

















































































































































































































































































































































































































































































































































































































































































































PRCHO Original

(%) Supplier
Batch A 0.17 Von Heyden
(Germany)
BatchB  0.56 BOH
BatchC 1.12 BDH
~ BatchD  1.27 BDH
Benzaldehyde Analar material was obtained

from BDH 0Chemicalss and
stored at 4 C under NZ'

Benzyl alcohol/ Analar benzaldehyde was
benzaldehyde added to pure benzyl
mixtures ‘ alcohol(absence of benzal-

dehyde impurity confirmed)
at levels of 0.1, 0.5, 1.0,
5.0, 10.0 and 50% v/v.

6.1.3 Preparation of Samples

2g Fluphenazine decanoate was dissolved in 80m] sesame oil by gently
heating (35°C). The preservative, or benzyl alcohol/benzaldehyde mixture,
was then added to 5ml aliquots at a concentration of 1.5% by weight,
simulating the product formulation. A 5ml aliquot was reserved as control.

Solutions were stored under a headspace of air to hasten oxidative
decomposition. (Modecate product is N2 purged during n;anufacture and
packing). Storage under conditions of darkness at temperatures of 20°C and
40°C were utilised.

Samples were assayed for N-oxide content at intervals using the HPLC

procedure described in Section 5.3. B,WLLM c
6.1.4 Results and Discussion fur t??b
Josto
Results are summarised in the following tables:
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Samele

Control

+ pure PhCH_OH

2

+ Aged PhCH,,OH
(Batch A, 0.17% pHCHO)

+ Aged PhCH.,OH
(Batch B, 0.5% PhCHO)

+ Aged PhCH,,OH
(Batch C, 1.12% PhCHO)

+ Aged PhCH,,0OH
(Batch D, 1.27% PhCHO)

+ pure benzaldehyde

Table 6.1

Effect of Benzyl Alcohol/Benzaldehyde on Fluphenazine Decanoate

Uxidation in Ageing Sesame Oil Solution @ 2

C

Total N-oxide(mg/g formulation)

Initial
Not detected
Not detected

Not detected

Not detected

Not detected

Not detected

Not detected

1 week 2 weeks 3 weeks 6 weeks 12 weeks 20 weeks 25 weeks
0.042 0.070 0.077 0.132 0.235 - 0.388
0.045 0.079 0.086 0.140 0.257 - 0.440
0.056 - - - - 0.565 -
0.258 - - - - - -
0.463 0.660 0.778 0.847 0.928 - -
0.724 - - - - - -
0.035 0.096 0.090 0.128 0.193 - 0.321
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Sample

Control
+ pure PhCHZOH

+ Aged PhCH,,OH
(Batch C, 1.17% PhCHO)

+ pure benzaldehyde

Table 6.2

Effect of Benzyl Alcohol/Benzaldehyde on Fluphenazine Decanoate

Oxidation in Ageing Sesame Oil Solution @ 40 C

Total N-oxide (mg/g formulation)

Not detected
Not detected

Not detected

Not detected

1 week 2 weeks 3 weeks 6 weeks 12 weeks 25 weeks
0.140 0.280 0.278 0.421 0.723 1.042
0.139 0.340 0.313 0.508 0.880 1.522
0.769 0.980 0.949 1.035 1.308 -
0.280 0.331 0.428 0.709 1.175

0.146



Table 6.3

Effect of Benzyl Alcohol/Benzaldehyde
Mixtures on Fluphenazine Decanoate Oxidation in Sesame Oil

Sample N-oxide(mg/q formulation)
Initial 1 Week
(20°C)
Control - Not detected 0.009
+ Benzyl alcohol Not detected 0.028

containing 0.1% PhCHO

+ Benzyl alcohol Not detected 0.036
containing 0.5% PhCHO

+ Benzyl alcohol . Not detected 0.019
containing 1.0% PhCHO

+ Benzy! alcohol Not detected 0.042
containing 5.0% PhCHO

+ Benzyl alcohol Not detected 0.020
containing 10.0% PhCHO

+ Benzyl alcohol Not detected 0.025
containing 50.0% PhCHO

+ PhCHO alone Not detected 0.023

Comparison of the results obtained for the Control sample and that
containing added benzyl alcoho! (pure) establishes an enhanced rate of N-
oxide formation in the presence of the alcohol at both 20°C and 40°C. The
effect is conveniently illustrated by plotting the difference in N-oxide level
evident between the control and the sample with added benzyl alcohol against
time (Fig. 6.1). The difference can be seen to increase steadily, implicating
benzyl alcohol to be a contributory factor in reducing the potential stability
of Modecate.

By contrast, replacing benzyl alcohol with an equivalent amount of

benzaldehyde has an apparent stabilising effect at 20°C, whereas at 40°C a
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CONTROL (%)

DIFFERENCE IN N-OXIDE CONTENT SAMPLE

o
(o]

T T T T T
5 10 15 20 25

TIME (weeks)

Fig. 6.1 - Effect of Adding Benzyl Alcohol to

Fluphenazine Decanoate in Sesame

Oil, Demonstrating the Enhanced
Formation of N-Oxides in the Presence
of the Preservative.
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6.2

small increase in fluphenazine decanoate degradation is noted in comparison
to the Control. However, assay values for N-oxide formed in the presence of
benzaldehyde alone are less than those observed in the presence of pure
benzyl alcohol, thus signifying that the direct reaction of oxygen with

benzaldehyde, yielding perbenzoic acid!®’

y would be of little importance
under the normal conditions of the product pack.

Addition of aged benzyl alcohols to the sesame oil solution of fluphen-
azine decanoate has considerable influence on the oxidation rate of the drug.
The only known variable between the batches of aged benzyl alcohols was the
concentration of benzaldehyde present in each. Table 6.1 indicates that the
amount of fluphenazine decanoate N-oxide present after 1 week at room

temperature is seemingly related to the benzaldehyde concentration, yet

benzaldehyde alone had been shown to exert little effect on the oxidation of

fluphenazine decanoate.

The improbable requirement of benzaldehyde and benzyl alcohol together
being necessary for enhanced fluphenazine decanoate oxidation to occur was
investigated using mixtures of pure benzyl alcohol and pure benzaldehyde.
The results (Table 6.3) verify the remoteness of this possibility.

Consequently, the enigma of the large amounts of fluphenazine decanoate
N-oxides formed in the presence of aged benzyl alcohol remained to be
explained. A logical explanation of the effect is that an unidentified
degradation product of benzy! alcohol was causing the observed enhancement
of fluphenazine decanoate oxidation.

Work was thus orientated toward the identification of the oxidation factor

present in aged benzyl alcohol and is described in Section 6.2.

Autoxidation of Benzyl alcohol

6.2.1 . Introduction

Before commencing a detailed examination of the naturally aged benzyl
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alcohols used in Section 6.1 above, a literature search was undertaken in
order to determine the extent of knowledge concerning the natural degrada-
tion of benzyl alcohol ie. autoxidation. Surprisingly little information was
gleaned from the wealth of published material connected with benzy! alcohol.

Only one directly relevant report, by Howard and Korcek220

, was discovered.
These authors determined the absolute rate constants for the oxidation of
some -substituted toluenes, including benzyl alcohol. The autoxidation was
described as proceding via an ¢-hydroxybenzylperoxy radical, PhCH(OH)OO".

The formation of benzaldehyde following the autoclaving of a parental
solution containing 0.9% benzyl alcohol as preservative has been noted221
and was attributed to the oxidation of the benzyl alcohol by the oxygen
present in the vial headspace. No mechanism for the reaction was consider-
ed.

