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ABBREVIATIONSACRONYMS

AcOH : Acetic acid

Ac : Acetyl

Ac0 : Acdtic anhydride

AIBN : Azobis isobutyronitrile

Bn : Butyloxy carboxyl

BOC : Benzyl

DCM : Dichloromethane

DIBAL-H : Diisobutylduminium hydride
DIPT : Diisopropy! tartarate
DMSO : Dimethyl sulfoxide

DMAP : 4-(Dimethylamino pyridine
DMF : Dimethylformamide

EtOH : Ethanol

Et : Ethyl

EtOAC : Ethyl acetate

IDCP : lodonium di-(S-callidine) perchlorate
LAH : Lithium aunimium hydride
MeOH : Methanol

mCPBA : meta-chloroperbenzoic acid
NMO : 4-Methylmorpholine N-oxide
Ph : Phenyl

Py : Pyridine

PTSA : para-toluenesulfonic acid
TBS ; tert-butyldimethyl Syl
TBDPS : tert-butyldiphenylsilyl
TBHP : tert-butylhydroperoxide
TMSBr : Trimethylslyl bromide

TBAF : Tetrabutylammonium fluoride



THF
TFA
TFAA
TPP
Ts

Tetrahydro furan
Trifluoroacetic acid
Trifluoroacetic anhydride
Triphenylphosphine
Tosyl



GENERAL REMARKS

1 NMR spectra were recorded on Vaian Gemini 200 ingrument in ppm. IR spectra were
recorded on Schimadazu IR-470 and PerkinElmer 283b instruments messured in cmi'.
Mass spectra were recorded on Finnigan Ma 1210 spectrometer under Electron Impact (El)
or Chemicd lonisation (Cl) condition. FABMS were recorded on VG Autospec (M series).
Mdting points determined on Fshe-Johns mdting point goparatus and ae uncorrected.
Opticd rotations were measured on TASCO DIP-300 instrument.

2. All reactions were monitored by Thin Layer Chromatogrgphy (TLC) caried out on 0.25
mm E. Meck dlica gd plaes (60F254) with UV light, |2 and a-ngpthd (or) anisddehyde-
heat as devdoping agents Acme India slica gd (60-120 mesh) was used for column
chromatography.

3. All reactions were caried out under nitrogen amosphere with dry, freshly didilled solvents
under anhydrous conditions unless othewise noted.  Yidds refer to chromeatographicaly
and spectroscopicaly  homogeneous materids unless otherwise dated. Organic  extracts
were dried over sodium sulfate unless otherwise mentioned.

4. All solvents and reagents were dried utilizing standard techniques.  All evaporations were
done on Buchi rotary evaporator under reduced pressure below 40°C.
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ABSTRACT
The thess entitted “Studies directed toward the syntheses of & C-D-Glucosphingosine
cdlipdtose and CMI-546" is divided into three chepters The first chepter deds with the
gynthess of & C-D-glucosphingosine, where as second chepter describes the synthess of

cdlipdtose and third chapter deals with the synthesis of CMI1-546.

CHAPTER —I

NEW SYNTHES S OF a -C-D-GLUCOSPHINGOS NE DERIVATIVE

Glycogphingosne (1) and ther dihydroderivetives (2) are of immense importance as
they are present on mamnmdian tissues and show &bility to be involved numerous physologica
functions, mogt importantly in trangmembrane dgndling. a-Gadactosyl ceramide gtructures
namdy agdaspins (3) from maine sponge agelas-mauritianus ae recognized as potentid

antitumor and immunogtimulant agents. Surprisingly, b anomers of agelaspins are inactive.

X _oH X _oH
o}
Y NH, Y ° NH,
HO o) A A (CHZ)].ZCH3 HO o} S (CH2)14CH3
O s \/\‘/
1 OH 5 OH
Y=H, X=0H

OH

o) OH
HO
HO HO NHAC
TG NHCO(CH,),,CH, HO x\/\‘/\/ (CH,);,CH,

O\/\l/(CHZ)BCH3 HO
OH

) OH
Agelaspins (3) 4 X=0,NH, S

In order to undertand the mode of action of glycosphingdlipids, many N- and S

glycosyl analogues and aso of carbasugars @) were syntheszed and ested. However, to our
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knowledge, no atempt has yet been made to prepare C-glycospingosne such as 5 having C-
glycosde residue. Thee andogues possessing nonrhydrolyssble (metabolicdly stable)  C-
glycosde unit will be interesting and useful products snce many C-glycosdes are recognized
as glycosdase inhibitors. In this background we put forward for a sereocontrolled synthess of

&-C-D-glucogphingosine (5) as a generd dtrategy for these novel compounds,

(CH,),,CH,

5 NHBOC

The synthess of 5 was dated with 3(2,34,6 -tetraO-benzyla-C-D-
olucopyranosyl)-1-propene (6) which was obtained from glucosepentaecetate by the procedure
known in literature. Subsequent oxidative cdeavage of the double bond usng OSO,-NMO-
Po(OAC)s fumished the addehyde which was treated with PReP=CHCO:Et in CH:Cl2 to afford

(B)-a, brunsaturated ester (7). Reduction of ester 7 with DIBAL-H a -78 °C fdlowed by

Sharpless asymmetric epoxidation using (-)-DIPT asachird ligand afforded the epoxide 9.

Scheme-1
OBn OBn OBn
o O (0]
BnO BnO BnO
—_— —_—
BnO BnO BnO
BnO BnO BnO
OEt OH
6 7 lo) 8
OBn OBn
(e}
BnO
BnO
BnO

o
BnO
BnO
BnO N,
OH
OH

11
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Our next endeavour was to regiosdectively open the epoxide ring with azide The
epoxide was trested with NaN3; and NH,C to give 1,2dd (10) and the corresponding 1,3-did

(11) (Scheme-l).

Protection of primary hydroxyl group in 10 asits TBS ether and adjacent secondary hyd-
roxyl group as benzyl ether followed by removd of TBS group with TBAF gave the compound

14 (Scheme-2).

Scheme-2

BnO
BnO

OTBDPS

BnO
BnO

Swen oxidation of 14 followed by Wittig reection with ylide generated in Stu from
PhsP*(CH)1,CH3Br” and n-BuLi & —78 °C gave a mixture of E,Z-olefins (15), the predominant
being the Z-olefin. Sdective reduction of azido group with PisP-H2O gave the amine 16 which
was then converted into the NBOC derivative 17. Catdytic reduction of 17 over 10 % Pd-C &
room temperaiure and baoon pressure reduced the olefin and concurrently cleaved the benzyl
groups to give 5. The dructure of target molecule (5), was unambiguoudy esteblished, by

converting as penta-acetyl derivative (18) (Scheme-3).



BnO
BnO

(CH,),,CH,

BnO
BnO

(CH,),,CH,

(CH,),,CH,
NHR NHBOC

(Z/E)16 R=H 5 R=H
(Z/E) 17 R=BOC 18 R=Ac

CHAPTER-I |

SYNTHESS OF CALLIPELTOSE: AN UNUSUAL AMINODEOXY SUGAR

COMPONENT OF CYTOTOXIC MACROLIDE CALLIPELTOSIDE-A

Cdlipdtosde A (1) is a gycoddic macrolide isolated from the shdlow water lithisted
soonge, callipata Sp. It is found to inhibit in vitro proliferation of KB and P 388 cdls as to
protect from infection by HIV virus Undoubtedly the unusuad dSructurd parameters coupled
with cytotoxic activity mede cdlipdtosde A, a meaningful target for synthess As a pat of
our dudies on the totd synthess of cdlipdtosde A, we now dexribe the synthess of
cdlipdtose (2), as its methyl glycosde derivaive 20, which is present on the man dructurd

backbone of callipdtosideA (1).



Callipeltoside A (1) 2 20

We began synthesis of methyl cdlipdtosde (20) dating from D-mannose. DMannose
was conveted to  3-O-benzyl-46-O-benzylidene-2-O-methyl-a -D-mannopyranosde  derivative

(8) asshown in scheme-1.

Scheme-1
HO OH HO OH Ph/ro OH
~0 ~0 —0
HO HO > O
> E—
HO HO HO
OH OMe OMe
3 4 5

—

(@] @) O
—_— —_—
O\ / BnO BnO
Sn OMe
Bu Bu

OMe OMe

Ph/wo Ph/YO OH Ph/TO OMe
o o \ -0

6 7 8
Cleavage of benzylidene group of compound 8 in the presence of 80 % acetic acid
folowed by sdective tosylaion of primary hydroxyl group of 9 with TsCl-Py gave the 6-O-
tosyl derivaive 10. Reduction of 10 with LiAlHs-THF under reflux provided 6-deoxy product
11. In order to introduce the aminogroup a& C-4, compound 11 was oxidized with (CF;CO)0O-

DMSO ad EtsN a —-78 °C to gve 4-ulose derivaive 12. Compound 12 was immediady
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treated with excess of NH,OH in methanol & room temperaure for 18 h to afford the oxime
13. Stereosdective reduction 13 with LiAIH, in THF followed by protection of amino group
with ethyl chloroformeate furnished the carbamate derivaive 15. The Dtdo configuration of 15
was assigned by the 'H NMR spectrum in which the characteristic coupling constant 3.4 = Jis

= 3.3 Hz was obsarved. The G4 isomeaic D-mannose derivative could not be detected in the

"HNMR spectrum (Scheme-2).
Scheme-2
Ph/TO OMe HO oMme TsO OMe
o) o)
o —0 HO - HO -
—_ = _— —_
BnO BnO BnO
OMe OMe OMe
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HO 0 —~0 ~0

—_— " —_—
BnO BnO BnO
OMe OMe OMe
11 12 13
NH, e EtO,CNH  Sue
-0 _-O
—_—
BnO BnO
14 OMe 15 OMe

Our next am was to introduce an exo-methylene graip a C-3 podtion. The benzyl
group in compound 15 was firg removed by hydrogenolyss over 10 % Pd-C to aford 16.
Subseguent oxidation of 16 to keto derivative (17) followed by reaction with PRP"CH3l-n-
BuLi in THF provided 18. The iodolactonisstion of 18 was peformed in the presence of
iodonium dicdlidine perchlorate in CHClz to give the iododerivetive 19. Reductive

deiodingtion of 19 with BusSH-AIBN in refluxing toluene furnished the methyl glycosde of
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cdlipdtose 20 whose sructure was supported by the H NMR and high resoluion mass

spectrdl data [m/z. 232.1174 (M *+1)] (Scheme-3).

Scheme-3
EtO,CNH OMe EO.CNH 5 pe EIO,CNH 56
_0 _0 _0
—_— —_— —_—
BnO HO
OMe OMe o OMe
15 16 17
H H
EIO,CNH N OMe N OMe
: _—
O (@]
OMe | OMe OMe
18 19 20
CHAPTER - 111

SYNTHESIS OF CMI-546: A POTENT PAF-RECEPTOR ANTAGONIST

Padet activating factor is a potent inflammatory phospholipid medigtor with a wide
vaidy of biologicd activities It dso gopeas to play a role in pahologicd immune and
inflammatory responses.  Many published dudies have provided evidence for the involvement
of PAF in humen diseeses induding athritis acute inflammetion, asthma, endotoxic, shock,
pan psorieds  opthamdic  inflammation, ischemia gedrointestind,  ulceration,  mycocordid
infarction, inflammatory bowd diseeses, and acute respiraory didress syndrome. Lignans of
the 25-diaryltetrahydrofuran series were identified as competitive PAF receptor antagonids.
The compound endowed with 25trans junction diayl dereochemicd rdationship, exhibited
excdlent activity profile than thet of cis-isomer.

Recently, the trans-2-[ 3-(3-(N -butyl-N -hydroxyuridyl)propoxy)-4-propoxy-5-

propylsulfonylphenyl] -5-(34,5-trimethoxyphenyl ) tetrahydrofuran (CM 1-546) was identified
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and developed as a potent 5-LO inhibitor and PAF receptor antagonist thereby adjudicating as
the curator of chronic athma  The compound is now undergoing human dinicd trids as anti-
inflammeatory agent.

OH

Hoo |
MeO e o _~_N N~
0 T
O
MeO o "
OMe OZS\/\

CMI-546 (1)

The molecule having spectacular pharmacologicd and  pharmacodynamic  properties
and evriched with rich functiondity and complexity poses copious atention to every synthetic
chemig and hence our synthetic endavour to capitulae the totd synthess in economicdly

viable fashion.

This chepter precisdly describes the synthess of CMI-546 (1) dating from 34-
dihydroxybenzddehyde. The compound 5 was obtained from 34-dihydroxy benzadehyde as
given in scheme-l. The compound 5 was converted into gketoester (6) by using conditions
described by Stettere et al. The ketoester was reduced with sodium borohydride in ethanol to
aford a mixture of ghydroxyester (7) and iodolactone (8). This mixture was converted into
iodolactone 8 exdusively by tresting with PTSA in DCM.

Converson of iodide in compound 8 to propyl sulfide 9 and oxidaion of sufide to
aulfone gave the compound 10. The dlyl acgtd 12 was obtained by reduction of lactone 10 to
lacta with DIBAL-H followed by protection with TBDMSCl. Exposure of the slyl acetd
with TMSBr in DCM a -78 °C followed by the addtion of 3, 4, S-trimethoxyphenyl
magnesum bromide produced (%) trans-25 disubdituted tetrahydrofuran derivative 13

(Scheme-1).



Scheme-1
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13
The removd of benzyl group from 13 folowed by O-dkylaion with N-(-3-

bromopropyl)phthaimide gave compound 15. The phthdimide group in 15 was removed with
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hydrazine monohydraete to produce an amine 16 which on trestment with triphosgene and N-
(O-benzyl) butylamine furnished the compound 17. The CMI-546 (1) was obtaned by

removd of benzyl group from compound 17 (Scheme-2).
Scheme-2
MeO OBn MeO OH
\ O \ O e
MeO o MeO o
OMe OZS\/\

OMe OZS\/\
13 14

MeO o O NN MeO O NN,
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0 T _ o 1(
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Ove OS A~ One OS N

1 CMI546 (1)
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INTRODUCTION:

In this introductory section, the chemidry and biology of glycosphingolipids will be
deliberated incorpordting the structurd  fedtures, biological  functions, physiological  disorders
and dructurd amplifications in detal. Glycosphingolipids are a class of naturaly occurring
bioactive compounds usudly embedded in the membrane of dl animd cdls and in some plant
cdls  Glycogphingdlipids® consst of three characteristic building block components : one of
gpohingosne (or one of its derivatives) and one molecule of a faty acid with carbohydrate
resdues of vaying complexity as ther pola head groups Sohingosne itsdf is a

nonglycosylated longchain amino acohal (Fgure-1).

1 arbohydrate
Lysosphingolipid—=---------- T ....... OH
Sphingosine O
Ceramide * NH

Figure-1: Generic structure of Glycosphingdipid

The amino group of the sphingoid base is atached to a long chain faity acyl group (that
can be sauraed (or) monounsaturated depending on different factors, such as, cdl type diet,
or age) to form ceramide.  While the ceramide moiety is located in the membrane lipid bilayer,
the saccharide head group extends out from the plasma membrane surface to the extracdlular
soace.  The sugar resdue in glycoddic linkage (dways b) to the ceramide is ether glucose (or)
gdactose, with glucose the more prevdent. The most complex sphingolipids are the
olycosphingalipids, which indude neutrd lipids containing from one (cerebrosides) to 20 (or)
more glucose units and acidic glycosphingolipids contianing one (or) more sdic add resdues

(gangliogdes) or sulfate estes (sulfatides).
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Severd dases of glycosphingolipids with different carbohydrate core sructures have
been characterized. Subdtitution of these core dructures gives rise to glycosphingoplipids with
a high degree of vaidion in the calohydrae moiety. Glycosphingolipids are dassfied
according to their carbohydate components.  These complex lipids can be divided into two
mgor groups neutrd and ecidic. Cerebroddes are the smplest glycosphingolipids and consst
of sphingosing, afatty acid resdue, and asingle monosaccharide polar head group.

More complex neutrd  glycosphingolipids have unbranched (or)  branched
oligosaccharide heed groups containing upto 20 sugar resdues  Acidic glycosphingdlipids are
aulfatides (or) ganglioddes.  Ganglioddes have a dmilar basc dructure to the neutrd
glycosphingolipids but are differentiated from eech other by the fety acid resdue they contain
and the ddylaed oligossccharides which comprise the polar head group. Over 100
ganglioddes have been identified sofar. Gangliosdes are found in dl vetibrae cdls but are
highly enriched in nervous tissues They have condderable physologicd and medicd
sgnificance.

