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ABSTRACT

Synthon disconnection strategy is a problem solt@otinique in the planning of organic synthesess $trategy,
developed by Prof. E.J.Corey of Harvard Universjtlays vital role in the synthesis design of mamattive
natural products used in analytical biochemistrypletular biology and drug discovery process. Kegpan
overview on the published works in both journald gatent literatures, a good number of synthesiesees have
been proposed based on this strategy for a biolastent natural product ‘Coelenterazine’ isolatednfr marine
organism jellyfishAequorea victoridhat finds extensive applications in bioassays proposed synthesis planning
being a theoretical investigation, the actual laltary execution requires the cross examination obasiderable
number of factors such as reactions, reagents adédroof events. In actual practice, generally thatite is most
feasible which is cost-effective, safe, and eaggitoy out and gives maximum yield in a short reactime.

Keywords: Anti-oxidant, Bioassays, Bioluminescence, Coele#ime, Synthon disconnection strategy,
Retrosynthetic analysis.

INTRODUCTION

Organic synthesis is one of the major activitieofanic chemists and the planning of synthsen intellectual
task where chemist’s imagination, art, creativity &knowledge need to be explored. The simplesthegig of a
molecule is one in which the target molecule cawolained by submitting a readily available sta@rtimaterial to a
single reaction that converts it to the desiredygarmolecule. However, in most cases the synthissisot

straightforward; in order to convert a chosen stgrimaterial to the target molecule, humerous stbps add,
change, or remove functional groups and stepshthift up the carbon atom framework of the targetemale may
need to be done. A systematic approach for desigsynthetic routes to a molecule is promulgated assult of
Prof. E.J.Corey’s developments of ‘synthon discatine approach’/‘retrosynthetic analysis’[1-3]. Retynthetic
analysis is a protocol of stepwise breaking oféamolecule to starting materials by disconnectiétoonds and
functional group interchange to a sequence of gsmEively simpler structures along a pathway justnse of actual
synthesis. Every disconnected part is an idealigment, called ‘synthon’. The synthons when gagifby known

or conceivable synthetic operations result in tienfation of target molecule (TM). Retrosynthetialysis of a
target molecule usually results in more than orssibbe synthetic route. It is therefore necessaumritically assess
each derived route in order to choose the singléerthat is most feasible. In actual practice, gahethat route is
selected which is cost-effective, safe (the toyieitd reactivity hazards associated with the reastinvolved), and
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easy to carry out and produces maximum yield ihatseaction time, when assessing alternativeheyitt routes
to a molecule.

Organic compounds from marine organisms serve agpeands of interest both in their natural form el
templates for design and discovery of bioactive poamds that play important role in analytical biectistry,
molecular biology and drug discovery process. [4Bdpluminescence is the production and emissioligbt by a
living organism as the result of a chemical reactioring which chemical energy is converted totlighergy. This
phenomenon is exhibited by many marine organisroh as the sea pan&enilla reniformis the deep-sea shrimp
Oplophorus gracilirostris jellyfish Aequorea victoriathe squidWataseniaand hydroidObelia [10-13]. and has
been used extensively in different formats for faence research and drug discovery owing toxitemely high
sensitivity and nonhazardous natufidhe luminescent system of the jellyfiSlequorea victoricconsists of the
photoprotein aequorin, which contains the moletGleelenterazine” fig.1 as a prosthetic group andvsh
considerable potential in this areghe bioluminescence reaction of coelenterazinelu@gan oxidative process
with molecular oxygen to produce the emission ghtli In bioluminescent applications, coelenterazias been
used with the photoprotein aequorin and its recoatti analogues to monitor €aconcentrations in mammalian
cells[14].Analogues of coelenterazine are also us@t aequorin to study ion channels and tyrosimease
receptors[15]Furthermore, fluorescence resonance energy traffSRET) assays that use coelenterazine to detect
protein-protein interactions have been developdd[AsSide from being a luminescent compound, Coelextine
has also been studied for its anti-oxidant propertor protection against the oxygen toxicity ie #nvironment
[17]. Coelenterazine is distributed in a very small antdanits natural sources due to which the quarntiat
extraction and purification is a very difficult tasTherefore, synthetic methodologies for rapidesscof this
molecule and its templates are highly essentiadyimthetic organic chemistry/medicinal chemistry;, & better
understanding of its chemiluminescent propertiesapplications in analytical biochemistry.

