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. Don'’t believe what your eyes are telling you. All they show is limitation. Look with
your understanding, find out what you already know, and you'll see the way...”

Richard Bach, Jonaﬂwan‘LfvﬁwEston Seagull a story
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ABSTRACT

Four structurally related phenothiazines availablg in South Africa in a variety of dosage forms
and as fine chemicals were investigated to ascerffain whether their structural differences in
terms of the 2-chloro-/ trifluoromethyl-substituents on the phenothiazine nucleus and the
methyl-/ B-hydroxyethyl groups on the piperazine ring accounting for differences in
pharmacological activity can be correlated with their photostability,”. The four propyl
piperazine-substituted derivatives are ranked in the following decreasing order of neuroleptic
‘activity: fluphenazine > trifluoperazine > perphenazine > prochlorperazine. In order to assess
their photostability an HPLC method was developed and validated for linearity, accuracy and
precision, selectivity, limit of detection and quantitation and ruggedness. Preliminary solution
photostudies under controlled light conditions (UV, sunlight, fluorescent light) indicated that
the rate of degradation followed first-order kinetics with perphenazine the most susceptible
to.photodegradation under all light conditions studied. /n vitro and in vivo metabolism yieiding
the 5-sulphoxide and its reported presence on decomposition of the phénothiazines25 led to
the development of a synthetic procedure suitable for the sutphoxides of all four derivatives
based on the method proposed by Owens et al. in order to provide standards for comparison
in the photostudies.” Since ICH regulations require that impurities > 0.1% are examined and
identified’® and semi-preparative isolation of photoproducts proved unsuccessful, LC-MS

74.75.18. 77 \was used to characterize

having been well documented for structural €lucidation
solution (UV, sunlight, fluorescent light) and preliminary solid (UV) photostudies. The chioro-
derivatives underwent dechlorination and sulphoxidation with subsequent photosubstitution
in the case of prochlorperazine to yield the 2-hydroxy derivative and sulphoxidation of the
dechloro-derivative of perphenazine. The sulphoxides of both trifluoperazine and fluphenazine
were formed with further oxidation to the respective sulphones occurring. Preliminary solid
state (UV) photostudies showed fluphenazine to be the least stable with 30.71% degradation
as opposed to 7.57% for prochiorperazine, 4.28% for perphenazine and 7.10% for
trifluoperazine with sulphoxidation observed to be the major degradation pathway. Since in
vitro metabolism of perazine derivatives is reported to occur via N-oxidation, N-dem‘ethylation,
sulphoxidation and aromatic hydroxylation'® it does appear that there is some correlation
between metabolic and photoproducts. However the fact that solution (UV) photostudies
indicates trifluoperazine to be the most and perphenazine the least stable does not concur

with the proposed order of pharmacological activity.
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CHAPTER 1: INTRODUCTION

The phenothiazines, a class of drugs widely used as neuroleptics in thehtherapy of
schizophrenia, oréanic psychoses, the manIc bhase of manic-depressive illness and other
acute or chronic idiopathic psychotic illnesses’ are divided into the aliphatic, piperazine and
piperidine subclasses, based on differences in their chemical structure and exhibit different
pharmacological actions and potency. The piperazine subclass possesses potent
antipsychotic activity with more pronounced extrapyramidal but fewer anticholinergic and
sedative effects than the other groups.? Four structurally similar, piperazine-substituted
phenothiazine derivatives: prochlorperazine, perphenazine, trifluoperazine and fluphenazine
are the focus of this investigation.- These four derivatives are currently available in South
Africa as fine chemicals and in a variety of dosage foﬁ'ns, Table 1.1.2

Table 1.1 - Dosage Forms of the Four Piperazine-Substituted Phenothiazine Derivatives.?

Phenothiazine Derivative Tablet Syrup Injectable  Spansule  Suppository
Prochlorperazine 4 v v v v
Perphenazine v v

Trifluoperazine v - l v

Fluphenazine v v

QL.

{:HH@R1O

=

Figure 1.1 - General structure of a piperazine-substituted phenothiazine derivative.
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Table 1.2 - Four Piperazine-Substituted Phenothiazine Derivatives.

Phenothiazine Derivative R, = Ry
-Prochlorperazine : -Cl = -CH;
Perphenazine Gl -CH,CH,OH
Trifluoperazine -CF, -CH,
Fluphenazine -CF, -CH,CH,0OH

It has been reported that the therapeutic action of the phenothiazine drugs involves blockade
of dopamine receptors in the brain® ¢ with the interaction of the side chain and the R,
substituent(s) enhancing the ability of these phenothiazines to mimic the preferred trans alpha
conformation of dopamine. Structure activity relationships h_ave indicated that addition of a
piperazine ring onto the three carboﬁ side chain increases neuroléptic activity over that of the
aliphatic subclass. This is due to the fact that the additional nitrogen atom in the side chain

provides a further point of interaction with the R, substitdeht?év).

When the R,, substituent is a B-hydroxyethyl group interaction with the R, substituent is
enhanced as compared to a methyl group in this position. Thus while the chloro-derivatives,
prochlorperazine and perphenazine allow for a single point of interaction, this is not the case
with the trifluoromethyl-derivatives, trifluoperazine and fluphenazine, explaining the increased
neuroleptic potency of these latter two derivatives. Based on all the above information,
fluphenazine can thus be assumed to display the greatest neuroleptic potency of all four
derivatives under discussion. |

While chiorpromazine is considered the prototype }or many neuroleptic drugs in ¢linical use
today,' patients frequently suffer adverse effects. Low dosages may cause mild
photosensitivity with the development of a form of dermatitis on parts of the skin that are
exposed to sunlight, while a higher dosage and more prolonged treatment can produce severe

dermatitis. Such patients may also suffer damage to the retina, ocular opacity and loss of

v
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vision.> ®

On irradiation of chlorpromazine with light, toxic photoproducts, which have the ability to react
with cell constituents and thus cause thiese adverse effects, are formed.® The chlorine group
in the 2-position is proposed to caus;a ';hese photosensitivity effects with resulting implications
for the two chioro-derivatives, prochlorperazine and perphenazine under investigation.

The photoionization of chlorpromazine leads to the formation of the cation radical and
electron, and subsequent reaction of the cation radical with oxygen to result in
sulphoxidation.® These phenothiazine sulphoxides have demonstrated negligible dopamine
receptor binding and therefore do not contribute to the antipsychotic activity’ but only to the
adverse effects of these drugs. Oxidation of the phenothiazines occurs readily, but is
dependent on the nature of the R, substitt‘J.ent, and therefore is facilitated by the presence
of a B-hydroxyethyl group. This in turn, has implications for the stability of perphenazine and

fluphenazine.

While structural modifications of the prototype drug molecule, chiorpromazine, have

introduced compounds with greater neuroleptic potency, it is important to ascertain whether

these modifications have had an impact on the stability of the resuitant compounds.

In spite of the structural similarities of these four piperazine-substituted derivatives in terms
of the R, and R,, substituents, no evidence exists in the literature of their comparative
photostability. Betweén 1980 and 1985, the 10-substituted phenothiazine derivatives
constit;ted one of the largest drug classes in the official monogrraphs in the Bntish
Pharmacopoeia (BP) and the United States Pharmacopoeia (USP).® Although these statistics
may not apply in 1997, the requirements of regulatory authorities for more detailed information
on stability profiles and the nature of degradants, together with the movement of the

International Conference on Harmonisation forum (ICH) towards standardizihg light stability
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studies, renders the phenothiazines an important drug class. This information has motivated
the study which is to investigate the comparative photostability of these four phenothiazines

and to make mention of a relationship, if any, to thir activity.

In order to achieve this aim the introduction provides a brief overview of the structural
similarities of these derivatives related to their neuroleptic potency, stability and resulting
photosensitizing ability. To investigate their relative stability, a high performance liquid
chromatography (HPLC) method has been developed and validated. This method is required
to be accurate and precise, provide a suitable range over which accurate and precise
measurements may be taken, allow for day-to-day variability, and reflect the system’s ability
to resolve degradation products from the drugs. This detailed report on the development and
validation of the method is provided in chapter 2. A complete profile of the derivatives under
investigation is given in chapter 3, together with some prejimLﬁaw photodegradation studies.
The poor stability of the phenothiazine series résults in the degradation of these compounds
in vitro to similar in vivo metabolites, with a major degradant or metabolite /identiﬁvexd in both

cases to be the 5-sulphoxide. This is significant not only due to the lack of activity of this

- -

compound in terms of antipsychotic effects, but also due to its role in the adverse effects
associated with these drugs, aithough this effect does appear to be concentration dependent.
This, together with the frequent occurrehce of the sulphoxides in degraded samples, led to
the need to develop a synthetic method in order to provide standard's for comparison in the
photostudies. The synthetic procedure and subsequent structural elucidation of the resultant
sulphoxides is contained in chapter 4. The availability of these derivatives in a variety of liquid
dosage forms, tabflets, suppositories, and as fine chemicals, prompted an investigation into
the photostability of both the liquid and solid state, under normal and acceleratt;d storage
conditions. Chapter 5 contains information on the degradants present in the samples studied,
which, together with results from chapter 3, allows some conclusions to be made in chapter

6 on their comparative photostability.
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1.1 Structure Activity Relationships (SAR)

Structure activity describes the relationships between molecular structure or physical
properties and activity and the effect of this §trf.|cture on the interaction of the drug with the
relevant receptor(s). Approaches to structure activity relationships fall into two broad
categories. The first encompasses theoretical methods in which the actual structure or
structural characteristics are examined and quantified leading to a trGé Structure activity
Telationship when coupled with biological evidence. The second category attempts to find
parallel trends between the biological activities and physicochemical properties of a series of
molecules. Although this may not strictly correspond to a quantitative structure activity
relationship (QSAR) method, it facilitates predictions for further drug synthesis.® "
Quantitative structure activity relationships involve the abiliiyr tb differentiate between and
c}uantify the contributions of drug structure or property to‘drug activity. If such a differentiation
can be accomplished, a novel drug structure can then-be proposed and by a process of
integration, its properties and activity can be predicted. However, several limitations‘*arise in
the prediction of the activity of a new drug on the basis of a single quantititative structure
activity relationship. These limitations result from the fact that a drug structure has to be
optimized for so many facets of its action. Thus a quantitative structure activity relationship

can provide a correlation to the structure activity information, which is a useful toofl in drug

design.°

A widely used theoretical method based on the work of Hansch considers relationships
between biological activity and com-mon physical properties namely lipid solubility, degree of
ionization or molecular size. Hansch proposed that these properties can be measured,
correlations derived, and hence biological activity explained in terms of a physical model.®

In an attempt to explain correlations of physical properties of compounds with biological

activity, an octanol-water system was developed to allow the measurement of the preference

of drugs for the hydrophilic or lipophilic phase.



This preference is described by Hansch as the partition coefficient, P. The octanol-water
system, however, has certain limitations for the qccgrate measurement of partition coefficients
of ionizable compéunds, molecules with extreme values of log P and compounas with poor
ultraviolet absorption. Hansch went on to standardize the parameter for the phase distribution
relationship, as log P or ir.' .

In equation 1.1, 1T represents the substituent constant for a group X replacing the hydrogen,
H. The measured quantities are partition coefficients of the derivative P, and parent P, thus
1T is a measure of the contribution of the substituent to the lipid solubility of the molecule, with
m values greater than zero indicating that the substituent contributes to an increase in the

Iipbphilicity of the molecule with the reverse applying for values less than zero.™

log (P/Py) =1 Equation (1.1)

It must be appreciated that a drug molecule, to be effective, needs to possess certain physical
and chemical characteristics which will enaIﬂe it to reach t;\e relevant receptor. Hansch
explains that molecules which are highly hydrophilic will not readily partition from water into
the lipid of a membrane. If the receptor ié within or beyond that membrane, such a molecule
will have a low probability of reaching it in the time interval un&er study. Conversely,
molecules which are highly hydrophobic will readily partition into the first of a series of lipid
membranes but will be held there and thus slowed down in any journey to a remote site of
action, with such a journey being termed the “random walk”."® Thus the idea developed that
for any particular receptor, some optimum value of log P would be found to corresp;ond to the

maximum probability of reaching the receptor in a given time with this optimum log P vaiue

for a compound being largely a function of the biological system.



it has been shown that the penetration of neutral compounds into the central nervous system
(CNS) is most favourable for those compounds having a log P of about 2. This needs to be

taken into account in the design of drugs acting on the CNS.®

Once at the site of action, the shape of the molecule becomes a critical factor in determining
the biological activity of the compound. In order for a compound to” evoke a maximal
response, or indeed any response at all, an interaction with the drug molecule and relevant
biological receptor is essential. For “flexible” drugs, however, the emphasis is on the
determination of the preferred conformation of the drug molecules. Since the therapeutic
action of the phenothiazine derivatives involves blockade of dopamine receptors in the brain,*
4 I|p|d solubility is the initial important consideration to allow passage through the blood brain
bamer and precludes the facile penetration of |on|zed molecules A further consideration is

thus the ability of the molecules to mimic the shape of the depamine receptor.

éH,_CH

2 k"'B

Figure 1.2 - Structure of phenothiazine prototype, chlorpromaziné.

Chiorpromazine is recognised as the prototype for the many neuroleptic drugs in clinical use
today, because of the two benzene rings can be predicted to be sufficiently lipid.soluble to
penetrate the brain. Chlorpromazine is a weak base (pK, 9.2) and at physiological pH 7.4 is
98.4% ionized. The high lipid solubility of the unionized form of the drug (1.6%), however,

causes the preferential partitioning into lipids rather than aqueous media, with the presence

of the chlorine substituent on the benzene ring further enhancing lipid solubility."



A characteristic feature of the phenothiazines is that they have a non-polar tricyclic nucleus
that is bridged by a hetero atom and a substituent at-the 2-position.* The two benzene rings
contained in the phenothiazine nucleus of prochidrperazine, perphenazine, trifluoperazine and
fluphenazine contribute significantly to the .Iip'ophilic properties of these molecules. It is
evident from the pK, values, Table 1.3, that these derivatives are extensively ionized at
physiological pH. Comparisons of the pK, values of these derivatives with that of
<chlorpromazine, suggest them to be stronger bases, with a lower percentage of drug in the

ionized form, thus displaying a greater partitioning into lipid media.

Table 1.3 - pK, Values.' 1% ¢!

Phenothiazine Derivative pK,

Prochlorperazine J 37 8.1
il'-;‘yerphenazine A‘ 37,78
Trifluoperazine L - .3.9,8.1
Fluphenazine | 3.9,7.8

pK, Values obtained for the piperazine derivatives are as a result of the dibasic nature of the
piperazine ring. While the propyl side chain cornecting the nitregen of the phenothiazine ring
and the more basic side chain nitrogen has been reported to contribute to neuroleptic potency,
Green reports the nature of the side chain to.be a major factor affecting the ithrliz‘ation
constants of these compdunds. Thé electron-withdrawing properties of the substituent on the
terminal nitrogen atom further affects the ionization constants of these compounds where the
stronger the electron-withdrawing character of the substituent, the lower the respective pK,
value. The effect, of the 2-substituent on the pK, of the compound has been reported to be

minimal."!

The fact that the substituent at the 2-position on the phenocthiazine nucleus has been
implicated in affecting the lipophilicity of the molecules is supported by the physical model

proposed by Hansch, where the substituent constant, m, is a measure of the contribution of

I



the substituent to the lipophilicity of the molecule.’® Table 1.4 contains w values for
substituents attached on the aromatic ring system. These values may be applied to the four
derivatives under investigation, due to the presenge of the chloro or trifluoromethy! group at

the 2-position on the phenothiazine nucleus.

Table 1.4 - n Values for Aromatic Ring Substituents.

Substituent m
.- CF, 1.07

-Cl 0.76

- OH -0.67

The data in Table 1.4 confirm that the trifluoromethyl group at the 2-position on the
pﬁenothiazine ring in trifluoperazine and fluphenazine, has a greater contribution to the

lipophilicity of the compounds, as compared to that of the chloro group at this position.

The phenothiazines constitute a class of drugs exhibiting action at biological membranes and
this has resulted in an investigation into whether this surface activity has an influence on
biological activity. - -

The surface activity, although not solely responsihle for pharmacological activity, doé; ‘réﬂect
the hydrophobicity of the molecule. in a study by Zographi et al. to investigate surface tension
as a means of observing hydrophobic behaviour, chlorpromazine was again used as the
standard, and the ratio of drug concentration required to produce a required surface pressure
to chlorpromazine concentration required to do this was calculated. Prochlorperazine and
trifluoperazine were two derivatives considered in th:s investigation. Since values less than
1 indicate greater surface activity than chlorpromazine, values of 0.58 for prochlorperazine
and 0.12 for trifluoperazine confirmed greater surface activity for these two compounds.
These values highlight the significant hydrophobic effect of the trifluoromethyl group over that

of the chioro group, where no other structural modifications have been made. Comparisons



of chlorpromazine which has a value of 1, with prochlorperazine, 0.58, illustrates the influence
of adding a piperazine ring onto the propyl side chain, presumably due to the presence of

additional carbons. ) Yk

It is thus evident that surface activity of the phenothiazine derivatives is influenced by the
nature of the substituent at the 2-position on the phenothiazine nucleus; with such activity
being proportional to the electron-withdrawing character of the substituent, provided it has no
ionic character. The trifluoromethyl group has thus been observed to have a greater activity

as compared to a chloro group due to the substituent hydrophobic effects.'

I CE3’ GH3
CHy—CHs—C HrN\

3 CH,

Figure 1.3 - Phenothiazine derivative, triﬂu;;romazine.

Based on the relationship of hydrophobicity and activity of the phenothiazines, Nightindale et
al. in a simple and inexpensive biologiéal fest \system (death measurement of gold fish)
demonstrated the correlation of pharmacological effect with the physicochemical properties

of phenothiazines and report the role of the absorptive process in modifying such a response.

Apparent panitiorj\ coefficients between water and dodecane for various phenothiazine
derivatives were determined at pH 5.3 due to complete ionization at this value. These values
for triflupromazine 3 and chlorpromazine show the same rank order relationship as in the
surface pressure determinations for these compounds i.e. triflupromazine > chlorpromazine.

While time of death determinations indicate that the greater the surface activity or partition



coefficient, the greater the toxicity, only the free base of the phenothiazines partitions into
dodecane, while both the free base and the ionic species partition into octanol. Since
dodecane partition coefficients correlate yvith the,tinles of death of the goldfish it appears that
the free base is be;ing absorbed. It would apine'ar, therefore, that these partition/ éoefﬁcients
are more effective in predicting phenothiazine absorption efficiency than 1 values or octanol
partition coefficients. These data suggest a relationship between phenothiazine absorption

and hydrophobicity. "

The idea of “dissecting” drug activity into physical contributions (hydrophobic, electronic,
steric) is the central theme of the Hansch approach, and emphasises the importance of the
relationship of hydrophobicity to activity. It can therefore be concluded that the trifluoromethyl-
derivatives, trifluoperazine and fluphenazine are more active than the chloro-derivatives,

prochlorperazine and perphenazine, based on their structure activity relationships.

1.2 Mechanism of Action

The mechanism of action of the phenothigzine drugs invglving blockade of dopamine
receptors in the brain is by virtue of their abi;ity to mimic the frans alpha conformation of
dopamine. The use of a dopamine sensitive adenylate cyclase enzyme system in the rat
corpus striatum and other dopamine rich areas <;f the brain made it possible to examine the
effects of various dopaminergic agonists and antagonists on the system, thus providing a
useful in vitro model of the dopamine receptor. A competitive interaction was found in the
studies on the influence of the dopémine sensitive adenylate cyclase enzyme system and in

=

direct receptor binding studies. *

The X-ray structures of chlorpromazine and dopamine have been studied as the key to
explaining the phenothiazine blockade of the dopamine receptor. Dopamine is a flexible

molecule with the trans and the two gauche conformers being the most important
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preferred form in the solid state, solution and at the receptor, Figure 1.4. 4

OH
OH
' "
Trans Gauche

4 5 6

Figure 1.4 - Newman projections of the conformations of dopamine.*
In the preferred conformation of dopamine, the distance of the nitrogen atom from the centre
of the catechol ring was determined by Horn et al. to be 5.14 A. It is thus suggested that the

binding site for dopamine’s amine group at its receptor is about 5.1 A distant from the centre

-
-

of the aromatic ring.

Examination of the X-fay structures-of corrnpound;s provided information about structural and
conformational requirements for effective dopamine antagonism. Data for chiorpromazine
illustrate values for distances from each aromatic ring to the nitrogen atom in the side chain
where A - and B - N, are 6.70, and 6.18 A respectively. Values obtained for triflupromazine
are 6.38, and 6.427\ for A - and B - N, respectively; Figure 1.5. In the case of the Piperazine
derivatives, it is reported that the distances of the nitrogen atoms of the piperazine ring from
the centres of the aromatic rings, are more or less constant, and correspond closely to those

occurring at the dopamine receptor.*
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/
Dopamine

Chlorpromazine Triflupromazine
8 , 9

Figure 1.5 - Conformations of dopamine, chlorpromazine and triﬂuprohraz/ir‘\;

The slight differences observed in the A - and B - N, dopamine distance for chlorpromazine,
indicate that either the difference is compatiblé with effective’binding or that chlorpromazine
undergoes a conformational change on binding to the receptor, due to its flexible nature. - This

is illustrated by the partial superimposition of chlorpromazine and the preferred conformation

of dopamine in Figure 1.6.°

Hom et al. report that a more or less correct interatomic distance of about 6 A for the amine
nitrogen atom from the centre of one aromatic ring is not sufficient for activity and that in

addition to this requirement, the compound must also possess a non-planar ring system.*



Figure 1.6 - The superimposition of chlorpromazine and dopamine.’

It has been postulated that the phenothiazines interact with the dopamine receptor at three
distinct sites, A, B, and C, to produce aJneuroIeptic response, Fig;qrrev1 .7. The highest degree
of ;tructural specificity is required at site B, followed by sites C and A. As a certain degree
of free rotation is necessary for the side chain, the structLural‘spéﬁﬁcity of the second carbon
atom in the side chain is important. The introduction of a methyl group or ring system at this
point results in a loss or decrease in neuroleptic activity, due to the bulky nature of these
groups. The presence of the amino side chain{and the inclusion of substituents at the 2-
position on the phenothiazine nucleus increase potency further, possibly due to the receptor

effects of these groups, rather than any strictly coqformational effects on the drug itself.® -

The folding of the tricyclic ring system along the S-N axis has been indicated in the
phenothiazines, to be responsible for the conformation of the side chain, Which suggests that
this may be indirecﬂyjaffected by the 2-substituent on the phenothiazine nucleus.® This folding
resuits in the 2-substituent being too far from the recéptor to exert any steric influence. The
increased neuroleptic potency as a result of the 2-substituent is proportionally related to its
electron-withdrawing property, provided it has no ionic character. Where a phenothiazine
derivative has been reported without a substituent at this position, a weak dopamine

antagonistic effect has been observed. This is demonstrated by the activity of chlorpromazine
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which is 20 times more potent than that of promazine where the 2-chloro substituent is

absent.?

Site A Site B Site C

Figure 1.7 - Preferred conformation of prochlorperazine at the neuroleptic receptor

surface.®

As previously mentioned, the trifluoromethyl Qroup of trifluoperazine and quphenazine;
provides a greater potential for Van der Waals interaction than the single pdiht in‘tiéfaction
resulting from the chloro group in prochlorperazine and perphenazine. In Figure 1.5, the
distance of the side chain nitrogen atom from t“r'fe geometric centre of ring A in the ftricyclic
system supports this statement, as a smaller distance between ring A and the side chain
nitrogen is evident for triﬂupromazine as oppbsed to that observed for chlorpromazine. Based
on this observation, the trifluoromethyl-derivatives display greater neu'roleptic potency than

the chloro-derivatives.

Structural specificity at site A is important in the transverse direction only as the molecule
must fit into a “narrow slot”. Due to the free rotation of bulky groups and resultir;g steric
interference, the size of the N-substituents must be considered. The piperazine ring of
prochlorperazine for example, allows a better fit into the “narrow slot” than the two methyl
groups attached to the propylamino side chain of chlorpromazine further explaining its

increased neuroleptic potency. In addition to the contribution of the piperazine ring to
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interaction with the 2-substituent, the presence of a B-hydroxyethyl group in fluphenazine as
opposed to a methyl group in trifluoperazine has led to a four fold increase in potency as
previously mentioned in the structure activity’ refz-:t'venship studies.® The presence of the side
chain and R, substituents allow the phenc;thiazine molecule to mimic the preferred

conformation of dopamine by interaction with each other.’

Blockade of the dopamine receptor by the phenothiazine derivatives, although necessary for
their therapeutic activity, resuits in the development of the prominent extrapyramidal side
effects associated with this group of drugs. Thus the mechanism of action can be explained
not only in terms of interaction with the dopamine receptor and the relative activity but by also
taking into consideration basic structure activity relationshib pﬁnciples and hydrophobicity
\;élues. This results in the phenothiazine derivative; under investigation being ranked in
decreasing order of activity as follows: ﬂuphenazihe, triflaoperazine, perphenazine and

prochlorperazine.

