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ABSTRACT

Within the realm of medicinal chemistry, synthedesys a pivotal role in any drug research and depehent
endeavor. The ability to design elegant and econahsiynthetic routes is often a major factor forkimg a drug a
commercial winner. Retrosynthetic analysis/ Synttlisconnection approach, introduced asdivancecdby Prof. E.

J. Corey of Harvard University haserved as a powerful driving foram design elegant and economical synthetic
routes to any useful molecule of scientific or istdial interest. Exploiting the advantages of tagproach, we have
proposed a good number of synthesis schemes fotemtpanti-diabetic drug ‘Pioglitazone’.from thestdts of its
retrosynthetic analysis. The proposed synthesisniey being a theoretical explorations, the actlaboratory
execution requires a cross examination of so mawyofs such as reactions, reagents and order ohtsvelhe
routes that utilize readily available starting mass, convergent, economical, safe and producgimam yield in
short reaction time are most feasible.

Keywords: Antidiabetic agent, drug synthesis, pioglitazomefrosynthetic analysis, synthon disconnection
approach.

INTRODUCTION

Chemical synthesis is one of the key technologiesedern drug discovery and development procesglbement

of novel synthetic routes for convergent and egfitisynthesis of pharmaceuticals/drugs to make thdted for

therapeutic use is very fundamental to synthetgawoic/medicinal chemistry and gives material basdfd man

kind. Before the execution, every synthesis is péghcarefully with respect to sequence of steps) fatarting

materials to final product. Although the sequensequite logical but the details as to how the clserfirst

formulated the sequence of steps is not alwaysighéad. A systematic approach in planning of synthés

promulgated as a result of Prof.E.J.Corey’s devakt of Retrosynthetic analysis/ Synthon discoriaect
approach in design organic synthesis. Retrosymthatalysis is a problem solving technique in thenping of

organic syntheses. This is achieved by transfornaingrget molecule into simpler precursor structuog the

disconnection of strategy bonds and functional granansformations which leads to simple or comnadisci

available starting materials [1-3].The retrosynithanalysis of any target structure may lead toraler of possible
synthetic routes. The routes which are convergatilise readily available starting materials, produmaximum

yield in short reaction time, safe, eco-friendlg #ne most feasible.

Diabetes mellitus is one of the world’s most prewal non-communicable, debilitating and progressigease and

becomes the™ to 5" leading cause of death in developed countrie&§¢prding to recently compiled data from
Global Prevalence of Diabetes (GPD) and AmericaabBlies Association (ADA), diabetes currently afetiore
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then 285 million people world wide, a figure thatéxpected to rise to 435 millions by 2030 due dgpypation
growth, ageing, unhealthy diets, obesity and sedgrtfestyles.[5,6]Diabetes mellitus is a group of metabolic
disease characterized by alternations in the misabhof glucose(carbohydrate), fat and protein \whéce caused
by a relative or absolute deficiency of insulin retion or insulin resistance or both.[7-9]. Typedi2betes is the
commonest form of diabetes and is characterizedidgnrders of insulin secretion and insulin resistarit adversely
affects the functioning of the kidneys, eyes, nassand vascular systems. Therefore, once diagnibsedsssential
to control blood glucose levels during the earggss of the disease. The drugs/medicines use@adb drabetes
mellitus are known as antidiabetic agents or oyalolglycemic agents. The most attractive and diaggtroach to
treat diabetes however will be administration dligractive hypoglycemic drugs. Members of the zblalinedione
(TZD) drug class [10] are well known as anti-hypgcgmic drugs, used for the treatment of diabetebitus type-

2 [11] ‘Pioglitazone’ (Fig 1), marketed as tradeksatActos’ is one of the potent drugs in this classelectively
stimulates the nuclear receptor peroxisome pralife-activated receptor gamma (PPARn order to modulate
the transcription of the insulin sensitive geneat tare involved in glucose and lipid metabolism,[BMore
recently, Pioglitazone and other active TZDs haveerb shown to bind to the outer mitochondrial
membrane protein mitoNEET with affinity comparalbtethat of Pioglitazone for PPAR13,14] Pioglitazone has
also been used to treat non-alcoholic steatohepfttty liver), but this use is presently consate
experimental.[15] Pioglitazone has also been dotanreduce the risk of conversion from prediabétesliabetes
mellitus type-2 by 72%.[16]
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~
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Figure: |

Despite the availability of few synthetic approazhe Pioglitazone in literature, some alternatiyitisetic routs are
still required for its commercial success. Keepamgoverview on the published works both in jourjals19] and
patent literatures [20-21] herein, we wish tiocus our research attentiveness by proposingaa gmimber of
synthesis schemes for a potent anti-diabetic drimgliBazone based on retrosynthetic analysis/ symth
disconnection approach. To our current knowletlgs,type of work has not been reported elsewhvre .dhoice
of this molecule for synthesis planning is obvicas Pioglitazone is one of the most commonly prbsdri
medications as anti-diabetic agent. Again the phagutical industries are unquestionably vibranayod search of
alternative, cost-effective, scale-up synthesigfiient anti-diabetic drugs for their commercialcass.

