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SUMMARY

Synthesis, identification and physicochemical properties of novel potential ultrashort-acting
beta-adrenergic blockers
The paper deals with the synthesis, structure confirmation, and study of physicochemical properties
of some aryloxyaminopropanol derivatives, compounds of 2-hydroxy-3-[4-(2-fluorophenyl)-
piperazine-1-yl]-propyl-4-[(alkoxycarbonyl)amino]benzoates, their salts with hydrochloric acid,
with one to four carbon atoms in the alkoxy group of the carbamoyl group. Their structure was
confirmed by elemental analysis, IR, UV and mass spectra. The melting point, solubility, surface
activity, dissociation constant, and some lipophilicity parameters, i.e. partition coefficient P, RM

values from reversed phase thin-layer chromatography, and retention factor k obtained from HPLC
of the substances under study were determined. 
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SÚHRN

Syntéza, identifikácia a fyzikálno-chemické vlastnosti nových potenciálnych ultrakrátkopôso-
biacich beta-adrenergných blokátorov
Práca sa venuje syntéze, overeniu štruktúry a štúdiu fyzikálno-chemických vlastností derivátov 
aryloxyaminopropanolu, 2-hydroxy-3-[4-(2-fluórfenyl)-piperazín-1-yl]-propyl-4-[(alkoxykarbo-
nyl)amino] benzoátov, ich solí s kyselinou chlorovodíkovou, s jedným až štyrmi atómami uhlíka
v alkoxy skupine karbamoylovej skupiny. Štruktúra zlúčenín bola potvrdená elementárnou analý-
zou, IČ, UV a hmotnostnými spektrami. V rámci štúdia bola stanovená teplota topenia, rozpustnosť,
povrchová aktivita, disociačná konštanta, ako aj parametre lipofility, t.j. rozdeľovací koeficient P,
hodnoty RM z reverznej chromatografie na tenkej vrstve a retenčný faktor k pomocou vysokoúčin-
nej kvapalinovej chromatografie.
Kľúčové slová: ultrakrátkopôsobiace beta-blokátory – syntéza – fyzikálno-chemické vlastnosti
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Introduction

Antagonists of adrenergic β-receptors are widely used
in hypertension, arrhythmias, hypertrophic cardiomyo-
pathy, and ischemic heart disease. Adverse effects of
classic beta-blockers include hypotension, bradycardia,
heart failure, bronchospasm or peripheral vasoconstric-
tions, which can last up to several hours after intravenous
application 1). Therefore, ultrashort-acting β-blockers
have been developed for emergent intravenous treatment
of atrial fibrillation or when control of heart rate is desir-
able 2).

This paper focuses on the synthesis, identification, and
determination of physicochemical properties of four new
derivatives of ß-adrenergic receptor-blocking phe-
noxyaminopropanols. The structure of the pattern
molecule was modified by the ester group inserted
between the aromatic and amine moieties of the con-
necting chain. 

EXPERIMENTAL PART

Synthesis

Synthesis of the novel derivatives of arylcarbonyl-
oxyaminopropanols is shown in the Scheme and was car-
ried out according to a general method first reported by
Kam et al. 3).

The corresponding 4-carbalkoxyaminobenzoic acids
1a-d were prepared by the reaction of 4-aminobenzoic
acid p.a. (Lachema, CR) with the appropriate
alkylchloroformiates. To a solution of p-aminobenzoic
acid (0.1 mol.l-1) and pyridine p.a. (LOBA Chemie, CR)
(0.1 mol.l-1) in acetone p.a. (Kulich, CR) (100 ml),
alkylchloroformiate (0.1 mol.l-1) was added dropwise.
The mixture was refluxed for 1.5 hour, evaporated to
dryness and washed with water (500 ml). The crude acid
was recrystallized from ethanol (96%, Lachema, CR).

