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The thermal behaviour of some antiallergic drugs belonging to different groups of anti- 
histaminics, such as phenyltoloxamine, chlorpromazine, clemizole and meclozine was 
examined. Thermogravimetry, derivative thermogravimetry and differential thermal 
analysis curves were used for the elucidation of the mechanisms of thermal decomposi- 
tion. The melting temperatures of the compounds and their thermal stabilities were 
determined. The stability was found to decrease in the order: clemizole > chlor- 
promazine > meclozine > phenyltoloxamine. 

The kinetic parameters of the thermal reactions were calculated and their values 
are in accordance with the results obtained, especially those of the stability. 

Infrared spectroscopic analysis of the compounds together with their thermal 
decomposition products was performed in order to establish the possible sites of 
decomposition. 

Research on antihistaminic drugs was init iated by Fourneau  and Bovet [1]. 
Phenyltoloxamine,  B-dimethylaminoethyl  o-benzylphenyl  ether, is art isomer of 

d iphenhydramine  that belongs to a most active class of dialkylaminoalkyl  ethers 
of o-benzylphenol  [2]. 

/CH3 
O-CHu CH~-N\cH3 

d H2 Phengl toloxarnine 

Chlorpromazine,  2-chloro-10-(3-dimethylaminopropyl)phenothiazine,  besides 
being antihistaminic,  also has antipsychotic activity [3]. 

S 
~ ~ .  CHC t Chlorpromclzine 

(CH2)3-N~cH3 3 

Meclozine contains a piperazine ring system: ]-(4-chlorobenzhydryl)-4-(3-meth- 
ylbenzyl)piperazine [4]. I t  is characterized by a slow onset and a prolonged 
duration of activity, and is among the most potent antihistaminics [5]. 
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Clemizole (allercur), 1-p-chlorobenzyl-2-(1-pyrrolidinylmethyl)benzimidazole, is 
a benzimidazole derivative containing the ethylenediamine system [6]. 

El 

Many methods have been investigated for the analysis of these antiallergic 
compounds: chromatographic methods, including gas chromatography [7-10] 
and thin-layer chromatography [11- 14]. 

Zone electrophoresis has also used for the analysis and separation of chlor- 
promazine [15]. 

Further, antihistaminics have been determined colorimetrically [16, 17], fluori- 
metrically [18, 19], spectrophotometrically [20-22] and by NMR spectros- 
copy [23]. 

The reaction of chlorpromazine with metavanadates has been made the basis 
for conductometric, turbidimetric and gravimetric procedures for its determina- 
tion [24]. A simple and sensitive radioreceptor assay has also been proposed [25]. 

In the present work, which is a continuation of the series of thermal analysis 
of pharmaceutical compounds started by the author for the thermal analysis of 
antibiotics [26] - the thermal analysis of some antiallergic drugs is carried out. 

Phenyltoloxamine, chlorpromazine, clemizole and meclozine, which belong to 
different groups of antihistaminics, were chosen for study. 

The thermal decomposition reactions, thermal stabilities and the possibility of the 
identification of these compounds through differences in their TG (thermogravim- 
etry), DTG (derivative thermogravimetry) and DTA (differential thermal anal- 
ysis) curves were studied. 

The following kinetic parameters were calculated: activation energy (E), addi- 
tive constant (A) and hypothetical reaction rate constant extrapolated to T 
= ~(K0) .  

Analysis of the studied drugs and their thermal decompositiort products was 
performed by infrared spectroscopy and their decomposition pathways during 
thermal analysis were assumed accordingly. 

Experimental 
Materials 

Antihistamine samples: 
l-Phenyltoloxamine dihydrogen citrate: C17HmNO �9 C6HsO 7 
Dott Bonapeca. Mol. wt. 447.5 
2-Chlorpromazine hydrochloride: C17H19C1NzS �9 HC1 
R. P., Pharmachim. Mol. wt. 355.33 
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3-Clemizole (allercur hydrochloride): C19H20C1Na �9 HC1 
Schering. Mol. wt. 362.31 
4-Meclozine hydrochloride: C2~H2vCIN2 �9 2 HC1 
Siegford. Mol. wt. 463.88 
Aluminium oxide: May and Baker, heated at 1200 ~ for 2 hours. 

Apparatus and procedure 

A P a u l i k - P a u l i k -  Erdey MOM derivatograph [27] was used. 
100 mg of each of the different antihistaminics was accurately weighed. The 

samples were examined with the derivatograph, using aluminium oxide as reference 
material. 

The experiments were carried out with a heating rate of  5~ 
The curves were plotted by the instrument as a function of time and were then 

converted into temperature functions. 