EXPERIMENTAL SECTION

The structure and information about Pioglitazoneliagy candid has been collected from different Isof@2-24].
The proposed synthesis planning are then expldaitednovel way from the result of the retrosyntbethalysis of
the drug structure using the basic principle oetliin the pioneering works of Prof. E.J. Corey [ZH}e symbols
and abbreviations are synonymous to that repregentdifferent books [25-30]The analysis—synthesis schemes
being theoretical propositions; obviously the sgsé#s have not been executed in the laboratory. atheal
laboratory execution requires the cross examinaifam considerable number of factors such as réagesactions,
order of events, economical viability, environmém@nign, saftyness, short time and scalable sgighe

RESULTS AND DISCUSSION

Condensation of ethyl chloroacetatevith thiourea6 produces an intermediate 2-iminothiazolidehehich on
hydrolysis gives 2,4-thiazolidinediong (Hantzsch method).Reaction of 5-ethyl-2-methytigine 10 with
formaldehyde€ll at high temperature gives 2-(5-ethyl-2-pyridyl)etbbe9.Alcohol 9 through its methane sulfonate
derivative then condenses with 4-hydroxybenzatde 8 in basic medium and affords 4-[2-(5-ethyl-pyridin
yl)-ethoxy]-benzaldehyde 2. Reacting 4-[2-(5-ethyl-pyridin-2-yl)-ethoxy]-besleiehyde 2 with 2, 4-
thiozolidinedione3 provides 5-[4-[2-(5-ethyl-2-pyridyl)ethoxy]benaline]-2,4-thiazolidinedion&.Reduction ofl
with Mg/MeOH forms the target moleculé W) (Scheme-1).
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Retrosynthetic Analysis-1
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Williamson’s ether synthesis between methane satfonlerivative of 2-(5-ethylpyridine-2-yl) ethar®land 4-
bromophenolL3 in presence of a base produces 1-bromo-4-(2-(@mthdine-2-yl) ethoxy)benzen#2. Transition
metal catalyzed hydroformylation @R produces 4-[2-(5-ethylpyridine-2-yl) ethoxy] betdshyde2. Knoevenagel
condensation of aldehydand thiazolidine 2,4-dion& produced as in scheme-1,affoddReduction of the double

bond of the condensed proddctising sodium borohydride, cobalt(ll) chloride-DMg&Hords the target molecule
(TM) (Scheme-2).
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Nucleophilic aromatic substitution reaction betwee(b-ethylpyridine-2-yl)ethand® and 4-fluoronitrobenzent6
using NaH as base provides 1-nitro-4-[2-(5-ethyiliipee-2-yl)ethoxy] benzené&5.Redution of nitrogroup ofl5
with H,/Pd-C affords corresponding amiriet. The amine through its diazonium salt forms cqoesling
bromoproduct 1-bromo-4-[2-(5-ethylpyridine-2-yl)etty]benzenel 2 via Sendmeyer reaction.The bromocompound
then undergoes transition metal catalysed hydroftation reaction to afford aldehyd@ Condensation of aldehyde
2 with thiazolidine-2,4-dione3 prepared as in scheme-1, in basic medium afforfid-B-(5-ethylpyridine-2-
yl)ethoxy] benzylidene] thiazolidine-2,4-diodeHydrogenation of dione with sodium borohydridepiresence of a
cobalt ion and dimethyl glyoxime affords the tangmlecule TM )(Scheme-3).
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Sandmayer’s reaction of tyrosir#® through its diazonium salt forms the bromide datie 19. Reflux of the
bromidel9 with thiourea6 and sod. acetate in ethanol produces 5-(4-hydengpd)-2-iminothiazolidine-4-on&8.
The imine on hydrolysis forms 5-(4-hydroxybenzyhiazolidine -2,4-dionel7. The thiazolidine dione then
undergoes nucleophilic substitution witktoluene sulfonate intermediate formed in situ fra«(b-ethyl-2-pyridyl)
ethanol9 and aryl sulfonyl chloride in presence of NaOH /D@kbvides the target molecul€Nl) (Scheme- 4).