An alternative possibility that benzaldehyde (formed from benzyl alcohol
by an unknown mechanism) is autoxidised to benzoic acid via perbenzoic

acid?22

was also identified.

Each of the above intermediate species (o-hydroxybenzyl peroxy radical
and perbenzoic acid) are powerful oxidants and would readily oxidise fluphen-
azine decanoate. Thus the batches of naturally aged benzyl alcohols were

studied in an attempt to quantitate and identify the nature of the suspected

oxidant.

6.2.2 Examination of Naturally Aged Benzyl Alcohol

6.2.2.1Peroxide Values

The peroxide value (P.V.) of each of the aged benzyl alcohols was
determined by the iodometric procedure described in the British Pharma-

217

copoeia, 1980, The results (Table 6.4) clearly established the oxidising

nature of the materials.
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Table 6.4

Peroxide Values of Some Naturally Aged Benzy! Alcohols

Batch Peroxide Value
A 11.4
B 113.8
C 203.4
D 345.8

By comparison, a freshly purchased benzyl alcohol (obtained from
B.D.H. Chemicals) had a P.V. of zero, indicating that the oxidation factor

present after ageing was attributable to a degradation product.

6.2.2.2HPLC

An HPLC procedure reported for the determination of benzoic acid

in syrups and elixirszza

was adapted to the examination of benzyl alcohol
and used in a search for the presence of perbenzoic acid in the naturally
aged samples.

Experimental Conditions:

Column

ODS-Hypersil, 20cm

Mobile phase Citrate buffer (pH4.2)-

acetonitrile (9:1)

Perbenzoic acid was synthesised from benzaldehyde by photoxida-
tion (sunlight) in an acetone solution saturated with oxygenzzs. The
separation of the perbenzoic acid from benzyl alcohol and benzaldehyde
under the proposed HPLC conditions was demonstrated (Fig. 6.2) prior to
examination of the aged benzyl alcohols. Chromatography of each of the
naturally aged materials failed to reveal the occurrence of perbenzoic
acid.

To verify this observation 50ul aliquots of each aged benzy! alcohol

were injected onto the HPLC column and the fractions of eluate repre-
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Fig. 6.2 - HPLC Separation of Perbenzoic Acid,
Benzaldehyde and Benzyl Alcohal

1l = benzyl alcohol; 2 = perbenzoic acid:
3 = benzaldehyde.
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senting a positive recorder response were collected and tested for the
presence of peroxide with potassium iodide/acetic acid solution. The
peroxide known to be present in these materials (Section 6.2.1) was shown
to be eluted within the solvent-front, indicating the highly polar nature of
the peroxide. No other potassium iodide-positive fractions were observed
conclusively demonstrating the absence perbenzoic in the aged samples of

benzyl alcohol.

6.2.2.3Titration with Ceric Sulphate

Cel‘+ is reduced by hydrogen peroxide according to the equation:

4+ 3+

2Ce™" + Hy0) —= 2Ce”" + 2H* + 0,

Organic hydroperoxides also react with ceric sulphat3226; per-
acids, however, will not react. Hence the procedure has been utilised for
the determination of hydrogen peroxide in the presence of peracetic acid.
To prevent diacyl and dialky! peroxides reacting the titration is normally

conducted at 0-500226.

Procedure: Approximately 2g of benzyl alcohol was accurately weighed
into a 250-m! conical flask and dissolved in 10ml methanol. 50ml of ZM
sulphuric acid was added, the mixture cooled to 0°C and the peroxide
titrated with 0.05M ceric sulphate (BDH, Volucon) using Ferroin as
indicator.

Iml 0.05MCe(SO,), = 0.825mg OOH

4+ with chloroperbenzoic acid, benzal-

Validation: The reactivity of Ce
dehyde and freshly distilled benzyl alcohol was determined. In each case,
lg of material resulted in a titre value of zero, confirming the non-
reactivity of these materials, which will thus not interfere if present

during the titration of the aged benzyl alcohols.
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Each of the naturally aged benzyl alcohols was subjected to the
titrimetric procedure described above and the peroxide content calculated
in terms of hydroperoxide (OOH). The results are given in Table 6.5 to-
gether with the results of the iodometric titre (Peroxide Value, Section
6.2.2.3) transposed from peroxide values to mg of hydroperoxide (OOH).

Table 6.5

Peroxide Content of Some Aged Benzyl Alcohols

Aged Benzyl Alecohol O0OH mq/q
Ce**titre(0°C) lém_
A 0.198 0.188
B8 1.898 1.878
C 3.415 3.366
D 5.817 5.702

The results of the Ce‘“’ titre are in excellent agreement with the
values obtained iodometrically indicating that all of the peroxide present
is in the form of a hydroperoxide. These results confirm the absence of
peracid (which is readily determined iodometricallyzzg) thus discounting
the possibility of a direct reaction between benzaldehyde and oxygen.

4+ at

Each sample of aged benzyl alcohol was also titrated with Ce
20°C. Identical results were obtained at both 0°C and 20°C implying the

absence of diacyl and dialky! peroxides.

6.2.2.4TLC

The samples of aged benzyl alcohol were examined by TLC to
determine the impurity profile. Benzaldehyde and benzoyl peroxide were

used as markers.
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TLC Conditions:

Plate :

Mobile phase :

Sample

Visualisation: a)
b)

All samples produced similar impurity profiles but with the impur-

ities present in varying degrees. A typical chromatogram is shown in Fig.

Merck Silica Gel F60254

dichloromethane

50% solution of benzy! alcohol
in dichloromethane. 20ul of
solution was streaked onto the
base-line of the TLC plate
across a 2cm channel.

UV lamp, 254nm

potassium iodide/2M
sulphuric acid spray.

6.3. Three important observations were noted:

1. Benzoyl peroxide was present in only trace amounts.

2. Two KI positive zones were present, one of which was less polar

than benzy!l alcohol and present in negligible proportions.

3. The majority of peroxide was pres:nt in the form of highly polar

compound, Rf = zero.

6.2.2.5 Cor@afison of Benzaldehyde and Peroxide Levels

The benzaldehyde content of the aged benzyl alcohols were deter-
227

mined by an HPLC method

and compared with the level of peroxide, as

determined by I, titration. (Section 6.2.2.3)

HPLC procedure

Column

Mobile phase :

Sample

-228-

ODS-Hypersil, 20cm.
Acetonitrile - water (60 - 40)
lg of benzy! alcohol, accurately

weighed, was diluted to 100ml
with methanol.



Benzal-
dehyde

solvent

Aged benzyl
alcohol

Benzoyl
peroxide

front

base

)

Fig. 6.3 - TLC Examination of Naturally Aged

Benzyl Alcohol

Mobile phase,
silica gel GF

@)

254°

dichloromethane;

visible under UV

254

(29 = +ve to KI spray reagent.
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Standard 10ul of benzaldehyde were diluted
to 100m] with methanol. 5mi of
this solution were further

diluted to 25ml with methanol.

The results are given in the following Table.

Table 6.6

Comparison of Benzaldehyde and Peroxide Levels

of Some Aaged Benzyl Alcohols

Batch Benzaldehyde(mg/q) Hydroperoxide(ma/g)
A 1.72 0.19
B 5.56 1.88
C 11.20 3.36
D 12,70 5.70

A graphical representation of the above results (Fig. 6.4) indicates

that the levels of peroxide and benzaldehyde are related.

6.2.2.6 Discussion

The extensive éxamination of the aged samples of benzyl alcohol,
described above, ascertained the formation of a hydroperoxide during
ageing which is highly polar in nature. In addition a possible relationship
between the benzaldehyde and hydroper'oxide autoxidation products was
identified.