1.3 General Pharmacokinetics .

<

-

The absorption and fate of the phenothiazines can be explained in terms of the prototype,
chlorpromazine, which is readily absorbed from the gastrointestinal tract evehht'hbugh
considerable first-pass metabolism occurs in the gut wail. Chlorpromazine is widely
distributed in the body and across the blood brain barrier to achieve higher concentrations in
the brain than in plasma, extensively metabolised in the liver and exc;.reted in the urine and

faeces.'

Doluisio et al. report a method for studying gastrointestinal prochlorperazine absorption from
isolated gut segments of the anaesthetised rat in situ. The principal advantage of this
technique is that it provides absorption rates which are comparable to those calculated from

blood concentration data following oral drug administration to humans and intact animals.
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The average half-life for prochlorperazine absorption from the rat gut lumen (pH 6) is 23
minutes and from the rat gastric lumen (pH 3), greater than 350 minutes. ‘These findings can
be explained in terms of a greater fractior)’ of the weakly basic drug present in the lipid
insoluble ionized form at the lower pH. However, a shift in the pH of the gastric lumen to 6
resulted in a half-life for prochlorperazine of 111 minutes, reflecting the contribution of the
relative surface areas and physiological organisations of the two sites as wéll as the relative
surface to volume ratio. This method is advantageous in that it aliows the determination of
absorption rates from various segments of the gastrointestinal tract and the opportunity to

study various realistic aspects of prochlorperazine absorption.'

Prochlorperazine, in common with other phenothiazines, is availabule for intramuscular and oral
é&ministration but exhibits low oral bioavailability. IrA1‘ an attémpt to avoid these problems,
Hessell et al. report a comparative study underfgaken of the bieavailability of prochlorperazine
following oral and buccal administration. Because of the low concentratiqns inyglved, the
definitive assay of prochlorperazine plasma levels following a single oral dose was difficult,
however, it allowed predictions of multi-dose steady-state plasma levels. Results indicated
that 3 mg buccal prochlorperazine maleate in a twice daily dosage regimen would be
equivalent to the standard 5 mg oral dose given three times daily.” In the tase of
fluphenazine, although elimination half-lives of intramuscular and oral administrations were
similar, plasma concentrations after oral fluphenazine were less than those after intramuscular
injections. A higher peak concentration at an earlier time after oral administration indicated
the lower fluphenazine plasma concéntrations to be due to “first pass” metabolism rather than

=

poor or slow absorption."

1.3.1 Metabolism

In a study on the in vitro metabolism of perazine, liver microsomes from male rats were

primarily used as an enzyme source and the metabolites formed were the products of N-

3



oxidation, N-demethylation, sulphoxidation and aromatic hydroxylation of the perazine
molecule. These metabolites corresponded to those found in human urine. The N-oxidation
proceeds linearly- over a time interval of at feast 15 minutes, whereas the rate of

demethylation, sulphoxidation and aromatic hydroxylation decreases already after 5 minutes.'®

o © s @ o, @

16 15 17

) Scheme 1.1%
Although the metabolite pattern found correspoﬁas qualitatively to that of chlorpromazine,
quantitatively however, there are certain differences in that the high capacity for N-oxide
formation from perazine seems remarkable. When comparing these in vitro studies with those

obtained by analysing urinary excretion patterns in humans and rats it appears that aromatic

hydroxylation and sulphoxidation play a minor role in microsomal systems and give rise to
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major urinary metabolites in the living organism. This could be explained by the fact that
phenolic metabolites in vivo are rapidly conjugated with glucuronic acid "and the resulting
conjugates and sulphoxides are excreted. Desrqe;%yf’perazine on the other hand is lipophilic
enough to be adsorbed and is subject to further metabolism. Whether perazine N-oxide is
reduced in vivo is unsure. There are various mechanisms proposed for this reduction similar
to that of nicotine N-oxide by intestinal flora. Such reaction cycles would e)zﬁla"in the amount

of N-oxide available for excretion decreasing.'®

The fact that until recently, biotransformation reactions on the piperazine ring were not known,
is not surprising, since as this ring does not occur in nature and thus_’it is unlikely that the body
would break down or use such a riﬁg structure. However, when considering piperazine-
substituted phenothiazines, in addition to the sulphoxides, N-oxides and phenols formed, a
major biotransformation reaction is the removal of the meihyl ;:r [;-Hydroxyethyl group from the

terminal nitrogen atom as seen in Scheme 1.1."

However, this ring cleavage can also occur with retention of the methyl or B-hydroxyethyl
group on the terminal nitrogen atom. /n vivo studies show that the piperazine ring is further
degraded to yield ethylene-diamine derivatives. - Complete removal of the alkyl br;dgés
connecting the two nitrogen atoms of ihe ring will result in the formation of y-(phenothiazinyi-
10)-propylamine, Scheme 1.2, and its 2-substituted analogues 18. These compounds have
been described as in vivo metabolites of the dimethylamino-substituted phenothiazine drugs.
In all four relevant piperazine-substituted phenothiazir}e drugs, degradation of the piperazine
ring gave rise to 15, which was excreted in the urine as the sulphoxide 19. Also following
administration of intermediates 16 and 17, the suiphoxide 19 was obtained as a urinary
metabolite. Identical products resulted from demethylation and sulphoxidation of the

corresponding dimethylamino-substituted phenothiazines. These results show that in vivo

common metabolites occur from two major classes of phenothiazine drugs i.e. those carrying
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a dimethylamino group and those containing a piperazine ring in the side chain. Thus the
reaction sequence by which the piperazine ring is degraded occurs irrespective of whether
@he substituent on the ring is methyl (pgrazine, p£ochlorperazine, and trifluoperazine) or B-
hydroxyethyl (ﬂupﬁenazine and perphenazif'\e'), and it is observed in all three’ éeﬁes with
different substituents in the 2-position on the phenothiazine nucleus (H, CF;, and Cl). This
piperazine ring cleavage assumed to proceed via two consecutive N-dealkylations is a minor
pathway in the total biotransformation in the rat due to rapid aromatic hydroxylation which
could not be demonstrated in vitro. These ethylene-diamine derivatives need to be taken into
account in long-term therapy due to their tendency to accumulate and their presence in a
concentration equal to or higher than that of the parent drug and dealkylation products. Even
though their pharmacological activity has not been proven at this stage it is possible that these
metabolites can serve as precursors for biodegradation of phenéthiazinyl propylamines, which
as previously mentioned are common to the dimethyLamijo- and piperazine-substituted

phenothiazine drugs.'®

The concept of rapid aromatic hydroxylation is supported in the results achieved in a study in
dogs and rhesus monkeys where on administration of fluphenazine, sulphoxidation and
hydroxylation occurred. Similar results were achieved in the case of chlorpromazine, with

hydroxylation occurring in the dog and mén primérily at the 7- and to a lesser extent at the 3-

position on the phenothiazine nucleus.”

In a study of fluphenazine kinetics in man, fluphenazine, 7-hydroxy fluphenazine and
fluphenazine sulpﬁoxide in the urine were mainly conjugated. This conversion of fluphenazine
to a conjugate(s) allows an indirect assessment of its kinetics, and arises by com‘rbination of
the alcoholic group with the conjugating molecule(s). This approach has application to
perphenazine due to its ability to be transformed directly into a water soluble conjugate.?'

Various analytical methods have been developed to quantify trifluoperazine and its
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metabolites in humans and rats.?’

in a study undertaken by Breyer et al. g thin Iayel; chromatographic separation showed that
;he “parent drug” fraction consisted to a lar§e’ percentage of the demethylated‘fnetabolite,
particularly when obtained from the liver. The sulphoxide is only present in very small
quantities in the extract from the lung and kidney and represents a minor_part of the total
Piotransformation products in tissues. Preliminary data from rats sacrificed between 0.5 and
6 hours after an intraperitoneal injection points to a steady decline of drug leveis in orally

treated rats confirming the idea of first-pass elimination being predominantly hepatic.?> 2

In a study conducted by Huang et al. on albino rats ‘injected intraperitoneally with
trifluoperazine, the sulphoxide was found to be the major non-polar metabolite in the urine
with only trace amounts of the unchanged drug detected. ;An investigation into the other
metabolites indicated a considerable preséhce of polar metabolites speculated to be
hydroxides and / or glucuronides of trifluoperazine.? In another study the 24-ho’u}zé‘nd timed
interval urinary excretion of trifluoperazine and its metabolites from mental patients was
determined. Results concurred with thos;found by HuaT'Ig et al. in that unchanged
trifluoperazine accounted for less than 1% of the dose indicating extensive metabolism_of the

drug with the sulphoxide as 3.6% of the total dose, and the ratio of sulphoxide to drug, being

7.

The biotransformations undergone when a wide range of medicinally used phenothiazines,
including trifluoperazine, prochlorperazine and fluphenazine were incubated with a
“microsomal and soluble” fraction of livers from albi};o Wistar rats have been described. The
purpose was to determine whether the predominant pharmacological action of a given
compound might be related to observed biotransformations. Prochlorperazine and
trifluoperazine gave a positive reaction for the presence of a secondary amine which could

arise from demethylation of the methyl piperazinyl group or by opening of the piperazine ring.
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Since the sulphoxides were not detécted, it is not likely that sulphoxidation precedes
hydroxylation. These results confirmed the same hepatic biotransformation pathway for all
these phenothiazines, with no correlation between chemical structure and pharmacological

¥ s

activity on this basis.?

Gaertner, Breyer and Liomin have reported the major in vitro pathwayg gf phenothiazine
metabolism to be N-dealkylation, N-oxidation, sulphoxidation and hydroxylation of the aromatic
;ing system. In a study undertaken on piperazine-substituted phenothiazine drugs, Scheme
1.3 represents the structures of phenothiazine drugs investigated and their in vitro
metabolites. The sulphoxides of the drugs were identified by comparison of their UV spectra
with those of known standards and the structures of the N-dealkylated products, the
dealkylated sulphoxide and N-oxides confirmed. The phenolic metabolites could only be
tentatively identified as the 7-hydroxy derivatives of the ldr,ug's.zs In the case of 7-hydroxy
fluphenazine the structure could be assigned ba”sed on work done by Dreyfuss et al.?°. When
considering the rate of these in vitro transformations, it appears that the conééntré(ifnén of the
substrate is important, with N-oxidation enhanced and demethylation and sulphoxidation
retarded with an increase in the prochrgrperazine con::entration above 0.5 mM.
Demethylation of trifluoperazine and prochlorperazine, was faster than removal of the (-

hydroxyethy! group from fluphenazine and perphenazine. Formation of the sulphoxides and

aromatic hydroxylation proved to be slow reactions in vitro.?®

In vivo and in vitro findings indicate that there is good agreement in regard of the dealkylated
fraction. /n vivo ﬁnéings for trifluoperazine and prochlorperazine yielded urinary sulphoxides
in the form of secondary amines as opposed to the sulphoxides of the undegraded drugs of
fluphenazine and perphenazine which correlated with the in vitro findings that the N-methyl
group is cleaved faster than the B-hydroxyethyl group. An increase in the dose of

prochlorperazine leading to an increased percentage excreted in the form of the N-oxide gave
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further evidence of the comrelation of in vivo and in vitro findings.>® An in depth knowledge of
the piperazine-substituted phenothiazine metabolites may provide insight into the identification
and charactenzatlon of the degradants fonned in+n witro photostability studies to be performed
on these four compounds, chapter 5, since there is often some similarity in metabolic and

degradation products.
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1.4 Clinical Uses

The clinical activity of the four phenothiazines, prochlorperazine, triﬂuoperézine, perphenazine
and fluphenazine is similar to those of thg prototype, chlorpromazine. Chlorpromazine
possesses sedative and tranquillising proper'ties with anti-emetic, antipruritic, serotonin-
blocking, weak antihistaminic properties and slight ganglion blocking activity. Chlorpromazine,
an analgesic and skeletal muscle relaxant, is widely used in the management of psychotic
conditions, to control excitement, agitation, reduce the manic phase of manic-depressive
conditions, and in schizophrenic patients.?*® The piperazines are potent antipsychotics with
more pronounced extrapyramidal effects but fewer anticholinergic effects and are less
sedative than the other groups of phenothiazines: aliphatic and piperidine.? The clinical uses
of the four phenothiazines are tabulated in Table 1.5 below.z»6 "

Table 1.5 - Clinical Uses of the Four Piperazine-Substituted Phenothiazine Derivatives.?®

Symptom Prochlorperazine ~Perphena2iﬁg Trifluoperazine Fluphenazine
Psychoses v v v I 4

Nausea and vomiting v v v

Vertigo, including that

due to Meniere’s v T. -

disease

Non-psychotic v v oA
emotional ,

disturbances
Schizophrenia v v v v

Acute migraine v

1.5 Adverse Effects

The phenothiazines, a class of drugs known t; bause a variety of adverse effects in
individuals® with high doses producing ocular opacity, tremors and deposition of melanin in
the skin,>® have also been associated with photosensitivity effects in individuals exposed to
light. Photosensitivity may be defined as an adverse dermatological reaction that can occur
as a resuit of an interaction between a photosensitizing agent (e.g. phenothiazine drug) in the
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skin and light energy.”® Only the ultraviolet portion (200 - 400 nm) of natural sunlight contains
sufficient energy to induce a photochemical reaction in human skin. The-ultraviolet spectrum
is arbitrarily sub-divided into three sections: UV-A £320 - 400 nm); UV-B (290 - 320 nm) and
uv-c (200 - 290 nm), with only UV-A énd Uv-B t;adiations reaching the Eanh"é surface to
cause a biological effect in human skin. Exposure to UV-A radiation is the major cause of
photosensitizing reactions.” The drug may induce a photosensitizing response if
administered by the oral, topical or parenteral route.

Of the many drugs reported to cause adverse photosensitivity effects, a significant number
contain one or more chlorine atoms as substituent(s), such as chlorpromazine,
prochlorperazine and perphenazine. Adverse photosensitivity action can occur by a Type |,
free radical chain process, i.e. autoxidation, and / or by a Type Il mechanism with the

involvement of excited singlet molecular oxygen, i.e. oxygenation.®

On irradiation, chiorpromazine has been reported to produce free radicals a§ Wéll‘tgé singlet
molecular oxygen, thereby implying both Type | and Il mechanisms of photooxidation. It was
reported that two substrates can be employed’fo enable class?ﬁcation of the mechanism of
a drug’s participation in photooxidation. These substrates are 2,5-dimethyifuran, an efficient
acceptor for singlet oxygen; and a;:rylamide, an effective free radical scavenger thereby

undergoing polymerization.?®

The phenothiazine derivatives are well known for the generation of free radicals which may
be scavenged by -oxygen molecules. The polymerization reaction is evident by the
appearance of turbidity in a reaction mixture due to the insolubility of polyacrylamideh, as well
as by the contraction in volume of the reaction mixture observed in the dilatometer capillary,

Table 1.6.%8
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Table 1.6 - Photoinitiated Polymerization of Acrylamide Solutions.*

Phenothiazine Derivative Dilatometer Contraction Rate, mm/hr
Chlorpromazine ‘ « . 26
Prochlorperazine f 38

Trifluoperazine 48

Moore reported that the photolability of the chlorine atom in chlorproma]ziné is a éorrelation

of its ability to photoinitiate the polymerization of acrylamide.*

Oxygen uptake rates for some phenothiazine solutions i.e. chlorpromazine, prochlorperazine
and trifluoperazine irradiated in the presence of UV light have been measured. The oxygen
uptake is reported to be zero order, indicating that thg absorptrio.n of light is the rate-limiting
siép. In order to assess the relative photosensitizing ability of the derivatives, a drug
concentration was selected which resulted in an absorbanée of approximately 0.5 at the
wavelength of maximum absorption, A, in the 300-400 nm region. Comparisons were based
on the absorbance values of the compounds at 365 nm, the major irradiating wavelength.
The phenothiazine derivatives were reported tq Ieact approximately in accordance with their
absorbance at 365 nm. UV characteristics of the phenothiazines are based primarily on the
phenothiazine tricyclic nucleus, with only minor effects as a result of the subsiiidehts.
Trifluoperazine and prochlorperazine displayed A, values of 313 and 312 nm respectively,
while a marked difference was observed in their respective UV absorptions at 365 nm, 0.072,
for trifluoperazine and 0.030 for prochlorperazine. Although the absorpﬁon for trifluoperazine
was more than double that for prochlorperazine, an 8 fold increase in the rate of oxygen
uptake for both solu;ions was observed in the presenéé of 2,5-dimethylfuran. Chilorpromazine,
however, demonstrated a 4 fold increase in the rate of oxygen uptake for the solution
irradiated in the presence of 2,5-dimethylfuran. It is thus evident that these phenothiazine
derivatives are capable of photosensitizing oxygenation of 2 ,5-dimethylfuran, an efficient

acceptor molecule for singlet oxygen.?
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Chiorpromazine has been demonstrafed to act as a sensitizer for its own oxidation by the
singlet oxygen mechanism. In the presence of oxygen, the chlorpromazine triplet state energy
is efficiently transferred with the formation of §inglet molecular oxygen, and this has been
supported by the measurement of aegré‘détion rates following the additién of 2,5-
dimethylfuran. Reactions of the chlorpromazine cation radical with oxygen have been

reported to lead to sulphoxide formation.” .

Davies et al. suggested that the Type | and ll mechanisms may relate to the photoallergic and

phototoxic effects of a photosensitizing drug, respectively.®

Photosensitivity Reactions

The photosensitivity reactions which occur in human skin follow the Grotthus-Draper law of
photochemistry, which states that non-ionizing radiation‘mu's;t be absorbed by a drug or
metabolic product before a reaction can proceed.‘ The transmission of radiant energy through
the skin varies with wavelength and the area of skin exposed. UV-A radiat{ohs and visible
wavelengths penetrate deeply into the dermis. A systemic drug can thus induce a
photosensitivity reaction in susceptible individJéIs by virtue of.t'he fact that the entire blood
volume of a resting adult can q'rculate through the skin approximately once every 11 minutes,
thus permitting exposure of the drug to the penétrating UV-A rays which impinge on the
network of capillaries and small vessels present in the dermis. Photoser(xsitivity reactions may

be classified as either photoallergic or phototoxic.?

Photoallergic Reactions

A photoallergic reaction can result in acute or chronic dermatitis. An acute reaction usually
appears as a typical allergic contact dermatitis, the chronic reaction however, is

morphologically characterized by abrasive, lichen planus lesions.?
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An immunological mechanism of actioh plays a primary role in the photoallergic reaction. It
has been suggested that the photosensitizing drug inpthe skin absorbs radiant energy, visible
light or UV rays, and is converted to a hapten, a ftable photoproduct, which then binds to the
skin protein to form a complete antiéen that st/imulates antibody productior{ After an
incubation period, a cell-mediated immune response occurs. A photoallergic reaction can
thus occur at a distant site that was not originally exposed to sunlight, ang;ogcurs within 24 -

48 hours following exposure to the photosensitizing drug and light.?®

Phototoxic Reactions

A phototoxic or non-allergic response, depends upon sufficient exposure to light energy of the
appropriate wavelength and photosensitizing drug present in the subject's dermis or
epidermis. When the photosensitizing drug absorbs light energy of the appropriate
wavelength, the molecule becomes excited, returns to‘grognd:;étate, and releases its excess
energy in a variety of forms into the surrounding dermal tissue. Oxygen may or may not be

involved in the phototoxic reaction.?

Drug-induced phototoxic reactions can occur in one hundred p;rcent of individuals receiving
systemic or topical preparations containing photosensitizing drugs. It is characterized by

erythema and oedema followed by hyperpigmentation and eventual desquamation.?®

Although the mechanism by which the phenothiazine derivatives cause photosensitivity
reactions has not been entirely resolved, the photolability of the aromatic chlorine substituent
and the accompanying generation of free radicals in situ appear to be important precursors.
Moore et al. reported that when the drug is located in a region where the concen;ration of
oxygen is significant, the polarity of that environment would appear to determine whether the
photoreaction occurs predominantly via free radical formation or molecular oxygenation of a

suitable oxidisable species.’!
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Two physical models were developed to assess the photosensitizing properties of the
phenothiazine drugs. The phospholipid spherule model developed by Bangham et al. was
selected to assess photosensitizing agents by mgafurement of their influence on membrane
piermeability,32 whilé the lecithin monolayer model developed by Nejmeh et al. and’ »Felmeister
et al. is a convenient in vitro method for studying the reaction between the phenothiazine

drugs and body tissues under the influence of light.%

Researchers* have shown that phospholipids, when permitted to swell in an aqueous salt
solution form salt-containing compartments bounded by bimolecular membranes. These
spherules exhibit permeability characteristics similar to those of biological membranes.

Furthermore, these spherules have been shown to be useful tools for studying membrane-
drug interactions, particularly when changes in permeability are involved. These changes in
permeability of the spherules induced by light-irradiated _,g'rugs are a measure of the
photosensitizing properties of these drugs. The phospholipid spherules used in the model by
Bangham et al. were modified, by initially saturating the lipid material with chrdmate‘ri'c;ns, then
injecting into each cell with a solution of chromate and drug. The model considers the effect
of both the irradiated and non-irradiated phenot;?azine derivativ;s on the release of chromate
ion from the spherule. Chlorpromazine and prochlorperazine, both chlorine-containing
derivatives, displayéd a 86 and 82% rincreas;e in the release of chromate from the
phospholipid spherules on irradiation, while triflupromazine ar;d fluphenazine, two

trifluoromethyl-derivatives, showed no release of chromate ions as a result of irradiation.?

The large increase in leakage induced by the ultraviolet irradiation of chlorpromazine and
prochlorperazine suggests the formation of species on irradiation which are considerably more
membrane active than the parent compounds. It has been reported that the
photopolymerization of the chlorine derivatives occurs via a free radical formed by the

elimination of the chlorine from the 2-position. The resultant photopolymer has been
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suggested as being the membrane-active species. The results suggest, that if either
prochlorperazine, or chlorpromazine accumulate in cell membranes or cell organelies, even
at levels below that required to produce lysis, i[ragiation could convert them to species with
éignificant lytic acﬁvity. Such lytic speﬁies in 'tur|;| could lead to increased cell membrane
permeability and subsequent oedema and inflammation. This suggests that the photoactivated
sensitizing phenothiazine drugs do not react directly with cellular comporlgngs. Instead, they
form a new, stable, more surface-activated compound capable of inducing a cutaneous
reaction, probably via changes in cell membrane permeability, which has been related to

phototoxicity. >

The study of the photodecomposition of chlorpromazine with lecithin monolayers used lecithin
as a model cell membrane or monolayer on the surface of an aqueous solution of the drug.
The system was then irradiated with light of the appropriate \g:gvelength and measurements
of the changes that occurred in the force area curves of the monolayer were taken; it Qas
found in all systems containing chlorpromazine that irradiation caused expansion of the films.
A thin layer chromatographic method used to analyze the results revealed 3 spots: unchanged
chlorpromazine, chlorpromazine sulphoxide ;‘nd hydroxypror.r'1azine.6 Felmeister et al. on
investigation of the effect of ultraviolet irradiation on the surface activity of phenothiazine

drugs, report an additional photodegradétion product for chlorpromazine, the N-oxide.®

In addition to the degradants produced on irradiation of the system with ultraviolet light, a
decrease in pH is observed. The sulphoxide which was produced was reported to be less
surface active than that of the hydrochloride salt, and in amounts formed would not contribute
to the expansion that was observed when the lecithin films of chlorpromazine were tirradiated.
Since in the absence of chlorpromazine, the lecithin films appeared to be unaffected by
ultraviolet light, it was concluded that the expansion was due 2-hydroxypromazine, the

formation of which has been proposed as follows by Nejmeh et al, Figure 1.8.°
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Figure 1.8 - The liberation of HCI from 2-chloro-derivatives under the influence of UV
irradiation.®

This liberation of HCl on formation of the 2-hydroxy derivatives, and hydrogen ions on the
formation of the sulphoxide, is reported to contribute to the decrease observed in the pH of
the system. These findings explain the sensitivity, inflammation or dermatitis that usually
precedes the deposition of melanin in the skin of patients treated with large doses of this
drug.® 7

This model suggests that the ability of the UV i‘rradiated phenothiazine drugs to interact with
the lecithin monolayer may be a measure of their in vivo membrane;pene;(};ting and
phototoxic properties. A study was therefore undertaken to determine whether the irradiation-
induced changes were related to changes in erface activity of the drugs themselves. This
was done by measurement of the effect of UV irradiation on the surface pressure of solutions
of several phenot4hiazine derivative§ and ;the known photooxidation products of
chlorpromazine. Determinations of surface pressure of irradiated solt;tions of chiorpromazine
and prochlorperazine, showed an initial rapid increase, with a slower secondary change,
which indicates the formation of more surface active compounds as a result of irradiation of
the chloro-derivat?ves. In contrast, irradiation of the trifluoromethyl-derivatives rgsulted ina
rapid initial decrease in surface pressure followed by a slower secondary decrease. However,
fluphenazine after about 13 minutes of irradiation reversed its trend and showed a marked

increase in surface pressure that persisted for about 25 minutes even though the irradiation

had ceased during part of that time. The observed effect has been reported to be a result of
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the presence of the B-hydroxyethyl group in the side chain of fluphenazine.* In an attempt to
determine whether the photoproducts resuiting from irradiation of solutions of chiorpromazine
are responsible fo_r the observed increase in-suyfface activity, solutions of each of these
compounds were prepared and surface b;’e's,sure determined before, during and after
iradiation. The chlorpromazine solution exhibited no surface pressure either before or after
irradiation. The N-oxide, in contrast, exhibited a surface pressure of-5:1 dynes/cm. as
opposed to less than 1 dyne/cm. for an equal concentration of chiorpromazine. However,
since the irradiation of chlorpromazine resulted in an increase in surface pressure of 9.7
dynes/cm., the formation of the N-oxide via a photooxidation could not account in itself for the
total observed increase in surface pressure. Further irradiation of the N-oxide resulted in a
further increase in surface pressure. A solution of a represéntaﬁve hydroxy derivative prior
t;a-irradiation exhibited no significant surface pressunlé. Hovyéver, on standing the surface
pressure of this material increased without irradiatioh, reaching a maximum value of almost
15 dynes/ cm in about 10 minutes. The formation of the hydroxy derivative via Vpho@goxidation
and its subsequent change in surface activity could be in part responsible for the changes
observed during the irradiation of chlorpror‘r_mazine.33 It can thus be concluded that the
irradiation-induced changes in surface activity of these drugs are directly related to, and
possibly responsible for, the irradiation-induced changes in reactivity toward a lecithin film,
which supports the suggestion of the formation of a new, stable, more surface-active

compound as a result of irradiation.

it is evident from the study, that the bhotoproduct most responsible for the change in surface
activity, in the cas; of chlorpromazine, is the N-oxide. Formation of the hydroxy derivative of
chlorpromazine via irradiation, could also account for some change observed following
irradiation of chlorpromazine. The sulphoxide, however, at low concentration levels, can not

be expected to contribute to this change. It would thus suggest that the accumulation of the

metabolites of chlorpromazine in the skin may be responsible for the reported phototoxic
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reactions.> Pilpel et al. explain the adverse effects associated with the phenothiazines on
exposure to sunlight, to be due to the formation of the hydroxy derivatives only by the action
of UV irradiation, while the sulphoxides which afe natural metabolites of the phenothiazines
in the body and therefore, in low doses are unlik'ely to be responsible for the adverse effects

of these drugs associated with sunlight.®

In contrast to the increased surface activity observed with the chloro-derivatives, the
trifluoromethyl-containing phenothiazine derivatives in this study trifluoperazine and

fluphenazine, are essentially non-photosensitizing.*

1._6 Stability

As a result of the reported phototoxicity of chlorpromazine over the years, its photostability has
been investigated and decomposition products inblud}nrg;i‘f\e N-oxide, the sulphoxide,
promazine, 2-hydroxypromazine and a dimer and polymer of chiorpromazine isolated and
identified.® In order to explain the mechanism of action of chlorpromazine, its effect on
various enzyme systems in vitro has been investigated where-chiorpromazine’s inhibition of
the enzyme uridine diphosphate: NAD® oxidoreductase was not effective until incubation with
an enzyme in daylight, suggesting that the presence of a freé radical may be requifé& fbr in
vitro activity.”’ Since phehothiaziné and its derivatives are sensitive to oxidation it has been
proposed that the cation radical formed on oxidation of chlorpromazine for example could be
an intermediate of the metabolism of the drug and thus the active pharmacological entity. The
stability of the 10-alkylphenothiazine free radicals in this study has been shown to depend on
the nature of the substituent at the 2-position on the\'p.henothiazine nucleus and the nature of
the 10-alkyl substituent. Scheme 1.4 proposes a mechanism of oxidation for phenothiazine

derivatives.®

The oxidation proceeds by two steps: 29 produces an uncoloured solution, 30 a coloured
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solution and in the case of the substituted R,, derivatives the reaction is expressed in Scheme
1.4. The resulting sulphoxide solution 31 is decolourised.”