BIOFUNCTIONAL ROLE OF GSLs:

Snce the monodond antibody (MAb) aoproach was introduced in tumor immunology
and devdopmentd biology, a surprisngly lage number of tumor assodaed (or)
devdopmentaly regulated antigens have been identified as glycosphingolipids®>.  GSLs may
sarve as receptors for vird and bacterid toxins, and microbid infections may be mediated by
interection of odlular GSLs with microbid membrane lectins often providing the internd
domain of the CHO chain of GSL as primary binding epitope.  During the past decade studies
on two other categories of GSL function have evolved: (i) modulators of transmembrane sgnd
transducers, resulting in regulation of cdl proliferation (i) mediators for cdl- cdl (or) cdl

substratum recognition.
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The concept that membrane gangliosdes may regulate cdl growth has developed
dowly during the past two decades based initidly on changes in GSL synthess associated
with oncogenic trandormation, cdl cyde and “contact inhibition of” cdl growth. GSLs have
the amphipathic property that they are cgpable of being incorporaed into cdlular membrane
when oxogenoudy added; thus the cdls display new antigenicity and growth behaviour. This
gpproach has extengvely been used in order to identify the function of specific GSLs.
GLYCOSPHINGOLIPIDSASRECEPTORSFOR CELLULAR INTERACTION:

The hypothesis that gangliosides act as receptors for bacterid toxins and hormones was
proposed based on obsarved interactions between gangliosdes and these bioactive factors.
Specificities of the interactions between bioactive factors and GSLs were obscure, and the
physologica sgnificance of these interactions remains unknown. Even in the case of cholera
toxin, whose binding spedficity to Gy, has been best chaacterized, there is no strong
evidence that Gy, redly plays a role in the pahogeness of cholera Intestind epithdid cdls
are the initid targets of cholera toxin, but Gui, is absent in these cdls. A clear picture has
emaged of the interactions of GSLs with microorganiams (paticulaly a large variety of
bacteria), strengthening the posshility that GSLs may act as receptors in microbid infections.
A number of microorganisms may have specific lectins thet recognize specific sugar residues
in hog cdl GSLs In many cases recognition is directed toward an internd sugar chan moigty
rather than terminal structure,

The a priori fact that dramatic changes in GSL compodtion are cdosdy corrdated with
changes in cdl recognition during ontogenesis and oncogenesis suggests that GSLs function as
receptor Stes in cdl-cdl recognition.  In support of this concept, there is evidence that GSLs
(or) corresponding oligosaccharide sequences,  particularly  multivdlent  synthetic - compounds,
block codl-cdl recognition, an essentid sep during embryogeness and  morphogeness.

Naurdly, cdl suface proteins interacting with specific CHO sequences of GSLs have
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received grest atention, i.e. glycosyltransferases, hydrolases, and lectins. Particular interest
was aroused, some time ago, by the possble presence of cdl surface glycosyltransferase as cell
recognition Ste. However, in the mgority of cdls, locdization of glycosyltranderases appears
to be redricted to the golgi membrane as evidenced by application of monodond antibodies
(mAb) to glycosyl- trandferases.  Lopez and Shur, however, provided evidence that b-
Gd tranderase is located in the sperm cdl surface and possbly has some function in cdl
recognition during fertilization.

Smilaly, suface expresson of endogenous lectins in the mgority of animd cdl is
limited, except in the cases of the hepatocyte receptor that recognizes serum asidoglycoprotein
(Ashwel receptor), the gdactose binding lectin highly expressed & meanoma and other tumor
cdl sufaces and the recently discovered leukocyte adhesion receptor. The sequence
homologies with anima lectins have been found in a few receptors (known as LECCAM (or)
selection family) involved in leukocyte adhesion to endothelia cells (or) matrices™.
GLYCOSPHINGOLIPID STORAGE DISORDERS:

Glycosphingolipids are known to involve in various lipid storage disorders® These
results from the inheritance of defects in the genes encoding catabolic enzymes (which are then
impared) required for the sequentid breskdown of the glycdlipids within lysosomes  The
thergpeutic options for the treatment of these disorders are very limited. Currently, only the
nonneuronopathic form of Gaucher's disease, a condition characterized by glucocerebrolidase
deficiency, which occurs a high frequency in Ashkenazi Jews, is being successfully treated
udng ewzyme-replacement thergpy. However, the use of gpecific inhibitors glycosphingolipid
biosynthess to reduce ther levels in cdls is one goproach which may be generdly applicable
to treting dorage disorders.  This might then dlow the impared enzymes to catabolize fully
the reduced leveds of glycosphingolipids thus preventing their accumulation. One example of

this has recently been shown usng NB-DNJ which in addition to being an a-glucosdase | and
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[l inhibitor, is dso a potent inhibitor of gycosphingolipid biosynthess  This compound
inhibits the initid monosaccharide atachment and 0 this approach may be useful in dl
glycosphingolipid  dorage  disorders. Interegtingly, the glactose andogue  N-butyl
deoxygdactongjinimycin  (NB-DGJ) was found to inhibit glycosphingolipid biosynthess.  This
isamore seective compound in that unlike NB-DNJ it does not inhibit thea -gaactosi dases.

Clealy the ability to manipulate glycoproten and glycolipid biosynthetic  pathways
usng spedific glycosyltranderases and glycosdase inhibitor has enormous potentid.  In this
way, the roles of glycdlipids in aress such as neurond and embryonic development can dso be
investigated aswell as their roles in adhesion processes and tumor metasis.

SPHINGOS NES AND THEIR BIOLOGICAL EFFECTS

Spohingosne 1 was firg isolated in 1834 by Thudichum as a waxy undable substance
obtained from the hydrolysate of a lipid fraction of brain tissue®. Sphingosines are long chain
amino dcohols found in the hydrophobic maiety of glycosphingalipids and sphingomyeins.

H

HoW/\/\/\

NH
2 1

nQ

Sphingosines were found to inhibit a number of celuar functions®™  In human
plades sphingosne inhibited secondary aggregation and secretion in regonse to  vaious
platdlet activators, but did not effect the initid response (or) shgpe change.  Inhibition of
plade function was accompanied by inhibition of phorbol dibutyrae binding and by
inhibition of protein kinase C adivaiion by endogenous diacylglycerals In  neutrophils,
gohingosne inhibited phorbol ester binding, the induction of superoxide generdtion, and the
seoretion of gpecific but not azurophilic granules.  Sphingosine adso inhibited the synthess of
pladet activating factor and leukotriene LTB,. Likewise gphingosne inhibited the

differentiation of HL-60 cdls in response to phorbol 12-myristate 13-acetaie, inhibited neurite
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outgrowth in PG12 cdls in response to nerve growth factor, and inhibited insulin-gimulated
upteke of 2-deoxyglycose in 3T3-L1 fibroblads In A431 cdls, sphingosne inhibited the
phosphorylation and affinity changes of the epidema growth factor (EGF) receptor in
reponse to phorobol eders  In addition, sphingosne led to sdective enhancement of
phosphorylation of the EGF receptor & dtes known not to be direct substrates for protein
kinee C. In $49 lymphoma cdls, sphingosine inhibited the trandocation of protein kinese C

in response to phorbol myristate acetate.

In vitro studies of the dructure activity rdaion ship of sphingosne that would idedly
influence inhibition of protein kinese C requires the hydrophobic character and the postively
chaged amine.  Sphingosne, N-methyl sphingosne, 3-ketosphingosne, and dearylamine dl
inhibit, wheress ceramide, N-acetyl sphingosine short chain sphingosnes with fewer than 11
cabons are inactive as inhibitors Similar dructure activity relations were obsarved in intact
odls  Sphingosine, but not N-acetyl sphingosine, inhibited protein kinese C  activity and
phorbal binding in humen plades HL-60 cdls and neutrophils.  Sudies with sphingosine
andogs having vaidble chain lengths showed that the 18-carbon molecule had optimd cdlular
and in vitro activity and that both shorter and longer chain anadloges showed progressively less
adtivity.

Snce gsphingosne lysosphingolipids and  dructurd  andogs are  potentidly  sdective
inhibitors of protein kinase C, they may sarve as important pharmacologicd tools to dissect the
role and function of proten kinese C in different cel sysems and to develop agents that can
sectivdy prevent the effects of tumor promotors by inhibiting ther effects on protein kinase
C. The sphingosine dructurd unit common to dmogt dl sphingadlipids in eukaryatic cdls, is
an amino dooha D-erythro sphingosne [(2S 3R, 4E)-2-amino-3-hydroxyoctadec-4-ene-1-0l]

with two asymmetric carbons and can exig in four dereoisomers.  Comparison of the four
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derecisomers (Figure-2) shows that dl have gpproximately the same potency as the inhibitors

of PKC in vitro, with dight preference for L-threo-gphingosine (2S, 3S). A yet another isomer

R R
Vi
OH " OH
HO NH, HO :NHZ
D - erythro (i) L - erythro (ii) D - threo (iii)

7 R

OH
HO NH,

D - erythro - cis (v)

L - threo (iv)

Figure-2
of the D-erythro-gphingosine with a cis-double bond ingtead of the trans-double bond between

C4-Cs was also found to be hlf asinhibitory’.
CHART

Effect of long-chain bases on PKC activity in vitro

Sterecisomer of sphingosines Structure Cufor 50% inhibition
invitroin md%
D-erythro () 28
L-Erythro (i) 33
D-Threo (iii) 28
L-Threo (iv) 22
D-Erythrods ) 70

In addition to D-erythro-sphingosine there are over 60 other sphingoid base dructures

found dsewhere in nature®.  Phytosphingosines 2 condtitute the mgor base component of
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higher plants protozoa, yees and fungi, and have dso been found in human kidney

cerebrosides, and in some cancer cdll types'.

anQ

H
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Because of the multifarious role exeted by phingosnes and ther derivatives
glycosphingdlipids, ceramides and cerebrosdes, there is an increesng demand for these
compounds for biologicd <dudies and pharmeceutical  goplications.  Synthetic  chemids have
turned up with equd tenor to execute the synthesis of these compounds of type over the five
dacades, using degant tactics and strategies with up-to-dated chemistries®
NATURAL GLYCOSPHINGOLIPIDS.

The firg recognition of GSLs in vaigy of marine invertebraes came in ealy
1970's. Severd types of & Gdcas have been isolated from marine organisms and organ
tissues. Gacer 3 was identified as essentid components of neurd receptor for type 1 human
immunodeficdiency  (HIV) surface  glycoprotein®.  &Galactosyl  ceramide  structures  namely

agdlagpins 4 from marine sponge agel asmauritianus are recognised as patentid antitumor and

OH

I;lHCO(CHZ)17CH3 N)k/\(CHz)zoCHs

(CH2)13 HO (CH2)1,CHy
HO

immunosimulant agents'®.  Surprisingly, b-anomers of agdaspins are inactive. Vaious GSLs
have been isolaed from different types of sponges such as Agelas dispar, clathrods, agelas

confera and Alongissma™.
Two novd lysophingolipids plasmdopsychosnes 5 and 6  possessng  inhibitory

protein kinese C activity were found in humaen brain. Plasmaopsychosnes 5 and 6 were
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dructurdly identified as conjugates of “plasmds’ (long chain diphatic ddehydes) with
gdactose residue of psychosne 7 through 34 and 4,6 cydic acetd linkages respectively™

(CH,),,CH,

(@] OH J\

O ? °
H3C(CH2)14< NH, o

o) o~ X (CH,),,CH, NH,
Ho \/Y\/ HO O A (CH,),,CH,
OH HO \/\l/\/
5 OH
6
OH _oH
(@]
NH,
HO&/O X Xy~ (CH,)1,CHg
o \/\l/\/
OH
7
The new cerebrosdes, asterocerebrosdes 8 have been isolaed from gafish Asterina
pectinifera®®.
OH
OH Oﬁ/\R
e}

HO NH  oH
HO o A A 1
o \/\(\R

OH
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Ingpite of the wide range of biologicd functions exhibited by glycosphingolipids, they
ae attudly rdaivdy scae and difficult to obtan in homogeneous form from hbiologica
sources. Because of this scarcity and difficulty of isolation, the synthess of isomericaly pure
glycogphingalipids™ and their andlogues is necessary inorder to explore the functions of these
compounds in biologicd systems.
ANALOGUESOF GSLs

The extensve hiologicd role played by GS.s usurped the medicind community to
prepare sevard andogues to understand the mechanisms of GSL-rdaed disorders. In this

direction severd dasses of glycosphingolipid andogues were prepared, manly, aza, thia and
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caba vaiant of O-gycosides For example, Hassgawa et a'. have synthesized severd
gagliosde andogues containing  &-thioglycogdicaly linked ceramide 9 snce seved
gagliosde andogues containing &thioglycosdes of gdic add ae potet inhibitors of
Sdidase activities of different types influenza viruses Thomas Ba and RRSchmidt’® have

reported the synthesis of &L actosyl 1-thioceramide 10.

1
l
COOR’
RO"
AcHN (CH2)12CH

OR OR

OR
o . JV(CH2)13CH
w ; (CH2)11CH

10 R=H, Ac

Andogues with carbocycles ingead of carbohydrates, carying N- and S glycosyl
acceptors were dso synthesized and tested which were shown to be the potent and specific &

D-glucocerebrosidase inhibitors™”.

OH HO

)J\ i
CH,),,CH, )J\
( 2)id HO HN (CH,),,CH,
(CH2)12 H, H X
HO o \/\l/\/(CHZ)MCHE)

OH
11X =0, NH, S 12
C-GLYCOSDES

The potetid of peptide O-glycoconjugates as thergpeutic agents has attracted great

atention by virtue of the improved ectivity and bicavalability of peptidyl drugs To combine
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these features with an incressed metabolic Sability, it was planned to replace oxygen atom of
glycosdic linkage with methylene group. These isoders are precious tools for the dudies at
molecular level of the role tha carbohydrates play in numerous biologicd processes and for
the explorative work in drug discovery™. The problem has been aldressed by the development
of syntheticdly ussful drategies for the synthesis of C-glycosylaed a-aminoacid subunit to be
incorporated into  pharmecologicdly active peptides  Thus for example b-Ga-Ser (13) was
synthesized by Bednarski.

OR  OR

RO
RO

FmocHN CO,H
13

Aimed a increesng the meabolic dability of the gonedodropin-rdessng hormone
agang Buserdin, a nonapeptide developed by Hoechdt, Keder and his colleegues prepared C-
a-D-gdctosylaed danine derivaive 14. The C-glycosylaed GnRH agonist festured with
increesed waer olubility and proved to be more active than the naturd GnRH. The
corresponding sugar andogue 1-C-(a-D-glucopyranosyl)-D-danine 15 was prepared by Gurjar

through a three carbon stereosd ective homologation of peracetyl glucose a anomeric centre,

OAc OAcC OAc
(o) (e}
AcO
AcO AcO -
AcO c
., ~CO,Bn w,, ~CO,BN
14 r 15 r
NH NH

2 2
Cabon oligosaccharides ae a dass of non-naturd  andogues of  oligosaccharides
wherein the interglycosdic oxygen bridge is replaced by a methylene linker. In a broeder

context this subclass ds0 indudes examples in which the monosaccharide units are connected



22
ether directly (or) by way of more extended carbon linkes ~ This novd dass of
pseudocarbohydrates the fird example 16 was reported in 1983 by Snay is of condderable

interest and has attracted wide attention as result of its biologica and sructurd sgnificance.

HO 0. OMe
HO O,
OH

' OH
HO OH
OH
16

Among the various approaches culminating in the syntheses of wel-defined C-
oligosaccharides, draegies based on  gdereocontrolled  connection  of  suitably  preformed

monosaccharides congtitute the avenue of choice for anumber of research groups.

R R Schmidt and co-workers™ reported the C-Gaactosyl ceramide 17 which shows
carbon-carbon bond between the two monosaccharide moities while the naturd  O-glycosdic

linkage dtill holds the ceramide.

OH

O
OH
HO (e} HN)J\/(CHZ)]'?’CHS
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PRESENT WORK:

From the preceeding lines it is gpparent that glycosphingosnes are biologicaly active
compounds. One of the limitations of these compounds is the presence of O-glycoddic bond
which hydrolyses under physologicd conditions This characterigtic problem is associaed
with oligosaccharides, O-glycopeptides etc. In order to overcome such difficulty, scientigs
have initisted preparing C-glycoddes (C;-O bond is replaced with C;-C). The presence of C-C
bond a the anomeric carbon makes these molecules ressant to hydrolyss. Many C-
olycopeptides have been synthesized and evduaed as glycosdase inhibitors. Although many
syntheses of sphingosines are reported, no atempt has yet been made to prepare C-gphingosine
derivatives. It is bdieved tha & C-D-glucosphingosine such as 18 will be useful as bioactive

materials because of the presence of nonhydrolysable C-C bond.