Both of these observations are in agreement with the work of

Howard and I-(cn-cek220

who have suggested that benzyl alcohol does not
oxidise directly to an organic hydroperoxide, as do other alcohols, but
forms instead hydrogen peroxide and an aldehyde. The authors also

postulated that the intermediate species is represented by ¢-hydroxy-
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a
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BENZALDEHYDE (mg/g)

Fig. 6.4 - Relationship Between Benzaldehyde and
Peroxide Content of some Naturally Aged
Benzyl Alcohols.
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a)

b)

benzylhydroperoxide and thus the following reactions were suggested to

account for the formation of benzaldehyde.

H H

I I
2Ph - Cll-OH —— PhCOOH + |Ph -C-OH

0o OH
- -
o-hydroxybenzyl l
peroxy radical PhCHO + HZO

Ph CH(OH)OOH ———= PhCHO + HZOZ

Each of these mechanisms require the o-hydroxybenzylperoxy
radical to be the chain propagating species and indeed the existence of
this radical was confirmed by radical trapping experiments. Based on the

observation that the total yield of carbonyl-compounds (IR measurements)
was alWays in excess of the stoichiometric amount calculated from the
concentration of oxygen absorbed during the autoxidation process, the
authors concluded that carbonyl-compounds must also be formed in the
radical termination step as in (a) above. If reaction (b) was the sole mode
of aldehyde formation then the peroxide: aldehyde molar ratio present in
the autoxidised material would be | : |. From the results given in Table
6.6 the molar ratio of hydroperoxide: benzaldehyde for the samples of

naturally aged benzyl alcohol was calculated to be:

Batch A OOH: PhCHO=  1:2.82
B 1:0.96
C 1:1.04
D 1:0.69

The ratio obtained for batches B and C is evidence for only
reaction (b) occurring during degradation whereas the greater than

stoichiometric concentration of aldehyde present in Batch A suggests that
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reaction (a) has occurred within this particular material. The anomolous
results obtained for Batch D cannot be explained by reactions (a) or (b).

The nature of the peroxide formed during autoxidation of qf-substi-
tuted toluenes was also considered in the paper by Howard and Korcekzzo.
To differentiate between organic hydroperoxide and hydrogen peroxide an
aqueous partition method was adopted, whence the organic hydroperoxide
remained in the organic phase but hydrogen peroxide partitioned into the
aqueous phase. By this means the authors demonstrated that the peroxide
present in autoxidised benzyl alcohol was hydrogen peroxide. However,
the failure to consider the aqueous-solubility of benzyl alcohol renders the
conclusions suspect. Benzyl alcohol is soluble in water to the extent of
4% at 20°C. It may therefore be reasonably expected that a-hydroxy-;
‘benzylhydroperoxide, which is a more polar molecule than benzyl alcohol,
would have a considerable aqueous solubility. Hence the "identification"
of the peroxide present in autoxidised benzyl alcohol based on the aqueous
solubility of the material must be seriously questioned.

Two facets of benzy! alcohol autoxidation therefore warranted
further investigation:

(i) the nature of the peroxide formed.

(ii) the reaction mechanism involved in the formation

of benzaldehyde.

6.2.3 Mechanism of Benzaldehyde Formation

6.2.3.1Benzoic Acid Content of Naturally Aged Benzyl Alcohol

The published literature had indicated two possible mechanisms by
which benzaldehyde could be formed from benzyl alcohol during autoxi-
dation (Section 6.2.2.6). If benzaldehyde is formed by the interaction of
two &-hydroxybenzyl peroxyl radicals (radical termination step), then

formation of benzaldehyde will be accompanied by formation of benzoic
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acid (equation (a) Section 6.2.2.6) and the molar ratio of the two
components will be 1:l. The benzoic acid content of the naturally aged
benzyl alcohols was thus determined. A suitable analytical procedure was
devised by modification of the HPLC method utilised previously for the
determination of perbenzoic acid (Section 6.2.2.2). By substituting
acetate buffer for the original mobile phase containing citrate buffer and
increasing the pH to 4.5, an improved separation of benzoic acid from the

other components present (benzaldehyde and benzy! alcohol) was

achieved.

HPLC column: ODS-Hypersil, 20cm

Acetate buffer: 3.86% sodium acetate solution
adjusted to pH 4.5 with
acetic acid.

Mobile phase: pH 4.5 acetate buffer/
acetonitrile (3 - 1)

Standard: 50mg benzoic acid was

) dissolved in and diluted

to volume with methanol.
A further x 5 dilution
was prepared.

Sample: Diluted as necessary with

methanol (typically x 2)

A typical sample chromatogram is shown in Fig. 6.5. The benzoic
acid content of the samples examined is given in Table 6.7.
Table 6.7

Benzoic Acid Content of some
Naturally Aged Benzyl Alcohols

Batch Benzoic Acid Content
na/g _uM_
0.062 0.57
C 1.455 11.93
0.214 1.75
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Fig. 6.5 - HPLC Determination of Benzoic Acid -
Typical Chromatogram

Mobile phase, pH 4.5 acetate buffer -
acetonitrile (3-1); column, ODS-Hypersil.
l = benzoic acid; 2 = benzyl alcohol;

3 = benzaldehyde.
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Assuming that the radical termination step postulated by Howard
and Korcek is the only means of benzoic acid formation, equimolar
quantities of benzoic acid and benzaldehyde would be produced simul-
taneously. The fraction of benzaldehyde formed during radical termin-
ation can therefore be predicted from the benzoic acid results. A
comparison of this value with the total benzaldehyde content (determined

previously) is given in Table 6.8.

Table 6.8

Comparison of Benzaldehyde Contents

Batch Total PhCHO Content Predicted PhCHO formed during
of radical termination

benzy!
alcohol

mg/g uM mg/g uM % of

Total

A 1.72 16.23 0.062 0.51 3.14

C 11.20 105.66 1.455 11.93 11.30

0.77 7.26 0.186 1.75 24.10

The figures above indicate that relatively little aldehyde is formed
by this route in Batches.A and C. Batch F however may be indicative that

the mechanism is feasible in some benzyl alcohols.

6.2.3.2Forced Autoxidation of Benzyl Alcohol - Ratio of Benzaldehyde

and Peroxide

The value of the benzaldehyde: peroxide ratio is important since a
reliable figure for this molar ratio could be used to confirm, or reject, the
direct relationship between the two entities postulated by Howard and

220

Korcek ie. that both are formed as a result of the decomposition of .

the intermediate autoxidation product, ¢-hydroxybenzylhydroperoxide.

PhCH(OH) OOH —————» PhCHO + HZOZ
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The aldehyde/peroxide ratio of four naturally aged benzyl alcohols
(examined previously) had varied considerably. As the history of these
samples was unknown, it was considered likely that different modes and
times of ageing could have contributed to the observed variability. Thus
it was proposed to study the autoxidation of benzyl alcohol under rigidly
controlled conditions. Two sets of experimental conditions were chosen
to represent varying degrees of severity and can be classed as

(i) static autoxidation

(ii) dynamic autoxidation

Experimental Conditions

(i) Static autoxidation

A pure benzyl alcohol (BDH Chemicals) was tested for the absence
of benzaldehyde and peroxide. 100m] of the material was transferred to a
250-ml conical flask and the liquid and headspace sparged with oxygen.
The stoppered flask was then stored in the dark in a thermostated
environment at 40°C, Aliquots of the alcohol were withdrawn at intervals
and the benzaldehyde and peroxide contents determined simultaneously.
The headspace above the alcohol was flushed with oxygen following the
removal of an aliquot for assay to ensure that an atmosphere of oxygen
was above the alcohol at all times. Oxygen was chosen in preference to
air in order to accelerate the autoxidation reaction.

