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Abstract

related to sildenafil.

view of the regulatory importance.

Background: Sildenafil is a selective inhibitor of cyclic guanosine monophosphate (CGMP)-specifil
phophodiesterase type 5 (PDE5). Sildenafil enhances the effect of nitric oxide by inhibiting phosphodiesterase type
5, which is responsible for the degradation of cGMP in the corpus cavernosum. The possible genotoxic impurities
of sildenafil were synthesized, i.e., sildenafil sulfonyl methyl ester, sildenafil sulfonyl ethyl ester, and sildenafil sulfonyl
isopropyl ester. The present work describes the synthesis and characterization of these sulfonyl ester compounds

Results: All the synthesized sildenafil sulfonyl esters have proved to be beneficial for the pharmaceutical industry in

Conclusion: A simple, efficient, and repeatable method was developed for the preparation of sildenafil sulfonyl
esters in view of the regulatory importance of the potential genotoxic impurities in the active pharmaceutical
ingredient. A detailed study of various impurities in sildenafil was conducted. Different process-related sulfonyl
esters in sildenafil were identified, synthesized, and characterized by using various spectroscopic techniques like
liquid chromatography-mass spectrometry (LCMS), mass, 'H NMR, and FT-IR. These efforts to synthesize and
characterize them effectively have proved to be beneficial.
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Background

Sildenafil is chemically known as 5-[2-ethoxy-5-(4-
methylpiperazinylsulfonyl) phenyl]-1-methyl-3-n-propyl-
1,6-dihydro-7H-pyrazolo [4,3-d] pyrimidin-7-one. Sil-
denafil is used for the treatment of erectile dysfunction
in male and it is also used for hypertension, and its cit-
rate salt 1 is marketed by Pfizer under the brand names
Viagra® and Revatio®
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Impurities present in an active pharmaceutical in-
gredient (API) will influence drug effectiveness by the
change of quality and safety. Impurities more than
0.1% [1] should be identified and characterized as per
the International Conference on Harmonization (ICH)
guidelines. To perform, co-injection studies and ana-
lytical performance characteristic studies, for example,
specificity, linearity, accuracy, precision, limit of de-
tection (LOD), limit of quantification (LOQ), system
suitability testing, and relative retention factor [2] im-
purities, are required.

In view of the regulatory importance of the genotoxic
impurities [3-5] in the API, a detailed assessment study

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://crossmark.crossref.org/dialog/?doi=10.1186/s43094-020-00095-1&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:rajeshpeketi1979@gmail.com

Rajesh Reddy et al. Future Journal of Pharmaceutical Sciences

on potential genotoxic impurities in sildenafil was con-
ducted. The genotoxic structure evolution was further
confirmed by Derek and Sarah analysis.

Mutagenic assessment for the synthetic route to sildenafil
citrate

Mutagenic impurity risk assessment perspective, raw mate-
rials, reagents, solvents, by-products, related substances, in-
termediates, and degradation products from the synthetic
process of sildenafil citrate were assessed for potential mu-
tagenic assessment by structure activity relationship (SAR)
screening using the expert rule-based software Derek
Nexus and statistics-based software Leadscope.

The key raw materials, reagents, and impurities of sil-
denafil citrate have been assessed for structural alert using
the DEREK and SARAH software, and the details of sil-
denafil sulfonyl esters are provided in the following table:

S. Name of the compound
no.

In silico analysis for mutagenicity

Derek Sarah Leadscope
1. Structural  Structural  Structural
Sildenafil sulfonyl methyl alert alert alert
ester (6)
2. 5 Structural  Structural  Structural
Sildenafil sulfonyl ethyl alert alert alert
ester (7)
3. ¥ Structural  Structural  Structural
Sildenafil sulfonyl isopropyl alert alert alert
ester (8)

The daily dose of sildenafil citrate 1 is 100 mg for
long-term treatment, mutagenic impurity control for in-
dividual impurity would be 15 ppm, and total impurities
would be 50 ppm based on the threshold of toxicological
concern (TTC) rule.