(CHy)1,CH,

18 NHBOC

The retrosynthetic andyss of 18 (Scheme-1) clearly demondrates that the synthess of
Sde-chain containing two chird centers is mogt critical phenomenon. C-Allyl gycosde 22 is a
known and obtaneble in high yidds The two cabon homologation, Sharpless epoxidaion
should provide 27 which in turn could be daboraied to 18 by regiosdective epoxide (27)

opening with azide and dongation of sde chain through Wittig reacti on.
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The glucose-pentaacetate (19) was trested with dlyltrimethylslane and BFs.Et;O in dry
CH:CN under reflux to give 3(2,3.4,6 -tetraO-acetyl-a-C-D-glucogoyranosyl)-1-propene
(20) in 43 % vyidd®. Zemplen descetyldtion of 20 in the presence of methandlic sodium
methoxide gave the tetrol 21 which was subjected to benzylaion usng excess of both sodium
hydride and benzyl bromide to give the tetrdbenzylae 22 in 95 % yidd (Scheme-2). The
sructure of 22 was confirmed by comparison of H-NMR, opticd rotation and mp data with

reported values?.
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Scheme-2
OAc OAc
o SiMe o)
AcO /\/ ’ AcO
AcO OAC BF,Et,0 CHCN  AcO
AcO reflux, 8h AcO
19 20

OR
(o]
1) NaOMe, MeOH, 15 min RO
2) NaH, BnBr, DMF,0°C to RT RO
21 R=H
22 R=Bn

Subsequent deavage of double bond in 22 in two steps by using OsO+NMO-Pb(OAC)4
furnished the ddehyde 24 which was treated with PhsP=CHCOEt in CHCl, to afford the
(E) a b-unsaturated ester 25 (Scheme-3). The E-stereochemistry of 25 was ensured by its™H-

NM Rspecturm in which characterigtic coupling constant (J = 15 Hz) was observed for olefinic

Scheme-3
OBn OBn
O, (0]
BnO 0s0O,,NMO BnO Pb(OAc),, CH.
BnO MeCOMe-H,0 BnO 70°C, 0.5h
BnO RT, 12h BnO

OH

22 23 OH

OBn
OBn ) o
B0 O BnO
- Ph,P=CHCOO,Et BnO
o0 CH,Cl,, RT, 3h BnO
H
OEt
e}
25 o)

24
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protons. The *H-NMR of 25 showed a doublet ( J = 15 Hz) a 5.87 ppm and a doublet of triplet
(J=75Hz 15 Hz ) a 690 ppm due to olefinic protons The methyl group of COOCH,CH3
appeared as a triplet & 1.27 ppm while methylene group of CH>C=) was observed as a triplet
a 2.62 ppm. The rest of the protons appeared a their expected chemicd shifts.

The ab-unsaturated ester 25 was reduced with DIBAL-H a& —78 °C to dford the dlyl
doohol 26 in 56 % yidd whose '"H NMR spectrum reveded the doublet & 3.95 ppm due to
methylene protons.The two olefinic protons gopeared as a multiplet & 5.65 ppm.The rest of the

peaks were congstent with the assigned structure (Scheme-4).

Scheme-4
OBn OBn
(0] (@)
BnO DIBAL-H,CH.Cl, pno
BnO -78°C, 1h BnO
BnO BnO
| OEt OH
(@]

25 26

Sharpless e d.?* discovered a metd catdysed asymmetric expoxidation process of alyl
dcoohol which is more sdective then any of the previoudy known methods. The smplicity of
this new method is one of its more dtractive aspects the necessay components are dl
commercidly avalable a low cos. This new chird epoxidation system possesses two
epecidly driking feaures  Frg, it gives uniformly high asymmelric inductions throughout a
range of subditution petterns in the dlylic acohol subdsrate  Second upon use of a given
tartarate enantiomer, the sysem seems obliged to deiver the epoxide oxygen from the same
enantioface of the olefin regadless of subditution pattern.  This later characteridic is
highlighted in fig. When the definic unit is in the plane of the paper, with the hydroxymethyl

subdtituent at the lower right sde the use of (+) DET (or) (+) DIPT leads to addition of the
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gpoxide oxygen from the bottom as shown in the fig 3. Similaly, when ¢) DET (or) €) DIPT
is employed the epoxide oxygen is added from the top (Figure-3).

Figure-3

H
HO._Z_CO,iPr
(R,R) (+) DIPT g I
TBHP, Ti(OiPr), . N H Ho " T>co ipr
RL R? H
I/@ ] (R, R) (+) DIPT
H H
Ra RO R HO ., ]_CO,iPr
(S, S) (-) DIPT o g
TBHP, Ti(OiPr), RS OH HO |:| co,iPr

(S,S) () DIPT

In accordance with the Sharpless reaction, the dlylic dcohol 26 was converted into the

epoxy dcohol 27 by usng () DIPT, Ti(OiPr), TBHP and molecular seives 4A00 in CH.Cl, at

—2°Cin 82 % yidd (Scheme -5).

Scheme-5

OBn

OBn
(@) (@)
BnO (-)DIPT, Ti(OPri), ~ BnO
BnO TBHP, CH,Cl, BnO
BnO -20°C, 4h BnO
| 0
OH OH
26 27

The sructure of the epoxide 27 was supported by its 'H NMR, *C NMR and mass

goectrd data while the configuration was deduced by the empiricd rules reported by Sharpless
The *H-NMR spectrum of 27 showed a multiplet & 2.9 ppm and a doublet of a triplet (J = 2.3
Hz, 56 Hz ) for the two epoxy protons. In addition, the sructure of 27 was further confirmed
by *C-NMR as well as by the FABMS [mz. 611 (M*+1)]. The diastereomeric excess of epoxy

dcohad 27 determined by HRLC and was found to be above 99%.
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Our next endeavour wes to regiosdetively open the epoxide ring in 27 with azide The
ring opening reactions of 23-epoxy dcohols under nonrisomerizing conditions  were
investigated by Beherens and Sharpless”®  There is an inherent tendency for ring  opening a
the C-3 pogtion of 23epoxy dcohols, due to an dectronic effect of hydroxyl group a C-1.
Snce the hydroxyl group is rdativey week, inductivdly dectron withdrawving group, ring

opening reections a C-3 is obsarved only with certain smple 2,3-epoxy dcoohals. (Figure-4).

o Nu OH
Nu-
OH Nu
Figure-4

The epoxy dcohol 27 was treated with NaN; and NH,Cl in refluxing agueous methand
to aford 1,2-did 28 and corresponding 1,3-dd 29 in the ratio of 57:1. The mixture was
chromatographicaly separated on dlica gd to furnish the pure 1,2-did 28. The dructure of 28
was supported by the H-NMR and IR spectra The IR spectrum of 28 showed a characteristic
aborption due to N3 group a 2100 cmi'. The chemicd degradation of 28 with NalO,; was

observed whereas 29 ressted such degradation as expected (Scheme-6).

Scheme-6

OBn

BnO NaN,, NHCI  Bno
BnO HZO'MeOH, BnO N
BnO 70°C. 12h BnO 3
' OH
° om OH
27 28 29

To achieve the regeosdective oxidation of CH2OH group, the hydroxyl a& G2 has to be
protected. The primary hydroxyl group of compound 28 was protected with TBDPSC ad
imidazole to give compound 30 in 78 % yidd whose dructure was confirmed by the presence

of tbutyl and phenyl groups in the H-NMR spectrum. The free OH group in 30 was
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converted into the benzyl ether 81) usng NaH-BnBr in dry THF in 82 % yidd.The dructrure
of 31 was confirmed by 'H-NMR spectrum. Compound 31 was trested with
tetrabutylammonium fluoride in THF to deave the TBDPS group and afford 32 in 87 % yidd.
The "H-NMR spectrum of 32 reveded the absence of characteristic resonances due to TBDPS
group (Scheme-7).
Scheme-7

BnO TBDPS-CI, Imidazol_ BnO

BnO CH.CI, RT,1.5h BnO
' BnO H
OH OTBDPS
28 N, 30 N,
OBn OBn

BnBr, NaH, THF BnO

Bu,F, THE BnO
> _—
RT, 24h BnO

RT, 2h BnO
OTBDPS

BnO BnO

31 32

The primary hydroxyl group in 32 was oxidized to the corresponding addehyde 33 usng
(COCl),, DMSO ad EtsN (Swern oxidation condition) & —78 °C in CHCl,. The resulting
ddehyde 33 was aubjected to Wittig reaction with tetradecanylphosphonium bromide and n-
butyllithum a —78 °C to give the (EZ)-defin 34 in which Z-isomer predominated (dh-4 5.74
dt, J= 80, 11.0 HZ) (dus 538, t, J= 110 Hz). The H-NMR spectrum of 34 showed a triplet
(J=72Hz) a 088 ppm due to methyl group and broad snglet a 1.36 ppm due to methylene
groups. The rest of the chemicd shifts were consstent with the assgned structure 34

(Scheme-8).



Scheme-8
OBn
BnO (Cocl),, DMSO, Et3N‘ BnO
BnO CH,CI,, -60°C, 2h BnO

BnO

33

Ph,P*(CH2),,CH,Br, n-BuLi  B"©
THF, -78°C, 2.5 Bno

(CH,),,CH,

(ZIE) 34

The converson of azido compound 34 into the correponding amine 35 was
accomplished by reducing the azido group with PrgPO-H,O in bezene®®. The resulting crude
amine 35 was converted into N-BOC deivaive 36 with (BOC) O ad EizN in 67% yidd
(Scheme-9). The 'H-NMR spectrum of 36 showed a singlet due to N-BOC a 1.35 ppm. The
remaning protons agppeared a ther expected vadues. In the IR spectrum of 36  the
characteristic absorption due to N group a 2100cm™ had dissppeared. The IR spectrum of 36
showed absorptions a 1650 cmi' and 3400cmi™. The structure of 36 was further confirmed by
FABMS m/z 8% (M*+1- BOC). Catdytic reduction of 36 over 10 % Pd-C a room
temperature and baloon pressure reduced the olefin and cleaved the benzyl groups to give 18.
In order to confirm the structure of 18 it was derivatised into the penta-acetate 37 usng AcO-

Py in 95 % yidd (Scheme-10).
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Scheme-9

PhSP'HzovceHe’ BnO
45°C, 12h  BRO

BnO
(CHZ)IZCH3 (CH2)12CH3

H

NH,

(ZIE) 34 (ZIE) 35

(BOC),0, Et,N THF
RT, 12h

(ZIE) 36

The H-NMR spectrum showed five didinctive signds due to acetyl groups.  In
addition the sugar ring protons H-1', H-2, H-3 and H-4 were dealy located a 4.05 (m),
506 (dd, J = 56, 84 Hz), 519 (t, J = 84 Hz), and 492 (t, J = 84 Hz) respectively. In addition

the structure was further confirmed by FABMS nvz 658 (M*+1).

Scheme-10
OR
110 10% Pd-C,H,, Rro
BnO MeOH, latm, 48h  Rro
BnO
2) Ac,0, Py,
(CH2)12CH3 RT’ 24h (CH2)12CH3

NHBOC
NHBOC

(ZIE) 36 37 R=Ac

18 R=H
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POST PUBLICATION:

Dondoni e a®. have recently reported the synthesis of carbon-linked isostere of
naiural &-D-gdactosyl ceramide darting from sugar phosphorane 38 and ddehyde 39 obtaned
from D-sarine. Thus coupling of these reagents and diimide reduction of double bond afforded
40. The removad of the acetonide protective group under standared conditions (AcOH-H.O,
4:1) trandormed 40 into the N-BOC amino doohol which in tun was conveted into the
adehyde by Swern oxidation and the adehyde was trested

Scheme-11
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o o\/l\ 1) AcOH, H,0
O —_—
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OBn Q OAc Q
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Br0-\o” 2 XACH,),CH, 2) Ac,0, Py Ao X o (CH,),,CH,
OH OAc
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with excess of lithiuml-pentadecyne (41) to afford 42 as a mixture of S (syn adduct) and R
(anti adduct) isomers in 70:30 ratio. To obtain the desred anti-43, dcohol 43 was oxidized and
reulting  ynone was reduced with  lithium  tri-sec-butylborohydride  (L-sdectride).
Stereosdective hydrogenation of triple bond and the replacement of N-BOC with N-pamitoyl
group afforded 44 whose on debenzyldion and exhaudive acetylation produced 45 in 4 %

overdl yidd (Scheme-11).
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In concduson we have devdoped an efficient method for the synthess of &C-D-
glucogphingosne from chegp and eedly avalable dating materid. This draegy  provides
opportunites to prepae  seved awomeic and diastereomeric andogues of  C-
glucosgphingosne. These andogues possessing  nonthydrolyssble  (metabolicaly  gable)  C-
glycosde unit will be interesting and useful products since many C-glycosdes are recognized

as glycosidase inhibitors.



EXPERIMENTAL:
b-D-Glucopyranose pentaacetate (19):

A suspenson of anhydrous sodium acetate (40 @) in acetic anhydride (560 ml) in a 1L
round bottomed flask was heated over a flame to the boiling point in an efficient fume hood.
D-glucose (80 g) was added in portion (4-5 g) and the flak without shaking was hested
caefully a the point nearet the sugar laying on the bottom. Initigtion of the reection was
indicated by continued boiling after remova of the flame, the flak was placed on a cork ring
and the flame was extinguished. The remainder of the sugar was then added in smdl portions
at a rae which maintans the boiling temperaure of the mixture. The flak was shaken
occasondly to prevent an accumulation of solid sugar on the bottom of the flak. After the
addition of dl the sugar and after the reaction had subsided, the solution was brought to a full
boil. It was then cooled and poured with sirring onto cracked ice.  After standing 2 h with
occasond dirring, the materid was filtered with suction and washed with cold waer. The
crude solid was cyddisad with hot 500 ml ethanol to afford & D-glucose pentaacetate 19
(63.59) in 73 % yidd asa solid.
mp: 131 °C
3-(2',3 4,6 -Tetra-O-acetyl-a -C-D-glucopyr anosyl)-1-pr opene (20):

To a solution of 19 (10 g, 0.025 madl) in dry acetonitrile were added dlyltrimethylslane
(408 ml, 0025 md) and BFz: EO (322 ml) under Nb. The reaction mixture was refluxed for
8 h, cooled to room temperaure, solvent was evegporated, and poured into a saturaied solution
of NaHCO3; and extracted with ethyl acetate, dried over Na,SO, and corcentrated. The residue
was purified by column chromatography on glica gd usng ehyl acetate petroleum ether (1.5)
asduent to afford 20 (4.10 g) in 43 %oyidd.

[a]o +71° (c 1, CHCly) lit*® [a]p+72° (c 1, CHCh)

mp: 106 °C lit*® mp: 108 °C
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'H NMR (CDCl3, 200 MHz): & 2.03, 2.04, 2.05 and 2.07 (4s, 12H, 4 CH5CO), 2.30 (m, 1H, H
33), 250 (m, 1H, H-3b), 3.82 (M, 1H, H5'), 400 (dd, 1H, J = 24, 116 Hz, 6'a), 4.10-4.30 (m,
2H, H1, H6b), 490 (t, 1H, J = 98 Hz, H4), 500-5.20 (M, 4H, Hla, H1lb, H-2), 5.27 (t,
1H, J= 98 Hz, H-3), 5.70 (m, 1H, H-2).
3-(2',3 4,6 -Tetra-O-benzyl-a -C-D-glucopyr anosyl)-1-pr opene (22):

A solution of compound 20 (4.00 g, 0.01 madl) in dry MeOH (10 ml) was added 0.1 N
NaOMe (15 ml) in MeOH and dirred for 15 min, then the mixture was neutrdised with ion
exchange resn (Amberlite 1IR-120, H*), filtered and the filtrate was concentrated to give tetrol
(21). Thetetrol 21 was usad for the next step without further purification.

To a sugpenson of sodium hydride (225 g, 60 % digoerson in ail) in dy DMF was
added a solution of 21 (230 g, 0.01 mal) in dry DMF & 0 °C under nitrogen amosphere and
dirred for 2 h.  Then benzyl bromide (539 ml, 0.045 mol) was added and irring was
continued for 18 h. The mixture was poured into water and extracted with diethyl ether. The
ether layer was washed with water, dried over Na,SO, and concentrated. The resdue was
purified by column chromatography on dlica gd udng ethyl acetate peroeum ether (1:20) as
duent to afford 22 (5.82 g) asa syrup in 96 % yied.

[a]o+28° (c 1.8, CHCl) lit*! [a]p +29° (c 1.8, CHCl5)

'H NMR (CDCl3, 200 MHZ): d 245 (m, 2H), 350381 (m, 6H), 412 (m, 1H, H1'), 440-492
(m, 8H, 4 PhCH,), 510 (m, 2H, -CH=CH,), 583 (m, 1H, -CH=CH,), 7.10-740 (m, 20H,
4" Ph).

3-(2,3 4 ,6'-Tetra-O-benzyl-a -C-D-glucopyranosyl)-1,2-propanediol (23):

To a dirred solution of 22 (5.80 g, 10.28 mmoal) in a mixture of acetone and water (9:1)
were added OsOs (cat. 0.1 ml) and NMO (276 ml, 2042 mmol). The resulting reection

mixture was girred for 12 h a room temperaure. The OO, was quenched with sodium
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metabilsulfate, and acetone was evgporated, water was added and extracted with ethyl acetate,
dried over NaSO, and concentrated. The resdue was purified by column chromatogrgphy on
dlica gd usng methanal-chloroform (1:99) as duent to give 23 (564 g) as a 0lid in 92 %
yidd.

mp. 114-115°C,

'H NMR (CDCls 200MHz): d 170-210 (m, 2H, CHy3). 330-390 (m, 9H), 422 (m, 1H, H-

1'), 4.40-4.93 (M, 8 H, 4 x PACHy), 7.12-7.40 (m, 20H, 4 x Ph).

(2E)4-(2 ,3 4,6 -Tetra-O-benzyl-a -C-D-glucopyranosyl)-2-butenoate (25):

To compound 23 (5.60 g, 9.36 mmol) 30 ml of benzene was added and the sugpenson
was jud brought to the bail while dirring moderately. Then lead tetraacetate (6.22 g, 14.04
mmol) was added in equd portions (1 g) a intervds of 1 min. This mixture without further
hegting and the dirring was continued for an additiond 15 min a& 70 °C. Excess of lead
tetraacetate was reduced with few drops of ethylene glycol and after cooling to room
temperaiure the precipitated lead diacetate was filtered off and washed with benzene. The
combined filtrates were extracted with ethyl acetate, dried over NaSO, and concentrated to
funish an ddehyde 24 (525 g) which was used for the next reaction without further
purification.

