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5-Methoxy-1-methyl-4-(2-N, N-di-n-propylaminoethyl)indole (12)
was synthesized from 5-hydroxyindole by a multistep synthesis.
This target compound was designed as a bioisostere of ‘‘p-
dimethoxy”’ catechol congeners of dopaminergic agonists derived
from a variety of ring systems, in some of which p-dimethoxy-
substituted systems are potent, active dopaminergic agonists. To
complete the indole series, all possible combinations of N- and
O-demethylated derivatives of 12 were prepared and were aiso eval-
uated pharmacologically. All members of this indole-derived series
showed a low order of cardiovascular activity, which appeared to be
independent of dopamine receptors. The lack of dopaminergic ac-
tivity of 12 is cited as yet another example of the unpredictable
effect of replacement of the catechol moiety of a dopaminergic ag-
onist with a p-dimethoxy moiety.

KEY WORDS: dopaminergic agonism; 5-oxygenated-4-amino-
ethylindoles; p-dimethoxy bioisosteres.

INTRODUCTION

Certain derivatives of various ring systems (e.g., tetra-
lin, 1; aporphine, 2; indan, 3; octahydrobenzo[flquinoline, 4;
and octahydrobenzo[g]quinoline, 5) containing a dopamine
moiety elicit dopaminergic agonist actions (1) (Scheme I).
Replacement of the catechol moiety in these ring systems
(and in dopamine itself) with a p-dimethoxy substitution pat-
tern (6-11) produces in several of these ring systems a vari-
ety of unpredictable pharmacologic responses, including do-
paminergic agonism (2-5), serotonergic agonism (6), seroto-
nergic antagonism (7), «;-adrenoceptor effects (2,4), and
(seemingly) complete loss of pharmacologic activity of any
kind (5).

The present study addresses preparation and pharma-
cological evaluation of an indole derivative 12 (Scheme II).
Design of this molecule derived from the finding (10) that
compound 13 is a dopaminergic agonist and from the result-
ing hypothesis (8) that the indole ring N-H in 13 is bioisos-
teric with a phenolic OH and that the dopamine receptor(s)
cannot discriminate between N-H and OH. It was proposed
(8) that the indole ring N-H of 13 interacts with a subsite on
the dopamine receptor that recognizes the ‘‘meta’” OH
group of the dopamine molecule. We hypothesized that the
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Report

N,-methyl and 5-methoxy moieties in N;-methyl-5-methoxy-
4-(2-di-n-propylaminoethyl) indole, 12, are bioisosteric with
the “‘p-dimethoxy’’ systems.

For completeness of the structure-activity study, com-
pounds 14-16, representing all possible combinations of N,
and/or O methylation, were also prepared.

MATERIALS AND METHODS

Pharmacology

Each compound was assayed using four or five male
Sprague-Dawley rats (300-350 g) and the animals were main-
tained on a 12-hr light-dark cycle in temperature- and hu-
midity-controlled rooms. Rats were anesthetized with ure-
thane (1.3 g/kg, i.p.). A catheter was positioned in the fem-
oral vein for systemic injection of drugs. The femoral arterial
catheter was connected to a Statham arterial transducer and
heart rate was determined by a Beckman cardiotachometer
coupler triggered from the arterial pulse. Arterial pressure
and heart rate were displayed on a Beckman R-611 recorder.
After tracheal cannulation, the animals breathed spontane-
ously throughout the experiment. A heating pad was used to
maintain body temperature at 37°C.

When control heart rate and arterial pressure were
steady for at least 20 min after completion of surgery, com-
pounds were administered by i.v. injection. Dose-response
curves for all treatments were determined using three or four
doses which were spaced by 0.48 log intervals. Sulpiride was
used to inhibit dopamine receptors following i.v. doses of 2
pmol S min before administration of test drugs.

Results are expressed as mean + SE. Mean arterial
pressure and heart rate are presented as milligrams of Hg
and beats per minute, respectively. The effects of drugs ad-
ministered after pretreatments are expressed as changes
from the baseline measurements (5 min). Analysis of vari-
ance and Fisher’s LSD were used to detect significant dif-
ferences between means. P values less than 0.05 were con-
sidered significant.

