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Synthesis and cardiovascular activity of metoprolol analogues
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Abstract—The synthesis of four novel analogues of metoprolol, a well-known B;-blocker used to reduce arterial blood pressure, is
described. The preparation of (25,2'S)-7, 2R,2'S)-7, (2R,2'R)-8, and (2S.,2'R)-8 was based on the reaction of racemic 2-[4-(2'-
methoxyethyl)-phenoxymethyl]-oxirane (4) with (R)- or (S)-2-amino-1-butanol. Salient characteristics of analogues 7 and 8 relative
to metoprolol are the incorporation of an additional stereogenic center, as well as a methyl group and a hydroxyl function on the
nitrogen-containing chain. These novel derivatives present significant hypotensive and bradycardiac activity, although no blocking

action toward B; and B, adrenergic receptor.
© 2003 Elsevier Ltd. All rights reserved.

1. Introduction

Hypertension results from an increase of both systolic
and diastolic blood pressure, that causes damage in
cardiac, renal, and brain blood vessels.! The con-
sequences of this irregularity are rather serious; for
example, cardiovascular illnesses presently affect over
10 million people in Mexico, being the number one
cause of death in the country.? It has been demonstrated
that proper control of arterial blood pressure by means
of pharmaceutical agents decrease the harmful blood
vessel damage mentioned above. Thus, various drugs
are used to lower arterial blood pressure, and among
these, adrenergic B-blockers are particularly effective.’

Metoprolol has been and still is one of the most fre-
quently used B-blocker agents. This drug is lipophilic,
cardioselective, and exhibits a marked selectivity
toward B; adrenergic receptors —the type of receptors
that predominate in cardiac muscles. The efficacy of
metoprolol in the treatment of hypertension, angina
pectoris and cardiac heart failure is ascribed to B
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blockade of catecholamines, which are endogenous
substances that provoke an increase in blood pressure
and induce myocardial contraction.*

Several studies of the pharmacokinetics>® as well as
secondary affects’ exhibited by both enantiomers of
metoprolol have revealed eudismic ratios (ER) of the
order of 270 in favor of the (S) enantiomer, while
undesirable side effects such as dizziness and delution
are associated to the (R) enantiomer. Nevertheless,
metoprolol is commercialized as a racemate.

o) N)\CHa

OH [H
(#)-Metoprolol

In recent years, the search for new active derivatives of
metoprolol led to the preparation of a number of
fluorinated analogues, but unfortunately those deriva-
tives present low activity.®

Here, we want to describe the synthesis of four new deri-
vatives of metoprolol, containing two stereogenic centers.
Figure 1 emphasizes the structural changes being intro-
duced in derivatives 7 and 8: one of the diastereotopic®-'°
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(28,2'S)-7
(2R.2'S)-7

(R.2R)-8
(2S,2R)-8

Figure 1. Stereoisomeric analogues of metoprolol prepared in this
work.

methyl groups in metoprolol becomes an ethyl group,
whereas the other diastereotopic methyl group is now
hydroxylated.

It is appreciated that derivatives 7 and 8 maintain the
aryloxypropanolamino framework, that is essential for
pharmacological activity in Propranolol and other
drugs.!!

The traditional route®!? for the construction of the
aryloxypropanolamino framework involves the addition
of phenolic nucleophiles to epichlorohydrin in basic
media to afford an aryloxyepoxipropane derivative that
is subjected to aminolysis as shown in Scheme 1.

The first step in our synthetic route consisted in the
preparation of 4-(2-methoxyethyl)phenol (3), according
to the procedure of Smith and co-workers.!® Treatment
of phenol derivative 3 with racemic epichlorohydrin in
aqueous sodium hydroxide solution afforded the desired
2-[4-(2’-methoxyethyl)-phenoxymethyl]-oxirane (4) in
90% yield (Scheme 2). This reaction produced chloro-
hydrin 5 as side product (10% yield), that was easily
removed by silica gel column chromatography.

