’obtenir de nouvelles molécules anti-
hypertensives. Leur affinité aux récepteurs 3, ., ay, a, a été déterminée in vitro ou I’on note une tendance vers une sélectivité
B2. La tryptamine induit des propriétés a,-lytiques et antagonistes du calcium. Ces résultats sont comparés a ceux des quatre
isoméres du (((1H-indolyl-3)-2 wméthyl-1)éthylamino )-1 (méthyl-2 phénoxy )-3 propanol-2, 32.

Le cycle oxyindolique ajoute une composante sympathomimétique intrinséque.

Chez le chien anesthésié, on remarque que 5 composés (4,5, 24, 25, 27 ) antagonisent a plus de 50%, les effets de 'isoprénaline
(blocage B) et de la noradrénaline (blocage a) a des doses inférieures ou égales a 0,1 mglkg i.v. L’activité anti-hypertensive
a été démontrée chez le rat spontanément hypertendu. Deux composés, 4 (CM 40441a) et 25 (SR 41717a) ont été retenus
pour des études pharmacologiques approfondies.

indolyloxypropanolamines / tryptamines / - and a-adrenoceptor affinities / vasodilating activity / anti-hypertensive activity

Introduction

It was demonstrated, in the treatment of hypertension,
that synergistic effects could be achieved by the combi-
nation of f-blocking drugs with vasodilators [1, 2]. Labetalol
[3] was the first agent to be marketed combining both
a- and p-blocking properties. Some other compounds
have recently been developed such as prizidolol [4], carve-
dilol [5] and bucindolol [6] which exhibit both f-adrenoceptor
blocking and vasodilating properties, -or medroxalol [7]
which also has vasodilating properties in addition to o-
and fS-blocking effects.

Some recent reports [6, 8—I11] have shown the dual

effects of arylalkylamino analogs of pure f-blockers of
the isopropyl- or tertiobutyl-type at f- and a,-receptors.

Since it has already been shown that selective a, anta-
gonism could be gained with extended substituents at
the side chain nitrogen atom (4-phenyl-2-butyl as in iabetalol,
3-phenoxy-2-propyl as in isoxsuprine), we looked for new
arylalkylamines which could interact strongly at the fS-
receptor. We came upon compound SC10049 [12], a tryp-
tamine analog of the biogenic amines epinephrine and
norepinephrine, a bronchodilator 10 times as potent as
isoproterenol.

Consequently, the wuse of 2-(1H-indol-3-yl)-1-methyl-
ethylamine (a-methyltryptamine) as the amine partner in
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classes of f-blockers was aimed at designing compounds
with synergistic activities at the a;- and p-receptors and
this was initially verified with compound 32 [13] whose
valuable anti-hypertensive activity prompted us to synthe-
size its four stereoisomers ([14], manuscript in preparation).

Since it is also currently recognized that a limited contri-
bution of f-adrenergic stimulation reduces side effects of
the B-blocker treatment: i.e., bronchospasm, bradycardia,
increased peripheral resistance [15] and plasma triglyceride
levels [16], we focused more particularly on 4-hydroxy
indole derivatives. It is known that.such a pharmacophore
confers part1a1 agonist properties [17] to f-blockers which
contain it. These f-blockers with partial intrinsic sympa-
thomimetic activity (IS4 ) might be therapeutically advan-
tageous when compared to purely sympatholytic compounds
[18].

'The aim of this article is to present preliminary bio-
chemical and pharmacological studies on a series of bis-
indole propanolamines with anti-hypertensive properties.
In order to simplify the analysis of biological data, achiral
amines (a,a-dimethyl tryptamines) 3b—h partly related
to the bucindolol series were used in this study so that
these new amino alcohols were obtained as racemates.

Chemistry

Most of the amino alcohols mentioned in this study (Tables I,
11) were synthesized as outlined in Scheme 1 by refluxing
equimolar amounts of an indolyloxymethyloxirane with
the "fequisite amine in a hydroxylic solvent. Purification
was achieved by gel chromatography, followed in most
instances by salt formation. Intermediates 1 and 2 were
known, or obtained by standard literature procedures.
It appeared highly advantageous, whenever possible, to
purify the epoxide 2 by chromatography or crystallization

in order to achieve a clean conversion into the amino
alcohol (yield 60—669%,) and easy salt formation. By this
procedure, the hemifumarate salts obtained were freed
from contaminating amino alcohol hydrochlorides. For
structure—activity purposes, we synthesized amine 3g by
nucleophilic displacement by the cyanide ion on bromo
amine 3e ((CuCN,) in N-methylpyrrolidone) according to
a procedure previously described for the synthesis of 5-
cyanoindole from 35-bromoindole [19]. Amine 3h was
obtained from 5,6-dimethoxygramine by routine procedures.

Biology

In vitro studies

The interactions of the compounds with the adrenergic
system were studied in vitro in order to compare their
affinity on a- and fS-receptors. The affinity for f-, f,-,
a;- and a,-receptors was assessed by ligand binding tech-
niques using [*H]dihydroalprenolol on dog heart and rat
lung membranes, [*H]WB.4101 on rat brain membranes
and [*Hjclonidine on rat brain membranes respectively
(Table III).

In vitro rat tail artery studies were performed, using
phenylephrine as an a-agonist. Some compounds were
also tested against the vasoconstriction induced by a hyper-
potassic solution on denervated artery, a property shared
by calcium entry blockers [20] (Table IV).

Pharmacology

The in vivo anti-adrenergic effects were tested in the anes-
thetized dog on isoproterenol-induced tachycardia and
hypotension and on norepinephrine (NE)-induced hyper-
tension. The hypotensive effect of some compounds was
confirmed in the conscious, spontaneously hypertensive rat
(SHR) (Table V). The intrinsic sympathomimetic activity

. (ISA) was analyzed on reserpinized anesthetized rats

(Table VI). The commercially available propranolol (avlo-
cardyl®), pindolol (visken®) and labetalol (trandate®)
were studied as reference compounds.

Results and Discussion

p-Adrenergic receptor affinity

As compared to propranolol, compound 4 and-its fluoro-
analog, compound 5, werc found to possess high, non-
cardioselective affinities for pS-adrenergic receptors with
ICs, values in the 107°—1071° M range. The closest
isostere,” the indolizine analog 28, displayed much weaker
affinity for the @,-receptor.

When various monosubstituted indolealkylamines were
introduced as amino components, large shifts in binding
constants (3 log units) were evenly observed at both f-
and f,-adrenoceptor sites. It turned out that slightly hydro-



Table 1. Substituted 4-indolyloxypropanolamines.