Synthesis

Melting points were determined in open glass capillaries
with a Thomas-Hoover Uni-Melt apparatus and are uncor-
rected. NMR spectra were obtained using a Bruker/IBM
NR/80 FTNMR spectrometer. Chemical shifts are reported
as parts per million (3) relative to Me,Si standard. Mass
spectra were obtained with a Ribermag R10-10C spectrom-
eter. Elemental analyses were performed by Galbraith Lab-
oratories, Knoxville, TN. Flash column chromatography
was performed using a 150-A-pore size, 35- to 75-pm-particle
size silica (ANALTECH), and detection was done with a
UV light. Radial thin-layer chromatographic separations
were carried out on a Chromatotron apparatus (Harrison
Research) using Kieselgel 60 PF,, (EM SCIENCE) as the
stationary phase. Ozonolyses were done with a Welsbach
T-23 ozonator.

4-(2'-Di-n-propylaminoethyl)-5-methoxyindole Bifuma-
rate (14). Preparation of this compound was described in a
separate communication (9).
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4-(2'-Di-n-propylaminoethyl)-5-methoxy-N ;-meth-
ylindole Bifumarate (12). A solution of 1.4 g (0.005 mol) of
the free base of 14 (9) in 20 ml of Et,O was added dropwise
to NaNH, in liquid NH,, prepared by the addition of 0.425 g
(0.018 g atom) of Na to 50 ml of liquid NH; containing 0.1 g
of Fe(NO,), - 6H,0. After stirring for 5 min, 0.81 g (0.0057
mol) of Mel was added dropwise; stirring was continued for
10 min, and then the NH; was allowed to evaporate. H,O (50
ml) was added and the solution was extracted with two 50-ml
portions of Et,0. The pooled extracts were washed with
H,O and saturated NaCl. Removal of volatiles under re-
duced pressure afforded 1.10 g (75%) of a solid, MS 289 M *
+ 1). A solution of this solid in 30 ml of Et,0 was mixed with
a solution of 0.443 g (0.0038 mol) of fumaric acid in 900 ml of
Et,0. The solid which separated was recrystallized from
EtOH-Et,0 to afford 1.0 g (67%) of a crystalline solid, mp
132-133°C. Anal. Calcd for C,,H;,N,04 (Karl Fischer H,O
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1.78%): C, 64.16; H, 7.82; N, 6.72. Found: C, 64.51; H, 8.10;
N, 6.84.

4-Allyl-5-benzyloxyindole (17). A mixture of 12.3 g
(0.071 mol) of 4-allyl-5-hydroxyindole®, 12.2 g (0.073 mol) of
benzyl bromide, 1.5 g of tetrabutylammonium hydrogen sul-
fate, 60 ml of 50% NaOH, and 100 ml of benzene was stirred
at room temperature for 30 min. H,O (200 ml) was then
added and the organic layer was washed with dil. HCl, H,O,
and saturated NaCl. After drying (Na,SO,) and evaporation
of the volatiles, the crude product was chromatographed on
a flash column and eluted with EtOAc—petroleum ether
(1:12). Removal of the solvents under reduced pressure gave
16.5 g (88%) of pure product, mp 41-42°C. Anal. Calcd for
C,sH,;NO: C, 82.10; H, 6.51; N, 5.32. Found: C, 81.91'; H,
6.82; N, 5.31.

4-Allyl-5-benzyloxy-2,3-dihydroindole (18). NaBH,CN
(12.5 g, 0.2 mol) was added in one portion to a solution of

C H_-n
737 /(:3‘7"_l
-c8,-¥ ca_—CH_-N
Nc.H_-n 2 2
37~ n* C_ H_-n
l 37 —
N
i
] |
R
14

R = H; R'" = OCH1
15 R =H; R' = OH

16 R = CH_;

LA
3 R OH

Scheme 11



Derivatives of 4-(2-N,N-Di-n-propylaminoethyl)-5-hydroxyindole

17.1 g (0.065 mol) of 17 in 120 ml of glacial AcOH at 15°C,
and the resulting solution was stirred at 15°C under N, for 20
min. H,O (250 ml) was then added and the reaction flask was
immersed in an ice~H,O bath and made strongly basic with
NaOH pellets. This mixture was extracted with three 200-ml
portions of Et,0, and the pooled extracts were washed with
H,O and saturated NaCl. The Et,O was removed under re-
duced pressure and the residual yellow oil (14.8 g, 87%) was
used in the next step without purification. MS m/e 266 (M ™
+ 1.

