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Abstract: Process development and optimisation studies for the manufacturing process of N-methyl paroxetine was done
by applying Quality by Design (QbD) principles. A normal operating range was defined for each process parameter by
technique of design of experiments and knowledge of process chemistry to ensure consistent high quality of advanced in-
termediate and control of impurities. Initial challenges faced during early process development, were overcome by novel
approach using polar aprotic solvents like sulpholane. Finally DMSO was used to improve overall impurity profile sig-
nificantly.We have demonstrated a “ right first time” approach to avoid failures and bitter surprises during scale up in

manufacturing plant.
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INTRODUCTION

Process development and scale- up of commercially im-
portant active pharmaceutical ingredients( APIs) is an inter-
esting and challenging task to an organic chemist in the
pharmaceutical field. However, due to ever rising cost com-
petition and requirements by formulation colleagues in stipu-
lated time frame, it becomes an ever increasing daunting
task. If process development is done in certain logical steps
and in a systematic manner, it could be a satisfying experi-
ence with respect to timely delivery of APIs and launching
of commercially viable new generic molecules. Process de-
velopment by the traditional “one change at a time” para-
digm leads to a large number of experiments thus consuming
resources of an organisation and time to market is delayed
considerably. To reduce the number of experiments required
for effective process development “design of experiments”
strategies and software programs like Stavex®, Dynochem®,
Modde®( from Umetrics, Sweden) [1-7] are being used by
process development chemists worldwide. Access to these
softwares, training and implementation are still a distant
dream for organic/ process development chemist working in
small to medium-sized Indian pharmaceutical organisation.
Hence systematic and logical thinking towards designing a
manufacturing process is very much an essential factor.
Imagination of step-by-step unit operations during large
scale manufacturing and “what if certain thing goes wrong?”
kind of thinking would give positive inputs while designing
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a robust process. To answer such obvious questions, leads to
negative experiments and data generation to define the
“normal operating range” of the process and also to under-
stand the “ edge of potential failure” concisely.

In this paper, we would like to elaborate more on simple
strategies during API process development [8] and how
process chemist can benefit from such simple experiments,
in a minimum number of laboratory experiments, thus saving
on resources and environmental aspects as well. Each proc-
ess parameter can be challenged to “lower than” and “higher
than” the limit of a fixed parameter and experiments can be
envisaged accordingly. Analytical data generated by such
experimentation throws more light on the problem and an in-
depth knowledge of the process could be sought before actu-
ally going for scale-up in the manufacturing facility. Genera-
tion and interpretation of analytical data, in-process control
checks and intermediate analysis reports gives more assur-
ance towards achieving successful scale-up campaigns,
yields and quality of APIs.

Initial challenges like glassy nature of mesylate interme-
diate, which could not be removed comfortably from reac-
tion flask. It was triturated with cyclohexane to obtain mate-
rial in the form of powder. Later on this isolation was re-
moved and mesylate intermediate was taken “in situ” and
condensed with sesamol. In condensation step, reaction rate
was significantly improved to 2-3 hours by novel approach
of using polar aprotic solvent like sulpholane. Impurity carry
over from N-methyl Paroxetine intermediate was observed
and hence finally DMSO solvent was used in condensation
step to improve overall impurity profile significantly to
achieve quality as per ICH guidelines.
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MATERIALS AND METHODS
Process Development Strategies

Among the various strategies being developed by process
chemists, we would like to summarize a few of them which
are commonly adopted worldwide. In a chemical reaction
there are starting materials, reagents, catalysts and solvents,
which are necessary raw materials required to produce an
API. To monitor the progress of reaction for its completion,
various sophisticated modern analytical tools like Thin layer
chromatography(TLC), High pressure liquid chromatography
(HPLC), Gas chromatography (GC), Proton nuclear mag-
netic resonance ('HNMR) are used. To isolate the intermedi-
ate/product various purification techniques like solvent ex-
traction, precipitation by addition of solvent in which mate-
rial has less solubility also called as an antisolvent, recrystal-
lisation in single or mixed solvents, ion exchange resins, pH
adjustments and filtration etc. are employed routinely. Puri-
fication by column chromatography is also an important
technique for achieving desired purity of final API as per
regulatory guidelines. For removal of solvent from wet mate-
rial, techniques like drying under vaccum in vacuum tray
dryers, in rotary cone dryers, in fluidised bed dryers etc. are
employed. Finally in order to achieve the desired particle
size equipments like multi-mills, ball mills, pin mills, mi-
croniser/air jet mills, spray dryers, lyophilisers are used.
Hence proper equipment selection for the desired unit opera-
tions also constitutes the robustness of a manufacturing
process. Identification of critical process parameters with
respect to quality and safety is also done during designing
the process.