During the process development of sildenafil
citrate 1 in the laboratory, we prepared possible,
novel sildenafil sulfonyl-related esters. In the present
work, the genotoxic impurities of sildenafil were syn-
thesized and characterized by various spectroscopic
techniques.

Methods

Solvents and reagents were obtained from commercial
sources, and these are used without purification. Triethyl
orthoformate was purchased from AVRA chemicals.
Sildenafil sulfonic acid and sildenafil sulfonyl chlorides are
the intermediates received from the Monvi Laboratories
having purity > 99% by HPLC. 'H NMR and *C NMR
spectral data were performed on Bruker Avance 300-
MHz, 500 MHz spectrometer in DMSO-dg and CDCls.
The chemical shift values were reported on the § scale in
parts per million, downfield from tetramethylsilane as an
internal standard. IR spectra were recorded in the solid
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state using a Perkin Elmer FT-IR spectrophotometer. The
mass spectrum was recorded using a PerkinElmer PE
SCIEX-API 2000. LCMS was recorded by using SCIEX
LC-MS/MS system.

Methyl 4-ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7a-dihydro-
3aH-pyrazolo[4,3-d]pyrimidin-5-yl)benzenesulfonate
(sildenafil sulfonyl methyl ester 6)

Method 1

To a suspension of sildenafil sulfonic acid 3 (10g, 25.5
mmol) in trimethyl orthoformate (20 mL), methanol (20
mL) was added at room temperature and stirred the
reaction mass at reflux for 24 h. After completion of the
reaction, the mass was concentrated to remove the
solvent. The resulting residue was dissolved in
dichloromethane (50 mL) and washed with DM water (50
mL). Finally, the organic layer was washed with aqueous
sodium bicarbonate solution (50 mL). Concentrated the
resulting organic layer and crystallized with ethyl acetate
to obtain which colored compound 6 (6.5 g, 63%)

Method 2

To a suspension of sildenafil sulfonyl chloride 4 (10g,
25.38 mmol) in dichloromethane (50 mL),methanol (1.62
g, 50.76 mmol) and pyridine (8g, 101.52 mmol) were
added at room temperature and stirred for 24 h at 25-30
°C. The reaction mass was washed with water (100 mL),
aqueous hydrochloric acid (100 mL), and saturated
sodium bicarbonate solution (100 mL) followed by water
(100 mL). The organic layer was concentrated and
crystallized with ethyl acetate to obtain white compound 6
(5.2 g, 50% yield); IR (KBr pellet, cm™): 3338, 1703, 1356,
1255, 1180; 'H-NMR (DMSO, 300 MHz): 0.92-0.96 (t,
3H, CHj3), 1.32-1.36 (t, 3H, CHj3), 1.73-1.75 (m, 2H,
CH,), 2.49-2.50 (t, 2H, CH,), 3.76 (s, 3H, CHa), 4.17 (s,
3H, N-CHj3), 4.22-4.24 (q, 2H, OCH,), 7.40-7.43 (d, 1H,
Ar), 8.00-8.02 (m, 2H, Ar); and HRMS for C;gH5,N,05S:
(M+H)"calcd 407.1344 found, 407.1389.

Ethyl 4-ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7a-dihydro-
3aH-pyrazolo[4,3-d]pyrimidin-5-yl)benzenesulfonate
(sildenafil sulfonyl ethyl ester 7)

Method 1

To a suspension of sildenafil sulfonic acid 3 (10g, 25.5
mmol) in trimethyl orthoformate (20 mL), ethanol (20 mL)
was added at room temperature and stirred the reaction
mass at reflux for 24 h. After completion of the reaction,
the mass was concentrated to remove the solvent. The
resulting residue was dissolved in dichloromethane (50
mL) and washed with DM water (50 mL). Finally, the
organic layer was washed with aqueous sodium
bicarbonate solution (50 mL). Concentrated the resulting
organic layer and crystallized with ethyl acetate to obtain
which colored compound 7 (6 g, 56%)
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Method 2