HO

Figure I: Coelenterazine

Although a few methods of synthesis of Coelentezre well documented in literature [18], someratitive
synthetic routs are still required for its commal@uccessKeeping an overview on the published works both in
journals and patent literatures, an effort has bewmde to propose a good number of synthesis schémnes
Coelenterazine based on synthon disconnection apprisetrosynthetic analysis. To the best of mwwwedge,
this type of work has not been reported earliehe Thoice of this molecule for synthesis plannm@lbvious as
bioassays are routinely works in life science reeaelated to drug discovery. In this profit otiesh world, the
chemical/ pharmaceutical industries are also vibragiay in search of cost effective scalable sysithevioreover
with the availability new reagents, chemical reatsi, sophisticated new methods of laboratory ex@twind the
application of synthon approach to analyse theetangplecules leading to several routes have mapesiible to
rethink their synthesis for the improvement in &rig processes to satisfy the commercial need.

EXPERIMENTAL SECTION

The structure and information about Coelenterazisebioluminescent candid has been collected frdifierdit
books [1, 2]The proposed synthesis plannings are then exploitachovel way from the result of its retrosyntbet
analysis using the basic principle outlined in fhieneering works of Prof. E.J. Corey. The symbaixi
abbreviations are synonymous to that representdobak [3].The analysis—synthesis schemes beingretieal
propositions; obviously the syntheses have not leetuted in the laboratory. The actual laboratxgcution
requires the cross examination of a considerabtaben of factors such as reagents, reactions, aflevents,
economical viability, environmental benign, saftgseshort time and scalable synthesis.
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RESULTS AND DISCUSSION

Retrosynthetic Analysis: 1
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Scheme: 1

Regioselective alkylation of 2-amino pyraZnwith benzyllithium prepared from toluer@e& n-butyl lithium in
THF, forms 2-amino-3-benzylpyrazieSelective bromination @ using tetra-n-butylammonium tribromide(Sato’s
method)[19] produces 3-benzyl-5-bromo-2 aminopyraz.Treatment of5 with organostannane reage#tin
presence of Pd(PEk in DMF undergoes Stille coupling to forth p-methoxyphenylglyoxaB is prepared from
ethyl p-methoxyphenyl acetat&0 by exploring dithiane based-route. Coupling2ofvith glyoxal 3 under acidic
condition formsl.Deprotection of methyl ether group dfunder mild acidic condition forms the target mollec

(TM).
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Retrosynthetic Analysis: 2
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Scheme: 2

p-methoxyphenylglyoxal aldoximé&7 is formed from p-methoxyphenyl ethanon&9 on treatment with n-Butyl
nitrite and subsequent tautomerisation.Tdr@amino nitrile 18 is prepared from 2-phenyl acetaldehy2ie by
following Freifelder and Hasbrouck method[20]. Neagbhilic addition ofL8 to the carbonyl group df7 in presence
of TiCl4/Py forms pyrazinéN-oxide which is reduced and deprotected to givenapyrazinel4. The phenyl acetic
acid23 prepared fron24 is then transformed to-bromoketone1 and then benzylglyoxdls.Cyclization of14 with
15in an acidic medium forms the target molecdidi().

Retrosynthetic Analysis: 3
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Scheme: 3

Condensation of 2-chloropirazid@ with benzaldehyd&4 in presence of a strong base 2,2,6,6-tetrameagwgriplyl
lithium (LiTMP) forms the chloropyrazinoalcoh&R2.Oxidation of32 by MnO, forms the ketopyrazin81.The
chlorine substitution is then achieved using jNiH EtOH furnishing the aminopyrazin80.Bromination of
aminopyrazine by BfK,CO; affords the bromopyrazing9.The bromopyrazine then undergoes Suzuki coupling
with p-methoxyphenylboronic aci2i8 to form the aminopyrazing7 Deprotection oimethyl aryl ether group dt7
using ethanethiolate in DMF to forn26.Wolf-Kishner reduction of26 affords the aminopyrazinel4.
Diazomethylation and subsequent decompositiop-bfdroxyphenyl acetyl chlorid86 forms corresponding-
chloro ketone35.Kornblum oxidation of35 affords p-hydroxybenzylglyoxal25 Coupling of 14 with glyoxal 25
under acidic condition forms the target molecUi®|).