To an ice cooled (0OC) solution of 24 (5.25 g, 9.27 mmoal) in dry CH,Cl, (30 ml) was
added PhsP=CH-COOEt (322 g, 9.27 mmoal) and dirred a room temperature for 3 h. Then the
dichloromethane was evaporated and the resdue was purified by column chromatography on
dlica gd udng ethyl acetate: petroleum ether (1.9) as duent to afford 25 (5.08 g) as a syrup in

86 % ovedl yidd.

[alp+43° (c 1.2, CHCL)
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'H NMR (CDCl; 200 MH2): d 127 (t, 3H, J = 7.5 Hz, COOCH,CH2), 262 (t, 2H, J = 7.5 Hz,
CHx-4), 345380 (m, 6H), 415 (m, 3H, COOCH,CH; and H-1), 430500 (m, 8H, 4 x
PhCH?2), 5.87 (d, 1H, J = 15.0 Hz, H2), 690 (dt, 1H, J = 7.5, 15.0 Hz, H3), 7.32 (M, 20H, 4 X
Ph).
(2E)4-(2 ,3 4,6 -Tetra-O-benzyl-a -C-D-glucopyr anasyl)-but-2-ene-1-ol (26):

To a solution of 25 (508 g, 7.9 mmol) in dry CHCl> (30 ml) a& —78 °C was added
DIBAL-H (1210 ml, 1597 mmol of a 14 M solution in toluene). After dirring for 1 h a —78
OC, the reaction was decomposed with sodium potassum tartarate, and the white precipitate
was filtered through a pad of Cdite bed and washed with dichloromethane.  The filtrae was
extracted with dichloromethane, washed with brine, dried over Na,SO, and concentrated. The
resdue was purified by coumn chromatogrgphy on dlica gd usng ethyl acetale petroleum
ether (1:4) to give 26 (2.80 g) in 56 % yidd.

[alo+6° (c 1, CHCL), lit*® [a]p +44° (c 156, CHCly),

'H NMR (CDCl3, 200 MHZ): d 240 (m, 2H, CH,-4), 330-380 (m, 6H), 3.95 (d, 2H, J = 5.00
Hz, 1-CH.), 402 (m, 1H, HT'), 432-490 (m, 8H, 4 x Ph CH,), 556 (m, 2H), 7.32 (m, 20H, 4
x Ph).

(25,39 -2,3-Epoxy-4-(2',3 4 ,6' -tetr a O-benzyl-a -C-D-glucopyranosyl)- 1-butanol (27):

To a dirred solution of titanium tetrasisopropoxide (0069 ml, 023 mmol), molecular
seves (4A°) powde in dy CH,C, at —20 °C was added (-) diisopropyl tartarate (0.06 moal,
0.28 mmol) and dirred & that temperature for 20 min.  To this solution was added compound
26 (280 g, 47 mmad) in dy CH)C, (15 ml) and dfter dirring for 20 min tert-butyl
hydroperoxide (1.44 ml, 10.83 mmol of a 7.5 N in isooctane) was added and dirred for 4 h a —
20 °C. The reaction mixture was filtered through cdite. The filtrate was cooled to O °C,

digilled waer was added and irred for 20 min. Then 30 % NaOH solution saturated with
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NaCl (1.2 ml) was added and irred for 30 min. The emulson was filtered through a pad of
Cdite and extracted with dichloromethane, washed with brine dried over NaSO, and
concentraied.  The resdue was purified by column chromatogrgphy on slica gd usng ethyl
acetate: petroleum ether as euent to afford 27 (2.35 g) asa olid in 82 % yidd.
[alp46° (c1, CHCE)
%/de = 99,
mp: 112 °C
'H NMR (CDCl3, 400 MHZ): d 182-220 (m. 2H, CH,-4) 2.93 (m 1H, H2), 300 (ct, 1H, J =
2.3, 56 Hz, H3) 343 (t, 1H, J = 79 Hz), 350-3.74 (m, 7H), 425 (m, 1H, H1) 447 (12 ABq,
1H, J = 112 H, PhCH), 452 (ABq, 2H, J = 112 Hz, PnCHy), 465 (ABq, 2H, J = 112 Hz,
PhCH,), 4.76 (1/2 AB,, 1H, J = 112 Hz, PhCH), 479 (/2 ABy, 1H. J= 11.2 Hz, PhCH), 4.83
(1/2 ABq, 1H, J= 11.2 Hz, PhCH), 7.30 (m, 20H, 4 x Ph).
BC-NMR (CDCl3, 50 MHz2): d 27.66, 53.81, 58.86, 61.90, 69.29, 71.66, 71.81, 73.11,
7355, 7501, 7536, 7805 7934, 8200, 12762, 12777, 12784, 12795 12838, 137.69,
132.93, 138.50.

HRMS (FAB): calcd for CagH0; (M*) 611.3008, found 611.3058.

(2S3R)-3-Azido-4-(2',3' 4 6 -tetraO-benzyl-a -C-D-glucopyr anosyl)-1-2-butane diol (28)

A mixture of 27 (23 g, 37 mmal), sodium azide (1.22 g, 187 mmadl) and anmonium
chloride (044 g, 82 mmal) in MeOH : RO (81) (27 ml) was heated under reflux for 7 h. The
methanol was removed under reduced pressure, waer wes added and extracted with ethyl
acdtae, dried over Na,SO, and concentrated. The reddue was purified by column
chromatogrgphy on slica gd usng ethyl acetater petroleum ether (1: 4) as duent to furnish 28

(187 g) and 29 (0.32g) in5.7: Lratio (87 % yield).

[a]lp+38° (c 1, CHCly),
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mp: 74-76 °C
compound 28: *H NMR (CDCl; 200 MH2): d 205-235 (m, 2 H, CH»4), 312-384 (m, 9H),
385 (t, 1H, J = 9.0 Hz, H4), 410 (m, 1H, H1'), 430-495 (M, 8H, 4 x PhCHy), 7.10-7.40 (m,
20H, 4 x Ph) IR (KBr) 3400 (OH), 3050 , 2910, 2850, 2910, 2100 (Ns), 1450, 1090, 1060 cm™.
compound 29: *H NMR (CDCl3, 200 MHz): d 1.60-200 (m, 2H), 325342 (m, 2H), 348-385

(m, 8H), 422 (m, 1H, H-1'), 4.30-4.90 (M, 8H), 7.00-7.300 (M, 20H, 5x Ph).

(2S5,3R)-3-Azdo- 1-tert-butyldiphenylsilyoxy-4-(2',3' 4 6 -tetraO-benzyl-a -C-D-
glucopyr anosyl)-butane-2-ol (30):

To a solution of compound 28 (1.21 g, 1.85 mmal) in dry CHCl; (10 ml) were added
TBDPSCl (045 ml), imidazole (0.25 g, 3.67 mmol) and the resction mixture was Hirred for
90 min a room temperature. Waer was added and extracted with dichiromethane, dried over
Na;SO, and concentrated. The residue was purified by column chromatography on dglica gd
usng ethyl acetate: petroleum ether (1:6) as duent to afford 30 (1.10 g) as a syrup in 78 %
yidd.

[alo +28° (c 1, CHCly

'H NMR (CDCl;, 200 MH2): d 105 (s 9H “Bu), 206 (m, 2H, CH.-4), 320-380 (m, 10H),
4.25 (m, 1H, H-1'), 4.92 (m, 8H, 4 x PhCHy) 7.20-7.40 (m, 25H, 5 x Ph), 7.65 (m, 5H, Ph).
(2S,3R)-3-Azido-2-benzyloxy-1-tertbutyldiphenylsilyloxy-4-(2',3' 4,6 -tetr aO-benzyl-a -
C-D-glucopyranosyl)-butane (31):

A olution of compound 30 (042 g, 052 mmal) in dry THF (8 ml) was added to a
sugpenson of sodium hydride (24 mg) in THF a 0 °C under nitrogen amosphere and after
dirring for 30 min, benzyl bromide (0.075 ml, 062 mmol) wes added. The reaction mixture

was dirred & room temperaure for 6 h. The excess sodium hydride was quenched with

methanol and solvents were evaporated, water was added and extracted with ethyl acetate,
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dried over NaSO, and concentrated. Purification of resdue by column chromatography on

slicage usng ethyl acetate: petroleum ether (1:9) gave 31 (0.37 g) asasyrup in 82 % yidd.
[a]p +23 ° (c 1.03, CHCL)

'HNMR (CDCl3 200 MHz): d 109 (s 9H, t-Bu), 1.80-220 (m, 2H, CH>4), 350-390 (m,
10H), 422 (m, 1H, H-1'), 440-495 (m, 10H, 5 x Ph CH,), 7.10-7.42 (m, 30H, 6 x Ph), 7.72

(m, 5H, Ph).

(2S,3R)-3-Azido-2-benzyloxy-4-(2',3 4,6 -tetr aO-benzyl-a -C-D-glucopyr anosyl)-1-

butanal (32):

Tetrabutylammonium fluoride (0.21 g, 0.82 mmol) was added to a stirred solution of
compound 31 (0.37 g, 041 mmoal) in dry THF (5 ml) and dirred a room temperaure for 2 h,
water was added and extracted with diethyl ether, dried over Na,SO,. Upon concentration and
purification of the resdue over dlica gd column using ethyl aceteter petroleum ether (1:3) as

euent afforded the dcohol 32 (0.26g) as a syrup in 87 % yidd.
[alo+59 ° (c 1.7, CHCly)

'H NMR (CDCl;, 200 MH2): d 195 (m, 2H, CHz>4), 340-385 (m, 10H) 412 (m, 1HH-1),

4.40-500 (m, 10H, 5 Ph CHy, 7.35 (M, 25H, 5 x Ph),

13C NMR (CDCk, 50 MHz): d 2961, 6052, 60.86, 6890, 71.85, 7223, 72.39, 7336, 7339,
7449, 7493, 7796, 7980, 8132 8210, 12758 12764, 12782, 12831, 12842, 13765,
137.75,137.92, 133,05, 13852,

IR (KBr): 2092 cmi* (Ni3), 3450 (OH) cmi™.

FABMS. m/z 716 (M*+1-N,). HRMS (FAB) cacd for CagHagNO; (M *+1-N,) 716.3587, found

716.3635.
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(2S,3R)-[(2-Azido-3-benzyloxy)-(Z/E)-octadec-4-enyl]-2' .3 4 6 -tetraO-benzyl-a -C-D-
glucopyranoside (34):

To a dirred solution of oxayl chloride (0.054 ml, 062 mmal) in dry CH.Cl, at —78[1C
was added dimethyl sulfoxide (0.09 ml, 01.2 mmol) drop wise under N atmosphere, stirred for
30 min a tha temperature and a solution of doohal 32 (023 g, 0.3 mmal) in dry CHxCl> was
added. The resulting reaction mixture was irred for 1 h & —78 °C and triethyl amine (0.26 ml,
186 m mol) was added. The reaction mixture was warmed to room temperaure, weter was
added and extracted with dichloromethane, washed with brine, dried over NaxSO,, filtered and

evgpordion of the solvent under reduced pressure gave ddehyde 33 (0.23 @) which was

utilised for the next reaction without further purification.

To a dirred, cold (—=78 0C) solution of tetradecanyltriphenylphosphonium bromide (0.67
g, 126 mmal) in dry THF (10 ml) was added n-BuLi (0.8 ml, 1.1 mmol of a 14 M solution in
hexane) under N, dirred for 30 min a& —78 °C, then the above prepared ddehyde 33 (0.23 g,
031 mmad) in dry THF (5 ml) was added and irring was continued for 2 h. Then saturated
ammonium chloride solution was added and extracted with diethyl ether, washed with brine,
dried over NaS0O, filtered and concentrated. The resdue was purified by column
chromatography on dlica gd usng ethyl acetate petroleum ether (1:20) as duent to give the

tittecompound 34 (0.17 g) asan ail in 62 % yidd.

Z-isomer: 'H NMR (CDCl; 200 MHz): d 088 (t, 3H, J = 7.2 Hz, 18-CH3), 1.36 (brs, 22H, 11
x CH2), 1.60-235 (m, 4H, 2 x CH), 345380 (m, 6H), 400490 (m, 13H, 5 x PhCH,, H1,
H-2 and H-3), 538 (t, 1H, J = 11.0 Hz, H4), 574 (dt, 1H, J = 80 Hz, J = 11.0 Hz, H5),7.30

(m, 25H, 25X Ph).

E-isomer: '"H NMR (CDCl; 200 MHZ): d 082 (t, 3H, J = 7.2 Hz, 18-CH3), 125 (brs 22H, 11

X CHz), 150250 (m, 4H, 2 x CH), 3423.80 (m, 6H), 4034.85 (m, 13H, 5 x PhCH,, HT,
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H-2 and H3), 534 (t, 1H, J = 104 Hz, H4), 570 (d, 1H, J = 68 Hz, J = 104 Hz, H5), 7.30
(m, 25H, 25 x Pr).

FABMS: miz 894 (M*+1-Ny).

(2S5,3R)-[ 2-N-(tert-Butyloxycar bonylamino)-3-benzyloxy-(Z/E)-octadec-4-enyl] -2 ,3' 4,6 -
tetra-O-benzyl-a -C-D-glucopyranoside (36):

To a dirred solution of 34 (83 mg, 0.09 mmoal) in benzene (4 ml) a 45 °C was added
triphenylphosphine (51 mg, 0.19 mmoal). After 30 min. water (0.015 ml, 9.7 mmol) was added
and dirring was continued a 45 °C for 11 h. The mixture was cooled to room temperature,
water was added and extrected with ethyl acetate, washed with saturated ammonium chloride
olution (NH4Cl), dried over NaeSOa, filtered and concentrated to give amine product 35 (72
mg) which was used in the next step without further purification.

To a solution of crude amine 35 (72 mg, 0.080 mmoal) in dry THF (4 ml) were added
EsN (0033 ml, 024 mma) and (BOC),O (26 mg, 0.12 mmol) a O °C. The mixture was
dirred a room temperature for 12 h. The solvent was evgporaied in  vacuo and the resdue was
purified by dlica gd chromatogrgphy using ethyl acetate  pertroleum ether  (1:15) as duent to
give 36 (60 mg) in 67 % yidd.
'H NMR (CDCl3, 200 MHZ): d 085 (t, 3H, J = 7.2 Hz, 18-CH3), 1.20 (s 22H, -(CHy)1r-), 1.35
(s 9H, NHCOO-Bu), 140 (m, 2H, 1-CH»), 204 (m, 2H, 6-CHy), 350-3.70 (m, 7H), 410-490
(m, 12H), 532 (t, 1H, J= 11.0 Hz, 4 H), 5.60 (m, 1H, 5H), 7.00-7.32 (m, 25H, 5 ph).
IR (KBR): 3400, 2960, 2880, 1740 cmi*.  FABMS: m/z 8% (M*+1-BOC).
(2S,3R)-[ 2-N-(tert-Butyloxycar bonylamino)-3-O-acetyl-octadecanyl] -2’ ,3' 4,6’ -tetr aO-
acetyl-a -C-D-glucopyranoside (37):

To a solution of compound 36 (50 mg, 0.05 mmol) in MeOH was added 10% Pd-C (20

mg) and mixture was girred for 48 h under baoon pressure and room temperaure.  The
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catdys was filtered through pad of Cdite and the filtrate was concentrated to give 18. A
solution of 18 in pyridine (0.5 ml) and acetic anhydride (0.25 ml) was dirred for 24 h & room
temperature. The solvent was evgporated in vacuo and the resdue was purified by column
chromatogrgphy on a slica gd usng ethyl acetate petroleum ether (1:3) as duent to afford 37
(36 mg) in 95 % yidd.
[a]p +370 (c 0.3, CHCl 3)
'H NMR (CDCl3 200 MHZ): d 0.79 (t, J = 7.1 Hz, 3H, 18-CHs), 1.20 (bs, 28H, 14 x CH,), 1.35
(s 9H, NHCOOt-Bu), 1.62-181 (m, 2H, 1-CH,), 1.96 (s 3H, CHsCO), 1.97 (s 3H, CHsCO),
199 (s 3H), CH«CO), 2.00 (s 3H, CHsCO), 203 (s, 3H, CH:CO), 384 (m, 2H, H2 and H
5), 405 (m, 1H, H6'a), 421 (m, 2H, H1' and H6'b), 463 (d, 1H, J = 94 Hz, NH), 4.80 (ct,
1H, J = 4.0, 86 Hz, H3), 492 (t, 1H, J = 86 Hz, H4'), 506 (dd, 1H, J = 5.6, 8.6 Hz, H2),
519 (t, 1H, J=8.6 Hz, H-3).
FABMS m/z 658 (M *+1-BOC)

HRMS (FAB): calcd for CaHsgNOy; (M*+1-BOC) 6584166, found 658.4146.
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INTRODUCTION :

It seems two and only two disseses in the world that have been conddered “mogt
formideble’ in the threshold of 21% century. They are century-old cancer and recent AIDS.
Although the every nook and corner of sdientific research directed to find plausble answers to
remedy these diseases, the target ill seems to be far from sght.  Cancer is not one diseese,
but a group of diseases affecting different organs and systems of the body. It develops due to
the anorma and uncontrolled cdl divison, frequently & a rate grester than that of the most
norma body cdls. In generd the multiplication of cels is carefully regulated and respongive to
specific needs of the body. In a young animd, cdl multiplication exceeds cdl degth, s0 the
animal increases in Sze; in an adult, the process of cdl birth and degth are baanced to produce
a deady dae. Very occasondly, the exquiste controls thet regulate cdl multiplication bregks
down and dthough the body has no need for further cdls of its type, a cdl begins to grow and
divide. When such a cdl has descendents that inherit the propendty to grow without
responding to regulaion, the result is a cdone of cdls able to expand indefinitdy.  Ultimatdy, a
mass cdled a tumor may be formed by this clone of unwanted cdls. Tumors arise with great
frequency, egpecidly in older animds and humans but most pore little risk to their hogt
because they ae locdized. Such a tumor is cdled benign; an example is wats.  Tumor
become life threatening if they sporeedout throughout the body. Such tumors are cdled
malignant and are the cause of cancers'.