/N7

0~ CHg - CH (OH) - CHy N H - W - CH, Tx@i OR 0
el r= I - QI
N N
A
Cp X Y z | w FORMULA Mp, °C” Recrystallsation
ohert 1a-c 2a-i
4 H Ho| B[ A [CaeM0.05CH0, 157460° EOH
5 F CosHaFN0p 05 GO, 03 HO 157:161 ACOELEIOH
8 Chy CotNiOz 05 CiHiOs 18082 EOH
7 - OCHy CaablzsNg03. 0.5 CHO4 161163 ACOELEIOH 0-CH,-CHOH-CH,-NH-W-CH;
8 Br CoHesBr02 05 CHO, 200204 ACOELEIOH
9 QCH; | OCH CosHiN:0405 CHO;. CHOH 28212 EOHH0 > |
1 . oN | H CotN,Oz 05 CiH0,. 05 CHOH 22204 EOH E X(2)
| com B[ # o B | Coiah005CHO! 219226 EOH
2 | com A | CalaMOs 137142 CHAON 42731
1 F CasHoPN04. 05 CHL0, 26238 ACOELEIOH
1 . CHy Co0s 05 GO, %225 ACOEHEIOH 1a R=Bz, X=H
15 . OCH, CoHae0S 122424 CHOly P10 tb R =H, X=H
1 . oN CoHai0y. 05 C 04 26248 ACOELEIOH 1¢ A =Bzl X = CO,CH (CHy),
17 . a - . | CaHanCiN:04. 05 CHIO4 248251 ACOELEOH 2a X = CO,Et 3a W = CHCH;,
18 | COCHCHY| H CoHNOs, HOL B0 144448 ACOEHEPr0 b X =CH, b W= C{CHaa
19 CN CoiHagNyOp. 0.5 CH404. C.H:0H? 140-145 EOH c X = CO 2'CH(CH3)2 c W = C(CHa)z,
20 CONH, CagHogNy03. 0.5 H0 195-199 EtOH d X = CN d W= C(CHg)z.
2| CON(CHye CasteaiOs, 05 CyH0, 04H0 2326 EOH e X =CONH, 6 W =C(CHaa,
2 | CONpu, CoyNiOs. 0.5 CaH,0,, 05 CH,COEt 147149 ACOELEIOH { X = CON(CHa); I W= C(CHa)s,
B | cHoH CaasNOy 05 CaHOH 103445 EOH g X = CON(Bu) g W =C({CHa)
% CHy CosHsN;Oz. CH, COOH 160165 EIOH h X = CHOH h W= C(CHy
% CHs | O | H CashaNO CHAOs.0.25 CHiCOL 125429 ACOEHEIOH i X=H
% CH, | ocH| M CasHNOs, HCL 03 B0 125445 HPIOH
7 CHy o | H CasHaNiOz 05 CHO,. 05 KO 163166 EIOH Scheme 1.
3 H Ho| H | B |CoMa0.05CHO, 183184 £10H
aA = C(CHs)2; B = —CH (CH3)—.

bUncorrected melting point.
eC4H404 = fumaric acid.
dCalc for C: 68.94; found: 68.20.

e[n some instances, a salt (mp = 210—212°C) was obtained in ethanol—

water mixtures (polymorphism).

tCalc for C: 65.70; found: 65.05.
gCalc for C: 67.62; found: 66.32.
hCalc for C: 66.38; found: 65.46.

iC, H, N, Cl. Calc for N: 9.8; found: 9.10.

Table II. Miscellaneous and reference compounds.
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philic groups (F, OCH,, CN) were preferred to larger
lipophilic substituents (CH3, Br) in order to retain a high

level of binding affinity (5, 7, 10).

As a result of increased §, (19) or decreased j,-binding
affinity (18), a tendency to f,-selectivity (K,(8.)/Ki(8,) =
100) was evidenced in the series of compounds substituted
in the oxyindole ring (18, 19, 27).

Cp FORMULA Recrystal. |Mp,°C B, receptor Ki (nM) B, receptor Ki (nM) O, receptor Ki {nM}|
solvent 1CsnM + SEM 1CsonM + SEM 1CsonM + SEM
i

28 CoHoNg050.5CHOL,  B5CH,COEL ACOELEIOR | 140-144 75 (60-90) 40 2013 04 1300 (930-1850) 530
b3 nm‘ o CasHsiNa04.0.5CHOs EIOH  |164-168  7700(5000-10000) | 3800 |  1500{1400-2000) | 500 |  5900(4100-8500) | 4200

"

R,

30 m coet LHaiN:0s. HCH EtOH 196-198| 8200 (5700-12000) | 4000 500 (370-750) 100 1200 {750-2000} 8§70

®
Labetalol 500 (320-770} 260 410 (310-550) 7 140 (110-170) 100
Pindolof 68 (49-63) 34 16 (11-24) 30 2300 (1400-3600) 1600
Propranotol 39 (28-55) 20 35 (27-45) 65 15000 {10000-22000) | 10000

A= -OCHg-CH(OH)CHzNHACI-CHZ l_Q ® G0, = fumaric acid
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Table III. Inhibition of [FH]DHA and [*HIWB.4101 binding to mammalian membranes.

B;-receptor Ki2(nMy B2-receptor Ki*(nM) ayreceptor KP{nM)
ICee?, NM, ICs?, M, 1C5°, M,
{HIDHA®-Dog [*HIDHA-Rat [PHWB.4101 rat
hearts membranes fungs membranes brain membranes
4 13(1:2) 07 25(2-3) 05 160 (140-240) 130
5 03(0.2-05 0.15 0.4 (0.2-0.5) 0.07 290 (210-390) 200
6 68 (45-100) 20 570 (360-900) 107 700 (550-950) 500
7 3(2-4) 15 25 (24) 05 200 {140-260) 140
8 400 (300-500) 200 1600 {1100-2400) 310 600 (450-800) 420
9 100 (70-150) | §0 0.5(0.3-0.7) 0.1 200 (140-280) 140
10 8(5-13) 4 15(1-3) 03 165 (110-240) 110
11 6(58) 3 3(24) 06 400 (300-550) 290
12 20 (14-25) 10 5 (4-6) 1 500 (400-650) 360
13 10 (6-14) 5 0.5{0.30.7) 0.1 630 (450-870) 440
14 240 (170-330) 120 3(2-4) 0.6 900 (700-1200) 630
15 110 (80-140) 55 2(1-5) 04 580 {440-750) 410
16 6(49) 3 0.5(04-1) 01 300 (230-400) 210
17 40 (30-70) 20 8(5-11) 4 1500 (1100-2000) 1000
18 350 (250-450) 170 1(0.6-2) 02 660 (520-840) 460
19 2(1-8) 1. 0.07(0.03-0.1) 0.01 530 (410-690) 380
20 12 (8-16) [ 30(20-35) 5 680 (540-860) 480
2t 4(35) 2 1(0.7-2) 02 240 {190-300) 170
2 900 (600-1200) 450 500 (300-800) 100 570 (380-850) 400
2 13 (10-16) 6 7(4-12) 13 350 (260-460) 250
2% 4(3-5) 2 14(11-18) 3 210 (170-270) 150
% 13(9-18) 8 5(3-12) i 550 (420-730) 300
26 15 (12-20) 8 1(09-2) 02 230 {150-350) 160
27 15 (10-20) 8 0.10.06-0.2) 0.02 230 (180-290) 160
31 10 (7.5-14) 5 3(24) 06 105 (80-140) 75

aAll K; were calculated, assuming pure competitive behavior.

