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Introduction: 

 Sildenafil, Viagra® or 1-[4-ethoxy-3-(6, 7-dihydro-1-methyl-7-oxo-3-propyl-1H-

pyrazolo [4, 3-d] pyrimidin-5-yl) phenylsulfonyl]-4-methylpiperazine is a medication drug first 

designed to treat erectile dysfunction in men
5, 6

. Sildenafil is a cGMP-phosphodiesterase type 

5enzyme inhibitor (PDE5), PDE5 enzymes stimulates the breakdown of cyclic guanosine 

monophosphate (cGMP) secondary messenger signaling molecules belonging to the G-protein 

coupled receptors to GMP via hydrolysis and PDE5 enzymes are found most commonly in the 

lungs, along the walls of smooth muscle tissues and the corpus cavernosum of the penis
6
. The 

primary role of cGMP in regards to PDE5 functionality is the activation of Ca
2+

 G-protein 

coupled ligand gated ion channels triggered by nitric oxide neurotransmitter release from sexual 

stimulation into the vasculature of the corpus cavenosum
6
.  The opening of the ion channels 

causes an influx of Ca2+ intracellular concentration which in turn promotes smooth muscle 

relaxation; high blood volume and blood flow, thus the inhibition of PDE5 maintains high 

intracellular Ca
2+

 concentration achieving the desired medicinal effect
6
. Due to siladenafil’s 

property of regulating blood flow via muscle relaxation, it is an effective treatment for 

pulmonary hypertension
9
 and high-altitude pulmonary edema

10
 both conditions have symptoms 

related to high blood pressure and rapid heart rate
9, 10

. 

 The medicinal approach to sildenafil synthesis returned very low yields of 7.5%
5, 7

 due to 

having 9 linear synthetic steps, involving toxic reagents at the final synthetic step and the 

subsequent need for multiple recrystallizations in order to extract high quality final product with 



low residues of toxic impurities
5, 7

. The more optimised commercial route developed by Dale J. 

et al. simplifies the synthetic scheme to 7 converging steps, and rearranged the reactions 

involving toxic compounds like sulfonyl chloride in the initial stages of the synthesis thus 

allowing for clean recrystallization and much higher overall yields of 75.8%
7
.  

Structural Features: 

 Ether 

 Ketone 

 Symmetrical disubstituted piperazine 

 Pyrazolo pyrimidine 

 Sulfonamide 

 

Key Reactions: 

 Knorr pyrazole synthesis 

 Saponification 

 Schotten-Baumann Reaction 

 Chlorosulfonation 

 Zero length Carbodiimide activated amide coupling 

 Base catalysed  N-methylation 

 Friedel-Crafts Nitration 

 

 

 

 

 

javascript:command('u','KC-00-0468')
javascript:command('u','KC-00-0672')
javascript:command('u','KC-00-0927')
javascript:command('u','KC-00-1031')
javascript:command('u','KC-00-1203')


 

Retrosynthetic Analysis: 

 

Scheme 1: Retrosynthetic analysis of Sildenafil 

   

 



 

 From scheme 1, the retrosynthetic plan of sildenafil requires 2-ethoxy-benzoic acid (8) 

and ethyl 2, 4-dioxophetanoate (5).  On one hand, the 3-propylpyrazole- 5- ethyl ester fragment 4 

was synthesized through the Knorr pyrazole synthesis via hydrazine
1
. The 1- methyl- 4- amino-

3-propyl pyrazole-5-carboxamide fragment 3 is constructed by first a base catalyzed amine 

methylation reaction with dimethyl sulfate on the first position hydro amine group, second a 

hydrolysis of the ethyl ester into an carboxylic acid in strong base and subsequent acyl chloride 

and then amide formation in Schotten-Baumann conditions
2, 3

, finally nitration via aromatic 

electrophilic substitution was conducted followed by reduction of the nitro group in stannous 

chloride.  

 On the other hand, the 2-ethoxy-5-[(4- methylpiperazin-1- yl) sulfonyl] benzoic acid 

fragment 6 was constructed from 2-ethoxy-benzoic acid fragment 8 by chlorosulfonation
8
 and 

then substitution by N- methylpiperazine. Fragment 2 was derived when fragments 6 and 3 

undergoing amide formation coupling by carbodiimide activation and finally the final produce 

sildenafil fragment 1 is formed by cyclisation reaction in potassium tertiary butanoxide and 

refluxed. 