The incidence of bronchogenic carcinoma has reeched epidemic proportions in the
developed world. The dissese is the mogt common madignancy and leading cause of deeth
from cancer among men in many countries.  Cigarette smoking is the single mgor contributing
factor.

The efforts to provide preventive measures to cancers have not been very effective, as

vaiety of chemicds and environmentad factors can cause cancer. Thus once the cancer has
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developed one has to resort to its trestment. There are four mgor moddities for the trestment
of the cancer 1) surgery, 2) radidion thergpy, 3) immunothergpy, 4) chemothergpy and 5)
genetic thergpy. Surgery cannot be gpplied when the disease is soread throughout the body and
radiation thergoy damages not only the cancerous cdls but dso the normd cdls  Thus, in this
dtuation, the only treatment for the dissaminaed cancer is chemothergpy, dthough
immunctherapy, the manipulation of immune response holds encouraging promise, but it is
dill initsinfancy.

Chemothergpy is today providing increesng cure rates in many forms of human
cancer’. Because of our day by day progress in understanding the effects of drugs on cels
both norma and cancerous, there has been a continued improvement in this mode of cancer
trestment. However, it cannot be denied that for continued advances more effective drugs il
nead to be found.

The mechanism by which the anticancer drugs sdectively kill cancer cdls has not been
cealy edtablished, but evidence points out these drugs might interfere with the synthesis (or)
function of nudec acid or with the mitotic process itsdf. The advances in quatitaive
dructure-activity relaionship (QSAR) have evidenced the scope of rdiondizing of drug
desgn and finding the mechanism of drug actions QSARs have proven ther worth in the
interpretation of mechanism of inhibition of a number of enzyme sysems and in ducdating
the modes of actions of locd anesthetics and a variety of drugs acting a the centrd nervous

sysem.

CLASSIFICATION OF ANTICANCER DRUGS:

Anticancer drugs beong to different categories of chemicds and follow different
modes of action. On the bass of ther moddity of action they are dassfied as chemicdly
reactive drugs having nongpedific action, Mitotic inhibitors Cdlular respirdion  inhibitors,

Hypaxia-sdective and radiosengtizing agents, agents binding to DNA , antimetabolites.
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A vaiety of chemicds didt their anticancer activity by dkylding nudec adds
Alkylating agents can combine covdently with nudeophilic center and thus can dtack non-
sectivdy & any nudeophilic center avaladle in vivo. These centers can be nitrogen, sulfu,
or oxygen aoms of biologicdly important functiond groups such as amino groups, thiolate
anions of proteins and ring nitrogen atoms and phosphate anions of nudec acids DNA is the
citical target of biologicd dkylating agents and tha the 7 podtion guanine is the primary dte
of attack. Aliphetic and aromatic nitrogen mustards having smple genera dructures as 1 and 2
respectively, form an important dass of adkylaing agents — drugs that have non-specific action.
Among the vaiely of dkylding agents, nitrogen mudards are widdy dudied and better

exploited for chemotheraphy®.

Mitomycin C(3) is one of the most useful antitumor antibiotics which have been
cinicdly used in cancer chemothergphy, but its use is limited by sSde effects, severe bone
marow suppresson (or) gadrointesind  damage. Mitomycin C  (3) has shown antitumor
activity againg four different human tumor cdl lines WiDr colon, 2780 ovarian, MCF7 breast
cancer, and Psgs leukemiain culture”.

Codlchicne (4) is a potent mitatic inhibitor. Its antitumor property long since has been
recognized, but its use in the treetment of neoplaams is ill limited.  Its activity is though to be
due to its adility to bind to cydene resdue in tubulin polypeptide chan, thus preventing the
cdll divison”.

Recently, a variety of compounds were dudied for their hypoxia-sdective antitumor
adtivity’.  These compounds were subdgtituted nitracrines (5), nitroaniline (6) mustards and

nitroquinalines (7).
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DNA-binding agents conditute one of the mogt important dasses of anticancer drugs in
clinicd use today whose antineopladtic effectiveness depends upon the mode and intendty of
binding. A great number of DNA-binding agents such as 9-anilinoacridines 9-amino acridines,
anthracyclines and their derivatives were prepared and tested for their antitumor activities. For
example, duanomycin (8) and adriamycin (9), which exhibit impressive activity againg a wide
range of experimentd and human tumors, have become important for cancer chemotherapy’
and thar ussfulness has generated condderable interest in developing andogues  with
improved properties. Among these andogues, rubidazone (10) has received considerable

atention, people were encouraged by its decreased cytotoxicity relative to adriamycine.

8 Duanomycin R=0, X =0OH
9 Adriamycine R=0,X=H
10 Rubidazone R = NNHCOC H,, X =H
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In the ongoing search for new effective chemotherapeutic agents, a wide variety of
cytotoxic compounds such as taxal (11), epcthilone (12)deutherobin (13) and sarcodictyin
(14) etc have emerged in very recent period. Therefore, there has been consderable interest in

the synthesis of this dlass of compounds in recent year<’.

Ph

Me

(12) R=H : Epothilone A
R = Me : Epothilone B

OWN/M(E o
- Me Nﬁ
Me o 7 7 - Me
- Me Nﬁ
gge
Me Me o)

OAc OH
OH Me Me COR

(14) R=Me : Sarcodictyin A
Eleuthorobin (13) OH R = Et : Sarcodictyin B

In search of new antitumor agents from different naturd sources, every year thousands
of naurd products are isolated and screened by naturd products chemists and phytochemiss
And this way some new anticancer compounds with promisng theragpeutic vdue have been
discovered.  Sponges of the order lithistida continue to be exceptiondly rich sources of
gructurdly  unique and biologicdly active naturd  products’. Examples include potent
oytotoxic  macrolides’®  such &  swinhdides  misskinolide,  theonezolides,  sphinxolides

superstolides, discodermolide and callipeltoside A™.
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Due to their recognized importance as antitumor agents, these molecules have atracted
congderable atention from the isolation and synthetic point of view. Inspite of the biologicd
activities exhibited by these naturd compounds, they are actudly rdativdy scare and difficult
to obtan in homogeneous form from naturad sources  Because of this scacity and the
difficulty of isolation in suffident quantity, the synthess of isomericdly pure compounds is a
chdlenging god for organic chemigts.

The much dtention has not been focused on cdlipdtosde A (15) dnce its isolation
from the dhdlow lithiged sponge, callipetta sp. The dructure of cdlipdtosde A was
ducidaed by NMR, NOE experiments and other spectrd dudies Only the rdative
configuration of cdlipdtosde A has been edablished. Cdlipdtosde A, a cytotoxic glycodde
mecrolide, is the firda member of unprecedented class of marine naturd products with unusud
dructura  festures such as previoudy unknown 4-amino-4,6-dideoxy-20,3-C-dmehyl-a-
tdopyranosyl-34-urethane  (cdlipdtose), linked through an a-glycosde linkege to an
hemiketa oxane ring, which is pat of a 14-membered mecrocyde lactone with dienyne

cyclopropane Sde chain.

Callipeltoside A (15)

Cdlipdtosde A exhibited remarkable activity in cytotoxic assays agangt KB and Pass
cdls and in the anti-HIV tests. Cdlipltosde A has a moderate activity with 1Cso vaues agangt

NSCLG-Ns human  bromchopulmonary non-smdl-cdl-lung carcinoma and P of 11.26 and
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1526 ng/mL respectivdy.  Further cdl cyde andyss by flow cytometry assays of the
NSCLGNs cdl line trested with cdlipdtosde A reveded a cdl cyde dependent effect,
involving a dependent Gl blockage. Thesee rexults ae indicative of the NSCLC-Ne cdl
proliferation in vitro a the levd of Gl phase or by enzyme inhibition or inducing termind cdl
differentiation.

Baring a few reports concerning the synthetic studies directed towards this molecule,
no ful-breight tota synthess has been achieved sofar. Undoubtedly, the unique <ructurd
paamaes present a meaningful chdlenge to every synthetic chemis. In continuation of
ongoing ressarch towads the synthess of hbiologicdly-active compounds we planned to

congtruct the glycon frame work of cdlipdtosde A.



PRESENT WORK:

As pat of totd synthess of naturd product cdlipdtosde A (15), we sSmultaneoudy
initiated udies on both the aglycone segment (L6) and sugar component cdlipdtose (17). This
chapter describes the total synthesis of sugar component (L7) as its methyl glycosde derivaive
(18). The dructurd parameters of 18 are quite unique as it contains a oxazolidinone fused on
the 6-deoxy-pyranoe ring having D-taose configuration. The presence of tertiary C-methyl

group a C-3 makes 18 as a branched-chain carbohydrate derivative (Scheme-1).

Scheme-1

M eo\fk/ENH

MeO (e} Me

16 17 18
Retrosynthetic andysis of methyl cdlipdtoside (18).
The basic premise by which the tertiary chird centre & C-3 present in the cdlipdtose
18 could be generated rdated to the Stereocontrolled iodolactonisation reection.  Accordingly
the target molecule 18 was envisoned to have arisen from the offgoring synthon 34, obtainable

by the introduction of ehoxycarbonylamine a C-4 with desred Sereochemistry and exo-

methylene group at C-3 (Scheme-2).
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Scheme-2
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Synthesis of dlefin intermediate 34 was initiated from D-mannose (19). D-Mannose
was converted into methyl a -D-mannopyranoside (20) by usng metharol and HCI (g) under
reflux for 18 h. Subsequently, 20 on trestement with benzal dehyde 98-100 % formic acid

gave methyl 4,6-O-benzylidene a-D-mannopyranoside (21) in 35 % yield (Scheme-3)'2.

Scheme-3
OH Ph o)
" N\ g
MeOH, HCI_ HO PhCHO, 98- 100%HCOOH 0
reflux 18h K,CO,4 HO
OMe
19 20 21

In order to sdectivdly block the eguatorid OH group & C-3 of 21, the dkylaion of
stannylacetd strategy was adopted (Scheme-4)™

Scheme-4

O
HO
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Thus compound 21 and nN-Bu,SnO were heated under reflux in methanol for 1 h
to give dibutyltin acetd derivative @2) after removd of MeOH. The crude product 22 in DMF
and benzyl bromide were heated & 1000IC to give the 3 -O-benzylaed deriveive (23). The
characteristic pesks due to benzyl group were dearly observed in the 'H NMR spectrum of 23.
The hydroxy group a C-2 of 23 was protected as its methyl ether using sodium hydride and
methyl iodide in THF to aford 24 (Scheme5). The 'H-NMR spectrum of 24 showed two
showed two Snglets a 3.36 and 3.56 ppm due to two methoxyl groups and the benzylic Sgnds

Scheme-5
tho oH Ph/?

o —2 Bu,Sn0O, MeOH BnBr, DMF_
HO reflux, 3h / 100°C, 3h

OMe

21 22

Ph/Yo OH OMe
0

—Q _NaH, Mel, THE

0°C to RT, 2h

a doublets a 4.68 and 4.90 ppm. The anomeric proton and acetdl proton gppeared a 4.70 and
560 ppm a dngles. The remaning dgnds were in complete agreement with the assgned
sructure 24. The benzylidene group in compound 24 was cleaved with 80 % acetic acid to
aford the diol 25, which was subjected to sdective tosylation & O-6 with TSCl and pyridine to
give the 6-O-tosylate derivative 26 in 61 % yidd. The H-NMR spectrum of 26 showed a
snge a 244 ppm due to tosyl methyl group. The remaning protons resonated a ther
expected chemicd shifts Reduction of 26 with LAH in THF under reflux provided the 6
deoxy product 27 (Scheme-6). In the H-NMR spectrum of 27 the characteristic doublet (J =

6.5 Hz) dueto H-6, 6, 6" was located at 1.28 ppm.
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Scheme-6
HO
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In order to introduce an amino group a C-4, coumpound 27 was oxidized with
oxidizing agent (CF:CO) O-DMSO and EtsN a —78 °C to furnish the 4-ulose derivaive 28.
The H-NMR spectrum of 28 showed a doublet & 387 ppm due to H-3 proton and H-5
gppeared as a quartet a 4.12 ppm. While H2 gopeared as a doublet (J = 45 Hz) a 4.36 ppm
due to coupling between H-3 and H-2 only. The 4-ulose deivative (28) was immediady
trested with NH2OH in methanol & room temperaiure for 18 h to afford the oxime 29.

Stereosdective reduction™ of oxime 29 with LiAlH,in THF followed by protection of the

Scheme-7
ON OMe
-0
DMSO, (CF,C0),0, CH,CI, NH,OH, MeOH
-78°C, Et,N, 1.5h BnO " RT,4h Bno
OMe OMe
27 28 29
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2 OMe EtO.CNH  §ye
LiAIH,, THF -9 CICO,Et, NaHCO, —
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amine group of 30 with ethyl chloroformate furnished the carbamate derivative 31 (Scheme-7).
The D-tdo configuration of 31 was assigned by the 'H NMR spectrum in which the
characterisic coupling condant J;4 = Ju5 = 35 Hz was obsarved.  The epimeric D-mannose
configuration could not be detected in the *H-NMR spectrum.

Our next am was to introduce an exo-methylene group a C-3 podtion.  The benzyl
group in compound 31 was cdeaved by hydrogenolysis over 10 % Pd-C under baoon pressure
and room temperaiure to afford 32 in 95 % yidd. The Sgnds due to benzyl group hed
disappeared in *H NMR spectrum of 32. The structure of 32 was further confirmed by CIMS
miz 264 (M'+1). Subsequent oxidation of 32 with (CFsCO)RO-DMSO and EtsN & —78 °C
gave the 3-keto derivative 33 which was subjected to Wittig olefination with PrsP CHsl™ and n+
BuLi in THF to provide 3-exo-methylene derivaive 34 in 56 % yidd (Scheme-8).

Scheme-8
EtO,CNH EtO,CNH
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Me Me

31 32
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e OMe

33 34
The 'H NMR spectrum of 34 showed two singles a 5.12 and a& 540 ppm due to
methylene protons and H-2 proton gppeared as a snglet a 348 ppm. The remaning sgnds
resonated a their expected chemica shifts. The dructure of 34 was further confirmed by

HRMS (CI): calod. for C12H2NOs(M*+1) 260.1497, found 260.1503,
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Haocycdocarbamation is an interesting reaction which efficiently introduces functiond
groups such as aminocdcoohols. Fraser-Reid et al. have made a sgnificant advance towards the
gynthess of aminosugas by usng this reaction for cycdic sysems In fact the
hdocydaofunctiondization of double bonds in acydic sysem is a smple draegy that proceeds

under high regio and stereo control, as shown in the following cydlic system (Scheme-9)™.