%959, confidence limits.
¢[BH]DHA == [3H]dihydroalprenolol.

Table IV. Comparison of vasodilator potencies (ICso) of tryptamine
derivatives in rat tail artery contracted by a hyperpotassic solution
(90 mM) and phenylephrine (5 x 1076 M).

Compound IC50 (M)
Hyper K2 Phenylephrine®

4 1.4 x 105 1.1 x 10°¢
8 3 x 10-¢ 6 x 10-6
9 2.7 X 1078 5.2 X 1077
12 1 x 1075 7.5 X 106
19 8 x 108 3 x 107
25 3 x 108 2.5 X 10-8
31 1.2 x 10-8 1.6 x 108
Pindolol >1 x 10 5 x 1075
Labetalol >1 x 104 1.5 x 107
Verapamil 1.4 x 107 4.6 x 107
Phenoxybenzamine >1 x 10 2.0 x 10-°

No. of experiments = 4.

aCa entry blocker properties.

®Sum of alpha—! and Ca entry blocker properties (see Experimental
protocols).

Since no clearcut structure—activity relationship was
found, the reasons for which substitution might alter
selectivity will be analyzed as trends in comparison to 4.

In the sp3-substituted series, a theory of lipophilicity
or H-donor/acceptor properties was ruled out because
analogs 23, 24 (X = CH,OH, CH,) bind with high affi-

nity, with no selectivity in spite of the large shifts in substi-
tuent lipophilicity parameters [21]. However, the theory
of lipophilicity must be considered in the sp*-substituted
series. More lipophilic substituents were preferred to hydro-
philic ones in order to retain a high level of binding affinity
for the f,-adrenoceptor (20 vs 125 12 vs 18; 20 vs 21).
But increased lipophilicity does not always lead to an
increase in selectivity (22). Consequently, a bulk hypo-
thesis must be considered. When one of the butyl groups
of the amide 22 was removed by insertion of an oxygen
atom, this change proved to be detrimental for binding
at the f,-adrenoceptor, but led to a selective analog (18)
with high affinity for the f,-adrenoceptor.

However, none of these observations can account for
the 50-fold increase in binding affinity displayed by 19
at the B,-adrenoceptor site. We are left with the conclusion
that electronic parameters are also operating here.

The CN group is hydrophilic and, from the previous
discussion, should not be a preferred one, but it mani-
fests strong resonance and field effects [21]. A consequence
might be a weakening of the indole—NH bond and a
strengthening of the NH-——receptor interaction at the
B,-adrenoceptor, leading to an increased binding affinity.

A 2-alkoxycarbonyl group also displays strong field
and resonance effects. Taken in conjunction with the bulk
and lipophilic effects mentioned above, these might account
for the large shift towards p,-selectivity clicited by 18
leading to an in vitro ratio K,(8,)/Ki(p,) = 850.



Table V. In vivo experiments.
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Comparative effects Alpha-adrenerdic blockade and cardiovastular effects (heart rate and arterial pressure)
on MAP? of SHR® of selected compounds studied at beta-blocking dose (iv} in anaesthetized dogs
(1 mgkg) iv Beta-adrenergic Slockade «-adrenergic Maximum Maximum
blockade variation fattin
Compound | No Maximum fall Duration | No | 8-blocking % blockade of Duration of | % blockade in heart rate diastolic
of in MAP of effect of dose isoproterdnol incuced G-blocking of NE°® beatimin arterial
SHA | mmHg + SEM? inh dogs | (mg/kg) iv effect induced pressure
Tachycardia:  Hyputension inh hypertension + SEM mmHg = SEM
4 5 28452" >230 | 4 | om 89 8 >1 50 Bié 022
3 4| 010 ) 8 >3 6 412 13
6 4 41£38" >230 | 4| o4 ] 9 >3 5 7:18 845
7 4 46+ 44" >230 | 4] o & 8 >2% 55 5119 64
8 3 o7 >230 | 3| 0% 9% 88 330 3 12413 251
9 4 Nes >2.30
10 8 /a5 >220 | 4 | o0 o 7 >3 @2 2Bt x2
1?2 4 19260 >230 4| ow 8 & >3 " 4410 4546
13 3] 010 9% @ 2 16 443
16 4| o0 8 86 >3 4 20510 A1t6
19 3 20+ 18 230 |3 | oo % g7 >4 3 42147 41
2 4| o0, o % >3 Q9 46211 2047
21 4] o1 8 % >3 2 HHS A5
) 4 15242 <1 3] 0% I @ >33 % N6 246
24 4 25494 >230 | 41 o 0 8 >230 5 88 A4
2% 3 B 26 23 | 3 | o ) ) >3 57 248 615
a7 3 30+ 24" >230 | 3 | 008 a7 % >3 1 A1 194
A 4 2449 >230 | 2| 0% 8 6 2 4 206 510
Labetalol | 4 B3* 1 A 14 8 73 >1 7 816 Y
Pindolol | 3 Hi2" >2 4| oo 84 8 >4 EY 022
Propranclol | 4 0 4| ors 84 80 230 WL 345
Hydralazine | 3 52+ 15" >230
aMAP = mean arterial pressure.
bSHR = spontaneously hypertensive rats.
¢NE = norepinephrine.
4¥p < 0.05; **p < 0.01.
Table VL. Intrinsic sympathomimetic activity (154). Steric hindrance might be determinant in increasing
K; values (10—450 nM) at the 8, level (12, 18, 22). Other-
Compound No. of rats 4 HR#* (bpm) wise, affinity for the §;-adrenoceptor was mostly insensitive
(0.7—6 nM) to the structural character of substituents
4 6 5445 (4, 19, 20, 21, 23, 24). In the disubstituted series, other
b . .
;;9; i 12(8) i Z theories can be put forward to account for the following
24 4 63 + 7 data. In the group of compounds (12—17) substituted
25 4 43 L9 by the 2-CO,Et group, affinity for the J,-adrenoceptor
27 3 54 + 2 stretched from 3 (16) to 120 nM (14). In the case of the
Pindolol 5 58 & 6 -adrenoceptor (with the exception of 17), ch i
5 changes in
Isoproterenol 5 150 + 7 p P ( p ), g

aValues represent mean -+ SEM increase in heart rate
(beat/min) of reserpinized rats (» = 3—6) given 0.3 mg/

kg i.v.

bStudent’s ¢ test: 19 significantly different from 4 (p <
0.01); 23, 24 and 25 non-significantly different from 4.