4-Allyl-1-benzoyl-5-benzyloxy-2,3-dihydroindole (19).
The crude product 18 (14.8 g, 0.055 mol) was suspended in
50 ml of 15% NaOH, and 10.1 g (0.072 mol) of benzoyl chlo-
ride was added. The suspension was shaken vigorously until
the odor of benzoyl chloride could no longer be detected.
The resulting solid was collected on a filter, dissolved in hot
MeOH, and cooled. White crystals (17.6 g, 73%, from 17)
were deposited, mp 132-133°C. Anal. Calcd for C,sH,;NO,
(Karl Fischer H,O 0.12%): C, 81.17; H, 6.26; N, 3.78.
Found: C, 81.24; H, 6.21; N, 3.74.

I-Benzoyl-5-benzyloxy-2,3-dihydroindole-4-
acetaldehyde (20). Compound 19 (14 g, 0.038 mol) in 200 mi
of CHCIl, was ozonolyzed at —10°C. Compressed air was
used as the source of O; and the preparation of O, was done
under the following conditions: the voltage was set at 90 V,
air pressure at 7 psig, and flow rate at 0.08 ft*)min. The
concentration of O, in the effluent was determined by KI
oxidation and titration with Na,S,0; to be 0.047 g/ft>. After
absorption of the calculated amount of O,, the ozonolysis
solution was carefully concentrated at room temperature un-
der reduced pressure, and the concentrated residue was
slowly added to a round-bottom flask containing 5 g (0.076 g
atom) of Zn dust in 40 ml of 75% aqueous AcOH. This mix-
ture was stirred at 0°C until TLC analysis showed complete
disappearance of the spot for the ozonolysis product. H,O
(200 ml) was added and the resulting mixture was extracted
with CHCl,. The extract was washed with 5% NaOH, H,0,
and saturated NaCl. The CHCI; was removed under reduced
pressure and the yellow residue was dried under reduced
pressure to yield 12.9 g (92%) of product which was recrys-
tallized from EtOAc, mp 149-150°C. Anal. Calcd for
C,,H, NO; (Karl Fischer H,0 0.43%): C, 77.21; H, 5.66; N,
3.75. Found: C, 77.42; H, 5.63; N, 3.36.