-

1 3

The perazine cation radicals decayed slowly eﬁough to ascertain that in the UV spectrum a
Cl substituent shows a bathochromic shift with the CF, producing no shift in the bands. There
is a relationship between the intensity of the bands of each radical cation and the substituents,
however, the R,, substituent appears to have little effect while the R,, Cl shows a
hypochromic effect and the CF; due to its affect on the 11 electronic structure of the tricyclic
nucleus produces hyperchromic shifts of its maxima. Although the R,; substituent with a long
chain is capable of producing a more stable radical the influence of R, on the decay constant
of the radicals is clear with the R, substituent CF, resulting fn the strongest increase in the
décay constant. Although the decay proceeds by sébond-order kinetics, hydrolysis of the
phenazothionium ion proceeds by ﬂrst—orde( kinetics with=the decay of the free radical

resulting from the hydrolysis of the phenazothionium ion followed by disproportion“ation.37

As is illustrated by Scheme 1.4, two equivalents of radicals gisappear for each equivalent
hydrolysed. Since it has been suggested th;t the phenothiazine radical cation has some
relationship to pharmacological activity / stability and structure activity relationship “studies
confirm greater neuroleptic activity of compounds with R, substituent§ as CF; as opposed to
Cl, Ortiz et al. confirm that the stability of these radicals varies inversely with the activity of
neuroleptics.® According to Levy, Tozer and Tuck, the design of a radical as an enzyme
inhibitor would include a 10—(4-dimethylaminobutyl), R,, substituent since it gives rise to a slow

=

decaying radical which appears suitable for further study.”

Since sulphoxide formation is an important degradation pathway in aqueous preparations in
contact with air, Davidson developed a method to determine sulphoxides in degraded

phenothiazine formulations by difference spectrophotometry. The presence of a shoulder
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around 345 nm in the absorption spectrum of an aqueous solution characteristic of the

presence of the sulphoxides is utilised in this study..

Scheme 1.4% e

These results were used to consider the percentage intact phenotfhiazine and sulphoxide
present in various formulations and while tablet preparations contained low percentages of
sulphoxide even after several years), aqueous formulations were found to contain up to 29%
sulphoxide after 1 8 months storage. This concentration of sulphoxide is however dependent
upon the storage duration and the relative volume of air in the container.®*® Owens et al.
prepared prochlorperazine and perphenazine sulphoxide using aqueous nitrous acid because
of their importance as metabolites in the common biotransformation pathways for all

phenothiazines.” This together with the work by Anderson et al. has been devoted to the
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development of analytical techniques to detect these compounds. The possible presence of

the N, S-dioxide, the sulphone and the sulphoxide di-oxide 32 emphasises the importance of

these analytical techniques in stability studies.¥ .
0]
S

é Cl
o N—cr
O/ \\___/ \o
32
Figure 1.9 - 2-chloro-1 0[3-(1-methyl-N,N’-bisoxido-4-pipera>zin'yl)propyl]phenothiazine 5-
oxide.*

Structural elucidation of 32 was accomplished by *C-NMR; R, and CHN analysis.*

Because of the photostability studies conducted in this investigation previous relevant stability
studies are summarised. Pawelczyk et al. report the rate and type of photodegradation of
aqueous solutions of various perazine derivatives to be dependant upon the nature of the R,
substituent. The methodology used involved irra‘diation by UV light of 254 nm (low pressure
TUV 30 Philips lamp) of an aqueous solution of the salts of perazine derivatives in a
phosphate buffer at pH 3.00 in the presence of air or nitrogen. Results indicate the absence
of sulphoxides in the presence of nitrogen and for prochlorperazine énd trifluoperazine the
degradation proceeds due to re\;ersible first-order photooxidation. The photochemical
degradation of perazine and thiethylperazine is complex consisting of parallel reactions of
photolysis and photooxidation while substituents Cl and CF, prevent photolysis such that the
rate of degradation is determined by the rate of the photooxidation process. Based on these

findings, this group continued the investigation on some physicochemical parameters in order

to explain the chemical reactivity of these compounds. Many of the observations can be
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explained in terms of the volume of the R, substituent (A) including the fact that the basic
properties increase with an increase in the substituent volume. In a Hammett type plot
showing the relatio‘nship between the basicity of the compound and the rate of degradation,
prochlorperazine (A = 29) exhibits a higher ;eéradation rate under the influence of light as
compared to trifluoperazine (A = 88). The double-lined Hammett plot due to different R,
substituents suggests two different mechanisms of reaction confirming-degradation by
photooxidation for those derivatives with Cl and CF, substituents and photooxidation and

photolysis for the H and SC,H; containing derivatives " *

The fact that both Moore et al. and Sharples report on the photolabile nature of chiorine in
chloro- aromatic compounds has implications for prochlorpefazi'ne and perphenazine in this
étﬁdy. Although these compounds are capable of un&ergoingrboth Type I (free radical) and
Type Il (singlet molecular oxygen) reactions, prochlorperazine yielded chloride and hydrogen
ions at half the rate observed for chIorpromaiine and thus appears to be a more effective
photosensitizer of 2,5-dimethylfuran oxidation. In both studies methanolic; solui;c;ns of the

phenothiazines were irradiated over a period of time under nitrogen or oxygen as desired

-
-

using in the case of Moore and co-workers, a medium pressure mercury lamp (Hanovia, 125

W) and in the other study an Allen type A 409 fixed wavelength (365 nm) UV lamp.¥'- .

Sharpies reports that the 2-chlorophenothiazines give rise to a dechlorinated product, a dimer

and the corresponding sulphoxide.*®

act —Y o At 4 T ——» AH + HC

Figure 1.10 - Formation of free radicals from chloro-substituted phenothiazines.*
These free radicals formed as previously mentioned are believed to explain the high
phototoxicity of the chloro-substituted phenothiazines, Figure 1.10. The results concur with

those reported by Moore et al. who also found that the HCl yield is independent of the solvent
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used. When considering the mechanism whereby chlorpromazine photoinitiates the
polymerization of acrylamide, it is possible that either the promazine radical arising from direct
homolysis of the‘triplet chlorpromazine or thes. chiorpromazine cation radig:al may be
implicated. This cation radical on reaction wnth oxygen gives rise to the sulphoxide. This is
verified by the UV spectrum after irradiation in either an air-saturated buffer or methanol.*'
Irradiation of 2-chlorophenothiazine in methanol may give rise to phencthiazine and 2-
methoxyphenothiazine. Bunce et al. reported on the photodechlorination of the same
compound in acetonitrile-water implicating the N-alkyl substituent in the acceleration of

chlorine removal by an intramolecular electron transfer mechanism.*

The work published by Underberg et al. and Abdei-Moety et al. represents important findings
iﬁ'respect of the R, trifluoromethyl-substituted phenéfhiazineé.“ > Although the report by
Underberg considers the thermal degradation Qf selected-phenothiazines, it is an attempt to
ascertain whether there is a relationship between oxidative degradation and the nature of the
R, substituent. To this end they included 2-methyi-, trifluoro-, and cyanopromaiine in the
study. In the case of the trifluoromethyl-derivatives it was fciund that degradation was pH
dependent, yielding the sulphoxide at a pH ;3, while at pH 6.3 an additional product, N-
monomethylnortrifluopromazine, was isolated. This latter product occurs in the degradation
profile due to the cleavage of the side chain of these molecules only if the R, substituent is
electron-withdrawing and if the dimethylamino group is unprotonated.** Because of the
inclusion of the trifluoromethyl-derivatives, trifluoperazine and ﬂuphenazine (solution and solid
studies) in this study, mention of a -photochemical stability study was made where solutions
of trifluoperazine jHCI in water were subject to irradiation in a chromato UVE light cabinet,
Model CC60, with a 60 W lamp Model Assy 00-60-SL at 254 nm in an open pyrex container.
In addition to this, an aqueous drug solution of trifluoperazine in a closed 1 cm quartz cell was

also irradiated. Solid state photostability studies were also carried out on powdered tablets

exposed to fluorescent and daylight for 5 days and stressed irradiation with 60 W short UV
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light for 2 hours. Results from the accelerated drug photolysis‘ carried out on the aqueous
solution of the drug using a 60 W UV lamp (254 nm).indicate the development of a coloured
solution (yellowish red - reddish browpn) and a new photoproduct, 3-
triﬂuoromethyl(biphénylthiophen)sulphoxide, ghéracterized by mass spectrometrs;; The solid
state photostudy gives rise to the same degradation products for all light sources but in
relatively appreciable amounts in the case of the short UV irradiation. In the.UV spectrum of
the irradiated aqueous solutions an increase in the light absorption in the visible region at
about 523 nm caused a red colouration. The observed red colour in the case of
trifluoperazine can be attributed to the stable red radical. Because of the distribution of r
electrons in the trifluoperazine molecule, radical forms may develop at the S atom, the N,, and
between the S and N atom on the phenothiazine ring. Due to the effect of short-lasting UV
irradiation a radical at the S atom is expected. Decdmpositién of the resulting sulphoxide
dimer results to give rise to the sulphoxide, which is~cor1ﬁrm,éd by the presence of relevgnt

absorption bands in the UV spectrum.®

In the initial structure activity relationship studies, the proposed mechanism of interaction with
the receptor and consideration of various phy;fcochemical mt;dels it was concluded that the
order of decreasing activity is fluphenazine, trifluoperazine, perphenazine .and
prochlorperazine. While the metabolismr of these four piperazine-substituted phenothiazine
derivatives is proposed to occur via N-oxidation, N-demethylatic;n, sulphoxidation and
hydroxylation, the degradation of the piperazine ring is claimed to be independent of the
presence of a methyl or B-hydroxyetrhyl substituent and the R, substituent. There is no other
mention of the rolé of these substituents in the metabolism of these compounds. However,
there certainly is a relationship between phototoxicity and the R, substituent where the chloro-
derivatives are photosensitizing with the trifluoromethyl-derivatives showing few adverse

effects. In the stability studies reported, the degradation of those compounds with Cl and CF,

R, substituents is proposed to occur via photooxidation. It can thus be seen that these R, and
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R,, substituents which contribute to activity also play a role in the metabolism, development

of adverse effects and the stability of these compounds.
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CHAPTER 2: METHOD DEVELOPMENT AND VALIDATION

2.1 Introduction

Traditionally, analytical methods used to monitor the stability of dosage forms have involved
non-specific spectrophotometric or titrimetric procedures for the assay of the active ingredient,

—

and thin layer chromatographic methods for the determination of relaféd substances.
;-Iowever, in the last 5 years, the technique of choice for the quantitation of the active and
degradation product(s) is reported to be high performance liquid chromatography (HPLC).
HPLC is advantageous in that it both separates, measures and lends itself well to automation,

however, in the absence of automation, the technique may be time consuming and relatively

expensive.*

Apart from HPLC, other techniques such as'gas chromatography, spectrofluorimetry and
nuclear magnetic resonance spectroscopy (NMR) have some application in*thea’s’é;y of the
drug component and its related substances. The choice of the appropriate method of
quantitation depends on both a scientific and practical evaluatién of the drug(s) of choice and
dosage form.*® Al-Obaid et al. report on the simultaneous quantitation of some phenothiazine
drug substances and thefr monosulphoxide degradants by HPLC. Previous a;aI);ticaI
techniques used for thié purposé were spectrophotometry, second- and third-derivative
ultraviolet (UV)-spectrometry and gas liquid chromatography (GLC). Although the derivative
UV- spectrometric methods are more selective than ordinary spectrophotometry the sensitivity
is not improved, while the high temperatures requirgd for GLC render this method ineffective
in the determination of the phenothiazines and th;eir.degradants. Thus HPLC separation of
selected phenothiazines and their degradants was performed on a Novapak-phenyl-4 (150 x
3.9 mm i.d.) column and a mobile phase of methanol: 1.5 x 10" M sodium acetate, pH 6.5
(81:19 v/v) with isocratic elution and UV detection. Results indicate that the HPLC method
measures the phenothiazine (perphenazine and trifluoperazine) and its sulphoxide to 0.25%
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m/m* as opposed to the BP 1988 spectrometric method which quantitates only the total of
parent compound and its sulphoxide.” Thus based-on the needs of this study to quantitate
the phenothiazines, prochlorperazine, perphenazthex. trifluoperazine and ﬂuphenazipe separate
from their degradants, HPLC is considered t;) 'be the most effective technique for providing

a stability-indicating assay.

The analysis of drug substances and finished products within the pharmaceutical industry is
carried out to satisfy both manufacturer and regulatory authority, about the quality, integrity
and stability of the medicine administered to the patient.** Regulatory Authorities are
becoming increasingly more aware of the necessity of ensuring that the data provided to them
in applications for marketing and clinical authorizations havé been acquired using validated
éﬁalytical methodology. According to Section 501 of fhe Fedéfal Food, Drug, and Cosmetic
Act, assays and specifications in monograp‘hs of the -USP and the NF constitute legal
standards.® Standards set by the USP for the quality or purity of the four de‘rivat(iyes under

investigation are listed as specifications which lie between 90.0 and 110.0% purity.>'

-
-

Edwardson et al. report that the most important area of method development is the validation

-

of the method which is done to ensure that the performance and reliability of the method meet
the requirements for the intended analytical applications.* > Analytical method validation
must be approached as a process to provide maximum confidence in the reliability of the test
procedures and not just as a regulatory requirement, and thus the pi'ocedure is viewed by
Hokanson as dynamic with the ability to expand as additional information becomes available >
It is important to differentiate method validation from method selection and development.
Method selection involves consideration of what is to be measured and with what accuracy
and precision, while method development in part involves why such specified conditions were

chosen.®
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Method validation should not be confused with system suitability testing which evaluates the
components of the analytical system to show that perfformance meets the standards required
by the method.>? Since qualitative and quantitative methods are intended to serve different
purposes, differen& guidelines are recommé;ded for validation. A quantitative method for
example is required to be accurate and produce an expected response within the
concentration range described by the method, however the concentration boundaries are

determined by the expected scope of the method.>®

Method validation should demonstrate that the method is free of systematic errors and that
the method detects the substance that it purports to detect. When designing a
chromatographic system for the analysis of an active component of a pharmaceutical product
it is essential to have a good knowledge of the suscebtibility df the drug to degradation and
its degradation pathway, assay interference by possible degédants or synthesis precursors
and assay interference by chemicals employed ‘in sample preparation and excipients present
in the formulation.® As the current investigation focuses on the stat;ility of the four
phenothiazines: prochlorperazine, perphenazine, trifluoperazine and fluphenazine and
attempts at structural elucidation of light degr:dants and pre;iction of possible degradation
pathways, validation of the method is thus limited to that of the active components with
emphasis on the importance of the seléctivity / specificity parameter involving the use of
photodiode array detection to ensure peak purity and thus the(integrity of the active
component. In the environment in which the investigation is to be conducted, the ruggedness

parameter has particular significance due to the use of different detectors, pumps, integrators/

recorders and columns during the research programme.
The performance characteristics for the validation of a method are expressed in terms of
analytical parameters according to the USP: precision, accuracy, linearity, limit of detection

and quantitation, ruggedness, and selectivity or specificity.*®
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Different validation parameters are required for the various analytical procedures. Selectivity,
linearity and limit of detection and quantitation are a measure of equipment suitability. The
accuracy assessment measures the effectiveness of the sample preparation process, while

precision and ruggedness cover both equipment and test preparation aspects.>

The method which was used for the HPLC analysis of the four piperazine-substituted
phenothiazine derivatives under investigation supplied by Lennon Ltd, is based on the USP

method used for the assay of prochlorperazine maleate tablets.>’

2.2 Method Development

Method of Analysis of Prochlorpérazine Maleate Tablets®'

Chromatographic Parameters: USP

Mobile Phase: Acetonitrile: methanol (MeOH): water (H,0), (40: 15: 45 v/v), 5 x 10°M
sodium 1-octane sulphonate.

Internal Standard: Trifluoperazine hydrochloride (0.014% m/v).

Solvent: Methanol: 2 x 10" M Hydrochloric acid<HCI) (1:1 v/v).

Liquid chromatographic separations were performed using a pBondapak, C18 (4.0 x 5004 mm
i.d.), reverse-phase column, and a variable wavelength detector set at 254 nm. The flow rate

was 2.0 mL per minute.”’

Method of Analysis of Trifluoperazine Hydrochloride

Chromatographic Parameters: Lennon Ltd - Tl\'iiﬂ‘uoperazine HCI

Mobile Phase: Methanol: water: glacial acetic acid (70: 30: 1 v/v), 5 x 10 M sodium-
pentane sulphonate adjusted to pH 3.0 with orthophosphoric acid.

Solvent: Methanol: water (70:30 v/v).
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Liquid chromatographic separations were performed using a yBondapak, C18 (4.0 x 300 mm
i.d.), reverse-phase column, and a variable wavelength detector set at 254 nm. The flow rate

was 1.0 mL per minute. ) < x

Although the USP method for the HPLC assay of prochlorperazine maleate tablets makes use
of an intemnal standard, trifluoperazine hydrochloride, its stability and the-fact that it is one of
the piperazine-substituted derivatives in this study precludes it as an internal standard. As
an alternative, acenaphthene was considered, however its retention time resulted in an
increase of the total run time by approximately 8 minutes. The reproducibility of peak heights
of the selected phenothiazines was considered and relative standard deviations over a range
of concentrations assessed using a rheodyne injector equippéd with a 20 pL fixed loop.
Ac;ceptable limits (< 2% relative standard deviation, RSAD) led tp the method being developed
in the absence of an internal standard. In order to assess whether the composition of the
mobile phase (Lennon Ltd) is optimum for the four phenothiazines under investirgatigp,»ﬁpH and
polarity of the mobile phase were adjusted and the presence / absence of the fon-pairing
reagent was evaluated. Since orthophosphoric acid is used in tge adjustment of the pH of the
mobile phase to 3.00, its absence in the mobile ;hase was assessed resulting in an increase
in the retention times of the derivatives by 2 minutes, with accompanying decrease-in peak
height due to broédening. Clearly pH adju;stment to 3.00 chtﬁbutes to optimum

chromatographic conditions.

Since the HPLC method is used in- the quantitation of the phenothiazine and its degradants
in stability studie;, the retention times of the phenothiazines need to be such to allow
separation from its more polar degradants. This emphasises the importance of the specificity
parameter in this method validation study. Thus adjustment of the polarity of the mobile

phase in terms of an increase in the methanol: water ratio although giving rise to a decrease

in retention time of the active is not favourable due to potential lack of resolution of the pérent
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compounds and the degradants. However an increase in the polarity by a decrease in the
percentage of methanol by 10% increases the retention times of the derivatives with any
funher increase in mobile phase polarity ie 50:50 v/y resuiting in infinite retention times for the
four derivatives. ;

In the absence of the ion-pairing reagent, a decrease of between 4.0 and 2.5 minutes in
retention times for the derivatives was evident, with prochlorperazine being most significantly
affected. Figure 2.1 illustrates the effect of pH, polarity, and the ion-pairing reagent on the
retention times / peak shape in comparison to those obtained using the final chromatographic
parameters. This confirms the mobile phase (Lennon Ltd) to be optimum and thus the

method of analysis is used without further adjustment for the four phenothiazines under

investigation.

2.3 HPLC Method L

Reagents

All chemicals were of at least analytical grade. Potassium dihydrogen phosphate and sodium
hydroxide were obtained from UNILAB, SaarChem (Pty) Ltd, and glacial acetic acid from
UNIVAR, SaarChem (Pty) Ltd. Orthophosphoric acid (Analar) was purchased from BDH
Chemicals Ltd, and methanol (HPLC grade) from Romil Ltd, Cambridge. Water for
chromatography was obtained using a Milli-Q Plus ®water purification system, filtered with a
Q Pak, purification pack suitable for water pretreated by reverse osmosis, consisting of an
initial 0.5 um prefilter, activated carbon, nuclear grade ion-exchange reskin, and an Organex-Q
organic scavenger mixture. |

Prochlorperazine, perphenazine, trifluoperazine and fluphenazine were kindly donated by

Lennon Ltd (Port Elizabeth, South Africa) and Fine Chemicals Ltd (Cape Town, South Africa).
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Buffer

6.805 g of Potassium dihydrogen phosphate (KH,PO,) was accurately weighed, transferred
to a 250 mL volumetric flask and made up to-vqlume with water (2 x 10" M) gnd 0.8 g of
sodium hydroxide (-NaOH) was accurately wé}ghed, transferred to a 100 mL volumetric flask
and made up to volume with water (2 x 10" M). 250 ML of the KH, PO, solution and 58 mL
of the NaOH solution were accurately measured, transferred to a 1000-mL-volumetric flask

and this was made up to volume with water. The pH of the buffer solution is approximately

6.4.
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Figure 2.1 - Effects of mobile phase adjustments on chromatograms of

prochlorperazine. (a) Without the ion-pairing reagent, < R,. (b) Without pH adjustment,

> R,. (c) Polarity adjustment, infinite R,. (d) Mobile phase (final), R, ca. 6.5 minutes;
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Stock Preparation
500 mg of each phenothiazine derivative was accurately weighed and transferred to a 500 mL

volumetric flask and made up to volume with buffer resulting in a 1 mg/mL solutipn.

The low solubility of perphenazine in the buffer required that 500 mg of perphenazine be
accurately weighed and transferred to a 500 mL volumetric flask with the-addition of 125 mL
of 2 x 10" M KH,PO, to obtain a solution with subsequent addition of 29 mLofa2x 10" M

NaOH solution. The stock solution was made up to volume with water.

