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ABSTRACT: Impurity profile study is critical for getting market approval
of finished dosage forms from regulatory authorities. There are many
manufacturing firms (small and medium scale) in India that they cannot
afford the high priced USP reference standards for analysis. So, the
availability of cheaper affordable IP reference standards will help them
adhere to quality guidelines for active pharmaceutical ingredients (APIs) and
drug products and assure safe manufacturing system and marketing of
pharmaceutical products. This research work is mainly envisaged towards
increasing the list of Indian Pharmacopeia (IP) approved impurity reference
standards. This paper describes our efforts towards the synthesis and process
optimization of the synthesis of cilostazol impurity A. The objective of the
present work was to develop a simple route of synthesis that gave a high
purity product with good process efficiency. The synthesized cilostazol
impurity A was characterized using sophisticated analytical techniques like
Fourier-Transform Infrared spectroscopy (FTIR), Nuclear Magnetic
Resonance (NMR) and Liquid Chromatography Mass spectrometry (LC-
MS). The results indicated that cilostazol impurity A was obtained in a high
purity form (>99.0%) using the developed synthetic process that could be
scaled up and subsequently used for manufacturing of cilostazol impurity A
reference standard.

INTRODUCTION: A clean bill of health of
public” is the ultimate motto of pharmaceutical
industries. The main aim of these industries is to
secure public health by endorsing the patients to get
correct medicine in perfect dose and efficacy at a
reasonable cost. Hence, safety and efficacy become
two  crucial fundamental attributes  of
pharmaceuticals in drug remedial treatment.
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The safety of a drug is not only dependent on the
toxicological properties of the active drug
substance but also on the impurities present in drug
products *.

Another side of the coin is that the formulation
should be stable throughout the shelf life of the
product with respect to its identity, strength, purity,
and quality of the drug. In pharmaceutical
industries, quality has to be monitored from the
very beginning, i.e., from raw materials to the end,
finished product, and during marketing survey. The
drug should be safe, which indicates that it should
give the acceptablg/ low risk of adverse effects at its
therapeutic doses “.
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Impurities in  pharmaceuticals are unwanted
chemicals that remain with the active pharma-
ceutical ingredients (APIs) or develop during
formulation or aging of both API and formulated
APIs. The existence of these unwanted chemicals,
even in minor quantities, may impact the efficacy
and safety of the pharmaceutical products . As per
the International Conference of Harmonization of
Technical Requirements for Registration of
Pharmaceuticals for Human use (ICH) guideline an
impurity can be defined as any entity of the drug
substance (bulk material) or drug product (final
container product) that is not the chemical entity
defined as the drug substance, an excipient, or other
additives to the drug products. Therefore, synthesis,
identification, quantification, and control of
impurities in drug substance and drug product, are
an important part of drug development and
regulatory assessment *. During the development
stages, the chemistry and safety factors of
impurities are a central focus of the quality
concept. In the early stage of the drug development
process, the level of impurities is usually higher
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and less experienced as well as information of it as
there is greater variability in the synthetic process,
mostly during optimization and scale-up process.
Another important role of the synthesized
impurities is its use as an impurity standard in the
course of the final step of impurity profiling when
the selective, quantitative method is developed for
determining the impurity > ®. Impurity profile study
is very critical for getting market approval of
finished dosage forms from regulatory authorities .
Hence forced degradation and impurity profiling
are crucial steps for Investigational New Drug
(IND) as well as New Drug Application (NDA)
registration. There are many manufacturing firms
(small and medium scale) in India that cannot
afford the high-priced USP reference standards for
analysis. So, the availability of cheaper affordable
IP reference standards will help them adhere to
quality guidelines for APIs and drug products and
assure safe manufacturing systems and marketing
of pharmaceutical products. This research work is
envisaged towards increasing the list of IP-
approved impurity reference standards.
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FIG. 1: CILOSTAZOL IMPURITIES I. P 2014

Cilostazol 1 Fig. 1,designated chemically as 6-[4-(1
- cyclohexyl - 1H - tetrazol - 5yl) butoxy] - 3,4-
dihydro - 2(1H) — quinolinone is a quinolinone
derivative that inhibits cellular phosphodiesterase
(more specific for selective cyclic adenosine
monophosphate (CAMP) phosphodiesterase 111) and
exerts arterial vasodilation and inhibition of platelet
aggregation (antithrombotic) activity °. It is official
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in Indian Pharmacopoeia 2014, and its monograph
lists three impurities i.e., cilostazol impurity A, B,
C Fig. 1. One of the synthetic routes for cilostazol
involves coupling of 6-Hydroxy-3, 4-dihydro-
2(1H) - quinolinone with 1 - cyclohexyl - 5 - [4 -
chlorobutyl] tetrazole in the presence of ethanol.
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The reagent 6-Hydroxy-3, 4-dihydro-2(1H)-
quinolinone used in the synthesis of cilostazol is
carried over to the final products (cilostazol) as
trace level impurity, i.e., known to be cilostazol
impurity A. Hence, the present work's objective is
to synthesize cilostazol impurity a followed by its
characterization using sophisticated analytical
techniques like FT-IR, 1H and 13C NMR, LC-MS,
and HPLC in order to confirm its identity,
properties, and purity.