Mathematical methods 

Assuming a first-order reaction, the rate of thermal decomposition can be cal- 
culated via the formula [28, 29]: 

dw 

dt 
K -  

W - W e  

where W - weight at any time 
We = weight at the end of the reaction 
t -- time 
K = reaction rate constant, dependent on the temperature and calculated 

from the equation 

B 
log K = - -  + A 

T 

where T = temperature in Kelvin degrees (K) 
B = constant (slope of log K vs. 1/T) 
A = additive constant, which is related to the hypothetical reaction rate 

constant extrapolated to T = ~ ~ (K0) 
Some adjacent points were chosen from the DTG curves of the antihistaminics 

examined and log K plotted against lIT. A linear function was obtained, indicat- 
ing that the thermal decomposition reactions of the examined antihistaminics are 
first-order reactions. The slope of this linear function, B, is related to the activa- 
tion energy E; 

E = 2.303 B.R 

where R -- universal gas constant. 

,I. Thermal  Anal. 21, 1981 



' 214 KHATTAB:  ANALYSIS OF P H A R M A C E U T I C A L  C O M P O U N D S  

Results and discussion 

Figures 1 - 4 illustrate the thermal curves of  phenyltoloxamine, chlorpromazine, 
clemizole and meclozine. 

Table 1 indicates the thermal reactions of the studied antihistaminics; the tem- 
peratures at which the reactions begin and end are given and also the weight losses 
in the reactions. 

The temperatures of  endothermic and exothermic peaks, together with the 
melting temperatures of  the compounds,  are given in Table 2. 

From the kinetic studies, linear relation were found between the reaction rate 
constants and the absolute temperature (log K and 1/T, respectively). This indi- 
cates that the thermal decomposition reactions of  the studied antihistaminics are 
first-order reactions. 

Table 3 presents the calculated kinetic parameters, namely the activation energy 
(E), the additive constant (A) and the hypothetical reaction rate constant extra- 
polated to T = ~(K0) for the thermal reactions of  these antihistaminics. 

Table 1 

The main thermal reactions of the antihistaminics 

Samples 

Phenyltoloxamine 

Chlorpromazine 
Clemizole 
Meclozine 

First reaction 

Temperature, 
~ 

Start  End 

133 214 

211 370 
226 396 
164 359 

Weight loss, 

35 

62.1 
61.6 
70.7 

Second reaction 

Temperature, 
~ 

Start  End 

204 357 

Weight loss, 

88.3 (total) 
53.3 (specific) 

Table 2 

Temperatures (~ of DTA peaks and melting of the antihistaminics 

Samples 

Phenyltoloxamine 
Chlorpromazine 
Clemizole 
Meclozine 

Melting 
temperature* 

138-- 140 
192--195 
230--245 
206--216 

Temperatures of  DTA peaks 

endothermir 

137,176 
190,300 
238,392 
207 

exothermie 

293 
337 

353, 442, 475 

* As reported in the literature [30]. 
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Table 3 

Calculated kinetic parameters for the thermal reactions of the antihistaminics 

217 

Samples 

Phenyltoloxamine 
First reaction 
Second reaction 

Chlorpromazine 
Clemizole 
Meclozine 

Activat ion energy E, 
K J/tool, 

70.23 
154.33 
115.85 
129.44 
107.42 

Additive constant, A 

16.99 
i 34.88 

27.17 
27.84 
24.61 

Hypothetical reaction 
rate constant  extra- 
polated to T ~ oc, 

(/to) 

107.38 

101a.t6 
1011.s 
101~.o9 
101o.69 

Phenyltoloxamine undergoes two thermal decomposition reactions on thermal 
treatment. The first reaction is endothermic, while the second is exothermic, show- 
ing a somewhat flattened peak. 

From a consideration of the weight loss, the first reaction is probably due to 
decomposition of the diphenylmethane moiety, the loss of  which will cause a 
weight loss of 37 ~ ,  as calculated theoretically [31 ]. 

For the other examined compounds one main reaction occurs in the tempera- 
ture range of interest, during thermal analysis. In the case of  chlorpromazine this 
reaction is found to consist of  two stages ; the first of them is endothermic, ending 
at 322 ~ with a weight loss of  46.1 ~ ,  while the second stage starts at 322 ~ ends at 
370 ~ and is exothermic in nature. 

The reactions of the pyrrolidine and piperazine derivatives, clemizole and meclo- 
zinc are exothermic. In addition to the peaks indicated in Table 2, clemizole gives 
a small exothermic peak at 459 ~ 

The DTA curve of meclozine has a small shoulder (inflection) at the beginning 
of the endothermic reaction at 190~ this may be attributed to the partial melting 
and recrystallization of the compound above 160 ~ and before melting [30]. The 
exothermic peaks of meclozine are flattened and indistinguishable in its DTA curve. 