Standard Preparation
The transfer of 2.5 mL of the stock preparation to a 50 mL volumetric flask, made up to
vblume with solvent, is required for the preparation of a 5.0 X 10 mg/mL standard solution

used in the HPLC analysis. e
Equipment
¢ 32 pH Meter, Beckman 015-247665-A

Precisa 120 A Mass Balance

Final Chromatographic Parameters

Column: pBondapak, C18 (3.9 x 300 mm id) 10 um, 125 A.
Detector Wavelength: 254 nm 7
Resuitant Pressurf: 1500 psi

Flow Rate: 1 mL per minute

Injection Volume: 60 uL

Column Temperature: Ambient (25 £ 2 °C)

A modular HPLC system consists of an Iso Chrom LC (SP 8700) constant-flow pump

49

ke



- -
-

(Spectra-Physics), with a Lambda-Max LC variable wavelength UV detector (Pye-Unicam),

a Rikedinki recorder and a rheodyne fixed loop 20 pL injector (Model 7125).

Y e

Retention Times: Prochlorperazine “ca. 6.5 minutes
Perphenazine ca. 7.5 minutes
Fluphenazine ca. 9.0 minutes o

N Trifluoperazine ca. 13.0 minutes.

2.4 System Suitability

Validation of an analytical method confirms its suitability for use on a particular occasion with
a particular system. Confirmation of the method’s continuing>sui'tability for use with different
s;/stems, checks or system suitability tests (SSTs) howeverqare also necessary when the

method is in use. T

The essence of a system suitability test is that the electronics, equipment, specimens and

analytical operations constitute a single analytical system, which is amendable to an overall

<

test of the systems functions. The system suitability requirements include the following:
Relative Standard Deviation (RSD) < 2% (5 injections) R
Tailing factor (T) ' T <20

Number of theoretical plates (N) > 2000

Resolution (R) >5.0.

Method

Five replicate injections of standard preparations for each phenothiazine derivative:
prochlorperazine, perphenazine, trifluoperazine and fluphenazine were performed under the

following conditions:
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Column: puBondapak, C18 (3.9 x 300 mm i.d.) 10 ym, 125A
Detector Wavelength: 254 nm

Flow Rate: 1.5 mL per minute

Results and Discussion
The results for the system suitability study are summarised in Table 2.1.

Table 2.1 - System Suitability Test Results.

Prochlorperazine Perphenazine Trifluoperazine Fluphenazine

% RSD 0.56 0.51 0.56 0.51
Tailing Factor 0.45 0.41 0.36 0.45
Theoretical Plates 2553 2390 ., 2374 2381
Resolution 14.96 11.67 | 13.14 11.43

Based on these resuits it can be seen that the requirements of system suitability have been

satisfied.

2.5 Method Validation

-
<

Method validation is generally an on-line process performed after the method has been

-

developed to demonstrate that the me;hod is scientifically sound and that it serves the
intended analytical purpose. There are a number of guidelines cu'rrently available for the
validation of analytical methods with the USP amongst the leading authorities on validation
procedures recognised by regulatory authorities.*

2.5.1 Linearity and Range

The linearity requirement is that response is directly proportional to the concentration of
analyte in samples within a given range (25 - 125% of the nominal analyte concentration).
The range is the concentration interval over which an analyte needs to be measured with

acceptable precision and accuracy.
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Method

The linearity for prochlorperazine, perphenazine,.trifluoperazine and fluphenazine was
established over a concentration range of 6.0 x-1 O;_? mg/mL to 1.0 x 10° mg/mL. Calibration
standards were prepared for each phenof:hiézine derivative from the respéf:tive stock
preparations. The necessary dilutions were made with solvent (methanol: water, 70:30 v/v)
to produce standards containing 6.0 x 10?% 4.0 x 102, 2.0 x 102, 1.0x 10%,5.0x 10>, and 1.0
x 10° mg/mL of each respective phenothiazine. Each standard was assayed in triplicate and
the calibration curve constructed for each phenothiazine derivative by plotting the mean peak

height in millimetres (mm) versus concentration.

Results and Discussion

‘i'r-me calibration line obtained for each phenothiazine deﬁvativé, Figures 2.2 - 2.5, was found
to be linear over the calibration range studied, Tables 2.2 -2.5. Linear regression analyses
were performed to obtain correlation coefficients of 0.98, 0.99, 0.99, and‘70.99 for
prochlorperazine, perphenazine, trifluoperazine and fluphenazine respectively.k W

-

Table 2.2 - Range of Linearity for Prochlorperazine.

Concentration (x 102 mg/mL) Mean Peak Height (mm) % RSD
6.0 4 ' 212.00 0.00 )
4.0 ' 7 140.70 ‘ 0.41

2.0 69.70 0.43

1.0 34.20 : 0.00

0.5 ' 16.45 0.00

0.1 » 2.26 0.00
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Table 2.3 - Range of Linearity for Perphenazine.

Concentration (x 102 mg/mL) Mean Peak Height (mm) % RSD
6.0 ; 20410 = 0.14
4.0 136.07 0.00
2.0 70.41 0.00
1.0 36.99 0,00
0.5 20.28 07.700
0.1 6.91 0.00

Table 2.4 - Range of Linearity for Trifluoperazine.

Concentration (x 10 mg/mL) Mean Peak Height (mm) % RSD
6.0 22327 | 0.52

4.0 149.62 ) 0.76

2.0 7597 - o 0.00

1.0 39.15 000
0.5 20.73 0.00
0.1 6.00 0.00

-
-

Table 2.5 - Range of Linearity for Fluphenazine.

Concentration (x 102 mg/mL) Mean Peak Height (mm) % RSD
6.0 | 22339 . 000
4.0 149.60 0.29
2.0 75.81 0.00
1.0 4027 1.08
0.5 ) 2047 .. 0.00
0.1 5.85 0.00
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Figure 2.2 - Calibration curve for prochlorperazine, y = 3548.81x - 1.29.
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Figure 2.4 - Calibration curve for trifluoperazine, y = 3682.54x + 2.32.
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Figure 2.5 - Calibration curve for fluphenazine, y = 3689.4x + 2.03.

)

These results confirm the linearity of the method over the desired concentration range.

2.5.2 Precision and Accuracy
Method precision gives a measure of the method’s reproducibility under normal operating

conditions, while accuracy is the closeness of test results to the true value. The mean
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concentrations obtained for the replicates are a measure of the accuracy of the method whilst

the relative standard deviation of the six samples at any concentration provides a measure

of precision. .

Method

The precision of the analytical method was determined by assaying six spiked samples, each
at the upper and lower limits of the concentration range studied (6.0 x 102 mg/mL and 1.0 x
10 mg/mL) for each of the respective phenothiazine derivatives. The accuracy of the method
was determined by the mean concentrations obtained for the replicates and the percentage
(%) difference. Samples were prepared by dilution of stock preparations with solvent for each

phenothiazine derivative.

Results and Discussion e e
Precision and accuracy results for prochlorperazine, perphenazine, trifluoperazine and
fluphenazine are represented in Table 2.6.

Table 2.6 - Precision and Accuracy Results.

<

Phenothiazine Spiked Mean % RSD % Difference
Derivative Concentration  Concentration (n=5) i
(mg/mL)  Found (mg/mL)
Prochlorperazine 0.005 0.005 1.22 0.00
0.040 0.039 0.91 | 0.25
Perphenazine  0.005  0.005 1.14 0.00
) 0.040 0.039 o 0.33 0.25
Trifluoperazine 0.005 0.005 0.00 0.00
0.040 0.040 0.83 0.00
Fluphenazine 0.005 0.005 1.86 0.00
0.040 0.040 0.32 0.00
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With a % RSD not exceeding 1.86 and a % difference of 0.25 only for prochlorperazine and
perphenazine at 0.040 mg/mL, the requirements for-precision and accuracy are satisfied.
2.5.3 Limit of Detection and Quantitation

Tests to determine the limit of detection (LOD) and quantitation (LOQ) are performed on
samples containing very low concentrations of analyte. LOD is defined as the lowest amount
of analyte which can be detected above baseline noise, but not necessarily quantitated, while
LOQ is the minimum level at which duplicate samples of the analyte can be detected with
acceptable accuracy and precision. The LOD and the LOQ are determined either from the

signal to noise ratio (/{UPAC), or by the sequential dilution and determination of an observable

chromatographic peak.

Method T
According to /UPAC the determination of LOD and LOQ is performed using the. following
equation:

C, (qy) ikSa/S» - Equation (2.1)
where C,, is the smallest concentration or q,, amount, k is a constant, sy is the standard
deviation of analytical blank Signal, and S is the slope of response versus concentratib;n _c:ﬁwe.
Recommended values fof k are: fon; LOD, k=3, and for LOQ, k= 10. The LOQ can also be
determined as the lowest analyte concentration for which duplicate injections result in a %
RSD < 2%. s is related to baseline noise, and is estimated from the measured noise in a
blank injection over an area of 20 times the peak width of the active component. The noise
is then determined from the largest peak-to-peak\ﬂt.:ctuation, when s; = N, /5, or from the

largest deviation from the mean response, when s; = N, /2, Figure 26.%
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Figure 2.6 - Estimation of chromatographic baseline noise.*

Results and Discussion

Tr}e calculated results obtained from the JUPAC methAc;)d, depend on predictions made with
analytical blank solutions, and estimations of noise ihtenéiffﬁésed on the heights of noise
fluctuations. Jenke recommends that the calculated LOD and LOQ results be confimed by
injecting samples prepared to contain the analyte at or near the LOD and LOQ.® On
comparison of the results obtained from the sequential dilutions of the respective samples,
with the results obtained from the /IUPAC method, differences in the LOD and LOQ values
were evident. The calculated values predicted a lower level of analyte than that which can
be accurately quantitated, while differences also existed for LOD values obtained from the two
methods and it is therefore recommended that values for the LOD for the four phenothiazine
derivatives under investigation should be specified by determinatibn of an observable
chromatographic Eeak in practice. These values are represented in Table 2.7. LOQ is
expressed by the concentration of phenothiazine for which duplicate injections resulted in a

relative standard deviation of < 2%, Table 2.8.
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Table 2.7 - Limits of Detection.

Phenothiazine Derivative Practical LOD

(x 10 mg/mL§

IUPAC LOD

(x 10* mg/mL) -

Prochlorperazine 5.0 8.4
Perphenazine 5.0 9.0
Trifluoperazine 4.0 6.1 -
_Fluphenazine 5.0 6.1
Table 2.8 - Limits of Quantitation.
Phenothiazine Derivative Practical LOQ IUPAC LOQ

(x 10 mg/mL)

(x 10° mg/mL)

Prochlorperazine 3.5 2.8

Perphenazine 3.0 3.0

Trifluoperazine 4.0 ) 2.0

Fluphenazine 4.0 2.0
2.5.4 Ruggedness

-

The ruggedness of an analytical method is the degree of reproducibility of test results obtained
by the analysis of the same samples under a variety of normal test conditions, including
different laboratories, - analysts, instruments, batches of reagents, assay temperatures,

different days, etc. Ruggedness is the lack of influence on test results of operational and

environmental variables of the method.

In recent years r::-gulatory authorities have become increasingly interested in analytical
methods and their validation, and have stressed the need for an analytical method or methods
to be capable of providing a mass balance throughout the stability study. This implies that if
the formulation initially contains 0.1% (m/m) of active ingredient, then the value of active plus

degradation product(s) (if present) must be maintained at 0.1% (m/m) throughout the period

of the stability study.>
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Method
The ruggedness of an analytical method is demonstrated by running combosite samples on
each of two days using different analysts and angly§ing (14 days) in the laboratory (fluorescent

light / diffuse daylight) and in the dark.

The ruggedness test was performed on two separate days, instruments and columns. Six
separate assay preparations of six individual weighings were performed on each day for each
phenothiazine derivative: prochlorperazine, perphenazine, trifluoperazine and fluphenazine.
Standard preparations prepared for each phenothiazine derivative, were injected in duplicate

and a mean peak height (mm) was calculated for each sample.

Day 1

Column: uBondapak C18 (3.9 x 300 mm i.d.) 10 um, 1254
Analyst: Patricia Drummond
Instrument:  Spectra-Physics Iso Chrom L.C Pump SP8700
Pye Unicam LC-UV Detector _ 298823
Day 2 7 ] B
Column: Bondex C18 (3.9 x 300 mmi.d.) 10 ym, 125 A
Analyst: Sagaran Abboo
Instrument:  Waters Associates Chromatography Pump GOOOA
Waters Millipore Wisb 710B
Kratos UV Detector T SF769

In order for the method to assess the stability of samples for injection and to determine
whether the principle of mass balance applies, standard preparations of each derivative which
were prepared for ruggedness studies were allowed to stand for 14 days, one set was

protected from light, while a second set was exposed to normal laboratory light (fluorescent
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/ diffuse light). Chromatograms of each sample after 14 days were compared with the initial
chromatograms obtained on preparation of the samples.

Results and Discussion

The results for prochlorperazine, perphenazine, trifluoperazine and fluphenazine ruggedness
studies are summarised in Tables 2.9 - 2.12. o

Table 2.9 - Ruggedness Study for Prochlorperazine.

Day 1 Day 2
Mean % Claim 100.9 101.3

% RSD 0.72 1.69

RSD between day 1 and day 2 = 0.97

Table 2.10 - Ruggedness Study for Perphehazine.

Day 1 Day 2
Mean % Claim 101.16 102.4
% RSD 1.19 ‘ T 183

RSD between day 1.and day 2 = 0.64

Table 2.11 - Ruggedness Study for Trifluoperazine.

Day 1 Day 2
Mean % Claim - 101.22 102.58
% RSD 0.99 1.19

RSD between day 1 and day 2 = 0.2
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Table 2.12 - Ruggedness Study for Fluphenazine.

Day 1 ” Day 2
-Mean % Claim 10183 " = 103.6
% RSD 0.99 1.52

RSD between day 1 and day 2 = 0.53

Mass balance investigations of the derivatives gave the following resﬁlts: the chioro-
derivatives were least stable on standing, and their stability was independent of the storage
conditions, with approximately 25.58% degradation evident in solutions of prochlorperazine
protected from diffuse daylight and 39.68% in solutions exposed to laboratory conditions for
14 days. Degradation of these derivatives gave rise to the development of two unidentified
compounds. Samples of the trifluoromethyl-derivatives were stable on standing when
protected from light (0% degradation), while samples equs-etgj to laboratory conditions, i.e.
diffuse daylight indicated approximately 40% degradation fofr trifluoperazine resulting in ihe
formation of two unidentified compounds. The formulations initially contained 5°7£}'(‘m/m) of
active ingredient and the value of active plus degradants was maintained at 5% (m/m), which
is an indication of the ability of the HPLC methiod to resolve all potential degradants. It can

therefore be concluded that samples of the derivatives should be injected immediately after

preparation.

2.5.5 Selectivity / Specificity

The selectivity of an analytical method is its ability to measure, with a requisite level of
accuracy and pretision, the analyte in the presence of components that might be expected
to affect the method’s sensitivity to potential sample-related interferents reffecting the
system’s ability to resolve all other sample components that will give a detector response from

the peak of interest.

A series of injections were performed to verify or exclude the existence of impurities in the
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mobile phase, solvent, unstressed and stressed phenothiazine derivatives. The respective
phenothiazine derivatives were stressed under the following conditions: acid and base,

oxidation, ultraviolet _irradiation, fluorescent / diffusesdaylight, sunlight and heat.

Method

Triplicate injections of the mobile phase, solvent, and unstressed standard preparations were
undertaken for the respective phenothiazine derivatives providing standards against which the
samples stressed under the above conditions could be assessed. Stock preparations of the

derivatives were prepared and stressed accordingly.

Acid and Base Degradation

106 Vmg of each phenothiazine derivative was accurate& weighed and dissolved in 4 mL of
methanol in a 100 mL volumetric flask and 96 mL of 3 M HCF of NaOH was added to volume.
The solutions were refluxed for 2 hours over a water-bath at 83°C. Standard preparations of

the respective stressed solutions were assayed in triplicate.

Oxidation

The respective phenothiazines were subject to the nitrous acid method of oxidation reported
by Owens et al.” which involved the oxidation of an aqueous solution of each derivative by the
addition of sodium nitrite and 9 M HCI. This resulted in oxidation of the phenothiazines to their

respective sulphoxides.

Photolysis

30 Watt Ultraviolet Philips Lamp (G 30 TH)*" 4

Solution

10 mL of the stock preparation of the phenothiazine derivatives was placed in a series of clear

glass ampoules which were heat sealed and stressed under a 30 Watt UV Philips Lamp for
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a period of 32 days, sampling at 4 day intervals. Standard preparations of the stressed

samples were assayed in triplicate.

Solid
Powder samples of the phenothiazine derivatives were placed in clear glass petri dishes and
stressed under a 30 Watt UV Philips Lamp for a period of 5 months, sampling at monthly

intervals. Standard preparations of the stressed samples were assayed in triplicate.

400 Watt High Pressure Mercury Lamp

Solution

Stock preparations of the respective phenothiazines were stressewd under a 400 Watt UV lamp
in an immersion-well photoreactor for a duration of appﬁximatgly 2 hours, sampling at 10
minute intervals for the first 30 minutes, then 15 minute intervats+or a further 30 minutes, and
finally 30 minute intervals for the remaining time. Standard preparations of the s}ressed

samples were assayed in triplicate.

- -
<

Sunlight and Fluorescent / Diffuse Daylight (Philips, 55W/33, S72T12)%

Solution

10 mL of a stock preparation of the respective phenothiazine was placed in a series of clear
glass ampoules which were heat sealed and stressed, either under fluorescent lights for a
period of 32 days, sampling at 4 day intervals, or on a windowsill in direct sunlight for a period
of 90 minutes, sanlpling at 15 minute intervals. Standard preparations of the stressed

samples were assayed in triplicate.

Heat (Memmert Oven, F-Nr 830 281, 50 Hz, 2800 W, 220°C, Schwaback, W-Germany)
Solution and Solid

Stock preparations in pyrex volumetric flasks and powder samples of the respective

64

i
L4



~ - . - -
e s

phenothiazine derivatives in glass petri dishes, were stressed at 60°C in a controlled
environment for a period of approximately 2 hours, sampling at hourly intervals. Standard

preparations of the stressed samples were assayed in triplicate.
i L

Results and Discussion
Acid and Base Degradation -

No degradation was apparent for the respective phenothiazine derivatives on exposure to

acid.

The solubility of the respective phenothiazine derivatives is influenced by the nature of the
substituents at the 2-position on the phenothiazine ring, with the trifluoromethyl-derivatives,
trifluoperazine and fluphenazine, being readily soluble in water ét neutral pH with a decrease
in the pH reducing the solubility of these compounds,;'while the chloro-derivatives,
prochlorperazine and perphenazine, are pradically insoluble in water at neutral pH, yet
dissoive readily on addition of acid. To obtain a solution of the four derivativeé, rmét‘f‘\-anol was
added prior to the 3 M NaOH which resuited in turbidity in the case of prochlorperazine and
perphenazine with a further solubility problem t;;ing experienc;d in the refluxed solutions for
the two phenothiazine derivatives containing B-hydroxyethyl groups attached to the piperazine

side-chain i.e. ﬂuphehazine and perphenazine. These solubility problems did not permit an

accurate assessment of the stability of the derivatives under basic conditions.

Oxidation

Literature reports §uggest that the accepted method for the assessment of the oxidative
stability of compounds involves dissolving the respective derivatives in water with the addition
of hydrogen peroxide.” ** > The solution is then either left to stand overnight with stirring or

heated for several hours.
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Solubility of the two chloro-derivatives, prochlorperazine and perphenazine in water precludes

the use of this method of oxidation in stability assessments for these compounds.

-

L 3

Awrecent investigatic;n by Al-Obaid et al. repod; the preparation of the sulphoxide’é of three
phenothiazine derivatives: perphenazine, trifluoperazine and triflupromazine based on
Davidson’s procedure involving the dissolution of the derivatives in methanol, prior to the
addition of the oxidizing reagent, a mixture of hydrogen peroxide and glacial acetic acid which
overcomes the problem of poor water solubility for the chloro-derivatives.*” However the
inclusion of methanol may result in the formation of solvent addition products as has been

reported by Sharples in the presence of light.*

As’sulphoxidation has been reported as a major degradation pafhway for the phenothiazine
derivatives, oxidative degradation of the solutions to form the respective sulphoxides was a

necessary component of the specificity parametér of the method validation.

Owens et al. reported a nitrous acid method of oxidation,” which with some adjustments was
developed as the method, for the complete oxiafation of the foJr phenothiazine derivatives
under investigation (chapter 4). It is however noted that the method for the oxidation of both
chloro- and triflucromethyl-derivatives by Al-Obaid et al. is able to serve as an alternative

method for the oxidation of these derivatives.*

Ultraviolet Irradiation

Solution )

The use of an immersion-well photoreactor (400 Watt UV source) provided an accelerated
stress condition and exposure of the phenothiazine derivatives to the UV spectral range of

below 310 nm because of the quartz nature of the reaction vessel. This is as opposed to the

30 Watt Philips UV source and the use of clear glass ampoules.
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All solutions of the respective phenothiazine derivatives stressed in the presence of ultraviolet
irradiation displayed definite changes in colour. These colour changes were less intense in
those samples exposed to the 30 Watt UV Philips Lamp. HPLC analysis of these stressed

solutions indicated the presence of several different photoproducts.

Solid

Degradation of the solid material as a result of exposure to the 30 Watt UV Philips Lamp was
slow. The initial indication of degradation was observed in terms of a colour change of the
surfaces of the phenothiazine derivatives exposed. The colour change of the surfaces of the
derivatives stressed under the ultraviolet lamp could not adequately be accounted for in terms
of a decrease in the height of the drug peaks, nor in the appearance of additional peaks on

the chromatogram.

Fluorescent Light / Diffuse Daylight (350 Lux)
Degradation of the solutions stressed in the presence of the fiuorescent lights wer‘éwslow. All

solutions stressed under the fluorescent lights became coloured with some indication of

precipitation, the intensity of which varied for the respective derivatives.

Sunlight (Gossen Lhnasix 3, Serial Nufnber 2E00971, 44000 Lux)

Degradation of the solutions on exposure to direct sunlight was{ rapid. The extent of
degradation of the stressed solutions after 90 minutes of exposure was approximately
equivalent to that observed for sarhples stressed under the 30 Watt UV Philips Lamp, after

E

32 days.
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Heat

Solution

Of the respective phenothiazine derivatives ynger investigation, only the two chloro-
dierivatives: prochlbrperazine and perpﬁenafm’e were affected by heating in soidtion. The
percentage degradation of solutions of prochlorperazine and perphenazine on heating, was
21.18 and 1.46% respectively. Solutions of the trifluoromethyl-derivatives: trifluoperazine and

fluphenazine were stable on heating under these conditions.

Pawelczyk et al. report the thermal degradation of aqueous and buffered solutions of the
phenothiazine derivatives in the presence of aerial oxygen to proceed due to oxidation of the
ring sulphur atom in the phenothiazine nucleus (sulphoxidation)-via an intermediate step of
free radicals for prochlorperazine and trifluoperazine, and that this is dependent on the nature

of the R, substituent with the trifluoromethyl-derivative more ;fgable than prochlorperazine >

Solid
No degradation was apparent in any of the stressed powder samples, thus the respective

-

phenothiazine derivatives were stable on heating in the solid state.

2.6 Analysis Using Photodiode Array Detection

Photodiode array detectors allow the evaluation of the homogeneity of chromatographic peaks
which is important in support of method development as well as in support of the method

currently in use.

As selectivity of a method is the ability of the procedure to measure an analyte in the presence
of components that may be present in the sample matrix, it is reported that selectivity must
be demonstrated by testing mixtures of inactive excipients, drug degradation products, and,

as appropriate, synthetic impurities.
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The need to ascertain the purity of the drug peaks in the stressed samples in order to justify
their use in the development of degradation profiles leads to the use of photodiode array

detection, as this technique allows the assessment of peak identity and integrity.
- N &

Photodiode Array HPLC Analysis

Reagents .
All chemicals were of at least analytical grade. Acetonitrile (HPLC grade) was purchased from
Burdick and Jackson. Water for chromatography was obtained using a Milli-Q Plus® water
purification system, filtered with a Q Pak, purification pack suitable for water pretreated by

reverse osmosis, consisting of an initial 0.5 um prefilter, activated carbon, nuclear grade ion-

exchange resin, and an Organex-Q organic scavenger mixture. -

Final Chromatographic Conditions

Mobile Phase: Acetonitrile: water: glacial acetic acid ( 60:40:1 v/v), 5x 10° M

sodium 1-pentane sulphonate.

Solvent: Acetonitrile: water (70:30 v/v)

Column: HBondapak, C1‘8€ (3.9 x 300 mm.i.d.) 10 ym, 125 A.

Flow Rate: -1 mL per minute e
Injection Volume: 4 , 60 pl |

Column Temperature: Ambient

A modular HPLC Beckman System Gold consisting of a Programmable Solvent Modular 126
constant-flow pumjp, with a System Gold Diode Array Detector Module 168 UV detector set
at 254 nm, scanning from 200 to 598 nm, an Olirite Computer System and a rheodyne fixed

loop 20 uL injector (Model 7125) was used.
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Standard Preparation

In order to provide standards against which the stressed samples could be assessed, a
standard preparation of the respective phenothigzige derivatives was prepared by accurately
;veighing 25 mg of ihe phenothiazine derivative, and transferring to a 50 mL volljhetric flask

with addition of solvent to volume.