MATERIALS AND METHODS: All the reagents
used were of LR grade and used without further
purification. MW assisted synthesis was carried out
on CEM Discover SP instrument at 60 °C; 60 psi at
60 Watt. For column chromatography, silica gel
60-120 mesh was used. The melting points were
determined using Thiele tube and expressed in °C
and are uncorrected. FT-IR spectra were recorded
on Perkin-Elmer 1650 FT-IR spectrophotometer. A
peak purity study was carried out using I. P 2018
procedure. HPLC analysis was carried out on
Agilent 1200 series system. 'H and *CNMR
spectra were recorded on a 500 MHz Agilent-
NMR, VNMR; -Software (chemical shifts in §ppm)
using tetramethylsilane (TMS) as an internal
standard. LC-MS spectra were recorded on Agilent
technologies 6520 Series accurate mass Q-TOF
LC/MS system.

Synthesis of N-(4-Methoxyphenyl)-3-Chloro-
propionamide 7 (Stepl) (Schemel):
Conventional Synthesis: NaHCO;3; (2.44 moles)
was added to the mixture of p-anisidine (1.62
moles) 5 and toluene (3.75 moles) in a two-necked
flask. A solution of 3-chloropropionyl chloride
(1.63 moles) 6 in toluene (3.75 moles) was added
slowly dropwise to the mixture, and the
temperature of the reaction mixture was to rise to
50 °C. After this, the reaction mixture was stirred
and heated to 60 °C for one hour.
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The reaction mixture was cooled at room
temperature, and dilute hydrochloric acid (3.26
moles) was added. After thirty minutes, the mixture
was filtered, and the collected compound was
washed with water, followed by toluene. The
resulting product 7 was dried under a vacuum oven.

Microwave Synthesis: NaHCO3 (2.44 moles) was
added to the mixture of p-anisidine (1.62 moles) 5
and toluene (3.75 moles) in a two-necked flask. A
solution of 3-chloropropionyl chloride (1.63 moles)
6 in toluene (3.75 moles) was added slowly
dropwise to the mixture, and the temperature of the
reaction mixture was to rise to 50 °C. After
completing the addition, the reaction mixture was
heated to 60 °C for about 1 min in microwave-
assisted synthesizer at 60 psi pressure.

6 - Hydroxy - 3, 4 - Dihydroquinolinone (Step 2)
(Schemel): N - (4 - methoxyphenyl) - 3 - chloro-
propionamide (1.40 moles) 7 and N, N-
dimethylacetamide (1.78 moles) 9 were added to a
three-necked flask. This reaction was carried using
an air condenser. Anhydrous trichloroaluminum
(AICI3) (powder) was added slowly over two hours.
An exotherm raised the temperature of the mixture
from about 25 °C to 140 °Cduring the addition of
Lewis acid AICI3. The reaction mixture was stirred
and heated at 150-160 °C for two hours. After
completion of the reaction, the mixture was
stirrable slurry and cooled to room temperature,
and quenched by pouring into the water in a fume
hood for entrapment of released HCI gas. Sodium
boro-hydride (0.79 moles) was added for reduction,
which caused the reaction mixture to change from
gray to white. The mixture was then cooled and
filtered. The collected compound was washed with
water and dried in a vacuum to give compound
(1.30 moles) 2. Reaction mechanism for synthesis
of cilostazol impurity A is given in Fig. 2.
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Scheme 1: Synthetic scheme of cilostazol impurity A (9): (i) Sodium bicarbonate, toluene 50-60 °C for 2
h /MW 600C 1 min (ii) AICl3, sodium boro-hydride, 150-1600C, 2 h.
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FIG. 2: REACTION MECHANISM FOR CILOSTAZOL IMPURITY A

RESULTS AND DISCUSSION:

Process Optimization:

Step 1: Preparation of N-(4-Methoxyphenyl)-3
Chloropropionamide (Scheme 1): N-(4-metho-
xyphenyl)-3 chloropropionamide, 7 was syn-the
sized using conventional (CS) and microwave
(MW) methods. Various factors like reaction time,
stoichiometry of starting material, solvent and
temperature were optimized during the synthesis of
compound 7 Table 1.

In the conventional method, the percent yield of
compound? was found to be 78.23% and 88% for
1:1 and 1: 2 mole ratios, respectively. However,
using MW assisted synthesizer yield was
significantly improved, resulting in 92.93% and
92% for 1:1 and 1:2 mol ratio, respectively.
Whereas the percent yield of compound 7 was

found to be drastically decreased to 44% in CS and
32% in MW at 1:3 mole ratio, as shown in table 1.
This indicates percent yield was significantly
improved as the mole ratio was optimized from 1:1
to 1:2. Conventional method synthesis was
completed within 3 h, whereas MW assisted
synthesis was completed within 1 min.

This result was reactant molecule of reaction
mixture comes to direct contact with microwaves,
resulting in a rapid rise in temperature within few
minutes as only the contents of the reaction vessels
were heated up and not the vessels. This method
gave selective heating of polar molecules and made
the process rapid and efficient. Whereas in CS, the
heat was driven to the reactant molecule via
passing through the wall of vessels, made the
process slow and inefficient.