0— (CHz)3 — NH —

CH;
|

C—CH,
{
H

37

N

I
H

affinity were less pronounced from 0.1 (16) to 1 nM (12).
Consequently, §,-selectivity was gained by a loss of affinity
(14, 15) for the B -adrenoceptor. Changing the 2-CO,Et
group by the isolipophilic [21] 2-CH,; group (24—27)
gave the following results. Affinity for the §;-adrenoceptor
was kept constant from 2 (24) to 8 nM (27). A unique
increase in affinity for the f,-adrenoceptor from 3 (24)
to 0.02 nM (27) rendered 27 one of the most selective
analogs found in this study (K;(£,)/Ki(f,) = 400). The
influence of the 5-CN group was unprecedented. In fact,
substitution by a CN group (10 vs 4, X = H; 16 vs 12,
X == CO,Et) did not alter dramatically the binding affinity
and selectivity in the other series. It has been shown from
PCILO calculations [22] that S-adrenergic drugs of the
isopropyl or tertiobutyl-type in the aryloxy propanolamine
family only exist in three stable conformations.

The constraints imposed by the field/resonance effects
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(i.e., induced dipole, restricted rotation of the C,—CO
bond) in the 2-CO,Et substituted family might strongly
favor one conformer over the others. These would force
the tryptamine indole ring to be translocated respectively:
1) in a non-interacting domain (f,) and 2) in a domain
(B1) where repulsive interactions exist in the series 12—17.
Conversely, with a substituent lacking resonance and
field effects (2-CH3) the population of the other conformers
might be increased. The tryptamine indole ring (24—27)
would have freedom either to choose a ‘better fit" or
be forced 1) into a non-interacting domain (8,) and 2)
into a domain (f,) Wwhere attractive forces are operating.
Turning to the monosubstituted series (X = H), whenever
comparison is made possible (Y = H, F, CH;, OCH,,
CN) and with the exception of 6 at the f,-adrenoceptor,
the binding modes more closely resemble that of the 2-
CO,Et than that of the 2-CHj; substituted families. The
origin of the repulsive forces in the §,-domain might be
steric bulk. In a series where hydrophilicity [21] varied
little (4, 5, 7, 9) binding affinity varied widely (over 300-
fold), with a preference for the small F atom (molecular
refractivity (MR) value) over the H atom (compare 4,
5 and 12, 13). The attractive forces in the f,-domain (X
= CH;) would favor hydrophilic groups and a group
(CN) able to increase a tryptamine indole—NH—protein
interaction, undemonstrated for the moment, due to the
resonance effect of the 5-CN group (more analogs are
needed to test this hypothesis).

The 5,6'-dimethoxy analog 9 was synthesized with
the aim of shifting the biological response towards f;-
selectivity, a transformation which proved to be advan-
tageous in a series in which the side chain N-substituent
was the 3,4-dimethoxyphenethyl moiety [23]. The opposite
was true and 9 was found to bind selectively (Ki(8,)/K:(5,)
= 500) at the f,-adrenoceptor, for the reasons discussed
above.

The results of biochemical assays were confirmed in
vivo in the anesthetized dog, by i.v. injection of low doses
of the most f,-selective analogs.

At 0.003 mg/kg i.v. f,-blockade by 9, 18 and 27 was,
respectively, 16, 36, 519 with no effect at the fS;-
adrenoceptor. At 0.01 mg/kg i.v., results for 9 and 18
were 65, 60% (B,) and 19, 17% (B1).

Finally, shifting the propanoloxy side chain from the
4 to the 5 or 6 position in the indole nucleus (29, 30) led
to inaetive compounds.

In summary, with the exception of a minor structural
change exemplified by the 5'-F atom, none of the substituent
patterns appeared to be highly advantageous for non-
selective binding with high affinity in this family. It can
be seen that the f,-adrenoceptor was quite tolerant towards
a large number of chemical variations with a consequence
that the underlying property in this family was f8,-adreno-
ceptor selectivity. A new series of pindolol analogs in
which the N-atom was substituted by various phenethyl
groups has recently been reported. Some compounds
listed in this paper showed a low degree of §,-selectivity [24].

a-Adrenergic receptor affinity

Most of the tested compounds in this study showed moderate
and similar affinities for the a,-receptor (ICs, = 10—
10=7 M). In our binding assays, some of them (6, 8, 22)
with reduced f-affinity behaved like labetalol. None of
them was able to displace [*H]clonidine from its a,-binding
site at the 107> M level (data not showned).

Factors responsible for the binding at the a,- and §-
receptors were analyzed in the phenoxypropanol series
(32—36).

Results in Table VII show that 32 binds non-selectively
at the f-adrenoceptors. The highest affinity resides in the
two enantiomers 33 and 34 with the S-configuration at
the carbon bearing the hydroxyl group. However, the
30--100-fold decrease in binding affinity observed for
analogs 35 and 36 with the opposite chirality at the second-
ary hydroxy center is larger than the 10-fold variation
recently reported for an oxymethylene class of N-aralkyl-
amino-substituted compounds [l11]. A reason for this
discrepancy might stem from a loss of conformational
flexibility of the (1H-indol-3 yl)-1-methylethyl group, as
compared to the 4-phenyl-2-butyl group used in the refer-
ence article.

Affinity for the o,-adrenoceptor is weakly influenced
(4 times) by the configuration of the secondary hydroxy
center, a conclusion strengthened by the fact that the
deoxy analog rac. 37 binds slightly better than the less
well bound enantiomers 35 and 36 in agreement with
[11]. The two distinct enantiomers of labetalol [9] that
respectively and selectively block a,- and p-adrenoceptors
share the same R(—)I-methyl-3-phenylpropylamine. The
R(—)a-methyl-(1H)-indole-3-ethanamine used in this study
does not manifest discriminative properties except for the
f-adrenoceptor site in the R-propanol series (compare
35 vs 36).

