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This work deals with the study of the stability ofix derivatives of the
[(arylcarbonyl)oxyamino propanol with carbamate substitution on teezkne ring. The studied
compounds are different in the substitution onah@ne group in the side chain as well as in the
substitution on the carbamate functional group. Mmjerolysis of compounds was measured in
the aqueous-ethanol sodium hydroxide solution (fhall™) at 25, 37, 45 and 60°C
spectrophotometrically in the ultraviolet and vistegions. The studied compounds possess two
functional groups, which undergo hydrolysis. Theymo-first order rate constants of hydrolysis
for individual reaction steps were determined. Téser functional group of compounds
hydrolyses very quickly in this medium. The compdsipossessing the tertiary substitution on
the amino group are less stable toward alkalinerdiysis. The course of hydrolysis of
compounds was also investigated by thin layer chtography (TLC).
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INTRODUCTION

The studied compounds are derivatives of phenyéraib acid, with potential ultra-
short beta-adrenolytic activity. The compounds werepared at the Institute of
Chemical Drugs of the University of Veterinary aRttarmaceutical Sciences Brno,
Czech Republic. The ultra-short beta-adrenolytictivldg of derivatives of
[(arylcarbonyl)oxyaminopropanol was attained by the incorporatiormetabolically
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unstable ester functional group into the connectinghain of origin
aryloxypropanolamine structure of the beta-adretiedy The ester functional group is
more labile than ethereal connecting chain. Thereagtoup is quickly hydrolysed by
esterase, what is the case of the shortening d@fitgcbf these derivatives. These
potential drugs may be indicated in supraventricukchycardias, in fibrillations,
hypertension and in acute myocardial infarction [1]

The course of hydrolysis of these compounds wasiqusly investigated by TLC
[2].

The goal of this work is the study of kinetics dkadine hydrolysis of the chosen
compounds, derivatives ¢farylcarbonyl)oxyaminopropanol (Table 1). Hydrolysis is
the most frequent reaction in the degradation E®cef the esters. The studied
compounds possess two functional groups, which ngodehydrolysis. In the
degradation processes of compounds it is suppbseédhe first process is hydrolysis of
the ester group. The hydrolysis of the carbamatetfonal group follows.

MATERIALS AND METHODS

Studied compounds

The studied compounds were synthesised as hydrigédnlby the authors [1] and
they are listed in Table 1. All other chemicals @alvents were of analytical reagent
grade.

Table 1. List of studied compounds

(I)H
COOCH,CHCH,NHR?
NHCOOR*

Cmpd| R? R? M,

413 | CH;, | CH(CHy), | 346.81
423 | C,Hs| CH(CHy), | 360.84
433 | CyH; | CH(CH,), | 374.87
443 | C,Hy| CH(CHy), | 388.90
414 | CHy | C(CHy); | 360.84
424 | CHg| C(CHy); |374.87
434 | CiH;| C(CHy); |388.90
444 | CHy| C(CHy); | 402.92
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Apparatus

The Thermostat Memmert WB 10 (Germany), spectrapheter Spectronic 20 D,
Milton Roy (Germany) and spectrophotometer 8452 I®DE ARRAY Hewlett
Packard (USA) were used.

Kinetic measurement
Hydrolysis of studied compounds in sodium hydrogidemol.t*

The hydrolysis of studied compounds was carriediouqueous-ethanol sodium
hydroxide solution 0.1 mol*in closed flasks at 25€0.1°C, 37.Q+ 0.1°C, 45.0+ 0.1
°C and 60.& 0.1°C. The ethanol concentration was 50% (v/v), ancctimeentration of
studied compounds wasx110° mol.I'. The decrease of concentration of compounds
by the reaction was determined spectrophotomelyigalUV at A = 266+ 2 nm and in
the visual region using reagent 4-(dimethylaminojaédehyde (DBA) [3]. The rate
constantk [s'] of the alkaline hydrolysis were calculated usthg kinetic equation of
the pseudo-first order from the dependenckn gb/(b—x)/ = f (t) whereb is the starting
molar concentration of studied compound, @mek) is its concentration in time The
values of activation energlgs were determined by the Arrhenius equation from the
dependence of lolg = f (1/T) wherek is the rate constant afdis the thermodynamic
temperature [4].

Thin layer chromatography

The chromatographic separation of degradation ptsdof hydrolysed compounds
was carried out on silica gel layer SilffoUV 254. The amount of 0.002 g of
compound in 2 ml of sodium hydroxide solution (@bl.I'") was kept at 25°C for 11
days. Fivepl of solution was applied on the plate. For theoohmatographic system;:S
hexane/ acetone/diethyl amine (5.5 : 3.0 : 1.5vwy/the chromatographic chamber was
saturated for 1 h. AUV light lamp Camag was used #etection. For the
chromatographic system,:Stoluene/acetone/formic acid (60 : 30 : 1 v/viihe
chromatographic chamber was saturated for 1 h.

