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1- And 2-substituted naphthalenes:
a new class of potential hypotensive agents
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Abstract—A series of 2-substituted aminomethyloxy naphthalenes 1 and 4-(1-naphthoxy-2-substituted aminomethyl)-butanoic acids
2 were synthesized by Mannich reaction of 4-(2-naphthoxy)-butanoic acid 3 and 4-(1-naphthoxy)-butanoic acid 4 with appropriate
secondary amines and para-formaldehyde. The newly synthesized compounds were tested for their hypotensive activity at 5 mg/kg iv
dose in cats. The results indicated that the analogue 2-(N4-phenyl-N1-piperazino)-methyloxy naphthalene 1d (>N¼N4-phenyl-N1-
piperazino) was the most active analogue when its hypotensive activity was compared to the reference compound propranolol.
� 2004 Published by Elsevier Ltd.
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Hypotensive drugs play an important role in decrease of
blood pressure in hypertensive patients. The three main
classes to which hypotensive drugs belong to are: (i)
ACE inhibitors; (ii) b-adrenergic receptor antagonists;
(iii) Ca2þ and Kþ channel blockers. During recent years
a number of compounds isolated from natural sources
have exhibited promising hypotensive activity.1;2 Enal-
april the hypotensive drug belongs to ACE inhibitors
class of compounds.3 Propranolol and atenolol the
hypotensive drugs of choice act as b-adrenergic receptor
antagonists4 while amlodepine acts as Ca2þ channel
blocker.4 Bufuralol analogues have recently been found
to act as potent b-blockers.5 cis/trans-Dicyclopropyl-
methyl-(4,5-dimethyl-4,5-dihydro-3H-pyrrol-2-yl)-amine
(LNP 509), an I1 imidazoline receptor selective ligand
has been found to possess marked hypotensive activity.6

In our efforts to discover novel molecules having
hypotensive activity, we used molecular model of one of
the b-adrenergic receptor antagonist propranolol7–11

(Fig. 2) to synthesize 4-(1-napthoxy-2-substituted ami-
nomethyl) butanoic acids 2 and corresponding analogue
using 1- and 2-naphthols as starting materials.

Screening of 1a–f and 2a–f (Fig. 1) for hypotensive
activity using propranolol as standard drug resulted in
the lead compound 1d. Compound 1d exhibited marked
hypotensive activity [fall of BP 60 mm/Hg (1200)] at a
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dose of 5 mg/kg iv in anaesthetized cats. We sought to
investigate the structure–activity relationship (SAR) of
compounds 1 and 2 in comparison with propranolol
6 (Fig. 2). Table 1 describes the hypotensive activity of
1a–f and 2a–f.12

In general N-phenyl-piperazino moiety caused maxi-
mum fall of blood pressure in both compounds 1 and 2.
Piperidino chain too caused significant fall of blood
pressure though for lesser duration of time. Other sec-
ondary amino chains viz morpholino, piperazino, N-
methyl piperazino caused almost similar effect on fall of
blood pressure, which was moderate at a dose of 5 mg/
kg iv. Introduction of a carbonyl group in 2a–f resulted
in lower fall of BP when compared to propranolol with
HO CH2NHCH
CH3

6

Figure 2.
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(a) -N< = morpholino
(b) -N< = piperazino
(c) -N< = N-methyl-piperazino
(d) -N< = N-phenyl-piperazino
(e) -N< = piperidino
(f) -N< = pyrrolidino

Scheme 2. 4-(1-Napthoxy-2-substituted aminomethyl)-butanoic acids.

Reagents and conditions: (a) NaOEt, 150 �C, dilute HCl; (b) HN<,

(CH2O)n.

Table 1. Summary of hypotensive activity in cats of compounds 1a–f and 2a–f

Compound 1 mg/kg iv 5 mg/kg iv

Fall of BP mm/Hg % of max. effect m� SE Fall of BP mm/Hg % of max. effect m� SE

1a NA NA 50(>35) 41� 4

1b NA NA 10(20) 7� 1

1c 18(20) 21� 2 D NA

1d 40(160) 50� 5 60(1200) 75� 8

1e 20(20) 21� 2 44(170) 52� 5

1f 12(100) 7� 1 30(160) 19� 2

2a 18(20) 17� 2 16(20) 17� 2

2b 12(120) 7� 1 25(70) 19� 2

2c 18(20) 17� 2 34(40) 38� 4

2d 20(20) 14� 2 50(70) 40� 4

2e 30(160) 19� 2 40(500) 47� 5

2f 10(20) 8� 1 20(300) 17� 2

Propranolol 46(400) 35� 3 50(>600) 41� 4

NA: not active; figure in parentheses against fall of BP indicate duration of effect in min; D: death.
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similar doses in anaesthetized cats (Table 1). However,
compound 2e having piperidino moiety in it caused
considerable fall of blood pressure and can be compared
with propranolol.

On comparison of SAR of 1a–f with propranolol,
shortening of propyl amine chain by two carbon atoms
did not affect the hypotensive activity to large extent.
However, a substantial enhancement of hypotensive
activity was observed in 1d when compared with pro-
pranolol or 2d. Replacing N-phenyl-piperazine with
other secondary amines resulted in decrease of hypo-
tensive activity as observed in 2a–f. Although 2e
exhibited marked hypotensive activity none of the other
analogue was as potent as the lead the compound 1d.