In vitro vasodilating properties

Some analogs were selected for a study of the phenylephrine-
induced vasoconstriction in the rat tail artery (Tables IV
and VII). Results show that the IC5, values (3 X 107 7—
1.6 x 10~° M) do not closely parallel the K, values obtained
from the binding experiments using [PH]JWB.4101. For
example, compound 4 with an a,a-dimethyl group at the
side chain N-atom was more active than its congener 31
with a monomethyl group. Preference for analogs with
a dimethyl group is in opposition to results observed in
a set of salicylamide derivatives related to labetalol, using
the same agonist [9].

Since Ca?* entry blockers also antagonize phenyl-
ephrine-induced vasoconstriction, a selective analysis of
Ca** blockade was performed in a test in which vaso-
constriction was induced by a hyper K* solution [20].
Indeed, a moderate, unexpected Ca?* entry blocker property
was observed (ICso = 3 x 107%—1 x 10=° M), and was
attributed to the (1H-indol-3-yl)-1,1-dimethylethyl group
for labetalol and pindolol proved to be roughly 10—100
times less active in this test.
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Table VII. Stereoisomers of 1-((2-(1H-indol-3-y1)-1 methylethyl)amino)-3-(2-methylphenoxy)-2-propanol 32.

Cpd Abs. mpeCa? [a]?5 Adrenoceptors ICse nM (&= SEM); K nM Vasodilator Comparative effects on
config. deg.b potency (ICso M) MAP of SHRR:
b1 B2 ai
hyper phenyl- No.of max fall duration
K ephine rats in MAP of
mm Hg £+ effects
SEM (min)
32 185—189¢ 4(3—5) 2 12(8—17) 1 190(150—230) 160 5x10-¢ 5x1077 4 3249* >90
33 SS 163—1644 0 2(1—3) 1 13(10—16) 1 50(30—85) 43 4x10-% 2x10-7 4 304 5%* >90
34 SR 166—1674 —29.2 1(0.5—2) 0.5 12(9—15) 1 70(50—100) 60 5x107% 2x10°7 3 404-2%% >90
35 RS 169—170¢ +31.4 240(170-—300) 120 1100(900—1400) 100 300(250—400) 250 3x10-¢ 3x10-¢ 3 1(;:&2* 30
3i 35+8 >60
36 RR 162—163F 0 60(40—100) 30  370(300—400) 34 270(210—350) 225 3x107¢ 1.5x107¢3 204-2%%* >90
37 177—179¢ 6500(5400-—800) 600 220(170—280) 180 2x 106 5x10-7 3 1344 60
(rac. deoxy) 3i 194 1%# >90
Hydralazine 3 194 1%*%* >90
aHemifumarates.

b(C = 1.0, EtOH—H:20 (6:4).

¢From EtOH—H:0 (3:1).

dFrom EtOH—H:20 (3:1).

eFrom EtOH.

fFrom AcOEt.

gFrom AcOEt—EtOH.

hCumulative dose 0.1 + 0.3 mg/kg i.v.
iCumulative dose 1 + 3 mg/kg i.v.
i*p < 0.05; **p < 0.01.

Pharmacological studies

Intrinsic sympathomimetic activity (ISA)

ISA of pindolol has been explained by an interaction
of the indole—NH with the f-adrenoceptor binding site
[17]. Bucindolol also displays an IS4 [25]. Effects of ring
substitution were analyzed by introducing an electro-
negative CN group, whose bulk is similar to that of a
CH; group (MR values [21]).

To rule out the possibility that agonism could be varied
by loss of cardiac affinity, a set of analogs (4, 19, 23, 24,
25, 27) was selected whose in vitro affinities for §;-receptor
were kept constant within 1 log unit.

Results (Table VI) show that, compared to isoproterenol,
the degree of agonism achieved by 27 (Y = CN, 36%
ISA) was not significantly different from that of 24 (Y
= H, 429 ISA), 25 (Y = CH;, 299 ISA) and 4. This
suggests that a tryptamine indole—NH-—protein interaction
is not critical for agonism. In the oxyindole ring, the trend
19 (X =CN, 669% IS4) >4 (X =H, 369% 1S4) = 23
and 24 would lend support to the phenolic equivalent
concept [26], although other theories [27] cannot be excluded
from the present study.

Anti-hypertensive activity

In the SHR, except for the hydroxymethyl derivative 23,
all compounds studied at 1 mg/kg i.v. were shown to elicit
a long-lasting fall in MAP (= 19 to 46 mm Hg) a value

quite similar to that found for hydralazine (52 +
15 mm Hg) for 6, 7 and 8. A true fS-antagonist, like pro-
panolol, is inactive in this test. As likely components of
the observed vasodilating effect, the a; and Ca?* blocker
properties might contribute to the overall anti-hypertensive
effect. Study of Table IV demonstrates that the fall in
MAP is not correlated to the sole antagonism of phenyl-
ephrine vasoconstriction (9, 19 and labetalol; IC5, = 1.5 X
10-7—5.2 x 1077 M, maximum fall in MAP: 21—28 mm
Hg), but also to an increase in Ca?™ blockade (8 and 25;
ICso = 3 x 107% M, maximum fall in MAP: 38—40 mm
Hg).

In the phenoxypropanol series (33—36) data (Table VII)
show that the maximal blood lowering effect (0.3 mg/kg,
i.v.) roughly parallels the affinity of compounds for the
B- and a,-adrenoceptors and their vasodilator potency
against phenylephrine in the rat tail artery. But there is
evidence that the maximal fall in MAP is not related to
these vasodilating properties only. For example, the deoxy
analog 37, the reference vasodilator from the in vitro exper-
iments (Ca?* blockade: 2 x 107% M, .a, blockade:
5 x 10~7 M) (compare with 32) does not lower blood
pressure significantly at 0.3 mg/kg i.v. Moreover, pindolol
which lacks the ¢, and Ca?* components, but stimulates
the f,-adrenoceptors (ISA) is active in this test. The
extent by which a; and Ca®?* blockade, ISA or direct
vasodilation as in bucindolol [25], (compound 4 does not
display f,-agonist activity, results from Panlabs, Inc.)
influence arterial pressure is currently under investigation
for selected compounds. :
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Anti-adrenergic effects

Since these compounds possess a variety of pharmacological
effects and to varying degrees, their effect on heart rate
is unpredictable. Examination of Table V shows that 8,
with a labetalol-like profile (see above) was found to
increase heart rate when labetalol did not. A more potent
analog 19 also elicits a tachycardic effect. For analogs
5,6, 7, 12, 13, 20 and 21, a decrease in heart rate was
not evenly observed in all the animals. However, a group
of analogs (4, 10, 13, 16, 23, 24, 25 and 27) was found
to be bradycardic agents (> 25 beats/min); some of them
(23, 25 and 27) cliciting a consistent decrease in diastolic
blood pressure. At the threshold dose of 0.1 mg/kg iv,
or lower (a minimum 14-fold increase in potency as com-
pared to labetalol) 5 analogs (4, 5, 24, 25 and 27) inhibited
more than 509 of the NE-induced vasoconstriction. Two
out of these compounds (4 and 25) were selected for further
pharmacological studies. Compound 4 had also a notice-
able capacity to block p-adrenoceptors by 809 in the
conscious dog at 1 mg/kg p.o. for 24 h.