RESULTS AND DISCUSSION

The basic esters of phenylcarbamic acid undergaliatk hydrolysis in accordance
with the mechanism described by Dittgs}. In alkaline medium these compounds are
degraded to substituted aniline, basic alcohol eartbon dioxide. The degradation of
studied compounds is going on as a complex (p#raflaction (see Figure 1). The final
product of alkaline hydrolysis of these compourgid-{aminobenzoic acid (its sodium
salt).
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The hydrolysis of compounds in the present work wesasured in the aqueous-
ethanol sodium hydroxide solution (0.1 md).lat 25, 37, 45 and 60°C
spectrophotometrically in the UV region.

O‘H

COO —CH, —CH —CH,NH —R? CoONa

+2 NaOH + CO, + HOCH,CHCH,NHR? + RlOH

—R?! OH
NHCOO —R NH,

Figure 1. The course of alkaline hydrolysis of dévatives of[(arylcarbonyl)oxy]aminopropanol

Firstly we have studied the compounds 413 andwif4 the smallest substitution
on the carbamate group. The alkaline hydrolysiegeded at 21°C during one hour of
experiment. An example of determination of the @astant is demonstrated in Table
2.

Table 2. Determination of rate constant of compound13 of alkaline hydrolysis at 21.0°C

Ne | t A (b—x) | In [b/(b~x)]
[h] | A=264nm| [mol.IY [mol.I™]

1] 0 0.8407 | 3.23x10° 0

2 | 0.25 0.8310 3.19%10° 0.0116

3| 05| 08202 |315¢10°| 0.0246

4 1 075| 0.8054 | 300cF | 0.0428

The coefficients of the straight line agg:=-0.0039;a; = 0.0663n = 5,r = 0.988;F
= 118.7;s = 0.00481. The results of determined rate cotstahboth compounds are
in Table 3.

Table 3. Results of kinetics of alkaline hydrolysistudy at 21.0°C

Cmpd k [54] tyz [N]
413 | 1.84x10°+1.69x1¢F | 105
414 | 204 x10P+2.81x10 | 95

The results of hydrolysis of compounds 423, 428 4nd 444 are in Table 4. The
rate constants have been determined also in therddibn and values of activation
energyE, were calculated. The course of hydrolysis of conmub443 at temperature
45.0°C determinedlia kinetics of pseudo-first order is depicted in Feg@. We can see
a break on the straight line. Because the studtdpounds possess two functional
groups which undergo hydrolysis, by this methodsifpossible to observe only the
apparent rate constants of hydrolysis. The hydi®lgs the ester group is the rate
determining process in this case.
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Figure 2. The course of alkaline hydrolysis of comgund 443 at 45.0°C

Table 4. Results of kinetics of alkaline hydrolysistudy at 25.0°C, 45.0°C and at 60.0°C

kx 10 [s7] 4z [] Ea
Cmpd | 25.0°C 45.0°C 60.0°C | 25.0°C 45.0JC 60.0PC kJMdl
423 | 6.17+0.27| 9.94+0.27| 14.3+0.42| 31 19 135 | 19.7£0.7
424 | 7.31+0.22| 12.4+0.36| 22.3+0.44| 26 15.5 85 | 259+3.9
443 | 6.53+0.21| 10.6+0.24| 15.7+0.39| 295 18 12 | 206+1.1
444 | 872+0.33| 13.7+0.39| 24.6+050| 21 15 8 240+ 45

The values of rate constants of hydrolysis indicete of hydrolysis rate with rise of
temperature and with the branching of substitutinrthe amino group in the side chain
as well as with the prolongation of substitutiortlie carbamate group. The Arrhenius
plot of compound 423 is depicted in Figure 3. Tladugs of activation energy, of
compounds are considerably lower than values dadrdblasic esters of phenylcarbamic
acids [6]. This indicates for preference hydrolysif the ester group at these

compounds.
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Table 5. The values of Rof chromatography study of alkaline hydrolysis a25.0 °C

Time [days] 0 2 3 7 11
Cmpd
423 0.30| 0.30| 0.03| 0.03| 0.03
0.54| 0.60| 0.70
443 0.37| 0.39| 0.05| 0.04| 0.03
0.60| 0.60| 0.68
424 0.38| 0.02| 0.04| 0.03| 0.03
0.36| 0.62 | 0.66
444 0.45| 0.02| 0.04 | 0.03| 0.03
0.46 | 0.53
4-aminobenzoic | 0.03 | 0.03| 0.03 | 0.03| 0.03
acid

The results of the chromatographic study ofirblysis of these compounds at
25.0°C are in Table 5. The compounds in 2 mlafism hydroxide solution (0.1
mol.I'Y) were kept at 25°C for 11 days, because theit totdrolysis could have been
finished during this period. The degradation prasiaf compounds 423 and 443 have
been found after two days of hydrolysis. The 4-ashamzoic acid was found after three
days of hydrolysis, in the meantime the origin compd was not present. Compounds
424 and 444 degraded more quickly according torohtography results.