To a suspension of sildenafil sulfonyl chloride 4 (10g,
25.38 mmol) in dichloromethane (50 mL), ethanol (2.3 g,
50.76 mmol) and pyridine (8 g, 101.52 mmol) were added
at room temperature and stirred for 24 h at 25-30 °C. The
reaction mass was washed with water (100 mL), aqueous
hydrochloric acid (100 mL), and saturated sodium
bicarbonate solution (100 mL) followed by water (100
mL). The organic layer was concentrated and crystallized
with ethyl acetate to obtain white compound 7 (5 g, 47%
yield); IR (KBr pellet, cm™Y): 3305, 1692, 1356, 1245, 1182;
'"H-NMR (DMSO, 300 MHz): 0.92-0.96 (t, 3H, CHs),
1.21-1.26 (t, 3H, CH3), 1.32-1.36 (t, 3H, CH3), 1.73-1.75
(m, 2H, CH,), 2.76-2.81 (t, 2H, CH,), 4.12-4.24 (m, 7H,
N-CHj; and 2xOCH,), 7.38-7.42 (d, 1H, Ar), 7.99-8.01
(m, 2H, Ar); MS m/z: 421.1561 [(M-H)"] HRMS for
C19H55N,405S:(M+H)*caled 421.1501 found, 421.1564.

Isopropyl 4-ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7a-
dihydro-3aH-pyrazolo[4,3-d]pyrimidin-5-
yl)benzenesulfonate (sildenafil sulfonyl isopropyl ester 8)
Method 1

To a suspension of sildenafil sulfonic acid 3 (10g, 25.5
mmol) in trimethyl orthoformate (20mlL), isopropyl
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alcohol (20mL) was added at room temperature and
stirred the reaction mass at reflux for 24h. After the
completion of the reaction, the mass was concentrated to
remove the solvent. The resulting residue was dissolved in
dichloromethane (50 mL) and washed with DM water (50
mL). Finally, the organic layer was washed with aqueous
sodium bicarbonate solution (50 mL). Concentrated the
resulting organic layer and crystallized with ethyl acetate
to obtain which colored compound 8 (6.5 g, 63%)

Method 2

To a suspension of sildenafil sulfonyl chloride 4 (10g,
25.38 mmol) in dichloromethane (50 mL), isopropanol (3
g, 50.76 mmol) and pyridine (8g, 101.52 mmol) were
added at room temperature and stirred for 24 h at 25-30
°C. The reaction mass was washed with water (100 mL),
aqueous hydrochloric acid (100mL), and saturated
sodium bicarbonate solution (100 mL) followed by water
(100 mL). The organic layer was concentrated and
crystallized with ethyl acetate to obtain white compound 8
(5.5g, 50% yield); IR (KBr pellet, cm™): 3310, 1706, 1330,
1248, 1179; 'H-NMR (DMSO, 300 MHz): 0.91-0.96 (t,
3H, CHs;), 1.23-1.25 (d, 6H, 2 x CHj3), 1.32-1.36 (t, 3H,
CHj), 1.70-1.78 (m, 2H, CH,), 2.76-2.81 (t, 2H, CH,),

dichloromethane; and (c) citric acid, water, and methanol

Scheme 1 Reported synthetic scheme of sildenafil citrate1. Reagents and conditions: (a) chlorosulfonic acid, (b) N-methylpiperazine and
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0=8=0
OCHs

dichloromethane and (b) pyridine, methanol, and dichloromethane

Scheme 2 Synthetic scheme of sildenafil sulfonyl methyl ester 6. Reagents and conditions: (a) trimetyl orthoformate, methanol, and

4.17 (s, 3H, CH3), 4.21-4.24 (q, 2H, OCH,), 4.70-4.72 (m,
1H, CH(CHy),), 7.37-7.40 (d, 1H, Ar), 7.98-8.01 (m, 2H,
Ar); CyoHo6N405S:(M+H)*caled 435.1657 found, 435.1703.