Paroxetine hydrochloride,trans(—)-3-[(1,3-benzodioxol-5-
yloxy)methyl]-4-(4-fluorophenyl) piperidine, is an antide-
pressant [9] developed by SmithKline Beecham and also
used in treatment of obsessive compulsive disorder under
brand name Paxil®. We will take as an example the devel-
opment of a process for an advanced (N-1) stage intermedi-
ate required for manufacture of paroxetine hydrochloride
hemihydrate. N-methyl paroxetine is synthesised by conden-
sation of chirally pure (-)[(3S,4R)-4-(4-fluorophenyl)-1-
methylpiperidin-3-ylJmethanol i.e.(-) carbinol(1) with 3,4
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dihydroxymethylene phenol i.e. sesamol (3)in a polar or-
ganic solvent using an inorganic base Scheme (1).

Brief Process Development History

(-) carbinol (1) was first converted into an in situ gener-
ated “mesylate intermediate (2)” using triethylamine (TEA)
as a HCI scavenger and toluene as solvent. This was then
condensed with sesame in the next step of to obtain N-
methyl paroxetine, using the novel solvent sulpholane and
polar solvents like DMSO, N-methyl pyrrolidone, dimethyl
acetamide, 2-ethoxy ethanol or methanol. N-methyl paroxet-
ine obtained by this method was far more superior in quality
than obtained by using prior art methods [10-27] and the
overall yield was in the range of 80% to 85% with respect to
the starting (-) carbinol.

It was also observed that the mesylation reaction using
triethylamine (TEA) as base was exothermic ( AHp =
1117KJ/Kg, AT Lgiabatic = 67°C) in nature. Hence to avoid run
away situations in large scale manufacture, it was necessary
to carry out this reaction at low temperature and the exo-
therm was controlled by slow addition of the methanesul-
phonyl chloride reagent. This can be better controlled by
diluting methanesulphonyl chloride in toluene solvent.

For the convenience of experiments, it was necessary to
isolate the mesylate intermediate as a solid powder. Hence
the thick oily mesylate intermediate was triturated, with
cyclohexane and the solid powder obtained was filtered on a
Buchner funnel and could be dried easily under vacuum.
HPLC analysis indicated a purity exceeding 95% and the
material was not hygroscopic and it was stable at room tem-
perature storage conditions for prolonged time. In general,
mesylate intermediates are unstable and not isolated for this
reason, but in this case, we would like to emphasize that the
mesylate intermediate was quite stable at room temperature
and could be isolated as a solid powder by trituration in
cyclohexane as mentioned above. It was also possible to ana-
lyse the material without any difficulty by HPLC using
aqueous buffer solutions.

The condensation reaction with sesamol using sulpholane
solvent generated unknown impurities in the N-methyl par-
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oxetine intermediate [28]. They were converted (carry over)
to unknown impurities in the final Paroxetine API. Therefore
impurities must be removed at the N-methyl paroxetine stage
to avoid purification of final API. When purified N-methyl
paroxetine was converted to the final API, it complied with
USP specifications and criteria [29]. However, the cost of
manufacturing increased by almost 20-30%, thus the process
was not commercially viable. Hence to avoid purification of
N-methyl paroxetine, DMSO was selected as a solvent for
reaction and process parameters were optimised accordingly.
Analytical data were generated for each parameter change in
the process and compiled to better understand the manufac-
turing controls during the execution of batches.