1-Benzoyl-5-benzyloxy-4-(2'-di-n-propylaminoethyl)-
2,3-dihydroindole (21). A solution of 8.2 g (0.022 mol) of 20
and 9.8 g (0.07 mol) of di-n-propylamine HCI in 100 ml of
MeOH was stirred for 4 hr at room temperature with 25 g of
3-A molecular sieves. NaBH,CN (2.1 g, 0.033 mol) was then
added and stirring was continued overnight. The reaction
mixture was filtered and the filtrate was evaporated under
reduced pressure to give an off-white solid which was taken
up in 100 ml of 5% NaOH. This solution was extracted with
Et,0. The ethereal extract was washed with saturated NaCl
and volatiles were removed under reduced pressure. The
residue was taken up in Et,0, cooled in an ice bath, and
treated with excess dil. HCI. The aqueous solution was sep-
arated and was made alkaline with NaOH pellets, and the
resulting mixture was repeatedly extracted with Et,O. Evap-
oration of the pooled extracts under reduced pressure af-
forded 7 g (70%) of a white solid which was used in the next
step without further purification. The product was charac-
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terized as its oxalate salt. A portion of the crude product was
dissolved in a minimum amount of Me,CO and this solution
was mixed with an excess volume of a 5% solution of oxalic
acid in Me,CO. The solid which separated was taken up in
CHCI, and this solution was washed several times with 5%
NaOH. The organic layer was evaporated under reduced
pressure and the residual white powder was dried under re-
duced pressure. This material was dissolved in a minimum
amount of Me,CO and this solution was treated with a slight
excess of a 5% solution of oxalic acid in Me,CO. The white
solid which separated was recrystallized from EtOH-Et,0,
mp 166-167°C. Anal. Caled for C;,H;(N,O4 (Karl Fischer
H,0 0.12%): C, 70.21; H, 6.99; N, 5.11. Found: C, 70.29; H,
6.98; N, 5.15.
5-Benzyloxy-4-(2’-di-n-propylaminoethyl)indole (22). A
solution of 7.5 g (0.016 mol) of 21, 12.5 g (0.111 mol) of
K-O-7-Bu, and 0.594 g (0.033 mol) of H,O in 50 ml of Et,O
was stirred overnight at ambient temperature, during which
time a slow stream of air was passed through the mixture.
When no more starting material, 21, could be detected by
TLC analysis, the reaction flask was cooled in an H,O-ice
bath and 200 ml of H,O was added. The ethereal layer was
washed with H,O and saturated NaCl. Evaporation of vol-
atiles afforded a greenish white solid which was chromato-
graphed on a flash column and eluted with EtOAc/petroleum
ether (3:5) to yield 3.21 g (56%) of an off-white solid which
was characterized as its oxalate salt, prepared as described
above for 21. Mp 147-148°C (EtOH-Et,0). Anal. Calcd for
C,sH;,N,04 (Karl Fischer H,O 0.61%): C, 67.74; H, 7.28;
N, 6.32. Found: C, 67.71; H, 7.38; N, 6.28.
4-(2'-Di-n-propylaminoethyl)-5-hydroxyindole Fuma-
rate (15). Compound 22 (0.35 g, 1 mmol) in 20 ml of Et,O
was treated with excess ethereal HCL. The resulting gummy
salt was repeatedly washed with anhydrous Et,O until it
solidified, then it was dissolved in 100 ml of EtOAc. To this
solution was added 0.2 g of 5% Pd/C (wet with a few drops
of H,0) and the mixture was hydrogenolyzed in a Parr ap-
paratus at room temperature at an initial pressure of 54
psig. The reduction mixture was filtered through Celite; the
filtrate was evaporated to dryness under reduced pres-
sure, the residue was taken up in CHCl;, and this solution
was washed with 5% NaHCO,. Evaporation of the CHCl,
afforded a greenish liquid which was purified using the
Chromatotron apparatus (EtOAc-petroleum ether, 3:5). The
eluate was taken up in a small volume of Et,O and this
solution was treated with 0.116 g of fumaric acid in 300 ml of
Et,0. The white solid fumarate salt which separated was
dried under reduced pressure. Yield, 0.210 g (54%). Mp 236-
237°C. Anal. Caled for C;H4,N,O4 (Karl Fischer H,O
0.51%): C, 67.56; H, 8.18; N, 8.75. Found: C, 67.65; H, 8.25;
N, 8.55.
5-Benzyloxy-4-(2'-di-n-propylaminoethyl)-N,-
methylindole Oxalate (23). A solution of 1.05 g (3 mmol) of
22 in 20 ml of Et,0 was added dropwise to a solution of
NaNH, in liquid NH,, prepared by addition of 0.25 g (0.011
g atom) of Na to 40 ml of liquid NH, containing 0.03 g of
Fe(NO,);. After stirring for 5 min, 0.5 g (3.5 mmol) of Mel
was added dropwise and stirring was continued for 10 min.
The NH, was allowed to evaporate and the residue was
taken up in 50 ml of H,O. This solution was extracted with
two 50-ml portions of Et,0. Removal of volatiles from the
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pooled extracts under reduced pressure afforded 0.71 g
(65%) of a solid which was homogeneous on TLC analysis
(Si0,, EtOAc-hexanes, 3:5). This material was dissolved in
15 ml of Me,CO and was added to a solution of 0.18 g (2
mmol) of oxalic acid in 20 ml of Me,CO. The solid which
separated was recrystallized from EtOH-Et,O, mp 165-
166°C. Anal. Caled for C,;H;,N,O; (Karl Fischer H,0O
0.10%): C, 68.83; H, 7.53; N, 6.10. Found: C, 68.68; H, 7.47;
N, 6.10.