To a suspension of 4-carbalkoxyaminobenzoic acid
(0.1 mol.l-1) in toluene p.a. (Lachema, CR) (120 ml),
pure thionylchloride (Lachema, CR) (0.2 mol.l-1) was
added. The resulting mixture was refluxed for 2 hours
and evaporated to dryness. The crude 4-carbalk-
oxyaminobenzoyl chloride 2a-d recrystallized from
toluene.

Glycidyl esters 3a-d were prepared by the reaction of
the acid chloride with glycidol. To a three-neck round-

ČESKÁ A SLOVENSKÁ FARMACIE, 2008, 57, č. 4 161

Scheme 1. Synthetic route of the compounds 
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bottom flask, glycidol (96%, Aldrich, Germany)
(0.25 mol.l-1) and tetrahydrofurane p.a. (Lachema, CR)
(50 ml) were added. The solution was cooled to -5 °C
and triethylamine (> 99%, Merck-Schuchardt, Germany)
(0.25 mol.l-1) was added. To the resulting solution,
a solution of 2a-d (0.2 mol.l-1) in tetrahydrofurane p.a.
(Lachema, CR) (250 ml) was added dropwise at -5 to
5 °C. The mixture was stirred at room temperature for 3
hours, filtered and evaporated to dryness. The product,
2,3-epoxypropyl-4-carbalkoxyaminobenzoate – 3a-d,
was recrystallized from propan-2-ol p.a. (Kulich, CR).

In the last step of the synthesis, a mixture of 3a-d
(0.2 mol.l-1) and 1-(2-fluorophenyl)piperazine (97%,
Aldrich, Germany) (0.25 mol.l-1) in isopropyl alcohol
p.a. (Kulich, CR) (150 ml) was heated at 65 °C for 4
hours. The solvent was evaporated under reduced
pressure and residing oil was dissolved in diethylether
p.a. (Kulich, CR). The solution of the base 4a-d was
converted to its chloride salt 5a-d by addition of ethereal
hydrochloric acid p.a. (35%, Central System, SR). The
amine salt was collected by filtration and recrystallized
from an appropriate solvent to give white crystals.

Chemical structure confirmation

Elemental analysis
Elemental analysis was made by an Elemental

Analyzer EA 1108 (Carlo Erba Instuments). 

Ultraviolet spectra
Electronic spectra of the prepared compounds were

measured in the UV region by a spectrophotometer (8425
A Diode Array, Vectra 286/12), the solvent was methanol,
concentrations 1.0 × 10-6 mol.l-1 and quartz (1 cm).

Infrared spectra
IR spectra of the synthetized compounds were

measured on an FTIR spectrophotometer Nicolet Model
Impact 410 in the 400–4000 cm-1 range.

Mass spectra
Mass spectra were recorded by a mass spectrometer

Agilent 1100, LC/MSD VL Trap with a linear mechanic
pump (KD Scientific, USA), the solvent was methanol,
concentrations were approximately 1 mg.l-1.

Thermic properties

Melting points were determined using a Kofler
hotplate apparatus (HMK Franz Küstner, Germany).

Estimation of solubility and dissociation constants

Solubility
Solubility of prepared compounds was determined in

distilled water, 96% ethanol (Lachema, CR), and in
a chloroform medium p.a. (Lachema, CR) according to 4).

Dissociation constant
The dissociation constant of prepared substances was

estimated by alkalimetric titration with potentiometric

indication (pH-meter PO 811/1, Radelkis, Hungary)
according to 5).

Surface activity determination
The relative surface activity was determined by

stalagmometric method according to 5). Activity of the
solution of the compounds (c = 1.0 × 10-3 mol.l-1) was
measured where the solvent was a mixture of
H2O-methanol p.a. (SPOLCHIM, SR) (φr = 3 : 2).
The reference solution was the same as the solvent.

Determination of lipophilic properties

The apparent partition coefficient P of prepared
compounds was measured by the shake-flask method in
octan-1-ol (Merck, Germany)/phosphate buffer medium
at pH = 7.0 according to 6) using 0.5 ml of the organic
solvent.