Scheme-9
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Compound 34 wes subjected to iodolactonisation with iodoniumdicallidine perchlorate
in CHCl; a room temperature to aford 35 in 50 % yidd. The Sructure of 35 was confirmed
by 'H-NMR and mass spectrd andysis. The H-NMR spectrum of 35 showed a doublet a
3.36 ppm due to one CH:l protons, a Snglet & 3.77 ppm due to H-4 and a multiplet a 3.85
ppm for H-2, H-5 and one of CHJl protons. The anomeric proton gopeared as a doublet (J =
45 Hz) a 461 ppm and NH proton was located a 7.0 ppm as a broad snglet. The rest of the
protons appeared a their expected vaues. The dructure of 35 was futher confirmed by

CIMS: m/z 358 (M*+1).
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Reductive deodinaion of 35 with tributyltin hydride and cat. AIBN in refluxing
toluene furnished the methyl glycosde of cdlipetose 18 in 95 % yidd (Scheme-10). The
dructure of 18 was supported by the H NMR and high resolution mass spectrd data. The H
NMR spectrum of 18 reveded a snglet due to G-Me, a doublet (J,» = 45 Hz) a 3.18 ppm due

to H-2 and H-4 proton appeared as a broad snglet a 3.39 ppm. The anomeric proton appeared
a 4.69 ppm as a doublet (&, » = 45 Hz) while the NH proton was located a 7.45 ppm as a
broad snglet. Remaining sgnds were in complete agreement with the assgned dructure. The
dructure of 18 was further confirmed by the high resolution mass spectrum (HRMS) in which
the highest mass pesk (M*+1) was obsarved & m/z. 232.1174 cdcd. for CigHiz NOs (M*+1)

232.1184.
In conduson an effident synthess of methyl calipdtossde (18) has been developed.
Sudies related to the mecrocydic gructurd frame work of cdlipdtosde A (15) to which the

above sugar isbound , are under investigation.
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POST PUBLICATION:

Synthess of methyl a-L-cdlipdtosde 41, snce the only rdaive configuration of sugar
fragment in calipdtoside A has been edtablished, was reported by Giuliano et al®  dmost
smultaneoudy with our report. Methyl a-L-rhamnopyranosde (36) was converted to the 3C
-methyl branched sugar 37 by a procedure known in literaiure. The compound 37 was treated
with hydroxylamine hydrochloride to give an oxime 38. Reduction of oxime 38 with reduced
plainum oxide followed by protection of resulting amine with benzyl chloroformae gave
benzyl carbamate derivaive 39. Treatement of 39 with 60 % acetic acid resulted in complete
removd of isopropylidene group to give 40. Findly the mehyl a-L-cdlipdtodde (41) was
obtained by the sdective methylation of 40 usng AgO-CH,l, in DMF followed by cydisdion

in the presence of sodium hydride (Scheme-11).
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EXPERIMENTAL:

Methyl 4,6-O-Benzylidene-a -D-mannopyranoside (21):

D-Mannose (19) (75 g, 41666 mmol) was disolved in methanolic HCl (B = 2 350
ml) and the reaction mixture was hested under reflux for 18 h, cooled and neutraised with lead
cabonate. The solid was filtered and the methanol was removed a diminished pressure to
give 20 (6650 g). Findy powdered mehyl a-D-mannosde (20) (66.40 g, 0.342 mol) was
disolved as rgpidy as possble in 98-100 % formic acid (332 mol) and digtilled benzaldehyde
(332 ml) was immediaidy added to the solution. After Smin the mixture was poured with
dirring into light petroleum (bp 60-80°, 2650 ml) and weater (2650 ml) containing potassum
cabonae (913 g anhydrous) inorganic materid separaied from the agueous layer which was
discaded. The upper layer was filtered and concentrated, the resdue washed with light
petroleum ether and crystdlised from chloroform: benzeneto give 21 (33.80 g) in 35 % yidd.
mp: 140-142°C it mp: 140-143°C

[a]o+6L ° (c 185, CHCE) lit2[a]p+6L ° (c 1.84, CHCh).

Methyl 3-O-benzyl-4,6-O-benzylidene-a -D-mannopyranoside (23):

Compound 21 (3380 g, 119 mmal) and di-n-butyltin oxide (3580 g, 143 mmad) in dry
MeOH (180 ml) was heated under reflux for 3 h. The solution was concentrated to give 22 and
the resdue 22 wes dissolved in dry DMF (120 ml) and benzyl bromide (14.25 ml, 119 mmol)
was added. The mixture was heasted a 100 °C for 3 h, cooled to room temperature, patitioned
between ether and water. The ether layer was washed with water, bring, dried over NaxSOs
and concentrated. The resdue was purified by column chromatography on glica gd using

ethyl acetate: petroleum ether (1:5) as duent to afford 23 (28.46 g) in 63 % yied.

[alo+370 (c,1 EtOH)  lit"®[a]p+380 (c, 1 EtOH)
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IH NMR (CDCls, 200 MHz): d 2.78 (bs, 1H, OH), 338 (s 3H, OMe), 3.75-3.95 (m, 3H, H5,
H-6, 6"), 400 (brs, 1H, H2), 4.10 (t, 1H, J = 86 Hz, H4), 425 (d, 1H, J = 69 Hz, H.3), 470
(m, 2H, CH-Ph, H-1), 488 (d, 1H, J = 130 Hz, CH.Ph), 5.6 (s, 1H, QCHPh), 7.257.55 (m,
10H, 2xPh).
Methyl 3-O-benzyl-4,6-O-benzylidene-2-O-methyl-a -D-mannopyranoside (24):

To an ice cooled suspenson of sodium hydride (361 g, 90.25 mmol, 60 % disperson
ail) in dy THF (120 ml) was added a solution of 23 (28 g, 0075 mal) in THF over 15 min.
After dirring a room temperature for 30 min, the reaction mixture was cooled to 0 °C and then
methyl iodide (12.82 g, 0.09 mol) was added. The reaction mixture was dirred for 2 h a room
temperaiure, then excess of sodium hydride was quenched with methanol and concentrated.
The resdue was extracted with ethyl acetate, washed with water, brine and dried over Na,SO,.
Upon concentration and chromatogrgphic  purification on  dlica gd  with ethyl acetate:
petroleum ether (1.9) afforded 24 (26.32 g) in 90 % yidd as a syrup.

[a]lp 650 (c 1.3, CHCl 3)

'H NMR (CDCl3, 200 MH2): d 336 (s, 3H, OMe), 356 (s, 4H, OMe, H2), 3.78-396 (m, 3H,
H-6, 6", H5), 412 (t, 1H, J = 86 Hz, H4), 425 (dd, 1H, 3 3= 43 Hz, 3 4= 86 Hz, H3),
A70 (s 1H, H-1), 468, 490 (2d, 2H, J = 13.0 Hz, CH,Ph), 560 (s 1H, CH Ph), 7.22754 (m,
10H, 2 x Ph).

Methyl 3-O-benzyl-2-O-methyl a -D-manopyranoside (25):
Compound 24 (26.20 g, 0.067 mal) in 80 % acetic acid (70 ml) was dirred overnight a

room temperature. Then acetic acid was neutrdized with sodium carbonaie, water was added
and extracted with ethyl acetate, dried over NaSO,, filtered and concentrated. The residue
was purified by column chromatogrgphy on slica gd using ehyl acetate petroleum ether (3:2)
asduent to afford 25(13.80 g) in 68 % yidd as asyrup.

a]p+2600 (c 2.05, CHCI 3).
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IH NMR (CDCls, 400 MH2): d 332 (s 3H, OMe), 340 (s 3H, OMe), 345 — 354 (m, 2H, H-
6, 6), 364 (d, 1H, J = 46 Hz, H2), 380 (m, 2H, H3, H-5), 390 (t, 1H, J = 8 .6 Hz, H4),

4.80-4.85 (M, 3H, H-1, CHzPh), 7.30 (m, 5H, Ph).

Methyl 3-O-benzyl-2-O-methyl-6-O-tosyl -a -D-manopyranoside (26):

To a cooled (0OC) solution of compound 25 (1380 g, 0046 mal) in dry pyridine (50
ml) was added tosyl chloride (8.35 g, 0.043 mol) and the mixture was dirred for 2 h a room
temperature.  Then pyridine was removed and extracted with diethyl ether, washed with water,
brine and dried over N&SOs, filtered and concentrated. The resdue was purified by column
chromatography on dglica gd udng ethyl acetate petroleum ether (1:14) as duent to afford 26
(12.92 g) in 61 % yield asasyrup.
[a]®p+24 O (c 1.08, CHCl).
'H NMR (CDCl3, 400 MH2): d 2.30 (s, 1H, OH), 2.44 (s, 3H, PhCHs), 3.36 and 342 (25, 6H,
2xOMe), 344 (s 1H, H-2), 360 - 380 (m, 3H, H-5 H-6, H-6"), 416 (m, 1H, H-4), 432 (d,
1H, J = 83 Hz, H3), 456 (d, 1H, J = 132 Hz, CHPh), 4.70 (s, 2H, H1, CH,Ph), 7.32 (m, 7H,

Ph, TS, 7.80 (d, 2H, J= 38 Hz, T9

M ethyl -3-O-benzyl-6-deoxy-2-O-methyl -a -D-mannopyranoside (27):

A <ution of compound 26 (1621 g, 3584 ma) in dy THF (30 ml) was added
dropwise to a dirred suspenson of LAH (3.75 g, 101.35 mmal) in THF (50 ml). After addition
was complete, the reaction mixture was heated under reflux for 2 h, then the reaction mixture
was cooled to room temperaure and the excess hydride was decomposed with agueous
solution of saturated Na&SOs.  The white precipitate was filtered. The filtrate was extracted
with diethyl ether, dried over Na,SO, and concentrated. The resdue was purified by slica gd
column chromatography usng ethyl acetate petroleum ether (1.5) as duent to give 27 (8.20 )

asasyrupin 87 % yidd.



[alo+9° (c 112, CHCly)
'H NMR (CDCls, 400 MH2): d 1.28 (d, 3H, J = 65 Hz, H-6, 6,6"), 3.36 ad 345 (2s, 6H,
2xOMe), 351 (s, 1H, H-2), 358 (m, 3H, H-3, H-4, H-5), 455 (d, 1H, J = 135 Hz, PhCHy),

4,70 (m, 2H, PhCH, and H-1), 7.30 (m, 5H, Ph).

Methyl 3-O-benzyl-6-deoxy-2-O-methyl-a -D-lyxo-hexopyranosid-4-ulose (28):

A solution of DMSO (1.88 ml, 26.51 mal) in dry CH,Cl, (15 ml) was cooled to
-78 °C under N, and to this was added (CRCO)0 (248 ml, 17.71 mmd) dowly and the
mixture was dirred a that temperaure for 30 min. A solution of compound 27 (5 g, 17.73
mmoal) in dry CH)Cl, (10 ml) was added dowly a —78 °C. After addition the reaction mixture
was dirred for 1 h a —78 °C and EzN (497 ml, 3542 mmal) was added dowly. The reaction
mixture was then warmed to room temperature, water was added and extracted with
dichloromethane, dried over Na,SO, and solvent was evgporaied. The residue was purified by
dlica gd column usng ethyl acatate petroleum ether (1.9) as duent to give the compound 28

(461 g) in 92 % yidd.

'H NMR (CDCl3, 200 MHz): d 1.30 (d, 3H, J = 6.8 Hz, H6, 6, 6"), 344 (5 3H, OCHs), 348
(s 3H, OCHs), 387 (t, 1H, J = 1.3 Hz, H2), 412 (g, 1H, J = 68 Hz, H5), 436 (d, 1H, J = 45
Hz, H3), 452, 492 (ABg, 2H, J = 127 Hz, GLPn), 478 (d, 1H, J = 1.3 Hz, H1), 7.28 (m,

5H, Ph).

M ethyl-4-amino-3-O-benzyl-4,6-dideoxy-2-O-methyl -a -D-talopyr anoside (30):

Hydroxylamine hydrochloride (450 g, 65.71 mmol) wes added to a dirred solution of
NaOMe (prepared by dissolving Na (1.50 g) in MeOH (40 ml) and dirred for 20 min.  Then
the compound 28 (4.62 g, 16.47 moal) in MeOH (20 ml) was added to the aove solution. The

reection mixture was girred a room temperaiure for 4 h. The solid was filtered and filtrate
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was concentrated, then water was added and extracted with ethyl acetate, dried over Nap,SO,,
filtered and concentrated to afford 29 and which was used in the next reection without further
purification.

The above prepared compound 29 (354 g, 11.86 mmoal) in dry THF (20 ml) was added
to a sugpenson of LAH (087 g, 2370 mmal) in dry THF (15 ml) & 0 °C. The mixture was
dirred a room temperature for 20 h. The excess LAH was decomposed with saturated Na,SO,
solution, white precipitete was filtered through pad of Cdite bed and washed with ethyl
acgtate. The combined filtrates were concentrated and extracted with ethyl acetate, washed

with brine, dried over NapSO,, concentrated to give amine 30 (2.31 ).

Methyl 3-O-benzyl-4,6-dideoxy-4-(N-ethoxycar bonylamino)-2-O-methyl -a -D-talopy-
ranoside (31):

To a solution of compound 30 (230 g, 820 mmal) in 1:1 mixture of CHCl3 (5 ml) and
HXO (5 ml) was added sodium bicarbonate (050 g) @& 0 °C and ethyl chloroformate. The
reaction mixture was girred for 2 h a room temperature. The two layers were separated and
the agueous layer was extracted with chloroform, dried over NaxSOs and concentrated. The
resdue was purified by column chromatography on dlica gd usng ehyl acetae petroleum

ether (1:20) as duent to afford 31 (1.47 g, 23 % overdl| yidd after 3 Seps) as a syrup.
[a]o +125° (c 1.92, CHCl3).

IH NMR (CDCls, 400 MHz): d 1.23 (m, 6H, H6, 6, 6 ad CO,CH,CH), 3.30, 350 (25 6H,
2 x OMe), 340 (s, 1H, H2), 3.70 (t, 1H, d4 =, Js = 3.3 Hz, H4), 380 (m, 1H, H5), 408 (M,
3H, H-3 and COCH2CH3), 443, 473 (2d, 2H, J = 133 Hz, PhCH2), 4.70 (s 1H, H1), 5.90 (d,

1H, J= 8.0 Hz, NH), 7.32 (m, 5H, Ph).

CIMS m/z 353 (M)
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Methyl 4,6-dideoxy-4-(N-ethoxycar bonylamino)-2-O-methyl-a -D-talopyranoside (32):

A olution of compound 31 (1.40 g, 3.96 mmol) and 10 % PdC (300 mg) in dry MeOH
was dirred a room temperature and baloon pressure for 15 h.  The catdyst was filtered
through pad of Cdite, washed with methanol and the filtrate was concentrated. The residue
was purified by column chromatogrgphy on sglica ge using ehyl acetate petroleum ether (1:4)
as duent to give 32 (0.83 g) in 80 % yidd.

[alo+910 (c1.92, CHCly).

'H NMR (CDCl3, 400 MHZ): d 1.23 (d, 3H, J= 65 Hz, H6, 6, 6"), 1.3 (t, 3H J= 43 Hz, ,
CH2CHJ), 270 (d, 1H, J = 56 Hz, OH), 338 (m, 4H, H2, OMe), 35 (s, 3H, OMe), 3.92 (m,
3H, H-3, H-4, H-5), 415 (m, 2H, CH,CHs), 48 (s, 1H, H-1), 5.28 (d, 1H, J= 6.1 Hz, NH).

CIMS: 264 (M *+1).

Methyl 3,4,6-trideoxy-4-[(N-ethoxycar bonyl)amino] -3-C-methylene -2-O-methyl -a -D-
talopyranoside (34) :

To a cold (-78 °C), dirred solution of DMSO (0.63 ml, 895 mmoal) in dry CH,Cl, (10
ml) was added (CFsCO).,0 (0.836 ml, 597 mmoal) in CHC, (2 ml). This mixture was sirred
for 20 min a —78 °C under No @amosphere. The compound 32 (0.78 g, 298 mmol) in CHXC>
(10 ml) was added dowly and the reaction mixture was dirred for 45 minutes, a —78 °C dry
B0 (167 ml, 1195 mmol) was added, the reaction mixture warmed to room temperature,
waer was added and extracted with dichloromethane, dried over N&SO,, filtered and
concentrated.  The resdue was purified by column chromatography on dlica gd usng ethyl
acetate: petroleum ether (1:5) as duent to give 33 (052 g) in 67 % yidd.

To an icesdt cooled solution of methyltriphenylphosphonium iodide (374 g, 925

mmoal) in dry THF (20 ml) was added n-butyl lithium (252 ml of 22 M solution, 555 mmoal)

dowly. After dirring for 1 h, a solution of keto compound 33 (048 g, 185 mmad) in THF
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(8 ml) was cannulated. The mixture was girred for 2 h. a room temperature, then saturated
agueous ammonium chloride solution wes added. The THF was evaporated under reduced
pressure, extracted with ethyl acetate washed with water, bring, dried over NaSag,. Upon
concentration and chromatographic purification of the resdue on dglica gd usng ethyl acetate
petroleum ether (1:15) as duent gave the compound 34 (207 mg) in 43 % yidd as a syrup.
[alp +112° (c 204, CHCly).
'H NMR (CDCls, 400 MH2): d 1.10 (m, 6H, H6, 6, 6’ and CO,CH,CHa), 3.32, 340 (25, 6H,
2 x OMe), 348 (s, 1H, H-2), 396 (m, 1H, H-5), 412 (m, 3H, H4 and COCH,CHs), 4.72 (s,
1H, H-1), 512 (s, 1H, one of =CH>), 540 (s, 1H, one of =CH>), 5.60 (d, 1H, J= 8.0 Hz, NH).
CIMS: m/z 260 (M*+1).
HRMS (C1) calcd for CyoHpyNOs (M *+1) 260.1497, found 260.1503
Methyl 4-amino-3,4-N,O-car bonyl-4,6-didexy-3-iodomethyl-2-O-methyl -a -D-talopy-
ranoside (35):

lodoniumdicallidine perchlorate (592 mg, 126 mmol) was added to a <olution of
compound 34 (0164 g, 063 mmal) in CHCk (5 ml) and the solution was dirred in dark for 2
days & room temperature. Then chloroform was evaporaied and the resdue was dissolved in
diethyl ether, then the solid was filtered and the filtrate was washed with dilute HCI (0.5 N),
sodium thiosulfate, dried over Na;SO, and the resdue was purified by column chromatogrgphy
on dlica gd usng ethyl acetate petroleum ether (1:3) as duent to afford 35 (113 mg) in 50 %
yidd.
[a]o+95 ° (c0.6, CHCh).
'H NMR (CDCl3, 200 MH2): d 1.22 (d, 3H, J = 65 Hz, H6, 6, 6"), 336 (d, 1H, J = 90 Hz,
one of CH,l), 361, 3.79 (2s, 6H, 2 x OMe), 3.77 (s, 1H, H4), 385 (m, 3H, H2, H-4 and one
of CHal), 461 (d, 1H, J= 45 Hz, H-1), 7.00 (s, 1H, NH).