(ii) Dynamic Autoxidation

50m! of pure benzyl alcohol was transferred to a large test-tube
and suspended in a thermostated oil-bath at 80°C. Compressed air was
bubbled through the alcohol via a sintered-bubbler at a constant flow-rate
of 50ml/min. The flow-rate was continually monitored with a flow-meter.
Aliquots of benzyl alcohol were withdrawn at intervals and the benzal-

dehyde and peroxide levels determined simultaneously.
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Benzaldehyde was determined by HPLC (Section 6.2.2.5) and per-
oxide by iodometric titration (Section 6.2.2.5 and 5.2.1).

Results and Discussion

The results obtained are summ.arised in Tables 6.9 and 6.10. At
each éampling station, under either static or dynamic conditions, the ratio
of peroxide to benzaldehyde is extremely close to the l:l value required
for the direct formation of the two entities by dissociation of -hydroxy-
benzylhydroperoxide.

Furthermore, benzoic acid levels in naturally aged benzy! alcohols
(Section 6.2.3.1) indicated that the alternative route for benzaldehyde

formation postulated by Howard and Kcm:ek220

is likely to be of minor
importance. Hence both experiments provide evidence in support of the

theory that benzaldehyde is formed mainly via an o(-hydroxybenzyl-

hydroxperoxide moiety during the autoxidation of benzyl alcohol.

6.2.4, Identity of Peroxide Formed During Benzyl Alcohol Autoxidation

Reaction of fluphenazine decanoate with a variety of autoxidised media
has demonstrated the variable rate at which the drug is oxidised by differing
hydroperoxides. (Chapter 5). Thus it is important to identify the peroxide
present in autoxidised benzyl alcohol so that the rate of fluphenazine
decanoate oxidation by this entity can be determined. The rate may then be
compared with similar rates obtained for other hydroperoxides and the

relative importance of the reaction, with respect to product stability, can be
assessed.

The hydrdperoxide formed initially during benzyl alcohol autoxidation has
been reported as ge-hydroxybenzylhydroperoxide but is ultimately believed to

dissociate into hydrogen peroxide and benzaldehydezm’23 e

. The equilibrium
constant for this reaction is unknown and hence the relative proportions of

the two peroxides present in ageing benzyl alcohol cannot be predicted.
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Table 6.9

Autoxidation of Benzy!l Alcohol - Static Conditions, 40°C

Time Benzaldehyde Content Hydroperoxide Content Molar Ratio
(days) mg/ml mM mg/ml mM OOH: PhCHO
Initial 0.039 0.368 0.0132 0.40 1: 1.09
22 0.273 2.57 0.066 2.00 1: 0.78
27 0.422 3.98 0.155 4.70 1: 1.18
33 1.088 10.26 0.317 9.60 1: 0.93
36 1.44 13.60 0.561 17.00 1: 1.25

42 3.00 ‘ 28.30 1.007 30.50 1: 1.08
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Table 6.10

Autoxidation of Benzyl Alcohol - Dynamic Conditions, 80°C

Time Benzaldehyde Content Hydroperoxide Content Molar Ratio
(hours) mg/ml mM mg/ml mM OOH: PhCHO
Initial 0.092 0.868 0.023 0.696 1: 1.24

1 0.113 1.066 0.037 1.000 1: 1.06

2 0.148 1.396 0.040 1.212 1: 1.15

4 0.324 3.066 0.086 2.616 1: 1.18

5 0.719 6.783 0.224 6.788 1: 1.00

6 1.649 15.56 0.475 14.393 1: 1.08



CONCENTRATION (mg/ml)

PhCHO

OOH

‘"TIME (days)

Fig. 6.6 - Comparison of Peroxide and Benzaldehvde
Content of an Autoxidising Benzyl
Alcochol (40°C, static conditions)
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Fig. 6.7 - Comparison of Peroxide and Benzaldehyde

Content of an Autoxidising Benzyl Alcohol

(80°C, dynamic conditions)
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Without a quantity of the pure o-hydroxy compound, it is impossible to
determine a value for the equilibrium constant. Indeed, the material may be

unstable, spontaneously decomposing to hydrogen peroxide and benzaldehyde

and thus be impossible to isolate. As an alternative means of determining the
position of equilibrium existing, the ratio of benzaldehyde: peroxide may be
determined. However, the assay procedures used to quantify this value must
not affect the equilibrium so that a true value of the ratio may be obtained.
Dissociation of o-hydroxyalkylhydroperoxides occurs in aqueous solution
and is catalysed by acid and alkali23 0. Consequently the presence of water in
the HPLC mobile phase utilised for assay of benzaldehyde, and of water and
acid in the titrimetric procedure for peroxide determination could be the
explanation of the consistent 1:1 ratio of peroxide: benzaldehyde noted in
Section 6.2.3. The effect of sample diluent on the value obtained for
benzaldehyde was thus investigated. In addition alternative assay procedures

for determining benzaldehyde, which did not require use of water, acid or

other highly polar solvents such as methanol, were sought.

6.2.4.1Effect of Sample Preparation on Benzaldehyde HPLC Assay

Water is present in the HPLC mobile phase and could, if dissocia-
tion of ox-hydroxyalkylhydroperoxide is a fast reaction, be converted to
hydrogen peroxide and aldehyde upon injection of the organic solution
onto the column. To overcome any effect which could be attributable to
the mobile phase aqueous component, autoxidised benzyl alcohol (natur-
ally aged, Batch A) was diluted with water during sample preparation.
The benzaldehyde content of this solution was compared with similar
solutions diluted with IM sulphuric acid and with methanol.

The benzaldehyde content of the aqueous dilution was noted to be
identical to that of a dilution prepared in methanol (Table 6.11). In

contrast the benzaldehyde level of the acid dilution steadily increased
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over a period of 20 min., subsequently decreasing in value until approxi-
mately equal to the initial figure (Table 6.11 and Fig. 6.8). Such an
increase would be expected if the acid caused dissociation of the ot-
hydroxyalkylhydroperoxide to occur, but the subsequent decrease in
benzaldehyde value is difficult, if not impossible to explain on these

results alone.

6.2.4.2 Aqueous Extraction of Naturally Aged Benzy! Alcohol

Methanolic and aqueous dilution of naturally aged benzyl alcohols
resulted in identical values for benzaldehyde upon assay. In order to
determine whether the peroxide present in the aqueous solution was in the
form of q¢-hydroxybenzylhydroperoxide or hydrogen peroxide, the peroxide

was extracted from the benzyl alcohol with water and the benzaldehyde

level before and after acidification of the aqueous extract determined. If
o-hydroxybenzylhydroperoxide is present, the addition of acid will cause
dissociation and a corresponding increase in benzaldehyde concentration.

Experimental

Naturally aged benzyl alcohol was extracted with an equal volume
of water and the aqueous layer separated by centrifugation. Absence of
peroxide in the benzyl alcohol layer was established using a test solution
of potassium iodide and sulphuric acid. The aqueous fraction was washed
(X2) with dichloromethane to remove residual benzyl _alcohol, again
separating the layers of centrifugation. The concentration of benzalde-
hyde in the aqueous extract was determined by an HPLC method before
and after the addition of acid. Total peroxide content was determined
iodometrically.