The amount of the final product, the 4-aminotméc acid, can be determined by
several procedures of visual spectrophotometryzadising with sodium nitrite and
following copulation reaction with 1-naphthol. Thigaction is not suitable for these
compounds because of possible formation of thevdive of nitrosamine, which may
distort the data. The reaction with 4-(dimethyla)benzaldehyde is more suitable for
determination of the 4-aminobenzoic acid spectrogetrically in visual region at =
470 nm [3]:

®
H
R—NH, + OHC—@—N(CH3)Z SLLEEENG R—N=HCO
@
— > R—NH—HC N (CHa)s

R = Aryl

(CH3)y ——>

=0

Figure 4. The course of reaction of product of hydslysis of studied compounds with 4-
(dimethylamino)benzaldehyde

We have observed the hydrolysis of carbamatetional group of compounds 413,
414, 433 and 434 spectrophotometrically in thealisegion by reaction witBBA. The
values of pseudo-first order rate constants anfilikak of reaction are in Table 6. We
have conducted two parallel experiments. The reslbw the same hydrolysis rate for
both groups of compounds. The values of activadoargyE, for hydrolysis of the
carbamate functional group are higher than for blydis of the ester group but are
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lower compared with values determined for otheiicbasters of phenylcarbamic acids

[6].

Table 6. Resultant values of rate constants of hydlysisk, half lives t;, and activation energyEa
of compounds 413, 414, 433 and 434

Cmpd kx 1 [s]] ti; [h] Ea

37.0°C 45.0°C 60.0°C | 37.0°C 45.0°C 60.09C kJ.rol
413 | 6.39+0.77| 13.3+0.50| 41.3+1.2 30 14.5 45 |695+2.0
414 | 6.78+0.47| 12.4+050| 36.7+1.4 | 285 15.5 5 63.3+ 0.5
25.0°C 45.0°C 60.0°C 25.0°C | 45.0°C | 60.0°C
433 | 1.21+0.20| 3.85+0.09 | 10.9+0.27| 159 50 18 | 515+4.3
434 | 1.30+0.07| 3.69+0.07 | 10.5+0.19| 138 52 185 | 46.9+6.4

The chromatographic separation of degradatimaucts of hydrolysed compounds
was carried out in chromatographic systemTable 7 shows the results of hydrolysis
study in NaOH 0.1 mol} at 45°C and at 60°C. The Ralues of compound 413 and
414 are 0, the Rralue of PAB is 0.30 in this system. Both compaibdsides the main
product — 4-aminobenzoic acid provided several albgfion products, such as 4-
alkoxycarbamoyloxybenzoate and 4-aminoarylcarbotydminopropanol.

Table 7. Observation of course of hydrolysis of stied compound in NaOH 0.1 molt
chromatographically — R values of hydrolysis products

Cmpd 413 414
Time [h] 45°C | Time [h] 60°C | Time [h] 45°C | Time [h] 60°C
3 0 3 0 3 0 3 0
0.37 0.28 0.35 0.34
0.44 0.36 0.42
9 0 9 0 9 0 9 0
0.23 0.17 0.18 0.24
0.40 0.24 0.37 0.34
0.36 0.41
0.42
15 0 (weak) 18 0 (weak) 15 0 (weak) 18 0 (weak)
0.20 0.21 0.16 0.10
0.40 0.30 0.36 0.20
0.38 0.37 0.28
24 0.16 0.42 24 0.17 0.40
0.30 0.30
0.40 0.37
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CONCLUSION

The studied compounds possess two functional groupgh undergo hydrolysis.
The pseudo-first order rate constants of hydrolysisindividual reaction steps were
determined. The ester functional group of compouhgdrolyses very quickly in
alkaline medium. The compounds possessing thealtaathinogroup are less stable
toward alkaline hydrolysis. The TLC analysis pradd 4-aminobenzoic acid as
degradation product.
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STUDIUM STABILITY POTENCIALNYCH BETA-ADRENOLYTIK,
DERIVATOV [(ARYLKARBONYL)OXY JAMINOPROPANOLU KINETIKOU
ALKALICKEJ HYDROLYZY
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Praca sa zaobera Studiom stability Siestich derwftarylkarbonyl)oxyaminopropanolu s
karbamatovou substitiiciou na benzénovom kruhu. ddang latky st rozne substituované na
amino skupine v himom refazci, ako aj na karbamaétovej fumiej skupine. Hydrolyzu latok sme
merali vo vodno-etanolovom roztoku hydroxidu sodné®,1 mokl™) pri teplote 25, 37, 45 a 60
°C spektrofotometrickou metddou v ultrafialove] iditelnej oblasti. Studované latky maja dve
funkéné skupiny, ktoré podliehaju hydrolyze. Stanoviies rychlostné konStanty hydrolyzy
pseudo-prvého poriadku pre jednotlivé reakcie. ieste funkina skupina podlieha hydrolyze
velmi rychlo. Latky s terciarnym substituentom na amniskupine su menej stabilné &o
alkalickej hydrolyze. Priebeh hydrolyzy latok snedevali aj chromatografiou na tenkej vrstve.

Acta Facult. Pharm. Univ. Comenianae 58, 2011, [2 -/80.

80