CIMS: miz 358 (M*+1).
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Methyl 4-amino-3,4-N,O-car bonyl-4,6-didexy-2-O-3-C-dimethyl-a -D-talopyranoside (18):

To a solution of compound 35 (32 mg, 0.089 mmoal) in toluene were added AIBN (ca)
and tributyltin hydride (78 mg, 020 mmol) & room tempesture. The resction mixture was
dtirred a 100 °C for 1 h and cooled to room temperature. The solvent was evaporated and the
resdue was dissolved in acetonitrile (20 ml) and washed thrice with petroleum ether (3 x 10
ml), and evaporated. The crude product was purified by dlica gd column chromatography
using ethyl acetete: petroleum ether (3:2) as duent to afford 18 (19 mg) in 95 % yidd.

[a]o +76° (c 1.0, CHCk)

'H NMR (CDCl3, 200 MHz): d 1.16 (d, 3H, J = 65 Hz, H6, 6, 6’), 140 (s, 3H, G-methyl),
318 (d, 1H, J, = 45 Hz, H2), 339 (bs, 1H, H4), 343, 355 (25 6H, 2 x OMe), 3.86 (m, 1H,
H-5), 459 (d, 1H, J; , = 45 Hz, H-1), 7.45 (bs, 1H, NH).

CIMS: miz 232 (M*+1)

HRMS (CI): calcd for CoHiNOs (M*+1) 232.1184 found 232.1174.
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INTRODUCTION:

Aghma has now emerged as one of the mgor hedth threats in this century. Especidly,
the Stuation is darming in indudridized countries, where the rgpid surge in ar pollution has
become the primary cause of this lung diseese. This present action is a platform of discusson
around biochemicd and medicind aspects rdated to ashma Ashma is a chronic inflammatory
dissese of the conducting arways  The ashmatic inflammation is highly-complexd process
and driven by a ves aray of mediators and cytokines produced by mix of inflanmatory cdls
principally macrophages, lymphocytes and  eosinophilst.  Pro-inflammatory  mediators such as
higamine, leukatrienes and pladet activating factor (PAF) reeased from pulmonary tissues
(or) migrating inflanmatory cels possess specific vasoective, bronchoactive and oedemegenic
properties that ae thought to be pivotd in the initition and propagation of the asthmatic
regponse®.  However, the reaive contribuions of these mediators to pathophysiology of
aghma are not fully understood. Given the complexity of chronic ashma it is unlikdy that
a gngle inflammatory mediator could account for dl the pathology. Consequently, it can be
speculated that only drugs which can smultaneoudy interfere with aleast two mediators are
likdy to have any profound effect on the inflammation. Kesping this in mind, new origind
molecules which could sImultaneoudy interfere with any two or more of higamine 5
lipoxygenase (5LO) and PAF have been developed over theyears.

HISTORICAL BACK GROUND:

The firg report of a substance which possesses the sort of biologicd activity now
asociated with leukotrienes came in 1938 when Fddberg® and Kelaway injected Cobra
venom into guinea pig pefuse lungs and obsarved the release of a substance which caused
contraction of the pig ileum which they caled “dow reacting substances’.

Two years laer Kdlavay and Trethewic* demonstrated that a smilar substance was

produced in the effluent of guinea pig pefuse lung following chdlenge with appropricte
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antigen.  This immunologicaly produced mediator wes laer teemed SRS-A, i.e, dow reacting
substances of Anaphylaxis, by Brockdburst. In 1963, Berstrom® and Samuelsson® showed that
prostaglandins were, in fact, a family of compounds of which two prosaglandins (PGS) were
isolated in cyddline foom and ther dructures were ducidaed. Laer the dructure of
thromboxane A, (TXA,) and the degradaion product of TXA, viz., thromborane B, (TXB,)
were eucidated.

In early 1980s, Samudsson®® and Corey’ made a rapid progress in the dudidation of
different products i.e. dow reection subgtances (SRS) from metabolism of aachidonic acid,
derived from membrane phogphalipids initisted by enzyme 5-lipoxygenese and renamed SRS
as leukatrienes (LTS) because of ther initid discovery in leukocytes and their conjugated
triene structures.

LEUKOTRIENES
<z_\:(CH2)3000H
_ __ _CH,,
Arachidonicacid (1)

In a biologicd sysem for the regulaion of various cdl functions arachidonic acid plays
a unique role as a precursor molecule which is trandformed into a number of potent mediatiors
with wide ranging effects Oxidation of aachidonic acid in mammdian cdls gives rise to a
number of metabolites,  collectivdly cdled ecosanoids which ae intimady involved in
inflanmation and the physologicd and pethological processes  Prodaglandins were the firg
members of this family to be identified and characterized and are involved in inflanmatory and
pan  responses. The enzyme cydo-oxygenase (CO) converts aachidonic add to
prodaglandins. Studies on the medbolian of aachidonic add in  polymorphonuciear
leukocytes (PMLS) led to the recognition of a new dass of proinflammatory products cdled
leukotrienes The enzyme 5-lipoxygenase catdyzes the converson of arachidonic acid to

|eukotrienes.
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LIPOXYGENASE PATHWAY OF ARACHIDONIC ACID METABOLISM:

Arachidonic acid, an unsaturated Cxo faty acid has dtracted interest over the last 15
years far beyond the bounds of nutritional research. It forms an essentid acyl component of
the phospholipids in dl animd codls  Arachidonic add is enzymdicdly formed from linoleic
and lindlenic acids by the action of phospholipase. It may dso be metabolized by a group of
enzymes known as lipoxygenases (Scheme-1).  Lipoxygenases are the dioxygenases enzymes,
which contain nonheme iron and Sereospecificdly cadyze the insation of molecular oxygen
into aachidonic acid.  In 1976, Borgest, Haniberg and Samudsson™®! described the
trandformation of arachidonic acid to 5(S)-hydroxeroxy (6E, 8Z, 117, 14Z) ecosaeranoic
acid (5HPETE) by rabit polymorphonudear leukocytes thus providing the fird evidence for
the exigence of the G5lipoxygenese enzyme 5-Lipoxygenese is one of the mog

physiologicaly important enzymes and the subject of the greeter interest in recent years.

The S5lipoxygenese is the fird dedicated enzyme in the pahway leading to the
biosynthess of leukotrienes. This important enzyme has a rather redricted didtribution, being
found predominantly in leukocytes and mest cdls of most mammds. Normdly 5
lipoxygenese is presat in the cdl in an inactive form, however, when leukocytes respond to
externd gimuli, intracdlular 5-lipoxygenase can be repidly activated. This enzyme caayzes
the addition of molecular oxygen to faty adds with ds ds-14-pentadiene Sructures,
conveting them to 1-hydroperoxy trans cds24-pentadienes.  Arachidonic acid subdrae
which leads to leukotriene products, is found in very low concentrations in mammdian cdls

and mugt fird be hydrolysed from membrane phsopholipids through the actions of

phospholipasesin response to extracd lular gimuli.

5LO cadyss the dereospecific converson of aachidonic acd (1) to a 5

hydroxyperoxy eicosatetraenoic acid (5HPETE)* (Scheme-1). Since the adtive site of the
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enzyme is nonheme iron, the mechanism of the trandformation probably involves
organoiron intermediate (or) adienyl radica which istrapped by molecular
Scheme-1
5-Lipoxygenase pathway of arachidonic acid
<§_i\/(CH2)3€OOH
— — C5Hll

Arachidonic acid

Oxidation step
OOH

] — C5H11

5-HPETE

Enzymatic dehydration step

|

NG N 405

C.H

— 5 11

Reduction step

(CH,),COOH

)
273

LTA, 5-HETE

Enzymatic hydration ‘ Glutathione addition

(CH,) ,COOH

oxygen to produce 5-HPETE. Reduction of 5-HPETE generates 5HETE, while enzymdic

dehydration produces the undable epoxyleukotriene As (LTA4). LTBs aises from the

an

enzymdic hydraion of LTA4 while addition of glutathione generaes LTG,.  The latter

compound, dong with its protedlytic metabolites LTD, and LTE, conditutes dow reacting

substances of angphylaxis (SRSA).
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Additiond lipoxygenases ae known which oxygende differet podtions on  the
arachidonic acid chain.  12-LO, reaulting in the formation of 12HETE (2), is best known in
platdets, while the 15-LO from soyabean has been dudied in detal for many years. 15-HETE
(3) is d=0 produced by mammdian cdls the enzymes from neutrophils and particularly rabbit
reticulocytes are the best characterized.

""" """ (cH,,cooH @(CHMOOH
_ CgHyy — X _ CsHyy

HO

2 3 OH

LTBs C4 D4 and E; play mgor roes in inflammaory and dlergic responses.  For
example LTB4, a potent chemotectic agent for neutrophils and eosnophils, is an important
medigor of inflanmaion. LTCs4, Ds and E4 ae potent bronchocondrictors as wel as the
dow-reacting substance of angphylaxis.

Much evidence has accumulated implicaiing LTs in  dissases dates  having
inflammatory  components, including  athritis asghma and dlegy, psoriads and other
inflammatory  kin diseases, inflanmatory bowel diseeses such as ulceraive colitis and
Crohn's disease and more recently in drculatory diseases such as shock and myocardid
ischeemia  In the hope of finding anti-inflammatory drugs with reduced dde-effects (or)
greater efficacy, a mgor effort has been mounted by the pharmaceuticd industry over the past
decade to identify ether sdective inhibitors 5-LO (or) dud inhibitors of CO and 5LO. A
wide variety of agents have been reported as 5-LO inhibitors, through the untiring effects of
medidna chemids.

TYPES OF LIPOXYGENASE INHIBITORS™:

Both naurd products and synthetic compounds have been reported as lipoxygenase

inhibitors ~ The former category encompasses compounds isolaied from both animate and

inanimate sources while the latter dass is comprised of lipoxygenase subgrate and product
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andogs. Synthetically modified naturd products and novel dructures have been obtained by
totd synthesis.
Substrate and product analogues:
The LTB4 andogues TE:-8005 (4) and TEI-1338 (5), which inhbited LT production by
ionophore-stimulated human blood & micromolar concentretions, dso showed ord activity in

CPE and topicd activity in endotoxin induced endophthaimitisin rabbit eyes.

OO o< (CH,).COoR

4 R=OH
5 R = NHCgH,(2-COOMe)

Phenolic compounds:

Beginning as ealy as 1970, a vagt aray of phenolic compounds have been explored as
inhibitors of lipoxygenases.  Since phenols are well-known as reducing agents activity againgt
an oxidase would not be expected. All active compounds of this class contain a leest one free
aomdic hydroxyl group, or a phendlic ester which presumably acts as a prodrug form of the
phenol.  Lipophilic character is a common festure of mog of these inhibitors as might be
expected for activity agangt an enzyme whose normd subdrate is a faty acid.  (Surprisngly,
however, incorporation of a carboxyl group into many of these molecules destroys activity).
The reguirement for lipophilicity in a reducing agent is demongrated by the inattivity of
ascorbic acid (6), a water oluble physologicad antioxidant, in ralSN bdow millimolar
concentrations.  However, a polmitae ester of (6) is a potent inhibitor (15 mm) of LTB,
synthesisin human 1SN and in cell hanogenates.

OH

HO OH
6
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Catecols and ortho aminophenals:

A lage number of caechol contaning compounds have been reported to inhibit a
vaiety of 5-LOs most commonly in cRBL and ISN. Many of these are naturd products (or)
gynthetic andogues, such as gossypal (7), caffeic acid (8) and derivatives. Caffeic acid is the
mogt potent of the naurdly occurring compounds with 1G5y in the miccomolar range. It is
interesting to note that converson of one of the phenols of caffec acid to methyl ether to yidd
feulic acd, subgantidly reduces the ability to inhibit lipoxygereses  This indicates the

possblerole of catechal for lipoxygenase inhibition.

CHO OH oH
NH
OO
HO HO
iPr Me Me
Gossypol (7) Caffeic acid (8) 9

The ortho-aminophenols, which are dereodectronic with caechols, inhibit the 5LO.
The N-ayl methyl deivative (9) was a potent inhibitor of cRBL (Q029 nm) and inhibited the
releese of SRSA in rat passve peritoned angphylaxis. Variaion of the 4-subgtituent as wel as
the para-subdtituent on the benzyl group, indicated that overdl lipophilidty was important for

good potency, dectronic effects in the benzyl group had a much smdler effect.

Flavonoids:;

S Yamamoto and co-workers have dudied the effect of various flavonoids on 5
lipoxygenase from rat basophilic leukemia cdls (RBL) and guinea pig PMNS. Cirsliol (10)
was the mogt potent flavonoid againg cRBL (0.1mm). Bacden (11) is another example of

flavonoid inhibiting the 5L Os from rat and human neutrophils and lymphocytes.
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Cirsiliol (10) Baicalein (11)

Hydroxamic acids and related compounds:

In 1984, Corey and co-workers reported that N-hydroxyarachidonamides (12) were
potent reversble inhibitors of cRBL (0.03 — 0.2 mm). Alkylation on nitrogen incressed the
inhibitory potency dgnificantly and truncation to (13) dill gave adtivity (19 mm).  An
dternative gpproach a Abott placed the hydroxamic acdd moigy in the 5-podtion, giving
andogues of 5HPETE such as (14) which dso inhibited cRBL.Although the dmple
hydroxamate andogues of arachidonic acid showed no anti-inflammatory activity the concept
prompted a number of ressarch groups to explore hydroxamic acdids with more stable lipophilic

resdues  This gpproach has yidded some of the most interesting anti-inflammatory 5LO

inhibitors reported to date.
— — (CH,),CON(R)OH ~ (CH,),CONHOH
N — Can — —
12 R =H, Me, nBu 13

CONHOH
(CH,),COOH
C5Hll

14

A sies of adkyl hydroxamic acids from Brido-Myers is refresented by 9
phenylnonanohydroxamic acid (BMY 30094). This compound inhibited the production of 5
HETE by humen ISN (58 mm), with about one third that potency agang CO and 12LOin

pladets. Alkylene chains shorter than 6 (or) longer than 11 carbons gave inactive compounds
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(>200 nm). Alkylation on nitrogen greatdy improved potency (<Imm). Smadl subdituents on
the phenyl ring (methyl, methoxy, chloro) hed little effect on potency, but larger subgtituents
(butyloxy) led to grestely decreased activity. 9-Phenylnonanohydroxamic add (BMY 30094)

showed topicd anti-inflammeatory activity in AAE and phorbol ester ear oedemia

Hydroxamic acids have been extengvdy invedigated a Abott, where a hypotheticd
binding Ste hypothess was based on examination of many smple wardkyl hydroxamic acids
Severd sies of conjugaed hydroxamic acids were explored based on this hypothess,

yidding potent 5L O inhibitors exemplified by 15-18.

The hydroxamic acids in ealier examples (15-18) have the large lipophilic group
atached to the carbonyl and smdll akyl group on nitrogen. Reversd of this pattern (dubbed

Me

|
X N~
Me Me OH
| (T
X N
\n/ \oH |O
o Me Me

15 X =bond 17 X=bond
16 X = CH=CH 18 X =CH=CH

‘type A’ by the Abbot workers) to yidd N-subgtituted acetohydroxamic acids (type B’)
afforded surprisng increases in ora potency without affecting in vitro activity.  Abbott’s
A63162 (20) was 2 to 5 fold more potent in rat peritoned angphylaxis than the corresponding

arylacetohydroxamic acid (19).

Me '\l/'e

Me O
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Conveson of the type B-hydroxamic adds to hydroxyurees led to further
enhancements of ora biocavailability and in vivo potency. Abbott's 21 and BW-B70C (22) from

Burroughs welcome are the examples.

Me j\ Me j\
4-F-PhO
)M\e /©/L’?l . \©/\/]\'?l NH
OH
Ph” SO OH

21 22

The benzothiphene andogue zleuton (23) is one of the more interesting 5LO
inhibitors studied to date which has been recently approved by FDA for the trestment of
aghma  Zileuton inhibited cRBL (05 mm) and human ISN (0.7 nm) was specific for 5-LO,
and was ordly active in rat peritoned angphylaxis. Promisng activities have been reported in a
number of diseases such as antigen induced nasd congestion, overtsymptoms as well as LTBa4
and 5-HETE levels in nasd secretions were reduced, the response of asthamatic patients to
cold ar bronchocondriction decreesed LTB, levds in rectd didyss fluid, prdiminary

indications of efficacy in rheumatoid arthritis.

N\
N<_ _~NH,
Uy
Me O
Zileuton (23)

PLATELET ACTIVATING FACTOR:

Padet activating factor (PAF) chemicdly identified as 1-O-akyk2-O-acetyl-sn-
glycero-3-phosgphocaline  (25) has been implicsted a a mediaor of pathophyso-logicd
reections in various anima modds as wel as in human dissese™. PAF is produced by a
vaiety of inflammaory cdls such as basophils neutrophils pladets,  macrophages,
endothdid cdls, and IgE-sendtized bone marow mest cdls PAF exeats a wide vaiety of

biologicd attions induding interalia smooth muscde contraction, neutrophil, degranulaion,
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pladlet aggregation and cardiac, rend and gedrointesind dysfunction.  In various animd
modds PAF induces bronchocodriction, systemic hypotension, neutrophenia,  increased
vascular permesbility, and devaed plasma lysosomd hydrolase levels PAF plays a mgor role
in ashma, egpecidly in the pathogeness of late ashmatic responses, and is the only mediator

ableto dicit a sdective recruitment of eosinophilsin dlergic subjects.