Retrosynthetic Analysis: 4
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Synthesis: 4
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Scheme: 4

3-benzyl-5-bromo-2 aminopyraziteis produced from 2-aminopyraziBeas discussed in scherfhieTreatment ob
with commercially available p-methoxyphenylboroaid 28 in presence of 1,bis (diphenylphosphino)butane and
bis (benzonitrile)dichloropalladium 1l gives 3,5 distibgted aminopyrzin€2. The methoxy group o2 is cleaved
using pyridine hydrochloride to afford the amincgminel4. Benzylprotecteg-hydroxybenyl alcoho#t3 obtained
from p-hydroxybenzylalcoho#4 is chlorinated by using cyanuric chloride in DM#- form p-benzoyloxy benzyl
chloride42.The chloride is then converted in to its correspdarignard reagent and then subjected to a raactio
with the commercially available ethyl dietoxyacetét to form highly protected dicarbonyl compoud@Coupling

of 14 with glyoxal 39 under acidic condition forms the target molecdl®l (.

Retrosynthetic Analysis: 5
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Bromination of 2-aminopyrazin® with N-bromosuccinamide in DCM forms 3,5-dibrome&inopyrazine50.
Palladium catalysed coupling 6D with benzylzinc chloride reaged® (formed from benzylmagnesium chloride
and anhydrous Zng)l affords 3-benzyl-5-bromo-2 aminopyrazifg&Inder Suzuki coupling conditiod, condenses
with boronic acid48 to afford46. Acid catalysed addition od-keto acetal7 formed as above) t46 forms 3,7-
dihydroimidazo[1,2a]pyrazine-3-omb.Deprotection of silyl groups of5 under mild acidic condition affords the
target moleculeTM ).

Retrosynthetic Analysis: 6
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Bromination of 2-aminopyrazing with NBS forms 3,5-dibromo-2-aminopyrazine0.Negishi cross-coupling
reaction of50 with benzyl zincbromide formed from benzyl bromi&by Huo’s method [21] to form 3-benzyl-5-
bromo-2 aminopyrazinéd. The in situ generated phenyl lithium organometafliom tetra-butyldimethylsilyl
(TBDMS) protected bromophenbb with n-butyl lithium is then treated with anhydsodnC}, to create the phenyl
zinc chloride (Buchwald’s and Miline’s approach zZimcation)[22] which undergoes cross coupling vk aryl
bromide5 using Pd (ll) catalysib form46 . The aldehyde group of phenylacetaldeh§fés protected by dithiane
and then lithiated by n-BuLi.The lithiated deriwegtion treatment with DMF forms another aldehy# This
aldehyde is then protected to the correspondingabteform thioketal acetal moiefy7.Selective hydrolysis of the
thioketal acetal by N-chlorosuccinamide(NCS) andN®g /MeCN providesu-keto acetab4.Condensation 054
with 46 in acidic condition affords the target moleculéA ).

Retrosynthetic Analysis: 7
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Negishi cross-coupling of 2, 5-dichloropyrazi® with organozinc compoun®5 forms the aryl pyrazine
64 Magnesiation of64 with TMPMgCI.LICl gives after transmetalation withinCl, and acylation with benzoyl
chloride 63, the ketopyrazine62. Aminopyrazine 27 is then formed from62 on treatment with Nkin
BuOH.Cleavage of the methyl ether with sod.thioetizde in DMF yields the corresponding alcolél\Wolf-
Kishner reduction of alcohol affords the coelemeiree 14. Addition of Zn-dust to 4-(chloromethyl) phenyledate
68 and subsequent trapping with bromoacetyl chlogfter transmetalation with CuCN.2LiCl, furnish theetyl
derivative 21.Nitration of 21 with AgNO; forms the nitrate est&7 which upon reaction with NaOAc in DMSO
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affords the corresponding acetoxy keto aldehydel5.Condensation ofl4 with o- keto aldehydel5 in 1:1
HCI/EtOH provides the target molecul&Nl) .

CONCLUSION

The planning of a multistep synthesis via synth@tahnection approach/ retrosynthetic analysis ¢ballenging
task that requires not only a thorough knowledge sghthetic reactions, but also a logical approach f
disconnecting a complex target molecule into simplecommercially available starting materials éochemical
synthesis. It is a paper exercise; a full analgsithis type will provide many routes for synttmsg the target
molecule. Taking the privilege of this approach, heve proposed a good number of synthesis scheanes f
bioluminescent natural product “Coelenterazine”ingea theoretical proposition, the synthesis wdrége not been
executed in the laboratory. Strategic applicatibrthcs approach can determine different routesytattesize the
target molecule even if the target molecule hasenbeen synthesized earlier. Scalable synthetitesofor newly
discovered natural products, drug molecules antlusempounds not available in adequate quantitie® natural
resources can be best provide by this approachth ¥We advancement and development of new reactiods
reagents, the synthesis of best selling drugs earethinking for the improvements in existing prs¢hrough this
approach.
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