Process flow chart: In order to understand the process
flow, the following process flow diagram was drawn depict-
ing the major unit operations and their sequence as per the
design of the process. Fig. (1). Various experiments were
designed to study the negative impact on quality of the in-
termediate and yield of the process. After having set down
the process for the “mesylate intermediate”, it was taken “in
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situ” and the subsequent condensation step with sesamol was
further optimised.

RESULTS AND DISCUSSION

Choice of reagent: It is necessary to convert a primary
hydroxy group into a good leaving group in order to con-
dense the (-) carbinol moiety with sesamol as per SN, reac-
tion mechanism. This can be achieved by employing either
p-toluene sulphonyl chloride or methane sulphonyl chloride.
From the perspective of atom economy, methane sulphonyl
chloride was selected, which is also commercially cheaper
reagent and readily available.

Reagent stoichiometry: Ideally, 1 mole equivalent of
methanesulphonyl chloride[MsCI] converts (-) carbinol into
mesylate, but practically a larger amount of reagent is re-
quired due to trace levels of moisture in the raw materials
and solvents, which hydrolyses methanesulphonyl chloride
to methane sulphonic acid, thus impeding the desired reac-
tion from going to completion. Hence an additional quantity

Methane sulphonyl
chloride
4———— Toluene

-

Stir at 0-10 °C

Water ——»

Layer Separation

Reaction Mixture sample for

e HPLC: Check unreacted carbinol

Limit: unreacted carbinol NMT 1%

extraction
with Toluene

Toluene Layer

Water wash ——————p

DMSO Solvent —————————¥

EEEEE——

» Ag.Layer to ETP

| Toluene Layer

Aq. Layer to ETP

Recovery of Toluene u /vacuum
L w»w/d sample for HPLC check

unreacted carbinol

Mesylate (in situ)|in DMSO Solvent
k 4

Sesamol —————F
DMSO ————¥
KOH ——
50-55°C
* Reaction Mixture sample for HPLC

Water _—
Cool to 30-35 °C

L Check unreacted mesylate
Limit: NMT 1%

Filter
[ Weq Cake ]
Repulping in
—_—

water

Filtration [ Aq layerto ETP

v
N-Methyl Paroxetine

Fig. (1). Process flow diagram.

Drying 55-60°C
Vacuum 30 mm Hg



4 The Open Process Chemistry Journal, 2013, Volume 5

of reagent (approximately Smole % to 10 mole%) is required
for completion of reaction and conversion into mesylate in-
termediate. The reaction progress was conveniently moni-
tored by TLC. Initial experiments were carried out starting with
1.1-1.2 mole equivalents of Methane sulphonyl chloride. It was
observed that reaction was not complete with 1.1 -1.2 moles
equivalent and starting material (-) carbinol remained unreacted
in the range of 1% to 6% . Table 1.

During the optimization of the process, reactions were
monitored by HPLC for more accuracy of the results. It was
observed that in order to convert (-) carbinol to mesylate,
1.25-1.35 mole equivalents of methane sulphonyl chloride
reagent are required. Since the reaction is exothermic, the
reagent was diluted with 2 volumes of toluene with respect
to the input of (-) carbinol and added slowly into the reaction
mixture to maintain a reaction temperature below 20°C.
Higher mole equivalents of MsCl are not advisable as it af-
fects the yield of the reaction.

Choice of Solvent [31] and Volumes

Initial trials were done using dichloromethane and tolu-
ene solvent for the mesylation reaction. International confer-
ence on harmonisation (ICH) guidelines[30] do not recom-
mend chlorinated solvents like dichloromethane due to their
toxic potential and adverse side effects on occupational
health of shop floor personnel and patients. Recovery of
chlorinated solvents is a tedious task and huge losses are
incurred during recovery of solvents. Therefore use of chlo-
rinated solvents becomes a costly affair. Toluene, on other
hand, is cheaper and upto 90% of this solvent can be recov-
ered and reused. Hence toluene solvent was selected.