Sample Preparation
25 mg of the stressed solid material for the respective derivatives was accurately weighed and

transferred to a 50 mL volumetric flask, which was made up to volume with solvent.

Method

Stock samples of the derivatives provided standards agéinst w'hrich the stressed samples can
be evaluated, which involved dissecting the peaks for the stresséd and unstressed derivatives
at three points: up slope, apex, and down slope“ with the sections for stressed and unstressed

samples overlayed and normalized at 254 nm.

Results and Discussion

It is accepted, with the diode array detection system utilized for these investigations, that the
occurrence of a sing4le line on the baselihe belo;/v the chromatogram signifies the elution of
a single compound, while a double line below the peak(s) would indicate the coelution of two
compounds. In addition to this, graph analysis of the stressed sample against a standard
allows the investigation of the peak for spectroscopic homogeneity by the normalization of
sections of the twojpeaks: stressed versus unstressed sample, at the A_,,. Two compounds
however with identical spectra may coeulte and not be diagnosed. This introduces
coefficients of correlation for the normalized regions. Deviation of the correlation coefficients,
from 0.95, in conjunction with a double line on the baseline below the peak(s), suggests peak

impurity, with the possible coelution of two compounds.
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Solid

The colour change of the surfaces exposed to ultraviolet irradiation for the phenothiazine
derivatives under investigation suggests the po;ssi&ble degradation of these samples. As no
évidenoe of degradétion by the appearar;ce of a/'dditrional peaks or a decrease in beak height
of the drug as compared to a standard in the chromatogram was observed on HPLC analysis,
for the solid materials stressed under the 30 Watt Philips UV lamp, photoding array detection
was employed to ascertain the integrity of the drug peaks for the respective derivatives, and
to analyze specific areas of the drug peaks. Photodiode array determinations for the
phenothiazine derivatives under investigation confirmed the integrity of the stressed samples,
in spite of the surface effect observed in these samples, allowing for the only possible

explanation to be that of a concentration effect.

Solution

The chromatograms obtained on the use of diode array detection of the stressed samples in

solution displayed a single line below the respective parent phenothiazine péak.‘ ishotodiode

array determinations of solutions of trifluoperazine, however, stressed in the presence of

- -

sunlight, as well as solutions stressed in the immersion-well photoreactor, suggested the
coelution of two degradation products due to the occurrence of a double line below one. of the

degradant peaks in the c,hromatog,rams.r

It has been reported that deviations of correlation coefficient data from 0.95, suggest the
coelution of two compounds, this however, should be supported by the occurrence of a double
line below that regfon of the chromatogram which would provide confirmation of impurity. In
the absence of a double line, correlation coefficient data is not sufficient to prove {he peak to

be impure.

The correlation coefficients obtained for solutions under the various stress conditions deviate
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in some instances from 0.95, however, the observation of a single line below the
chromatogram provides strong evidence of the elution of a single compound. The integrity
of the respective drug peaks has thus been proved, This deviation in correlation coefficients
for the stressed s;amples could possibly bé: due to slight changes in pH of the stressed

solutions causing changes in retention times.

Solutions of the phenothiazine derivatives under investigation have been reported to undergo
changes in the pH of the solutions after being stressed under the above mentioned

conditions.®

2.7 Conclusion

Clérke reported that the analysis of drug substancgés andr;ﬁnished products within the
pharmaceutical industry is performed to satisfy both manufacturer and regulatory authority
about the quality, integrity and stability of the medicine to be administered t_o thke patient. A
survey conducted by the Pharmaceutical Analytical Sciences Group (PASG) in 1992
determined the current practice employed in the validation o_f analytical methods for drug
substances and drug products in the United Kin;dom (UK) pharmaceutical laboratories. The
survey was divided into method validation parameters employed for drug substance and drug
products. The invesﬁgation indicates that the Highest degree of consistency seen in the
application of validation parameters to chromatographic techniques, specifically in the case
of HPLC, where there was good agreement over which parameters'should be applied to
method validation. This reflects the Qniversal application and dependence on this technique

=

within the pharmaceutical industry.*

The investigation sought to determine the specific details of how each validation parameter
was applied to a particular sample type and also the test. Validation parameters in the survey

included: accuracy, precision, linearity, limit of detection / quantitation, ruggedness, selectivity,
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and system suitability. The survey marde evident the validation parameters most frequently
applied to the validation of bulk active and finished products by all the pharmaceutical
laboratories, to be selectivity, accuracy, precisio&n, LOQ and LOD, solution stability, and
I}neaﬁty. Ruggednéss, and sensitivity determinations were only applied in fewer ﬁwan 60% of
the cases.” The method for the validation of prochlorperazine, perphenazine, trifluoperazine
and fluphenazine considers the validation parameters reported as used by.pharmaceutical

industries in the UK, which are acceptable to regulatory authorities.

In order to facilitate the evaluation of the validation parameters, acceptance criteria shouid be
universally applicable, numerically and mathematically explicit and complete and achievable.
Jenke reports acceptable limits for a number of validation parameters: accuracy, precision,

specificity, linearity and sensitivity (LOD and LOQ) in Table 2.13%

The results from the validation study demonsffate excellent precision and accuracy for the
four derivatives, with no RSD values above 2% for precision studies and a ma>—<imurr‘{ ;ﬁeviation
from theoretical yield of 0.25% for samples of perphenazine only, providing a good indication
of the method’s performance. The range 0\7§r which to pe.r-form linearity experiments is
subject to some discussion. Pharmaceutical industries in the UK report that linearity is
determined over a range of 50 - 150% for bulk drug and bulk drug impurity assays, while for
finished product assays, the range is 75 - 125%, with a wider ranée for finished product
degradant assays.” However, Edwardson et al. report that it is usual practice to perform
linearity experiments over a range of 25 - 200% of the nominal concentration of analyte.>?

The range chosen for this investigation was 25 - 125% of the nominal analyte concentration
to allow for valid quantitation of the active drug during the degradation studies. Rc;gression
analysis of mean peak height versus concentration for the four derivatives demonstrated
proportional relationships, with correlation coefficients for the regression lines of 0.99 for

perphenazine, trifluoperazine and fluphenazine, and 0.98 for prochlorperazine. These values
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are within the acceptable limits for linearity.

Table 2.13 - Summary of Acceptable Limits of Validation Parameters.>®

- Validation Parameter Acceptabie Limftss
Accuracy ‘ 98 -102 % of :thve theoretical value
Precision < 2.0% RSD
Specificity Baseline separation between peak of interest and all other

analytical responses.

i Linearity Correlation coefficient of best linear least squares regression

model between 0.98 - 1.00.
LOD and LOQ No specific criteria exists.

The lowest amounts of analyte which can be reproducibly quéntifated above baseline noise,
for which duplicate injections resulted in a RSD < 2% afé 4.0 x 7j70'3, 3.5x 107 4.0 x 107, and
3.0 x 10° mg/mL for trifluoperazine, prochlorperazine; fluphenazine and perphenazine
respectively, while the lowest amount of analyte which can be detected above baseﬁ[ne noise
for the four derivatives is 4.0 x 10 mg/mL for trifluoperazine, and 5.0 x 10 mg/mL for
prochlorperazine, perphenazine, and ﬂuphenfzine respectivgly. The ruggedness of the
method can be determined within-laborator; and between laboratories, and is usually
assessed from the RSD obtained. In this investigation, ruggedness studies were performed
by two analysts betWeen laboratories. VNo RSb values were in excess of 2%, and the
difference in RSD for the derivatives between the two days ranged from 0.2 to 0.97. The
assay was also validated for any potential degradants in order that these compounds if

present could be quantitatively assayéd, which ensured that mass balance was demonstrated

throughout the stat;ility study.

The chromatograms of representative stressed samples containing degradation products for

the derivatives, Figure 2.7, indicate the separation of the parent / active component from
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Figure 2.7 - Representative chromatograms of stressed solutions of the derivatives in
a 400 Watt High-Pressure Mercury Lamp Immersion-Well Photoreactor.
interferences / degradants. No interfering peaks were observed in the chromatograms. The

method is therefore spedﬁc/ selective for prochlorpérazine, perphenazine, trifluoperazine and

fluphenazine.

A “typical” system suitability test applied to a chromatographic method includes tests for
precision, selectivityf and chromatographic performance, such as tailing factor and column
efficiency. The application of these system suitability procedures is extensively used in the
UK pharmaceutical industry.® The results obtained for the system suitability tests conducted
with the four derivatives demonstrate the suitability of the method with different systems for

the compounds under investigation, and in addition all experimental results are well within the
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limits set for the variables.

It can therefore be concluded that this initial vgliciation of the analytical method for the four
biperazine-substitdted phenothiazine’ derivatives: prochlorperazine, péfphenazine,
trifluoperazine and fluphenazine provides preiiminary assurance of the reliability of the
analytical procedures with further changes during development inevitable. This information
provides the foundation from which a new validation protocol can be prepared for subsequent
investigations. Development and validation of the HPLC method for the assay of the four
derivatives has provided some information on the susceptibility of the drugs to degradation
with the proposed degradation pathways reported in chapter 5, and ensured the absence of
assay interference by degradants and solvents employed in sample preparation. Thus the

foundation for the determination of the minor components / dégradants has been provided.
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CHAPTER 3: IDENTIFICATION AND PRELIMINARY LIGHT

-
e 3

STABILITY STUDIES

=

[ 53

Chapter 3 deals with: confirmation of the identity of the four piperazine-substituted
phenothiazine derivatives used in this study: prochlorperazine dimaleate, perphenazine,
fluphenazine dihydrochloride and trifluoperazine dihydrochloride in the form of appearance and
solubility characteristics (relevant in chapter 4), comparative literature and experimental
melting points, IR, UV, MS and NMR values as well as further information on the preliminary
stability studies in the presence of various light sources.

3.1 ldentification

Table 3.1 - Four Piperazine-Substituted Phenothiazine Derivatives.

R, - Riga- Compound

-Cl -CH;3 Prochlorperazine

@‘@ -l _CH,CH,OH Perphenazine
R2

L rh/_—\—R -CF, -CH, Trifluoperazine
CHy) 10
__/

-CF3 -CH,CH,0H Fluphenazine

Prochlorperazine dimaleate:
2—Chloro-10-[3-(4—methy|-1Qpiperazinyl)propyl]-1OH-phenothiazine dimaleate, is characterized
by a white or pale yellow, almost odourless, crystailine powder, with a slightly bitter taste.*
Perphenazine:

4-[3-(2-Chlorophenpthiazin-10-yl)propyl]-1-piperaziqeethanol, is characterized by a white or
creamy-white odourless or aimost odourless powder with a bitter taste.*

Trifluoperazine dihydrochlioride:
10-[3-(4-Methylpiperazin-1-yl)propyl]-2-trifluoromethylphenothiazine  dihydrochloride, is
characterized by a white to pale yellow, odourless or almost odourless, hygroscopic,

crystalline powder, with a bitter taste.*®
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Fluphenazine dihydrochloride:
4-[3-[2-(Trifluoromethyl)-10H-phenothiazin-10-yl]propyl]-1-piperazineethanol dihydrochloride,

is characterized by a white or almost white, odourlgss, crystalline powder with a bitter taste.>®

3.1.1 Methodology

infrared Spectra

“The infrared spectra of the four derivatives were recorded on a Perkin Elmer FT-IR
Spectrometer, Spectrum 2000, FT01 (KBr-diffuse reflectance). The comparative literature
values for trifluoperazine (mineral oil dispersion)® and fluphenazine (KBr from methanol)®'
were measured on a Perkin-Elmer Model 457A and 621 respectively.

U[traviolet Spectrometry

Thé ultraviolet spectra for all four derivatives were obtained in 95% ethanol on a GBC UV/Vis
Model 916, while comparative literature spectra we‘re récb?&éd in 95% ethanol on a Cary
Model 15.% ¢

Nuclear Magnetic Resonance Spectroscopy

The 'H- and C-NMR experiments were performed at 400.44 MHZ using a Bruker NMR
spectrometer. The probe temperature was regulated at 303 £+ 0.1 K with all spectra being
recorded in MeOH-d, with the exception of the 'H-NMR spectrum of fluphenazine wh;ch ‘was
recorded in D,0. The 'H- and BC-NMR spectra of trifluoperazine from the literature were
recorded in CDCI, on a Perkin Elmer 32 ('H) / Varian Associates Model FT-80 ('°C) with
tetramethyl silane as internal standard for trifluoperazine.®® ®'

Mass Spectrometry

Experimental MS data were obtained on a HeV\‘/I,eft Packard 5890 low resolution mass
spectrometer, using the Cl mode, while literature reports the mass spectrum of trifluoperazine
to be obtained by direct insertion into an Hitachi Perkin-Elmer RMU-6E low resolution mass

spectrometer and that of fluphenazine by low resolution on a MS-9.% ¢

78

\w
o



a|ge|leAe ejep ou,

sjgnjos  ?|gnjosuy] s|gnjos . 3|gnjos ssa|
- - Anyblis  Ajjeonoesd Awbis  Apubus  sogQpur) suizeusydni4
, a|gnjosu| :
alqnjos Apybis .- ~  Ajeopoery 00l U | bpury Zury suizesadonyjui L
| a|gnjosuj
< @n|g ui 3|gnjog ELuL  ogullL boury ozurL  Ajeanoeld suizeusydlad
, | w_nr_owc_ E._m\.s ul ajgqnjosu] a|gnjosu|
.- .- .- >=mo=om& a|gnjos Apybiis Alreonoelq  Ajjeonoelq suizessdio|yosoid
joyooly jAdoidas|  pIoy oUOJY20IpAH au0)ady Jay)3 wioj0JojyD _1oyoo)y i8)epn’ punodwon
— “ N Rt
s SOAIJBALIBQ BUIZBIYJoUBYd pajniisqns-auizeladid inod jo saipadold Ayjignios - £°¢ sjqe] =4
JIOA 0¥2/022 'zH 06 ‘shjeseddy juiod Bunjely dweyusjen,
u apuojyosoipAyip €22-0022 922-5'v2T - SONELIOPHYD -~ BEVPOLS suizeuaydn|4
" epuoiyooupAyip 44 AVEA AN A VKA 74 SEN*S%0%H"0 L11v08Y auizesadonpii)
aseq /6-0G6  00L-0'96 SOENIO*H"D . 0000%0p suizeusydiad
ajesjewip 002-0'86L  €02-0'86} S"OENIO®H¥ D ‘ 1680°909 auizeladiolyosold

Jeluswuedxy  sinjesd

yes (D,) w04 Bunsy <BINULIO JEINOSjON SSE Jejnosjopy punodwo)

*SOAIJBALIa(] dUIZRIYI0USYd pajniiysqng-auizesadid Jno4 Jo uonjeziajdRIRYD) - Z°¢ d|qel

UuoIsSsSnNISIg pue s)Nsay Z2°L°¢



‘auizesadiofyooad Joj wnajoads paseyu] - | ainbiq

2

000z 000€ : 0000t
~ — 00

F-wo
0°0LE  00% 0001 0081
v A

i

- g
o

Hta (1]

- 09

F¢o

08




-aujzeuaydiad Joy wniyoads pasejuj - ¢ ainbi4

00Le 00§ 0001 00s1 . 000z 000t 0°'000%
_h i - 1 i O.c

IS

01

Sl

0T

)

ot

Mot
: 1%
, " os

R1Y

09
$9

FoL

08

S8
06

-

S6

0001



ooLe 00§
L A

0001

00s1

[

‘aujzesadonjyiy Joy wnuyoads pasesju) - ¢°¢ anbiyg

'

2

000 000¢ 0000t
i i

B

00

rs

L%

S8

06

" $6

T 07001

LY



0oLE

00

P

0001

‘aurzeuaydny 10j wnuyoads pasesjul - ¢°¢ a4nbiy

000¢

0 000%

00

J%

09

06

S6

~ 0001



a|qeondde jou ,

L 33

'

oeL . 08, GeL 092 o ogl ‘ 052 dnewoJe paynisgns-z°y < .
v [+
. Jljewose N
. Glg 628 G508 628 088 painjiisqnsul-4'Z’L
,‘.., GZLL Gl
z11 ‘ogel GLLL ‘OvEL ‘0L€L ‘0ZEL  ‘O¥EL ‘OZEL o - £40
Syl )2 4" 0ivi
" '0LvL ‘0091 .'04S1 ‘0091 0cyl ‘0091 ‘0461 ‘009! oLyl ‘09¥1 ‘029l oorl ‘og9l Jnewole ‘D=0
w0 w0 , Wwo w0 w0 Wi
[eyuawpadxy Lodnjesa |eyuswiadxy w@INjesa)] [eyuswadxy Jeyuawuadx3
suizeuaydni4 auizeladonpu | suizeuaydiad auizesadiojyooid Juswubissy

1

"SaAlJeALIag auizelyjouayd paynjiysqns-auizesadid Jno4 Joj spueg jo Juswubissy |esjoadsg paldesju| - p'¢ ajqe)



k!

,,.,nm.o L'LE 69t 09l¢ co’t oclLe 0L’} 9cee st goge
‘990 '8¢ lg’e  0°00¢€ 080 (3 4°T4 14 8'16¢ 86} 9'06¢

1861 L'vSe 65V 0'v9¢ 0lL’L ¥'.8C oSy 0'v9e 10°1 1°18¢ €90 ¥'98¢
1 8€°L 8'6cc  8C¥ 06eEC 1S°L 8'6c¢ 0S¢ G',0¢€ iz L0Le . ¥8'0 0cle
3607 (wuy 3607 (wu)y 3 bo (wu) y 3 6o (wu) y 3 607 (wu) y 3 6o (wu) y
[ejuswadxy Lednjessy [eyuswuadx3 wedinjesa Jejuswisadxy jejuswpadxg
auizeuaydn|4 auizesadonyu | suizeuaydiad aujzesadiojyooid

‘|oUBYIT %G6 Ul SIAIRALIa( BUIZeIyjouayd pajnipsqng-auizesadid Jno4 Jo ei30ads Ja0IARHN - S°C d|qel



sulzeusydiag

leve 0L {"H) (yeed aseq) 00°00} 0L LH0)
zeel , ehl {ON*HD) 69°0 €Ll LON"H%0)
(ead aseq) 00001} 082 AO'N“HO-W) €8'/1 8be AS'NE'HO-W)
059 90€ - CNTHSO) 'oebLlL 90€ ONEHSO-W)
9022 LeY W 28'€T L0¥ W
(%) souepunge aAlejey zZ/w . uo| (%) edouepunge aAle|ay F707} uoj
;,., suizeuaydn|4 K auizesadonjju
panuniuod 9'¢ ajqey
"
" vLLL 0L COH)
| €0 epl {ON"'HD) (yead aseq) 00°001 €Ll LN HD)
(ead aseq) 00°00} 14 JON“HDO) 99°01 474 (SNTHO-W)
v lE'8 zLe LONEHTO) L00L 2L LONEHOW)
ov'ze cop N €e'8l €l¢ W
(%) @ouepunge aAle|ay zZ/w uo| (9) @duepunge aAlejey zZw uo|

auizesadiojyoolid

"SaAIJRALIS(Q dUIZBIYjoudyd pajniisqng-asuizesadid Jno4 103 eje( jeyuswiiadxy Ajawoaioads ssep - 9'¢ 9|qe

86

L

-
A

#



CF3 g CFs
o A 9 . )
a d ¢ a d ¢
e N/—.\N_‘:H3 e H—EH}—CHZ—OH
\ / b \_/ b h i
- d' c d ¢
33 34

Figure 3.5 - Assignment of protons for a typical piperazine-substituted phenothiazine
(33) methyl derivative and (34) B—hydroxyéthyl derivative ("H-NMR), (35) methyl derivative

and (36) B-hydroxyethyl derivative (*C-NMR).®
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Table 3.8 - *C-NMR Data for Four Piperazine-Substituted Phenothiazine Derivatives.

Carbon Prochlorperazine “Trifluoperazine

B Experimental * = Literature® Experimental
a 24.89 T 2415 22.89

b 46.27 45.23 45.29

c 46.79 45.95 4575

d 52.80 53.26 51.30

e 54.60 55.16 55.77

f 113.40 110.80 113.45

g 116.80 115.88 117.85

h 119.60 118.83 120.74

i 123.70 , 12296 - 124.61

i 125.60 123.84 126.63

k 128.35 127.54 128.79

| 128.76 12739 129.01

m 128.99 127.30 12929 ..
n 126.26 129.56 131.50

0 133.67 ‘ 129.79 132.50

p 145.60 © 14423 145.18

q 146.80 145.68 14728

r o ) - 12429 130.57
* not applicable '
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Table 3.8 continued

Carbon Perphenazine - Fluphenazine
- Experimental - . Experimental
a 2491 22.90

b 46.13 45.28

c 46.75 45.78

d, d 54.01 5581
‘e, € 56.33 56.54

f 117.09 113.44

g 117.38 117.86

h 123.31 120.74

i 124,13 "~ 124.96

i 125.10 - 126.32

k 128.38 128.80

| 128.73 S 129.02

m 128.97 129.30

n 126.04 132.58

o 134.37 134.37

p 145.79 145.20

q 148.03 147.30 N
r -* ‘ 131.05

s | 59.80 59.52

* not applicable

3.2 Light Stability Studies
3.2.1 Introduction

A study of instability problems in pharmaceutical products is important since there are at least
six possible results of drug product instability i.e. loss of the active drug, vehicle and content
uniformity, reduction of bicavailability, impairment of pharmaceutical elegance and production

of potentially toxic materials. Light stability studies may have implications in terms of loss of
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the active drug, its effect on the elegance of the preparation and the production of potentially
toxic photoproducts and this study focuses on the loss of the active drug and the resulting
production of degradants.®? Since normal stress long-term stability studies are sometimes
unacceptable to fhe industry in terms of time constraints there is a need tc;accelerate
physicochemical changes through high stress short-term situations, however, these predictive
measures are more risk-orientated the higher the stress employed, since i,; is possible that
such conditions will give rise to reaction rates, mechanisms and by-products which are
different from those under normal stress conditions. There are various factors affecting the
stability of a solid dosage form, including moisture and pH, oxygen, light, and the crystalline
state. Many drugs are subject to oxidative degradation on exposure to dry heat, while others
undergo air oxidation or other chemical reactions in the presence of oxygen. Pharmaceutical
compounds such as vitamins, sulphonamides, antibiotics, local anaesthetics, steroids and
phenothiazine derivatives are susceptible to photolytic deterioration.®

A simple method for photolytic degradation is ilrlustrated in Scheme 3.1 where A is excited to

Ky
> K3
A + hv ¢ A* + A ——>» P
ko

Scheme 3.1% .
A* which may retum to the ground state of_react with a second molecule and decompose into
products (P). On irradiation of coloured solid dosage forms, the fading rate is greatest during
the initial stage confirming that photolysis is a surface phenomenon. Drug stability is affected
by both the intensity and the spectral character of radiation with ultraviolet light, not
withstanding its lower energy than X- and y-rays causing as much photolytic damage.
Protection for a UV-sensitive formulation can be effected by packaging or the inclﬁsion of an
excipient which absorbs in the desired UV region.® A stability liability with respect to certain

liquid dosage forms, particularly small volume parenterals is photochemical and oxidative

decomposition reactions. Although both of these reactions are free radical mediated, it must
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be noted that a photochemical reaction can occur in the absence of oxygen and oxidative
reactions can occur in the absence of the catalytic effect of light. In the case of ampoules,
the large surface area to formulation volume ratio allows maximum light impingement on a
relatively dilute drﬁg solution and the short ﬁath length. [n addition, the head s'pace gas to
formulation volume offers a presence of molecular oxygen. As previously mentioned in the
solid state studies, stress testing may not be meaningful for stability prgjegtions, especially
\for a true chain reaction with an efficient propagation step. Irradiation stress testing is widely
used from a qualitative point of view, although the quantitative estimate of photolytic
decomposition based on stress testing has proved to be difficult. From a practical point of
view for the pharmaceutical scientist the first 10-20% degradation on irradiation of a
commercial dosage form is most significant. Approximate-first-order behaviour has been
predicted for dilute solutions, but approaches pseudo-zero-order kinetics in more concentrated
solutions. In the work by Mendenhall further research into the use of accelerated light stability
to accurately project decomposition rates under normal room lighting is continuing. VPurg‘ing
the solution and head space with nitrogen, inclusion of anti-oxidants and cheiating‘é'gents and
the use of light protective packaging in the form of amber glass ampoules are available to the
formulator to enhance stability. However, in addition to inspection difficulties and cost
considerations associated with amber glass ampoules, leaching of iron and / or manganese

present in amber glass may cause decreésed stability associated with some drug products.®