Results and Discussion

No benzaldehyde was detected in the aqueous extract before

acidification. Following the addition of acid, benzaldehyde concentration
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Table 6.11

Benzaldehyde Content of Some Aged
Benzyl Alcohols{img/ml)

Methanol Aqueous IM sulphuric acid
solution solution solution
2.29 2.37 Initial* 2.57
5.0 min. 2.64
8.4 min. 2.83
12.2 min. 2.95
16.0 min. 3.09
20.2 min. 3.03
27.4 min. 2.41
36.0 min. 2.44

* Immediately after dilution.
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was determined to be 0.029 mg/ml. From this increase in benzaldehyde
content, the equivalent concentration of &-hydroxybenzylhydroperoxide
was calculated at 0.039mg/ml, which is equivalent to 0.0091mg/m! of
hydroperoxide (OOH). The total hydroperoxide content of the aqueous
extract, calculated as OOH, was 0.301mg/ml thus the amount of peroxide
attributable to a-hydroxybenzylhydroperoxide is approximately 3% of the
total. The majority of peroxide present in the aqueous extract is

therefore represented by hydrogen peroxide.

6.2.4.3 Alternative Assay for Benzaldehyde - UV Spectrophotometry

As an alternative means of assessing the true level of benzaldehyde
in aged benzyl alcohol, and hence the extent of dissociation of (-
hydroxybenzylhydroperoxide, an assay procedure was sought which would
be free from influences affecting the natural equilibrium present in the
alcohol. A simple UV spectrophotometric procedure for determining the
benzaldehyde content of commercial benzyl alcohol has been described in

the literature231

and was applied to the batches of naturally aged benzyl
alcohol. The method is valid only in the absence of other impurities or
degradation products which absorb UV radiation at 283nm.

Experimental Conditions

Naturally aged benzy! alcohol was diluted with various solvents and
the UV absorption of the solution determined at 283nm. Quantitation of
benzaldehyde was achieved by comparing the sample with a standard
solution prepared in the same solvent.

Results and Discussion

The results of assay are given in Table 6.12.
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Table 6.12

Benzaldehyde Content(mg/ml) of Some Naturally
Aged Benzyl Alcohols (Spectrophotometric Assay)

Benzyl Alcohol Diluent
Methanol/ Methanol/
Water 2M H SOa
Hexane (50-50) (50-%0)
Batch A 3.36 3.08 3.18
C 12.47 12.00 14.86
E 0.41 0.41
F 2.37 2.16

During the HPLC determination of benzaldehyde following acidifi-
cation of a benzyl alcohol solution (Section 6.2.4.1), benzaldehyde concen-
tration was observed to increase, then subsequently decrease in value over
a period of 35 min. The UV absorbtion measurements above were thus
determined at intervals throughout a 35 min. period. After 15 minutes
only Batches B and E exhibited an increase in absorption. Batch B
retained the new absorption value throughout the 35 minute interval
whereas the absorbance of Batch E slowly decreased to the original value.
Batches A and C, in contrast exhibited no change in absorbance with
respect to time. The variable effect of acid addition observed in this and
previous experiments suggests that a reaction is occurring which is
related to an unknown impurity or degradation product present in only
occasional batches of benzy! alcohol.

The true value of benzaldehyde concentration is most likely to be
that obtained by assay of the benzy! alcohol diluted with hexane, since
this non-polar inert solvent is unlikely to influence the dissociation of the
oa-hydroxyalkylhydroperoxide species, if present. The similar assay values
apparent for hexane and methanol/water solutions of benzyl alcohol

indicates that the addition of water, has had little effect on any
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equilibrium that may exist within the aged benzyl alcohol. By analogy the
assay values for benzaldehyde obtained via the HPLC procedure would be
unaffected by the mobile-phase aqueous component and therefore also

represent actual values for benzaldehyde content.

6.2.4.4Determination of Benzaldehyde by an IR Spectrophotometric

Procedure

To obtain further evidence that the HPLC assay gives a true value
for the benzaldehyde content ie. the assay procedure has no influence on
the equilibrium concentration, an IR assay for total carbonyl compounds
was developed. Although benzoic acid will interfere, the level of this
compouﬁd present in Batches A and C of the aged benzyl alcohols

(determined by an HPLC method; Section 6.2.3.1) was known to be

negligible in comparison to the benzaldehyde content (about 5%). A high
bias may thus be expected but the procedure will be of sufficient
precision for the envisaged purpose.

Experimental

Hexane was initially investigated as diluent for the benzyl alcohol
samples, but was ultimately found to possess a high background absorption
(Imm cell) in the 1600-1800cm™* region (carbonyl stretching frequency).
Dichloromethane was subsequently chosen, being almost free from back-
ground absorption in the required spectral region.

Linearity of response for benzaldehyde was determined by adding
aliquots (0-10ul) of benzaldehyde to 5ml (volumetric flask) of a 50%
solution of freshly distilled benzyl alcohol in dichloromethane. The IR
spectrum of each solution was recorded and the response of the carbonyl
stretching frequency at about 1700 cm"1 measured in terms of %
transmission. Absorbance values were then calculated from the relation-

ship
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absorbance = log 1 where, T = transmission

A plot of absorbance against concentration (Fig. 6.9) indicated that
a deviation from linearity was apparent beyond a benzaldehyde
concentration of 1.25mg/ml solution (equivalent to 2.5mg/ml
benzaldehyde in the original benzyl alcohol). |

Sample preparation was therefore adjusted by dilution so that the
final concentration of benzaldehyde present in solution was within the
linear range of the assay. A standard calibration graph was constructed
concurrently with sample examination. A typical sample spectrum is
illustrated in Fig. 6.10.

Results and Discussion

The results are tabulated below, where they are also compared

with HPLC assay values (methanol solution) determined on the same day.

Table 6.13

Comparison of IR and HPLC Assay Values for the
Benzaldehyde Content of some Naturally Aged
Benzy! Alcchols

Benzyl Benzaldehyde Content (mg/ml)
A 1.92 2.27
cC 11.45 10.46
E 0.32 0.23
F 1.49 0.77

The IR results are in good agreement with HPLC values with the
exception of Batch F. The fractionally higher results for the IR assay of
batches A and C were not unexpected since these materials were known

to contain small amounts of benzoic acid.
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The vastly different assay values noted for Batch F is probably due
to the relatively high level of benzoic acid present in this material
(approx. 25% of benzaldehyde content). Comparison of the IR spectrum
obtained for Batch F with the spectra of the other aged benzy! alcohols
clearly shows an interfering absorption adjacent (1720crn'1) to the
aldehyde carbonyl stretching frequency (1705cm'1) which may be

attributable to benzoic acid. (Fig. 6.10)

6.2.4.5GC Assay for Benzaldehyde

For this determination a Squibb Q.C. procedurez32 was utilised.

Experimental Conditions

GC column : 15% carbowax on Universal
support.

Temperature : 150°C

Injection heater s 200°C

Detector : F.L.D.

Gases : Nz(carrier gas),60ml/min
0., 600ml/min
'-FZ’ 60ml/min

Sample preparation Naturally aged benzyl
alcohols ‘were diluted

with cyclohexane.

Standard preparation

50mg benzaldehyde was
diluted to 50ml with
cyclohexane.

Results and Discussion

The results obtained are compared with HPLC assays of the same

materials in Table 6.14. A typical chromatogram is illustrated in Fig.

6.11.
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Table 6.14

Comparison of GC and HPLC Assay Values for
Benzaldehyde Content of Aged
Benzyl Alcohol

Benzyl Benzaldehyde Content mg/ml

Alcohol GC HPLC

Batch A 4,98 2.27
C 17.16 10.46
E 0.87 0.23
F 2,20 0.77

The most striking feature of the results is that the GC procedure
produces values which are approximately twice as high as those obtained
by HPLC. Two postulates can be offered to account for this phenomenon:
(i) that &- hydroxybenzylhydroperoxide is thermally decomposed at

the injection point yielding increased benzaldehyde values.