Treatment of racemic epoxide 4 with excess (S)-2-
amino-1-butanol, (S)-6, in aqueous solution gave the
desired diastereomeric derivatives (2S,2’S)-7 and
(2R,2'S)-7 (Scheme 3). Gratifyingly, the /like® diaster-
eomer crystallized from the aqueous solution in essen-
tially pure form. Diastereomeric product (2R,2'S)-7 was
isolated from the mother liquor following distillation of
the remaining amine (S)-6. Furthermore, suitable crys-
tals of (2R,2'S)-7 were obtained in this fashion, that
permitted X-ray diffraction determination of the relative
configuration in this isomer (Fig. 2).
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Figure 2. Structure and solid-state conformation of (2R,2'S)-7.'4

Scheme 3 summarizes the synthetic protocol developed
for the preparation of diastereomeric aminodiols 7. The
same procedure, but using (R)-6 instead of (S)-6, was
followed for the synthesis of (2R,2'R)-8 and (25,2’ R)-8.

As expected, enantiomeric pairs (25,2'S)-7/(2R,2'R)-8
and (2R,2'S)-7/(2S,2' R)-8 showed similar melting points
and magnitude of the optical rotation (opposite sign).!>
Final characterization was completed by 'H and '3C
NMR, infrared spectroscopy, and mass spectrometry.'®

2. Cardiovascular activity

All four derivatives (25,2'S)-7, (2R,2'S)-7, (2R,2'R)-8,
and (25,2’R)-8 were initially evaluated in vivo, as
potential blockers of B-adrenergic receptors in an ‘inva-
sive’ type test, performed cannulating a carotid artery
and a femoral vein. Isoproterenol was used as agonist
for B;- and P,-adrenergic receptors, since this agent is
known to lower medium arterial pressure (MAP) and to
increase heart rate (HR). Tests were conducted in
untreated male rats. The procedure was the following:
(1) atropine (0.1 mg/kg) was administered via intraperi-
toneal route (ip), followed by sodium pentobarbital (ip)
to sedate the animal. (2) A tracheotomy was performed
to ventilate the incision and then both the carotid artery
and femoral vein were cannulated. (3) The carotid
artery was connected to a pressure transductor Mod.
P23 coupled to a Grass Polygraph Mod. 7D. Heparin
was administered at this moment to prevent coagula-
tion. (4) Isoproterenol (0.31 ug/kg) was administered via
femoral vein injection, before and after treatment with
the test compounds (0.1, 0.31, 1.0, 3.1 mL/kg of 1072 M
solution). (5) MAP and HR readings were recorded
after the administration of Isoproterenol and following
treatment with the test compounds.

Exposure to metoprolol resulted in two types of effects:
one of them consisted in decrease of arterial pressure,
accompanied by short-term bradycardiac activity. The
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other effect resulted in inhibition of the response pro-
duced by isoproterenol on MAP and HR. This second
effect was more pronounced, which is typical of B;
antagonists (Fig. 3). The lowering in arterial blood
pressure induced by metoprolol was proportional to the
dose being administered, and it is likely due to the
negative chronotropic and inotropic effects produced by
the adrenergic antagonist. Although this biological test
is not specific to cardiac arrhythmia, a decrease in the
frequency and strength of cardiac contraction is fre-
quently associated to antiarrhythmic drugs. On the
other hand, the lack of dose response in the negative
chronotropic effect of metoprolol suggests that this is
not an ideal antiarrhythmic agent.

All four derivatives (2S5,2'S)-7, (2R,2'S)-7, (2R,2'R)-8,
and (25,2’ R)-8 presented hypotensive effects at high-level
dose, that does not modify the isoproterenol-induced
response, although it is accompanied by a decrease in
MAP. Interestingly, the four compounds exhibited a
better HR response. In this regard, (2S,2'R)-8 and
(25,2'S)-7, showed a lineal dose-response behavior,
whereas (2R,2'R)-8, and (2R,2'S)-7 exhibited logarith-
mic-type behavior. Nevertheless, no compound exhibited
affinity for the ;- and B,-adrenergic receptors, since they
were not able to revert the effect induced by Iso-
proterenol (Figs. 4 and 5).