Solvent volume ratio: The solvent-substrate volume
ratio was optimized to 10 volumes with respect to starting
material. There is a formation of TEA.HCI salt due to HCI
scavenging by TEA. This results in the reaction mass becom-
ing a thick paste and so as to ensure homogeneity of the re-
action mass, 10 volumes of toluene are necessary. If smaller
volumes are used i.e. 5 volumes of toluene, the quality of the
mesylate intermediate is compromised. On the other hand, if
larger volumes are used i.e. 15 volumes the quality of mesy-
late is not affected.

Temperature of reaction: As noted previously, the tem-
perature of the reaction mixture increases due to the exo-
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thermic nature of the reaction and therefore must be con-
trolled by slow addition of methane sulphonyl chloride. This
protocol is a critical step from the safety point of view. Addi-
tion of methane sulphonyl chloride also can be controlled by
diluting the reagent with toluene solvent. This also gives a
better control on the temperature rise and hence the exother-
micity of the reaction. The temperature can be controlled up-
to a maximum of 20°C without affecting the quality of the
mesylate intermediate.

Triethyl amine stoichiometry: Prio art patents and ref-
erences describe the use of pyridine as an HCIl scavenger.
Use of pyridine is banned by environmental protection agen-
cies [31] because of its inherent toxicity [31], adverse side
effects due to exposure and environmental hazard. Hence the
safer and cheaper triethylamine was chosen as an alternative
for the intended application. Ideally 1 mole equivalent of
triethylamine should convert (-) carbinol into mesylate, but
practically 2.2 to 2.35 molar equivalents of reagent is re-
quired due to hydrolysis of methanesulphonyl chloride to
methane sulphonic acid, as described in the reagent
stoichiometry section. Initial experiments were carried out
starting with 2.0-3.0 mole equivalents of triethylamine. It was
observed that more impurities were formed when lesser i.e.1.5
moles equivalents of triethylamine were used. Higher equiva-
lents of TEA did not affect the quality of mesylate intermediate.
Hence 2.2 -2.35 mole equivalents of TEA were selected
Table 2.

In situ intermediate: After having set the optimum pa-
rameters for “ mesylate intermediate” i.e. 1.25-1.35 mole
equivalents of methanesulphonyl chloride, 2.2 to 2.35 mole
equivalents of Triethylamine, 10 volumes of toluene solvent
and 0°C to 10°C reaction temperature, we decided not to
isolate “ mesylate intermediate” but it was kept “in situ” and
further optimisation experiments for the reaction condi-
tions/parameters for the subsequent condensation reaction
with sesamol to obtain N-methyl paroxetine( NMP) were
carried out.

Time Required for Completion of Reaction:

Mesylation reactions are very fast on small scale [32-38].
However, when batches were scaled up to 100-200 g scale
and monitored by HPLC for completion time, it was ob-
served that after addition of methane sulphonyl chloride re-
agent, 2-3 hours time was necessary for complete conversion
to the mesylate intermediate.

Table 1. Deciding Reagent Stoichiometry
Expt. No. Solvent Volumes Process Set Point MsCI Moles eq HPLC Results Comments
10 volume 1.1 98.09% Mesylate, Yield: 97.9%
Expt No. 1
1.23 % carbinol
Exot No. 2 10 volume 2.0 98 A2% Mesylate, Yield: 57.7%
xpt No.
P 1.25 - 1.35 mole 0.15 % carbinol
equivalents of
MsCL. 91.97% Mesylate, Yield: 94.81%
Expt No. 3 10 volume 1.0
5.78 % carbinol
10 volume 1.5 98.96% Mesylate, Yield: 90.37%
Expt No. 4
0.7% carbinol
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Table 2. Deciding TEA Stoichiometry
Expt No. Moles of MsCl Process Set Point TEA Moles eq HPLC Results Comments
93.89% Mesylate,
Expt No. 5 13 L5 5.81 % UK cll"tEA qty should not be less than optimised
y.
Yield: 87.40%
30 99.18% Mesylate,
. . No adverse effect on quality of mesylate
Expt No. 1. 819 1
xptNo. 6 3 22t02.35 mole 0-81 % carbino when excess of TEA was used
equivalents of TEA. Yield: 93.33%
94.66% Mesylate, Yield: 93.33%
Expt No. 7 1.3 2.1
4.85 % UK
23 99.22% Mesylate, Yield: 90.37%
Expt No. 8 1.3
0.77% carbinol

Reaction monitoring HPLC data showed that (-) carbinol
remained unreacted even after stirring the reaction mixture
for 3 hours. This was attributed to the fact that the reaction
mixture thickens to a paste and hence (-) carbinol gets
trapped in the precipitation of the reaction mixture. However
the quality of N-methyl paroxetine was not affected due to
unreacted (-) carbinol upto 1%.

