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GENERAL REMARKS

All the solvents used were purified according to the literature procedures. Petroleum
ether used in the experiments is of 60-80 °C boiling range. TLC was peformed on E-
Merck pre-coated 60 Fos4 plates and the spots were rendered visible by exposing to UV
light, iodine, phosphomolybdic acid (in ethanol), bromocresol green (in ethanol). Column
chromatographic separations were carried out by gradient eution with light petroleum
ether-ethyl acetate mixture, unless otherwise mentioned and dlica gd (60-120 mesh/100-
200 mesh). The experimental procedures for preparation of dtarting materias has not been
included in the experimentd section and references have been cited a the agppropriate
places.

IR spectra were recorded on Shimadzu FTIR ingrument, for solid ether as nujol
mull or in chloroform solution (conc. 1 M) and nest in case of liquid compounds. NMR
spectra were recorded on either Brucker ACF 200 (200 MHz for *H NMR and 50 MHz for
13C NMR) or MSL 300 (300 MHz for *H NMR and 75 MHz for 13C NMR) spectrometers.
Chemicd chifts (d) reported are refered to interna reference tetramethyl slane. Mass
gpectrums were recorded on Finning-Mat 1020C mass spectrometer and are obtained at an
ionization potentid of 70 eV. Microandyticd data were obtaned usng a Carlo-Erba
CHNS-O EA 1108 Elementd Andyser. Elementd anadyses observed for dl the newly
synthesized compounds were within the limits of accuracy. HPLC was peformed on
Hwlett Pacckard ingrument usng C-18 reverse phase column and diodearray UV detector.
All the mdting points reported are uncorrected and were recorded using an eectro-thermd
meting point apparatus. All the compounds previoudy known in the literature were
characterized by comparison of their Ry values on TLC, IR and NMR spectra as well as
melting point (in case of solid) with authentic samples.

Biologica evaluation of al combinatoria mixtures and individua compounds were carried at

CytoMed, Inc. Cambridge, USA. All results are mean of diplicate and in most cases triplicate
determination.
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ABSTRACT

The thess entitted “Synthesis of biologically active natural products and
pharmacologically active molecules by combinatorial chemistry” is divided into three
chapters. First chapter presents a concise summary of bioactive natural products based on
didkylmdeic anhydride scaffold; with dructurd diverdty whereas the second chapter
describes in detall our efforts towards towards the synthess of some representative
examples of this class of compounds. Third chapter describes synthess and screening of
mini combinatorid library of ngphthadene subgtituted chalcones as potentiad leukotriene By

(LTBg) inhibitors.

CHAPTER ONE: Concise Account on Chemistry of

Dialkylsubstituted Maleic Anhydrides

Mdec anhydride is a multifunctiond entity and hence has been extensvely used
for the condruction of variety of heterocydlic structures in past century. Mdeic anhydride
and ther derivatives are practicdly used in the synthess of variety of key intermediates
employed in the heavy and fine chemicd indudries and as such these compounds have
been often used to modd (i) compounds highlighting regiochemicad dichotomy (i)
heterocyclic skeletons (iii) naturd products and their precursors (iv) bioactive molecules
(V) series of polymers with tailored materid characterigtics.

Recetly severd dkylmethylmadec anhydrides, diakylmaec anhydrides and
cyclic compounds containing two or more maec anhydride moieties have been isolated as
bioactive naturd products. In recent literature severd publications have appeared on

gynthess of these bioactive naturd products with specid emphasis on ther promisng



bioactivities and presently some of these compounds ae in human dinicd trids. This
chapter portrays a concise account on isolation, bioactivity and syntheses of these bioactive

natura products.

CHAPTER TWO: Synthesis of Bioactive Natural Products and New Heterocycles

This chapter is divided into four sections. Firgt three sections ded with the synthesis
of bioactive naurd products Cheetomdlic anhydride A, Mdec anhydride segment of
tautomycin and Tefaric anhydride respectively, whereas the fourth one describes the
gynthess of a-quinoxdinyl and a-benzothiazinyl acrylic acids usng same darting meterid
i.e.  (bromomethyl)methylmdeic anhydride which in tun was syntheszed by NBS
bromination of dimethylmaeic anhydride (Fig 1).

Fig. 1
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Benzothiazinyl Acrylic Acid (Bromomethyl)methylmaleic anhydride Quinoxalinyl Acrylic Acid

SECTION A: Chemosdective Carbon-Carbon Coupling of Organocuprates with
(Bromomethyl)methylmaleic Anhydride: Syntyhesis of Chaetomellic Acid A
This chapter describes an easy two-step access to dkylmethylmaec anhydrides

(la-e, Scheme 1) via copper (1) iodide induced, highly chemosdective, carbon-carbon



coupling of Grignard resgents with (bromomethyl)methylmdeic anhydride in  55-60%
yidds. The unsymmetricd anhydride 4 has five dternate dtes for nucleophilic reactions
and hence theoreticaly number of compounds can be obtained from the same nuclophile.
However, chemosdective carbon-carbon coupling of organocuprates with preservation of
anhydride moiety has been achieved for the firg time to complete the synthess of

Chaetomdllic anhydride A (le), a ras farnesyl-protein trandfersae inhibitor and its andogues

(1ato 1d).
Scheme 1
0 Q {
cH, CH,Br RMgX, Et,O/THF, CH,R
NBS, DBP, CCl, HMPA, Cul,
o _— > (0] Q |
flux, 10 h
cH, reflux CH, -5t000C / CH,
O
3 4 la-e

laR=CH,, 1b R=(CH,),CH, 1c R=(CH,),CH;, 1d R=(CH,),,CH,, 1e R=(CH,),, CH,

SECTION B: A Facile Synthesis of a (*)-2,3-Disubstituted Maleic Anhydride Segment
of Antifungal Antibiotic Tautomycin
The totd synthesis of tautomycin involves synthesis of three ssgments A, B, and C

followed by stepwise coupling of these building blocks. The greatest chdlengein the

o Segment A Segment B Segment C

Tautomycin

gynthesis of tautomycin isin the construction of 2,3-disubgtituted maeic anhydride



segment A, as it is highly oxygenated molecule with three carbonyl groups and one
hydroxy group.

A oonvenient five-stlep synthess for condruction of segment A of tautomycin with
28% overd| yidd dating from dimethylmaeic anhydride is described. The chemosdective
condensation of diethyl maonate with (bromomethyl)methylmaec anhydride furnished the
compound 7 in 74% yidd, which on hydrolyss and decarboxylaion furnished the
corresponding mono acid in 94% yidd. The regiosdective NBS-bromination of monoacid
7 furnished bromo acid 10 in 74% yidld,

which on hydrolysis with 1 N aqueous KOH followed by acidification and

Scheme 2
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(0] o o .
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(0] —_— (0] - = - = (@)
O/ O/ 0] o}
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vit |: 9 (R = Me)sa vil__ o, (R = Me)ee

Reagents and conditions: (i) NBS, Benzoyl peroxide, CCly, reflux, 10 h, (60%); (ii) (&) 4 N ag. KOH, r.t.,, 5
h, (b) H/H,SO, (86%); (iii) (a) Diethyl malonate, NaH, GHe, r.t., 8 h, (b) H/HCI (74%); (iv) Con. HCl,
reflux, 12 h, (94%); (v) NBS, Benzoyl peroxide, CHClg3, reflux, 24 h, (74%); (vi) (@) IN ag. KOH, r.t., 3 h,
(b) H*/HCI (91%); (vii) CH2Ny, Et,0, 0°C, 3 h, (95%).

Subsequent esterification with diazomethane yieded the desired (+)-2,3-didkyl

subgtituted maeic anhydride segment of tautomycin.

SECTION C: Synthesis of 2,3-Didehydrotefairic Anhydride



This section describes the first synthetic gpproach towards the natura product tefairic
anhydride, which has been recently isolated from fungus Xylaria telfairii in 1996. The
gynthetic drategy utilizes the ester 9 as a dating meterial. Chemosdective reduction of9
furnished the dcohol 13, which is converted into ddehyde 14 by oxidaion. The adehyde

was aso obtained directly by chemosdective reduction of ester usng DIBAL

Scheme 3

o o}
COOCH
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a —70 °C. The Wittig reaction of ddehyde with phosphorane obtained from methyl-2-
bromobutyrate furnished the dihydro telfairic ester 15. The studies to dehydrogenate ester
15 to yield the target molecule tdfaric anhydride (16) are in progress.
SECTION D: Synthesis of a-Quinoxalinyl and a-Benzothiazinyl Acrylic Acids

The nucleophilic reactions of symmetricd and unsymmetricad cydic anhydrides
have been fully invesigated as degant draiegy for the synthess of severd sructurdly
interesting and biologicaly importat heterocyclic sysems. This section focuses on the

nucleophilic reaction of unsymmetrica  (bromomethyl)methylmaec anhydride (2) with



sitably ortho-subdtituted aniline derivatives for desgning the heterocyclic skdetons. The

bromoanhydride 2 on reaction with o- phenylenediamine and o-aminothiophenol

Scheme4
TN H H
Br H it
9 < I o
iii &
o | - ) — —_—
;]i @[ S 0 CEN 5
o N O HO H
4 19X = NH

20X =S
Reagentsand conditions: (i) 0-PDA, CHCl3, -15°Ctort, 3h (ii) ) 0-ATP, CHCI3, -15°C tort, 3 h.
undewent chemo- and regiosdective ring opening and intramolecular Michad type

addition followed by 1,4-dimination reaction to furnish kineticaly controlled products
a-quinoxdinyl and a-benzothiazinyl acrylic acids (Scheme 4) and such type of carbon
carbon double bond generation is note worthy and will be useful for synthess of naurd

products.

CHAPTER THREE: Synthesis and Screening of Naphthalene Substituted Chalcones

as Leukotriene B4 Inhibitors: A Combinatorial Approach

There is growing interest in the drug design and development of 5-Lo inhibitors for ther
cinicd gpplication in the thergpeutic trestment of various inflammatory diseases. The
present work deds with the synthess of mini combinatorid library of ngphthdene
subdtituted chalcones and its biologicd evauation as LTB, inhibitor. The gpproach of two-
dimensond deconvolution screening (postiond scaning) is designed and the generd
gynthetic strategy employed to prepare chalcone library was based on well-known Claisen

Schmidt condensation reaction (Scheme 5). The reaction conditions are



Scheme5
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designed in such a way that they are easy to operate and will provide clean product (i.e. no
byproduct) and can be adopted for combinatorid agpproach very efficiently to generate
chemicd diversty in one step. The product can be eadly purified and obtaned in
quantitative yidds with high degree of purity. The smdl combinatorid library of twenty
chadcones was syntheszed from 4 ketones and 5 ddehydes in two sets as nine
combinatorid mixtures. The library mixtures were screened by Human Whole blood Cedll
Asssy (HWBL) and the two dimensond deconvolution andyss of biologica evaudion of
combinatorid  mixtures  indicaied the compound  1-(6-Butoxy-2-ngphthyl)-3-(4-
nitrophenyl)-prop-2-en-1-one as a lead candidate which showed 62% inhibition & 30 M

concentration with an 1Csg of 18.5 niM.

In summary, the first chapter of this dissertation provides the literature over view on
recently isolated bioactive naturd products with maec anhydride moieties The second
chapter covers in-detail our contribution to the subject with the synthess of three natura
products Chagtomdlic anhydride A, Mdeic anhydride segment of tautomycin and tdfairic
anhydride and two dructurdly interesting heterocycles. The third chapter presents the
combinatoria gpproach to chdcones with generation of mini library aming LTB4

inhibitory activity, which provided alead candidate with an 1Csp of 18.5 nM.
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11 INTRODUCTION
1.1.1 Maleic Anhydride Derivatives and their Applications

Maeic anhydride (2,5-furandione) was prepared for the firgt time in 1830 and
became commercidly avaldble a century later in 1933 by the cataytic oxidation of
benzene using vanadium pentoxide! Mdeic anhydride is a multifunctiond entity and finds
goplication in nearly every fidd of both laboratory and indudtrid chemigtry. The greatest
interest has been centered in the use of mdec anhydride as a building block in chemica
gynthesis. Its dructure is idedly suited for synthetic purposes because of dl dtes avaladle
for reaction and highly baanced reactivity towards severa nucleophiles. Vast aray of
nuclophilic reections undergone by maeic anhydrides confer a high synthetic potentid on
them.? In the past century, severd symmetricdly and unsymmetricaly substituted maleic
anhydride derivaives have been prepared. The lig of mono and disubdituted maeic

anhydridesis very vast and afew of them are represented below.

o o) o
2
H H R

o 0 o
1
H R R

o 0] @)

1 2 3

R/IRY/R? = dkyl, benzyl, phenyl, aryl, hydroxy, akoxy, hao and cyano.

Maec anhydride and their derivatives are used extengvey in the synthesis of wide variety
of key intermediates employed in the heavy and fine chemicdl industries” and as such these

compounds have been often used to mode



Compounds highlighting regiochemicd dichotomy,

Heterocyclic skeletons,

Natural products and their precursors,

Bioactive molecules such as drugs, agrochemicas and

Polymers with tailored materia characterigtics.
1.1.2 Synthetic Utility of Methyl and Dimethylmaleic Anhydride

The utilities of methyl and dimethylmaec anhydrides have been wdl proved in
laboratory as well as in industrid practice® Methyl and dimethylmaeic anhydrides have
been dso used for the synthesis of important heterocyclic sysems® as a potentia
denophile in Dids-Alder reaction.® Interestingly some of their derivatives possess
herbicidd, fungiciddl, insecticidd and defoliant activities® A few representative examples
of above-mentioned applications are enliged in Table 1. The synthess of antibictic
showdomycin  and epi-showdomycin  via the reection of D-ribose with mdemide
triphenylphosphine  (TPP) adduct and subsequent cydlisation using  phenylsdenenyl
chloride followed by oxidative diminaion usng hydrogen peroxide is very degant and
practical’” wheress the converson of dimethylmdeic anhydride to antibiotic adriamycin and
daunorubicin are of commercid interests® The exo-Dids Alder adduct of dimethylmaeic
anhydride and cyclopentadiene has been used in the total synthesis of naturad product €)-
Albene® Jatrophan, an dkaloid isolated in 1973 by Cole et al has been synthesized™ in
three-steps from citraconic anhydride via highly regiosdective reduction of corresponding
citraconimide as a key step. Subdgtituted maeic anhydrides have been used for the synthesis

of pulvinic acid and pulvinone ana ogues via 2(5H)- one phosphonate derivatives by



Table 1. Important Synthetic Utility of Symmetrically and Unsymmetrically

Substituted Maleic Anhydrides

S. Compound Synthesized Sourceand Activity | Characteriza | Ref.
No. -tion
1 Sreptomyces IR, PMR,
showdoensis CMR, Mass 7
Antibiotic
2 Sreptomyces IR, PMR,
peucetius CMR, Mass 8
Antibictic, anticancer,
immunomodulator and
superoxide radica
generation
R=0OHH MO
NH,
Adriamycin /Daunorubicin
CH,
3 Petasites albus IR, PMR,
CMR, Mass 9
CH,
(£)-Albene
O
4 Jatropha macrohiza IR, PMR,
| N CMR, Mass | 10
t Antitumor
OH
Jatropham
6 /0 Claythrix  tetragona | IR, UV, PMR,
/ OH (fromail) mp of its Cu| 12
m st
O
Claythrone




7 Claviseps paspali and | IR, UV, PMR,
Claviseps purpurea Mass. 13
(ergot fungus)
Hallucinogenic and
N anti-serotonin
H R1=COOH, R2=H
R1 =H, R2 = COOH
Lysergic Acid
8 OMe Lyngbya majuscula IR, PMR,
T\ _OMe (marine blue-green | CMR, Mass 14
S agee)
Penicillic Add Not known
9 Ho OMe | Lyngbyamajuscula | IR, UV, PMR,
— \ (marine blue-green | Mass 15
~ N dgm)
© N
H o o)
Pukdlimide Not known

employing Wadsworth Emmons dlefination.! The use of dimethylmdeic anhydride in the
gynthess of claythrone and related cyclopentene-1,3-dione through 4-ylidenebutenolide has

been reported by Pattenden and co-workers.*?

12 ALKYLMETHYLMALEIC ANHYDRIDE

Recently  severd dructurdly  interesting and  biologicdly  important
adkylmethylmadeic anhydrides have been isolatled as bioactive natural products and are
liged in Table 2. The dructurd features of these molecules reved that nature may be
meking them from the combination of pyruvic acid and the respective long chan
carboxylic acids. These target molecules received an immediate attention from severd

Table 2: Recently Isolated Naturally Occurring Alkylmethylmaleic Anhydrides



S. Compound Structure Sourceand Characterization | Ref.
No. Bioactivity
0]
1 CH, Synthetic PMR, CMR, 17
o | Deivaive Mass,
CH, C, H andyss
o}
Dimethylmaeic Anhydride
(e}
2 CHs PaederiafoetidaL. | PMR, CMR,
o | (from volatile ail) Mass, 18
CH, SambucusnigraL. | C, Handyss
© fruit
2-Ethyl-3-methylmdeic
Anhydride
3 0
CeHis Agropyrumrepens | PMR, CMR,
o | Rhizome Mass, 19
CH, C, H andyss
& .
2-Hexyl-3-methylmdeic Ravouring Agent
Anhydride
4
Q Pseudomonas PMR, CMR,
CgHiz cepacia A-1419 Mass, 20
o | C, H andysis
CH, Havouring Agent
O
2-Octyl-3-methylmdeic
Anhydride
Chaetomella
5 o acutiseta PMR, CMR,
(CH,),;CH, Mass, 21
0 Ras farnesyl- C, H andyss
CH, protein transferase
© inhibitor
(Anticancer)
Chaetomellic Anhydride A
Chaetomella
6 Q acutiseta PMR, CMR,
(CH,),CH=CH(CH,),CH, Mass, 21
o | Ras farnesyl- C, H andyss
CH, protein transferase
o inhibitor

Chaetomellic Anhydride B

(Anticancer




7 0 o Tyromyceslacteus | IR, PMR, CMR,
CH,(CH,),,CH,~_ Mass, 22
o | | o | Aminopeptidase
CH, H,C inhibitor,  potentid
o ¢ cytodtatic activity
Tyromycin A
8 0 Aspergillus wentii IR, PMR, CMR,
| CH,(CH,)sR Mass. 23
O
CH,
© Not known
R=COCH, R =CH(OCOCH,CH,
R = CH(OH)CH, R = (CH,),0COCH,
9 Streptomyces IR, PMR, CMR, 24
COOH spirovertivillatus Mass.
Antifungd
Antibiotic
Malec anhydride segment of
Tautomyain
10 0o 0 Xylaria telfairii PMR, CMR,
Mass, C, H 25
XX )
o | OH Not known andyss.
CH,
(0]
Tdfaric Anhydride
11 0 0 Lichen mycobiont IR, PMR, CMR,
| N cH, Graphis scripta Mass 26
O
CH, Not known
(@]
Graphenone
12 o Aspergillus IR, PMR, Mass
| A e cooH | itaconicus 27
(@]
CH, Not known

[taconitin




degant schools of synthetic organic chemigtry for the synthess of naturd product itsdf and
its analogues for dructure activity relationship studies. For example during past eight years
nine synthess of ras fanesyl-protein trandferase inhibitor chaetomellic acdd A (5) have
been reported and some of the ras farnesyl protein-transferase inhibitors are currently in
human dinicd trids!® The complete details about synthetic efforts on dl these naturd

products are summarized in following section.

1.2.1 Dimethylmaleic Anhydride
The dmple and widdy used derivaive of dkylmethylmdeic anhydride is

dimethylmdeic anhydride (DMMA, 4). Severd synthetic approaches (> 25) to 4 and other

maec

anhydrides are known in the literature and few of them with more than e /o
50% yidd and above are summarized in Table 3. One of the elegant, one 3 | o
pot synthess of 4 dating with 2-aminopyridine and two equivdents of e 4 O

maeic anhydride viain-situ formation of nitrogen ylide with 75% yield

is reported by Bauman et al.>” This methodology has been used severd times during the

work in our laboratory to obtain gram quantities of 4 in nearly 100% yidd. Recently, a new
three-step synthetic method with 75% overdl yied for 4 has been developed in our
laboratory darting with mdeimide via mehylmaemide, usng double Wittig reaction
followed by akdine hydrolyss?® The other approaches to 4 indlude (i) oxidation of 2-
butene in presence of metd catdyst with 68% yidd®® (i) oxidation of dimethyl aetylenein
2-steps with 59% overdl yiedd® (jii) sdf condensation of a-bromopropionate with 67%

yidd3! Very high amount of utilities of dimethylmaeic anhydride (4) in organic and



Table 3: Known Approaches for

the Synthess of Dimethyl/alkylmethylmaleic

Anhydrides
No. Starting material Reagents/ Product Overall | Ref
conditions yield
0=%_0 2-Aminopyridine, 0~9%_0
1 U ACcOH, reflux _ 75% 17
Mae canhydride H,C  CH,
(DMMA)
A i)  PPhg, ACOH,
2 o=~N0 (CH0)N, reflux 75%
ﬁ ii) Alkdine DMMA 28
Ho CH drolyss
Methyl mdemide nyaroly
Oxidised in air over
3 )ﬁ/ V,05:M 0031P205: 68% 29
TiOy, 402 °C, DMMA
2,3-Dimethyl2-butene | 0-2 SEC.
i)(biPy)Ni(CO),/
4 R—=——FR" THF DMMA 59% 30
Dimethylacetylene i) Op, THF
i Sdf coupling in
5 \/Loa Ca-Naphthdenide, 31
Br Lig. NH3 DMMA 67%
Ethyl 2-
bromopropionate
O (6]
6 HSCMOEt ) NaCN/H,0
CH, i) H2SO4 DMMA _ 32
Ethyl-2-methyl
acetoacetate
o NaH/1,2-dimetho o
7 n-pr L ethane A F° 2% | 33
COOEt 56%
a-Ketoester H,C R
R =Me, Et
Pyrolyssof 1-
8 o) Ethoxy- 1akenyl 0~%_0 30% 34
Rok=/ oFt ester — 44%
1- Ethoxy' 1_dke,'y| (kaoaﬂ d/DCM 1- H,C R
esters ethoxy-1-alyne) R =Me, n-Bu
Ir(CO)sBr/THF refl.
9 H,C——=—=—CH, Under CO or inert/ L 35
Dimethylacetylene 4 N HNO3 DMMA




biocorganic chemistry keep the scope open for the development of further new, eegant and

practica routes to this molecule.