The D T G  curves of clemizole and meclozine show an inflection near the begin- 
ning, indicating a very small reaction stage. These stages end at 246 and 213 ~ 
with a weight loss of 2.5 and 7.1 ~o, respectively. 

The thermal analysis of  the examined antihistaminics aids in the determination 
of their melting temperatures, since the peak temperature of  the first endothermic 
reaction is comparable with the melting temperatures of the compounds as stated 
in the literature [30]. This endothermic peak is not accompanied by a weight loss 
as in the case of chlorpromazine. For the other studied compounds, the endo- 
thermic peak corresponding to melting occurs at the very beginning of its thermal 
decomposition reaction, i.e. the compound melts and starts to decompose at 
the same time. 
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As regards the stabilities of these antihistaminics during their thermal analysis, 
clemizole is found to be the most stable (it starts to decompose at the highest 
temperature, 226~ while phenyltoloxamine is the least stable (it starts to decom- 
pose at 133~ Chlorpromazine and meclozine start to decompose at 211 and 164 ~ 
respectively (Table 1). That is, the thermal stabilities of the compounds decrease 
in the following order: 

Clemizole > Chlorpromazine > Meclozine > Phenyltoloxamine 
This conclusion is in accordance with the calculated activation energy (E) values 

for the thermal reactions of the compounds (Table 3). The first reaction of phenyl- 
toloxamine needs the lowest activation energy and hence the compound is the 
least stable and starts to decompose first. 

The stability increases with the increase in the activation energy needed for the 
thermal decomposition reactions of the compounds, this being 70.23, 107.42, 
115.85 and 129.44 kJ/mol for phenyltoloxamine, meclozine, chlorpromazine and 
clemizole, respectively. 

In order to establish the possible sites of decomposition on thermal treatment, 
the infrared spectra of the parent compounds in KBr were compared with the 
spectra of the decomposition products (residues remaining when heating was 
stopped at the end of the reactions of interest) using a Perkin-Elmer IR 683 
spectrophotometer. 

For phenyltoloxamine, the IR data on the decomposition product (at the end 
of the first reaction) showed the disappearance of the C - O - C  asymmetric 
stretching band in the region 1000-1230 cm- 1 characteristic of the ether linkage. 
This indicates cleavage of the parent compound at the ether linkage. The decom- 
position product showed a C - H  band at 2925 cm -1 due to symmetric and 
asymmetric in-plane deformation vibrations, and at 1465 cm- 1 due to scissoring 
and rocking vibrations for the CH,~ group. 

As regards chlorpromazine, the presence of the CHa asymmetric bending defor- 
mation at 1460 cm -1 and also the symmetric deformation band at 1410 cm -1 
indicate the presence of the N - C H 3  group; together with the C - H  stretch 
at 2930 cm -~, this indicates the presence of an alkylamine side-chain. Thus, 
the decomposition may occur at the N - C  attachment to the phenothiazine 
ring. 

In a comparison of the IR spectra of clemizole and its decomposition product, 
the overtone peaks characteristic of ortho-disubstituted benzene in the region 
2000-1667 cm- x are seen to disappear, indicating cleavage of the benzimidazole 
ring. Disappearance of the absorption bands of the CH2 group is also noticed, 
probably due to cleavage o f  the pyrrolidine ring. 

As for meclozine, the disappearance of the CH~ asymmetric bending deforma- 
tion band at 1450 cm-1 in the spectrum of the decomposition product (as com- 
pared with that of the parent compound) indicates the possible cleavage of the 
meta-disubstituted benzene ring. 

To summarize, for the identification of the examined antihistaminics: Phenyl- 
toloxamine undergoes two thermal reactions, with two distinct peaks in the DTG 
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curve. Its DTA curve exhibits two endothermic peaks before 200 ~ It starts to 
decompose at the lowest temperature, with the lowest activation energy. 

Chlorpromazine displays one main thermal reaction consisting of two stages 
(DTG curve); its DTA curve shows an endothermic peak before 200 ~ 

Clemizole and meclozine both have one main thermal decomposition reaction 
(their DTG curves exhibit a distinct peak with an inflection at its beginning). 
Their DTA curves show no distinct peaks before 200 ~ 

Clemizole is distinguished from meclozine by its exothermic DTA peak at 
353 ~ and by being the most stable (starting to decompose at the highest tempera- 
ture, with the highest activation energy). 