Holding of Reaction Mixture

To assess the impact of holding the reaction mixture for
48 hours, after complete addition of methane sulphonyl chlo-
ride, the reaction mass was kept under hold without stirring
under nitrogen blanketing at 29°-35°C, and mesylate inter-
mediate was isolated as per usual work up procedure. HPLC
data revealed that there was no impact on quality of mesylate
intermediate even after 48 hours of holding the reaction
mass.

Recovery of Toluene: Recovery of Toluene was done at
40-45°C. To assess the impact of higher temperature on
product quality recovery of toluene was also done at 50-
55°C . It was observed that a higher recovery temperature
did not affect the quality of the mesylate intermediate.

CHOICE OF SOLVENT FOR CONDENSATION AND
SOLVENT RATIO

Initial experiments using non-polar solvents like toluene
were not successful and when polar solvents [30] were tried
followed by aqueous workup, a fine precipitate of the N-
methyl paroxetine was obtained. The quality and yield also
improved significantly. Table 3 summarizes the results of
using various polar organic solvents.

Since the prior art [14, 15] does not mention the use of
polar solvents followed by aqueous work up and isolation of
NMP as solid powder, the procedure described in this work
is an entirely innovative strategy in the synthesis of N-
methyl paroxetine.

The solvent ratio was fixed at 6 volumes with respect to
(-) carbinol input as it was a minimum volume required to
ensure that the reaction mixture could be stirred adequately.
Lower volumes (4 volumes) did not affect the quality of
NMP, but reaction mass was difficult to stir. Higher volumes
( 10 volumes) did not affect the quality of NMP. However, a
larger amount of water is necessary to precipitate the product
completely, indirectly increasing the effluents load.

Table 3.  Selection of Proper Polar Solvent for Condensation Reaction
Expt No. Reaction Condition HPLC Results Comments

Expt No.9 Dimethylsulphoxide (DMSO), KOH powder 99.7% NMP Yield: 89.1%
Expt No.10 Methanol, KOH powder 96.7% NMP Yield: 67.3%
Expt No.11 Sulpholane, KOH powder 99.4% NMP Yield: 90.7%
Expt No.12 Dimethylacetamide (DMAC), KOH powder 99.7% NMP Yield: 87.7%

2-Methoxy ethanol, 90.1% NMP Yield: ~68.0%
Expt No.13

KOH powder

N-Methyl Pyrrolidone 98.99% NMP Yield: 96.66%
Expt No.14

KOH flakes
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HPLC data showed that the volume of DMSO used for
the reaction was not critical. However, to ensure homogene-
ity and adequate stirring of the reaction mixture, 6 volumes
of DSMO were selected.

Sesamol stoichiometry: During optimization experi-
ments for the number of mole equivalents of sesamol used, it
was observed that a minimum of 1.0 mole equivalent was
necessary to obtain optimum yields and quality of NMP.
Higher moles equivalents of sesamol did not have any im-
pact on quality of N-methyl paroxetine Table 4.

Sesamol forms a side chain in the API chemical structure
and contributes significantly to the overall structure of mole-
cule. Hence it is necessary from the regulatory [39, 40] point
of view to control other phenolic impurities present in the
sesamol raw material used. Phenolic impurities also react
with the “ mesylate intermediate” thus forming impurities
that can carry over to the final API. Therefore regulatory
guidelines for selection of this raw material must be adhered
to strictly.

Therefore, 1.2 moles of sesamol was decided for the con-
densation reaction with the mesylate intermediate. Excess of
sesamol was removed from the NMP as potassium salt,
which is highly soluble in water.