Fragment 4 Construction 

 



 To construct fragment 4, 3- propylpyrazole- 5- ethyl ester (5) undergoes acid catalyzed 

Knorr pyrazole synthesis via hydrazine (Red). 

 

Scheme 2: Acid catalyzed Knorr pyrazole synthesis to construct fragment 4 



  

 

 The Knorr pyrazole synthesis begins with the protonation of the aliphatic ketone of ethyl 

2, 4-dioxophetanoate (5) by an acid in order to proceed to intermediate 9 first, this step is 

important in the creation of the 1H amine position, note that the carbon bonds on the carbonyl 

vicinal to the ester is strained due to polarized repulsion of the carbonyls in the [1, 2] diketo 

system and thus hindering tautomerization and slowing down protonation thus the aliphatic [1, 3] 

diketo system is protonated first
8
. Aliphatic ketone  protonation creates electron deficiency in the 

ketone which drives the hydrazine nucleophillic attack on the carbonyl resulting in intermediate 

10 and the rest of the process undergoes a mechanism identical to Schiff base or imine formation 

as seen from intermediates 11-13 producing water
1
.  After that point, the vicinal ketone becomes 

protonated and the second amine group makes a nucleophillic attack to facilitate cyclization, the 

second imine formation is evident from intermediates 14-18 producing water
1
.  Finally the 

diimine compound becomes deprotonated to regenerate the acid resulting in fragment 4
1
. 

 

 

 

 

 

 

 



Fragment 3 Construction 

 

 The construction of 1- methyl- 4- nitro- 3- propyl pyrazole- 5- carboxamide fragment 3 

consist of three distinct reactions (Blue), methylation of  the 1H amine position on the pyrazole 

ring to an methylamine group from fragment 4, continued with saponification of the ethyl ester 

group to an carboxyl to construct fragment 23, followed by Friedel-Crafts nitration on the 4
th

 

carbon pyraziole ring position to construct fragment 25, preceded by chlorosulfonation
8
 and 

amide formation under Schotten-Baumann conditions
2, 3

 leading to fragment 35 and finally 

stannous chloride Lewis base reduction under ethanol. 



 

 

Scheme 3: Amine methylation and ethyl ester hydrolysis 

 From scheme 3, the first step of fragment 3 construction is 1H amine position 

methylation with dimethyl sulfate (DMS); the amine undergoes nucleophilic attack on one of the 

DMS methyl groups depriving the amine of its lone pair of electrons, followed by a sulfoxide 

nucleophilic attack on the amine leading deprotonation as seen from fragments 4-21.  Note this 

reaction takes place in strong basic conditions to selectively promote the 1H amine position 

methylation and to prevent second amine position protonation and subsequent methylation. In 



addition, hydroxide from the sodium hydroxide base solvent hydrolyzes the ethyl ester to 

carboxyl group via a carbonyl attack via saponification or [1, 2] addition, the ethoxide becomes 

the leaving group as a carboxyl (pka = ~5)
8
 is more acidic and stable then an ester (pka = ~25)

8
 

and thus is the more favourable product as seen from fragments 21-23.  

 

Scheme 4: Friedel-Crafts nitration 

 From scheme 4, the hydroxyl on the nitric acid is first protonated by sulfuric acid 

becoming a better leaving group; the subsequent loss of water constructs the reactive nitronium 

ion electrophile. The aromatic pryazole ring undergoes nucleophilic attack on the nitronium ion 

at the 4
th

 carbon position breaking aromaticity and the subsequent carbocation is shuffled 

towards the 1
st
 methylamine position stabilizing the cationic intermediate via resonance as seen 



in fragment 24. Following, the water functioning as a base removes the proton at the 4
th

 position 

which promptly reforms the aromatic system indicated at fragment 25. Note that the pyrazole 

aromatic system contains a strong electron withdrawing carboxyl at the 5
th

 carbon position, and 

two strong electron donating groups; a methyl and a propyl at the 1
st
 amine and 3

rd
 carbon 

positions respectively.  As a result, the heterocyclic system has enhanced reactivity towards 

electrophiles at the 4
th

 carbon position due to an overall stronger electron donating substituents. 

Scheme 5: Chlorosulfonation and Schotten-Baumann Reaction 



 From scheme 5, chlorosulfonation is initiated by nucleophilic attack from the ketone of 

the carboxyl group to the sulfur on thionyl chloride resulting in the displacement of a chlorine 

ion evident from fragments 25-26
8
. This is followed by an [1, 2] addition of the chlorine ion on 

the carbonyl and then [1, 2] elimination of sulfur dioxide and a chlorine ion as seen from 

fragments 27-28
8
. Chlorosulfonation comes to a completion when hydrochloric acid is generated 

from the deprotonation of the oxygen of the acyl chloride indicated by fragments 29-30
8
. 