The chromatographic reversed-phase thin layer
analysis was carried out according to 7) on the silica gel
Silufol® UV254. RM values were obtained in the mobile
phase consisting of 1 mol.l-1 HCl-acetone (φr = 4 : 2)
after silica gel plates impregnation with 1% solution of
silica oil in heptane (Lachema, CR). Chromatograms
after developing and drying were detected by UV light at
the wavelength 254 nm using a UV lamp TL-900
(Camag, Switzerland).

The chromatographic system for HPLC analysis for
the retention factor k determination consisted of a pump
Delta Chrom SDS (Watrex, Slovakia) with an injection
valve and a UV detector Delta Chrom UVD 200 (Watrex,
Slovakia). The analytical chromatography column was
Sepharon SGX C18 (254 × 4 mm, particle size 7 μm). The
mobile phase was a mixture of 94% methanol in an
amount of 500 ml and 3.4 g of natrium acetate, the pH
value was adjusted with acetic acid to pH = 6.0. The flow
rate of the mobile phase was 0.6 ml.min-1, the injection
volume was 1.10-2 ml, the chromatograms were scanned
at the wavelength 274 nm. The solution of NaNO2 (c =
0.1 mol.l-1) was used to determine the dead time t0, and
the solution of the analyzed compound in a methanol
medium (c = 0.4 × 10-3 mol.l-1) was used for
determination of tR.

RESULTS AND DISCUSSION

The paper focused on the synthesis, spectral
description, and study of physicochemical properties of
the new compounds.

The derivatives of 2-hydroxy-3-[4-(2-fluorophenyl)-
piperazine-1-yl]-propyl-4-[(alkoxycarbonyl)amino]ben-
zoates with one to four carbon atoms in the alkoxy group
of the carbamoyl group have been synthesized by a five-
step reaction according to a similar procedure, which was
described in the literature 2). The final compounds were
isolated as the salts of hydrochloric acid (Scheme 1). 

The methods of identification included elemental
analysis, ultraviolet, infrared, and mass spectra. The
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prepared compounds were solid, colourless and their
melting points, yields, and formulas are presented in
Table 1.

The structure of the substances under study was
confirmed by elemental analysis, the values were in
good agreement with the respective structures for
carbon, hydrogen and nitrogen. The differences
between the calculated and experimentally obtained
data were in the range of ± 0.4 % and both data are
given in Table 1.

The mass spectra of prepared compounds revealed the
presence of [M + H+] ions in all cases, the value m/z =
432.3 for the compound 5a2, m/z = 446.3 for 5b2, m/z =
460.3 for 5c2 and m/z = 474.3 for 5d2.

The spectrum in the ultraviolet region showed two
absorption maxima at the wavelength γ = 202–203 nm
and γ = 270–271 nm. The values of log ε of the analyzed
substances are shown in Table 2. 

The results of the spectral parameters of the IR region
are summarized in Table 3.

The solubility of liquids and solids in water is no
doubt one of the most important molecular properties
that affect their biological activity. Solubility of solid

compounds depends on the free energy changes involved
in changing the solid state to the liquid state, in addition
to the interactions in the liquid phase 8).

Despite the fact that the compounds were salts with
hydrochloric acid, their solubility was practically
indissoluble in water, very limited in ethanol and
practically indissoluble in chloroform.

The dissociation constant presents the rate of the
dissociated and undissociated forms of the drug 9). The
value of dissociation constant was obtained as the
average value from three measurements and was
determined according to the Henderson-Hasselbalch
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Tab. 1. Chemical structure of studied compounds

Compound R Formula 
Mr

M.p. 
(°C)

Yield 
(%)