(ii) that the hydrogen peroxide present in the aged benzyl alcohol
reacts in the gaseous phase at the injection point, oxidising benzyl
alcohol to benzaldehyde via a mechanism other than that which
requires formation of - hydroxybenzylhydroperoxide. (Howard
and Korcekzzo).

The results of Section 6.2.2.6 suggest that peroxide and benzal-
dehyde are present in equimolar quantities in Batch C, thus all peroxide
must be present as hydrogen peroxide if the Howard & Korcek relationship
is valide

PhCH(OH)OOH — PhCHO + HZOZ
Batch A contains a greater molar concentration of benzaldehyde than
peroxide, thus again all peroxide present should be in the form of HZOZ'

Assuming that the results of Section 6.2.2.6 are not influenced by the assay

procedure, as seems improbable from subsequent work (Section 6.2.4.3), then the

additional amount of benzaldehyde found during GC assay cannot result from the
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decomposition of an o-hydroxyalkylhydroperoxide since this entity is apparently
absent. The most favourable explanation of the observed phenomenon must

therefore be that of (ii).

6.2.4.6 TLC of Peroxide

A TLC procedure for the chromatography of hydrogen peroxide233

was applied to the samples of naturally aged benzyl alcohol.

Experimental Conditions

Plate : Merck, Cellulose F

254
Mobile phase :  Water/n-butanol/ether
(1-10-10)
Visulisation ~ :  a)UV lamp, 254nm

b) Kl/sto 4 spray

The results are shown in Fig. 6.12. Only one peroxide zone was

observed with an Rf value identical to that of hydrogen peroxide.

6.2.5 Conclusions

The formation of benzaldehyde in autoxidising benzyl alcohol probably
occurs via an @-hydroxybenzylhydroperoxide intermediate, as postulated by
Howard and Korcekzzo. An investigation of the peroxide present in the
autoxidising material provided evidence that hydrogen peroxide is the major
form of peroxide produced. The existence of small quantities of the -
hydroxybenzylhydroperoxide cannot be entirely excluded on the available
evidence, but results indicate that this entity must be > 95% dissociated to
benzaldehyde and hydrogen peroxide.

An alternative route of benzaldehyde formation via radical termination

involving two &-hydroxybenzylperoxy radicals was shown to be unlikely to

occur.
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Thus the identity of the peroxide which would be available to attack
fluphenazine decanoate, if autoxidation of benzyl alcohol occurred within the

Modecate product, is concluded to be hydrogen peroxide.

6.3. Relative Oxidation Rates of Benzyl Alcohol, Fatty Esters and Fatty Acids

Autoxidation of Modecate Injection could proceed via five possible intermed-

iaries since there are five potential receptors of oxygen present in the formula-

tion:
(i) fluphenazine decanoate (active)
(ii) oleate triglycerides )sesame oil
(iif) linoleate triglycerides )
(iv) benzyl alcohol (added preservative)
(v) traces of unsaturated (natural impurities
fatty acids. of sesame oil)

Of these possible intermediaries, the direct reaction of the drug with

molecular oxygen (i) has been shown to be unlikely180

, though confirmatory
evidence has still to be produced. Thus in this investigation only mechanisms (ii),
(iii) (iv) and (v) were considered. A knowledge of the oxidation rate of each of the
materials would enable prediction of the mechanism most likely to occur in the
product. Autbxidation rates however are difficult to quantify in absolute terms
because of the complex reactions occurring. A typical autoxidation follows the
general patt:ex'n23 4

a) initiation period

b) increasing rate of oxidation as radical propagation pro-

ceeds.

Hence the overall reaction does not obey simple kinetic laws, The common-
est method of determining the relative autoxidation rates of a series of materials
is to oxidise each sample under identical conditions (carefully controlled) and to
compare the results graphically. Quantitation of the data is not possible, but the

procedure will enable a knowledge of the relative potential for autoxidation to be

gained.
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6.3.1 Materials

Ideally the rates of autoxidation of the triglycerides should be determin-
ed, but these materials are not available in the pure form in the quantities
required by the experimental technique. Methyl esters of oleic and linoleic
acid were therefore used, these compounds being the most closely related
entities available in pure form. (Sigma Chemicals).

Pure unsaturated fatty acids (oleic and linoleic) were also obtained from
Sigma Chemicals. Benzyl alcohol was obtained from BDH Chemicals.

6.3.2 Autoxidation Procedure

20ml of the material to be oxidised was transferred to a large test-tube
and suspended in a thermostated bath at 8a°C. Compressed air was allowed
to bubble through the sample at a constant rate of 50ml/min, the flow rate
being monitored with a suitable flow-meter (range, 0-100ml/min). Air was
introduced into the liquid sample via a sintered tube.

Aliquots of the sample were withdrawn at intervals and assayed for
peroxide by an iodometric procedure (Section 5.2.1).

Each material was vacuum-distilled immediately prior to autoxidation so
that all samples were of an identical nature at the beginning of the

experiment ie. free from peroxide.
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6.3.3 Results and Discussion

Table 6.15

Autoxidation of Methyl Oleate

Time OOH Content
(hrs) (mg/ml)

0 0.05

2 0.30

4 0.61

6 0.94

8 1.39

Table 6.16

Autoxidation of Methyl Linoleate

Time OOH Content
(hrs) (mg/mb)
0 0

0.5 0.64

1.0 1.67

1.5 3.33

1.75 4.21

2.0 5.38

2.25 7.10
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Table 6.17

Autoxidation of Oleic Acid

Time OOH Content
(hrs) (mg/ml)

0 0.03

1 0.30

2 0.56

4 1.24

6 1.75

7 2.10

8 2.48

Table 6.18

Autoxidation of Linoleic Acid

Time | OOH Content
(hrs) (mg/ml)

0 0

0.25 0.94

0.5 1.93

0.75 2.97
1.0 4.39

1.25 5.68

-261-



Table 6.19

Autoxidation of Benzy! Alcohol

Time OOH Content
(hrs) (mg/ml)

0 0.023

1 0.037

2 0.040

4 0.086

5 - 0.224

6 0.475

634 Discussion and Conclusions

A graphical comparison of the autoxidation rates (Fig. 6.13) illustrates the
relatively faster rate at which the diunsaturated fatty ester (linoleate) is

oxidised and is in agreement with previously published datal77

. Fatty acids,
which follow a similar profile to the esters, have a marginally greater rate of
oxidation than the corresponding ester. In contrast, benzyl alcohol possesses
the slowest rate of autoxidation,

Thus in a mixture of the components the diunsaturated compounds can be
expected to preferentially autoxidise. As only trace amounts of fatty acid
are present in a typical formulated product, the majority of oxidation can be
predicted to occur with the diunsaturated ester. Autoxidation of the mono
unsaturated ester (oleate) may occur to a limited degrée. Benzyl alcohol,
which exhibits the slowest rate of autoxidation and is also present in only
small amounts (1.5%) would not be expected to oxidise to any great extent
based on the above results. Hence the role of the preservative in enhancing
degradation of the drug (Section 6.2) is still unclear.

However, two criteria must be borne in mind when attempting to

extrapolate these results to Modecate formulation:
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(i) sesame oil contains natural antioxidants such as sesamolin
(ii) interaction of the peroxides (formed during autoxidation) with other
components of the product.

The presence of antioxidant will undoubtedly prolong the first stage of
autoxidation ie. the initiation period. The degree to which sesamolin may
influence subsequent rates of oxidation is totally unknown and future work could
usefully be directed towards determining the effect of antioxidants in this
respect.