The degradation of pharmaceutical products may be classified according to chemical,
physical, biological or a combination of more than one of these mechanisms. Although
kinetics has received recognition in assisting to deal with chemical problems, there are certain
limitations to be considered. Rhodes reports the limitations that the accuracy; precision,
sensitivity and specificity of the assay places on the kinetic interpretation of data and the fact
that often only the first 10% of the degradation reaction is of interest, such that the range of
experimental concentration values are small and inhibit the ability to differentiate a zero--from
a first-order reaction. These limitations expressed by Rhodes are partially offset by the fact
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that chromatographic methods, especially HPLC allow the development of stability- indicating
assays of acceptable precision.®? Moore further expresses reservations about the kinetic
treatment of, in this case photochemical reactions. Although the rate of photodegradation has
Been quantified in‘ terms of a rate constant,{the difficulty associated with repor‘t’ing kinetics
photochemically as opposed to the thermal reaction is due to the dependence of such
reactions on wavelength and intensity of the irradiating source and shape_ and distance of the
reaction vessel from the source. Thus aithough the rate of photodegradation of a dilute
solution of a drug may approximate first-order kinetics, these mixtures may only be compared
if exactly the same irradiation conditions are applied. For comparison of photoreaction rates

under different irradiation conditions, the experimental arrangement should be calibrated using

the ferrioxalate chemical actinometer.%

Various light stability studies have been reported under aerated conditions and are discusged
in terms of the methodology used, its inﬂuencé on and the kinetics of photodecomposition.
Midazolam was irradiated in ethanol due to its faster decomposition than in a‘qer;-sj solution
with the formation of the same photoproducts other than the solvent addition product®.
However, while irradiation of furosemide in aqueous solution gave rise to the dechiorinated
product, in methanol photoreduction and hydrolysis were reported.”’ In a study on the light
degradation of ketorolac tromethamine, photolysis in ethanol resulted in 94-101% of reacted
drug being accounted for, while in water the balance of the producté was pH-dependent.%®
The degradation of midazolam, furosemide and ketorolac tromethamine all followed good first-
order kinetics and in the case of the tromethamine salt at a concentration of < 2 ug/mL,
however at a concentration > 10 ug/mL non first-order kinetics were displayed. The fact that
at this concentration the solution is no longer optically thin is likened to the increase in colour
intensity of solutions of midazolam (15 mM and 20 mM), slowing down the rate of reaction and

resulting in a departure from linearity.® " %
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Of direct relevance to this study are the reports by Pawelczyk et al. who discuss the thermal
and photochemical degradation of aqueous and buffered solutions of perazine derivatives and
the fact that the quantum yield of photooxidation-was used for correlation with substituent

volumes highlights the importance of the R, substituent in these reactions.*" %

Due to information available on the photochemical degradation it is assumed that thermal
degradation results in sulphoxidation of the majority of these compounds. In these three
reports findings in respect of prochlorperazine and trifluoperazine are relevant to this
investigation.*" %5 Hammett plots and calculated thermodynamic parameters indicate that
a halogen substituent of type X or CX; at the 2-position on the phenothiazine nucleus results
in an increase in electron density on the sulphur atom by induction and resonance causing
inhibition of oxidation and thus a decrease in reactivity in relation to the unsubstituted
compound. Thus the R, substituent influences the thermal degradation of these compounds
with trifluoperazine exhibiting greater stability thanr prochlorperazine.”’” When considering the
photochemical degradation in acidic aqueous solutions of these perazine dérivati(/es, it is
reported that only perazine gives rise to two parallel reactions of photolysis and photooxidation
with R, substituents such as Cl and CF; preventing photolysis. In a further paper Pawelczyk
describes the effect of substituents on the photochemical stability of perazine derivatives by
determining physicochemical parameters such as the quantum yield of photooxidation, values
of pK,, and pK,, and volumes of the substituents at the 2-position on the phenothiazine
nucleus in order to allow for a broader interpretation of the kinetic results of their previous
papers.*! 4

Results showed that the basicity of these compounds increases with an increasg in the
substituent volume at the 2-position on the phenothiazine nucleus and the Hammett plot
confirms a relationship between the basicity and the rate of degradation i.e. the greater the
substituent volume at the 2-position on the phenothiazine nucleus, the lower the degradation
under the influence of light. The double lined Hammett plot suggesting two different
mechanisms of the reactions confirms the findings of the previous paper. To conclude the
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findings based on substituent volumes it is observed that trifluoperazine is more stable to
photochemical degradation under these conditions (a low-pressure TUV. 30 Philips UV lamp
with 254.7 nm of wavelength) than prochlorperazine. Thus these results indicate similar

thermal and photochemical stability for thesé two derivatives of perazine.*" %57

3.2.2 Methodology

A 1 mg/mL solution (in triplicate) of all four piperazine-substituted phenothiazine derivatives
in buffer (KH,PO, / NaOH, pH 6.4) was exposed to the following light conditions, Table 3.9

with subsequent analysis by HPLC (chapter 2).

3.2.3 Results and Discussion

Tébles 3.10 to 3.13 summarise the percentage drug remaining for each of the four derivatives

stressed under the four light conditions studied.

Exposure of the propyl piperazine-substituted derivatives to the 30 W Philips UV source,
sunlight and fluorescent 55 W Philips source / diffuse daylight does allow for some
comparison to be made in respect of their degradation rates, the systems were not de-
aerated. Since the study on the four derivatives in the presence of each light condition was
conducted simuitaneously the rates of degradation are thus dependent only on the nature of
the derivative and if any comparisons are made between the various light conditions, the light
source and the R, and R,, substituents must be considered. In order to quantify the
percentage of the derivative remainihg the HPLC method validation linearity parameter needs
to be confirmed over the required concentration range especially at the lower concentrations.
The lowest concentration at 4.51 x 102 mg/mL falls within the range of 6.0 x 102 mg/mL and
1 x 10 mg/mL reported in chapter 2 and the integrity of the drug peak in the HPLC
chromatogram is ensured due to selectivity / specificity results of the method validation

(chapter 2).
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Table 3.10 - 400 Watt-High Pressure Mercury Lamp (UV-Vis Range).

Time (Minutes) Phenothiazine Derivative % Remaining

_Prochlorperazine Perphenazine Trifluoperazine Fluphenazine

0 100.00 100.00 100.00 100.00
10 44.24 84.76 66.92 86.17
20 34.48 79.29 63.39  50.65
30 25.89 65.10 40.60 30.96

45 15.87 43.05 22.56 21.40
60 10.11 24.64 11.28 12.84
90 - 11.79 4.51 7.70

* % remaining is outside the range

Table 3.11 - 30 Watt Philips-UV Lamp.

Time (Days) Phenothiazine Derivative % Remaining

Prochlorperazine Perphenazine  Trifluoperazine Fluphenazine

0 100.00 100.00 100.00 100.00 .
4 44.10 44.10 73.45 " 56.56

8 46.76 33.06 47.19 47.37
12 38.46 19.27 55.08 40.42
16 30.04 19.70 46.88 40.55
20 29.67 18.04 46.67 36.95
24 25.30 ' 16.71 46.50 30.89
28 20.83 15.98 41.96 25.99
32 24.29 13.23 43.01 22.42
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Table 3.12 - Sunlight (Windowsill in direct sunlight).

Time (Minutes)  Phenothiazine Derivative % Remaining

Prochlorperazine Perphe‘naz.ine Trifluoperazine Fluphenazine

0 100.00 100.00 100.00 100.00
15 57.38 35.54 70.35 67.07
30 31.69 15.68 52.90 47.39
45 26.23 14.11 39.54 41.77
Gb 18.57 13.92 34.31 35.74
75 17.49 11.50 24 .42 30.72
90 12.57 7.19 -* 22.49

* % remaining is outside the range

Table 3.13 - Fluorescent / Diffuse Daylight - Philips 55 Watt/33 Lamp.

Time (Days) Phenothiazine Derivative % Remaining

Prochlorperazine Perphenazine Trifluoperazine Perphenazine

0 100.00 100.00 100.00 100.00
4 79.76 58.54 55.52 81.48
8 71.43 54.77 75.10 62.09
12 69.64 38.64 72.24 72.71
16 61.33 41.19 61.20 69.31
20 6220 33.86 57.23 53.95 ’
24 4877  35.98 61.02 62.58
28 60.25 40.07 62.07 65.09
32 57.89 31.81 58.70 61.64

The order of degradation on exposure to the 30 W UV Philips lamp and sunlight half-way
through the studies is from the most to the least stable, trifluoperazine, fluphenazine,
prochlorperazine and perphenazine. In the case of the fluorescent lighting, at 16 days the
degradation of perphenazine is 59% with trifluoperazine, fluphenazine and prochlorperazine
all at + 40 - 50% with an overall slower degradation rate compared to the other sources.

Irradiation of the derivatives in the photoreactor / 400 W UV source does not allow for
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_comparison between the derivatives since the experiments were not performed
simultaneously and no comparison can be made with the 30 W UV Philips UV source as
jrradiation is through quartz as opposed to clear glass. However, the order of degradation
does appear to t;e reversed with perpheriéiine, the most stable. This reqLIJ’ires further
investigation and the use of actinometry in order to allow for comparisons. It must however
be considered in the systems stressed over a long period of time, that the.presence of oxygen
_may be responsible for a changed reaction mechanism due to its complete consumption in

those systems, 30 W UV Philips UV and Philips 55 W Lamp Fluorescent / Diffuse Daylight.

As seen in Figures 3.6 - 3.9 the logarithm of the residual phenothiazine derivative
concentration (D) expressed as-a percentage of initial concentration (D,) is directly

proportional to the irradiation time.
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Figure 3.6 - 400 Watt UV - Photoreactor.
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The degradation of these compounds displayed first-order kineﬁcs with the pseudo first-order

rate constants (k) determined from the slopes of the linear plots and correlation coefficients

for these apparent first-order kinetic reactions presented in Table 3.14.

Table 3.14 - Apparent First-Order Rate Constants (Correlation Coefﬁcients).»

Phenothiazine 400 W UV 30 WUV Fluorescent Sunlight
Derivative (min™") (day™) (day™) (min™")
Prochlorperazine  0.0353 0.0334 0.0214 0.0217 -~ -
(0.9607) (0.9437) (0.8983) (0.9404)
Perphenazine 0.0246 0.1314 0.0732 0.0618
(0.9756) (0.9647) (0.9203) (0.9955)
Trifluoperazine 0.0354 - 0.0279 0.0181
(0.9894) (0.9237) (0.9895)
Fluphenazine 0.0302 0.0309 0.0263 0.0154
(0.9664) (0.9694) (0.9155) (0.9622)

Although Rhodes comments on the limitations placed on the kinetic interpretation of data due

to the lack of accuracy, precision, sensitivity and specificity of the assay® this is not the case
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in this investigation with precision confirmed with a % RSD at a concentration of 5 x 107
mg/mL of not greater than 1.86% and 4 x 102 mg/mL of not greater than 0.91%. All other
validation parameters are accounted for in chapter 2. These rate constants confirm the

instability of the chlorine-containing derivatiVésJ, especially perphenazine.

In these stability studies the rate of degradation presented as a semi-logarithmic plot of the
percentage remaining phenothiazine derivative expressed as a percentage of the original
versus time produces a series of straight lines. As mentioned by Moore these rate constants
can only be compared if these reaction mixtures of different phenothiazines are studied under
the same irradiation conditions.®® In the study this has allowed comparisons to be made and
the order of stability of the various-derivatives predicted under each of the light conditions.
Gu reports that drugs with absorption of greater than 280 nm have the potential for
decomposition in sunlight.® This may account for the rates of degradation of these
phenothiazine derivatives in the presence of suﬁlight conditions with a further observation by
Bundgaard that rate acceleration can be due to the higher temperatureé of th‘;solutions
exposed to sunlight contributing to these results.®” A comment by Andersin that an increase
in colour of the solutions hinders UV absorption of the reacting molecules thus slowing down
the rate of reaction® is relevant here, firstly since iradiation does produce colouration of these
solutions and secondly, this may explain tﬁe increased degradation from zero time to the first

sampling as compared to subsequent readings.

In conclusion these results in part concur with those of Pawelczyk et al. in that trifluoperazine
is found to be more stable than prochlorperazine. However, this study has extended the
investigation to include not only the effect of the R, substituent but also the R, gréup. Since
perphenazine is more susceptible to degradation than fluphenazine it is obvious that the R,
substituent is a primary influence, however, the fact that perphenazine is less stable than
prochlorperazine highlights the contribution of the R,, substituent to stability making this
41, 42,57

worthy of further investigation.
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CHAPTER 4: SULPHOXIDATION

4.1 Introduction

The photochemical breakdown of chlorpromazine and subsequent formation of thg ’sulphoxide
and hydroxy derivatives in solutions of chlor;;rémazine exposed to ultraviolet irradiation has
been reported.® ® 3 ¥* Early investigators reported the oxidation of the phenothiazine
derivatives in the presence of ultraviolet light to their sulphoxides to occur-as-a resuit of aerial
oxidation, while sulphoxidation is also reported as a common biotransformation pathway for
all phenothiazines.? The following scheme was proposed by Felmeister and Discher as a

probable mechanism for the formation of chlorpromazine sulphoxide:®
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Scheme 4.1°
It is believed that the main oxidative decomposition products of the phenothiazines are the
monosulphoxides, some of which have been found to be significantly less potent than the

parent compounds although chlorpromazine sulphoxide, has been reported to'be
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pharmacologically active and in sufficiently high concentrations has also been implicated in

the phototoxic side-effects associated with chronic administration of the drug.® & 3

Phenothiazine ring sulphoxides attain higher steady-state plasma concentrations than the
parent drugs during maintenance therapy. With the exception of chlorpromazine sulphoxide,
it is unlikely that the sulphoxides contribute to the antipsychotic activity of this series of drugs,

as.they have demonstrated negligible dopamine receptor binding.’

The poor stability of the phenothiazine series resulting in the prominent formation of the 5-
sulphoxide in both in vitro degradation studies and in vivo metabolism, the accumulation of
higher concentrations of the sulphoxide than the parent combou'n'ds during maintenance
thefépy with the phenothiazines, their lack of neurolepticv:. activity, and the implication of the
sulphoxides in the adverse effects commonly associated with this group of drugs, emphasises.
the importance of the synthesis of standards for comparison to confirm the_ presence of

sulphoxides as degradants in the photostudies undertaken in chapter 5.7 8 2>

Several methods for the oxidation of the phenothiazine derivatives have been reported, 2" 24
45, 47. 89, 70 with hydrogen peroxide most frequently used as the oxidising agent. Variations
within this application are evident from literature reports: Huang et al. determined a method
for the oxidation of trifluoperazine hydrochloride by means of the oxidation of an aqueous
solution of the drug with 0.3 mL, 30% hydrogen peroxide. The mixture was left overnight at
room temperature. After evaporatioh to dryness, the sulphoxide was recrystallized from
methanol.?* This method was utilised by West et al. in the synthesis of the sulphoxides for
the establishment of assay procedures for thioridazine, trifluoperazine, and their sulphoxides
and in the determination of the urinary excretion of these compounds in mental patients.”® An

alternative oxidation method developed by Davidson was used in a study conducted by Al-

Obaid et al. where methanolic solutions of perphenazine, trifluoperazine and triflupromazine
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(0.25 mg/mL) were oxidised to tﬁé corresponding sulphoxides with a solution of peroxyacetic
acid, which was prepared by diluting 5 mL, 30% hydrogen peroxide sQlution to 500 mL of
glacial acetic acid. After the addition of the peroxyaéetic acid to the phenothiazine solution,
the reaction mixture was left to stand at room temperature for 15 minutes, or until the reaction
had gone to completion, confirmed by the observation of a single compound on thin layer
chromatography.?” A recent report on the development of a photostability-indicating HPLC
method for the determination of trifluoperazine in bulk form and pharmacpe;utircal formulations
i:y Abdel-Moety et al. included the preparation of the sulphoxide by heating 100 mg of the drug
(base) with 10 mL of 15% hydrogen peroxide and 0.2 mL glacial acetic acid on a water-bath
at 60°C for 30 minutes. The solvent was evaporated under vacuum and the sulphoxide

recrystallized from ethanol.*

Owens et al. report the oxidation of several phenothiazine salts to their sulphoxides using a
hydrogen peroxide, as well as an aqueous nitrous acid method of oxidation. In the former
method 10 mL of 15% hydrogen peroxide was added to the phenothiazine ‘deriva’t’i?é, made
up to 100 mL with water and stirred for 3 days. The reaction mixture was made basic with an
ammonium hydroxide solution, the sulphoxide extracted into chloroform and the resulting
extracts evaporated to dryness with subsequent recrystallization of the sulphoxide from ethyl
acetate. The aqueous nﬁrous acid method of oxidation is considered at length iﬁ the
methodology,” as it isr the preferred method for the oxidation of prochlorperazine,
perphenazine, trifluoperazine and fluphenazine to their sulphoxides. The solubility of
trfluoperazine and fluphenazine parent compounds, however created the need to adapt the

reported method of oxidation if it is to be used for all four derivatives.

4.2 Methodology

Reagents

All chemicals were of at least analytical grade. Benzene, ammonium hydroxide solution
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(25%), ammonium acetate and sodium hydroxide were obtained from Unilab, Saarchem (Pty)
Ltd, heptane from E. Merck, Darmstadt, and methanol (HPLC grade) from Romil Ltd,
Cambridge. Water for chromatography was obtained using a Milli-Q Plus ® water purification
system, filtered with a Q Pak, purification “ba'ck suitable for water pretreated/’by reverse
osmosis, consisting of an initial 0.5 um prefilter, activated carbon, nuclear grade ion-exchange
resin, and an Organex-Q organic scavanger mixture,
Prochlorperazine, perphenazine, trifluoperazine and fluphenazine were kindly donated by

Lennon Ltd (Port Elizabeth, South Africa) and Fine Chemicals Ltd (Cape Town, South Africa).

HPLC Standard Preparation
20 mg of each phenothiazine sulphoxide was accurateiy weighéd and transferred to a 50 mL
volumetric flask and made up to volume with solvent, to prepare a 2 x 10" mg/mL standard

solution.
Equipment

® 32 pH Meter, Beckman 015-247665-A

Precisa 120 A, Mass Balance e

Final Chromatographic Parameters

Column: pBondapak, C18 (3.9 x 300 mm i.d.) 10 um, 125 A
Mobile phase: Meth>anoI: 30 mM ammonium acetate, (80:20 v/v), pH 6.5
Flow rate: 1.0 mL per minute

DetectorWavelength: 254 nm

Injection Volume: 60 pL

Column Temperature: Ambient
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A modular HPLC system consisting of an Iso Chrom LC (SP 8700) constant-flow pump
(Spectra-Physics), with a Lambda-Max LC variable wavelength UV detector (Pye-Unicam),
a Spectra-Physics integrator (SP 4290), and a rheodyne fixed loop 20 pL injector (Model

7125) was used.

Aqueous Nitrous Acid Oxidation’ L
Prochlorperazine and Perphenazine Sulphoxide

Prochlorperazine / perphenazine was accurately weighed into a 500 mL Erlenmeyer flask with
the addition of 250 mL of deionized water and 9 M HCI with stirring until a solution was
obtained. Excess aqueous sodium nitrite (1 g/ 10 mL) was added and the mixture stirred until
the reaction had gone to completion (HPLC). Nitrogen gas was bubbled through the solution
féf approximately 2 hours to remove nitrogen oxide gasés prior fo work up. The solution was
extracted twice with 40 mL portions of chloroform to remove impurities, and the chloroform
discarded. Ammonium hydroxide solution (25%) was added (pH 10) to release the sqlphoxide
free base, which was extracted with two 100 mL portions of chloroform.‘ The: scombined
chloroform solution was washed twice with 100 mL portions of water, allowed to stand for 10
-15 minutes and then filtered. After removal of the chloroform by evaporation, the resulting
sticky residue was crystallized by repeated trituration with of hot heptane. The final product

was then recrystallized from ethyl acetate.

Trifluoperazine and Fluphenazine Sulphoxide

The method of synthesis is essenﬁally as above. While the chioro-derivatives require the
addition of acid in order to facilitate dissolution in aqueous media, the trifluoromethyl-
derivatives are readily soluble in water, and the addition of acid prior to the dissolution causes
precipitation. It is thus essential to first obtain a solution of the trifluoromethyi-derivatives in
water before the addition of the required amount of sodium nitrite and acid.

The free sulphoxide base is extracted with ether and after evaporation the oily residue
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dissolved in benzene. This extraction and crystallization procedure was adapted from the

method for the synthesis of fluphenazine sulphoxide proposed by Kreyenbuhi et al.”' After the

addition of a small volume of hexane, refrigeration overnight induced crystallization. The

resultant product was recrystallized from ethS/I acetate.

Table 4.1 - Preparation of Four Piperazine-Substituted Phenothiazine Sulphoxide

Derivatives. -
~ Phenothiazine Amount 9 M HCI (mL) Sodium Nitrite (mL) % Yield
Derivative Weighed
Prochlorperazine 3.0325¢g 30.0 15 56.24
Perphenazine 47704 g 16.5 25 87.93
Trifluoperazine 0.9613 g 15.0 50 82.06
Fluphenazine 2.5125¢g 5.0 25 29.65

4.3 Results and Discussion

To confirm the identity and purity of the sulphoxides the following methods-were~éﬁployed:

HPLC, TLC, mp, accurate mass and elemental analyses, MS, UV, IR, and NMR.

HPLC

The presence of a single peak in each of the HPLC chromatograms confirmed the oxidation

of the parent drugs to a single compound, the retention times of which are shown in Table 4.2.

Due to the polar nature of the sulphoxides, as a result of the addition of the oxygen atom into

the molecule, the retention times were significantly shorter than those of the parent

phenothiazines.

Table 4.2 - HPLC Retention Times of the Sulphoxides and Parent Phenothiazines.

Phenothiazine Derivative

Parent Drug R, (min)

Sulphoxide R, (min)

Prochlorperazine
Perphenazine
Trifluoperazine

Fluphenazine

~12.5
~7.3
~12.0
~73

~7.8
~53
~74
~5.2

108



TLC

Thin layer chromatography of the respective sulphoxides dissolved in methanol, was
undertaken using precoated, chromatographic plates, Silica gel 60F,5, on aluminium support,
E. Merck, D-6100 barmstadt, Federal Repubﬁc'Germany. The plates were developed using
two different solvent systems and then air-dried and visualised under short-wave ultraviolet
light. The R, values for the synthesised sulphoxides are compared with these documented
in the literature, and the results are given in Table 4.3.

Table 4.3 - Comparative R, Values for the Sulphoxides.

Phenothiazine Derivative R, Values (Experimental) R, Values (Literature)”'
A* B* A B
Prochlorperazine sulphoxide  0.40 0.20 o 0.31 0.23
Perphenazine sulphoxide 0.49 034 0.44 0.28
Trifluoperazine sulphoxide 0.47 0.41 - -
Fluphenazine sulphoxide 0.43 - 0.32 0.51 0.29

* Solvents A: ammonium acetate 3 g, water 20 mL to 100 mL with methanol.

B: methanol-benzene, 50:50 v/v.”!

In addition to the similarities in R, values between the synthesised sulphoxides and literature
values, a single compound on the TLC plates for the four synthesised sulphoxides Verﬁﬁed

their purity.

Melting points determined in open capillary tubes with a Gallenkamp Meiting Point Apparatus,
50 Hz, 220/240 Volts, are reported uncorrected. Accurate mass determinations were
performed by the Mass Spectrometry Unit, Cape Town and elemental analyses of the

sulphoxides obtained from the CSIR, Pretoria are listed in Table 4.4.
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The MS data, Table 4.5, obtained for the synthesised sulphoxides show similar fragmentation
patterns for both the chloro- and trifluoromethyl-derivatives. The MS data for the chloro-
cjerivatives illustrate common product ions at m/z 319, 246, and 139. Partial cleavage of the
piperazine ring in the side chain results in the formation of the product ion at n/z 319 for
prochlorperazine and perphenazine sulphoxides. Subsequent loss of 73 daltons (C;H;NO)
gives rise to a common product ion at m/z 246. The common product ion at m/z 139 for the
chloro-derivatives is a derivative of the side chain (CgHsN,)". Differences between the two
chloro-derivatives are indicated by product ions at m/z 232, and 169 for prochlorperazine and
perphenazine respectively. The loss of 14 daltons to form the product ion at m/z 232 for
prochlorperazine, is due to the cleavage of the methyl group from the ring nitrogen atom, while

in perphenazine the product ion at m/z 169 is a derivative of the side chain.

The trifluoromethyl-derivatives, undergo fragmentation to form the product ions at m/z 353,
and 280, which are identical to those observed for the chloro-derivatives, with the‘i_gifference
attributed to the substituent at the 2-position on the phenothiazine nucleus. Differences
between these two derivatives give rise to the formation of product ions at m/z 139 and 113
for samples of fluphenazine and trifluoperazine sulphoxide respectively. However for all four

derivatives the base peak is due to a-cleavage of the side chain.

uv

The method of oxidation used is speciﬁc for the synthesis of the respective phenothiazine
sulphoxides. However, further oxidation of the sulphoxide can result in the formation of the
sulphone, which has been reported by Wallace.”? Although these compounds have structural
similarities, their ultraviolet absorption spectra are different and characteristic for the specific
functional groups. Table 4.6 shows the differences in the ultraviolet absorption data for a
phenothiazine derivative, its sulphoxide and sulphone.® Davidson confirmed the presence

of the sulphoxide by a shoulder around 345 nm in the absorption spectra of aqueous solutions
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of the respective phenothiazines.®

Table 4.6 - UV Absorption Data for Trifluoperazine, its Sulphoxide and Sulphone, in 95%

Ethanol.%®
Phenothiazine Derivative UV Absorption Data (nm)
Trifluoperazine - 310 - 254
Trifluoperazine Sulphoxide 342 300 276 -- - 240
Trifluoperazine Sulphone 335 295 272 237

A shoulder in the absorption spectra of fluphenazine and trifluoperazine sulphoxides was
observed around 349.1 nm, while in the case of the two chloro-derivatives, the perphenazine
and prochlorperazine sulphoxides, the presence of a shoulder at 342.7 nm, for ethanolic
solutions of the respective samples was evident. The ultraviolet absorption spectra for
trifluoperazine, prochlorperazine, perphenazine and fluphenazine sulphoxides in 95% ethanol

are shown in Figures 4.1 - 4.2

——— Trifluoperazine

[ PR S T T W IO

----- Fluphenazine

Absorbance
~N
[+ -]
o)
?

ot ot 12 % 1

P

1

288.8 3688.8 4808.8
Wavelength (nm)

Figure 4.1 - Ultraviolet spectra for trifluoperazine and fluphenazine sulphoxide.
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Figure 4.2 - Ultraviolet spectra for prochlorperazine and perphenazine sulphoxide.