Conclusion

We have synthesized a series of indolyloxypropanolamines
in which the substituent at the side chain nitrogen atom
was the 2-(1H-indol-3-yl)-1,1-dimethylethyl group. They
blocked the a,-adrenoceptors in vivo and possessed a
moderate additional vasodilating property (Ca?* entry
blockade) which, however, might not account for the
overall anti-hypertensive effect in SHR. Selective f,-
antagonism (9, 18 and 27) reduced the number of candi-
dates for anti-hypertensive therapy. In the anesthetized
dog, 5 of them (4, 5, 24, 25 and 27) were able to decrease
the stimulating effect of isoproterenol and norepinephrine
by 509/ at doses equal to or lower than 0.1 mg/kg iv.
Two non-selective analogs (4 and 25) with partial 1S4
not exceeding that of pindolol underwent further pharma-
cological evaluation.

Experimental protocols

Chemistry

Melting points were taken on a Tottoli melting apparatus (Biichi)
in unsealed capillaries and were uncgrrected. IR spectra in KBr pellets
were obtained with a Perkin—Flmet 397 spectrometer. NMR spectra
were obtained with a Perkin—Elmer R12B spectrometer ; hexamethyl-
disiloxane (HMDSO) was used as an internal standard. Unless other-
wise specified, analytical data from Perkin—FElmer 240A and 240C
analyzers were within 0.5% of the theoretical values for C and 0.4%
for N and H. Corrections for contaminating solvents were deduced
from the NMR spectra and/or estimated by gas chromatography
on a Perkin—Elmer sigma 3B.G.C. chromatograph with a 100—
120 mesh porapak Q chromatography column.

The following compounds: 1la—¢, 2a—i and 3a—h, used in this
study, were known and prepared according to methods described
in the literature: 4-benzyloxy [28]; 5-benzyloxy [29]; 6-benzyloxy-
2-ethoxycarbonyl-1H-indoles [30]; 4-hydroxy-2-methyl-1H-indole [31];
4-benzyloxy-2-carboxamido-1H-indole [32]; 4-(2,3-epoxypropoxy)-2-
carboxamido-1H-indole 432]; 4-(2,3-epoxypropoxy)-2-cyano-1H-indole

[33]; 4-benzyloxy-2-hydroxymethyl-1H-indole [28]; 4-benzyloxy-2-di-
methylaminocarbonyl-1H-indole [34]; 4-(2,3-epoxypropoxy)-2-dimeth-
ylaminocarbonyl-1H-indole: mp: 173—176°C. Anal. (Ci14H15N203)
C, H, N; 4-benzyloxy-2-dibutylaminocarbonyl-1H-indole according
to [34]: mp: 121—123°C. (CHCls); 4~2,3-cpoxypropoxy)-2-dibutyl-
aminocarbonyl-1H-indole: mp: 128—130°C. Anal. (Cg20H2sN20s)
C, H, N; 8-acetyl-indolizinol [35].

3-Cyano-a,0-dimzthyl-1H-indole-3-ethanamine 3g
5-Bromo-a,a-dimethyl-1H-indole-3-ethanamine (3e) (6.45 g, 0.024 mol),
(CuCN)2 (3.25 g; 0.036 mol) in N-methylpyrrolidone [19] (40 ml),
were heated under reflux for 5 h. The solvent was removed at 80°C
under reduced pressure (1 mm Hg), and the black residue was stirred
for 30 min with 409, aqueous ammonia (50 ml) with added CHCls.
An insoluble material was filtered off, washed 5 times with boiling
CHCI; (total amount 150 ml). The organic phases were combined,
washed with water and dried (Na:SOs). Chromatography of the
residue (4.0 g) on silica gel and elution with AcOET, MeOH (8:2)
afforded amine 3g as a black solid, which was further treated with
charcoal and crystallized from Et20. (1.4 g; 27%, mp: 145°C) used
as such in the next step. Anal. (Ci1sHisN3) C, H, N.

5,6- Dimzthoxy-3-( 2,2~-dimzthyl-2-nitroethyl ) -1 H-indole 38
5,6-Dimethoxygramine [36] (13 g, 0.055 mol), excess NaOH pellets
(4.8 g, 0.12 mol) in 2-nitropropane (100 ml) were refluxed for 18 h.
The solvent was removed under reduced pressure. The residue was
acidified with 109 acetic acid in water (150 ml). Extraction with
CH2Clz2, washing with water, and drying (Na2SOy) afforded a crude
compound, 38, which was purified by silica gel chromatography
(CH:Clz): (6.9 g, 45%, mp: 179—180°C) used as such in the next
step.

3,6-Dimethoxy-a,a-dimzthyl-1 H-indole-3-ethanamine 3h

W2. Raney’s nickel (3 tsp) and 38 (6.9 g, 0.025 mol) were refluxed
in ethanol (100 mi). The oil bath was removed and hydrazine hydrate
(809 in water, 13.5 ml, 0.35 mol) was slowly added so as to maintain
a gentle reflux of the solution. At the end of the addition, reflux was
maintained for 2 h. After cooling, the catalyst was filtered off, washed
3 times with boiling ethanol, and the solvent was removed under
reduced pressure. Chromatography on AlaO3 and elution with AcOEt—
MeOH (8:2) yielded 3h which crystallized from CHaCla—i-Pr20
as a pale yellow solid (3.0 g, 49%) mp: 87—88°C. Anal. (C14H20N202)
C, H, N.