The second criteria can be predicted with more certainty. Peroxides formed
during autoxidation will probably react directly with the active, fluphenazine
decanoate, since the drug has demonstrated a ready willingness to react with

hydroperoxides, even at room temperature (Chapter 5).
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RECOMMENDATIONS FOR FURTHER WORK

That the difference in the pattern of oxidation products exhibited by
piperazino-phenothiazines and by piperazino-phenothiazine esters respective-
ly during reaction with chloroperbenzoic acid be further investigated.

That the 130 NMR spectra of piperazino-phenothiazines be studied and, with
the aid of model compounds, absolute assignments of the chemical shifts be
made,

That the hygroscopic nature of the phenothiazine oxides be investigated.

That the reaction of fluphenazine decanoate with olefinic hydroperoxides be
assessed following deacidification in order to determine the true effect of
the carbon-chain length.

That the parameters affecting the rate of reaction of fluphenazine decanoate
with oleate and linoleate hydroperoxides be investigated so that the differ-
ence in reaction rates, observed in the current work, be explained.

That the effect of antioxidants on the reaction of fluphenazine decanoate
with hydroperoxides be assessed.

That at-hydroxybenzylhydroperoxide be synthesised and its absence in natur-

ally autoxidised benzyl alcohol be confirmed.
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APPENDIX 1

METHODS FOR THE PREPARATION AND ISOLATION

OF FLUPHENAZINE DECANOATE OXIDES




Al.l.General Notes

Al.ll Reagents and Materials

Analar reagents and solvents were used wherever possible. In the absence
of Analar material, Reagent Grade chemicals were substituted.

a) Purity of m-chloroperbenzoic acid, in terms of available oxygen, was

found to decrease with age. In order to obtain the closest control over the
oxidation with this reagent, the amount of available oxygen must be known.
This value is readily determined for peracids by a simple iodometric
titrationl”.
Accurately weigh approximately 200mg of m-chloroperbenzoic acid into a
250m! iodine flask (duplicate). Dissolve in 10ml of glacial acetic acid, add

2g of potassium iodide and allow to stand for five minutes. Titrate the

liberated iodine with 0.IM sodium thiosulphate solution using starch

solution as indicator.

A reagent blank determination should be performed simultaneously.

1ml of 0.IM sodium thiosulphate solution = 8.629mg m-chloroperbenzoic
acid.

b) Fluphenazine Decanoate

Pharmaceutical grade fluphenazine decanoate (purity 99.5%) was

used as received from the manufacturers (Linson Ltd. Eire).
Al.l.2 Equipment

HPLC equipment comprised of an Altex 110A reciprocating pump
(Anachem Ltd.) and a Cecil 212 variable wavelength UV detector (Cecil
Instruments Ltd.) coupled to a Perkin-Elmer Model 56 chart recorder.

Operating the HPLC under preparative conditions overloaded the UV
detector because of the relatively high concentrations of product being
eluted from the column. To overcome this problem, a less sensitive

refractive-index detector (Waters Associates Ltd.) was substituted for the UV

detector.



AlL.2.

Synthesis of Fluphenazine Decanoate Mono N-Oxides (Compounds A and B)

Al.2.10xidation of Fluphenazine Decanoate

Dissolve lg fluphenazine decanocate (1.69mM in 25ml of dichloro-
methane contained in a 250ml conical flask. Add a teflon-coated
magnetic-stirrer bar and place the flask on a magnetic stirrer. Add
dropwise from a burette (approx. | drop per sec.) with constant stirring a
solution of 0.299 m-chloroperbenzoic in 25ml of dichloromethane. Evap-
orate the resulting mixture to about 10ml on a rotary film evaporator.

Al.2.2. Separation of A and B from Reaction Mixture

Prepare a 200mm x 25mm column of freshly activated (110°C)
Kieselgel 60 (70-230 mesh, Merck) dispersed in chloroform. Transfer the
reaction mixture, prepared as in Al.2.l above, to the top of the column

and allow the solution to percolate through the silica gel. Elute the

compounds from the column with a mobile-phase of methanol-cyclo-
hexane-methyl acetate (40 - 70 - 100). The progress of the compounds
through the column may be conveniently monitored with a hand-held UV
lamp (366nm), whence the fluphenazine decanoate-related bands appear
bright-blue. Discard the first band eluted from the column (fluphenazine
decanoate) and collect the second band (mixture of compounds A and B) in
a round-bottom flask. Evaporate the solution to dryness on a rotary
evaporator with gentle heat (35-40°C); an oily residue remains which
slowly solidifies when stored at -20°C, resulting in a pale yellow waxy
solid.

Al.2.3. Isolation of Pure A and B by Preparative HPLC

Prepare a solution of the A/B mixture at a concentration of

500mg/ml in methanol.
Using a 20cm x 3/8" HPLC column packed with SAS-Hypersil and a

mobile phase of methanol-acetonitrile-1% ammonium carbonate (1-1-1)

-A3~-



inject 50ul aliquots of A/B solution onto the column. Collect the eluted
fractions containing compound A and compound B in separate round-
bottom flasks. Repeat the injection of the solution and collection of the
respective fractions as necessary. Treat the flasks containing separated
A and B as follows:

Evaporate under vacuum to remove the majority of the organic
phase. Add about 20ml of acetonitrile and again evaporate on a rotary
evaporator at about 70°C. Transfer the largely aqueous solution into a
separating funnel, add an equal volume of water and extract with ethyl
acetate or dichloromethane.

Separate the organic layer and dry over magnesium sulphate.
Evaporate to dryness on a rotary evaporator. Final traces of solvent can
be removed in a freeze-drier. The resulting oil slowly solidifies on

storage at -20°C yielding a pale yellow waxy solid.

Al.3 Alternative Synthesis of Compound A

Prepare the mixture of compounds A and B as detailed in Sections Al.Z.}
and Al.2.2 above. Dissolve the mixture in methanol and add 20m! of
ammonium hydroxide (SG, 0.88). Allow to hydrolyse at room temperature
until compound B comprises about 5% of the A/B mixture (about 48 hrs) using
HPLC (SAS-Hypersil column; mobile phase, methanol-acetonitrile-1%
ammonium carbonate solution, 1:1:1) to monitor the reaction.

Isolate compound A (approx. 95% pure) from the reaction mixture by the

method described in Section Al.2.2.

Al.4. Synthesis of Fluphenazine Decanoate di N-Oxide (Compound D)

Dissolve 0.5g fluphenazine decanoate (0.85mM) in 25ml ethyl acetate

contained in a 250-ml conical flask..
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Prepare a solution of 0.44g of m-chloroperbenzoic acid (2.55 mM available
oxygen) in 75.0ml ethyl acetate.

To the solution of fluphehazine decanoate at 20°C, add 48.0ml of oxidant
dropwise from a burette, with constant stirring. Continue to add the oxidant
in 0.5ml quantities monitoring the progress of the reaction by HPLC (SAS-
Hypersil column; methanol-acetonitrile-1% ammonium carbonate solution,
l:l:1 as mobile phase, detector 260nm) after each addition. Cease the
addition of oxidant as soon as compound D is seen to be formed. Evaporate
the reaction mixture to dryness with a rotary film-evaporator and re-dissolve
in diethyl ether. Add an etheral solution of hydrogen chloride dropwise from
a graduated pipette until the precipitant is just present in excess (pH paper).
Separate the precipitated hydrochloride salt by centrifugation and wash the

solid twice with ether to remove excess hydrogen chloride. Dry the material

in a vacuum oven at 60°C.

If necessary, the material may be recrystallised from a mixture of dry

ether and dry absolute ethanol.