1.2.2 Tetradecylmethylmaleic Anhydride: Chaetomellic Anhydride A

The dicaboxylic acids chaetomellic acid A (5) and chagtomdlic acid B (6) were isolated
from fermentation extract of the coleomycete Chaetomella acutiseta (Fig. 1), by a group of
scientists™ at Merck, USA in 1993. The structura assgnment of chaetomellic anhydride A
(7) and cheetomdlic anhydride B (8) has been done on the bass of analyticd and spectra

data. The position and geometry of double bond in chaetomellic acid B was established by

Fig. 1
o o)
HO | (CHy)13CH; 5 | (CH,)5CH,
Ho CH, CH,
o (6]
Chaetomellic Acid A (5) Chaetomellic Anhydride A (7)
0 0
HO (CH,)sCH=CH(CH,),CH, (CHy)gCH=CH(CH,),CH,
| o |
Ho CH, - "CH,
o) (6]
Chaetomellic Acid B (6) Chaetomellic Anhydride B (8)

MS andyss of monoepoxide (prepared by reacting 8 with meta-chloroperbenzoic acid in
dichloromethane). The biogenesis of these compounds®® may be occurring through an adol
condensation of pamitate or cis-oleste with pyruvate followed by dehydration reaction

pathway. Chaetomdlic acid A and B have been identified as potent inhibitors of Ras



fanesyl-Protein  transferase®’®® (FPTase), an enzyme cadyzing a post-trandaiond
modification of Ras. Mutated form of ras oncogenes are found in about 25% of the human
tumors®’ and are believed to play a key role in their growth. The ras genes encode 21 Kda
proteins, caled p21 or Ras. The norma and oncogenic activity of this protein is dependent
on its ability to associae with the inner leaflet of plasma membrane that occurs as a result
of pos-trandationa modification. Out of severd pod-trandationad deps farnesylation by
fanesyl-protein transferase (FPTase) is first and obligatory step.® Genetic experiments
have dso shown that farnesylation is required for Ras cdl transforming activity. FPTase
may, therefore, represents a target for chemothergpeutic intervention of human tumors

having mutated ras genes. FPTase utilizes farnesylpyrophosphate (FPP) to modify the Cys
residue at the C-terminus of Ras known as CaaX box (C, Cys; a, usudly an diphatic amino
acid ; X, another amino acid). Andyses of the subdrate requirements for FPTase have
shown that the enzyme binds with sdective isoprenoid pyrophosphates and CaaX
tetrapeptides>® Potentid peptide inhibitors [eg. CVLS (ICso = 2 M), CVIM (ICso = 0.1
nmM), CVFM (ICsp = 0.02 niM)] can be designed from the substrate. However, peptides are
not desired compounds to be considered as therapeutic agents due to their rapid metabolism
in-vivo and therefore the interest has developed for non-peptide inhibitors. During
screening of the natura products, two nove dicarboxylic acids chagtomellic acid A 6) and
chaetomellic acid B (6) were isolated and identified® as a potent FPTase inhibitors with
ICs0 value 55 and 185 nM respectively. These acids were characterized as dkyl cis
dicarboxylates and gppear to mimic FPP at the active Ste of enzyme. Molecular modeling
dudies reved that these acids dructurally resemble with FPP. These classes of naturd

products have propensity to cyclise as shown in kg 2 and dl members of this family were



inlated in the anhydride form, however they actudly exhibit ther FPTase inhibitory
activity in dianionic form as shown bdow in compound 9. Chaetomellic acid A (5) is 3

times more potent than chaetomdlic acid B (6) and became main attraction of synthetic

Fig. 2
Q
5 | (CH,),3CH, u' e (CH,),,CH,
_O - - -
CH, OH CH,
0 0
9 7

efforts because of its potent FPTase inhibitory activity for the trestment of cancer. After the
isolation in 1993, in past eght years span nine syntheses have been accomplished including
four from our group. The eighth approach will be discussed in the section A of the chapter
two as a pat of this dissatation. The chemigry of eght dternate syntheses of 7 is

discussed briefly in the following schemes %47

First Synthesis

The four-step synthetic strategy by Singh™® a Merck research laboratories is based
on biogenetic type agpproach with 18% overdl yidd. It involves base catdyzed
nongtereospecific adol condensation of methyl pdmitae (10) with methyl pyruvate,
followed by tosylaion, dimination and acid hydrolyss as shown in Scheme 1. Recently
the authors have done severd improvements in the reaction conditon to obtain them in good

yidd®



Scheme 1

OMe

OMe

o o
]
OMe X
| iv | o
OMe —>» \
o) . 0
(11—=15, 85% Yield) o o
+
OMe iv OH
OMe ——» OH
16 o 17 o
o 0
: ~ . \/W\/\/\;Cé;‘/
iv
OMe OH
0 o
18 19 R =CH3
15:16:18 = 4:3:0.5 20R=H

Scheme 1: (i) LDA, THF, -78 to -10 °C, methyl pyruvate; (ii) CH,Cl,, pyridine, 40 °C, 2,6-
Di-tert-butyl-4-methyl pyridine, p-toluenesulphonic anhydride; (iii) Toluene, DBU, reflux;
(iv) a NaOH-CH3OH-THF-H,0, 80 °C, b. 4 N HCI.

Second Synthesis



The three-step cobaoxime mediated synthesis with 64% overdl yield is reported by
Branchud et al*! from university of Oregon (Scheme 2). The key step utilized here is a
doubly chemosdective cross coupling of myristyl cobaoxime (22) with citraconic
anhydride and diphenyl disulfide. The oxidation of the sulfide 23 to the sulfoxide with
meta-chloroperbenzoic acid with an in-situ syn-edimination under the reaction conditions,
provided the chegtomdlic anhydride A. Fecile dimination of the intermediate sulfoxide
edablishes the trans stereochemica reationship of the thiophenyl and myristyl subgtituents
in 23, which is a predicted stereochemistry based on deric effects The synthetic Strategy

described here can easly be adapted for the synthesis of diverse chagtomdlic acid A

anaogues.
Scheme 2
CoCl,, dmgH,, py,
CH,(CH.),.CH_Br > CH_,(CH.),.,CH.Co(dmgH).P
a(CH,),,CH, NaOH, NaBH,, CH,OH 5(CH,),,CH, Co(dmgH),Py
21 22 (84%)
CH,
PhSSPh /A/i\
hv @) o 0
\J
(0]
S CH, (CH,),,CH,
CH,(CH,),,CH, H
m-CPBA, pH 7.4
o | < 0
CH, phosphate buffer ;HSPh
K CH,Cl, o 3
7 (98%) 23 (78%)

Third Synthesis



The third five-gtep synthess employing a novel succinate to maeate oxidation as a
key step has been reported by Schauble and Kates*” for the synthesis of 7 with 83% overdl
yidd (Scheme 3). Malonic ester type syntheses were used to construct carbon skeleton of
both chagtomdlic anhydrides 7 and 8. The standard base cadyzed condensation of
dimethyl maonate with 1-bromotetradecane followed by condensation with methyl 2-
bromopropionate offered triester, which on hydrolyss and decarboxylation furnished
corresponding diastereomeric mixture of 2-tetradecyl-3-methyl succinic acids 26a and 26b.
The diastereomeric mixture of succinic acids was converted to anhydride form usng N-
methylmorpholine and methyl chloroformate. The oxidative sequence for the conversion

Scheme 3

NaH,THF-DMF, Mme0oC NaH,THF-DMF, ' 6oc

MeOOC
> reflux, 1.5 h >/\/\/\/R reflux, 1.5 h R
—_— _—
CH
MeOOC BrCuto MeOOC )\3 MeOOC COOMe

R=CgH,, Br COOMe H,C
24 (99%) 25 (99%)
1. Ethanolic KOH
2. HCl/Water
3. reflux
0 (]
R R, N-methylmorpholine, R COOH R,, _COOH
methylchloroformate ‘
o) + 0 =" +
(Quant.)
H,C H,C H,C COOH H,C COOH
(e] —
O R=C,H R=CyHye
+ enantiomer + enantiomer + enantiomer + enantiomer
27a 27b 26a 26b
Et,N, TMSOTT,
Benzenereflux, 2h
OTMS O
R R
— Brz, Bu4NBr
O _— | 0]
A 91%
H,C H,C \
OTMS o
— R=C,H R=Cy4Hg

= Ca1alo



of succinic anhydrides to mdec anhydrides was caried out by reaction of the succinic
anhydrides with EtsN and TMSOTf in benzene under reflux to give the corresponding
intermediate 3-tetradecyl-4- methyl- 2,5-biq (trimethylslyl)oxy]furan. The in-situ
subsequent  desilylation using pure tetra-n-butylammonium bromide in methylene chloride,
followed by addition of pure bromine a& 0 °C provides chaetomellic anhydride A (7). The
authors have <illfully extended the same draegy to ceerate the fird synthess of

chaetomellic anhydride B (8).

Fourth Synthesis

This approach involves a facile two-step dereosdective synthess by a group of
Vederas and Poulter®® using reaction of organocuprates and acetylene dicarboxylate with
78% oved| yidd (Scheme 4). The conjugate addition of organocuprates derived from
Grignard  reegents  (tetradecylmagnesum  chloride and CuBrMeS to dimethyl

acetylenedicarboxylate in THF containing HMPA, was followed by capture of the resulting

Scheme4
1. MeO,CC=CCO,Me
2. EYTHF-HMPA E COOMe
RCu(Me,S)MgBrX > :[
3. NH,Cl, H,0
R COOMe
28 29
J LiOH
o)
E . E COOLi
H
o - |
R rR™ cooli

7 R=CH,, . E= Me, 30 R=C,Hy



copper enolate with methyl iodide a lower temperature to give dimethyl cis-butenedioate
derivative.  Further hydrolyss with lithium hydroxide and acidification furnished the
chegtomdlic anhydride A (7). Similaly andogues wherein tetradecyl group was
subdituted  with  farnesyl/geranylgeranyl moieties were prepared and the farnesyl

substituted compound exhibited 7-fold more potency than parent chagtomellic anhydride A.

Fifth Synthesis

A three-step approach for 7 has been reported™ from our group with 62% overall
yidd (Scheme 5). The reaction of 2-bromopamitoyl chloride (31) and 2-aminopyridine in
presence of EtsN furnished 2-bromopamitamide derivaive 32, followed by intramolecular
cydisation to yidd imidazopyridinium bromide 33, which on condensation with mdeic
anhydride in the presence of NaOAC/AcOH gave chagtomdllic anhydride A (7).

Scheme5

B S
i — —, | Br
CH3(CH2)12CII-|COCI _— N NH
Br o
CHS(CH2)13(|:H* H
o CH,(CH,), 4

31 Br
32

) l

o | X
(CH,),5CH
2)13%3 CH2)13CH Br
° — G |
CH,
CHa(CH

3
7 HoocH,c” [ COOH

2)1

Reagents and conditions: (i) 2-Aminopyridine, TEA, EtO, rt; (ii) t-BuOH, reflux; (iii)
maleic anhydride, NaOAc, ACOH, reflux.



Sixth Synthesis

A second approach from our laboratory involving a facle two-step synthess of 7
via Wittig reaction with overdl 8% yield has appeared recently®® as a sixth synthesis of
this hit molecule (Scheme 6). The fird gep in this drategy involves the  formation of an
ylide  methyl-N-p-tolyl(triphenylphosphoranylideng)succinimide (35)  obtained  from

citraconic anhydride which smoothly condensed with the tetradecand in refluxing glacid

Scheme 6
o o)
\  n | \ _ Ppn,
i
- X
x|
CH, 35 CH,
o
°0 34
v
ii
Q R1 o)
Z R2 CH,(CH,),,CH;
X X |
CH, CH,

R, =H, R,=(CH,),,CH,
R, =(CH),,CH; R,=H

) o . "
vi \  CH,(CH,),CH, Vil
o |

CH,
X = p-Tolyl o

Reagents and conditions: (i) PPhs, AcOH, reflux, 2 h; (ii) AcOH, CHs(CH,)12CHO,
reflux, 18 h; (iii) (8) condition ii, (b) A, 140-150 °C, 30 min. (iv) AcOH, CHz(CH2)1.CHO,
reflux, 18 h. (v) (8) condition iv, (b) A, 140-150 °C, 30 min.; (vi) (@) GH3ONa/CH3OH,
reflux, 2 h, (b) H/HCI; (vii) (8) KOH/H2O/CH3OH/THF, reflux, 2 h, (b) H'/HCI.



acdic adid to yidd mixture of geometric isomers 36 in 71% vyied which on thermd
isomerisation of double bond (exo to endo) in the same pot directly furnished maemide
derivative 37. The dkdine hydrolyss of mdemide derivative followed by acidification
furnished the chagtomelic anhydride A in 91% yied. The exo-isomers on hydrolysis and
acidification aso furnished the target molecule but in less yidd as compared to maemide

derivative. Amongst the dl exigting synthesis this gpproach is most efficient and practicd.

Seventh Synthesis

The one-step synthesis reported by Samadi et al*® utilizes Barton radicd
decarboxylation of thiohydroxamic ester, in presence of citraconic anhydride, to obtain an
intermediate addition product which, on b-diminaion afforded chagtomelic anhydride A,

B and other andloguesin 70% overdl yidd (Scheme 7).

Scheme 7

A o]
L =
X, v
|
OH
RCOOH R- C O-—N —>
DCC, CH CI

38
39
A
aR = (CH,),;CH, bR = (CH,).CH, Spy= @ \
c. R = CH,CH, d. R = (CH,),,CH,

e.R = CH,CH,COOMe f. R = CH,CH,Ph

(6] o
g. R = (CH »){CH=CH(CH,),CH, Qq

h. R =(CH,),CH=CH(CH,),CH, R CH,



Eighth Synthesis

It will be discussed as apart of this dissertation in the section A of chapter two.
Ninth Synthesis

Recently one more four-step synthesis of chagtomellic anhydride A has been
successfully  completed with 56% overdl yidd from our laboratory (Scheme 8) by
chemosdective carbonrcarbon bond formation via Michad type addition of Grignard
reegent to dimethyl-(bromomethyl)mdeate (44) with dimination of alylic bromo aom
(SN2 reaction).*” Dimethyl citraconate (43) on NBS bromination furnished
bromoderivative 44 in 85% vyidd. Addition of Grignard resgent generated from  1-

bromotetradecane to 44 at rt in presence of HMPA gave dimethylitaconate derivative (45)

Scheme 8
(0] (@) 10 (0]
H ] \ H y (CH,),,CH, (CH,),,CH,
| 1
(@] | — 0O | _— [e) — 5 O |
CH, CH,Br Nch, / CH,
o)
° 4 O 4 0 ;
iiil \,‘
(@] O (e} o
H H CH,)..CH CH,),.CH
MeO i MeO ii MeO (CH,), ,CH,§ iv HO (CH,),,CH,
| — | —— v,
MeO MeO MeO HO
CH, CH,Br CH, CH,
(@] O (o) o
43 44 45 46

Reagents and conditions: (i) NBS, AIBN, CCls, 10 h. (ii) CHz(CH,)13MgBr, HMPA,
Et20, rt, 8 h. (iii) MeOH/ H,SO4 (9:1), 24 h. (iv) AcCOH/HCI (6:4), 5 h. (v) Ac0, reflux,

in 70% vyield. The hydrolyss of diester (45) in acetic acid: HCl (6:4) followed by refluxing

the formed diacid 46 in acdtic anhydride yidded the chaetomdlic anhydride (7) in



quantitative  yidd. Both cydlisation followed by gem-disubstituted exocyclic to
tetrasubstituted endocyclic carbon-carbon double bond isomerisation took place in one pot.

By now it is quite evident that very exciting novel chemistry has been reported in
al above approaches towards the synthesis of 7, each synthess having its own advantages.
The present work describes the eighth two-step gpproach for the synthesis of chagtomellic
anhydride A (7) and its naturd anadogues employing chemosdective carbon-carbon
coupling of organocuprates with  (bromomethyl)methylmaec anhydride with  intact
presarvation of cyclic anhydride moiety in 55-60% overdl yied.

A few secondary metabolites have been isolated®® from the mycdium species
Aspergillus wentii and characterized as a long chain derivatives of citraconic anhydride and
may be cdled as remotely functionalized derivatives of chagtomdlic anhydride A (entry 8,
Table 2). The sructurd ducidation has been done with the hdp of spectrd data® The
biosynthesis of these metabolites may proceeds via condensation of Cig polyketide derived
faty acid unit with oxaacetic acid, followed by decarboxylation and dehydration. The
gynthesis of these derivatives has not been reported to date and it is proposed to synthesize

some of them garting from naturaly occurring Juniperic acid.

1.2.3 Tyromycin A

Tyromycin A (entry 7, Table 2 has been recently isolated from mycdiad cultures of
basdiomycete Tyromyces lacteus (Fr.) Murr, and its structure was established as 1,16
big4-methyl-2,5-dioxo-3-furanyl]hexadecane by usng spectrd and andyticd techniques
and by transformation into corresponding tetramethyl ester and diimide derivatives??

Amongst the enzymes bound to the surfaces of mammadian cells aminopeptidese have



been recognized as a potentid target for immunomodulating drugs. Tyromycin A was
found to inhibit the leucine and cyseine aminopeptidases bound to the outer surface of
HeLa S3 cdls and therefore may possess cytotostatic activity.*® Two syntheses of this
promising bioactive compound have been reported to date.

The fird synthess of tyromycin A and its anadogues has been accomplished by
Samadi et al*® using double decarboxylative Bartonradica coupling resction as a key step
(Scheme 9). The dicarboxylic acids 47 were converted to ther thiohydroxamic diesters 49,
using PPhe/2,2'-dithiobis(pyridine N-oxide) coupling method. An in-situ irradiation of the

Scheme 9

(0] o]
48, Ph,P - )J\/(/\?\/U\ —
HOOC-CH,~(CH,)n-CH,-COOH —nar \ N—O " O—N /
S 49 s

CH,CI
47 2z

o4 Ho S
— " Nen = - 7 (o
o ) =0
07”0 ™o 0™, o
50

50a:n=14 N = =z

50b: n =12 | N . | Q

50c:n=10 'l\l S-S T Spy: S \N
o 48 o

50d:n= 9

50e:n=8
thiohydroxamic diesters 49 in the presence of citraconic anhydride, with tungsten light (500
W), during 30 minutes furnished intermediate addition product which on facile diminaion
of pyridylthio group offered a rapid synthetic access to tyromycin A 60a) and its analogues

(50b-e).



The second synthesis of tyromycin A has been recently reported® from our
laboratory and utilizes citraconimide- TPP  adduct coupling reaction with  diphatic
diddehyde to complete the practical two-step synthess in 71% overdl yidd Scheme 10).
The reaction of diddehyde (54) with an excess of citraconimide-TPP adduct in refluxing
glacid acetic acid followed by remova of acetic acid in vacuo furnished a mixture of bis-
condensed exo Wittig products 56 (E,E mgor), 57 (E,Z minor) and 58 (Z,Z minor) in 70%
yidd with an 85:15 raio of E:Z geometry of the carbon-carbon double bond, whereas the
remova of acetic acid under norma amospheric pressure and heating the residue for 30

min. a 140-150 °C, the reaction directly furnished the endo bismide 59 in 72% yidd.

SchemelO

i ii
HO(CH,),,COOH ——= HO(CH,);;COOCH, —> HO(CH,),(OH — OHC(CH,),,CHO

Juniperic acid (51) 52 53 54

o H H o
i Va N
s Ar_Ni;i‘\(CHZ)M/EQN_N vii
o o (¢} o
56 (major): All Ej 57 (minor): E &Z CH,(CH,)),,CH,
Ar—=N | —— 58 (minor): All Zlvi E:Z=85:15 —>0 | | o
¢} (e} (e}

0 0
55 (CH,) 6 Tyromycin A (50a)
L AN | | N—Ar viii
A\
o 59 o)

Ar=p-Toayl

Reagents and conditions; (i) CHz2N>, Et;O, 0 °C, 2 h (95%). (i) LAH, Et,O, rt, 2 h (98%).
(iii) PCC, CHxCly, rt, 10 h (77%). (iv) TPP, AcOH, 5, reflux, 10 h (70%). (v) () TPP,
AcOH, 5, reflux, 10 h (b) A, 140-150 °C, 30 min. (72%). (vi) Tetrdin, reflux, 1 h (98-
100%). (vii) (@ CHsONa, CHzOH, reflux, 2 h (b) H'/HCl (60%). (viii) (8) KOH, HO,
THF, CH3OH, reflux, 2 h(b) H'/HCI (98%).



The mixture of 56 + 57 + 58 in refluxing tetrdine underwent exo to endo isomeristaion to
yield bismdemide derivaive 59 in quantitative yidd which on treatment with dkdi
followed by addification furnished tyromycin A (50a). The mixture of exo isomers 66, 57
and 58) on treatment with sodium methoxide in methanol followed by acidification dso

gave tyromycin A (50a) in 60% yidd.

1.2.4 2,3-Disubstituted Maleic Anhydride Segment of Tautomycin

Recently in 1987 Isono and co-workers®® reported the isolation of tautomycin 0)
from a dran of Sreptomyces spiroverticillatus as a new antibiotic with strong antifungd
activity agang Sclerotinia sclerotiorum. The same group ducidated the Sructure of
tautomycin on the bass of chemicad degradation and spectroscopic evidence?* 2D
INADEQUATE spectroscopy of tautomycin labeled with [1,2-13C] acetate permitted the
complete assignment of *3C and 'H signds and established the tota structure. In 1993 the

absolute configuration of 60 with 13 chiral centers was determined by the same research

o Segment A Segment B Segment C

Tautomycin (60)
group,’ usng chemicd  transformation, spectroscopic  data and  conformational
cdculaions. The absolute configuration by X-ray andysis was not possble because of its
non-cryddlinity. Apat from its antifungd activity the antibiotic was found to induce
morphologica changes (bleb formation) in human leukemia cdls K562, which is corrdated
with protein phosphorylation and dso inhibited spreading of human myedoid leukemia cdls

HL60.>2 Afterwards it was found that tautomycin is dso a specific inhibitor of protein



phosphatases (PPs). One of the most pervasve controllers of sgnd transduction in
eukaryotic cdls is reversble phosphorylation of serine-, threonine- and tyrosne containing
protein by PPs®® This molecular “on-off switch” is responsible for regulaing such diverse
and important processes as memory, cell growth, neurotransmisson, glycogen metaboliam,
muscle contraction and many others® The spedific inhibitors of PPs became an useful tool
for dudying such intracdlular events. Tautomycin was found to be potent and specific
inhibitor of PP1 and PP2A with 1Csp 22 and 32 nM respectively, wheress it inhibits PP2B
a very high concentration (ICsop > 10 M) and does not show any inhibition towards PP2C.
The specific inhibition of particular PPs is physologicdly important since four endogenous
proteins, DARPP-32, inhibitor-1, inhibitor-2 and NIPP-1 act gringently to regulate PPL,
and abnormally low levds of PP activity have been implicated in human cancer*? and
Alzheimer's diseese®® Thus the tautomycin, a specific inhibitor of PP1 and PP2A has
acquired a ggnificant postion in eucidating the physologica role of PPs.

The important biologicd activity and interesting sStructurd features attracted many
chemids to put in their efforts for the totd synthess of tautomycin and is a chdlenging task
of current interest. The reterosynthetic andyss of tautomycin afforded segment A, B and C
as shown in dructure 60. Tota synthess of this molecule involves the synthess of three
segments followed by stepwise coupling of these building blocks® To date five total
synthesis of tautomycin have been accomplished by different groups®® Tautomycin has
unique 2,3-disubgtituted maeic anhydride ring a the left termind of the molecule which is
known as a segment A (61).°" The ssgment A is highly oxygenated molecule with three
carboxylic group and one hydroxy group. According to Chamberlin et al®® the greatest

chdlengein the synthesis of tautomycin isin the congtruction of apparently smple-looking



6l1AR= OH,61BR= a-OH
2,3-disubgtituted maeic anhydride segment A. The anhydride moiety of tautomycin shows
an interesting chemica behavior in agueous media, i.e tautomycin exigs in an equilibrium
between anhydride and diacid®>’ Isobe and co-workers in ealier stage of their work,
gyntheszed a mode compound with 2,3-disubgituted maeic anhydride dructure to

confirm the chemical properties of the anhydride (Scheme 11).>° Stereoselective Horner-

Scheme 11
PO(OEY), o o
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Emmons condensation of diethyl-2-ketoglutarate (62) with triethyl a-phosphonopropionate
exclusvely provided mdec eser (63) in 96% yidd, which on dkdine hyrolyss followed
by acidic workup afforded the 2,3-disubgtituted maeic anhydride 64.