Potassium hydroxide stoichiometry: Experimental data
showed that the quality of N-methyl paroxetine was not af-
fected even when 1.5 mole equivalents of KOH were used in
DMSO. However, the yield was marginally less. Therefore,
2.2 moles of KOH were selected considering a 15% water
content in the potassium hydroxide flakes.

Temperature of reaction: Experimental HPLC data
showed that the quality of N-methyl paroxetine was affected
at more than 65°C. Hence the reaction temperature was fixed
at 50-55°C.

Quantity of water for quenching: HPLC data shows
that the volume of water used for quenching the reaction is
not critical. Hence an optimum quantity of 12 volumes with
respect to (-) carbinol was selected to ensure complete pre-
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cipitation of N-methyl paroxetine and removal of excess
sesamol and KOH from the wet cake of N-methyl paroxet-
ine.

Quantity of Water for Repulping Wet Cake of NMP:

The quantity of water used for repulping was not critical.
Repulping was introduced in the process to remove alkalinity
of the N-methyl paroxetine wet cake because pH of washings
of the NMP cake remained on alkaline side in the range of
pH 9 to pH11. Hence 15 volumes of water with respect to (-)
carbinol was selected for repulping the wet cake of NMP.

Final Optimised Process:

As per the data obtained after optimisation experiments,
following step wise final process for the manufacturing of N-
methyl paroxetine was adopted for laboratory validation
batches.

1 In a clean 4-NRBF charge toluene (8 volumes with
respect to input quantity of (-) carbinol, 1200 ml).

2 Charge (-) Carbinol ,150 g( 0.671 moles). Stir to
make a clear solution. Flush the reaction flask with
Nitrogen.

3 Charge Tri ethyl amine 206 ml (2.2 mole equivalent
with respect to (-) carbinol, 1.47moles, density

0.727g/ml).

4 Cool Reaction mixture to 0-10°C in crushed ice salt
mixture.

5 Mix methane sulphonyl chloride (1.3 mole equivalent

with respect to (-) carbinol, 0.872moles), 70.5 ml i.e.
104 g. with (2 volumes with respect to (-) carbinol,)
300 ml Toluene in a dry & stoppered glass container.

6 Transfer above methane sulphonyl chloride solution
to addition funnel/vessel.

7 Charge above methane sulphonyl chloride solution
(370.5ml) to reaction mixture slowly.

Table 4. Deciding Sesamol Stoichiometry
Expt No. Volume of DMSO Moles of Sesamol HPLC Results Comments

99.29% NMP

Expt No.15 6 volumes 1.0 0.018% mesylate Yield: 94.7%
0.22% UK RRT 1.32
99.38%NMP,

Expt No.16 6 volumes 1.5 0.018 %Sesamol, Yield: 94.9%
0.23 UK RRT 1 .32
99.47% NMP

Expt No.17 6 volumes 1.1 0.18% UK RRT 1.04 Yield: 95.26%
0.26% UK RRT 1.27
99.21% NMP

Expt No.18 6 volumes 1.3 0.12% UK RRT 0.63 Yield: 93.33%
0.3% UK RRT 1.27
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Maintain the temperature between 0-10°C during ad-
dition. Control the exotherm of reaction by halting the
addition of methanesulphonyl chloride. It takes about
1-1.5 Hours for complete addition of reagent.

Stir the reaction mixture between 0-10°C for about 2
hours.

Withdraw RM-1 Hr, 1 ml sample and submit for
HPLC analysis.

Withdraw RM-2 Hr, 1 ml sample and submit for
HPLC analysis.

If IPC complies [ (-) carbinol NMT 0.5%] then
Quench the reaction with ( 5 volumes with respect to
(-) carbinol)750 ml water and stir for about 15 min-
utes.

Separate the layers. Product is in Toluene Layer
(Layer 1).

Stir aqueous layer with toluene ( 1 volume with respect
to (-) carbinol) 150 ml for about 10 minutes.

Separate the layers. Discard aqueous layer. Combine
Toluene layer (Layer 2) with above Layer 1.