Syathesis of amino alcohols: general procedure

1-{(2-( 1H-Indol-3-y1)-1,1-dimzthylethyl ) amino ) -3-( 1 H-indol-4-yloxy ) -2
propanol hemifumarate 4

Epoxide 2i (48 g, 0.254 mol, contaminated by a trace amount of chloro-
alcohol), amine 3b (48 g, 0.254 mol) were boiled in ethanol (190 mi)
for 5 h. The solvent was evaporated under reduced pressure, the residue
was taken up in boiling AcOEt and, after cooling (at this stage a basic
wash with dilute sodium hydroxide or sodium carbonate solution
was occasionally performed), was passed through a 1 kg silica gel
column preequilibrated with AcOEt. The aminoalcohol was eluted
with an 8:2 mixture of AcOEt and MeOH as an oil (vield: 65%).
Salt formation. Fumaric acid (1 M eq.) in boiling ethanol
(250 ml) was added to a solution of the aminoalcohol (60.9 g, 0.161 mol)
in boiling ethanol (500 ml). The mixture was left to boil over a water
bath until crystals appeared (10 min). After cooling, the solid was
filtered off, thinly ground in a mortar and dried under vacuum (10 mm
Hg) at 90°C for 8 h (yield: 82%), mp: 157—160°C. NMR (DMSO-
de): 8 11.03 and 10.93 (s, 2H, ind NH); 7.52 (d, J = 7 Hz, 1H, H-4);
7.29 (d, J = 8 Hz, 1H, H-7); 7.16 (broad s, 2H, H-2, H'2); 7.05—
6.88 (m, 4H, H-5, H’-6, H-6, H-7); 6.50—6.38 (m, 3H, H-3, H-5;
CH=CH—); 4.16—3.95 (m, 3H, O—CH:, CHOH); 3.13—2.81
(m, 4H, CH:N, CH: ind); 1.09 (s, 6H, CHs).

1-( (2-(1H-Indol-3-yl)-1-methylethyl) amino-3- (1 H-indol-4-yloxy )-2 pro-
panol hemifumarate 31

By exchanging amine 3b with amine 3a, compound 31 was isolated in
two yields as a mixture of stereoisomers. mp: 183—184°C.

4-Phenyimethoxy-2-methylethyloxycarbonyl-1H-indole Ic
4-Phenylmethoxy-2-carboxy-1H-indole (5.9 g, 0.022 mol) was sus-
pended in benzene and treated at 45°C under Nz with SOClz2 (5.9 g,



0.05 mol). The bath temperature was raised to 65°C within 4 h, and
finally the reaction mixture was left overnight at room temperature.
The clear solution was distilled in a rotavapor, toluene was added
twice to the slurry, and the solvent was evaporated again. 2-Propanol
(20 ml) in dry pyridine (15 ml) was added to the resulting mass at
room temperature. After 3 h, excess reagents were evaporated under
reduced pressure, water and AcOEt were added to the residue, and
the organic phase was washed successively with a dilute hydrochloric
acid solution, water, a sodium hydrogenocarbonate solution, and
brine. After drying and distillation of the solvent, the solid thus obtained
was purified by silica gel chromatography and was eluted with pentane—
AcOEt (7:3). Yield 73%, mp: 167—169°C (AcOEt).

2-Methylethyloxycarbonyl-4-( 2,3-epoxypropoxy )-1H-indole 2¢

This ester (4.6 g) in 2-propanol (100 ml) was hydrogenated at ordinary
pressure with 109 Pd on charcoal (1.1 g), with intermittent heating
at 70°C to ensure dissolution of the barely soluble starting material.
After 18 h, the catalyst was filtered off and the filtrate was washed
several times with boiling -2-propanol.

The filtrate was concentrated under vacuum and the crude phenol
(3.15 g) was used for the next step without purification. This phenol
(3.15 g, 0.014 mol), 2-propanol (30 ml), and glycerol epichlorhydrin
(30 ml) were heated with stirring at 80°C under N3, then NaOH pellets
were added (680 mg, 0.017 mol). Stirring and heating were continued
for ca. 140 min, and the solvents were removed by distillation under
vacuum. Water and AcOEt were added, the organic phase was washed
with water and brine, then dried (Na2SO4). Evaporation left a brown
residue. Chromatography on silica gel and elution with CHCIs afforded
a mixture of 2 compounds (1.9 g, yield ca. 50%) from which pure
oxiranne was obtained as needles after crystallization from CHzCls
(i-Pr:0). myp: 149—150°C Anal. (CisH;»NOs) C, H, N.

(4-(2-Hydroxy-3-(2-( 1 H-indol-3-yl)-1,1-dimzthylethyl ) amino ) pro-
poxy )-1H-indole-2-carboxylic acid, methylethylester hydrochloride 18
The mixture of the above ethers (1.25 g, ca. 0.0045 mol) and 3b (1.03 g,
1.2 eq) was refluxed in 2-propanol for 5 h. After removal of the solvent
and chromatography on silica gel, crude aminoalcohol 18 was eluted
with a 9:1 AcOEt—2-propancl mixture (vield: ca. 66%). The hydro-
chloride was formed in. AcOEt by the addition of the minimal amount
of an ethereal hydrochloric acid solution. The salt was recrystallized
from 2-propanol—AcOEt and then from AcOEt—i-PraO mixtures.
Crystals were ground in a mortar and dried under vacuum (0.1 mm
Hg) at 70°C for 16 h. mp: 144—148°C Anal. (C2rH33N3O4, HCI,
H:0) C, H, N.

a-Methyl-N-( ( 2-methylphenoxy )-3-propyl ) -1 H-indole-3-ethanamine
hemifumarate 37

The sodium salt of o-cresol (10.8 g, 0.1 mol) was prepared from 2.3 g
of Na in methoxyethanol (50 ml) at 150°C for 30 min. Then, 1-bromo
3-chleropropane (20 ml) was added at once at 120°C. The mixture
was left at this temperature for 72 h. After cooling, water was added
and the residue was extracted with CH2Cl2 (2 X). The organic phase
was dried (MgS0O4) and the residue was distilled twice to give a mixture
of 3-(2-methylphenoxy)-1-chloro(bromo)propane 39. Yield: 6.5 g
(ca. 35%), bp: 105—112°C (3.5 mm).

Amine 3a (10.5 g, 0.06 mol) and 39 (5.75 g, ca. 0.03 mol) were refluxed
in EtOH (100 ml) for 36 h. After cooling the reaction mixture was
made basic with 1 N NaOH (50 ml) and ethanol was distilled off.
Amine 37 and excess 3a were extracted with AcOEt (2 x). Purification
was achieved by gel chrcmatography (AcOEt—MeOH, 8:2) followed
by salt formation with fumaric acid in AcOEt—FEtOH. Yield 2.3 g,
20%).