To dae, four multi-sep synthess of ssgment A have been accomplished using
various degant drategies. Isobe and co-workers successfully accomplished the fird eight-

dep synthess of ssgment A via adol condensation as a key sep with 15% overdl yidd



(Scheme 12)*°®°. The 34-disubstituted furan (68) was synthesized by Dids-Alder addition
of ethyl tetrolate (67) to 4-phenyloxazole (66) followed by retro-Dids-Alder reaction with

elimination of benzonitrile. Reduction of 68 and subsequent oxidation gave the dehyde

Scheme 12
o) o)
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0 + & - = 0] —2’ (o)
\=N 86% — 8206 __
66 67 68 oLi 69
1.
)\Ot-Bu
THF, 67%
-78-0°C
2. MoMmcl,
iPr,NEt
OR (6] HO OR (e}
Q O,, hv,
3 rose bengal Ot-BU
Ot-BU o Ot-BU
o | + |Pr NEt, -20 °C
/ 85%
o R = MOM
HO 72 71 o
PCC,
78% [ Ms4a
o oR 8 o OH O
1. CF,COOH
Ot-BU 2. MeOH, H,S0, OMe
O | [e) |
46%
© 73 o 61A

69, which is reacted with lithium enolate of tert-butylacetate to furnish the addol product 70.
Findly the oxidation of furan moiety to madec anhydride derivative furnished the target
molecule, asegment A (61A) of tautomycin.

The same group has extended their approach for the synthesis of opticaly active
segment A (61B) in a smilar manner to their earlier synthess employing asymmetric adol
reaction and photosensitized oxidation (Scheme 13).°°®! Aldol reaction between boron

enolate of chird N-acetyloxazolidone (from D-vaine) and addehyde provided adol adduct



(74) in 80% vyidd. Desulfurization, protection of hydroxy group followed by methanolyss
with sodium methoxide in methanal furnished methyl ester (76). The subdituted furan

derivative on subsequent oxidation gave the maleic anhydride segment of tautomycin 61B.

Scheme 13
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The second ten-gtep synthesis of segment A with 25% overdl yied garting from
1,3-propanediol was reported by Oikawa and Ichihara (Scheme 14).°2 Asymmetric
dihydroxylaion of the a,b-unsaturated ester (79) obtained by Wittig reaction of adehyde,
which was in turn synthesized from monoprotected 1,3-propanediol is a key step utilized in
this synthess The remaining reaction sequence utilized protection-deprotection chemistry

and oxidation reactions to achieve the target molecule 61B as shown in scheme

Scheme 14
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Reagents and conditions: (a) SOs.Py, DMSO, EtsN, CH,Cl; (b) 'BuO,CCH=PPhg,
CH,Clp, 90%, (2 steps); (€) AD-mix-b, MeSO;NH,, ) 'BuOH-H,0, 0 °C, 99%; (d) DDQ,
MS3A, CH),ChL, 5 °C, 66%; (e) DessMartin periodinane, Py, CHxCl; (f)
EtO,CCH(CHs)PO(OEt),, 'BUOK, THF, -60 to —20 °C (67%, 2 steps); (g) PPTS, MeOH,
98%; (h) DEIPSCI, Im, CH,Clp, 89%; (i) ACOH-H,O-THF (4:1:4), 95%; (j) Dess-Martin
periodinane, Py, CH,Cl,, 87%: (k) NaClO,, NaH,PO,, 2-methyl-2-butene, ‘BUOH-H,0,
91%

The third approach has been published from The University of Tokyo by Shibasaki
et al®® usng an asymmetric reduction of b-ketoester as a key step (Scheme 15). The
dating furan carboxylic acid (86) was converted to amide, which was treated with litium
enolate of methyl acetate to yidd b-ketoester 88. Asymmetric hydrogenation of 88 has been
achieved by two ways, one usng Noyori’'s Ru-BINAP cadys yieded acohol  with 86%
ee whereas usng BHs-THF oxazaborolidine catdyst gave acohol in 57% yidd with 92%
ee. Furan deivaive 90 was findly oxidized photochemicdly to get mdec anhydride
segment of tautomycin.

Scheme 15
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Reagents and conditions: (a8) CH3ONHCH3.HCI, EtsN, DMF, 0 °C to rt 97%; (b)
AcOCHjs, LDA, THF, -78 °C to 0 °C then HCI, 0 °C to rt, 58% (conv. 73%); () (i) Hp, 100
amo., cat. (9-BINAP-Ru(Il), CHsOH, 28 0 °C, 100%, 86% eg; (i) (S) *, BHs-THF, 0 °C,
(conv. 67%), 92% ee; (d) DEIPSCI, imidazole, CH,Cl,, 0 °C to rt, 98%; (€) (i) LiOH, THF-
H.O (6:1), rt, (ii) BnOH, DCC, DMAP, THF, rt, 62% (2 steps); (f) (i) Oz, hv, rose bengd, i
ProNEt, CH2CI2, 0 °C; (ii) PCC, MS4A°, CH,Cly, rt, 88% (2 steps); (9) (i) CHsOH, Et3N, O
°C; (ii) CHxCl, 40 °C; (iii) DEIPSCI, imidazole, CH,Cl, 0 °C to rt, 66% (3 steps); (h) Hp,
Pd/C, rt, 87%.

The fourth eegant approach from Chamberlin and co-workers® describes five-
dep synthesis with 56% overdl yidd dating from acetylenedicarboxylic ester (Scheme
16). Addition of a mixed methyl cuprate to symmeirica acetylenedicarboxylic eder,
followed by trapping of the intermediate with an eectrophile 3-pentenoyl chloride gave the
unstable enone ©2) as a > 20:1 mixture of geometrical isomers in 83% yield. The reduction
of ketone with (+)-DIP-Chloride furnished the desred (R) enantiomer of dcohol (93) in
88% yidd with 80% ee. Ozonolytic cleavage of disubdtituted akene (93) and subsequent
oxidation of the ddehyde to carboxylic acid provided maec anhydride ssgment A of
tautomycin 94 in 77% yidd.

Scheme 16
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Reagents and conditions: (&) MeCuLiCN, Et;O, -78 °C, then 3-pentenoyl chloride, -78 to
0 °C; (b) (-)-DIP-Chloride, THF, -20 °C, 3 days, 0 °C, 4 h; (c) TESCI, TEA, CH.Cl,, 0 °C
to rt; (d) Oz, CH.Clp, -78 °C, PPhs, -78 °C to rt (¢) NaClO,, 2Methyl-2-butene, t-
BuOH/H,0, 0 °C.

The fifth gpproach will be discussed as a part of this dissertation in the section B of

chapter two.

1.2.5 Tdfairic Anhydride and Related Compounds

The new methylmadeic anhydride metabolite has been isolated in 1996 by Edward
and his co-workers™ from the culture medium of the fungus Xylaria telfairii Berk and was
named as 2,3-didehydrotelfairic anhydride (entry 10, Table 2). The structurd assgnment of
tdlfairic anhydride hes been done on the bess of andyticad and spectra data® The
biosynthess of tdfaric anhydride presumably originates from a process involving a
condensation of an acetate malonate-derived acid with oxaoacetate. To date a biologica
role for such structure does not gppear to have been established. The unique structure of

2,3-didehydrotefairic anhydride attracted us to put in our synthetic efforts to achieve the



firg syntheds of this natura product. Our efforts are documented as a pat of this
dissertation and discussed in the section C of the chapter two.

The other rdated methylmadeic anhydrides graphenone®® (entry 11, Table 2) and
itaconitin®’ (entry 12, Table 2) have been reported in the literature. Graphenone, a new
pigment has been isolated from the cultures of spore derived mycobionts of the lichens
Graphis scripta and the structure was edtablished usng spectral and X-ray diffraction
andyss.  Teraenoic anhydride, itaconitin has been isolaed as a secondary fungd
metabolite from the species Aspergillus itaconicus and Aspergillus gorakhpurensis . The
parent acids related to both of these anhydrides are currently unknown as naturd

products.?®

13 NONADRIDE AND DIALKYL/DIARYL SUBSTITUTED DERIVATIVES OF
MALEIC ANHYDRIDE

The natural products known collectively as nonadrides comprises a smdl dructurd class in
which the core unit is nine membered carbocydlic ring.?* Many cydic compounds
contaning two maec anhydride moieties (manly nonadrides) have been isolated and
characterized as bioactive naturd products more prominent amongst them are Glaucanic
acid (entry 1, Table 4), byssochlamic acid (entry 2, Table 4), heveadride (entry 4, Table
4), CP molecules (Fig. 3), and so on as liged in Table 4. Two five membered anhydrides or
anhydride and a lactol are fused to the core, which also bears a n-akyl chain and n some
cases one or more hydroxy subdtituents. Glaucanic and glauconic acids were the firg

members of this cdass to be discovered®™ and soon after a "symmetricd" varian,



byssochlamic acid®® was isolated by Raistrick from the ascomycete Byssochlamys fulva.
Subsequently two hepatotoxic substances, rubratoxins A and B were obtained from extracts

of fungus Penicillium rubrum®’ and more recently the nonadrides scytalidin,®® heveadride®®
and castaneiolide’™® aso have been isolated. The latest example of this structurd family are
CP-225,917 (phomoidride A) and CP-263,114 (phomoidride B) two metabolites isolated
by a research group a Pfizer from an unidentified fungus which aso produces zaragozic

acid.”™ Nonadrides attracted the attention of the researchers due to the powerful inhibition

Fig. 3CP Molecules

(+)-CP-225,917 (phomoidride A) (- )-CP-263,114 (phomoidride B)

of ras fanesyl transferase by CP molecules™ has made these nonadrides the object of much
interest.”® CP molecules exenplify architectures of unprecedented molecular connectivities
and complexities and possess intriguing biologica activity. Recently two new akenoic
acids bearing two or three mdeic anhydride moieties in the lineer acid chain have been
isolated from fungus Cordyceps pseudomilitaris and named as cordyanhydride A and B.”*

The fird published synthess of nonadride family was that of byssochlamic acid by

Stork et al ™ in 1972. The pioneering accomplishment, i.e. creation of the nine membered



Table 4: Naturally Occurring Nonadride and Dialkyl/Diaryl Derivatives of Maleic
Anhydride
Sr. Compound Synthesized Sour ceand Characterization | Ref.
No. Activity
1 IR, PMR, CMR, 65
Penicillium Mass.
pur purogenum
o ¢ Adtivity Unknown
Glaucanic AcidR=H
Glauconic Acid R =OH
2 IR, PMR, CMR, 66
Mass.
Byssochlamys
fulva
Activity Unknown
3
IR, PMR, CMR, 67
Penicillium Mass.
rubrum
Hepatotoxic
activity
Rubratoxin A R = H, OH
RubratoxinBR =0
4 IR, PMR, CMR, 69
Helminthosporium | Massand UV
heveae absorption spectra
Activity Unknown
Heveadride




5 IR, PMR, CMR, 70
Mass.
Macrophoma
castaneicola
Activity Unknown
6
Cordyceps IR, PMR, CMR, 74
pseudomilitaris Mass.
Activity Unknown
Cordyanhydride A or FR222398
7 o Psudomans IR, PMR, CMR, 82
COOH cepacia A-1419 Mass.
(@]
R Paecilomyces
© Variotii
R = CH=CH-C,H,, C,H,,, CH,,
Activity Unknown
8 Starting materid
in the synthess of IR, PMR, Mass. 83,
indolocarbazole 85
dkdoid
Bigndolyl mdec anhydride

ring of the target molecule via Beckman fragmentation as a key step. The second report on
the synthesis of racemic byssochlamic acid was published by White et al”® in 1992 using
[2+2] photoaddition-cycloreverson strategy. Recently the authors have extended the same

drategy to achieve the asymmetric synthesis of naura (+)-byssochlamic acid as vl as its



enantiomer  (-)-byssochlamic acid.”” The synthesis of isoglaucanic acid via 6p + 4p
cyclodimerisetion of 2-[(E)-1-pentenyl]-3-methylmdeic anhydride was proposed by
Sutherland® and completed by Badwin et al” in 1999. Recently Nicolaou and co-workers
from Scripps Research Ingtitute has successfully completed®® the first totd synthesis of
highly complex CP molecules through a very high intdlectua and well planned reionde
gynthetic efforts overcoming countless obstacles with discovery of novel cascade reactions,
new synthetic technologies and unprecedented synthetic tactics. The synthetic Srategy
involves (i) intramolecular Dids-Alder reaction as a key step to generate the core skeleton
of the molecule, (i) Stereosdective fastening of the upper Sde chain by usng subdrate-
directed dithiane chemidry and (iii) ingdlment of anhydride moiety on the periphery of the
bicyclic CP skeleton by employing an unprecedented seven-step cascade reaction sequence.
The same group has aso reported® the asymmetric synthesis of these molecules employing
the reaction sequence described in their earlier synthesis using key step of substrate-based
control of diastereosdectivity of intramolecular cycloaddition specificaly by introducing
bulcky chird moiety in the aubdrae cgpable of influencing facid Sdectivity of
intramolecular Dids-Alder reaction.

Few unsymmetrically substituted madeic anhydrides’®? (entry 6 and 7, Table 5)
have been isolated as naturd products. Based on the literature study to date there is no
report directly focusng on the synthess of symmetricd and unsymmetricd subgtituted long
chain didkylmdeic anhydrides. The diarylmdeic anhydrides are vitd intermediates in the
gynthess of few dkaoids and another naturd products possessng vaious biologica

activities®® Recently Beccdli et al®* have reported a new three-step access to diarylmaleic



anhydride from 3-aryl-2-hydroxybut-2-enedioate, whereas previous synthesis was reported

using Perkin condensation.®®

14 SUMMARY

Madec anhydride and its derivatives have been used as a potentid Sarting materiad
for the elegant design of severd hbiologicdly active heterocycles, natura products, drugs,
drug intermediates and variety of polymers. Naure adso offers a diverse menu of
methyladkylmaeic anhydrides and complex organic molecules containing two or more
mdec anhydride moigties with wel-established and new promising bioactivities. Huge
amount of synthetic efforts have been put in to cast these useful maec anhydride skeletons
in highly effident fashion, employing variety of new degat drategies and efforts ae dso
in progress to invent gill newer methods. It is noteworthy that natura/synthetic genesis, is
unknown  for the  higher  dkylsubsituted and  symmetricaly/unsymmetricaly
didkylsubdtituted madeic anhydridesmdeic acids Newer methods to synthesize these
gydems are dill awated and will certainly contribute substantidly to several agpplication

parts of these structures and their chemistry.
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CHAPTER TWO

SYNTHESIS OF BIOACTIVE NATURAL PRODUCTS

AND NEW HETEROCYCLES




This chapter is divided into four sections (A to D). Firg three sections (A to C) ded
with the synthess of bioactive naturd products chagtomdlic anhydride A, mdec
anhydride segment of tautomycin and 2,3-didehydrotefairic anhydride respectively, where
a the fourth one (section D) describes the synthess of a-quinoxdinyl and a-
benzaothiazinyl acrylic acids gating from (bromomethyl)methylmdeic anhydride,  which

was obtained by NBS bromination of dimethylmaeic anhydride (Fig 1).

Fig. 1
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SECTION A
CHEMOSELECTIVE CARBON-CARBON COUPLING
OF ORGANOCUPRATESWITH
(BROMOMETHYL)METHYLMALEIC ANHYDRIDE:

SYNTHESISOF CHAETOMELLIC ACID A




2.1.1 BACKGROUND

Chaetomellic anhydride A and B have been recently isolated" from Chaetomella
acutiseta, and ther dianionic forms are potent and highly specific inhibitors of ras farnesyl-
protein transferase. The provison of facile synthetic gpproaches to this bioactive naturd
product, chaetomellic acid A anhydride (tetradecylmethylmdeic anhydride, ) is a task of
current interest. After isolation of this bioactive compound in 1993 to date nine dternate

gyntheses of 1e, five from abroad and four from

our group have been accomplished usng variety of o
CH,(CH,),,CH,
degant srategies ™ (discussed in earlier chapter). In s |
recent years, a number of 2adkyl-3-methyl substituted b CH,
le

malec anhydrides'! have been isolated as natural

Chagtomdlic Anhydride A (1€)
products such as 2-ethyl-3- methylmaeic anhydride*°
2-hexyl-3-methylmdeic  anhydride'®  2-octyl-3-methylmaeic  anhydride!'®  chaetomdlic
acid C® and some of them exhibit specific biologica activities. In an atempt to have an
easy access to this type of subdituted maeic anhydrides, we planned a facile two-step
approach to n-akylmethylmaeic anhydrides via chemosdective carboncarbon coupling of
Grignard reagents with (bromomethyl)methylmaeic anhydride (22).

Chemosdective Grignard reactions, with preservation of certain functiondities have
been reported in the literature (Scheme 1). Normant et al*? reported cross coupling of
Grignard reagent with 2-acetyl bromoethane (3) by preserving acetate group where as
Numomoto et al®® have successfully caried out the cross coupling reaction of 1,3

butadiene-2-ylmagnesum chloride (6) and substituted hdide keeping the cyano and ester

groups intact as shown below (Scheme 1a). Baer et al'* have reported the copper catalyzed



reection of Grignard resgents with chloromagnesum sdt of w-bromoacids 8 to prepare

vaiety of akylcarboxylic acids with preservation of carboxylic acid functiondity (Scheme

1b).
Scheme 1a
CuBr
RMGCl + BN~ o, R 0ac

2a 3 4R =BuU, i-Pr, t-Bu, C;Hys

B "o+ N 3% Li,CuCl, =
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5a 6 MoC 7a CN

45%

3% Li,CuCl, COOCH,
MgCl '
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7b
Scheme 1b
0.2% Li,CuCl,
RMgBr + Br(CH,),COOMgCI R(CH,),COOH
) THF, 75-80%
a 8 9R =CgH,;, CyyH, n=1-10

Grignard subgtitution reaction with intact preservation of epoxide functiondity has been
reported for the first time by Nicolaou et al® wherein the dow addition of dlylmagnesum
bromide to a mixture of substrate 10, in the presence of catalytic amount of Cul (0.1 equiv)
and HMPA (4 equiv) in THF a -23 °C gave excusvey the subdtitution product,
homoadlylic epoxide 11 in 85% yidd (scheme 1c).

Scheme 1c

R

R
N 1.Cul, HMPA \
o:]\/ - O,
l 2. CH,=CHMgBr, '

230 0
10 THF, -23°C, 85% 11




Mori and co-workers'® have successfully completed the synthesis of pheromones
with preserving the epoxide by using diakyllithiumcuprate (Scheme 1d). Another

Scheme 1d
(Mcm
OTs 2 o
OTBDPS Et,0, -400C OTBDPS
12 74% 13
1. TBAF/THF, 0°C
2. TSCIIDMAP, CH,Cl,
. (C4H,,),CuLi, Et,0
O; 0.,
" -40°C 68% OTs
CH
15 8 17 14

report’” from Mori’s group has focused on the synthesis of nymph recognition pheromone
utilizes Grignard coupling reection as a key sep with an intact preservation of epoxide
moiety Scheme 1e). The enantiomericaly pure epoxy building block 17 has been used as a
dating materid that in tun was syntheszed from meso-diacetate 16 by asymmetric
hydrolysis catalyzed by pig pancredtic lipases (PPL) and severa other steps. Incorporation
of carbon chain on 17 to get target molecule 20 was executed by copper

Scheme le
H,, H., H,,
p OAc a OTBDPS b y OTBDPS

0 - —= 0 — —» 0

o OAc o OTs W
H - H 17 H e (CH,), ,CH=CH(CH,),CH,

L c
H,, (CH,), ;CH=CH(CH,),CH, g H.,, OTs
O -—— — O
H\\\ (CH2)14CH:CH(CH2)GCH3 H\\ (CH2)14CH:CH(CH2)6CH3
20 19

Reagents and conditions: (a) PPL and severd other steps;
(b) (2)-Me(CH2)6CH=CH(CH,)15MgBr, Et,O, HMPA, Cul; (c) (i) (Bu)sNF, THF, (ii) TsCl,
TEA, DMAP, CH,Cly; (d) (2)-Me(CH,)7CH=CH(CH,)13MgBr, Et,O, HMPA, Cul.



caadyzed Grignad reection in diethylether in the presence of HMPA. They dso

synthesized the antipode by atering the sequence of two Grignard coupling reactions.

2.1.2 PRESENT WORK

In the present work our idea was to synthesze the (bromomethyl)methylmaeic
anhydride from the readily avaldble dimethylmdec anhydride and utilize this dlylic
haide as a subdrae for the chemosdective nucleophilic displacement reaction (Sy2) using
the Grignad reagent in a short two-step approach for the synthess of 2-dkyl-3-
methylmaec anhydrides (la-e) incduding ras fanesyl-protein  trandferase  inhibitor
chagtomdlic anhydride A (1e) (Scheme 2). The unsymmetricd anhydride has five dternae
gtes (asshownin Fig. 2) available for nucleophilic reactions, viz

() two carbonyl carbons for 1,2-addition (with or without ring opening),

(i) two stesfor Michael addition and

(iii)  dlylic halide for nucleophilic displacement reaction.

Fig. 2
Nucleophilic
o m Displacement
1,2-Addition o | Michael Addition

A

In generd, a Grignard reagent is not likdy to furnish coupling product in
gyntheticaly ussful yidds and can be ggnificantly improved when these reaction ae
caried out in the presence of catalytic amount of copper(l) sdts and other trandtion metds

(eg. Ni, Pd, Fe). The copper-cadyzed subditutions of organic hdides and reated



subdrates with Grignard  reactions are dandard  synthetic  transformation  in - organic
synthesis and have been reviewed extensvely.'®® Chemosdlective carbon-carbon coupling
of organocuprates and bromoanhydride 3 by nucleophilic displacement reaction with
preservation of maleic anhydride moiety has not been reported in the literature to date?*°and
will be highly useful in synthess of naturd products bearing such type of anhydride

skeletons.

2.1.3 RESULTSAND DISCUSSION

Reection of dimethylmdeic anhydride (21) with N-bromosuccinimide (NBS, 2
eqiv) udng cataytic amount of dibenzoyl peroxide (DBP) in carbon tetrachloride under
getle reflux for 10 h gave (bromomethyl)methylmdeic anhydride (22). Reaction
conditions were optimized to get the mgor amount of required product
(bromomethyl)methylmaleic  anhydride (68%), accompanied by di(bromomethyl)mdec
anhydride (2%) and dating materid (30%) without formation of any other brominated
products such as gem-dibromo (*H NMR). Purification by vacuum didtillation of this
mixture using Kugelrohr apparaus yidded 60% of 22 with 98% purity (*H NMR). The
reection of (bromomethyl)methylmadeic anhydride (22) with excess (5 equiv) of freshly
prepared Grignard reagents derived from methyl iodide, n-pentyl iodide, n-octyl bromide,
n-dodecyl bromide and n-tridecyl bromide, in the presence of catalytic amount of Cul(l) in
ether and HMPA (Hexamethylphosphoramide) as a solvent sysem a -5 to 0 °C furnished
excludvely the corresponding anhydrides la-e in 55 to 60% vyidds via chemosdective

nucleophilic displacement of dlylic bromo atom. The same results were obtained when the



THF was used in place of diethyl ether. Optimization of the coupling reaction was carried

out by changing reaction temperature, mode of addition, molar

Scheme 2
o) o o
s \Bs, pBP, CC, CH,Br mgﬁ ECtzO/T HF, CHR
o —_— o | , Cul, o~ o |
CH, reflux, 10 h, 68% CH, 510 0 9C, 55-60% / cH,
- v 2 © la-e

1a R = CH,, 1b R = (CH,),CH,,
1c R = (CH,),CH,, 1d R = (CH,),,CH,,
le R = (CH2), CH,
amount of Grignard reagents, Cul and HMPA. The experiments using Cul in the absence of
HMPA as wdl as usng HMPA without Cul faled to give the desred coupling products.
The observed chemosdectivity could be ascribed to the controlled reactivity of cuprates
generated from Grignard reagents and Cul in the presence of HMPA™® and will be ussful
for the tailor-made synthesis of wide range of akylmethylmaec anhydride derivatives.