Results
Sildenafil citrate 1 has been synthesized by known

synthesis of sildenafil citrate 1 is shown in
Scheme 1. Sildenafil was prepared by reacting 5-[2-
ethoxyphenyl]-1-methyl-3-n-propyl-1,6-dihydro-1H-

pyrazolo [4,3-d] pyrimidin-7-one (sildenafil cyclized)
2 with chlorosulfonic acid to produce 5-(5-chloro-
sulfonyl-2-ethoxyphenyl)-1-methyl-3-propyl-1H-pyr-

literature methods [6-8]. Our process for the azolo [4,3,-d] pyrimidin-7(6H)-one (4, sidenafil
g 235889 IR LR ETLNIRATORSSNSSY
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Fig. 1 NMR spectrum of sildenafil sulfonyl methy! ester
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Fig. 2 HRMS spectrum of sildenafil sulfonyl methyl ester

sulfonyl chloride), which is further converted to 5-
[2-ethoxy-5-(4-methylpiperazinylsulfonyl) phenyl]-1-
methyl-3-n-propyl-1,6-dihydro-7H-pyrazolo  [4,3-d]
pyrimidin-7-one (sildenafil) 5 by reacting with N-
methylpiperazine. Sildenafil is treated with citric acid
in water to produce sildenafil citrate 1.

Based on the synthetic process of sildenafil citrate,
there is a possibility of the formation of sildenafil
sulfonyl esters due to the usage of alcohol and its
intermediates like sildenafil sulfonyl chloride (4) and
sildenafil sulfonic acid (3). So many references [9-12]
are available for sildenafil-related substances and its

0=8=0

OCH,CHs

7

J

Scheme 3 Synthetic scheme of sildenafil sulfonyl ethyl ester 7. Reagents and conditions: (a) trimetyl orthoformate, ethanol, and dichloromethane

and (b) pyridine, ethanol, and dichloromethane
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analogs. To the best of our knowledge, sildenafil sul-
fonyl ester identification and preparation are not re-
ported anywhere until now.

The chemical names of the sildenafil sulfonyl esters
are as follows:

1. Methyl 4-ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7a-
dihydro-3aH-pyrazolo[4,3-d]pyrimidin-5-yl)benze-
nesulfonate (6, sildenafil sulfonyl methyl ester)
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2. Ethyl 4-ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7a-
dihydro-3aH-pyrazolo[4,3-d]pyrimidin-5-yl)benze-
nesulfonate (7, sildenafil sulfonyl ethyl ester)

3. Isopropyl 4-ethoxy-3-(1-methyl-7-oxo-3-propyl-
6,7a-dihydro-3aH-pyrazolo[4,3-d] pyrimidin-5-yl)
benzenesulfonate (8, sildenafil sulfonyl isopropyl
ester)

ppm
12.24

Fig. 3 NMR spectrum of sildenafil sulfonyl ethyl ester
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Discussion

Methyl 4-ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7a-dihydro-
3aH-pyrazolo[4,3-d]pyrimidin-5-yl)benzenesulfonate
(sildenafil sulfonyl methyl ester 6)

Sildenafil sulfonyl methyl ester 6 was prepared in
two ways, i.e., reacting sildenafil sulfonyl chloride 4
with methanol in the presence of pyridine in di-
chloromethane gives compound 6 and the other
way [13] is treating sildenafil sulfonic acid 3 with
trimetyl orthoformate in methanol (as shown in
Scheme 2).
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The mass spectrum showed a molecular ion at m/z
407.1389 amu [(M+H) *]. The NMR spectrum showed a
singlet at § 3.76, corresponding to the OCHj3, confirming
the assigned structure 6 (Figs. 1 and 2).

Sildenafil sulfonyl chloride may react with methanol
during the preparation of sildenafil citrate and would re-
sult in the formation of sildenafil sulfonyl methyl ester.

Sildenafil sulfonyl methyl ester 6 should be controlled
to 15 ppm in sildenafil citrate drug substance based on
the ICH M7 guidelines.