AlLS Synthesis of Fluphenazine Decanoate Sulphoxide di N-Oxide (Com-

pound D)

Dissolve 0.5g fluphenazine decanoate (0.85mM) in 25ml ethyl acetate in a
250-ml conical flask.

Prepare a solution of 0.59g m-chloroperbenzoic acid (3.42 mM available
oxygen) in 100ml ethyl acetate.

To the solution of fluphenazine decanoate at 20°C, add 73.0ml of oxidant
dropwise from a burette ensuring that the reaction mixture is stirred
constantly. Continue to add the oxidant in 0.5ml quantities monitoring the
progress of the reaction by HPLC after addition of each 0.5ml aliquot. (SAS-
Hypersil column; methanol-acetonitrile-1% aqueous ammonium carbonate,

1:1:1 as mobile phase; detector 260nm). Cease addition of oxidant when the
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level of compound C is reduced to approximately 2% of the reaction mixture,

Evaporate the reaction mixture to dryness on a rotary evaporator and re-
dissolve the residue in diethyl ether. Add an ethereal solution of hydrogen
chloride dropwise from a graduated pipette until the precipitant is just
present in excess (pH paper). Separate the precipitated hydrochloride salt by
centrifugation and wash the solid twice with ether. Dry the material in a

vacuum oven at 60°C.

Al.6 Synthesis of Fluphenazine Decanoate Sulphone di N-Oxide (Com-

pound E)

Dissolve 0.5g fluphenazine decanoate (0.85mM) in 25ml ethyl acetate in a
250-ml conical flask. Add 1.0g m-chloroperbenzoic acid (5.8mM available

oxygen) and swirl to dissolve. Allow to react at room temperature (20°C).

Monitor the reaction by HPLC (SAS-Hypersil column; methanol-acetonitrile-
1% aqueous ammonium cérbonate, 1:1:1; detector 275nm). Compound D is
formed immediately and then slowly converted to Compound E. When
conversion to compound E is complete, evaporate the reaction mixture to
dryness on a rotary evaporator. Re-dissolve the residue in diethyl ether and
precipitate the hydrochloride salt by dropwise addition of an ethereal solution
of hydrogen chloride until in excess (pH paper). Separate the precipitate by
centrifugation and wash the solid twice with ether. Dry the material in a

vacuum oven at 60°C.

AlL7 Synthesis of Fluphenazine Decanoate Sulphone (Compound F)

Prepare Compound E as described in Section Al.6 but omitting the
isolation of the hydrochloride.

To the reaction mixture (20°C) in ethyl acetate add 10ml of ethyl acetate
saturated with hydrogen chloride and pieces of granulated zinc. Monitor the

reaction by HPLC (SAS-Hypersil column; methanol-acetonitrile-1% aqueous
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ammonium carbonate, 1:1:1; detector 260mm). When reduction of compound
E is complete add excess IM aqueous ammonium hydroxide and mix well.
Separate the ethyl acetate layer, dry over magnesium sulphate, then evapor-
ate to dryness on a rotary evaporator. Add 10-ml acetonitrile and again
evaporate to dryness in order to remove residual water. Compound F remains
in the flask as a light-brown oil.

The above product will be contaminated with a small amount of fluphen-
azine decanoate. If necessary, compound F may be purified by preparative
layer chromatography:

Streak a methanolic solution of compound F onto the base-line of a 40 x
20cm silica-gel preparative layer plate (Merck; 2mm layer). Develop the
plate in a mobile phase of acetone-cyclohexane-0.88 ammonia (80:30:5).

Evaporate the mobile phase from the surface of the plate by placing in an

oven at 100°C for 5 mins. Scrape the main band from the plate, transfer the
silica gel to a glass column and elute with methanol. Evaporate the solution
to dryness with a rotary film evaporator. Remove any residual water by
adding acetonitrile and again evaporating to dryness. Drying may be

completed in a freeze-drier.

Al.8 Synthesis of Fluphénazine Decanoate Sulphoxide (Compound Z)

Two procedures are available for the preparation of Compound Z, either
of which may be adopted:

a) Oxidation of fluphenazine decanoate yielding the impure sulphoxide,
which may be purified by preparative layer chromatography.

b) Conversion of fluphenazine decanoate to the hydrochloride salt which,
after isolation and dissolution in glacial acetic acid, may be selectively
oxidised to the sulphoxide yielding Compound Z in almost 100% purity.
The former method only has been used:

Dissolve 0.5g fluphenazine decancate in 5ml glacial acetic acid. Add
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0.5ml of hydrogen peroxide (100 volume) and allow to react at 20°C.

Monitor the reaction by HPLC (SAS-Hypersil column; methanol-aceto-
nitrile-1% aqueous ammonium carbonate, 1:1:1; detector 260nm). When all
the fluphenazine decanoate has been oxidised isolate the crude sulphoxide by
adding excess 10M sodium hydroxide whilst cooling the flask and contents in
an ice-bath. Add 10ml dichloromethane to extract the sulphoxide and
separate the organic layer. Dry over magnesium sulphate. Evaporate to low
volume then streak the solution onto the base line of a silica gel preparative
layer plate (Merck; 20 x 40cm, 0.2mm layer). Carry out the chromatographic
procedure and method for the elution of the compound from the silica gel

described under Al.7 above. A pale yellow viscous oil is obtained.

AlL.9 Synthesis of Fluphenazine Decanoate Sulphoxide mono- N-Oxides

(Compounds X and Y)

Al.9.]1 Preparation and Isolation of the Mixture (Compounds X and Y)

Prepare approximately 0.5g of crude fluphenazine decanoate sul-
phoxide and extract from the reaction mixture into dichloromethane by
following the procedure described in section Al.7 above. Dry the
dichloromethane solution over magnesium sulphate then filter through a
No. 3 sinter. Oxidise the resulting solution of crude sulphoxide with -
chloroperbenzoic acid solution (0.2g in 60ml dichloromethane) by adding
the oxidant dropwise with constant stirring at 20°C. Monitor the reaction
by HPLC (SAS-Hypersil column; methanol-acetonitrile-1% aqueous
ammonium carbonate, l:l:l, detector 275nm). Stop the reaction when
compound W begins to be formed in preference to compounds X and Y (25-
30ml of oxidant). Evaporate to low volume on a rotary evaporator and
transfer the concentrated solution to the top of a 10cm x 2.5em column of
freshly activated (110°C) silica gel (Merck, 70-230 mesh) dispersed in

chloroform. Allow the solution to run oﬁto the column then elute with a
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mobile phase of methanol-cyclohexane-methyl acetate (40-70-100).
Prﬁgress of the bands through the column may be conveniently followed
using a hand-held UV lamp (366nm). Discard the first band eluted from
the column (fluphenazine decanoate sulphoxide). Collect the second band
in a round-bottom flaskl. Evaporate the eluate to dryness on a rotary

evaporator. A pale yellow/brown viscous oil results.

Al.9.2 Separation of Pure X and Pure Y by Preparative HPLC

Prepare a 50% solution of the mixture of C and Y isolated in
Section Al.8.] above. Operate the 20cm x 3/8" SAS-Hypersil column under
the conditions described in Section Al.2.3, injecting 25ul aliquots of
solution. Collect the fractions containing compounds X and Y in separate

flasks. Repeat the injection of the solution and collection of the
respective fractions as necessary. Isolate X and Y from the mobile phase
by the following procedure:

Evaporate under vacuum at about 70°C to remove the majority of
the organic phase. Add 20ml acetonitrile and repeat the evaporation at
70°C. Transfer the largely aqueous solution to a separating funnel, add an
equal volume of water and extract with dichloromethane. Separate the
organic layer and dry over magnesium sulphate.

Evaporate the solvent on a rotary evaporato