After the successful synthesis of chaetomelic anhydride A and its naturd anaogues
we planned to extrapolate the same drategy for the synthesis of symmetricaly subdituted
didkylmdec anhydride derivatives via di(boromomethyl)mdeic anhydride (Scheme 3).
Dimethylmadeic anhydride, NBS (4 equiv) and catdytic amount of DBP in CCl, were
refluxed for 24 h to fumish di(bromomethyl)madeic anhydride (23) in 50% yidd (*H
NMR). The NBS and DBP were added in two lots (initidly 2 equiv of NBS and after 12 h
another 2 equiv) s0 as to convet the dating maeid in maximum amount to the
dibromoanhydride. Purification by Kugdrhor didillation gave solid 23 with 98% purity and
recrysdisaion of the product in benzene/petroleum ether (1:4) furnished andyticdly pure

di(bromomethyl)maec anhydride (23). The reaction of 23 with Grignard reagent derived



from n-bromooctane using the same reaction conditions used in above coupling reaction

gave the symmetricdly disubstituted maeic anhydride 24 but only in 10-11% yield.

Scheme 3

CH, CH,Br RMgX, Et,O/THF, CH,R

NBS, DBP, CCl, HMPA, Cul,
o —— 0 o |
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cH, CH,Br , 10% / CH,R

o) o
21 23 24
R = CBH17

In our hands severd dtempts to increase the yidd by varying the reaction
conditions met with falure An atempt usng Li;CuCl; as catdyst®™® for the coupling
reaction dso faled to give the desred product. The work is in progress to achieve the
coupling products employing organolithium reegents and successful completion of this
reaction will be useful to provide an easy access for the synthess of diakyl substituted
maec anhydride derivaives and will dso find gpplication for the synthess of naturd
products from nonadride class of compounds such as byssochlamic acid.?*

In summary, we have demondrated for the firg time a smple chemosdective
carbornrcarbon  coupling reaction of (bromomethyl)methylmdeic  anhydride 22 and
organocuprates for the synthess of dkylmethylmdeic anhydrides la-e in 55-60% yidds
with presarvation of subdituted maeic anhydride moiety. However, reaction of
organocuprates  with  di(oromomethyl)maeic  anhydride 23 furnished symmetricdly

disubgtituted maeic anhydride 24 only in 10-11% yield.



SECTIONB

A FACILE SYNTHESIS OF

(#)-2,3-DISUBSTITUTED MALEIC ANHYDRIDE SEGMENT

OF ANTIFUNGAL ANTIBIOTIC TAUTOMYCIN




2.2.1 BACKGROUND

Tautomycin @5) was isolated in 1987 by Isono and co-workers from Streptomyces
spiroverticillatus as new antibiotic with drong antifungd  activity againg  Sclerotinia
sclerotiorm and inhibitory activity to protein phosphatase of type 1 and 2A.%2 In 1993 the
same group determined the absolute configuration of 25 with 13-chird centres by using

chemical transformations and spectroscopic data®® The tautomycin (25)

o Segment A Segment B Segment C

Tautomycin (25)
hes atracted an atention of many synthetic organic chemists because of its interesting
sructurd architect and novel hiologicd activity. Retrosynthetic andysis of tautomycin®
divided the target molecule into three subunits as shown in scheme 4. Disconnection of an
eder bond afforded segment A (left wing), ssgment B (middle wing) and segment C (right
wing) (Scheme 4). The totd synthess of 25 involves synthess of three segments A, B and
C followed by stepwise coupling of these potentid building blocks®® To date four tota
syntheses™> 28 and one recent forma tota synthesis™ of this molecule have been reported
goat from the reated synthesis of tautomycin subunits such as 2,3-disubdituted maeic
anhydride segment A and polyketide portion of tautomycin, segment B and C.*° According
to Chamberlin et al®® the greatest chdlenge in the synthesis of tautomycin (25) is in the
congruction of smple looking 2,3-disubgtituted maeic anhydride segment A. Segment A is
highly functiondised molecule with three carboxylic groups and one hydroxy group. This

b-hydroxy eder is highly prone to dehydraion utilisng acidic a-hydrogen atom to give



a,b-unsaturated ester and hence the synthess of this segment requires a specid care in

choosing reagentgreaction conditions. To date four-multigep synthess of  ssgment A

(26) have been accomplished darting from  suitably 3,4-

Scheme 4

Tautomycin (25)
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o |
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1
OMe :

Segment B (28) Segment C (29)

disubstituted  furans°®2"-3133 1 3 propanediol,** and symmetricdl  acetylenedicarboxylic
ester,?® using various synthetic Srategies which have been dready discussed in the first
chapter [ section 1.2.3].

Recently we have successfully completed® the synthesis of naurdly occurring
dkylmethylmdeic anhydrides induding fanesyl-proten transferase inhibitor chagtomellic
anhydride A dating from (bromomethyl)methylmdeic anhydride which in tun was

gynthessed from dimethylmdeic anhydride as discussed in the earlier section of this



chapter. We have adso reported the synthess of fulgenic add®® darting from
(bromomethyl)methylmaeic anhydride  via  (hydroxymethyl)methylmdeic ~ anhydride
(scheme discussed in section D of this chapter). With our notiond interest towards the
gynthess of highly oxygenated 2,3-disubdituted mdeic anhydride segment A of
tautomycin, we planed two different synthetic  drategies  dating  with
(bromomethyl)methylmdeic anhydride and are discussed in detall in the present section.
An appeding feature of our gpproach is a short route synthess employing anhydride to
anhydride converson without involving any protection-deprotection chemistry (a present

need of time).®

2.2.2 PRESENT WORK: RESULTSAND DISCUSSION

Our firg synthetic drategy to reach the target molecule 2,3-disubgtituted mdeic
anhydride segment A of tautomycin was through a key step of chemosdective and (or)
enantiosdective Reformaisky reection (Scheme 5). Recently Weissohann et al®’
introduced chromium(ll) mediated Reformatsky reaction as a highly useful alternative to
the conventiona heterogenous method with many advantages such as  excdlent
chemosdectivity towards adehydes compared to zinc ester enolate coupled with very high
enantiosdectivity/diastereosdectivity. The dating materid  (bromomethyl)methylmdeic
anhydride (22) on dkdine hydrolyss was converted to (hydroxymethyl)methylmaeic
anhydride @30) in 89% yidd. The next step was to convert dlylic acohol to adehyde to get
the 2-formyl-3-methylmdeic anhydride (31) in hands for Reformasky reaction. We were
dissppointed to find out that dl our atempts to convert (hydroxymethyl)methylmaeic

anhydride (30) to 31 using vaiety of oxidizing reagents [DMSO/(COCI),, PCC, MnO,]



met with falure under various reaction conditions and only the decomposed or polymeric

materials were obtained.

Snce dl the dating materid 30 was getting consumed during the course of reaction,
probably the formed 31 may be undergoing further oxidation to corresponding carboxylic

acid, which in turn might be decraboxylating to yidd methylmaeic anhydride or its

Scheme 5
o) Br o) OH
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o | — 0 |
2 h, 89%
@]
22 30
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O
Q C;)H Reformatsky CHO
\ COOR Reaction S |
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O 26A © 31

decomposed polymeric products. Hence we could not continue with this gpproach and
diverted our attention to an dternate Strategy to reach the target molecule.

In our second drategy we planned for chemosdective condensation of diethyl
mdonate with (bromomethyl)methylmaec anhydride (22) followed by regiosdective
NBS-brominaion as a key sep to accomplish the synthess of (z)-2,3-disubgtituted maeic

anhydride ssgment A (26B) of tautomycin (Scheme 6 ).



Scheme 6
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Reagents and conditions:
i. (a) Diethyl malonate, NaH, CeH, rt, 8 h, (b) H/HCI (74%);
ii. Con. HCl, reflux, 12 h, (94%);
iii. NBS, Benzoyl peroxide, CHCL, reflux, 24 h, (74%);
iv. (@) IN ag. KOH, rt, 3 h, (b) H'/HCI (91%);
V. CH,Ng, Et,0, 0 °C, 3 h, (95%).

The literature report® reveds that the reections of cydic anhydride especidly
madec anhydride (37) with carbon nucleophiles such as acetyl acetone and ethyl
acetoacetate resulted in the ring opened product as an intermediate which then rearrangs to

give the subgtituted furan derivatives 40 and 41 (Scheme 7).
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In case of our subgrate, (bromomethyl)methylmaeic anhydride (22), we envisoned the
high reactivity of dlylic hdide dong with high stability of disubstituted maeic anhydrides
which can easly serve our purpose to get chemosdectively condensed product without any
problem of Miched addition as well as forming of ring opened products. Indeed, diethyl
maonate in benzene solution usng NaH as base, chemosdectivey displaced the dlylic
bromo aom in anhydride 22 to furnish the desred diester 32 with 74% yield. The diester
32 on refluxing with concentrated hydrochloric acid underwent a hydrolysis followed by in-
situ decarboxylation of the gem-dicarboxylic acid formed to yidd monoacid 33 in 94%
yield. The monoacid on further reaction with diazomethane in ether gave the corresponding
ester 34 in gquantitative yidd. The spectrd data of monoacid as wel as edter were in
complete agreement with the reported daia® The next step was to achieve the
regiosdective bromination of eder, as there are two dternate dtes for dlylic bromination

reaction. The reaction of ester 34 with NBS (125 eqiv) in refluxing CCl, was not



regiosdective and yielded the mixture of brominated products. The *H NMR spectrum of
crude product reveded that only 65% bromination tekes place a the desred dlylic
methylene carbon, while 35% on dlylic methyl carbon. It was practicaly very difficult to
separate the two brominated products. We decided to use an dternative substrate for the
dlylic bromination reection. The bromination of monoacid (33) in carbon tetrachloride
faled to give the product in good yield due to its por solubility in solvent even a refluxing
temperature. The NBS-bromination reection of acid 33 with excess of NBS (5 equiv) in
refluxing chloroform was possble usng benzoyl peroxide as a cadys in nealy 100%
regiosdective fashion and gave the desred bromoacid 35 in 74% yidd. The bromoacid 35
on treatment with 1 N ag. KOH a 0 °C followed by acidification with dilute hydrochloric
acid in presence of diethylether smoothly yidded the desired (#)-2,3-didkylsubstituted
madec anhydride ssgment 36 of tautomycin, which was further characterized as its methyl
ester 26B. According to our previous experience on biotransformations***° we fed that the
enzymatic resolution of (+)-26B to obtan the naturaly occurring (R)-isomer appears

plausble (scheme 8).
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In summary, we have demonsrated*! a facile 5-step synthesis of (+)-2,3-disubstituted
maec anhydride segment 26B of tautomycin with 28% overd| yield, directly darting from

dimethylmaeic anhydride (22) without usng any protection deprotection chemistry.



SECTIONC

SYNTHESIS OF

2,3-DIDEHYDROTELFAIRIC ANHYDRIDE




2.3.1 BACKGROUND

A new methylmaec anhydride metabolite was isolated™ in 1996 by Edwards
group from the culture medium of the fungus Xylaria telfairii Berk and named as 2,3-
didehydrotelfairic anhydride ([1 E,3 E)-2-(4-carboxyhexa- 1,3-dienyl)- 3-methylmdeic
anhydride, 44). The structure of telfairic anhydride was determined on the
bass of andyticd and spectrd data*® The
biologica role for naturd product 44 has not been
established but the activity exhibited by severd
other dkylmethylmdeic anhydrides™ in this series

reved that the synthess and biological screening

of this naturd product 44 will be useful. To dae
2,3-Didehydrotdfairic anhydride

thereisno report on the synthesis of this recently

isolated natural product. In pusuit of our ongoing program towards the synthess of natura

products having 2-akyl-3-methylmadc anhydride® as structura skeleton or as a part

sructure™ the interesting structure of  2,3-didehydrotelfairic  anhydride caught  our

atention. We planned to put in synthetic efforts to achieve the firg totd synthesis of this

natural product for structural confirmation and biologica evauation.

2.3.2 PRESENT WORK: RESULTSAND DISCUSSION

The retrosynthetic andyds of target molecule 44 furnished two potentid building
blocks a,b-unsaturated ddehyde (45) and methyl 2-bromobutyrate (46) (Scheme 9). A
chemosdective Wittig reection of this subdrate may eadlly furnish the target molecule, 2,3-

didenydrotefairic anhydride (44).
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The first building block, unsaiurated adehyde 45 was planned to obtain from
(bromomethyl)methylmdeic anhydride (Scheme 10). Starting from bromoanhydride 22 the
diester 32 was obtaned [discussed in earlier section] and which was subjected to
chemosdective bromination a a podtion of dieser functiondity. The brominaion usng
NBS (1.25 equiv) in the presence of catdytic amount of DBP furnished the product 47 in
65% vyield. All attempts to dehydrobrominate the a-bromodiester 47 using various bases
such as triethylamine, sodium hydride, potassum tert-butoxide and even ag. potassum
hydroxide followed by decarboxylation of the formed gem-diacid under acidic condition
faled to give an expected a,b-unsaturated acid 50A. We changed our route and planned to
reach the target adehyde 45 via b-bromoacid derivative of maeic anhydride 35 obtained
from diester 32 as discussed in scheme 6 of section B in this chapter. The bromoacid 35
was reluctant to undergo dehydrobromination and hence we decided to synthesize its
methyl ester to complete dehydrobromination. Edterification usng MeOH/H,SO,4 a room

temperature  smoothly  furnished  b-bromoester 48, which  easly  underwent



dehydrobromination usng potassum tert-butoxide as a base to give a,b-unsaturated acid

49A and which was again converted to its methyl ester 49B by usng MeOH/H,SO,.

Scheme 10
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We sysematicdly sudied the reduction of a,b-unsaturated ester 49B to get a,b-
unsaturated ddehyde 45. There were two options to reach ddehyde ether through
chemosdlective reduction of ester to get an dlylic dcohol followed by oxidation using
MnO, or chemosdective reduction of ester to addehyde 45 usng DIBAL a lower
temperature. All our attempts towards the reduction of a,b-unsaturated ester (49B) using
above-mentioned reagents resulted in the formation of complex mixture of products with

loss of chemosdectivity. The observed loss of chemosdectivity could be because of



compaable reactivity of a,b-unsaturated ester and conjugated carbonyls from madec
anhydride moiety.

In view of unsatisfactory results in chemosdective reduction of a,b-unsaturated
ester, we decided to reach a target building block by other pathway. Recently a very nove
synthetic methodology has been published by Nicolaou's group** to get a,b-unsaturated
ddehyde from saurated dcohol usng o-iodoxybenzoic acid (0-1BX) as an oxidizing agent
under very mild condition with highly efficent converson. Applying this draegy we
wanted to procure a,b-unsaurated ddehyde 45 darting from corresponding saturated
acohol. Hence we amed to synthesize the acohol sarting from ester 34 usng NaBH, to
yidd an expected dcohol (Scheme 11). Our atempts to chemosdectively reduce ester 34

using NaBH,4 in methanol resulted in the formation of new product other
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than the expected adcohol and was characterized as subgtituted gbutyrolactone (51a).

Repetition of same expeiment usng ethanol and iso-propanol as solvent furnished g
butyrolactone derivatives (51b and 51c). The formation of compounds 5la-c was aso
supported by literature reports®® and from this as well as with the help of our specrd data
we ruled out the posshility of formation of d-vaerolactone derivatives (52a-c). At this
sage we fdt that converting ester 34 to imide could solve the problem and NaBH; may
reduce chemosdectively the edter functiondity. Refluxing the ester 34 with p-toluidine in
methanol furnished the imide 53 in 80% yidd. Reduction of imide usng NaBHs did not
serve our purpose and reduced the carbonyl group of cyclic imideto yield 54.

Our next dternative for the chemosdective reduction of eser was to use very
specific and mild reagent like DIBAL. The reduction of ester 34 with DIBAL (2 eqgiv) & O
°C successfully furnished the desired doohal (55) in 60% yidd Scheme 12). After getting
dcohol in hands the next dep was the oxidation of acohol usng o-IBX (ortho-
lodoxybenzoicacid) to obtain a,b-unsaturated adehyde 45. Oxidation of alcohol 55 usng 4
egivalent of o-IBX in toluendDMSO (3:1) resulted in the formation of monoacid 33
(Scheme 6, section B of this chapter) insead of giving ddehyde 45. All atempts to reach
the a,b-unsaturated adehyde met with faillure so we decided to make a little change in ar
scheme. We fdt that the use of saturated adehyde in chemoselective Wittig reactiorf*® and
dehydrogenation of resulting product would aso provide a way to reach the target molecule
(Scheme 12). The saturated adehyde can be synthesized in two ways ether by oxidation of
acohol or reduction of ester 34 a lower temperature. The PCC oxidation of acohol 55 in

methylene dichloride smoothly furnished the desred ddehyde 56 in 65% vyield. In second



approach reduction of ester 34 usng 1.5 equivdent of DIBAL a —78 °C in toluene gave
adehyde 56 in 70% yidd.

Our next plan was to synthesize the another building block, methyl 2bromobutyrate
(46)*" and use this hdide to form Wittig sdt. The Wittig sdt was prepared as mentioned in
the literature™ with little modification to incresse the yield. Gentle reflux

Scheme 12
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of methyl 2-bromobutyrate and triphenylphosphine (TPP, 1.2 eqiv) in benzene a 70-75 °C
for 12 h and leaving the reaction mixture a room temperature for further 12 hresulted in
the formation of sdt in 55% yield. The sdt was used to generate a sable ylide, methyl 2

(triphenylphosphoranylidene)butyrate usng KOH as a base and this priorly generated ylide



was used for coupling with an ddehyde 56. The ylide was dissolved in methylene
dichloride and to this was added the solution of addehyde 56 in methylene dichloride a& O
°C and the reaction mixture was sirred further for 24 h & room temperature to obtain
dihydrotdfaric anhydride (57) in 62 % vyidd. The next crucid step to get the target
molecule was dehydrogenation reaction. There are different conventiond reagents to
introduce the unsaturation in the system.*® At this stage the dehydrogenation in our system
appeared very easy, as the newly generated carbon-carbon double bond will form with an
extenson of conjugation. The first choice of reagent for dehydrogenation was obvioudy the
DDQ. Refluxing the subgtrate 57 in presence of DDQ in benzene for 12 h and even after
usng doichiometric quantities of DDQ and extended reaction time did not show any
formation of product. Number of experiments usng various reagents such as sdenium
dioxide, mercuric acetate, pdladium on charcod, pdladium chloride and PPhs-DEAD met
with falure and we were unable to get the dehydrogenated product. The option of
conventiond way of dlylic bromination followed by dehydrobromination to introduce
unsaturation was kept asde as there are four different Stes avalable for dlylic bromination
and the dte of mehylene carbon from ethyl group was not desred where as the
bromination a other two methylene dtes could serve our purpose. Use of NBS/DBP
resulted in mixture of products. Severd experiments with different reaction conditions (use
of AIBN ingead of DBP) were not fruitful. Bromination was not sdective and it was
occurring & desired site aong with formation of other undesired brominated products (*H
NMR). The results were not consstent and we fdt that hydrolyzing ester to acid will be
helpful to get the desred compound but this atempt dso faled. Still the experiments are in

progress to successfully complete the dehydrogenation step and converting the anhydride to



imide and aso some other options such as meta sulphur, t-BuOCI with triethylamine® and
senenyl derivative®™ may prove fruitful to get the target molecule 2,3-didehydrotdfairic
anhydride in hands. To dat the present synthess with suitably subdtituted furan derivetive
will demand lot of stepsto synthesize garting material.

After completing the synthess of 2,3-didehydrotefairic anhydride the same drategy
can be extended to complete the first tota synthesis of Graphenone, a new natura product
recently isolated from the cultures of spore derived mycobionts of the lichens Graphis
scripta®® Its structure was established using spectrd and X-ray diffraction andysis Our
gynthetic plan for Graphenone is highlighted in Scheme 13. Witting reaction of adehyde
56 and methyl bromoacetate would easily furnish the compound 61. Chemosdective
reduction of ester functiondity in 61 to obtain ddehyde 62 though seems to be difficult a
this dage but may be possble via imide. The last dep will be base cadyzed
chemosdective condensation of ethylmetyl ketone with adehyde 62 followed by

dehydration should give the target molecule Graphenone (63).
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In conduson, we have syntheszed dihydrotdfaric anhydride in five-steps darting from
(bromomethyl)methylmdeic  anhydride with 29% overdl yidd usng chemosdective
reduction of ester as a key step. We are hopeful that the reasoned and planned efforts will
help us in meeting with the success on dehydrogenation reaction to complete the firg tota
gynthess of the target molecule 2,3-didehydrotdfaric anhydride. An extenson of same

drategy will provide away to the firg totd synthessof Graphenone.