Retrosynthetic Analysis-5
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Condensation of ethyl chloroacetatavith sodium thiocyanat@2 forms an intermediat21 which on cyclisation
and subsequent acid hydrolysis produces 2, 4dhiinedione3 (Techerniac process). Nucleophilic aromatic
substitution reaction between 2-(5-ethylpyridingtR-ethanol9 and 4-fluorobenzonitril4 using NaH as base
provides 4-[2-(5-ethylpyridine-2-yl)ethoxy] benztile 23.Reduction of23 with Raney-nickel and formic acid
affords aldehyde 4-[2-(5-ethylpyridine-2-yl) ethdXenzaldehyd®. Knoevenagel condensation of aldehywith
thiazolidine-2, 4-dione in basic medium affords 5-[-4-[2-(5-ethylpyridiReyl)ethoxy] benzylidene] thiazolidine-
2,4-dionel.Catalytic hydrogenation of diorieprovides target molecul€{ )(Scheme-5).

Retrosynthetic Analysis-6
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The condensation of 2-(5-ethyl-2-pyridyl) etha8alith 4-fluoronitrobenzend6 in presence of NaH / DMF gives
4-[2-(5-ethyl-2-pyridyl)ethoxy]nitrobenzen&5. Reduction ofl5 with H, over Pd/C in methanol yields the
corresponding anilin&4. The reaction 014 with NaNO,/HBr and then with methyl acrylagy in acetone/methanol
affords the 2-bromopropionate derivati2é. Cyclistion of 26 with thiourea6 by means of NaOAc in refluxing
ethanol provides the 2-imino-4-thiazolidinor&s.Acid hydrolysis of 25 produces the target molecul@M)
(Scheme-6).
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Retrosynthetic Analysis-7
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Williamson’s ether synthesis between methanesutéonarivative of 2-(5-ethylpyridine-2-yl) ethanéland 4-
hydroxybenzaldehyd8 in presence of a base produces 4-[2-(5-ethylpyeid-yl)ethoxy] benzaldehydz Darzene
glycidicester condensation of aldehy@levith ethyl chloroacetaté and NaOEt/EtOH at room temperature yields
cis-trans glycidic ester30. Hydrogenolysis of the mixture using,Hn Pd-C/MeOH 28 and subsequent
methylsulfonylation of the resulting alcoh@9 affords a-methanesulfonyloxy este28.Reaction of ester with
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thiourea6 and NaOEt (Hantzsch’s synthesis) generates 2-wdinthiazolidinone25, which on hydrolysis with
dil.HCI forms target moleculé[M ) (Scheme-7).

Retrosynthetic Analysis-8
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Reaction of 5-Ethyl-2-vinyl pyridin@7 with NBS in ag-BuOH affords bromohydrin86.The bromohydrine on
reaction with KCO; forms the oxiran@5.The oxirane then involves in displacement reactiith the pot.salt of 4-
hydroxy benzaldehyde8 in a Wiliamson ether synthesis process to affekd2(-5-ethylpyridin-2-yl)2-
hydroxyethoxy] benzaldehyd®@4. Knovenagel condensation of aldehygié with thiaolidine-2,4-dione3 using
pyrollidine/ethanol produces 5-(4-(2-(-5-ethylpynd-2-yl)-2-hydroxyethoxy benzylidine) thiazolidik#4-dione
33.Reduction of double bond of thiazolidinone35 usheBH,/CoCL-DMG affords32.Tratment of32 with SOC},
/IDMF affords corresponding chlorid#&l.Reduction of31 with Zn in MeOH-AOH affords target molecul@&M )
(Scheme-8).

CONCLUSION

Retrosynthetic analysis is one of the most critioals within the ‘toolbox’ needed to solve syntisgzroblems. The
goal of retrosynthetic analysis is the structunaipdification. It not only requires logical apprdaéor disconnecting
a complex target molecule but also a through kndgdeof an enormous set of organic reactions to imeathe
experimental conditions necessary to produce aetbproduct from simple or readily available stagtmaterials. It
is a paper exercise; a full exploration of thisetyill provide many routes for synthesizing thegitrmolecule. As a
consequence of this approach, we have proposeddargonber of synthesis schemes for a potent aatietic drug
‘Pioglitazone’. Scalable synthetic routes for newdiscovered natural products, pharmaceuticals aseful
compounds not available in adequate quantities fratural resources can be best provide by thisoagpr
Strategic application of this approach can alsordfflifferent routes to synthesize the target mdiethat has never
been synthesized earlier. With the advancement ceklnmethods and transformations developed withia t
academic community, the synthesis of best sellimgrimaceuticals can be rethinking through this aggitan the
later stages of drug research and process develipme
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