TABLE 1: PROCESS OPTIMIZATION OF CILOSTAZOL IMPURITY A SYNTHESIS

Ratio of P-4: 3-CPC*  Temperature °C Solvent CS MW
Time (hrs) % yield Time (min) % yield
1:1 60 Toluene 3 78.23 1 92.93
1:2 60 Toluene 3 88 1 92
1:3 60 Toluene 3 44 1 32
1:1 60 Methanol 3 No product found 1 No product
found
1:1 40 Toluene 3 86 1 94
1:1 30 Toluene 3 84 1 88
1:1 Scale up 60 Toluene 3 89.3 1 92.9
P-4: p-anisidine*, 3-CPC: 3-chloropropionyl chloride*
International Journal of Pharmaceutical Sciences and Research 2129
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The solvent used in the synthesis was also
optimized using two different solvents i.e. toluene
and methanol. The reaction was found to be
completed in toluene as toluene is aprotic solvent
with low dielectric constant and low hindered
property whereas the reaction was not complete
when toluene was replaced by methanol which is a
polar protic solvent as it tends to form hydrogen
bonding with nucleophile and hinders the
nucleophilic substitution reaction. Along with this,
temperature conditions were optimized at 30°C,
40°C and 60°C, that resulted in satisfactory yield in
both the methods CS and MW.

Step 2 Preparation of 6-Hydroxy-3, 4-Dihydro-
quinolinone (Scheme 1): Synthesis of 6-hydroxy-
3, 4-dihydroquinolinone, 2 was carried out using
anhydrous AICI; (dry). Precautions to be taken
during handling of anhydrous AICI; is to avoid
contact of water as it reacts violently with water
and forms explosive fumes of hydrochloric acid.

The yield of compound 2 was found to be 90%
(4.24 g), and completion of the reaction was
confirmed by TLC (Rf = 0.8) in mobile phase
chloroform: isopropyl alcohol (4:1) and melting
point was found to be 236-240°C. Peak purity of
cilostazol impurity A (6-hydroxy-3, 4-dihydro-
quinolinone) was carried out as per 1.P 2018 was
found to be 99.05%, shown in Fig. 3.
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In order to get 100% pure cilostazol impurity A, the
purification step was carried out using column
chromatography (adsorbent silica gel 60-120 mesh,
mobile phase: dichloromethane and isopropyl
alcohol in different ratios). Fractions were eluted
from the column and were concentrated, and TLC
analysis followed using the chloroform: isopropyl
alcohol (4:1) as the mobile phase. Various ratios of
dichloromethane and isopropyl alcohol were tried
(100% dichloromethane, 99:1, 98:2, 96:4, 94:6,
92:8). Cilostazol impurity A eluted at ratios 96:4,
94:6, 92:8 and this was confirmed by the presence
of 1 band at R = 0.8 using TLC studies. Synthesis
of 2 was not possible by MW assisted synthesis due
to the highly exothermic nature of this reaction and
anhydrous Lewis acid AICI3 used in the synthesis is
not amendable for use under microwave irradiation.

Compound 2 was obtained as an off-white colored
solid material (4.24 g), yield 90%. IR (KBr): 3213
(OH stretch), 2924 (N-H stretch), 1651 (C = O
stretch) cm™. Purity by HPLC 99% TLC: R; = 0.8,
(chloroform: isopropyl alcohol, 4:1). Melting point:
236-240 °C. *C NMR (DMSO): d 25.035, 30.414,
124.657, 113.381, 114.85, 130.234, 132.669,
152.284, 170.10. 'H NMR (DMSO): 2.746-2.775
(t, 2H), 2.345-2.375 (t, 2H), 6.513-6.534 (d, 1H),
6.564 (s, 1H), 6.642-6.638(d, 1H), 9.760 (s, 1H),
9.968 (s, 1H). LC-MS: m/z 162 ([MH] - CgHgNO;
calcd.163.17).

S. no. Peak Name RT Area % Area
1 Cilostazol impurity a 1.626 18054925 99.08
2 Unknown 1 2.034 30590 0.17
3 Unknown 2 2.197 57036 0.31
4 Unknown 2 2.5635 80886 0.44

FIG. 3: HPLC CHROMATOGRAM OF CILOSTAZOL IMPURITY A (99%)

CONCLUSION: A simple synthetic method is
described for the preparation of Cilostazol impurity
A. The target impurity was synthesized using a

International Journal of Pharmaceutical Sciences and Research

blend of both conventional and microwave
methods. It was characterized using FTIR, *H and
3¢ NMR, LC-MS and HPLC. This route of
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synthesis resulted in a high purity product of more
than 99% and could qualify as an impurity
reference standard. The procedure was simple and
easy to scale—up with good percentage yield.

Furthermore, this optimized synthesis procedure
could prove extremely attractive to manufacturers
of active pharmaceutical ingredients and impurities
as well as regulatory agencies who could
manufacture it at low cost and make it available to
the pharmaceutical companies for use as impurity
reference standard versus the high priced US
reference standards.
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