SECTION D
SYNTHESIS OF a-QUINOXALINYLACRYLIC

AND a-BENZOTHIAZINYLACRYLIC ACIDS




2.4.1 BACKGROUND

Ring cdosure reections of suitably ortho-substituted maeanilic acid have been
eegantly employed for the synthess of dructurdly interesting and biologicaly important
heterocycles via intramolecular Michad addition, condensation and dehydrative cyclisation
reactions with pivotd role of an ortho substituents®® The multifunctiond mdeanilic acids
ae obtaned from the reactions of suitably ortho-subdituted aniline derivatives (ortho-
substituents = H, Cl, CH;, CHO, COMe, COOH, NH2, NO;, OH, SH) and variety of
symmetricd  and unsymmetricd mdec anhydrides. The intramolecular cydisation
reections of these anilic acids have been sysematicadly sudied with the generation of
carbon-carbon,  oxygen-carbon,  nitrogenrcatbon  and  sulfur-carbon  bond.>®  The
representative examples of above mentioned class of reactions ae summarized in the
following table.
Table 1: Heterocycles Derived from Suitably ortho-Substituted Aniline Derivatives

and Maleic Anhydrides

Sr. Aniline Mdec Reaction Condition Product Ref.
No. Derivative anhydride (% Yidd)
1 0 1. EL,O, 1t
cl 2. MeOH/H* coome | 54
/@[ |_© | 3. Ni(PPhs)s, DMF MeOO\TACO
MeO NH, \ \ 50-60°C, 5h H
(61%)
2 o) COOH
/@\ 1. EL,O, 1t 55
MeO w2 |2 hn, MeOH, 5h
\O (38%) MeO N" o
3 CHO 0 1. ELO, 1t N 0
@[ ié 2. MeOH/H® me 56
NH, | o | 3.PPhs, EtOH, N o
\ reflux, 4 h. (60%) :




4 CH, 0 1. EtO, rt o
/@[ 2. MeOH/H* m 57
ON NH, ﬁéo 3. piperdineacetate | %N NTO O
v 50-60 °C, 0.5 h
(60%)
5 (0] O (0]
Me Xylene, excess 58
| ° | TEA, 120-140°C |
NH, S (90%) N
(@]
6 NH, o) 0
@[ Ag. HC, reflux HO 59
NH, Eéo (51%) ©:N\>j/§
\
o N
7 @[NHZ 0 1. EtO, rt
2. 0-PDA, PPA . " 60
NH, ﬁéo 220-230 °C @D‘Hj@
S (70%)
8 NO, 0 1. AICk,80 100 °C H o
@[ 2. P,Os, MeOH, I\f 61
NH, ﬁéo reflux. ©1N o oF
S 3. Ni/ Hz , EtOH H
(82%)
9 O N
O 1.EtOH, reflux ©: R |62
@[ O | 2. ACOH, reflux N |
NH, R" \O (95%) J R
R' = CH,, Ph, Me,
R'= Ph, Me
10 o R
OH R TEA, MeOH, 0 0 |63
@[ 2 | reflux (82%) C[ L. |64
NH, R\ NS
o) H
R'/R" = H, Me
11 0O R'
OH R 1. Acetone, rt O A0 |65
@[ | © |2 TEA, MeOH, ©i )
NH, o W reflux (89%) N

R'=H, Cl




12 0O 1LELO, nt(R/R = R R"
SH R H) (98%) s _0 gég
@[ [P | 2 AcOH, reflux C[ e |65
NH, 7 1| (RIR” = Me) (90%) No 66
R H Me 3. PhCl, reflux
R"=H l\’/le Ph (R'=H,R"” =F)
T (87%)
13 0 o)
SH R 1.Acetone, reflux HO 67
NH, RTW 2. Pyridine, reflux ©iN/ o
R'=H, Ph (75%)
R"=OH, OMe
14 0 H
©:SH )zfo Acetone, rt S~ | 65
NH, c” N (0% ©im So OF
o H
15 0 o N
SH c Acetic acid, reflux ]@ 68
CC |y | ’e
NH, Cl \O H o)
16 0 0
COOH R o 69
O: L ° | HO, reflux, 3h. on
NH, RTW | (95%) il I'
R'=H, Ph o Me
R" =H, Me
17 0
COOH 1. Et,O, rt, 0.5h 0 70
O: 2 |2 Agq MeOH. CELO
NH, \ 3. Ac0, NaOAc, rt, /)WO
(0]
4 h. (75%) N
OMe

The various examples mentioned in the above table reved that the nucleophilic
reections of symmetricd and unsymmericd cydic anhydrides have provided severd

interesting and important heterocydic systems® It has been well established that the



dimethylmdeic anhydride on reaction with primary amine yidds the corresponding imide
where as on reaction with o-phenylenediamine (o-PDA), first the corresponding imide and
then pyrrolobenzimidazole (entry 9, Table 1), while on reaction with o-aminothiophenol
(o-ATP) yidds benzothiazinylpropionic acid (entry 12, Table 1) via ring opening and
inramolecular  Michad  addition  reaction. Recently we have  syntheszed
(bromomethyl)methylmdeic anhydride (22), which has five dternate Stes for nudeophilic
reactions as discussed in section A of this chapter. We planned for systematic study of
chemo- and regiosdective nucleophilic reactions of this unsymmetricad anhydride more
specificdly with suitably ortho-subgtituted aniline derivatives to design new heterocycles
(Scheme 15). Apat from the present work to dae only one reaction of
(bromomethyl)methylmdeic  anhydride (22) is known in literature wherein  the
bromoanhydride has been eegantly used for the most concise synthesis of fulgenic acid via

base induced 1,4-dehydrobromination (Scheme 14).
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2.4.2 PRESENT WORK: RESULTSAND DISCUSSION

The reaction of bromoanhydride 22 with two equivdents of p-toluidine in
chloroform underwent highly chemosdective fashion a room temperaiure to yied
exdusvdy the (p-toludinylmethyl)methylmaec anhydride 64a with 69% vyidd (Scheme

15). The excess of p-toluidine was required in the reaction to trap the formed hydrobromic



acid (HBr) because the use of any other base like TEA was acting itsdf as nucleophile
giving complex mixture of products. The anhydride 65a on further reaction with p-
toluidine furnished the imide (64b), which was aso obtained by the direct reaction of 22
with excess of p-toluidine (4 equiv) a room temperature in chloroform. At this stage we
planned to sudy the reections of o-aminophenol (o-AP), o-PDA and o-ATP with
bromoanhydride 22, aming for biologicaly important heterocyclic sysems such as
oxazepine, diazepine and thiazepine derivatives via nucleophilic displacement of dlylic

Scheme 15
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Reagents and conditions:
() p-Toluidine, CHCL, rt, 2 h (for 64a)/ anthranilic acid, CHC, rt, 2 h (for 64b);
(i)  o-AP, CHCls, reflux, 2 h (for 65b);
(iii) o-PDA, CHCIs, -15°Ctort, 3h (86%);



(iv) o-ATP, CHCls, -15 °Ctort, 3h, (90%).
bromoatom followed by intramolecular ring opening. In contrast, the reaction of

bromoanhydride 22 with 0-PDA and o-ATP a —15 °C resulted in the formation of new
products other than expected one, which have been fully characterized, with the help of
gpectrd data. The IR spectrum represented the peculiar C=0 dretching pesks of acrylic
acid i.e. a,b-unsaturated acid a 1684 cmi*. The *H NMR spectrum showed two singlet in
the range of d 5.50 to 6.50 for both the compounds indicating the presence of methylene
group and presence of proton from lactam functiondity where as the study of *C NMR and
DEPT reveded the presence of two carbonyl carbons and two vinylic carbons from
termind methylene group. The mass spectrum fragmentation fully supported the assgned
dructures for eg. the pesks resulted due to acrylate fragmentation (CH,=C-COOH = 71)
were observed in both the compounds. Thus the spectroscopic data unambiguoudy
confirmed the structures of assigned compounds as a-quinoxdinylacrylic acid (66) and a-
benzothiazinylacrylic acid (67) respectivey (Scheme 15). The formation of products might
have taken place via ether of the two intermediate Structures 68 or 69 (Scheme 15). The
posshility of product formation via the intermediste 69 obtained by firs Michad type
addition and then undergoing the regiosdective ring opening has been ruled out, as bromo
anhydride 22 did not react with thiophenol under identical set of reaction conditions. Both
reactions underwent highly chemo- and regiosdective ring opening a unhindered carbonyl
to form the inisolable intermediate acid 68, followed by intramolecular Michad type
addition and 1,4-dimination (-HBr) reactions’™ to yidd exdusivdy the corresponding
kineticaly controlled products a-quinoxdinylecrylic add (66) and a-benzothiazinylacrylic

acid (67). At room temperature these reactions loose their sdectivities and furnished



complex mixture of products. Structurd analogues of these compounds have been reported
to possess 5-lipoxygenase inhibitory activity.®* Many bioactive natura products such as
secocrispiolide”®  linderanolide,”®  mitomycin - K,*  rhopdoic  acid”™ and  1,7(2)-
nondecadiene-2,3-dicarboxylic acid’® possess exocyclic methylene group or this type of
carbon-carbon double bond and this methodology to generate such type of carbon-carbon
double bond will be amply useful in near future.

Anthranilic acid and 0-AP on reaction with 22 furnished respectively the
thermodynamicaly controlled products 64b and 65b in 63% and 50% yield due to weaker
tendency of a -COOH and phenolic —OH towards Michad addition. In our hands the
reections of ethanolamine, ethylenediamine and thoethanolamine with anhydride 22
aways ended up with formation of polymeric gums.

The next plan of our work describes the synthesize of furan dicarboxylic acid and
thiophene dicarboxylic add utilisng 2,3-di(oromomethyl)mdeic anhydride (24) as a
darting materid. The literature study reveded tha only one five-sep method for the

synthesis of these compounds is known’’ (Scheme 16). The condensation of methyl

Scheme 16
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glycolate (70) and methyl acrylate (71) provides the tetrahydrofuranone derivative 72. The
reaction of hydrogen cyanide with furanone 72 was shown to yield the cynohydrin
which on dehydration followed by acid hydrolyss provided them 25-dihydro-3,4-
furandicarboxylic acid (74, X = O). The oxidation”® of 74 with hydrogen peroxide in acetic
acid or iodosobenzene in dioxane furnished the furan 3,4-dicaboxylic acid (75a). The same
drategy has been employed to obtain thiophene 34-dicarboxylic (75b) acid usng ethyl
thioglycolate as one of the Sarting materid.

Our gynthetic drategy is depicted in Scheme 17. The di(bromomethyl)mdec
anhydride (24) on reaction with agueous KOH furnished the dihydroxy compound 76
which on dehydration gave the 25-dihydrofuran dicarboxylicacid (74a). The oxidation as

per the literature method or by DDQ will easily give the furan dicarboxylic acid (75a).



Scheme 17
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Our dudies on synthess of thiophene dicarboxylic acid (75b) ae in progress
wherein the tretment of soft nucleophile sodium sulfide with di(bromomethyl)mdec
anhydride (24) may give the 25-dihydrothiophene-3,4-dicarboxylic acid (74b). The
compound 74b is important dating materia for the syntheds bioactive natura product
cantharidine a potent vesicant used in the remova of benign epithelid growth.”® Further
oxidation under the gmilar st of reaction conditions used for furan will essly lead to
thiophene dicaroxylic acid (75b).

In summary, the (bromomethyl)methylmaec anhydride (22) reacts with o-PDA and
0-ATP in remakably chemo- and regiosdective fashion to yidd the corresponding
kinetically controlled products a-quinoxdinylacrylic acid (66) and a-benzothiazinylacrylic
acid (67) respectively in very good yidds® A short route synthesis of furan dicarboxylic
acid darting from di(bromomethyl)mdec anhydride (24) has been achieved where as the

synthesis of thiophene dicarboxylic acid isin progress.



25 CONCLUSIONS. We prepared (bromomethyl)methylmaeic anhydride and 2,3

dibromomethylmaeic anhydride via NBS bromingtion of dimethylmaec anhydride and in
the present dissartation we have demondrated the synthetic utilities of these potentid
dating materids for the fird time in the fidd of synthetic organic chemidry. The
chemosdlective carbon-carbon coupling of organocuprates with
(bromomethyl)methylmadeic  anhydride furnished ras fanesyl-protein transferase  inhibitor
chagtomdlic anhydride A and its andogues in 55-60% vyidds Sating from
(bromomethyl)methylmdeic  anhydride we syntheszed (x)-mdec anhydride ssgment of
antifungd attibiotics tautomycn in five-steps (28% ovedl yidd) without usng any
protection-deprotection chemidry. Stating from  (bromomethyl)methylmaeic  anhydride
we have completed five-gep synthess of dihydrotefaric anhydride via chemosdective
Wittig reaction with 29% over dl yidd and our efforts to dehydrogenate the same to
naturaly occurring tdfairic anhydride are in active progress. In the last section we have
gdudied chemo- and regiosdective nudeophilic reactions of (bromomethyl)methylmdeic
anhydride with suitably subgtituted aniline derivatives to desgn new heterocycdes a-
quinoxdinylacrylic and a-benzothiazinylacrylic acids with diminative generation of new
carbon-carbon double bond and the present dtrategy will be amply useful to synthesze
severd naturd products with this kind of double bond.

2,3-Dibromomethylmaeic anhydride (23) has been successfully used to obtain 2,5
dihydro-3,4-furandicarboxylic acid. Our sudies to obtan symmetricdly didkylsubstituted

maeic anhydrides garting from 23 are also in progress.



In the present dudies towards the synthess of bioactive naturd product we
successfully used the multifunctional  (bromomethyl)methylmaeic anhydride as a potentid
darting materid without using any protectiondeprotection chemistry.

The present sudies on maeic anhydride chemistry have provided us a cean and
clear impresson that these multifunctiond maec anhydride moieties have been usad in the
past century by practicdly dl type of chemigs as potential darting materids. They undergo
vaiety of reactions and the chemo-, regio-, and enantiosdectivities observed with these
multifunction molecules ae remakable The devdopment of new solid support
gynthess'combinatoria  chemigry  techniques will now provide lot of new ussful
agoplications of these molecules in near future. In short, maec anhydride and ther
derivatives have very rich higory and very bright present to ther credit in the fidd of

chemigtry and highly useful future is assured.



EXPERIMENTAL PART

OF SECTIONAtoD




3-(Bromomethyl)-4-methyl-2,5-furandione (22): A mixture of dimethylmdec anhydride
(5.04 g, 40 mmoal), N-bromosuccinimide (14.24 g, 80 mmol) and catadytic amount of
dibenzoyl peroxide (200 mg, 0.83 mmol) in carbon tetrachloride (300 mL) was gently
refluxed for 5 h in a 500 mL round bottom flask. The reaction mixture was alowed to cool
a room temperature, a second portion of dibenzoyl peroxide (200 mg, 0.83 mmol) was
added and again the refluxing was continued 5 h longer. The mixture was left overnight at
room temperature and then filtered. The resdue was washed with CCl, (25 mL X 2); the
combined organic layer was washed with water (100 mL X 2) and brine (100 mL) and then
dried over NSO, and concentrated in vacuo to furnish thick ydlow oil, which was
purified by chromatography on slica gd column [dution with petroleum ether/ethyl acetate
(82)] to obtan a crude product (7.0 g) and then further purified by didillation usng
Kugdrhor apparatus. The firg fraction (25 g) was a mixture of 21 and 22 while a second
fraction obtained a 120-125 °C (2 mm) was the anhydride 22, 4.2 g, (60% yield, 98%
purity by *H NMR).

General procedure for the synthesis of alkylmethylmaleic anhydrides (la-€): A freshly
prepared solution of Grignard reagent (10 mmol) in ether (15 mL) was added dropwise to
the solution of (bromomethyl)methylmdeic anhydride 22 (410 mg, 2 mmol) and Cul (38
mg, 0.2 mmoal) in ether (10 mL) and HMPA (4 mL) under argon a -5to 0 °C over 15 to 20
minutes under girring. The reaction mixture was dlowed to reach room temperature and
further stirred for 8 h. It was diluted with ether (15 mL) and acidified with 4 N HSO,4 (10
mL) and the agueous layer was further extracted with ether (15 mL X 3). The combined
organic layer was washed with water (20 mL X 2), brine and dried over NaSOa.

Concentration of organic layer in vacuo followed by glica gd column chromatographic



purification of the crude product usng petroleum ether/ethyl acetate (9:1) as duent
furnished pure akylmethylmaec anhydrides la-e in 55-60% yields. These reactions were
aso carried out under identica conditions in THF without any loss of yield.

The products obtained can aso be purified by chemicd treatment. The crude
products were basified with 5% aqueous NaOH solution and the agueous layer was washed
with ether (10 mL X 3). Subsequent acidification of the agueous layer, followed by ether
extraction (15 mL X 3), washing of extract with water (15 mL), brine (15 mL), drying over
NaSO,4 and concentration in vacuo furnished pure product with smilar yield.
3,4-Dibromomethyl-2,5-furandione (23): A mixture of dimethylmdeic anhydride (5.04 g,
40 mmol), N-bromosuccinimide (14.24 g, 80 mmol) and catdytic amount of dibenzoyl
peroxide (200 mg, 0.83 mmoal) in carbon tetrachloride (300 mL) was gently refluxed for 12
h in a 500 mL round bottom flask. The reaction mixture was alowed to cool to room
temperature and a second portion of N-bromosuccinimide (14.24 g, 80 mmol) and
dibenzoyl peroxide (200 mg, 0.83 mmol) was added and again the refluxing was continued
12 h longer. The mixture was left overnight a room temperature and then filtered. The
resdue was washed with CCl, (25 mL X 2); the combined organic layer was washed with
water (100 mL X 2), brine (100 mL) and then dried over N&SO, and concentrated in vacuo
to furnish thick ydlow ail, which was purified by chromatography on glica gd column
[elution with petroleum ether/ethyl acetate (8:2)] to obtain a crude product (9.5 g) and then
further purified by didillation usng Kugdrhor gpparatus. The firg fraction (4.0 g) was a
mixture of smdl amount of 21 and mgor portion of 22 while a second fraction obtained at

145-150 °C (2 mm) was the dibromoanhydride 23, 5.2 g, (46% yield, 98% purity by H



NMR). Recrysdisation from mixture of benzene and petroeum ether (1.3) gave
andyticaly pure sample of 23, mp 84-86 °C.

3,4-Ditridecyl-2,5-furandione (24): A freshly prepared solution of Grignard resgent of
bromododecane (10 mmol) in ether (15 mL) was added dropwise to the solution of 2,3-
dibromomethylmaeic anhydride 23 (284 mg, 1 mmol) and Cul (19 mg, 0.1 mmoal) in ether
(20 mL) and HMPA (4 mL) under argon a -5to 0 °C over 15 to 20 minutes under dirring.
The reaction mixture was alowed to reach room temperature and further stirred for 8 h. It
was diluted with ether (15 mL) and acidified with 4 N H,SO,4 (10 mL) and the aqueous
layer was further extracted with ether (15 mLX 3). The combined organic layer was washed
with water (20 mL X 2), brine and dried over NgSO,4. Concentration of organic layer in
vacuo followed by dlica gd column chromatographic purification of the crude product
usng peroeum ether/ethyl acetate (9:1) as duent furnished pure ditridecylmdeic
anhydride 24, 47 mg (10% vyield). The product obtained can dso be purified by chemica
trestment as per the procedure mentioned in the synthesis of akylmethylmaeic anhydride.

3-Hydr oxymethyl-4-methyl-2,5-furandione (30): To an ice-cold solution of 4 N ag. KOH
(10 mL) was added, (bromomethyl)methylmadeic anhydride (22, 2.05 gm, 10 mmal) and
the mixture was dirred a room temperature for 5 h. The mixture was dowly acidified with
6 N H:SO, (10 mL), and saturated with solid NaCl and tirred a room temperature for 30
min. The agueous layer was extracted with ethyl acetate (4 X 20 mL), the organic layer was
washed with brine (20 mL) and dried over N&SO,4. Concentration of the organic layer in
vacuo followed by dlica gd column chromatographic purification of the resdue using

petroleum ether and ethyl acetate (3:1) gave pure 30 1.22 gm (86% yidd), mp 54-56 °C.



3-[2,2-Bis(ethoxycar bonyl)ethyl]-4-methyl-2,5-furandione (32): To the durry of sodium
hydride (480 mg, 20 mmol) in benzene (50 mL) was added diethyl maonate (3.20 g, 20
mmol) in a dropwise fashion a rt and the reaction mixture was dirred for 5 min. The
solution of bromoanhydride (22, 2.05 g, 10 mmol) in benzene (20 mL) was added to the
reaction mixture at rt and further stirred for 8 h. The reaction mixture was aidified with dil.
HCl and extracted with ethyl acetate (30 mL X 3). The organic layer was washed with
water (30 mL), brine (30 mL) and dried over N&SO,4. Concentration of organic layer in
vacuo followed by dlica gd column chromatographic purification of resdue usng
petroleum ether and ethyl acetate mixture (4:1) furnished pure 32 (thick oil), 1.95 g (74%
yield).

3-(2-Carboxy)ethyl-4-methyl-2,5-furandione (33): The diester (32, 284 g, 10 mmoal) in
con. HCl plus water (30 mL, 1:1) was refluxed with dirring for 12 h. The reaction mixture
was alowed to reach rt and then saturated by adding solid NaCl. The filtered agueous layer
was extracted with ethyl acetate (20 mL X 5) and washed with brine (25 mL), dried over
NaSO, and concentration in vacuo furnished pure acid 33, 1.73 g (94% vyidd). It was
recrysdlized from dichloromethane/petroleum ether mixture (1:2) to obtan andyticdly
pure sample of 33, mp 97-98 °C (Lit.°*mp 96-97 °C).

3-(2-Methoxycar bonyl)ethyl-4-methyl-2,5-furandione (34): A solution of 33 (184 mg, 1
mmol) in ether (20 mL) was trested with a solution of diazomethane in ether a 0 °C until
the dating maerid was completely consumed (3 h). Excess of diazomethane was
quenched with acetic acid and the reaction mixture was concentrated in vacuo. The dlica
gel column chromatographic purification of the reaction mixture usng petroleum ether and

ethyl acetate mixture (4:1) gave pure 34 (thick ail), 188 mg (95% yidld).



3-(1-Bromo-2-car boxy)ethyl-4-methyl-2,5-furandione (35): A mixture of add 33 (552
mg, 3 mmol), NBS (2,67 g, 15 mmol), and a cataytic amount of dibenzoyl peroxide (30
mg) in chloroform (40 mL) was gently refluxed for 24 h. The reaction mixture was alowed
to cool to room temperature and concentrated in vacuo. The residue was puified by dlica
gel column chromatography usng petroleum ether and ethyl acetate mixture (1:3) to obtan
pure bromo acid 35 (waxy solid), 584 mg (74% yidd).

3-(1-Hydroxy-2-car boxy)ethyl-4-methyl-2,5-furandione (36): To an ice-cold solution of
1 N ag. KOH (10 mL) was added bromoacid @35, 526 mg, 2 mmol) and the mixture was
girred a 0 °C for 3 h. The reaction mixture was dowly acidified with 3 N HCl and
saturated with solid NaCl. The filtered ag. layer was extracted with ethyl acetate (20 mL X
4) and the organic layer was washed with brine (20 mL) and dried over NgSO,.
Concentration of organic layer in vacuo furnished hydroxy acid 36, 360 mg (90% yidd),
mp 132-133 °C.

3-(1-Hydroxy-2-methoxycabonyl)ethyl-4-methyl-2,5-furandione  (26B): A <olution of
36 (200 mg, 1 mmoal) in ether (20 mL) was trested with a solution of diazomethane in ether
a 0 °C until the darting materid was completely consumed (3 h). Excess of diazomethane
was quenched with acetic acid and the reaction mixture was concentrated in vacuo. The
dlica gd column chromatographic purification of the reaction mixture usng petroleum
ether and ethyl acetate mixture (7:3) gave pure 26B (thick ail), 203 mg, (95% yidd).
3-[2,2-Bis(ethoxycar bonyl)-2-br omoethyl]-4-methyl-2,5-furandione (47): A mixture of
dieter 32 (852 mg, 3 mmal), NBS (588 mg, 3.3 mmal), and a cadytic amount of
dibenzoyl peroxide (30 mg) in carbon tetrachloride (40 mL) was gently refluxed for 10 h.

The reaction mixture was dlowed to cool to room temperature, then filtered and



concentrated in vacuo. The resdue was purified by dlica gd column chromatography using
petroleum ether and ethyl acetate mixture (3:1) to obtain pure bromo compound 47 (waxy
solid), 763 mg (64% yidld).