The synthesis of 1a–f and 2a–f is depicted in Schemes 1
and 2. Both 4-(2-naphthoxy)-butanoic acids 3 and 4-(1-
naphthoxy)-butanoic acids 4 were first prepared by
Cagniant and Charaux13 in moderate yields from cor-
responding naphthol in two steps. Our improved
procedure consists of one step regioselective synthesis of
4-naphthoxy-butanoic acids 3 and 4 in excellent yields.
The synthetic approach to 3 involved condensation of 2-
naphtol with c-butyrolactone in presence of NaOEt and
anhydrous EtOH. Compound 4 was prepared analo-
gously to 3 from 1-naphthol according to procedure of
Tandon et al.14 The substituted butanoic acids 3 on
reaction with secondary amines and p-formaldehyde in
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Scheme 1. 2-Substituted aminomethyloxy naphthalenes 1. Reagents

and conditions: (a) NaOEt, 150 �C, dilute HCl; (b) HN<, (CH2O)n.
absolute EtOH underwent Mannich reaction resulting in
the formation of 2-substituted aminomethyloxy naph-
thalenes 1a–f15 (Scheme 1, Table 2). The substituted
butanoic acids 4 on reaction with secondary amines and
para-formaldehyde under similar reaction conditions,
resulted in the formation of corresponding 4-(1-napht-
oxy-2-substituted aminomethyl)-butanoic acids 2a–f in
good yield16 (Scheme 2, Table 3).

We envisaged the formation of 4-(2-napthoxy-2-substi-
tuted aminomethyl)-butanoic acids 517 by Mannich
reaction of 4-(2-naphthoxy)-butanoic acid 3 with sec-
ondary amines and para-formaldehyde. The formation
of 2-substituted aminomethyloxy naphthalenes 1 may be
explained by conversion of acid 3 into 2-naphthol and
Table 2. Synthetic data for compounds 1a–f

Compounds –N< Mp (�C) % Yield

1a Morpholino 116 92

1b Piperazino 94 90

1c N-methyl-piperazino 141 89

1d N-phenyl-piperazino 158 90

1e Piperidino 149 92

1f Pyrrolidino 128 76



Table 3. Synthetic data for compounds 2a–f

Compounds –N< Mp (�C) % Yield

2a Morpholino 178 85

2b Piperazino 119 84

2c N-methyl-piperazino 188 90

2d N-phenyl-piperazino 192 84

2e Piperidino 171 82

2f Pyrrolidino 168 87

(a) -N< = morpholino
(b) -N< = piperazino
(c) -N< = N-methyl-piperazino

(d) -N< = N-phenyl-piperazino
(e) -N< = piperidino
(f) -N< = pyrrolidino
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Scheme 3. 2-Substituted aminomethyloxy naphthalenes 1. Reagents

and conditions: (a) NaOEt, 150 �C, dilute HCl; (b) HN<, (CH2O)n.
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further reaction of 2-naphthol with para-formaldehyde
and secondary amines.

2-Substituted aminomethyloxy naphthalenes 1 have
alternatively been synthesized by reaction of 2-naphthol
with p-formaldehyde and secondary amines in support
of mechanism of formation of these compounds from 3
by Mannich reaction18 (Scheme 3).

In conclusion we have synthesized 2-substituted naph-
thalenes as hypotensive agents. Compound 1d having
better hypotensive profile than propranolol is being
further investigated for drug development.
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concentrated HCl was refluxed for 3 h. The general
procedure adopted for compounds 1 was followed for
synthesis of 2(a–f). The products 2(a–f) were crystallized
from EtOH, for example, 4-(1-naphthoxy)-2-[methyl-(N4-
phenyl-N1-piperazino)]-butanoic acid (2d) yield 84%; mp
192 �C; IR 3400 (OH) and 1712 (C@O) cm�1; 1H NMR: d
1.86–2.38 (m, 4H, 2�CH2), 2.66 (m, 1H, CH), 4.02 (t, 2H,
J ¼ 7:05 Hz, –OCH2), 6.74–8.48 (m, 13H, Ar–H and
COOH); 13C NMR: d 27.8, 40.7, 53.1, 55.4, 57.9, 69.6,
103.6, 113.0, 118.0, 120.1, 121.9, 125.0, 125.5, 125.7, 126.2,
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18. An alternative procedure for the preparation of 2-substi-
tuted aminomethyloxy naphthalenes 1: 2-Naphthol
(1.44 g, 10 mmol) was added to NaOEt (prepared from
0.25 g Na and 5 mL anhydrous EtOH). After the
temperature of the solution dropped to 25 �C (room
temperature); a mixture of 2�-amine (10 mmol) and para-
formaldehyde (0.45 g, 15 mmol) in anhydrous ethanol
(20 mL) containing two to three drops of concentrated
HCl was refluxed for 3 h. The mixture was cooled and
additional quantities of 2�-amine (10 mmol) and para-
formaldehyde (0.45 g, 15 mmol) were added and the
mixture refluxed further for 2 h. Solvent ethanol was
distilled off in vacuo and the residue was dissolved in water
(20 mL) and extracted with diethylether (3� 30 mL).
NaOH (20 mL) and the product thus separated was
extracted with diethylether (3� 30 mL). The ether portion
washed with brine, dried over MgSO4, filtered and the
filtrate concentrated to distill off solvent ether. Compound
1a–f were obtained as solids in 75–90% yields. The
analytical data of 1a–f were identical to those obtained
by general procedure reported for synthesis of 1 in Ref. 15.
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