IR

It has been reported that the infrared, S=O, frequency for alky! and aryl sul’phoxiaé's falls in
the 1070 - 1035 cm™' range. The sulphoxide is thus readily identifiable by the presence of a
strong absorption band in the 1050 cm™' region. "> The infrared spectra of trifluoperazine,
prochlorperazine, perphenazine and fluphenazine sulphoxides were recorded on _ahF_’e(rkin
Elmer FT-IR Spectrometer, Spectrum 2000, FTO1 (KBr - diffuse reflectance). Table 4.7
contains the infrared data for the respective sulphoxides, confirming the presence of the S=0
in each case.

Table 4.7 - Infrared Data for the Sulphoxides.

Phenothiazine Derivative IR Literature Data” " IR Experimental Data
(S=0 stretching) (S=0 stretching)
Prochlorperazine 1030 1049.8 cm™’
Perphenazine 1000 1060.0 cm’”
Trifluoperazine 1000 1048.0 cm’”
Fluphenazine 1000 1054.7 cm’”
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NMR

NMR spectra of the parent phenothiazines and their oxidized products were recorded using
the same conditions as specified in chapter 3 on a Bruker AMX 400, and chemical shifts are
expressed in & (ppm). The assignmeﬁt of the protons ('H-NMR) and carbon.; ("*C-NMR)

refers to Figure 4.3.

g g g g
g 9 CF
g CF; g g 3
S (Ch ¢ (Ch
a d ¢ a d ¢
e p(_\—cng e mcw—cm—ori
\ / b AN / b i
d ¢ d c
33 34

Figure 4.3 - Assignment of protons 33, 34 ('"H-NMR) and carbons 35, 36 ("*C-NMR) for a
typical piperazine-substituted phenothiazine.

Since the protons ('H-NMR spectra) and carbons (*C-NMR spectra) are assigned in chapter
3 for all the derivatives the purpose of this chapter is to highlight the differences which confirm
the identity of the sulphoxides. Figure 4.3 assigns the protons and carbons for both a methyl-
and B-hydroxyethyl-derivative while Table 4.8 and 9 provide comparative ppm values for

selected protons and carbons. The introduction of the oxygen is expected to resultin a
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downfield shift of certain aromatic protons to a greater extent than others. Since these
aromatic protons have not been individually assigned, a downfield shift for the centre of the
broad multiplet of between 0.47 and 0.72 ppm is noted. However the carbons gxpected to
be most affected by the introduction of the oxyg-errw (k, I, m) have been assigned and downfield
shifts are reported (Table 4.9) as compared to those values obtained for the parent drugs with
the two chloro-derivatives, perphenazine and prochlorperazine and trifluoromethyl-derivatives,
fluphenazine and trifluoperazine, showing chemical shifts of similar magnitude. Based on a
knowledge of the assignment of the carbons in the *C-NMR, HMQC experiments to assign
the aromatic protons individually within the broad multiplet have proved unsuccessful at
present. Kreyenbuhl et al report a characteristic shift in the signal (triplet) due to the N,,-CH,-
protons from 3.9 ppm to 4.4 ppm.”' This is explained in terms of the increased
eiéctronegativity of the sulphoxide group causing tﬁe shielding of these protons to be

decreased. A downfield shift of a similar magnitude is observed for all four sulphoxides (Table

4.8) and is shown in Figure 4.4 for prochlorperazine as a representative example. -

ppa 4.5 4.4 ) 4.3 4.2 4.1

(b)

Figure 4.4 - '"H-NMR spectra of (a) prochlorperazine and (b) prochlorperazine sulphoxride.
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Because of the detection of the sulphoxides in vivo they have been studied in terms of the
conditions under which they are formed and this has led to extensive stability studies
investigating the influence of both light,andlgxygen. This chapter also includes numerous
references to the synthesis of various phenothiazine sulphoxides and proposes a method
which has application to all four derivatives included in this study.?" 24  47.6.70 The foyr
sulphoxides were synthesised in percentage yields ranging between 30 - 88% similar to those
achieved by Kreyenbuhl et al.”" and their identity and purity confirmed by HPLC, TLC, mp,
accurate mass, elemental analyses, MS, UV, IR and NMR, including comparative literature

values where available.
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CHAPTER 5: PHOTOPRODUCT CHARACTERIZATION

5.1 Introduction

Current intemational regulations of drug purity control within the International Conference on
Harmonisation (ICH) forum, require that impurities exceeding the 0.1% level are examined and
preferably identified. These impurities may result from degradation, impure starting materials,
or the synthetic procedure.” The selection of four structurally related phenothiazine
derivatives available in a variety of forms: liquid, tablet, suppository and as fine chemicals,
together with their associated poor stability prompted a detailed study to identify degradants

in solid state and solution samples stressed under various light-conditions.

During the course of the HPLC method development and validation, the four phenothiazine
derivatives were stressed under various conditions such as temperature, acid, bgse énd
oxidizing conditions, and light: ultraviolet irradiation, sunlight, and fluorescent light / diffuse
daylight. These stress conditions were used to validate the analytical monitoring method
developed in chapter 2 and serve as some indication of the nature of future stability studies
required.

Table 5.1 - Light Conditions for Stabilify Studies.

400 W-UV 30W-UV Sunlight 55 W Fluorescent /Diffuse Daylight
Solution v 4 v v
Solid v

Stability studies on solutions of the derivatives stressed under the various light conditions,
were performed under controlled pH conditions. During the course of the stability studies,
several low level degradants were observed in the HPLC chromatograms and UV spectra.
The presence of the buffer however restricted the isolation of pure degradants from the

stressed samples using semi-preparative HPLC. While, solid state studies on samples of the
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four derivatives allowed an initial investigation into the use of semi-preparative HPLC to
isolate the degradant(s) and parent compound(s), with a view to further characterization by

MS, NMR, UV, IR and elemental analysis.-

As no detailed structural information could be obtained from the analytical LC studies and the
inability to adapt the mobile phase to achieve separation in the absence of buffers precluded
the use of a semi-preparative HPLC system to generate pure degradants in the solid
degradation studies, liquid chromatography-mass spectrometry (LC-MS) was used to identify

the degradants from the solid state and solution studies.

Mass spectrometry (MS) provides information based on mdleéular mass and thus the
cor;nbination of HPLC and MS (L.C-MS) has been reported és a powerful and rapid method for
the analysis of drugs and biological substances. Analyses combined optimized HPLC
separation conditions on-line with an electrospray-MS interface to obtain m_oleculg_r mass
information from LC-MS chromatograms and structural information from LC-MS-MS spectra.
This technique is extensively used in the pharmaceutical industry and related laboratories for
drug identification, as well as screening and quantification.”® Examples of such a use are
illustrated in studies by Erickson et al., Qin et al. and Chen et al.™ ™ 7% Erickson &t al.
employed LC-MS to elucidate the structure of an impurity found at levels between 0.2 and
0.3% in some batches of metoprolol tartrate of non-Astra origin.”* While Beaulieu et al.
reported famatidine to degrade via hydrolysis and oxidation reactions to yield the respective
degradants, Qin et al. detected an unknown package-related famotidine degradate in an over-
the-counter formulation. LC-MS with an atmospheric pressure chemical ionization (APCI)
source was successfully applied to characterize the degradate.” Terfenadine, a non-sedating
antihistamine which undergoes first pass metabolism to result in the formation of two
metabolites, an “acid” and “alcohol” metabolite, which‘ had been identified and previously

documented, however, on LC-MS analysis of a human urine sample after oral administration

120



of terfenadine tablets, three additional terfenadine-related metabolites were detected by Chen

et al. Thermospray LC-MS was applied to elucidate the structures of these metabolites.”

5.2 Methodology

Reagents

All chemicals were of at least analytical grade. Ammonium acetate was ot;t_e\if’ied from Univar,
éaarChem (Pty) Ltd, and methanol (HPLC grade) from Romil Ltd, Cambridge. Water for
chromatography was obtained using a Milli-Q Plus ® water purification system, filtered with a
Q Pak, purification pack suitable for water pretreated by reverse osmosis, consisting of an
initial 0.5 um prefilter, activated carbon, nuclear grade ion-exchange resin, and an Organex-Q
organic scavenger mixture. |

Prochlorperazine, perphenazine, trifluoperazine and fluphenazine were kindly donated by

Lennon Ltd (Port Elizabeth, South Africa) and Fine Chemicals Ltd (Cape Town, South Africa).

Standard Preparation for Analytical HPLC Analysis

Solution Studies

A 1.0 mg/mL stock solution of each derivative was prepared in a buffer solution, pH 6.4
(chapter 2), and stressed under the conditions in Table 5.2. The transfer of 10.0 r‘n*L’o(f the
stressed stock solutioné to a 501 mL volumetric flask, made up to volume with solvent
(methanol: water, 70:30 v/v), was necessary for the preparation of 2.0 x 10" mg/mL standard
solutions used in LC and LC-MS analyses. All preparations were protected from light.
Solid Studies

A 2.0 x 10" mg/mL standard solution for each derivative was prepared by the transfer of 10

mg of stressed powder sample to a 50 mL volumetric flask and made up to volume with

solvent (methanol: water, 70:30 v/v).
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Standard Preparation for Semi-Preparative LC Analysis

Solid Studies

A 5.0 mg/mL standard solution for eachderiy{ative was prepared by the transfer of 50 mg of
a stressed powder sample to a 10 mL volumetr:ic flask and made up to volume with solvent.

The final solution was filtered through a 0.45 pm hydrophilic filter and protected from light.

Pt

Final LC-MS Conditions

Liquid chromatographic separations were performed on a VG Quattro Triple Quadropole Mass
Spectrometer fitted with an electrospray ionisation source by the University of Stellenbosch,
Department of Biochemistry, using a pBondapak, C18 column (3.9 x 300 mm i.d.), 10 ym,
125 A. The mobile phase was methanol: 30 mM ammoniumracétate, (80:20 v/v), pH 6.5, at
éﬁow rate of 1.0 mL/min, with a post column split to éive a flow of 90 pl/min into the mass
spectrometer. The source temperature was 80°C, the capillary voltage was 3.5 kV and the

cone voltage 30 V, except during the fragmentation runs, where it was 90 V.

Final Analytical L.C Conditions

In the analytical LC studies, reverse phase liquid chromatography using the above
chromatographic conditions was employed. The apparatus used in the investigation consisted
of a modular HPLC system with an Iso Chrom LC (SP 8700) constant-flow pump (Spectra-
Physics), a Lambda-Max LC variable wavelength UV detector (Pye-Unicam), an integrator

(Spectra-Physics, SP 4290) and a rheodyne fixed loop 20 pL injector (Model 7125).

Detector Wavelength: 254 nm

Injection Volume: 60 pL

Column Temperature: Ambient

Solvent: Methanol: water (70:30 v/v)

Final Semi-Preparative LC Conditions

The apparatus used consisted of a reverse phase LiChrospher, C18 column (10 x 250 mm
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i.d.), 10 ym, a guard column and an in-line filter. The mobile phase was methanol: 30 mM
ammonium acetate (50:50 v/v) at a flow rate of 1.0 mL per minute. A modular HPLC
Beckman System Gold consisting of aProg;rarhmable Solvent Modular 126 constant-flow
pump, with a System Gold Diode Array Detector Module 168 UV detector, an Olirite Computor

System and a rheodyne fixed loop 500 pL injector (Model 7125) was used in the investigation.

Detector Wavelength: 254 nm o F
Scanning Range: 200 - 598 nm

Injection Volume: 250uL

Column Temperature: Ambient

Solvent: Methanol: Water (70:30 v/v)

'f'he interfaces of LC-MS thus far developed do not al>l-ow for the use of non-volatile buffers,
due to the ionization in MS which is subject to interference by these non-volatile buffer
components.® Although recent studies report that this can be overcome w?th the use of frit-
fast atom bombardment MS (frit-FAB LC-MS),”" the traditional LC-MS system utilizes
ammonium acetate, a relatively volatile buffer. This led to the need to develop a mobile phase
which provided similar separation of the degradants and parent compounds as compared to
that used in the analytical LC studies, in the absence of non-volatile buffer components or ion-

pairing reagents.

5.3 Results and Discussion

Solution Studies

In the study on the stability of solutions of the four derivatives, between 5 and 8 unknown
peaks eluting at retention times shorter than the parent compounds were seen in the
chromatograms, implying degradants to be more polar in nature than the parent derivatives.
As no further information could be obtained on the nature of the degradants using LC, a

detailed LC-MS study to determine the molecular mass and thus assist in structural
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elucidation (LC-MS-MS) of the degradants and subsequent proposal of a degradation pathway

was undertaken.
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Figures 5.1 - 5.4 show the Total lon Current (TIC) chromatograms of representative stressed
samples for each derivative, to illustrate the resolution of the chromatographic peak of the
parent compounds at 12.68, 12.85, 11.23" and 9.39 minutes for proch}prperazine,
perphenazine, trifluoperazine and ﬂuphené;iﬁe respectively and their degradants. The
presence of the ammonium acetate in the solvent accounts for a very strong signal, m/z 391,
centred in the scanning range thus inclusion of this peak in the mass spectrum would cause
the disappearance of some of the weaker ions. Two scanning functions were established
from mvz 100 to 390, and from m/z 391 to 550, generating a set of chromatograms for each

of these ranges.

Prochlorperazine - In the solution studies on prochlorperaziﬁe, 7 unknown compounds with
fefention times of 4.0, 4.2, 4.5, 6.0, 8.7, 9.2 and 16.7 minutes were observed on HPLC
analysis, with the parent compound eluting at approximately 12.68 minutes. These peaks
have essentially the same retention times in the HPLC chromatograms as were detected in
the TIC chromatograms for the sample of prochlorperazine, stressed in diffuse daylight, Figure
5.1. Figure 5.5 shows the LC-MS chromatograms of each unknown degradant. These
chromatograms each consist of an intense peak representative of the protonated species
(unknown + H*). LC-MS confirmed the molecular mass of prochlorperazine to be 374, and
degradants 40, 41, 42, 43 and 44, are shown in Figure 5.6. There appears to be a common
pathway representative of all light stress conditions to result in the formation of these
degradants. Degradant 40, fonned‘by the elimination of the chlorine atom from the 2-position
on the phenothiazine ring is proposed to be the photoreduced product. The addition of an
hydroxyl group at the 2-position results in the formation of the 2-hydroxy derivative, degradant
42. The elimination of the chlorine atom from the 2-position on the phenothiazine nucleus
makes it available to interact with other species present in the solution, accounting for the
formation of 43, which results from cleavage of the side chain, with the addition of the chlorine

group. Loss of the chiorine group from 43, occurs to form degradant 44. A commeon in vitro
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degradation product and in vivo metabolite, which resuits due to oxidation of 39 is the 5-

sulphoxide 41.
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Figure 5.5 - LC-MS chromatograms of unknown compounds detected in stressed

samples of prochlorperazine.
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Figure 5.6 - Proposed degradation pathways for prochlorperazine.

The difference between the molecular mass of prochlorperazine and its degradants is
indicative of the substructural differences between these compounds. The structures are
based on the premise that the degradants retain much of the original prochlorperazine
structure, 39. Common product ions of prochlorperazine and those of the degradants were
evidence for common substructures and differences were indicative of variance in those
substructures. Figure 5.7 illustrates the MS-MS product ion spectrum of prochlorperazine at
m/z 374.38 (M + H*). Partial loss of the propyl piperazine side chain yields an ion at m/z
246.07, one of the primary product ions, followed by the loss of 32 daltons which corresponds
to the loss of the sulphur atom from the phenothiazine nucleus, to yield the product ion at m/z
214.16. Other diagnostic product ions common to all the degradants of prochlorperazine are

m/z 141.15 (CzH,;N,)" and 113.17 (C,H,3N,)", due to cleavage of the side chain.
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Figure 5.7 - LC-MS-MS spectrum of prochlorperazine, 39.

The product ion spectrum is a unique fingerprint for each cdmpound and can thus be used
f6|; structural elucidation purposes as well as conﬁrrﬁation of the presence of a suspected
compound. The LC-MS-MS product ion spectrum for the degradant at approximately 10.7
minutes, assigned by molecular mass information as dechloro-prochlorperazine 40 at m/z

340.27, is shown in Figure 5.8.
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Figure 5.8 - LC-MS-MS spectrum for the dechloro-derivative, 40.
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Photoreduction and photosubstitution of the chloro-derivatives are anticipated as a result of
irradiation of solutions of the derivatives, owing to the photolabile nature of chlorine. This
dechloro-denvatlve has a molecular mass 35 daltons less than the parent drug. Cleavage of
the piperazine ring mc!udung the N-methyl substltuent results in the formation of a product ion
at m/z 240.13. Subsequent loss of the ethyl group from the side chain, and a further loss of
the sulphur atom from the phenothiazine ring gives rise to product ions at+n/z 212.18, and
180.26, respectively. Formation of the 2-hydroxy derivative, m/z 356.34, another commonly
reported degradant of phenothiazine derivatives is as a result of photosubstitution. The
product ion spectrum for the component eluting at 8.7 minutes, shows it to be the
corresponding sulphoxide 41 at m/z 390.20, Figure 5.9, which is 16 daltons greater than the
parent drug due to the addition of oxygen. The characterisﬁc product ions at m/z 232, 139
éﬁd 113 are also evident in the mass spectrum of the“prochlorperazine sulphoxide standard
synthesised in chapter 4.
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Figure 5.9 - LC-MS-MS spectrum of prochlorperazine sulphoxide, 41.
Dechlorination of 41, results in the formation of a product ion at m/z 356.34 with subsequent

cleavage of the oxygen atom from the sulphur group and loss of a methyl group from the
piperazine side chain to form the product ion at m/z 325.93. Loss of 70 daltons (C,H;N)" is

responsible for the formation of the product ion at m/z 255.22. Further cleavage of the propyl
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group from the ring nitrogen atom results in a product ion at m/z 198.08.

Table 5.3 contains the relative intensities of degradants formed from prochlorperazine under
the various light conditions expressed as a percentage.

Table 5.3 - Relative Intensities expressed as a % of Degradants from Prochlorperazine.

m/z 400W-UV  30W-UV  Sunlight 55 W Fluorescent /

Diffuse Daylight

101 (44) 2.29 6.57 5.11 0.43
136 (43) 17.71 11.95 8.55 9.72
340 (40) 9.31 11.32 18.54 3.89
356 (42) 1.06 .8.54 8.10 - 044
390 (41) 1.28 8.62 14.47 0.66
429 1.53 8.78 4.51 0.29
527 2.96 5.62 : 4.89 4.90

Perphenazine - Figure 5.10 illustrates the MS-MS product ion spectrum of perpr;enazine at
m/z 404, a chloro-derivative, structurally similar to prochlorperazine. Fragmentation of the
derivative to produce a product ion at m/z 246.07 corresponds to the cleavage of the ethyl
piperazine side chain, occurring similarly in prochlorperazine. The presence of the pB-
hydroxyethyl group on the piperazine ring in the side chain of perphenazine is the principle
difference between these two compounds. Diagnostic product ions, evident in all degradants
of perphenazine, at m/z 171.10 (Cg_H19N20)‘, 143.13 (C;HsN,0)", and 100.04 (C;H,,N,)" are
representative of derivatives of the propyl piperazine side chain of perphenazine. The MS-MS
spectra for product ions at m/z 386, 420, and 370 correspond to components eluting at 5.54,
6.42, and 7.21 minutes respectively. Structural elucidation (LC-MS-MS) identifies the
formation of the dechloro sulphoxide, the sulphoxide and dechloro-derivative of perphenazine.
The ions resulting from the fragmentations are identical to those observed for the same

prochlorperazine degradants and are shown in Table 5.4.
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Table 5.4 - Product lons of Perphenazine Derivatives.

Proposed Structure Derivative + H'

_Perphenazine su!phoxide - 420 - 212.18  198.08 -*
Dechloro perphenazine sulphoxide 3865 ' 212.18 198.08 -*
Dechloro perphenazine 370 212.18  -* 180.01

* not evident
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Figure 5.10 - LC-MS-MS spectrum of perphenazine.
Table 5.5 contains the relative intensities of the degradants from perphenazine, expressed
as a percentage.

Table 5.5 - Relative Intensities expressed as a % of Degradants from Perphenazine.

m/z 400 W - UV 30 W-UV Sunlight 55 W Fluorescent /

Diffuse Daylight

136 (50)  13.37 10.26 14.23 10.64
370 (46)  26.85 23.70 33.95 18.90
389 (49)  5.42 4.42 9.02 3.41
402 (47)  6.55 6.37 7.56 5.31
420 (48)  2.35 3.69 > 5.36
429 4.26 4.35 > 3.08

* less than 0.1%

Figure 5.11 shows the proposed reaction pathway for the formation of the degradants of
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perphenazine (stressed solutions).
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Figure 5.11 - Proposed formation of degradants from perphenazine.

Similar degradation pathways for thé chloro-derivatives involve the formation of the dechloro-
derivative, the respective sulphoxides and the development of a degradant with a molecular
mass at m/z 429. It is evident from Tables 5.3 and 5.5 that solutions of perphenazine
stressed under the various light sources are more susceptible to photoreduction and
photosubstitution and thus have a greater tendency to undergo dechlorination as compared

to prochlorperazine. Because of these similar patterns for the two chloro-derivatives, the
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trifluoromethyl-derivatives, trifluoperazine and fluphenazine were examined for any similarities

arising in the degradants from the photostability studies. These data are reported briefly.

Trifluoperazine and Fluphenazine - HPLC"aﬁaIysis indicated the presence of 8 unknown
compounds in solutions of trifluoperazine stressed under the various light sources, the
retention times of which are 3.47, 4.53, 4.55, 6.55, 6.58, 7.43, 8.71 and -10.85 minutes, with
trifluoperazine eluting at approximately 11.23 minutes. These retention times are comparable
to those illustrated in the TIC chromatograms. 5 Unknown compounds were detected in
stressed solutions of fluphenazine. A similar pattern as observed for the chloro-derivatives
is evident for the trifluoromethyl-derivatives as structures of the degradants retain much of the

original parent compounds, trifluoperazine and fluphenazine. '

The LC-MS-MS spectra for the unknown components at m/z 424, 440, and 384 for
trifluoperazine and nv/z 454, 470, and 414 for fluphenazine were used tq eluqidate the
respective structures of the compounds, confirming the presence of the sulphoxide, sulphone
and detrifluoro-sulphone for both trifluoromethyl-derivatives. While similarities exist between
the derivatives, the additional peaks evident in stressed samples of trifluoperazine confirm the
differences between these two compqunds. These differences are explained by the
respective LC-MS spectra, indicating molecular masses of 400, 508, and 416, for the

unknown degradants of trifluoperazine.

LC-MS-MS spectra for both derivatives, illustrated a product ion, which resulted from the
cleavage of the side chain from the parent compound, with a molecular mass of 136 for
trifluoperazine and 105 for fluphenazine. Figure 5.12 proposes the reaction pathway for the

formation of degradants from trifluoperazine and fluphenazine.
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Figure 5.12 - Proposed pathway for the formation of degradants from trifluoperazine,

where R,;, = CH, and fluphenazine, where R,, = CH,CH,OH.
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While similarities are evident with respect to the nature of the degradants formed in the
stressed solutions of trifluoperazine and fluphenazine, the relative intensities of the
degradants differ, Table 5.6. The relative intensity of the sulphone which has undergone
cleavage of the trifluoro group from the 2-pos}ti;>n is between 16 and 55% for trifluoperazine
and is also the major degradant in the stressed samples. Although this degradant is present
in solutions of fluphenazine (relative intensity 2.39 - 8.27%), the most significant degradant

with a molecular mass of 136 displays a relative intensity of between 14 and 74%.

Common to all the stressed samples of the four derivatives is the occurrence of the
corresponding sulphoxides, however there is considerable variance in the relative intensities
of these degradants amongst the derivatives and this is duer to the nature of the conditions
of light exposure ( Table 5.7). "

Table 5.7 - Relative Intensities expressed as a % of Sulphoxides Formed.