3-(1-Bromo-2-methoxycar bonyl)ethyl-4-methyl-2,5-furandione (48): A olution of 35
(528, 2mmoal) in methanol and H,SO, (9.5:0.5, 10 mL) was dtirred at rt for 4 h under
nitrogen. The solvent was removed by evaporaion under vacuo. The resdue was diluted
with water and extracted with ethyl acetate ( 10 mL X 2. The combined organic layer was
washed with water (10 mL), brine and dried over NaSO,. Concentration in vacuo followed
by dlica gd column chromatographic purification of the crude product using petroleulm
ether/ethyl acetate (7:3) as duent furnished pure bromoester 48, 389 mg (70 %oyidd).
3-[(E)-2-Carboxyethylene]-4-methyl-2,5-furandione (49A): To a solution of 48 (556 mg,
2 mmol) in THF (20 mL) was added potassum tert-butoxide (280 mg, 25 mmol) a 0 °C.
The reaction mixture was dlowed to reach room temperature and then stirred for 2 h a
room temperature under argon amosphere. The solvent was evaporated in vacuo and ethyl
acetate was added to the residue, acidified with 2 N HCI, diluted with water and extracted
with ethyl acetate ( 30 mL X 2). The combined organic layer was washed with water (20
mL), brine (20 mL) and dried over N&SO,. Concentration in vacuo followed by slica gd
column chromatogrgphic purification of the crude product usng petroleulm ether/ethyl
acetate (4:6) as duent furnished pure a,b-unsaturated acid 49A, 266 mg (73 %oyield).
3-[(E)-2-Car bmethoxyethylene]-4-methyl-2,5-furandione (49B): A solution of 49A (364
mg, 2 mmol) in methanol and H,SO, (9.5:0.5, 10 mL) was dirred at rt for 4 h under
nitrogen. The reaction mixture was concentrated in vacuo. The resdue was diluted with

water and extracted with ethyl acetate ( 10 mL X 2). The combined organic layer was



washed with water (10 mL), brine and dried over NgSO,4. Concentration of organic layer in
vacuo followed by dlica gd column chromatographic purification of the crude product
usng petroleum ether/ethyl acetate (7:3) as duent furnished pure a,b-unsaturated ester
49B, 274 mg (70 % yield).
General procedure for the synthesis gbutyrolactone (51a-c): To a solution of ester 34
(396 mg, 2 mmal) in methanol (or ethanol or iso-propanol) was added NaBH, (152 mg, 5
mmol) and the reaction mixture was sirred a room temperature for 3 h. Methanol was
removed under vacuo, the resdue was diluted with water, acidified with 2 N HCl and
extracted with ethyl acetate ( 2 X 25 mL). The combined organic layer was washed with
water (20 mL), brine (20 mL) and dried over NgSO,4. Concentration in vacuo followed by
dlica gd column chromatographic purification of the crude product usng petroleum
ether/ethyl acetate (7:3) as duent furnished pure g butyrolactones (51a-c) in 65-70% yield.
3-(2-M ethoxycar bonyl)ethyl-4-methyl-N-p-tolylmaleimide (53): To a dirred solution of
34 (396 mg, 2 mmoal) in methanol (20 mL) was added p-toluidine (214 mg, 2 mmol) and
the reaction mixture was refluxed for 5 h and dlowed to cool to room temperature.
Methanol was removed under vacuo and crude product was purified by column
chromatography using petroleum ether and ethyl acetate (7:3) to furnish pue compound 53,
481 mg (80% yidd).

The compound 53 on reaction with NaBH, in a smilar way to that of 34 gave the
compound 54 in 60% yield.
3-(3-Hydroxypropyl)-4-methyl-2,5-furandione (55): To a solution of ester 34 (990 mg, 5
mmol) in toluene (15 mL) & 0 °C was added 2-molar DIBAL solution in toluene ( 5 mL, 10

mmol) dropwise over 5 minutes and continued to girr a the same temperature for 4 h. The



reaction was quenched with 2 N HCl, diluted with water and extracted with ethyl acetate (3
X 30 mL) and the organic layer was washed with water (30 mL), brine (30 mL) and dried
over NaSO,. Concentration of organic layer in vecuo followed by glica gd column
chromatographic purification of resdue using petroleum ether and ethyl acetate mixture
(4:6) furnished pure 55, 510 mg (60% yidd).

3-(3-Formylethyl)-4-methyl-2,5-furandione (56): Procedure A: To a dirred durry of
PCC (862 mg, 4 mmoal) in dichloromethane (15 mL) a 0 °C was dowly added a solution of
acohol 55 (340 mg, 2 mmol) in dichloromethane (10 mL). Reaction mixture was further
dirred for 6 h a room temperature. The reaction mixture was diluted with anhydrous ether
(20 mL) and dirred vigoroudy for 10 minutes. The supernatant solution from the reaction
mixture was passed through cdite plus slica bed and concentrated in vacuo. The slica gd
column chromatographic purification of resdue usng petroeum ether and ethyl acetate
(7:3) furnished pure 56, 218 mg (65% yield).

Procedure B: To a dirred solution of ester 34 (990 mg, 5 mmal) in toluene (15 mL) a -78
°C was added 2-molar DIBAL solution in toluene (3.75 mL, 7.5 mmol) in a dropwise
fashion over a period of 5 minutes. The reaction was continued to dirr at the same
temperature for 1.5 h and then quenched with 2 N HCI, diluted with water and extracted
with ethyl acetate (3 X 30 mL) and the combined organic layer was washed with water (25
mL), brine (25 mL) and dried over NaSO,. Concentration of organic layer in vacuo
followed by dlica gd column chromaographic purification of resdue using petroleum
ether and ethyl acetate mixture (7:3) furnished pure 56, 588 mg (70% yield).

3-[3(E)-(4-M ethoxycar bonyl)hexenyl]-4-methyl-2,5-furandione (57): To a solution of an

ylide, 2-(triphenylphosphoranylidene)butyrate (1.086 gm, 3 mmoal) in dichloromethane (10



mL) at 0 °C under argon aimosphere was added a solution of adehyde 56 (336 mg, 2
mmoal) in dichloromethane (8 mL) The solution was dlowed to come to room temperature
and then dirred for 24 h. The solvent was evaporated in vacuo. The dlica gd column
chromatographic purification of resdue usng petroleum ether and ethyl acetate (8:2)
furnished pure 57, 313 mg (62% yield).

3-(p-Toluidinylmethyl)-4-methyl-2,5-furandione (64a): To a dirred solution of p-
toluidine (470 mg, 44 mmoal) in chloroform (10 mL) was added a solution of anhydride 22
(410 mg, 2 mmol) in chloroform (10 mL) and reection mixture was dirred a room
temperature for 2 h. The reaction mixture was filtered to remove the <dt, resdue was
washed with chloroform (10 mL), and chloroform layer was concentrated in vacuo. The
obtained resdue in on column chromatographic purification usng petroleum ether and
ethyl acetate (4:1) gave pure product 64a, 320 mg, (69 % yield).

Smilarly the reection of anhydride 22 (410 mg, 2 mmol) with anthranilic acid 648
mg, 4 mmoal) in Et,O (20 mL) furnished pure 64b, 330 mg (63% yidd).

In smilar way the reaction of anhydride 22 (410 mg, 2 mmol) with excess of p-
toluidine (642 mg, 6 mmol) and anhydride 65a (462 mg, 2 mmol) with of p- toluidine (429
mg, 4 mmal) in chloroform (20 mL) a room temperaiure for 3 h furnished the imide 65a
190 mg, (59% yidd).
o-Hydr oxy-N-phenyl-2-(o-hydr oxyanilinomethyl)-3-methylmalemide  (65b): To a
solution of o-aminophenal (764 mg, 7 mmoal) in chloroform (25 mL) was added dowly the
solution of 22 (410 mg, 2 mmol) in chloroform (10 mL) and the reaction was refluxed for 7
h. The reaction mixture was filtered and the resdue was washed with chloroform and

organic layer was concentrated in vacuo to furnish 65b 325 mg, (50% yield).



a-(2-M ethyl-2,3-dihydro-3-oxo-1,4-Quinoxalinyl-2-yl)acrylic acid (66): To a dirred
solution of o-phenylenediamine (432 mg, 4 mmoal) in chloroform (10 mL) a -150 °C was
added a solution of 22 (410 mg, 2 mmol) in chloroform (10 mL) and the reaction mixture
was dlowed to reach room temperature for 3 h. The reaction mixture was filtered, the
resdue was washed with chloroform and the organic layer was concentrated in vacuo.
Slica ge column chromatographic purification of the resdue with petroleum ether, ethyl
acetate and methanol (12:7:1) as an duent system furnished pure 66, 400 mg (86% yield).

a -(2-M ethyl-2,3-dihydro-3-ox0-1,4-benzothiazin-2-yl)acrylic acid (67) was prepared in
asmilar way usng o-ATPin 90% yidd.

3,4-Dihydroxymethyl-2,5-furandione (76): To an ice-cold solution of 4 N ag. KOH (10
mL) was added, di(bromomethyl)maeic anhydride (23, 568 mg, 2 mmol) and the mixture
was dirred a room temperature for 5 h. The mixture was dowly acidified with 6 N HSO4
(10 mL), and saturated with solid NaCl and irred a room temperature for 30 min. The
aqueous layer was extracted with ethyl acetate (4 X 20 mL), the organic layer was washed
with brine (20 mL) and dried over NaSO,. Concentretion of the organic layer in vacuo
gave pure 76, 250 mg (79% yield).

2,5-Dihydrofuran-3,4-dicarboxylic acid (74a): A solution of dihydroxy compound 76
(158 mg, 1 mmoal) in con. HCl plus water (8 mL, 1:1) was refluxed with dirring for 5 h.
The solvent was removed under vacuo and the resdue was dissolved in ethyl acetate,
washed with brine (10 mL) and dried over N&SO,4. The concentration of organic layer in

vacuo gave pure 74a, 100 mg (72% yield).
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Sructure

PMR (d), CMR (d), and Mass spectral data, IR

No. (Text Number) (cm™)
'H NMR (CDCl;, 200 MHZ) d 2.18 (s, 3H), 4.20 (s,
1
o Br 2H).
5 13C NMR (CDCls, 50 MHz) d 10.2, 16.2, 139.4,
CH, 144.0, 163.9, 165.2.
0
29 MS (m/e) 206, 204, 125, 80, 53.
IR (neat) Nmax 1775, 1765 cmi™.
Q 'H NMR (CDCl;, 200 MHz) d 1.22 (t, J = 8 Hz,
2 CH,CH,
0] 3H), 2.09 (s, 3H), 2.52 (g, J = 8 Hz, 2H).
CH,
O 1la IR (neat) Nmax 1775, 1765, 1660 cm™,
'H NMR (CDCls;, 200 MHZ) d 0.90 (m, 3H), 1.15-
3
1.45 (m, 6H), 1.45-1.70 (m, 2H), 2.08 (s, 3H), 2.46
CH,(CH,),CH,
| (t, J=7 Hz, 2H).
CH, MS (me) 196, 168, 139, 126, 98, 81, 70, 55.
1b
IR (neat) Nimax 1765, 1655 cmi™.
'H NMR (CDCl;, 200 MHz) d 0.90 (t, J = 6 Hz,
4
3H), 1.15-1.48 (bs, 12H), 1.48-1.70 (m, 2H), 2.10 (s,
CH,(CH,),CH,
| 3H), 2.48 (t, J = 8 Hz, 2H).
CH, MS (m/e) 238, 210, 193, 178, 153, 140, 126, 98, 81,
1c

55.

IR (neat) Nmax 1765, 1670 cmi™.




'H NMR (CDCl;, 200 MHz) d 0.88 (t, J = 7 Hz,

3H), 1.10-1.45 (bs, 20H), 1.45-1.70 (m, 2H), 2.08 (s,
CH,(CH,),,CH,
3H), 2.48 (t, J = 7 Hz, 2H).

CH, MS (m/e) 294, 276, 249, 221, 192, 163, 150, 140,

1d 126, 98, 55.

IR (neat) Nmax 1770, 1675 cmi™.

'H NMR (CDCl;, 200 MHz) d 0.88 (t, J = 7 Hz,
3H), 1.15-1.45 (bs, 22 H), 1.46-1.69 (m, 2H), 2.07
(s, 3H), 2.45 (t, J = 7 Hz, 2H).

CH,(CH,),,CH,
13C NMR (CDCls, 50 MHz) d 9.6, 14.3, 22.9, 24.6,
CH; 27.7,29-31 (9 CH,), 32.1, 140.6, 144.9, 166.0,

le 166.4.

MS (m/e) 308, 290, 191, 150, 126, 91, 81, 69;

IR (neat) Nmax 1770, 1680 cmi™.

'H NMR (CDCls;, 200 MHz) d 4.28 (s, 4H).

0 Br 13C NMR (CDCls, 50 MHz) d 15.1, 141.1, 162.7.
MS (mVe) 284, 266, 252, 235, 217, 203, 175, 159,
131, 124, 95, 80.

IR (NUjol) Nmax 1784, 1664 cmt.
23




CH,(CH,),,CH,

CH,(CH,),,CH,

24

TH NMR (CDCl;, 200 MHz) d 0.89 (t, J = 8 Hz,
6H), 1.27 (bs, 40H), 1.57(m, 4H), 2.4 (t, J=7
Hz, 4H).

MS (nVe) 462, 444, 437, 389, 331, 294, 265,

239, 211, 197, 168, 135, 123, 111, 83, 71, 57.

CH,

30

'H NMR (CDCls, 200 MHZ) d 2.22 (s, 3H), 2.40
(bs, 1H), 4.63 (d, J = 2 Hz, 2H).

13C NMR (CDCls, 50 MHz) d 9.9, 55.2, 141.3,
143.4, 165.7, 166.3.

MS (mVe) 142, 124, 113, 98, 85, 69, 55.

IR (nest) Nmax 3255, 1800, 1760 cmi™.

@]

o CH(COOET),

CH,

@)
32

TH NMR (CDCl;, 200 MHz) d 1.25 (t, J = 8 Hz,
6H), 2.11 (s, 3H), 3.01 (d, J = 6 Hz, 2H), 3.84 (t,
J=6Hz, 1H), 4.19 (g, J = 8 Hz, 4H).

MS (ne) 284, 238, 212, 192, 165, 138, 125,
110, 93, 82, 55.

IR (nest) Nmax 1826, 1744, 1732 cmi™.

10

COOH

CH,
33

'H NMR (CDCl;, 200 MHz) d 2.13 (s, 3H), 2.78
(s, 4H).
MS (m/e)184, 166, 138, 110, 97, 93, 83, 66, 55.

IR (NUjol) Nmax 1826, 1767, 1715 cmi™.




TH NMR (CDCl;, 200 MHz) d 2.13 (s, 3H),

11
0 2.60-2.85 (m, 4H), 3.68 (s, 3H).
COOMe
MS (mve) 198, 180, 166, 138, 126, 110, 97, 93,
CH, 83, 66, 55.
O 3
IR (neat) Nmex 1828, 1771, 1738 cm*,
'H NMR (CDCl, 200 MHz) d 2.20 (s, 3H), 3.40
12
(dd, J = 12 and 4 Hz, 1H), 3.58 (dd, J= 12 and 6
0 Br Hz, 1H); 5.15 (t, J = 6 Hz, 1H).
COOH 1
5 C NMR (CDClz, 75 MHz) d 9.8, 31.7, 39.9,
CH, 140.3, 142.6, 162.9, 164.7, 174.1.
o)
35 MS (m/e) 264, 262, 246, 244, 218, 216, 183,
165, 139, 111, 93, 82, 64, 55.
IR (neat) Nmex 1828, 1778, 1722 cm*,
'H NMR (Acetone-ds, 200 MHz) d 2.22 (s, 3H),
13
o OH 2.85 (d, J =6 Hz, 2H), 4.10 (br s, 1H), 5.17 (t, J
COOH
=6 Hz, 1H).
o)
CH, MS (mve) 200, 182, 164, 139, 154, 141, 136,
o)
36 123, 113, 95, 85, 67.

IR (NUjol) nmax 3340, 1863, 1778, 1728 crrit.,




TH NMR (CDCl;, 300 MHz) d 2.26 (s, 3H), 2.87

14
(m, 2H), 3.30 (bs, 1H), 3.74 (s, 3H), 5.13(t, J=6
o OH Hz, 1H).
COOMe |,
C NMR (CDCl, 75 MHZ) d 10.0, 39.2, 52.3,
CH, 63.9, 141.6, 143.1, 164.7, 165.5, 171.7.
0
26B MS (nve) 214, 196, 183, 165, 154, 141, 136, 123,
113, 103, 95, 74, 67.
IR (neat) Nimax 3493, 1842, 1763, 1732 cmi™.
15 o
COOEt 'H NMR (CDCl;, 200 MHz) d 1.32 (t, J = 8 Hz,
COOEt
o | Br 6H), 2.22 (s, 3H), 3.53 (s, 2H), 4.33 (g, J = 6 Hz,
CH,
O
47 4H).
16 Br
Q 'H NMR (CDCl;, 200 MHZ) d 2.19 (s, 3H), 3.41
COOMe
o | (dd, J = 12 and 4 Hz, 2H), 3.68 (s, 3H), 5.15 (t, J =
CH,
0 6 Hz, 1H).
48 )
'H NMR (Acetone-ds, 200 MHz) d 2.32 (d, J= 2
17 o
~. _COOH HZ, 3H), 7.02 (d, J=16 HZ, 1H), 7.50 (d, J=16
o | Hz, 1H).
CH,
O oA MS (nve) 182, 164, 154, 137, 120, 110, 93, 82, 65,

54,




'H NMR (CDCl;, 300 MHz) d 2.27 (s, 3H), 3.34

° (s, 3H), 7.16 (d, J = 16 Hz, 1H), 7.43(d, J = 16
Hz, 1H).
N COOMe 13C NMR (CDCls, 75 MHz) d 9.9, 52.2, 128.4,
CH, 130.1, 134.7, 143.7, 163.2, 165.0, 165.8.
498 MS (m/e) 196, 165, 152, 137, 124, 109, 93, 81, 63,
55.
IR (neat) Nimax 1869, 1821, 1778,1713, 1614 cm*
B 'H NMR (CDCl;, 200 MHz) d 2.05 (s, 3H), 2.56
(bs, 4H), 3.64 (s, 3H), 4.62 (s, 2H).
CcOOMe | "°CNMR (CDCl, 50 MHz) d 12.1, 18.1, 31.4,
51.5, 72.6, 125.5, 157.9, 172.9, 174.4.
s MS (nve) 184, 166, 152, 138, 124, 110, 95, 85, 79,
>1a 67, 59, 55.
IR (Nujol) nmax 1751, 1730, 1678 cm*
'H NMR (CDCls, 200 MHz) d 1.24 (t, J = 8 Hz,
? COOE 3H), 2.07 (s, 3H), 2.58 (bs, 4H), 4.11 (q, J = 8 Hz,
CH, 2H), 4.63 (s, 2H).
51b MS (nve) 198, 180, 164, 152, 124, 110, 95, 79, 67,

55.

IR (NUjol) Nimax 1748, 1728, 1675 cmi'™.




21

COOCH(CH,),

CH,

51c

IH NMR (CDCl;, 200 MHz) d 1.20 (d, J = 6 Hz,
6H), 2.05 (s, 3H), 2.54 (bs, 4H), 4.61 (s, 2H), 4.95
(septet, J =6 Hz, 1H).

MS (m/e) 212, 170, 152, 124, 110, 97, 79, 67, 55.

IR (neat) Nmax 1759, 1728, 1681 cm™,

22

'H NMR (CDCls, 200 MHZ) d 2.10 (s, 3H), 2.37
(s,3H), 2.69 (t, J =6 Hz, 2H), 2.79 (t, J = 6 Hz,
2H), 3.70 (s, 3H), 7.21 (d, J = 8 Hz, 2H), 7.50 (d, J
=8Hz, 2H).

MS (m/e) 301, 287, 254, 226, 198, 171, 131, 103,
90, 76, 66.

IR (Nujol) nmax 2359, 1738, 1709 cmi™.

23

IH NMR (CDCl;, 200 MHz) d 2.02 (s, 3H), 2.32
(s, 3H), 2.40-2.60 (m, 4H), 3.63 (s, 3H), 5.56 (d, J
= 10 Hz, 1H), 7.14 (d, J= 8 Hz, 2H), 7.52 (d, J = 8

Hz, 2H).

24

CH,OH

CH,

55

'H NMR (CDCl;, 200 MHz) d 1.84 (quintet, J = 8
Hz, 2H), 2.09 (s, 3H), 2.44 (bs, 1H), 259 (t, J=8
Hz, 2H), 3.67 (t, J = 6 Hz, 2H).

13C NMR (CDCls, 75 MHz) d 9.3, 20.9, 30.0,

61.4, 140.9, 144.2. 166.1 (2 carbon of carbonyl).




MS (nm/e) 170, 152, 140, 126, 110, 97, 81, 67, 55.

IR (nest) Nmax 3445, 1825, 1771, 1678 cmi™.

TH NMR (CDCls, 200 MHz) d 2.15 (s, 3H), 2.73

® (t, =9 Hz, 2H), 2.91 (t, J= 9 Hz, 2H), 9.79 (s,
CHO 1H).
o 13C NMR (CDCls, 75 MHz) d 9.6, 17.1, 40.5,
142.0, 144.2, 165.6, 165.7, 199.0.
>0 MS (nve) 168, 152, 140, 126, 110, 97, 81, 67, 55.
IR (neat) Nmax 1823, 1763, 1724 cm™.
s 'H NMR (CDCls;, 200 MHz) d 0.99 (t, J = 9 Hz,

3H), 2.09 (s, 3H), 2.29 (q, J = 6 Hz, 2H), 2.45-
2.55 (m, 2H), 2.55-2.67 (m, 2H), 3.75 (s, 3H), 6.61
(t, = 9 Hz, 1H).

13C NMR (CDCls, 75 MHz) d 9.6, 13.9, 20.1,
23.8, 26.1, 51.8, 136.2, 137.9, 141.6, 142.9, 165.6,
165.9, 167.7.

MS (mVe) 252, 234, 220, 205, 192, 176, 163, 147,
126, 105, 76, 67, 55.

IR (neat) Nmax 1825, 1765, 1713, 1647 cm'™.
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64a

TH NMR (CDCl; 200 MHz) d 2.15 (s, 3H), 2.20 (s, 3H),
2.90-3.35 (bs, 1H), 4.22 (s, 2H), 6.55 (d, J = 8 Hz, 2H),
7.02 (d, J = 8 Hz, 2H).

MS (nVe) 231, 202, 188, 158, 144, 120, 106, 91, 77, 65.

IR (Nujol) Nmex 3387, 1832, 1754, 1615 cmi™.

28

HOOC

64b

'H NMR (CDCl; + DMSO-ds, 200 MHz) d 1.90 (s, 3H),
4.18 (d, J= 6 Hz, 2H,), 6.38 (dd, J = 8 and 2 Hz, 1H),
6.50 (dt, J = 8 and 2 Hz, 1H), 7.17 (dt, J= 8 and 2 Hz,
1H), 7.78 (dd, J = 8 and 2 Hz, 1H), 8.15 (t, J = 6 Hz,
1H).

MS (m/e) 261, 243, 214, 197, 170, 142, 132, 116, 92,
78, 66, 53.

IR (NUjol) Nmax 3382, 1857, 1765, 1656 crrit.

29

o) HN—Ar
Ar—N

(0]

65a Ar = p-Tolyl

TH NMR (CDCl; 200 MHz) d 1.40-1.75 (bs, 1H), 2.15
(s, 3H), 2.25 (s, 3H), 2.38 (s, 3H), 4.23 (s, 2H), 6.60 (d,
J=9Hz, 2H), 7.05 (d, J = 9 Hz, 2H), 7.18 (d, J = 6 Hz,
2H), 7.25 (d, J = 6 Hz, 2H).

MS (ne) 320, 277, 214, 186, 158, 144, 120, 106, 91,
77, 65.

IR (NUjol) Nimax 3386, 1769, 1704, 1619 crrit.