Thus, incorporation of a hydroxy group and extension
of methyl to ethyl in the metoprolol structure modified
its blocking effect, affording compounds with moderate
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Figure 3. MAP and HR responses to (£ )-metoprolol.

(28.2'S)-7
10 a b ¢ d 100
0 . __ 80
~ .10 S 60
& E 40
I ~
g 20 » 20
E-30 T 0
% -40 @ -20
= .50 v -40

[ Analogs

Isoproterenol (0.31ug/Kg)
a: 0.1 mL/Kg of 102M, b: 0.31 mL/Kg of 102M,
¢: 1.0 mL/Kg of 10™M, d: 3.1 mL/Kg of 10"2M

Figure 4. MAP and HR responses to isomeric 7.
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Figure 5. MAP and HR responses to isomeric 8.

hypotensive activity and antiarrhythmic activity poten-
tial. This potential antiarrhythmic activity may be due
to pharmacological mechanisms similar to those estab-
lished for (+ )-propranolol, which is interpreted in terms
of membrane structure stabilization.!”

In vitro tests were performed on isolated aorta rings,
obtained from male rats, and placed in 2.0 mL assay
chambers containing Krebs solution at 37°C and con-
tinuously bubbled with a 95:5 oxygen—CO, gas mixture.
Following a 2-h stabilizing period, the aorta rings were
subjected to one of three protocols: (a) rings were incu-
bated with 1.0x10~* M N-nitro-L-arginine methyl ester
(L-NAME, well-known inhibitor of nitric oxide syn-
thase) and then put in contact with the test compounds
(¢c=1.0x1073 M). (b) Rings were incubated with 80 mM
of potassium and then exposed to either metoprolol or
the test compounds (c=1.0x10"3 M). (c) The rings
were incubated with Krebs solution devoid of calcium
but previously treated with 80 mM of potassium. At this
point, tissue contractions were induced by addition of
increasing amounts of calcium ions, in the presence or
absence of the compounds being tested (¢c=1.0x1073
M). Results from these experiments are presented in
Figures 6 and 7.

The observations collected in Figures 6 and 7 indicate
that the new compounds do not present B-blocker
activity. Nevertheless, the results show short-lasting
hypotensive and bradycardizant effects that can be
explained in terms of nitric oxide release and inhibition
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f: 8-unlike g: 8-unlike+L-NAME, h: 7-like, i: 7-like+L-NAME, j: 7-unlike,

k: 7-unlike+L-NAME, m: without compound

Figure 6. (a) Relaxation responses in the presence or absence of
L-NAME. (b) Relaxation responses in the presence of potassium ions.
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Figure 7. (c) Contraction responses induced by increasing concentra-
tions of calcium ions.

of calcium access to cells. In particular, (25,2'S)-7 and
(2S,2'R)-8, presenting the (S) configuration at C(2),
seem to be most effective to mimic the desired biological
effect of eutomeric (S)-metoprolol.
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Physical properties: (2S,2’S)-7, mp 109-110°C;

[@®=+10.3 (cl, CH;0H). (2R2'S)-7, mp 74-75°C;
(@2 = +10.3 (cl, CH;0H). (2R.2'R)-8, mp 109-110°C;
@ =-108 (cI, CH;OH). (2S.2R)-8, mp 74-75°C;

[y =—10.8 (c1, CH;0H).