Stir aqueous layer with toluene ( 1 volume with respect
to (-) carbinol)150 ml for about 10 minutes.

Separate the layers. Discard aqueous layer. Combine
Toluene layer ( Layer 3) with above Layers.

Wash combined toluene layers (Layers 1+ 2 + 3) with
water (1 volume with respect to (-) carbinol) 150 ml for
about 10 minutes.

Separate the layers. Discard aqueous layer.

Wash combined toluene with distilled water ( 1 volume
with respect to (-) carbinol ) 150 ml for about 10 min-
utes.

Separate the layers. Discard aqueous layer.

Recover Toluene on rotavapor ( Water bath temp. 45°C,
vacuum 80-30 mbar) [Toluene recovered: 1745ml. It
takes about 1.5-2.0 hours for recovery of Toluene.]

Recover residual Toluene under high vacuum(Water
bath temp. 45°C, vacuum 30- 10 mbar). It takes about
20-30 minutes to recover residual Toluene.

Charge 150 ml DMSO ( 1 volume with respect to input
of (-) carbinol) to oily concentrate of the “in situ” mesy-
late intermediate.

Recover toluene under high vacuum( 30-10 mmHg) on
rotavapor ( water bath temperature 45° C). It takes
about 20-30 minutes to recover residual Toluene.

Charge 150 ml DMSO. Use this solution of “ in situ “
mesylate intermediate for next step( volume ~ 450 ml).

Condensation

27

Charge DMSO 750 ml ( 5 volume with respect to input
of (-) carbinol) into a clean 4NRBF ( capacity 5 lit .)

28 Charge sesamol ( 111 g, 0.803, 1.2 mole equivalents). Stir
to make clear solution.

29 Heat reaction mixture in a water bath to 57° £2°C( Water
bath set temperature 57°C.). It takes about 15-20 minutes
to attain 57° £2°C temperature.

30 Charge Potassium hydroxide flakes( 1105 g,
0.805moles, 1.2 mole equivalents ).

31 Flush the reaction flask with N, gas.

32 Charge above mesylate solution (volume ~ 450 ml )to
addition funnel and add slowly into reaction mixture at
57° £2°C. It takes about 15-20 minutes for addition.

33 Stir reaction mixture at 57° £2°C for about 1 hour.
34 Withdraw RM- 1 Hr, 1 ml sample and submit for HPLC

analysis.

35 Stir reaction mixture at 57° £2°C for additional 30 min-
utes.

36 Withdraw RM-90 Minutes, 1 ml sample and submit for
HPLC analysis.

37 If IPC complies ( IPC limit unreacted mesylate NMT
0.5%) then Cool RM to 40°C.

38 Quench RM with water (1800 ml) through addition
funnel. Reaction mixture temperature goes upto 50°C
due to heat of dilution of DMSO.

39  Cool RM to 30-35°C.
40 Filter the off white product.

41 Wash product cake with 1 % KOH solution ( 10 vol-
umes with respect to (-) carbinol, 1500 ml solution ,
500 ml x 3).

42 Suspend wet cake in distilled water ( 15 volumes with
respect to (-) carbinol, 2250 m1). Stir at 30 -33°C for
about 1 hour and filter/centrifuge.

43 Suck dry under vacuum for 30-45 minutes.
44 Transfer the product cake to SS Tray. Wet wt: 338 g.

45 Dry the product in vacuum oven at 55-60°C till moisture
content of cake is NMT 0.5% w/w( vacuum 30-40
mmHg). It takes about 12-16 Hrs.