TH NMR (CDCl; + DMSO-dg, 200 MHz) d 2.05 (s, 3H),

30
o HN—Ar 4.17 (s, 2H), 6.50-7.35 (m, 8H).
A—N | MS (m/e) 324, 306, 281, 264, 231, 215, 199, 188, 170,
CH,
0 160, 144, 120, 108, 81, 65, 52.
Ar = o-Hydroxyphenyl
55b IR (Nujol) Nmex 3380, 3169, 1796, 1691, 1620 cmi™.
'H NMR (CDCl; + DMSO-ds, 200 MHZ) d 1.65 (s, 3H),
31
5.10-5.25 (br s, 1H), 5.55 (s, 1H), 6.10 (s, 1H), 6.50-6.75
(m, 4H), 9.55-9.75 (s, 1H).
H.__H
oo o | ®CNMR (CDCls+ DMSO-ds, 50 MHz) d 22.5, 59.0,
@[ OoH | 112.8,113.7,117.6, 121.7, 124.1, 125.0, 132.0, 139.9,
N @]
H
56 166.0, 166.7.
MS (m/e) 232, 217, 199, 171, 161, 143, 133, 118, 105,
92, 77, 64.
IR (Nujol) Nmax 3352, 3190, 1711, 1662, 1613 cmi™.
'H NMR (CDCl; + DMSO-dg, 200 MHz) d 1.70 (s, 3H),
32
5.57 (s, 1H), 6.13 (s, 1H), 6.80-7.15 (m, 4H), 10.20 (s,
H H

1H).

13C NMR (CDCl; + DMSO-ds 75 MHz) d 22.5, 48.0,
116.5, 119.1, 122.8, 126.2, 126.5, 126.8, 136.2, 139.1,
166.3, 167.9.

MS (mVe) 249, 231, 203, 175, 160, 151, 123, 109, 96, 80,

69, 53.




IR (NUjol): Nimax 3162, 1684, 1635, 1563 cmi~.

33 'H NMR (CDCl; 200 MHz) d 4.96 (s, 4H), 6.50 (bs, 2H)
OH
13C NMR (Acetone-ds, 200 MHZ) d 77.7, 139.9, 164.4.
@)
MS (me) 140, 113, 96, 84, 69, 55.
O  oH
76
TH NMR (DMSO-ds, 200 MH2) d 4.75 (s, 4H).
34 COOH
OJ 13C NMR (DM SO-ds, 50 MH2Z) d 77.3, 139.2, 164.2.
COOH

MS (ne) 158, 140, 112, 96, 84, 69, 66, 55,
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CHAPTER 3
SYNTHESISAND SCREENING OF
NAPHTHALENE SUBSTITUTED CHALCONESAS

LEUKOTRIENE B, INHIBITORS: ACOMBINATORIAL APPROACH




INTRODUCTION
31 A COMBINATORIAL APPROACH

Recent advances in the new drug discovery such as the accesshility of multiple
targets for eg. ~70 targets in case of maaria and high throughput screening (HTS) has
necesstated the avallability of large number of organic compounds with sructurd
diversty. Conventiond "synthess-purificationtesting” approach for the preparation of
organic compounds will not be able to cope up with this increesing demand in time and
thus will not be able to cater to the exponentidly increesng need of futuristic drug indudtry.
Combinatorid chemidry is one of the atempts to solve this problem to some extent. In the
beginning it was gpparently developing as a science but today it has developed to such an
extent that it has boiled down to a operationd technique practiced routindy in the research
laboratories and industry for the variety of organic synthetic reactions and process
optimization as is evident from the plethora of publications, books, monographs and even a
specid journa.! However one must bear in mind that it is not an dternaive to the nove
hardcore organic synthess bu may play a complimentary role for the expediting the
processin order to suit the rapidly growing modern drug discovery program.

Combinatorid chemidry is a modern technique for the synthess of a very large
number of dructurdly diverse molecules for biologica evauation in a time and resource
effective manner. One drategy a the heart of combinatoria chemidtry is the concept of
combining of readily avalale reective chemicd building blocks with potentidly dl
possible combinations and permutations to generate the diversty. The Nobd laureate, R. B.
Maerrifield,® firs popularized this idea, wherein the solid phase peptide synthesis (SPPS)

concept was broadened to incorporate the synthesis of multiple compounds at a time. It



took a decade to move from SPPS to solid-phase organic synthesis (SPOS), another decade
to move to libraries of peptides® and oligonudleotides® and yet another decade i. e. in 1990,
to achieve organic molecules for eg. heterocydic compounds® that are truly useful for the
drug discovery program. Finding a nove lead and its optimizaion is a chdlenging process
in drug discovery program. Synthesis of compounds using combinatoria library® concept
has made dggnificant impact on drug discovery process and currently is of enormous
interest within both the synthetic and medicina chemist communities.

Broadly the chemidry adopted in synthesizing the combinatorid libraries fdl in to
two classes (i) solid phase supported methodologies (i) solution phase chemigry. The
man advantage of the solution phase synthesis is its wide acceptability for the variety of
substrates, reagents and  precticaly  limitless reaction conditions’® However the
purification after each dep in the multistep synthess and remova of excess resgentsy
solvents ae the sumbling blocks in the devdopment of this othewise smple
methodology. Therefore in the last few years dgnificant efforts have been made in adopting
organic reactions to work well on the solid phase® Although it suffers from two mgor
drawbacks i.e. additiona Steps of attaching and detaching the molecule from the solid
support and the limitations on the choice of reaction conditions due to the inherent
dructurd chemicad properties of the <olid phase, with easy remova of excess
reagentysolvents, no purification a each step and amongst al the ease of autometion, the
solid phase synthesis has redly scored over the solution one. It is redly the last factor i.e.
automization has revised the very concept of manud synthess. Today one can synthesize

thousands of dructurdly diverse compounds in a week time without any persond attention



throughout the course of the reection as well as workup, thus saving money and human
resourses.

Though these two methods have ther inherent advantages and disadvantages one
has to born in mind that dmog in dl cases the reaction is carried out and optimized firg in
solution phase and then it is extended to solid phase. Thus the solution and solid phase
methods are sequentidly used and the find choice is made depending on the desred
sructurd diversity and essentid reaction conditions.

Smilarly two approaches for the congtruction and testing of compound libraries are
generdly used (i) the preparation and testing of compounds as mixtures or pools, which
necessaxily involves decoding or tagging protocol to determine the Sructure of the active
component, (ii) the preparation and testing of compounds as discrete entities (pardld
gynthesis). Mixtures of compounds are easy to prepare for screening then individud
compounds. Indeed, number of pharmaceuticd companies routindy creste atificid
libraries by mixing the pure compounds in ther drug discovery screening program as a
mean of increesng assay throughput and controlling cost. However it suffers from magor
drawback that extended time and human resources are required for the purification,
identification and characterization of the lead compound, which has to be resynthesized
again for further testing. As againgt this pardld synthesis® involves individua compound
gynthess with dructurd diverdty in an aray of assembly. Here characterization is much
easser because of the predetermined format of the reactants involved. Critica choice
amongst these two methods depends on the end use of compounds. The former method is

more suitable for the biologica screening minimizing the number of entities to be tested,



wheress the later is widely used for the process optimization. However this is just a thumb
rule and the sdection of this methodology is generally I€ft to the researchers.

There are bascdly two methods used for the identification of the active compounds
in combinatorid chemidry. Fird one is tagging technique ether chemicd or
reediofrequency, involves linking an identifier to each molecule present in the library.
Deconvolution tool is a second method of andyds wherein library is portioned into a series
of sub-libraries that are organized in such a way as to dlow identification of an active
component without any tagging. These deconvolution methods are subdivided into three
magjor group (i) Iterative deconvolution (ii) Postiona scanning (iii) Orthogond libraries.

It is redly a difficult task to sdect appropriate combination of particular
methodologies i.e. solid or solution phase, mixture or as individua compound for the
gynthesis of libraries. It mainly depends on the dructurd diversty of library, nature of the
reegents, reection conditions to be employed, characterization/deconvolution methods,
suitability of bioassay and above dl the basic reectivity of the individua components.
Scientific wisdom coupled with judicious manipulation of these varidble factors findly
leeds to the succesful cregtion of the meaningful libraries. Therefore teking into
consderation the above factors, it was planned to synthesize a solution phase combinatoria
library of naphthaene subdtituted chacones and its biologica testing as 5-lipoxygenase (5
Lo) inhibitors, which plays a vitd role in the trestment of various inflammatory conditions.

3.2 ANTI-INFLAMMATORY AGENTS

Current gpproaches for controlling the lipid mediators [i.e. prostaglandins (PGs) and

leukotrienes (LTg)] of inflanmation (Fig. 1) include seroids and nonderoida anti-

inflammatory drugs (NSAIDs). Steroids ae broadly effective for controlling the



inflammation because they nonsdectively block dl inflammatory pathways and as a result
they suffer from the dde effects such as immunosuppression, muscle and skin atrophy and
growth retardation. NSAIDs in clinical use manly block the cyclooxygenase (Co) pathway
in aachidonic acid (AA) cascade (Fig. 1) inhibiting the synthess of inflammatory
mediators such as prostaglandins (PGs), thromboxanes (TXAs) and prostacyclins.
However, these NSAIDs have no utility in the treatment of many inflammatory conditions
like asthama, dermatitis and dso give rise to severe dde effects such as ulcer, gadric
distress, edema due to sodium and cdcium retention and other genera Sde effect like
nausea, vomiting etc. Ancther inflammatory process in the AA cascade known as
lipoxygenase (L0) pathway has been well established and presents an exciting target in the

Fig. 1. Arachidonic Acid Cascade

Phospholipidsin Cell Membranes

Phospholipase A2
Arachidonig Acid (AA)
5-Lipoxygenase (5-L0) Cyclooxygenase (Co)
V. A\
5-HPETE and Leukotrienes (LT9) Prostaglandins and Thromboxanes

treetment of many inflanmatory conditions. In last two decades there was an intensve
search™® in the area of LTs hiosynthesis, its mechanism of action, biologicd role, and LTs
receptors (discussed brigfly in the coming sections). It is becoming increasingly evident
that LTs, the metabolic products of 5 Lo pathway, play a key role as the mgor mediators of

inflammatory reections and hypersengtivity in humans!? LTs dicit a variety of biologicd



responses such as smooth muscle congtriction,*2#1%° increased vascular permesbility'®® and
leukocyte chemotaxis'®® and have a pathophysiologicd role in variety of inflammatory
diseases’® such as ashama, rheumatoid arthritis, dlergic rhenitis, inflammatory bowe
disease, psoriasis and ulcerative calitis.
3.2.1 Arachidonic Acid Cascade

Arachidonic acid (AA), a polyunsaturated twenty-carbon chain fatty acid, plays a
centrd role in the biologicd control sysem. AA is trandormed into potent oxygenated
mediators with far ranging effects. Usudly in the biological system, concentration of free
AA is vary low and it is present as an eterified form of phospholipids of cel membrane or
as an eder linkage of other complex lipids. Immunological and norrimmunological simuli
can rdease AA from membrane phospholipids by activating enzyme phospholipase Ao.
Free AA is then metabolized by two enzymes i.e. cyclooxygenase (Co) and lipoxygenase
(Lo) to the oxygenated derivatives (Fig. 1) as prostaglandins (PGs), prostacyclins,
thromboxanes (TXs) and leukotrienes (L Ts), collectively called as ecosanoids. ™

PGs and TXAs ae idettified and characterized as inflammaiory mediators
gsynthesized from AA by enzyme Co. The second mgor pathway of AA metabolism has
been redized and understood in which AA is converted into the pro-inflanmatory
mediators LTs. The name leukotriene has been derived from the origind discovery of these
substances in polymorphonuclear leukocytes (i.e. white blood cells) and presence of a
conjugated triene system as a common dructural feature. Various members of this family
are desgnated dphabeticaly as LTA4, LTB4, LTC4 and severd others in a amilar fashion

(see Scheme 1).



3.2.2 Mechanism of Action of 5-L o and Biosynthesis of Leukotrienes (LTS)

More recently studies on the metabolism of AA in leukocytes lead to the recognition
of biosynthetic pathway'®!'? of Lo (scheme 1). The first step in the generation of LTs is
catalyzed by cacium and ATP dependent enzyme 5-Lipooxygenase (5-L0).1°

5-Lo, is a 78 K da protein or enzyme found manly in the cdls of myedoid origin
where it normdly resdes in the cytosol. The characterization and kinetic sudies with 5Lo
is often difficult, because of sdf-inactivation and complex cofactor requirement. The
enzyme 5-Lo is farly undable, possessng hdf-life of 45 min. & 37 °C. The sructure
determination has not been accomplished for 5Lo but it is known to contain non-hemeiron
a its active site™® In 1989, for the first time reviews on the properties of 5Lo as a generd
dass'®® and in mammdians in paticula’® were published followed by the detailed
discusson on the mechanisms of 5-Lo.}” Musser et al''® have summarized a large amount
of data on 5Lo and presented its plausble mechanism of action as shown in Fig. 2 The 5
Lo enzyme is postulated to be in dormant ferrous state (F€?*), which is found in the cytosol
and spatidly removed by AA, the subgrate found in cel membrane. Upon activation by
hydroperoxides, adenosine triphosphate (ATP) and cdcium ion (Caf"), the 5-Lo enzyme is
converted to the active ferric (Fe**) form and this form trandocates, possbly due to a
change from the hydrophilic conformation into hydrophobic conformation. After
trandocation of the enzyme to cdl membrane, where it docks with transmembrane protein
cdled as five lipoxygenase activating protein (FLAP). Once docked to the cedl membrane,
it acts on the substrate AA which is then oxidized in a Sereosdective fashion via free
radical process. First there is removal of 7H © hydrogen of AA, which is then followed by

the reaction of oxygen (O,) with the AA complex. 5Lo catdyses the insartion of oxygen a



the fifth carbon of AA reaulting in the formation of 5-hydroperoxyecosatetraenoic acid (5-
HPETE). Subsequently 5-HPETE undergoes dehydration under the influence of enzyme 5-
Lo to give undable epoxide caled LTA4. This dep is a rate limiting or determining gep in
the synthesis of LTs. The ungable leukotrienes LTA, is then converted to ether LTB,4 (by
hydration of LTA,) under the influence of enzyme LTB4 hydrolase or to LTC4 (by the
addition of glutathione to LTA;) in the presence of enzyme LTC, synthase. LTC, is
activey trangported out of the cdl and rapidly metabolizes to LTD, and LTE; by

successve dimindion of agglutamyl resdue and glycine. LTC4, LTD,and LTE, are

Fig 2: Schematic Representation of M echanism of Action of 5-Lowith AA
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Scheme 1. Biosynthetic Pathway of Lipoxygenase (L 0)
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collectively referred as cydenyl-leukotrienes (CysLTs) because of their chemicad nature.

FAndly LTE; is ether excreted in urine or metabolized to less inactive metabolites



induding LTF4. The &bove description reveds that the ability to synthess leukotrienes
depends on the enzymatic capability to cleave AA from its phosphorylated ester and the 5
Lo enzymetto utilize the subgtrate AA to synthesize LTA,.

3.2.3 Physiological Role and Receptors of L eukotrienes

LTs are potent bioactive agents and exert various types of responses in human
physologicd sysems!® LTB, causes dramatic adheson of leukocytes to endothelium®??
and rdease of toxic oxygen products lysosoma enzymes and cytokines from
proinflammatory cells It is a mediator in the migration of leukocyte from blood to the area
of inflammation, indicating that it is potent chemotactic agent. Smilaly it dso activaes
neutrophil. In the cdl LTB4 causes aggregation, degranulation, superoxide generation and
mobilisation of membrane associaed cdcium. The levd of LTB, is Sgnificantly devaed in
the patients with atopic eczema, osteoarthritis and rheumatoid arthritis. All these facts made
LTB, to consder asamgor potentid mediator of inflammeation.

The cysteine LTs (LTCy4, LTD4 and LTE,) dso cdled as dow reacting substances of
anaphylaxis (SRSA), promote bronchocondriction and mucus hypersecretion in severa
spedies induding human?! In addition to contractile responses in lungs, cysteine LTs have
been shown to contract coronary artery, disal and mesenteric pulmonary artery and
vasocongtrictors and negative inotropic effect on the cardiac contraction.'® Early sudies of
LTs were focused on their functional responses and their rank order of potency as agonists
for various responses. These dudies have reveded that responses of LTB4, and hence
posshility of its receptor were diginguishable from CysLTs There was dso an indication

that there may be subtypes of receptor for the CysLTs. An IUPHAR (Internationa union of



pharmacology) has formulated recommendations for nomendlature of LT receptors'®®,

which have been summarized in Table 1.

Table 1: Classification of Leukotriene (LT) Receptor

L eukotrienereceptor type
BLT receptor CysL Ty CysLT»
Previoudy known as LTB,4 receptor LTD, receptor LTC, receptor
Order of potency of LTBs > 12(R)-HETE | LTC4=LTDs>LTEs | LTC4>LTDs>LTE4
agonigts (LTC4andLTD4 are (insometissue LTE4 (insometissue LTE4
inactive) is partid agonigt) ispartid agonist)

3.2.4 5-Lipoxygenase (5-Lo) a Target for Drug Development

As a fird key enzyme in the biosynthesis of LTs, 5Lo represents an exciting target for
thergpeutic intervention.’® The unraveling of biosynthetic pathway and pathologica role of
LTs in human discese has leed to the development of leukotriene inhibitors. Sdective
inhibition of this enzyme provides definiive means to limit the effect of LTs The
inhibition of 5-Lo may lead to the discovery of new drugs as an dternative to conventiona
anti-inflanmatory agents having severe dde effects. The redization of therapeuticaly
ussful 5-Lo inhibitors with stisfactory ord bicavailability, duration of action and minima
toxicity has proven to be quite chalenging task as measured by the extent of research and
development progressing in this area. To date no detalled dructurd information is available
for the enzyme 5-Lo. In the absence of this inhibitor desgn involves intuitive medicind

chemidry guided by biologicd evduaion (in-vitroin/in-vivo) in various leukotriene




inhibition assays. At least following four mechanians can be consdered for 5-LoO
inhibition, 2

(1) Antioxidant/or free radical scavenger

(2) Iron chdation

(3) Theinhibition of 5-Lo trandocation

(4) Subgtrate mimics

All inhibitors reported till date act by ether sngle or by the combinaion of the above

mechaniams.

3.3 SYNTHETIC 5-LO INHIBITORS

The contributory role of LTs in the human disorders has prompted the search of the
drugs to prevent the deeterious effects of these substances ether by inhibiting their
gynthess through 5-Lo inhibition or syntheszing antagonits of LTs Numerous 5-Lo
inhibitors have been reported in the scientific and patented literature since the discovery of
this enzyme. The present status has been reviewed by J. H. Musser,*'® D. Seinhilber®® and
D. G. Batt.?! The compounds reported till date are described below and have been classified
based on the dructurd and mechanidic lines. This organization is somewha abitrary
mainly due to the diversity of structures for which 5-Lo inhibitory activity is reported.
3.3.1 Subsrateand Product Analogues

In the earlier development of 5Lo inhibitors the research efforts have been centered
on the rationdly desgned substrate and product andogues. Generd approaches specificaly

from the Corey’s group a the Harvard University, include preparation of acetylenic,?®®



dlenic’®® methylated*° cydlised and thia andogues of AA and cyclopropyl andogues of
LTB4. 5-HPETE and LTA,.
3.3.2 Phenolic Compounds

Vast aray of phenolic compounds have been explored, as Lo inhibitors®* The
activity of phenolic compounds againg 5L0 is not surprisng, as phenols are well known as
a reducing agents. Lipophilic charecter is a very common feature of most of these

+++

inhibitors. These compounds reduce active ste iron from feric (Fe™) to ferrous (Fe™),
one eectron oxidation of these compounds yielded detectable free radicas. A large number
of catechol containing compounds are reported as 5-Lo inhibitors, many of them are ether
natura products (nordihydroguaiaretic acid (NDGA), gossypol, caffeic acid etc) or

synthetic anadogues. Few reports appeared in the literature dedling with 5-Lo inhibition by

CHO OH
HO ) HO )2 HO X COOH
2
O 1
HO HO HO
NDGA Gossypol Caffeic acid

flavonoid®® with phenolic hydroxy moiety, quercetin is the most studied compound from
this class. Chacone®®? containing catechol and phenolic hydroxy functiondity is the
another important class of compounds reported as lipoxygenase inhibitors. Butylated
hydroxy toluene (BHT) is another widdy used lipophilic antioxidant. In the past decade
number of BHT-andogues have been evduated as Lo and Co inhibitors. Naphthol
derivatives”® have been shown to exhibit promising 5-Lo inhibitory activity. A group & Du
Pont discovered that smple 2-subgtituted 1-ngphthol derivatives were potent 5-Lo inhibitor

as wel as topicd anti-inflammatory agents Amino substituted naphthoquinones®®  and



heterocyclic variants have been disclosed in the patent literature as 5 Lo inhibitors whereas
ortho-ngphthoquinone  derivatives from CibaGelgy have been recently reported as
inhibitorsof LTs.
3.3.3 Heterocyclic Compounds

Heterocyclic compounds are well known in the literature for their broad spectrum of
biologicd activities To date exhaustive study on various series of heterocyclic andogues
such as benzimidazole, hydroxythiazole, syrylpyrazole, 1,4-Benzodioxan and indazolinone
possessing 5-Lo inhibitory activity has been reported in the literature®* Few of them have
been proved to be potent and promising as alead candidate for the further optimization.
3.34 Hydroxamic Acid and Related Compounds

In 1984, Corey and co-workers inferred that iron is a criticd part of the active ste of
enzyme 5-Lo. The ability of hydroxamic acid to cheae iron provided the rationa for
designing the potent Lo inhibitors?” Corey?® and Kredesky®® reported hydroxamate
andogues of AA, which are in-vitro potent inhibitors of 5-Lo and are unlikely to be of
thergpeutic value due to ther rapid metabolism in-vivo. This concept prompted a number of
research groups to explore the hydroxamic acids with more dable lipophilic resdues. A
sies of adkylhydroxamic  acids®®  from Brigo-Myers are based on  9-
phenylnonanohydroxamic acid, which is known to inhibit the production of 5-HPETE.
Hydroxamic acids have been extensvely investigated a Abbott laboratories where
binding dte hypothess was based on the examination of many smple warakylhydroxamic
acids and hence several series of conjugated hydroxamic acids were explored. Recently

Brooks and co-workers from the same pharma company synthesized and evauated



Table 2: 5-Lo Inhibitorsin Clinical Trials

Sr. No. Name Structure Reference
1 Zileuton T 34
2 Dup-654 O O 24
3 L one 35

G e
Y
4 MK -886 36
JC
5 WY-50,295 N OO 11
6 ZD-2138 m/\ O%o 37
A
7 BW A4C @@M, * 38
8 Bay X1005 ©fj\/ 39




hydroxamic acid derivatives of common NSAIDs*? and a series of N-hydroxyurea® as 5-Lo
inhibitors.

As a reault of this intense drug discovery in the last decade, severd inhibitors of 5
Lo have been identified and entered in the dinicd evaduation, some of them with promising
activity have been liged in Table 2.