4-(2-methoxyethyl)phenol (3). 'H NMR (CDCls,
300 MHz) 6: 2.85 (t, J=7.1 Hz, 2H), 3.42 (s, 3H), 3.64 (t,
J=17.5 Hz, 2H), 6.75 (d, J=11 Hz, 2H), 7.05 (d, /=11
Hz, 2H). 3C NMR (CDCls, 75.4MHz) &: 35.27, 58.65,
74.17, 115.53, 130.05, 130.45, 154.55. 2-[4-(2’-methoxy-
ethyl)-phenoxymethyl]-oxirane (4). n=1.519 (25°C). 'H
NMR (CDCl;, 400 MHz) 6: 2.82 (t, J=7.1 Hz, 2H), 2.74,
2.89 (dd, J=5.1, 2H), 3.32 (m, 1H), 3.34 (s, 3H), 3.56 (t,
J=6.9 Hz, 2H), 3.92, 4.18 (dd, J=11.2 Hz, 2H), 6.85 (d,
J=8.8 Hz, 2H), 7.13 (d, J=8.8 Hz, 2H). '3C NMR
(CDCl3, 100.5MHz) &: 35.31, 40.74, 50.21, 58.66, 68.80,
73.82, 114.57, 129.83, 131.64, 156.99. General experi-
mental procedure for the preparation of (2S,2'S)-7,
(2R,2'S)-7, 2R,2'R)-8, and (25,2’ R)-8. In a 50-mL round-
bottom flask was placed 8.9 g (0.1 mol) of (S)-6 and 8.9
mL of water. The resulting solution was treated with 2.7 g
(0.013 mol) of (4)-4 and the reaction mixture was stirred
at ambient temperature for 24 h. 5 mL of water was added
and the resulting precipitate was filtered, washed with
water, and air-dried to afford 1.9 g of crude product,
which was recrystallized from 10 mL of ethyl acetate to
give 1.65 g (43% yield) of (25,2'S)-7. The mother liquor
was heated at reduced pressure to recover excess (S)-6 (bp
35-40°C/4 mmHg) and the residue was dissolved in 10
mL of hot water. Upon cooling, a precipitate formed, that
was rinsed with cold water and air-dried to furnish 1.3 g
of crude product, which was recrystallized from 10 mL of
ethyl acetate to give 0.95 g (25% yield) of (2R,2'S)-7.
(25,2'S)-7: '"H NMR (CDCl3, 400 MHz) 8: 0.90 (t, J=7.6
Hz, 3H), 1.41, 1.49 (ddq, J=7.3, 13.9 Hz, 2H), 2.54 (m,
J=5.4,12 Hz, 2H), 2.67, 2.93 (dd, J=12 Hz, 2H), 2.80 (t,
J=6.9 Hz, 2H), 3.33 (s, 3H), 3.38, 3.64 (dd, /=5, 11 Hz,
2H), 3.54 (t, J=7.3 Hz, 2H), 3.92 (dd, 2H), 4.06 (m, /=4
Hz, 1H), 6.82 (d, J=28.8 Hz, 2H), 7.10 (d, J=8.8 Hz, 2H).
13C NMR (CDCl;, 100.5MHz) &: 10.44, 24.12, 35.27,
49.26, 58.63, 60.70, 63.02, 69.18, 70.55, 73.83, 114.53,
129.85, 131.45, 157.15. EM; m/z (%), 298 (M + 1, 12), 266
(100), 102 (65.7), 72 (23.7). IR vy (KBr), cm~': 3349,
2917, 1616, 1514, 1244, 1100, 1044, 822. (2R,2'S)-7: 'H
NMR (CDCl;, 400 MHz) &: 0.91 (t, J=7.3 Hz, 3H), 1.40,
1.48 (ddc, J=6.9, 17.2 Hz, 2H), 2.54 (m, J=6.9, 9.9 Hz,
2H), 2.80 (t, J=6.9 Hz, 4H), 3.33 (s, 3H), 3.37, 3.64 (dd,
J=174, 11 Hz, 2H), 3.54 (t, J=6.9 Hz, 2H), 3.92 (d,
J=5.1 Hz, 2H), 4.05 (m, /J=5.8, 11 Hz, 1H), 6.81 (d,
J=8.4 Hz, 2H), 7.11 (d, J=8.4 Hz, 2H). '3C NMR
(CDCl;, 100.5MHz) &: 10.44, 24.21, 35.27, 49.17, 58.65,
60.60, 63.06, 69.07, 70.58, 73.83, 114.49, 129.82, 131.48,
157.08. IR vpa, (KBr), cm™': 3355, 2917, 1611, 1516,
1244, 1100, 825.
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