Phenothiazine 400 W-UV 30 W-UV Sunlight 55 W-Diffuse
Derivative Daylight
Prochlorperazine 1.28 8.62 14.47 0.66
Perphenazine 2.35 3.69 -* 5.36
Trifluoperazine 0.31 273 3.09 -* S
Fluphenazine 9.01 151 0.47 2.19

* Less than 0.1% level

LC-MS profiling and LC-MS-MS substructural analysis are valuable tools for rapidly obtaining
the molecular mass and structural information conceming low-level impurities and degradants.
Degradation products in the stressed samples were elucidated on the basis of their
chromatographic retention times using standardized HPLC conditions, molecular mass
information obtained from the mass spectrum acquired during LC-MS profiling, and the
product ion spectrum acquired during LC-MS-MS analysis studies. The degradation products
formed in the stressed solutions of the phenothiazine derivatives are due primarily to oxidation

of the sulphur atom in the phenothiazine nucleus, as well as dehalogenation.
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Solid

Semi-Preparative Studies

Several detection systems were investigated inp an attempt to assess their application to semi-
preparative HPLC, including UV, Rl and diode array. UV detection has limited application to
compounds which absorb between 200 - 400 nm. The highly coloured nature of the stressed
samples however, encouraged further investigation into the use of RI defection. Diode array
detection was chosen primarily due to the conflicting results achieved on LC analysis in that
the samples were coloured but showed minimal degradation, therefore an evaluation of peak

purity was essential.

The need for components of the mobile phase to be voIaﬁle .to provide an isolated pure
séﬁple suitable for further analysis by NMR excluded tﬁe use of the mobile phase developed
for the analytical studies. The mobile phase developed for the LC-MS analysis of the stressed
solutions was considered and with polarity alterations to optimize sepgration_,‘_the final
chromatographic conditions were achieved. The mobile phase was methanol: 30 mM

ammonium acetate (50:50 v/v) at a flow rate of 1.0 mL per minute.

Diode array detection of the two fractions collected from the stressed solid fluphénazine
sample (7 months stressed under 30 W Philips UV lamp) from the semi-preparative HPLC
system suggested them to be pure, however, NMR and MS analysis of the fractions indicated

the presence of more than one compound in each fraction.

The samples from semi-preparative analysis were dissolved in water and analyzed by MS,
thus the addition of an equal volume of acetonitrile and some formic acid, to obtain a final
concentration of 50% acetonitrile and 0.1% formic acid was necessary. A volume of 10 uL
was injected and a carrying solvent of 50% acetonitrile with 0.1% formic acid at a flow rate of

15 pL per minute was used. The capillary voltage was 3.5 kV with the source temperéture
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of 80 °C and the cone voltage 35 or 50 V. For fragmentation the samples were introduced
into the ESMS by continuous infusion using a syringe pump at 5 yL per minute. Data were

acquired in the MCA mode.

Fraction 1, on comparison with a standard of known retention time, was assumed to be the
parent compound, however no such molecular ion was detected on MS with-peaks at m/z 455,
425, and 390 present. Similarities between the peaks at m/z 455 and 425 were evident on
fragmentation, while differences were also apparent. The ion at m/z 266, which is
characteristic of fluphenazine occurs in both. Product ions at m/z 144 and 172, diagnostic of
fluphenazine were only evident on fragmentation of the ion at m/z 455. Similarities were
ob;erved between the ions at m/z 425 and 390. A product ién With a molecular mass of 70

was detected at n/z 455, 425 and 390.

Fraction 2 owing to its lower concentration gave a greater interference on analysis, particularly
at low masses and lower cone voltage. Similarities observed between the spectra of fractions
1 and 2 are the ions at m/z 425, 195, 309, and at a cone voltage of 50 V, both fractions
appeared to contain an ion at m/z 148. Fraction 2 is reported to contain a small peak at m/z
438 which upon fragmentation exhibits fragment ions at m/z 144 and 172, diagvn’o:st'ic of
fluphenazine. The molecular ion ét m/z 415 is unique to fraction 2, fragmentation of which
suggests it to be a fluphenazine derivative. Other peaks unique to fraction 2 are at m/z 248,
166, and 125. Fragments at m/z 166 and 125 are related as the ion at m/z 125 is in fact a
fragment of 166. Furthermore, the difference between the fragments which is approximately

40 daltons, suggests an adduct of acetonitrile.

It can therefore be concluded that the fractions collected from the HPLC semi-preparative
analysis of fluphenazine do not each contain a single compound, suggesting the necessity for

the use of LC-MS for the structural elucidation of the four derivatives present in the solid
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samples of the four derivatives.

LC-MS Studies

The LC-MS proced;Jre for the determination ofs degradants from liquid studies wa; applied to
the characterization of the unknown compound(s) present in the stressed solid states. /n vitro
investigations by Gaertner, Breyer and Liomin report the major metabglic pathways of the
phenothiazine derivatives to be: N-dealkylation, N-oxidation, sulphoxidation and hydroxylation
of the aromatic ring system. It is reported that the rate of these in vitro transformations is
dependent on the concentration of the substrates, and that the formation of the sulphoxides

has been proved to be a slow reaction in vitro.?

Prﬁchlorperazine and Trifluoperazine

In spite of previous reports,? sulphoxidation is identiﬂed as the principal degradation pathway
for stressed samples of prochlorperazine and trifluoperazine, giving rise to the 5-§glphoxide
in the presence of the respective parent compound. Previous HPLC analysis of str;ssed solid
samples of prochlorperazine and trifluoperazine suggested the presence of the respective
sulphoxides due to comparable retention times. The analysis of these samples spiked with
the standards (sulphoxides) synthesised in chapter 4 indicated the presence of a single
compound, confirmed by diode array determinations. LC-MS-MS data for the unknown
compounds eluting at approximately 7.8 and 7.4 minutes with molecular ions at m/z 390 and
424, for prochlorperazine and trifluoperazine respectively, confirmed the presence of the
sulphoxides. The relative intensity (%) data obtained from these studies indicates the
sulphoxide for prochlorperazine to be 1.93%, while the sulphoxide for trifluoperazine had a
relative intensity of less than 0.1%, thus not requiring examination or identification according

to ICH regulations.”
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Fluphenazine

Figure 5.13 shows the TIC chromatogram of the stressed solid state of fluphenazine to
illustrate the resolution of chromatogrqphic peaks of fluphenazine at 7.17 minutes and its
degradants. Figuré 5.14 illustrates the LC-MS chromatograms of each unknowr‘l’degradant,
with molecular ions at m/z 414, 454 and 494 corresponding to the peaks eluting at

approximately 4.0, 5.0 and 8.3 minutes. .

N-dealkylation, sulphoxidation, and dehalogenation with sulphone formation are the suggested

pathways responsible for the formation of the 3 unknown compounds, Figure 5.15.
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Figure 5.13 - Total lon Current chromatogram of a stressed solid sample of

fluphenazine.
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5.14 - LC-MS chromatograms for the degradants from fluphenazine.

Removal of the B-hydroxyethyl group is unique to the stressed solid state of fluphenazine,
while sulphoxidation, and sulphone formation with the removal of the trifluoro group is similar
to stressed solutions of the derivative. Literature reports indicate the methyl-derivatives,
prochlorperazine and trifluoperazine to be more susceptible to N-dealkylation as opposed to
the B-hydroxyethyl derivatives, a phenomenon not observed in these studies.?® Analytical
studies however suggest this to be a minor degradation pathway for fluphenazine as the N-

dealkylated derivative is reported to be present in a quantity of less than 0.1%.
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Figure 5.15 - Proposed pathway for the formation of degradants from a stre's"s;d solid
sample of fluphenazine.

Figure 5.16 illustrates the MS-MS product ion spectrum of the compound eluting at
approximately 8.32 minutes, which is significantly less polar than the parent comppypq. N-
dealkylation to result in the loss of the B-hydroxyethyl group from the parent compound forms
this fragment ion at m/z 393.69. Further fragmentation yields a product ion at m/z 278.84
which comresponds to the cleavage of the nitrogen atom from the piperazine side chain, and
loss of the sulphur atom from the phenothiazine nucleus. The product ion at m/z 216.82
representing a side chain derivative including the trifluoromethyl group is evident in the MS-

MS spectra of all the degradants.
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Figure 5.16 - LC-MS-MS spectrum for the degradant eluting at approximately 8;32
minutes, 58. B

The LC-MS-MS spectrum for the degradant at m/z 413.71 (3.37% relative intensity), eluting
at approximately 4.09 minutes confirms the presence of the sulphone with the loss of the 2-
trifluoro group from the phenothiazine nucleus, Figure 5.17. Fragmentation of this derivative
to form a product ion at m/z 305.87 corfesponds to the loss of the sulphur atom from the
phenothiazine nucleus, two oxygen atoms and the methoxy group from the piperazine side
chain. Further fragmentation resulting in the loss of 28 daltons from the piperazine side chain
forms the product ion at m/z 278‘.60, similar to the fragment observed for the N-dealky!

derivative. The product ion at n/z 216.82 is evident in the spectrum.

Fragmentation of the degradant at m/z 454 (20.23% relative intensity), characterized as the

sulphoxide, yields only the common product ion at n/z 216.82.

147




. 100, 13084 413.71

407.81

%

:;5.13 214.24 375.51
145.94 ’ 300.95 1
216.82 278.60 ) l 4788
16. ! i
110.94 162.77179.72 7 am3s2 B || 42090
438.89
“‘20 % * 20490« 2o P08 220 e [ aa1.96
A UM w%h bl bl M
0 ."b 'I'I, .( *‘ ‘ J” J‘i‘ . ( Ll \fL ‘}‘M’ ,M J wb . ”‘Y«i }4" (‘ fﬂ! "u“ miz
100 120 140 220 240 260 280 300 320 400 420 440 480 480 500

Figure 5.17 - LC-MS-MS spectrum of the degradant at m/z 413.71.

Similarities exist between the MS data from the semi-preparative fractions collected and the
. LC-MS data for solid samples of fluphenazine, while significant differences are also evident.
Fraction 1 analyzed by MS indicated the- presence of compounds at m/z 455, 425 and 390,
while LC-MS data for the stressed solid sample of fluphenazine, identified degradants at m/z
454 and 394 which upon structural elucidation are the sulphoxide and N-dealkylated
derivatives of fluphenazine. Report§ of the MS data obtained from the semi-preparative HPLC
fractions, identify two ions unique to fraction 2 at m/z 415 and 248, while ions at m/z 425, 195,
309, and 148 were also reported to be present in fraction 2. The ion at m/z 414 was
characterized by LC-MS-MS as the sulphone with the loss of the 2-trifluoro group from the

phenothiazine nucleus.
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Perphenazine

The TIC chromatogram obtained for the stressed solid sample of perphenazine illustrates
good resolution between the parent compound and the degradants. LC-MS data of the
stressed sample of‘perphenazine indicate the‘:pn"esence of 3 degradants eluting at 6.08, 6.89
and 7.17 minutes respectively, while the parent compound displays a retention time of 7.06
minutes. All degradants however occurred at levels lower than 0.1% and thus do not require

further examination and identification. However, structural elucidation has been attempted.

The LC-MS-MS spectrum for the compound at m/z 369.86 confirms the presence of the
dechloro-derivative, Figure 5.18. Fragmentation of this derivative shows identical product ions
to those observed for the N-dealkylated derivative of fluphenazine at m/z 393.69, suggesting
a ﬁattem of dehalogenation and N-dealkylation for tﬁé B-hydroxyethyl derivatives. Product
ions at m/z 316, 300, 278 and 216 are similar for both B-hydroxyethyl derivatives; fluphenazine
and perphenazine, and correspond to the initial loss of the methoxy group from the priperazine
side chain with further fragmentation of the piperazine side chain and thé rrenr;;)val of the
sulphur atom from the phenothiazine nucleus being responsible for the product ions at m/z

316.80, 300.71, and 278.72.

No indication of the development of the respective sulphoxide was obtained from the LC-MS

study on the stressed solid sample of perphenazine.
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Figure 5.18 - LC-MS-MS spectrum for the compound at m/z 369.86.

5.4 Conclusion

LC-MS is a useful tool for rapidly obtaining detailed structural information on fow-level
degradants observed in HPLC analyses of samples. Furthermore chromatographic resolution
of co-eluting or unresolved components is not essential to obtain product ion data for
structural analysis, due to the mass-resolving capability of the mass spectrometry, thus this
strategy has significant implications fbr industry, as impurities at greater than the 0.1% levels

need to be examined and identified.

The TIC chromatograms obtained from LC-MS illustrate essentially the same resolution and
retention times for degradants as observed in the analytical LC analyses, which enables the

quantitation with some degree of accuracy of the levels at which the degradants are occurring
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in the stressed samples. Attempts were made at structural elucidation based on the
fragmentation patterns (LC-MS-MS spectra) of the degradants, however for molecular ions
gt m/z 429, 446, 400, 508 and 527 present in solution studies there is some degree of
uncertainty with fespect to the structures ‘;f'the degradants. The following“however is

proposed.

-

The product ion at m/z 429 is evident in stressed solutions of the chloro-derivatives. The
differences in the molecular mass between the product ion at m/z 429 for that of perphenazine
and prochlorperazine are 25 and 55 daltons respectively. While a difference of 30 daltons
exists between perphenazine and prochlorperazine, thus a difference of essentially 25 daltons
is responsible for the product ion at m/z 429. The LC-MS-MS spectrum for this ion, suggests
éﬁbstructural differences between the degradant and the twd chloro-derivatives. It is thus
proposed that the product ion at m/z 429 is a sodium adduct of perphenazine, however in the
case of prochlorperazine, a solvent addition product (MeOH) is evident in conjunctio_n with the
sodium adduct. A similar effect is observed in solution samples of triﬂuop‘erazir‘\Aé, where a
product ion at m/z 446, is indicative of a sodium adduct of the sulphoxide.

The product ions at m/z 527 and 508 evident in stressed solutions of prochlorperazine and
trifluoperazine, due to the high molecular mass are thought to be dimers of the réspective
derivatives, however, at this stage there is no conclusive evidence in support of this

suggestion.

Similar degradation pathways exfst for the chloro-derivatives with dehalogenation and
subsequent photoreduction and photosubstitution most prominent, with sulphoxidation of the
parent compounds of secondary importance. Perphenazine appears to be more susceptible
to dehalogenation with levels of between 18.90 and 26.85% for the dechloro-derivative, while

prochlorperazine reports significantly lower levels of between 3.89 and 18.54%.
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Sulphoxidation is evident throughout the solutions studies in leveis greater than 0.1%, for all
four piperazine-substituted derivatives, with the exception of solutions of trifluoperazine
stressed under diffuse daylight / fluorescent light 55 W and solutions of perphenazine exposed
to sunlight. Howe;/er, stressed solutions of Se}phenazine demonstrate the forrﬁétion of the
sulphoxide in the absence of the chlorine group at the 2-position on the phenothiazine
nucleus, with levels higher than those observed for sulphoxidation of the parent compound

itself. This phenomenon is not apparent in stressed solutions of prochlorperazine.

Photostability studies of the four derivatives indicate a less complex pattern of degradation
for the solid state as opposed to the solution studies. In the solid state studies, trifluoperazine
and prochlorperazine give rise to a similar degradation pattern yielding only to the respective
s'uvlphoxides, as a result of exposure to ultraviolet irradiation, while the stressed sample of
fluphenazine is reported to degrade primarily to the corresponding sulphoxide (20.23%), vyith
the loss of the trifluoro group from the sulphone and N-dealkylation as additional pathways.
In the solid state, perphenazine appears to be the most stabie derivat‘ive u;éer these
conditions with no significant levels of impurities resulting after 7 months of exposure to the
30 W UV source.

It can thus be concluded that sulphoxidétion appears to be a common route of degradation
for the four piperazine-substituted derivatives on exposure to light, while evidence of
dehalogenation, sulphonation, hydroxylation and dealkylation are amongst the other
degradation pathways observed in the photostudies. These results concur with the routes of
degradation which have been well documented in previously reported in vitro studies.?

However the potential for further investigations into the possible development of the 7-hydroxy
derivative and N-oxide in stressed samples of the derivatives exists, while isolation by semi-

preparative HPLC and structural elucidation by IR, NMR, MS etc. remains the ultimate goal.
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CHAPTER 6: CONCLUSION

The propyl piperazine-substituted phenotkgia?ines are an important subclass of these
neuroleptic drugs exhibiting increased potency over the prototype chlorpromazine, a member
of the aliphatic subclass. The susceptibility of the phenothiazine drugs to photodegradation
has been reported, including mention of the fact that 2-chloro phenothiaiihefs give rise to the
"dechlorinated product, a dimer and the corresponding sulphoxide on irradiation.*® These
findings implicating the chlorine substituent in photodegradations are confirmed by Pawelczyk
et al. who report that trifluoperazine is more stable than prochlorperazine under various light
conditions.*"  This, together with various regulatory authorities requirements for stability
profiles, isolation and identification 6f potential degradgnts and Vtr.xe ICH forum'’s, attempts not
only to require structural elucidation of degradants present in concentrations of > 0.1%,” but
also to standardize conditions for light stability studies. These requirements provided a
motivation for this study to investigate the photostability of prochlorperazine, perphenazine,
trifluoperazine and fluphenazine with a view to evaluating not only the effect of the R,
substituent on the phenothiazine nucleus as reported by Pawelczyk et al. but also the R,
substituent on the piperazine ring on the photostability of these phenothiazines.*! Since both
the R, and R,, substituents influence the pharmacological activity of these compbdﬁdé the
question is raised as to whether these substituents introduced to increase activity

compromise their stability.

Since the mechanism of action is explained in terms of interaction with the dopamine
receptor,> * fluphenazine can be assumed to display the greatest neuroleptic potency due to
the increased affinity of the B-hydroxyethyl side chain for the trifluoromethyl! substituent as
compared to the other derivatives. This is supported by the fact that the 2-substituent affects
the lipophilicity of the molecule with the trifluoromethyl group making a greater contribution

and thus enhancing penetration of the CNS." The trifluoromethyl-derivative’s greater surface
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activity due to these hydrophobic effects and increased pharmacological activity over the
chloro-derivatives, suggests a relationship between phenothiazine absorption and
hydrophobicity. The ranking of the fqur derivatives in decreasing order of activity to be
\;Iuphenazine > triﬁuoperazine > perphenazi?wé > prochlorperazine explains the major role

played by the R, as opposed to the R, substituent.

-

Since the phenothiazines have been associated with photosensitivity effects in individuals

exposed to light with resulting photooxidation,”

it is important to clarify which of the
substituent groups is responsible for these effects. The photolability of the CI and
accompanying generation of free radicals has been established and the resulting
photopolymer reported to be membrane active implicated in these photosensitivity reactions.>
Further, iradiation of an aqueous solution of a chloro-derivative liberating HC! with a decrease
in pH and formation of the membrane active 2-hydroxy derivative, substantiates the role of the

chloro-derivatives in photosensitivity reactions, as opposed to their trifluoromethyl-derivatives

which are essentially non-photosensitizing.®

The possibility of common in vivo and in vitro metabolites and decomposition products has
been confirmed by in vitro metabolism of perazine occurring via N-oxidation, N-hydroxytation,
N-demethylation, sulphoxidation andraromé{ic hydroxylation' and the decomposition products
of chlorpromazine being the N-oxide, sulphoxide, hydroxypromazine, promazine, dimers and

polymers.*®

Reported stability studies on the phenothiazines in aqueous solutions, buffers and methano!
and the involvement of a variety of light conditions, accounts for movement on the part of the
ICH forum towards standardizing these conditions.”* Although different amounts of the
degradants are obtained under these various conditions there are similarities with respect to

the nature of the degradants, providing information on the degradation pathway. Since even
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in methanol, the presence of the photoreduced and solvent addition or photosubstituted
product gives some indication that the mechanism of degradation involves fission of the

carbon-chlorine bond.?" %

Method validation of the HPLC method developed to analyze the photostudies is to ensure
that performance and reliability meet the requirements of the intended analytical application.
Although this was undertaken in this study to satisfy the linearity, accuracy and precision,
selectivity, LOD and LOQ and ruggedness parameters, a complete validation should include
degradants and synthetic precursors. Therefore at this stage the method validation is not
comprehensive even though there is some knowledge of the susceptibility of the derivative
to degradation. This knowledge is applied to the ruggedness parameters where the stability
of solutions for injection was evaluated and instability of the chloro-derivative noted with a 26-
fold decrease in stability observed over that of the trifluoromethyi-derivatives. However as
Hokanson has pointed out, the process is dynamic with the ability to expand as additional
information becomes available.> The fact that additional information has b’ecom‘é"évailable
at the end of this study which together with the need to isolate the degradants, characterized
by LC-MS, using semi-preparative HPLC has provided for further possible expansion of the

method validation.

However, the method validation has overcome some of the limitations of the application of
kinetics® ® to the preliminary rate studies in chapter 3 in that linearity over the concentration
range required in these studies is confirmed by correlation coefficients of > 0.98, precision and
accuracy requirements especially at the lower concentration limits satisfied and an LOQ of 3 -
4 x 10* mg/mL determined. Because the validation procedure does not include dégradants
and the method is used to quantify the percentage degradation in the stability studies by
measuring the drug peak height, the importance of the photodiode array detection to ensure

the integrity of these peaks cannot be over emphasised. This highlights the importance of the
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selectivity parameter in this study where peak integrity of all four derivatives was confirmed
under heat, light, oxygen and acid and base conditions. The highest degree of consistency
has been seen in the application of vahdauon parameters to HPLC with linearity, accuracy and
precision, LOD and LOQ and solution stabmty most used, providing some correlation with the

parameters used in this study.*

-

In addition to the limitation of the method when applying kinetics to rate studies, variations in
light intensity and spectral character must be taken into account to allow certain comparisons
to be made.® In these preliminary light studies in solution an aqueous medium at a controlled
pH was used and only comparisons between the derivatives within a particular light condition
were made and rate constants calculated. Although light intensity (lux) was measured in
sunlight and fluorescent / diffuse daylight, in order to make comparisons between the 30 W
and 400 W UV sources and for experiments performed at different times the application of
actinometry is essential. These preliminary soIUtions studies showed perphenazine to be the

least stable of all the derivatives.

With the main oxidative product of the phenothiazines being the monosulphoxide™® and their
in vivo and in vitro accumulations to higher concentrations than the parent compounds, an
emphasis is placed on the importance- of the synthesis of these compounds to provide
standards to aid in their identification and characterization in chapter 5. Various synthetic

24,45,47.89.70 Kyt taking into account the different solubilities of these

methods were proposed®"
four derivatives no one method was suitable. Therefore adaptation of the Owens method’
was accomplished and all four sulphoxides characterized (identity and purity) by mp, HPLC,
TLC, UV, IR, NMR, MS, accurate mass and elemental analyses. Although this.method is
specific for the sulphoxides in view of the presence of the sulphones on irradiation of

trifluoperazine and fluphenazine it is suggested that the oxidation profiles of these derivatives

are studied in order to provide other oxidised products as standards for comparison.
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The ICH forum regulations specifying the examination and identification of impurities > 0.1%
led to attempts of isolation of degradants from various photostudies using semi-preparative
,HPLC' These many attempts were unsuccessful due to an inability to adjust the mpbile phase
to exclude non-volz;tile buffer components and:tﬁe ion-pairing reagent and maintain adequate
separation. Since the use of LC-MS has been well documented in structural elucidation, it

was applied to a detailed solution and a preliminary solid state photostudy.?* 757677

In the solution study of the chloro-derivatives, prochlorperazine and perphenazine, formation
of the dechloro-derivative (photoreduction) and the sulphoxide occurred under all light
conditions in varying amounts with dechlorination proving to be the major pathway in both
cases but especially with respect to perphenazine. The presence of the 2-hydroxy derivative
in the prochlorperazine solution reported to be membrane active confirms these derivatives

involvement in adverse effects.

For the trifluoromethyl-derivatives, trifluoperazine and fluphenazine in solution, replacement
of the -CF,; with a -CH ; sulphoxide and sulphone formation are seen to occur. When
considering all four derivatives under the light conditions employed, the prochlorperazine

sulphoxide was observed in the highest percentage (14.42) in sunlight. SRR

In the preliminary solid state studies conducted under a UV source (30 W Philips) over a
period of seven months, sulphoxidation appeared to be the major degradation pathway except
for perphenazine where the dechloro-derivative was observed but at < 0.1%. The order of
stability appears to be reversed here with the trifluoromethyl-derivatives less stable than the
chloro-derivatives. Further studies are therefore necessary to provide conclusive evidence of

this fact.

The pseudo first-order rate constants for the solution stability studies indicate the chloro-
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derivatives (and specifically perphenazine) to be less stabie than the trifluoromethyl-
derivatives and although Pawelczyk et al. have confirned these results with both their thermal
and photolytic degradation studies on prqchlorperazine and trifluoperazine this study extends
;heir consideratioﬁs of the effect of the R;to' include the R,, substituent.*" “ 5" Results
indicate the order of stability (30 W Philips UV) to be trifluoperazine > fluphenazine >
prochlorperazine > perphenazine confiming the R, and not the R,, substituent to be the major
determinant of stability. It can be concluded that the design of these derivatives to include the
trifluoromethyl group to improve activity is justified. Although it has been seen to be the minor
determinant of stability, the inclusion of the B-hydroxyethyl group, as opposed to the methyl

group in the side chain to improve activity, is questionable in terms of its effect on stability.
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