Biological and Pharmacological Methods
B-Adrenoceptor binding assays

Membrane preparations

Heart and lung microsomal preparations were cbtained by the method
of Wayne Alexander et al. [37]. Hearts were removed from anesthe-
tized mongrel dogs. Ventricles were minced with scissors and homo-
genized (polytron) in 4 vol. of celd buffer (0.25 M sucrose, 5 mM
Tris-HCIL, pH 74, 1 mM MgClgz). Lungs were removed from freshly
killed rats and homogenized in 8 vol of cold buffer. Heart and lung
homogenates were centrifuged at 700 x g for 10 min at 4°C and
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the pellet was discarded. The supernatant was centrifuged at 10 000 x g
for 10 min and, after the pellet had been discarded, centrifuged at
29 000 x g for 15 min at 4°C. The pellet from the final centrifugation
was resuspended in 1 ml of ‘incubator buffer’ (75 mM Tris-HCI,
pH 7.4, 25 mM MgCly) for 10 g of heart or 2 g of lung tissue.

Binding assays

Membrane suspensions from dog heart or rat lung (100 ul) were incu-
bated with [3H]dihydroalprenolol (10 nM) and with the test compounds
for 10 min at 37°C in a total volume of 300 ul of incubation buffer.
The incubations performzd in duplicate were terminated by the addition
of 5 ml of ice cold incubation buffer, followed by ranid filtration
through Whatman GF/B glass filter disks. The filter disks were washed
twice with. 5 ml of ice cold incubation buffer and placed in 10 ml of
scintillation fluid (Biofluor). Radinactivity was measured in a liquid
scintillation counter. Non-specific binding was defined as non-
displaceable binding in the presence of 100 uM propranolol, and
specific binding as the difference between total and non-specific binding.

a-Adrenoceptor binding assays

Rat brain membrane preparations were obtained according to O’Pri-
chard et al. [38]. Binding assays: 1 m! of membrans suspensions were
incubated with [FHIWB.4101 (0.2 nM) or [*H]clonidine (1 nM) and
with various concentrations of compounds for 30 min at 37°C in a
final volume of 2 ml of 50 nM Tris buffer, pH 7.7. The incubations
were performed in duplicate. Filtration and measurements of p-radio-
activity were performed under the same conditions as those for [*H}-
dihydroalprenolol binding assays. Non-specific binding was measured
in the presence of 10 M phentolamine for the [PH]WB.4101 binding
assays and 10 uM unlabzled clenidine for the [3H]clonidine binding
assays.

The equilibrium dissociation constant (K;) for the interaction
of each compound with the binding site was calculated from the egua-
tion: K; = ICs0/(1 + S/Kg). ICse represents the concentration of
each compound giving a 509 inhibition of the specific binding; it
was obtained by log probit analysis. S represents the concentration
of the radio ligand and Kg is the dissociation constant of the radio
ligand.

Isolated artery studies

Using rat tail artery, the hypotensive action mechanism of the
compounds was studied on a-receptor-mediated vascconstriction
induced by phenylephrine and on cellular depolarization induced
by a hyperpotassic solution (calcium entry blocker property). A prox-
imal 2 cm segment of the rat tail artery was perfused with constant
flow of Krebs’ solution (pH 7.35, 37°C); vasoconstriction was mea-
sured as an increase in the perfusion pressure. After a 1 h stabilization
period, responses to hyper K (90 mM) or phenylephrine (5 x 10-8 M)
were elicited. In order to avoid the release of endogenocus norepi-
nephrine, hyper K vasoconstriction was induced on the denervated
artery (6-OH-depamine method). Then, additional increasing concen-
trations of drugs were introduced into the organ bath and hyper K
or phenylephrine respenses were induced at each of these doses. Results
are expressed as percentages of the control values; concentration
response (mean + SEM) curves were established and the concen-
tration corresponding to 509% inhibition (ICse) was determined.

Anti-hypertensive activity in spontaneously hyperlerisive rats

The anti-hypertensive activity of these compounds was studied in
Wistar—Okamoto, spontanecusly hypertensive conscious rats pur-
chased from Charles River (U.S.A.). 15 week old rats were used for
the experiment. Two catheters (pES50) were implanted in the rats
24 h before the experiment : one in a carotid artery for blood pressure
recording and the other in a jugular vein for compound injection.
On the day of the experiment, the rats were put in a cylindrical box
and the arterial catheter was connected to a pressure transducer through
a swivel. Blood pressure was coatinuously recorded. The results were
expressed as means of the maximum fall in mean arterial pressure
(MAP, mm Hg 4+ SEM). Student’s paired ¢ test was applied to these
results.

Intrinsic sympathomimztic activity (ISA)

Catecholamine depletion [39].
Male albino rats (Sprague—Dawley, Charles River) weighing 250—
300 g were pretreated with reserpine (2 mg/kg i.p.) injected 18—24 h
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prior to study. On the day of the experiment, rats were anesthetized
with sodium pentobarbital (60 mg/kg i.p.). Blood pressure was main-
tained by a continuous i.v. infusion of 0.01 ug/kg/min of angiotensin II
and recorded, via a cannula, in one carotid artery connected to an
arterial transducer. Heart rate (HR) was determined from the pulse
pressure, using a cardiotachimeter. The test drugs were injected rapidly
into the jugular vein in a volume equivalent to 1 ml/kg.

Intrinsic sympathomimetic activity; values represent mean (4
SEM) increases in heart rate (bpm) of reserpinized rats (n = 3—10)
given 0.3 mg/kg i.v. The maximum response elicited by isoproterenol
in this model was 150 + 17 bpm.

Anti-adrenergic effects

Mongrel dogs of either sex weighing 8—20 kg were anesthetized with
sodium pentobarbital (30 mg/kg, i.v.). Drug injections were made
through a lateral saphenous vein catheter. Analysis of the standard
EKG surface leads was used to evaluate changes in heart rate (beats/
min). Blcod pressure was recorded through a humeral artery catheter.
Norepinephrine (0.5—1 ug/kg, i.v.) and isoproterenol (0.25—0.5 ug/
kg, i.v.) were injected at 10 min intervals before and after the drug
(1 dose per animal) every 30 min for 1—4 h.

For norepinephrine (a-adrenoceptor agcnism) the change in sys-
tolic blood pressure (hypertensive effect) was recorded. For isopro-
terenol (f-adrenoceptor agcnism) the changes in diastolic blood
pressure (vasodilation) and heart rate (tachycardia) were recorded.
The percentage of antagonism on the cardiovascular parameters
was calculated for each of the agonists. The duration of the S-blocking
effect corresponded to a 90 + 109 blockade of the fi-receptor. The
a-adrenoceptor blockade and the effect on heart rate and blood pres-
sure were analyzed at the f-adrenoceptor blockade dose. Heart rate
and diastolic blood pressure maximal variations were expressed as
means + SEM.

Compounds 9, 18 and 27 were injected i.v. at 0.003 mg/kg and
0.01 mg/kg 45 min after the first dose to dlﬁ'erentlate between the
pa- and the Pi-adrenergic effects.
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