From the IR spectroscopic study, the possible sites for the decomposition on 
thermal treatment are: the ether linkage for phenyltoloxamine, the N - C  attach- 
ment to the phenothiazine ring for chlorpromazine, the benzimidazole and pyrro- 
lidine rings for clemizole, and the 3-methylbenzyl ring for meclozine. 
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R~suM~ -- On a 6tudi6 le cornporternent thermique de quelques m6dicarnents antiallergiques 
appartenant aux diff6rents groupes des antihistarniniques, cornme la ph6nyltoloxamine, la 
chlorpromazine, la cl6mizole et la rn6clozine. On s'est servi des courbes therrnogravim6triques, 
de leurs d6riv6es ainsi que des courbes d'analyse thermique diff6rentielle pour 61ucider le 
m6canisme de la d6composition thermique. On a d6termin6 les temp6ratures cle fusion et la 
stabilit6 therrnique des cornpos6s. On a trouv6 que la stabilit6 diminue dans l 'ordre suivant: 
cl6mizole > chlorpromazine > rn6clozine > ph6nyltoloxamine. 

On a calcul6 les pararn6tres cin6tiques des r6actions thermiques; leurs valeurs, en particulier 
celles de la stabilit6, sont en accord avec les r6sultats obtenus. 

Les cornpos6s de d6part et leurs produits de d6composition therrnique ont 6t6 examin6s 
par spectroscopie infrarouge afin de trouver les sites possibles de d6cornposition. 

ZUSAMMENFASSUNG - -  Das thermische Verhalten einiger, verschiedener Antihistaminika ange- 
h6render antiallergetischer Arzneirnittel, wie Phenyltoloxamin, Chlorprornazin, Clernizol und 
Meclozin wurde untersucht. Die Methoden der Thermogravimetrie, derivativen Thermo- 
gravimetrie und Differentialthermoanalyse wurden zur Kl~irung des Mechanisrnus der ther- 
mischen Zersetzung eingesetzt. Die Schrnelztemperaturen der Verbindungen und ihre Therrno- 
stabilit/it wurden bestimmt. Es zeigte sich, class die Stabilit/it in der Reibenfolge Clernizol > 
Chlorpromazin > Meclozin > Phenyltoloxarnin abnimmt. 

Die kinetischen Parameter der thermischen Reaktionen wurden berechnet und ihre Werte, 
besonders die der Stabilit/it, sind in Ubereinstimmung mit den erhaltenen Ergebnissen. 

Die infrarotspektroskopische Analyse der Verbindungen erfolgte zusammen rnit der ihrer 
thermischen Zersetzungsprodukte um die m6glichen Zerfallsbereiche zu errnitteln. 

Pe3~oMe - -  I/Icc~e~OBaHO TepMriqecKoe noBe]/en•e UeKOTOpbIx aHTna~cprnqecKnx npcnapaToB, 
OTHOC~ImHXC.q K pa3YIHqHblM rpynrlaM aHTI4FI'ICTaMI/IHHbIX npenapaToB: qberIHYITOJIOKCaMI~IH, X;tOp- 
rlpoMaarm, rneMn30a rt MerYtO3~IH. ,~;tn ycTarioBnen~n MexariH3Ma TepMri~ecroro pa3YtomeHi~t 
6i, mi~ acnon~,30Banbi MeTO)/bI TF, ~TF  rt ~TA. Onpe)xenem,i TeMnepaTypi, i nnaBnenrm rt TepMrt- 
,~ecran yCTO~Xt~IBOGTIa D-TI'IX coe~l~rieHi~. Ha~erro,  qTO TepM-~4necra~ yCTO~q/,IBOCT/a yMenbma- 
eTCa B PZ~tY K.rteMl~I3OY[ > XYIOprtpoMa3~IH > MaKYIO31~H > qbeH~UITO~OKCaMHH. BbP.II'ICY/eI-IbI KI~- 
rieTH~ecrrie napaMeTpbi TepMl, ItlecrHx pearul~i~, 3HaqeH/eifl KOTOp/Mx coroTacyro~c~ c pe3yY~,TaxaMr~ 
noY~ytlet-IHblM1/I np~I H3y~e~nr~ CTa6I, I~n,HOCTIeI 3THX coe~/4HeHl~l~. C ~eymK) yCTaHOBYIe~I'Dt BO3MOTK- 
rt~IX CTa~rLR pa3~o~en~i~, npoBe~eno FIK cneKTpOcronrtqecroe rICCZte~oBaH~te r a t  ncxo)xnbix 
coe~itHeHll~l, Tar !~i npo~yrToB nx TepMI,I~IeCKOFO pa3YlO~eHHfl. 
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