Solv. for 
Recrystall

Analysed Found/Calc.
% C % H % N

5a -CH3
C22H27O5N3FCl

467.92 188 73.1 ethanol 8.91 
8.98

56.71 
56.47

6.09 
5.82

5b -C2H5
C23H29O5N3FCl

481.95 181–183 49.8 isopropyl
alcohol

8.73 
8.72

57.31 
57.32

5.92 
6.07

5c -C3H7
C24H31O5N3FCl

495.98 167 81.2 isopropyl
alcohol

8.42 
8.47

58.34 
58.12

6.53 
6.30

5d -C4H9 C25H33O5N3FCl
510.00

162 –164 34.4 isopropyl
alcohol

8.13 
8.24

58.96 
58.88

6.59 
6.52

Tab. 2. UV spectra of prepared compounds

Compound λmax
(nm)

log ε
(m2.mol-1)

λmax
(nm)

log ε
(m2.mol-1)

5a 203 4.92 270 4.79
5b 203 4.91 270 4.79
5c 202 4.89 271 4.79
5d 202 4.98 271 4.85

Tab. 3. Parameters of IR spectra (cm-1) of prepared compounds

Compound ν N-H νar C-H νal C-H νes C=O νcarb C=O νes C-O-C νcarb C-O-C

5a2 3239 3040 2947 1727 1704 1222 1065
5b2 3318 3074 2970 1710 1687 1231 1056
5c2 3326 3047 2972 1722 1689 1219 1058
5d2 3311 3048 2962 1723 1689 1219 1062

Tab. 4. Physicochemical parameters of substances under study

Compound pKa σrel (N.m-1) log P log k Rf RM

5a 7.48 1.257 4.23 - 0.35 0.545 - 0.078
5b 7.64 1.269 4.55 - 0.31 0.456 0.077
5c 7.35 1.368 4.88 - 0.26 0.361 0.248
5d 7.27 1.444 4.07 - 0.20 0.274 0.423
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equation. The values of pKa are shown in Table 4.
The relative surface activity values of the compounds

increased with the alkoxy chain elongation. The values
of relative surface tension were obtained as the average
value from six measurements and are summarized in
Table 4.

Lipophilicity is the key parameter used in quantitative
structure-activity relationships (QSAR), quantitative
structure-property relationships (QSPR), or quantitative
structure-retention relationships (QSRR) studies, for
modelling the biological and physicochemical properties
of large classes of chemical compounds. In many cases,
this molecular parameter strongly correlates with the
biological activity of chemicals, as well as with other
physicochemical properties 10).

The logarithm of partition coefficient between octan-
1-ol and water (log P) is the most widely used parameter
in chemistry, pharmaceutical chemistry, and many other
practical fields 10). 

Partition coefficient was determined by the shake-
flask method in octan-1-ol/phosphate medium. The log P
values of the compounds increased with rising molecular
weight of the substances. Degression was found in the
substance with the working label 5d2. The values of log
P are given in Table 4.

Logarithm of the retention factor k, like the
lipophilicity parameter, was obtained by HPLC
method. The results show that the log k values of

evaluated compounds increase with the increasing
number of carbon atoms in the alkoxy chain of the
carbamoyl group. The values of log k are summarized
in Table 4.

The RM values obtained from reversed-phase thin layer
chromatography increased with the side alkyl chain
elongation (Table 4).

This study was supported by the Comenius University grant
No. UK/2/2008.
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AAbbssttrraakkttaa  zz aakkccíí  ČČFFSS  vv ččaassooppiissuu  ČČeesskkáá  aa sslloovveennsskkáá  ffaarrmmaacciiee

Redakce časopisu Česká a slovenská farmacie nabízí možnost zveřejňovat limitované množství abstrakt

z odborných akcí pořádaných Českou farmaceutickou společností, například sympozií, 

seminářů, pracovních dnů apod.

Jednotlivá abstrakta (písmo Courier New, velikost 12, řádkování 2), by neměla přesáhnout 

1 rukopisnou stranu formátu A4.

Počet abstrakt předem dohodnou předsedové příslušných sekcí, které akci pořádají, 

případně osoby zodpovědné za akci s redakcí časopisu, která poskytne i bližší informace. 

Lze zveřejnit rovněž na internetových stránkách ČFS (www.cfs-cls.cz) 
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