Ethyl 4-ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7a-dihydro-
3aH-pyrazolo[4,3-d]pyrimidin-5-yl) benzenesulfonate
(sildenafil sulfonyl ethyl ester 7)

Sildenafil sulfonyl ethyl ester 7 was prepared in two
ways, i.e., reacting sildenafil sulfonyl chloride 4 with
ethanol in the presence of pyridine in dichloromethane
gives compound 7, and the other way is treating sildena-
fil sulfonic acid 3 with trimetyl orthoformate in ethanol
(as shown in Scheme 3).

The mass spectrum showed a molecular ion at m/z
421.1561 amu [(M+H)*]. The NMR spectrum showed a
triplet at § 1.34 and quartet at § 4.22 corresponding to
the CH; and OCH,, respectively, confirming the
assigned structure 7 (Figs. 3 and 4).

100+ 421.1561 3
<
422.1587
285.3286
423.1561
1500872 188:0775 “71-0809 337.0701
esirea 266.1255 286.3320 _350.2192 s
. |‘ 219.049¢ \‘ L[| s22.008s [3512223 ST e : 4994119 522.2769 541.1345600.5220 oo oo
frerdrredrriverrrr ey 1 bty + " e 3
140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 64
Fig. 4 HRMS spectrum of sildenafil sulfonyl ethyl ester
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dichloromethane and (b) pyridine, isopropyl alcohol, and dichloromethane

Scheme 4 Synthetic scheme of sildenafil sulfonyl isopropyl ester 8. Reagents and conditions: (a) trimetyl orthoformate, isopropyl alcohol, and

Sildenafil sulfonyl chloride may react with ethanol dur-
ing the preparation of sildenafil citrate and would result in
the formation of sildenafil sulfonyl ethyl ester.

Sildenafil sulfonyl ethyl ester 7 should be controlled to
15 ppm in sildenafil citrate drug substance based on the
ICH M7 guidelines.

Isopropyl 4-ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7a-
dihydro-3aH-pyrazolo[4,3-d]pyrimidin-5-yl)
benzenesulfonate (sildenafil sulfonyl isopropyl ester 8)
Sildenafil sulfonyl isopropyl ester 8 was prepared in
two ways, i.e., reacting sildenafil sulfonyl chloride4
with isopropyl alcohol in the presence of pyridine in

ppm

12.24
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Fig. 5 NMR spectrum of sildenafil sulfonyl isopropyl ester
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Fig. 6 HRMS spectrum of sildenafil sulfonyl isopropyl ester

dichloromethane gives compound 8, and the other
way is treating sildenafil sulfonic acid 3 with trimetyl
orthoformate in isopropyl alcohol (as shown in
Scheme 4).

The mass spectrum showed a molecular ion at m/z
435.1703 amu [(M+H)*]. The NMR spectrum showed a
doublet at § 1.25 and multiplet at § 4.72 corresponding
to the 2xCHj3; and ocy, respectively, confirming the
assigned structure 8 (Figs. 5 and 6).

Sildenafil sulfonyl chloride may react with isopropanol
during the preparation of sildenafil citrate and would re-
sult in the formation of sildenafil sulfonyl isopropyl ester.

Sildenafil sulfonyl isopropyl ester 8 should be con-
trolled to 15ppm in sildenafil citrate drug substance
based on the ICH M7 guidelines

Further, sildenafil sulfonyl chloride (4) is also a poten-
tial genotoxic impurity, and it should be controlled to
15 ppm based on the TTC rule.

Conclusion

In conclusion, a detailed study of various impurities
in sildenafil was conducted in view of the regulatory
importance. Different process-related sulfonyl esters

in sildenafil were identified, synthesized, and charac-
terized by using various spectroscopic techniques like
liquid chromatography-mass spectrometry (LCMS),
mass, 'H NMR, and FT-IR. These efforts to
synthesize and characterize them effectively have
proved to be beneficial.
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