In short, an effective modulator of the AA cascade for the trestment of asthama and
other inflanmatory diseases may require 5-Lo inhibitory activity. A wide variety of
compounds have been reported as 5-Lo inhibitors. The mgority of them gppear to be
lipophilic reducing agents, incuding phenol, partiadly saturated aromatic, compounds
containing heteroatoms and heteroatom bonds, hydroxamates and hydroxyuress. However,
vay few 5-Lo inhibitors progressed to dlinicd trids manly due to the insufficient ord
bicavailability or toxicity. There is an extensve search going on to get the potent 5-Lo
inhibitors with minima dde effects. As more is learned about the enzymology and cdlular
control mechanism of LTs biosynthess, exciting new approaches to the therapeutic control
of inflammatory diseases, which address this pathway, will certainly be developed and
explored. In coming years 5-Lo inhibitors will become a mgor dass of dinicdly used
therapeutic agents for treeting various inflammatory conditions mentioned above for which

currently no drug devoid of Sde effect isavailable.



PRESENT WORK

Generaion of new chemicd lead with specific pharmacologica activity is dways
desred process in medicind chemistry. As described in the earlier sections there is a
growing interest in the drug desgn and devdopment of 5-Lo inhibitors for the dinica
goplication in the thergpeutic tretment of various inflanmatory diseases. The search for
the better NSAIDs coupled with the rapidly growing combinatoria gpproach in mind it was
planned to desgn a mini combinatorid library of subgtituted naphthaene chacones and
their biologica evauation as 5-Lo inhibitors.
3.4  Rational in Designing the Naphthalene Substituted Chalcones

Chalcones, an open chain andogue of flavones are one of the important chemicd
dass of compounds with various biologicd activities®® In 1980 and subsequently some
chacone derivatives have been reported as anti-inflammatory and anti-alergic agents*
(Table 3. Nakadata et al?*" have reported the effect of hydroxy chalcones on the inhibition
of 12-Lo and Co of mouse epidermis. The extension of this work is carried out by Sogawa
et al,*® wherein they studied a novel series of 34-dihydroxychalcones as potent 5Lo and
Co inhibitors has been studied. The work of both the groups indicated that the chalcones
with 34-dihydroxycinnamoyl moiety, an active pharmacophore, srongly inhibited the lipid
peroxidation. In 1997, Zwaagstra et al®*® have studied synthesis and structure activity
raionship (SAR) of quinolinyl substituted carboxylated chalcones as a novel series of
CysLT; (LTD,) receptor antagonists. Alcaraz and co-workers*24¢ have reported 2 -
hydroxychalcones and 2-chloroquinolinyl chdcones as inhibitors of  inflanmatory
mediators. Hydroxy chacones are repidly and extensvey metabolized after systemic

adminigration is one of the mgor drawbacks in the development of ordly active 5-Lo



inhibitors. These findings have directed us to design a series of chacones without phenalic

hydroxy group.

Table 3: Chalcone Derivatives as an Antiinflammatory Agents

Sr.No. | General Structure of Chalcone Activity Reference
1 O R2
Rl Co and Lo inhibitors 24f
2 ‘ o
R 0 | - Co and Lo inhibitors 24e

@vo g . CysLT; (LTD4) 24b

o receptor antagonist

) : LTB, inhibitors 24c

O ) 5-Lo inhibitor 24a

R1=0OMe, Me, F, CF3

The mgor problem in desgning the 5-Lo inhibitors is that there is no experimenta
evidence avalable on the conformation of arachidonic acid when bound to 5Lo and hence

one has to mainly depend on the intuitive thinking for the conceptudization of the design of



the molecule. The raiond in desgning the ngphthdene subdituted chacones manly came
from the hypothetical conformation of AA demonstrated by Summers et al,3* who have
proposed a partial hypothetical conformation of AA based on the knowledge of Lo reection.
The hypothesis has been supported by their studies on hydroxamate series of wphenylakyl
derivetives, in which the compounds containing ngphthyl groups are generdly more potent
than the corresponding phenyl derivatives. Following the rules proposed by Summer et al®
the naphthyl ring precisdy fits in the arachidonic acid conformation. Combining these two
themes desgning of ngphthyl subgtituted chacones was conceptudized Utilizing the
hypothetical conformation. Simple graphica representation of these fits is shown below

Fig. 3. The unsubstituted naphthyl moiety (A in Fig. 3) might dign with C,4-C3 portion of

Fig 3: Graphical Representation of Hypothetical Confor mation of Arachidonate

archidonate or it was thought that the naphthdene derivative with 6-akoxy functiondity (B
in Fig. 3) may have an additiond advantage i.e. ngphthyl ring as wdl as dkoxy chan may
dign with C4-C10 and Ci1-Cis fragment respectively giving rise to better fit. The another

important factor for the sdection of ngphthdene subgtituted chacones is the preference of



enzyme for the more lipophilic substrates®! It has been shown that the naphthaene
subgtituted a b-podtion are more active than those subdituted at a-podtion. Phenalic
hydroxyl groups have been categoricaly avoided because of ther known toxicity
mentioned earlier. By taking into account of above mentioned facts i.e. Summers mode,
preference for b subditution, lipophilicity and enzyme preference, a program to synthesize
a new series of 6-adkoxyngphthdene subdituted chacones (devoid of phenolic hydroxy
groups) usng combinatoria gpproach, aming for the potent 5-Lo inhibitory ectivity with
minima toxicity was launched.

As this work was in progress two reports deding with the synthess of
combinatorid libraries of chacones have been agppeared in the literature.  Marzinzik and
co-workers** a group from Novartis Pharma, have demonstrated an access to various
heterocycles from a,b-unsaturated ketones on solid support, starting from adehyde grafted
on polystyrene support. The Wittig and ClaisenSchmidt reaction conditions were adopted
efficiently to prepare a,b-unsaturated ketone on solid phase. Powers et al*® have reported
automated padld synthess of chacone based screening library. Broad range of
compounds with structurd diversity has been created by using variety of condensation and
cyclisation reactions. Very recently Katritzky and co-workers** from the Universty of
Florida, disclosed the new protocol for the preparation of resn bound chacone through a
modified Mitsunobu reection. This resin bound chacone, a commonly used building block,
has been utilized for the synthess of 2-didkylamino- and 2-dkylamino-4,6-diarylpyridine

and 2,4,6-trisubdtituted pyrimidine.



35 SYNTHESIS AND BIOLOGICAL EVALUATION OF COMBINATORIAL
LIBRARY OF NAPHTHALENE SUBSTITUTED CHALCONES

The combinatorid library of chacones by solution phase chemidsry has been
employed for the lead generation of LTB, inhibitor. The approach of two dimensiona
deconvolution screening (posdtiona scanning) is desgned on padld line of previoudy
reported solution phase combinatorid libray by Glaxo® and PFirrung.”™® A smpler
podtional scan is shown as a matrix representation (fig. 4). In this case library is
congtructed in two combinatorial steps (N = 2) from 2 sets, each of 4 and 5 building blocks.
The reaulting library is represented as a two dimensond (2D) matrix with 20 cdls.
Pogtiond scanning of this library involves the divison of the matrix into rows and
columns. In each of the firs four sublibraries a sngle K building block is reacted with a
mixture of the five A building blocks. In another sat of five sublibraries, a sngle A hbuilding
block is reacted with the mixture of a four K building blocks. Here every compound was
prepared twice in the mixtures of different compodtion. Testing dl of the mixtures (nine)
dlows identification of likely active compounds without a need to resynthesse every
compound individudly.
3.5.1 Chemisry
The generd synthetic strategy employed to prepare chacone library was based on the well-
known Claisen-Schmidt condensatior® reection (Scheme 2). A particular advantage of
base catdyzed ClaisenSchmidt reaction is that it tolerates variety of functiond groups
giving rise to large dructura diversty i.e. a large choice for the easly accessble carbonyl
building block desgnated as ‘K’ is avaldble for the reaction with commercidly available

aldehydes designated as ‘A’ (Scheme 2). Under the stipulated reaction conditions, which



Fig. 4: Two Dimensional Matrix Representation:
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ae operationdly smple and did not give rise to any byproducts, moreover it can be easly
and efficiently adopted for the combinatorid synthesis to generate chemicd diversity in one
dep. The products are obtained in quantitative yidds (within experimenta limitations) and
if required can be easly purified to achieve high degree of purity. The required ketones (K1
to K4 wee gyntheszed employing Friedd-Crafts acylation of corresponding 6-
akoxynaphthalene, according to the literature procedure.*®

3.5.2 Library Generation

The library of naphthaene subdtituted chalcones was condructed by carying out al
possible reactions between ketones and adehydes. In order to ensure the creditability of
resction a modd condensation reactions of few individua components was carried out in
order to optimize the reaction conditions. The protocol utilized has been summarized in
Fig. 5. The smdl combinatorid library of 20 chacones (Fig 6) was syntheszed from 4
ketones K1-K4) and 5 adehydes (A1-As) in two sets as 9 combinatoria mixtures K1A1.5---
- K4A15 and Ap-Kq4----- As-K1.4). In the first set each pure ketone (K1 to K4) was reacted
with stochiometric amount of equimolar mixture of adehydes (A1-As), where as in another
st each pure ddehyde (A1 to As) was reacted with oichiometric amount of equimolar
mixture of ketones (K 1-K 4). Although the reectivities of adehydes and ketones aswell as

the reaction rates are different, the reaction conditions employed for the synthesis of
combinatorid library were optimized for the quantitative converson of mixtures of
adehydes and ketones into chalcones. The completion of reactions were monitored by tlc.
The individud compounds of the two combinatorid mixtures, one from each st [K2A15
from set one and AsKi.4 from set two] were synthesized and mode equimolecuar mixtures

(authentic mixtures) were prepared. This was essential to establish that the mixtures were



prepared have nearly equd amounts of the individua components. The HPLC andyss of
both mixtures (i.e. combinatorid as wdl as mode) reveded that the concentration of
anticipated components in the combinatorid mixtures are dmost in the same proportion as
thet of authentic modd mixture,

Fig 5: A Protocol for Library Synthess

Ketone Aldehyde
Reactants K1, Ko,---Ky4 A1, Ao,---As
General
representation of K+A=KA
reaction
Set one St two
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Ka+ A5 = K4A15 As+ Kig=AsK14
As+ Ki.qa=AsK14

v
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Fig. 6: A Combinatorial Library of Naphthalene Substituted Chalcones
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3.5.3 Biological Evaluation

Numerous testing systems and protocols have been used to study 5Lo inhibitors in
different laboratories. Cdl-free and cdlular preparations have been employed as a primary
screens, for In-vitro evaudion.*” The most commonly used cdl-free system is crude
cytosolic fraction from broken RBL-1 (red blood leukocytes) cells*® wherein various

broken neutrophil preparation are adso used. The formation of 5-Lo product is generdly




determined by radioimmunoassay or HPLC or bioassay. Inhibition of reease of 5-Lo
products from intact stimulated leukocytes is another widely used evauation method. Most
commonly the calcium ionophore A23187 is used to stimulate the production and release of
5-HETE and LTB4 by neutrophils. Findly, the method, 5-Lo human whole blood assay
(HWBL) developed by Carter et al*® for he evauation of 5Lo inhibitors has been chosen
as a method of choice mainly because of its versatility and easy accesshility. In this
method the formation of 5-HETE and LTBj, is simulated by ionophore (A23187) and the

amount of LTB, released is determined by Enzyme Immuno Assay (EIA).
3.6 RESULTSAND DISCUSSION

The library mixtures were screened usng Human Whole blood Cdl Assay (HWBL), the
method described by Carter et al.*° All nine mixtures synthesized in two sets were
evauated for their LTB, inhibitory activity at CytoMed, Inc. USA. The results of their
evauation are depicted in Table 4. The % inhibition figures at 30 mM were chosen for
comparison in order to minimize the sastical experimenta error. Two hit combinatoria
mixtures, K 4A1.5 and AzK 1.4, each from one s&t, representing highest LTB, inhibitory
activity were selected. At 30 mM concentration, the highest inhibition in the set one was
shown by the mixture K4A 15 i.e. 31% inhibition, whereas the highest inhibition in the set
two was shown by the mixture AsK 1.4 i.e. 37% inhibition. The other mixtures gave
inggnificant response as compared to the standard inhibitor. These mixtures showed ether

low or no inhibition with



Table 4: Resultsof LTB,4 Inhibitory Activity by HWBL Assay for Combinatorial

Mixtures
Combinatorial % Inhibition of L TB, formation in human whole blood cell assay
mixture
Concentration
1mM 3mM 10 mM 30 mV
SET K1A1.5 -4 -1 2 30
ONE K>A1.5 25 12 15 20
K3A15 13 8 13 26
K4A15 - 10 24 31
SET AiK 14 -6 16 26 19
TWO AK 14 -14 -5 2 8
AszK 14 20 27 25 37
AsK 14 2 12 4 -2
AsKy.4 -1 -5 14 -
Fig7
Highest Activity from Highest Activity from
Set one Set two
K4A15 AszK 14

(31% inhibition & 30 "M )

(37% inhibition & 30 M)

I NO,
- OO
0

K4A3 Lead Compound 1Cso = 18.5mM

_




Table5: Resultsof LTB4 Inhibitory Activity by HWBL Assay for Individual

Compounds
Individual % Inhibition of L TB, Formation in Human Whole Blood Cell Assay
Compounds Concentration

1mM 3mM 10 mM 30 mvi 1Cso
--mM
K4A3 23 25 36 62 185
K1A3 - 3 29 61 224

K>A3 Inggnificant activity
K3A3 - 11 24 29 68.4

rather normad biologica variaions associated with the assay. The two-dimendond
deconvolution andyss of biological evauation indicated the compound KsA; as a lead
compound (as shown in Fig. 7). The compound K4Az, 1-(6-Butoxy-2-ngphthyl)-3-(4-
nitrophenyl)-prop-2-en-1-one, was resynthessed individudly by condensng 6-butoxy-2-
acetonaphthone and 4-nitrobenzaldehyde. The lead compound K4Az was evduated for
LTB, inhibitory activity by HWBL assay. The compound showed 62% inhibition a 30 niv
concentration with an 1Csp of 185 nmM (Table 5). The results of inhibitory assay indicated
that the nitro group in the ddehyde part enhances the activity. To verify this observation of
the role played by the nitro group in the biologicd activity, dl the compounds containing
nitro group i.e. K1As, K>A3 and K3As were synthesized individudly and tested for ther

inhibitory potency. Compound K1As; and K3As were active at 30 mM concentration with



ICs0 values of 22.4 and 68.4 nM respectively (Table 5. Surpriangly the compound K>A3
showed inggnificant activity. This phenomenon indicates that the dectron withdrawing
functiondity in the molecule is vitd for the desred LTB, adtivity. In the nitro subdtituted
compounds the inhibitory potency of ethers with varying chain lengths a the 6" position of
naphthyl ring, the optimum eactivity was exhibited by the compound contaning the n-
butoxy subdtituent (K4As3) as compared to that of compounds containing methoxy (KiAz)
and ethoxy (K2A3) groups. These results are quite pardld to the results obtained in the case
of 6-alkoxy-2-naphthalenecarbohydroxamic acids reported by Sumeers et al®! wherein the

compound with butoxy subgtituent showed more activity as compared to any other akoxy

group.

The above results and discusson reved that the dectron withdrawing functiondity
in the ddehyde pat and long chan eher moiety in the naphthyl pat contributes
ggnificantly towards the LTB, inhibitory activity. Further manipulation of subgtituents,
postion of subgtituents and derivitisation of functiond group with an am to provide better

LTB, inhibitor isin progress.
3.7 SUMMARY

We have successfully desgned and syntheszed a mini combinatorial library of
naphthaene  subdtituted chacones by solution phase chemidry. Two dimensond
deconvolution methodology was adopted for the biologicd testing of  library. The
biologicd evauation of libray mixtures for LTB, inhibitory activity (5-Lo inhibition)
using human whole blood cdl (HWBL) assay provided the lead compound X (6-Butoxy-2-

naphthyl)- 3- (4-nitrophenyl)-prop-2-en-1-one (K4A3) with an 1Cso value of 185 nM as a



leed compound. Further manipulation of lead compound may provide more potent 5-Lo

inhibitors.

Significance of the Work: Severd reports have been published in search of a novel, potent
and dinicdly active 5-Lo inhibitors with structura diversty and huge amount of efforts are
currently going on in the pharma industry to devedop more and more active molecules. In
the present work®® we have exploited the potentid of the hitherto unknown naphtahaene
chdcones and contributed to the ongoing research in this fidd. This information will be
ussful for the researchers in this fidd for the optima desgning of the sad inhibitor.
Smultaneoudy, the versdility of the combinatorid technique has dso been successfully
demondrated for the synthess of these chacones and has thus saved time and human
resources condderably. At this juncture of our project, it is noteworthy to mention that the
combinatorial chemistry has redly provided a lead candidate, which can be further
explored, based on the present results to achieve the god of efficient anti-inflammatory

agents.



3.8 EXPERIMENTAL

Method of Library Preparation:

Stock solutions of 0.5 M of dl individua reactants, ketones K1 to K4) and aldehydes (A
to As), were prepared in methanol (20 mL). Stock solutions (10 mL) of al components
from same reactant i.e. ketones (K1-K4) and ddehydes (A1-As) were mixed separately to
obtain K14 and A1.s. In case of ketones the solutions of mixed components K 1.4 was diluted
to 50 mL with methanol to get 0.1 M of each reactant in solution. Solution (10 mL, 0.5 M)
of individua reactant K or A) and solution of mixed components of other reactant (A1-5 or
K14, 0.1 M, 10 mL) were mixed and agueous NaOH was added (0.5 M, 1 mL). The
reaction mixtures were girred a room temperature for 48 h, concentrated to dryness in
vacuo, neutrdized with 1 N HCL and extracted with chloroform (2 C 40 mL). The
combined organic layers were washed with water, brine and dried over anhydrous sodium

sulphate. Concentration in vacuo furnished gummy or solid products, in quantitative yields.

HPLC Analyss.

The wo representative combinatorial mixtures K,A1.5 and AsK 1.4 were andyzed by HPLC.
The HPLC of combinatorid library mixture was compared with the authentic mixture
prepared by mixing, individudly synthesized, equimolar amounts of compounds present in
the library mixture. For the combinatorid mixture K,A1.5 and AsKi.4 the authentic mixtures
(mode mixtures) were prepared by mixing compounds KA1 to KoAs and AsKq to AsKy
respectively. Both these combinatorid library mixtures showed identicd HPLC profile

when compared to their authentic mixtures prepared in the [aboratory.



1-(6-Butoxy-2-naphthyl)-3-(4-nitr ophenyl)-pr op-2-ene-1-one (K 4A3):

To a dirred solution of 6-butoxy-2-acetonaphthone (Ks, 242 gm, 10 mmol) and p-
nitrobenzadehyde (A1, 1.51 gm, 10 mmol)in methanol (10 mL) was added agueous NaOH
(20 mmol, 2 mL). The reaction mixture was girred a room temperature for 24 h. It was
concentrated to dryness in vacuo, neutralized with 1 N HCL and extracted with chloroform
(2 C 25 mL). The combined organic layer was washed with water, brine and dried over
Na&SO,; and concentration of organic layer in vacuo followed by the gdlica ge column
chromatographic  purification of the reddue furnished the pure compound KjAsz in
Quantitetive yied.

Compounds K2A1 to K2As5 and AsK 1 to AsK 4 were synthesized by anal ogues method.

All the compounds were characterized using *H NMR, Mass and IR spectra and elementd

andyss.

5-Lo Human Whole Blood Assay:

Human blood was collected in heparinised blood collection tubes and diquoted in 1 mL
portion into 1.5 mL microfuge tubes. 5 ni of test compound in DMSO was added to the
blood sample and incubated for 15 minutes a 37 °C. Cdcium ionophore A23187 (in
DMSO, 50 nM find concentration) and the sample were incubated for 30 min. at 37 °C.
The samples were centrifuged (1100 C g, 10 min. a 4 °C) and supernatant was assayed for

LTB4 usng an EIA kit (Cayman Chemicd). All results ae mean of duplicate and in most

cases triplicate determination.
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TABULATED SPECTRAL DATA

S. Structure PMR (d); Mass spectral data
No. (Text Code)
'H NMR (CDCls;, 200 MHz) d 3.90 (s, 3H), 7.15
1
O (d, J =16 Hz, 1H), 7.25-7.60 (m, 9H), 7.70 (d, J
OO ' =8Hz, 1H), 7.85(d, J= 8 Hz, 1H), 7.95 (d, J =
8 Hz, 1H).
K2A1
M S (m/e): 271, 245, 229, 202, 185, 170, 142,
127, 114, 103, 77
'H NMR (CDCls, 200 MHz) d 3.85 (s, 3HO, 3.95
2
(s,3H), 6.90 (d, J=9 Hz, 1H), 7.05(d, J = 16
O Hz, 1H), 7.20-7.55 (m, 6H), 7.60-7.75 (m, 2H),
ooy 7.85(d, J = 8 Hz, 1H), 7.95 (d, J = 8 Hz, 1H).
M S (m/e): 318, 301, 290, 275, 259, 247, 211,
K2A2
185, 161, 142, 133, 121, 101, 89, 77.
'H NMR (CDCls;, 200 MHz) d 3.95 (s, 3H), 7.25
3

Ty

K2A3

(d, J = 16 Hz, 2H), 7.35-7.60 (m, 4H), 7.70 (d, J
= 8 Hz, 2H), 7.88 (d, J = 8 Hz, 1H), 8.00 (d, J =
8 Hz, 1H), 8.25 (d, J = 8 Hz, 2H).

M S (m/e): 333, 316, 290, 274, 259, 228, 215,

197, 170, 157, 142, 127, 114, 102, 76, 63.




'H NMR (CDCls, 200 MHz) d 3.07 (s, 6H), 3.97
(s, 3H), 7.72 (d, J = 8 Hz, 2H), 7.43-7.65 (m,
5H), 7.75-7.95 (m, 3H), 8.10 (d, J = 8 Hz, 1H),
8.50 (s, 1H).

M S (mve):

'H NMR (CDCls;, 200 MHz) d 2.43 (s, 3H), 3.98
(s, 3H), 7.15-7.30 (m, 4H), 7.50-7.75 (m, 3H),
7.75-7.95 (m, 3H), 8.10 (d, J = 8 Hz, 1H), 8.50
(s, 1H).

M S (mve): 302, 287, 274, 259, 243, 231, 211,

197, 185, 170, 158, 145, 127, 115, 91, 77.

'H NMR (CDCls;, 300 MHz) d 6.70 (d, J = 7 Hz,
2H), 7.30-7.75 (m, 6H), 7.75-8.00 (m, 3H), 8.10

(d, J =8 Hz, 1H), 8.20 (d, J = 8 Hz, 1H).

TH NMR (CDCl;, 200 MHz) d 1.37 (t, J = 7 Hz,
3H), 4.25 (g, J = 7 Hz, 2H), 7.20-7.60 (m, 6H),
7.65-7.75 (d, J = 8 Hz, 2H), 7.75-7.90 (m, 2H),
7.95 (d, J =8 Hz, 1H), 8.25 (d, J = 8 Hz, 1H).

M S (m/e): 347, 330, 318, 290, 272, 255, 244,

226, 215, 183, 171, 155, 127, 115, 89, 63.

TH NMR (CDCls, 200 MHz) d 0.85 (t, J = 7 Hz,




3H), 1.25-1.50 (m, 2H), 1.55-1.85 (m, 2H), 4.14
(t, J =7 Hz, 2H), 7.15-7.55 (m, 5H), 7.60-7.90
(m, 4H), 7.95 (d, J = 8 Hz, 1H), 8.14 (d, J=8
Hz, 1H), 8.22 (d, J = 8 Hz, 1H).

M S (m/e): 375, 318, 291, 270, 255, 244, 227,
215, 197, 183, 170, 142, 126, 115, 102, 89, 71,

63.
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