5-Hydroxy-4-(2'-di-n-propylaminoethyl)-N -
methylindole Bifumarate (16). A suspension of 0.4 g (1
mmol) of 23 in 190 ml of EtOAc was hydrogenolyzed over
0.4 g of 10% Pd/C in a Parr apparatus, at an initial pressure
of 22 psig. The mixture was filtered through Celite; the fil-
trate was evaporated under reduced pressure and the residue
was taken up in 50 ml of 5% NaHCO,. This solution was
extracted with Et,O. The solvent was removed from the
extract under reduced pressure to give a yellow liquid which
was taken up in a fresh portion of Et,O. The resulting solu-
tion was treated with a small excess of a saturated solution of
fumaric acid in Et,O; a white solid separated. Yield, 0.055 g
(15%); mp, 181-182°C (from EtOH-Et,0). Anal. Calcd for
C,,H;,N,O,4 (Karl Fischer H,O 0.43%): C, 64.31; H, 7.76;
N, 7.15. Found: C, 64.28; H, 7.77; N, 7.15.

RESULTS

Chemistry

Preparation of 4-(2'-di-n-propylaminoethyl)-5-
methoxyindole (14) by a reaction sequence which exploits
Claisen rearrangement of 5-allyloxyindole, subsequent oxi-
dation of the allyl double bond of the 2,3-dihydro derivative
of the rearrangement product (4-allyl-5-hydroxyindole), and
a novel oxidative method for aromatization of 2,3-
dihydroindole derivatives has been described in detail in a
separate communication (9). This chemistry forms the basis
for synthesis of the other target compounds (12, 15, 16). For
preparation of water-soluble salts for pharmacological stud-
ies, the free bases of the target compounds were treated with
fumaric acid. Compounds 12, 14, and 16 separated as the
bifumarate salt, but 15 was isolated as the fumarate salt.
Spectral data (NMR, MS) for all intermediates and final
compounds were consistent with the proposed structures.

Pharmacology

All compounds (12, 14-16) were much less potent/active
than we predicted on the basis of our prior studies (10),
which demonstrated that 13 is a potent and long-acting DA,
receptor agonist. The compounds in the present study were
no more than one-tenth as active as 13 (Table I). Hypoten-
sion and bradycardia induced by 13 were completely inhib-
ited by pretreatment with sulpiride, but in the present study
of 12 and 14-16, sulpiride (2 pmol/kg, i.v.) was devoid of
antagonist properties. The duration of hypotension and bra-
dycardia produced by 12 and 14-16 was no longer than 5-10
min. The mechanism of the modest cardiovascular effects of
12 and 14-16 was not determined. An oxygen substituent on
position 5 of the indole ring, adjacent to the aminoethyl side
chain, is detrimental to dopaminergic agonist effects. It is
noteworthy that a hydroxyl group positional isomer of 15,
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Table I. Influence of Indole Derivatives on Arterial Pressure and
Heart Rate in Rats Anesthetized with Urethane

Compound Mean Arterial Heart Rate
No. Dose Pressure Decrease” Change®
ne/kg, i.v. X £ SEM X * SEM
12 100 13.5 2.4 -10.7 =5
300 21.5 £ 2.6 -22.5+39
14 100 5.5+ 1.6 —6.2°
300 21.0 = 2.1 —-17.0 = 3.7
15 100 9 =21 +5°
300 17.0 £ 3.4 +17.0 = 6.7
16 100 120 = 2.0 —-7°
300 28.5 = 1.7 —18.0 = 1.7

¢ Sulpiride pretreatment, 500 pg/kg i.v., did not alter cardiovascular
responses to the compounds.
# Responses were small and variable.

6-hydroxy-4-[2-(di-n-propylamino)ethyl]indole, is a po-
tent/active dopaminergic agonist (11). The low order of phar-
macological effect of 12 provides yet another example of the
unpredictability of the effect of the ‘‘p-dimethoxy’’ moiety
on dopaminergic agonism.
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