 After chlorosulfonation, Schotten-Baumann reaction is initiated by [1, 2] addition of 

ammonia followed by chlorine ion displacement as witnessed from fragments 30-31
1, 2

. The 

Schotten-Baumann reaction comes to a completion when the cationic amide is deprotonated and 

hydrochloric acid is formed as seen from fragments 32-33. Note however the by-product 

hydrochloric acid will protonate the ammonia into ammonium ions, slowing down the Schotten-

Baumann reaction and producing low yield, thus a slow work up of a strong base such as sodium 

hydroxide is necessary to neutralize the acid and to optimize reaction conditions
1 ,2

.  
Fragment 6 Construction 

 



 The construction of 2-ethoxy-5-[(4- methylpiperazin-1- yl) sulfonyl] benzoic acid 

fragment 6 involves the chlorosulfonation
8
 (Red) of 2-ethoxy benzoic acid fragment 8 and 

subsequent sulfonamide formation of N- methylpiperazine (Blue) to 2-ethoxy-5-sulfonyl benzoic 

acid fragment 7. 

 

Scheme 6: Chlorosulfonation by aromatic electrophilic substitution 

From scheme 6, the cationic thionyl chloride electrophile and the chlorosulfonic acid conjugate 

base is formed from chlorosulfonic acid reacting with itself (A)
8
 or chlorosulfonic acid attack on 

thionyl chloride and resulting from the displacement of water (B)
8
. The aromatic 

chlorosulfonation itself is initiated by aromatic nucleophilic attack on the sulfur of the cationic 

thionyl chloride electrophile breaking aromaticity
8
. The resulting carbocation charge is shuffled 



towards the moderately strong electron donating ethoxyl group via resonance. Aromaticity is 

restored with the deprotonation by the sulfurochloridic conjugate base. Note that 2-ethoxy 

benzoic acid fragment 8 has a moderately strong electron donating ethoxyl and a strong electron 

withdrawing carboxyl groups on second and first carbon positions respectively. The ethyoxyl is 

primarily ortha/para directing and the carboxyl group is meta directing, however the ethyoxyl is 

meta directing relative to the carboxyl, resulting in very strong reactivity at the meta position. 

 

Scheme 7: Substitution of N- methylpiperazine by SN2 reaction 



 From scheme 7, the N-methylpiperazine nucleophilically attacks the sulfonyl by SN2 

reaction mechanism with the displacement of the chlorine ion, the 2-ethoxy-5-[(4-

 methylpiperazin-1- yl) sulfonyl] benzoic acid product is formed with deprotonation. Note that 

this reaction is treated with water to ensure the free fragment 6 products are dissociated from the 

double salt before crystallization can occur and to limit the sulfonyl chloride reagents from 

creating corrosive acidic fumes but remain dissolved in solution
7
. 

Fragment 2 Construction  

 

 4- [[2- ethoxy- 5- [(4- methyl- 1- piperazinyl)sulfonyl]benzoyl]amino]- 1-methyl- 3-

 propyl- 1H- pyrazole- 5- carboxamide or fragment 2 is constructed from the amide coupling of 

2-ethoxy-5-[(4- methylpiperazin-1- yl) sulfonyl] benzoic acid fragment 6 on its carboxyl (Blue) 

with a amine group (Blue) of the 1- methyl- 4- amino- 3- propyl pyrazole- 5- carboxamide 

fragment 3. Note that the substituents that do not participate in this coupling reaction are denoted 

as R1 and R2 for fragments 6 and 3 substituents respectively. 



 

Scheme 8: Zero length CDI amide coupling 

 From scheme 8, the zero length amide coupling reaction is activated by 

carbonyldiimidazole (CDI) with the initiation of nucleophilic attack on the CDI ketone by the 

hydroxyl of the ester from fragment 6 leading to the displacement of a anionic imidazole as seen 

in fragment 38 followed by deprotonation of the hydroxyl ether and the formation of an 

anhydride system in fragment 39 via a SN2 mechanism.  



  The amine from fragment 3 nucleophilically attacks the carbonyl on fragment 6 

leading to carbon dioxide and another anionic imidazole displacement via SN2 mechanism, 

fragment 2 is constructed with the deprotonation of the newly formed amide coupling by a 

anionic imidazole.  
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