46 Weight after 12Hrs of drying under vacuum, Constant
Dry wt: 200.4 g.

47 Yield : 200 g (87.0 % of theory from (-) carbinol ) (Ex-
pected :196.8 to 208.8g , 85 % to 90 % of theory).

48 Storage: At 30°C in double poly bags.

Lab Validation Analytical Results

Above process was scale up in Kilo lab and three con-
secutive experiments were conducted as laboratory scale
processs validation experiments. Samples of N-methyl par-
oxetine were submitted for complete analysis and results are
complied in following Table 5. Samples were subjected for
lab stability studies at various temperature and humidity
conditions.
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Table 5. Comparative Analytical Data of Lab Validation Batches

Yamgar and Sawant

Specification Limits Expt No.Vall Expt No.Val2 Expt No.Val3
Appearance Off white to buff powder Buff powder Buff powder Buff powder
Identification by HPLC Should comply complies complies complies
Loss of drying NMT 1.0% 0.54% 0.24% 0.26%
HPLC Purity NLT 99.0% 99.73% 99.47% 99.49%
Related substances by HPLC
1. Specified identified
a)  carbinol NMT 0.15% Below LOQ Below LOQ Below LOQ
b) mesylate NMT 0.1% Below LOQ Below LOQ Below LOQ
c¢)  Ether impurity RRT 1.04 NMT 0.15% Below LOQ Below LOQ Below LOQ
2. Specified unidentified impurity
a. Impurity at RRT 1.6
b.  Impurity at RRT 1.8 NMT 0.15% Below LOQ Below LOQ Below LOQ
3. Unspecified unidentified single NMT 0.15% Below LOQ Below LOQ Below LOQ
largest impurity
4. Total impurities NMT 0.1% 0.06% 0.06% 0.07%
NMT 0.5% 0.13% 0.15% 0.10%
Applying QbD Principles to Process Development TEA = Triethyl amine
If we rationalize how impurity profile of N-methyl par- NMP = N-methyl paroxetine
oxetine was improved?, then we understand advantage of HPLC - H P
> , = igh performance liquid chromatograph
DMSO solvent over that of sulpholane solvent. In this proc- gip d graphy
ess development studies, it was observed that formation of ~ NMT = Not more than
mesylate intermediate at low temperature is critical process LOQ = Limit of quantification
parameter. The quality of N-methyl paroxetine gets affected,
if process parameters are not strictly adhere to. This step is NLT = Not less than
also critical from the safety point of view and reaction exo- 4-NRBF = 4 neck round bottom flask
therm must be controlled to avoid any run away situation UK —  Unkn . )
during large scale manufacturing. = Unknown impurity
We would like to mention that use of mesylate interme- RRT = Relative retention time
diate is of concern to regulatory agencies, due to possibility RM = reaction mixture
of potential genotoxic impurity [40]. However, we could _
prove, by HPLC analytical methods that mesylate intermedi- IPC = Inprocess Control
ate was absent in N-methyl paroxetine and final API and it TLC = Thin layer chromatography
was well below LOQ level. QbD = Quality by design
Here we Woulq like to emphasise that .QbD prlr}mple.s DMSO —  Dimethyl sulphoxide
were applied in this process development. Firstly we identi-
fied the exact route cause of impurity formation and then we ICH = International conference on hormonisation
appheq kn_owledgp of process chemisty to control/ stop the Expt. No. = Experiment number
formation impurities. We have demonstrated that quality can i
be built in the process and “right first time” approach can be eq = equivalent
adopted to avoid failures and bitter surprises during scale up
in manufacturing plant. Such type of strategy would also CONCLUSION

reduce overall cost of manufacturing an APl and make a
process the most competitive in current commercial envi-
ronment. It is necessary that we are able to sustain the price
pressure in generic market globally and remain in API mar-
ket for long time doing business (First in, last out generic
business strategy).

ABBREVIATIONS
API =
MsCl =

Active pharmaceutical ingredient

methane sulphonyl chloride

As per the results obtained after optimisation experiments for
the condensation reaction, the final process for manufactur-
ing N-methyl paroxetine using 6 volumes of DMSO solvent,
1.2 mole equivalents of sesamol, 2.2 mole equivalents of
Potassium hydroxide flakes and maintaining the reaction
temperature at 50-55°C. In addition, 12 volumes of water
were needed for the quenching reaction and 15 volumes of
water were used for repulping the wet cake of NMP was
adopted for validation batches. The process was scaled up in
Kilo lab and three consecutive experiments were conducted as
laboratory scale processs validation experiments. Intermediate
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analysis results complied with the predetermined quality
specifications.
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