[~O(CH )xCH,

H,C—C—O0—CH e

O_p_(C|_|'2)2_N+(CH3)3

(0]
Structural formula of plateactivating factor (25)

Binding of PAF to its specific receptor is thought to be the fird step necessary to
display its biologicd functions both in vitro and in vivo. The exigence of high afinity PAFR
gpecific binding dtes in rabit pladet and guinea pig smooth musde membranes human
platdets, human polymorphonuclear leukocytes and human lung tissues has been demondrated
by experiments usng [3H] PAF. The affinity and number of these binding Stes gppear to
correlate with tissue and species specificity of the biological effects of PAF™. It has become
increesngly likdy tha PAF has multiple effects which may be rdevant in many human
diseases, and enormous recent activity in sudying these effects has been an anticipaed

conseguence.

Specific and potent PAF receptor antagonists are vaugble tools in the ducidation of the
pathophysiologica roles of PAF and are expected to be of dinicd importance. A vaigty of
structurdly diverse antagonists of the binding of PAF to its receptors have been reported,
including gructurd andogs of PAF such as CV-3988 (26) complex naturd products isolaed
from medicind plants such as Kadsurenone (27) and ginkgolide28) as well as the totdly

synthetic substance such as L-652,731 (29) etc.



)
I

O——C—NH—CyH;,

MeO—(lli £ A
0— P—0—(CH,);—N
7\ _ \
o o Vs
CV 3988 (26) Kadsurenone (27)

MeO “\, OMe
(@]
MeO OMe

OMe OMe

Ginkgolides (28) L - 652, 731 (29)

PAF — RELATED ANTAGONISTS
These compounds have been obtained by three different chemical approaches™.

Noncongtrained backbone: In this series, the antagonists derive directly from the PAF frame
work. The fird compound destribed in this family is CvV3988 (26). CV3988 is an ordly active
and potent antagonist. The first reports by Terashita et al. damed tha CV3988 specificaly
inhibited PAF — induced plaidate aggregetion. The inhibition of PAF — induced platelate
agoregation by CV3988 is accompanied by an inhibition of the membrane production of
phosphoinogitides.  CV3988  inhibits PAF  induced  hypotenson,  thrombopenia,  ad
hemoconcentration. CV3988 dso counteracts the decrease in blood pressure induced by
undlipping of the rend atery in the one-kidney one dip hypertensve rat. A new CV andog
Cv6209 (30) has a N-acetylcarbamoylmethylpyridinium Sde-chain in place of the phosphoryl
choline group. It is aout 80 times more potent than CV 3988 in vitro and in vivo replacement
of phsophoryl ethyl thiazolium moiety of CV3983 with a heptamethylene thiazolium on Cs
yidded another group of antagonists among which ONO-6240 (31) is the most potent one. Thr
potent antagonists were obtained by replacing the phosphory group by an eder linkage i.e RU

45703 (32).
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RU 45703 (32)

Congrained backbone Moderatdly active PAF antagonists were produced from cydization
of the PAF framework such as the Sandoz pipeidine deived SRI 63-073 (33) (or) the
dioxanone-rdated (33) Hoffmann La Roche series (34). SRI 63073 synthess was designed by
combination of thiamine phosphate (which displays a modest PAF inhibitory effect in vivo
with a modified PAF fram work. SRl 63-073 inhibits PAF induced human and guinea pig
platelet aggregetion.

0-CigH
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N O Ci7Hss
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SRI 63-073 (33) Dioxanone (34)

Tetrahydrofuran derivatives  Sandoz has synthesized a seies of tetrahydrofuran related
PAF antagonigts reated to the PAF framework. The most potent one, SRI 63-441 (35) is a

gpecific inhibitor of PAFR- induced human platelet aggregation.
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SRI 63-441 (35)



NATURAL PRODUCTS

The mog promigng chemicd series of PAF inhibitors incdude naurd compounds
isolaed from Chinese (or) Brazilian plants (terpenes and lignans) and from various becterid
drains(gliotoxins).
Terpenes. A family of potent PAF antagonids is formed by ginkgolides (28) and terpenes
isolated from Chinese tree Ginkgo hiloba L Ginkgolides are unique cage molecules which are
C20 compounds, incorporating a tert-Bu group and Sx S5membered rings induding a spiro

[4.4.0]nonane system, a tetrahydrofuran cycle and three lactonic groups.

Gliotoxin and related compounds:

PAF antagonids ae dso produced by fermentaion of diffeeent fungi  and
microorganisms. Thee products deive from bisdethiobigmethylthio)gliotoxin - which  was
firsd isolaed from wood fungus G. ddquescens Mogt of these products possess the
didkylthiopiperazinedione skdeton.  The mogt potent antagonids is gliotoxine (36).  This
product inhibits PAFinduced rabbit pladet aggregation, but a dight inhibition of odlagen

induced aggregation was recorded.

N N
OH O%SCHa
OH

Gliotoxine (36)
Lignans. Lignans and nedliganans ae pats of an immense chemicd family formed
biogenetically by oxidaive dimeization of hydroxyadkoxyphenylpropane  The term lignen is
traditiondly reserved for compounds in which the precursors are linked by b-carbons of each
lateral chain, whereas the term neolignen is gpplied to products in which dimerization

intervenes on carbons other than b.
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Benzofuranoid neolignans: A nedignan isolated by the Merck group from piper
futokadsurae (hafenteng, piperacese), a plant used in Southern China as antirheumatic and
anti-alergic was the first natural product discovered as a potent inhibitor of the binding of FH]
PAF to a rabbit pladet membrane preparation. It was named Kadsurenone (27) and was
shown to be a specdific and potent inhibitor of PAF induced platelet aggregation.The chemica
specificity of Kadsurenone was demondrated by the wesk activity of severd rdated
compounds isolated from the same plant (eg. Kadsurin A, Kadsurin B and piperenone) and
svad gynthetic andogues with dtered Stereochemidry (o) ring subdituents.  Only  the
dihydroderivative, obtained by hydrogenation of the dlyl sde chain, retained full activity. The
inverson of the configuration & dther the 2-or 3a pogtion results in a sgnificant decrease of
the receptor inhibitory ectivity, snce the rdaed methoxyimino or dcohol andogues are wesk
inhibitors.  The nedlignan is active in blocking PAFinduced cutaneous permesbility in the
guineapig.

Dibenzyl butyrolactone (butanolide) derived lignans.

Butandlide lignans (37) ae isodtes of type A furanoid lignans  In this saries
presganes A and B and vaious methoxylated maariresnols isolaed from stegantaenia
araliacea ae moderate antagonigts. Lignans of this series dibenzyl butyrolactone
(Butanolides) were discovered in animd urines (induding human). They are characaterized by

the presence of one meta OH-group in each ayl ring, the man lignan identified in mammdian

37

rings being enterolactone.
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Subgtituted furanoid lignans:

Severd dructures in lignan series are potent PAF antagonids.  This is epecidly the
caxe with tetrahydrofuran derived compounds, type C (2345 terasubdituted). Veraguensn
(38) , Gdbdgn (39) and Gagranin (40) respectively isolated from Magnolia accuminata
(USA) and Himantadrabelgravena (New Guines), are rdaively potent and specific inhibitors
of PAFinduced rabbit pladet aggregetion..

OMe
OMe OMe OMe OMe

Veraguensine (38) Galbelgin (39)

Sysemdic synthetic study from the natura tetrahydrofuran fram work led to the
gynthess of a dinor type C tetrahydrofuran lignan L-652, 731 (29) and the thioester of L-

652,731 trans-25-hbiq34,5-trimethoxyphenyl)tetrahydrothiophene (L-653, 150) (41).

MeO OMe
S %
MeO OMe

OMe OMe

OMe OMe
Galgravin (40) L - 653, 150 (41)

In the type C tetrahydrofuran series, the trans isomers are generdly more potent than
the corresponding cis isomers.  Further dructure activity sudies indicated that more potent
PAF antagonists contained an dectron-withdrawing group on one but not both aromatic rings
Thee features are incorporated in L-659989 (42)Y in which a metabodlicdly seble
methylsulfone sarves as the dectron withdrawing functiond unit and a trimethoxy ayl ring is

gopended at Cs.
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L - 659, 989 (42)

In order to achieve improved metabolic dability and pharmecokingtic profile, polar
head group modifications were investigated from which the (-)-(2S, 55 trans isomer of MK
287 (43)*® emerged as a potent, specific and ordly active PAF receptor antagonist and chosen
for dinicd trid for aghma The devdopment of (-)-trans(2S5S)2-3-(2-oxopropyl) sulfonyl]-
4-n-propoxy-5-(3-hydroxypropoxy)phenyt-5-(3,4,5trimethoxyphenyl) tetrahydrofuran (44)*°
with further improvement of in vivo potency and drug characteristics has been described. Since
both PAF and leukotrienes ae rdeased dmultaneoudy from leukocytes and upon cdlular
adtivation, act synegidicdly in many biologicd modds a sngle compound which effectively

inhibits the actions of both PAF and leukotrienes may offer certain thergpeutic advantagesin

MeO R SO\/U\
MeO e o SOZ\/\OH " o 2
/\/
MeO o/\/ MeO (e}
OMe OMe OMe o \/\/OH

MK 287 (43) 44

teems of dficacy and Pharmacodynamics over agents which inhibits dther mediator adone.
The 25 dayltarahydrofuran cdass of compounds ae extensvely <udied PAFreceptor
antagonigs. On the other hand, hydroxamic acids and hydroxy uress are the most potent 5
lipoxygenase inhibitor known. A number of monofunctiond and dud functiond 5-LO
inhibitors and PAF receptor antagonists have been reported.  The introduction of hydroxyurea
functiondity onto certain scaffolds has been shown to confer 5-LO inhibitory activity, possbly
involving chelation of Fe®" required for catdyss To optimize dud 5-LO inhibition and PAF

receptor antegonist  activities in a sngle compound, the N-hydroxyl urea functiondity was



89

incorporated by Cytomed Inc. into a wael-characterized family of PAF receptor antagonists,

25-diaryl tetrahydrofurans.

Ty O‘J&

Diaryl tetrahydrofurans are known OH
PAF receptor antagonist

Combination

—_—— -
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H  OH OH M

Derivatives of hydroxyurea are o Y )
known 5 - LO inhibitors Dual 5 - LO inhibitor and PAF receptor antagonist

A number of hydroxy uredyl derivaives of diayl terahydrofurans have been
synthesized, which show dud 5-LO inhibitory and PAF receptor antagonigic activities. Md.
Sgja Husson e d.% have replaced the sulfonyl group in MK 287 (43), potent PAR
antagonis, with hydroxy ureidyl groups to introduce dud adtivity in this type of molecule For
anti-PAF activity the trans isomer was dways more potent, however, isomer preference has
not been determined for 5-LO inhibition. Further introduction of hydroxy urea might change
the conformation of the molecule to give anti-PAF activity irrespective of the geomelry of the

isomer. So both the cis and trans isomers of the diaryl tetrahydrofuran type of compounds

MeO - NHCONOHR
(@]
o) o "
OMe OMe

45 R =H, Alkyl

were syntheszed (45). In vitro dud activities were determined by a PAF receptor binding
assay and a 5LO inhibition assay usng a rat basophilic leukemiae (RBL) cdl extracts. There

was practicdly no difference between cis and trans isomers in antagonizing PAF.  Compounds
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(both cis and trans isomers) containing a medium sze akyl R are the mog active in both RBL
and PAF assays.
Xiang Cd et a®’. have reported (%) trans-2-[3methoxy-4-(4-chlorophenylthioethoxy)-
5-(N-methyl-N-hydroxyureidyl)methyl phenyl]-5-(3/4,5-trimethoxyphenyltetrahydrofuran
(CMI-392) (46) as a potent dud 5LO inhibitor and PAF receptor antagonist which is currently

being evauated in human dinicd trids as a novd anti-inflammeatory agent. CMI1-392 showed
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vay potent and bdanced adtivities agang both 5LO and PAF compared with reference

compounds, CMI-392 (46) is more potent then zleuton (23) in 5-LO inhibitory activity and is

amod equally potent as MK-287 (43) in PAF receptor antagonist activity.
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PRESENT WORK:

The ()-trans-2- 3-3(N’ -butyl-N’ -ura dyl] propoxy) -4-propoxy) -5-propyl ulfonyl
phenyl]  -5-(345-trimethoxyphenyl)-tetrahydrofuran  (CMI-46) 47 was  idetified and
developed as a potent 5-LO inhibitor and PAF receptor antagonist thereby adjudicating as the
curator of chronic ashma®.  The compound is now undergoing human dinica trids as anti-
inflanmatory agent. The molecule having spectacular pharmacologicd and  pharmacodynamic
properties and evriched with rich functiondity and functiondity posses copious atention to
evary synthetic chemigt and hence our synthetic endeavor to capitulate the totd synthess in

economically viable fashion. This chapter dedlswith the synthesis of CMI-546 (47).

Hooo
MeO e O\/\/N N\/\/
v o \n/
Me0:© O@:O/\/ o
OMe 0,5 "
CMI - 546 (47)

We began the synthess of CMI-546 (47) from commercdly avalable 34-dihydroxy-

benzaldehyde (48). The compound 48 was tregted with benzyl chloride and 2N ethandlic
potassum hydroxide to give a mixture of monobenzyl ether (49) and dibenzyl ether 60) which

could be separated by column chromatography .

The pure monobenzyl ether (49) was heated with iodine and 3.2 % NaOH a 80 °C to
afford the iodo derivative (51) in 79 % yidd. The structure of 51 was confirmed by the 'H
NMR spectrum in which two meta-coupled aromatic protons were located & 745 and 7.85
ppm. The iodo derivaive 51 was dkylated with npropyl bromide and potassum carbonate in
dimethylformamide a& 75-80 °C, dfording the propyl ether (62) in 82% yidd (Scheme-1). The

'H-NMR spectrum of 52 showed characteristic pesks such as a triplet at 1.03, a multiplet a



92
175 and a triplet & 405 ppm corresponding to the propyl group. The remaning chemicd

shifts were in agreement with the assigned structure.

Scheme-1
CHO CHO CHO
2N Ethanolic @\ . @\
> BnClI, N,,
OH overnight OBn OBn
OH OH OBn
48 49 50
CHO CHO CHO
1, 3.2% NaOH ANABKLO,
80°C, 8h 0
oBn ) | OBn DMF,80°C,12h I OBn
OH O/\/
OH
49 51 52

The gketo edser (53), contaning the carbon backbone of tetrahydrofuran ring was
obtained from compound 52 using conditions described bdow. Thus the ddehyde 52 was
reacted with 25 mol % sodium cyanide and ethyl acrylate to afford the gketo ester 63) in 74
% vyidd (Scheme-2)* The structure of 53 was confirmed by its *H-NMR spectrum which

showed thetriplet a 1.30, a quartet a 4.18 ppm dueto ethyl ester. Two triplets at 2.70 and 3.20

Scheme-2
o)
o)
CHO X OEt
/\ﬂ/OEt
, NaCN
0
I oen DMF,RT,15h I OBn
52 53

ppm corresponding to (CH2CH2) group. The rest of the protons appeared at their expected
vaues. The sructure of 53 was further supported by the IR spectrum in which characteristic
absorptions due to C=O and COOEt were observed & 1690 and1735 ami'. The mass spectrum

showed highest mass pesk a m/z 496 which represented molecular weight of 53.
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The keto group in 53 was reduced with NaBH, in EtOH to aford a mixture of ¢
hydroxy ester (54) and glectone (55). The mixture of 54 and 55 was trested with p-
toluenesulfonic acid in - CH2Cl2 to convert the above mixture into 55 in 79 % vyidd (Scheme-3).
The structure of 55 was confirmed by its 'H-NMR, IR and mass spectrd andyss The *H-

NMR spectrum of 55 showed multiplets between 2.0-2.65ppm due to methylene protons at C-3

Scheme-3
(e} (0]
0 HO
OEt OEt
NaBH, , MeOH (0] 0
NaBH, , MeOn_ +
| OBn 10 - 15min | OB ~o
o oS OBn
53 54 55
PTSA, DCM o fe)
0°C to RT, overnight
\/\o
OBn

55

and G4 while the methine proton a G5 was gppeared as a triplet a 5.35 ppm.. The two meta
coupled arométic protons gopeared a 6.92 and 7.28 ppm as two doublets. In the IR spectrum
of 55, the characterisics C=O dreching absorption due to lactone group was obsarved a 1760

cmi’. The mass spectrum of 55 showed molecular ion pesk a miz 452 (M™).

The iodide present in 55 was digdlaced with propyl suifide under Ulmann type cross-
coupling reaction by usng propyl disulfide and copper powder in DMF to aford 56 in 86 %
yidd. The H-NMR spectrum of 56 showed a triplet a 2.85 ppm corresponding to SCH»
group. The aromatic proton (H-6) was shifted upfidd in aulfide product (56) by 0.7 ppm as

compared to the iodide 55. The dructure was further supported by mass spectrum in which
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highest mass pesk was found a mvVz 400 (M*).  The sulfide 66) was cleanly oxidized with m

chloroperbenzoic acid in CH,Cl, to give the sulfone (57) asasolid in 73 % yidd (Scheme-4).

Scheme-4
| propyldisulfide S ~
0" "9 copperpowder e o” 0
\/\O DMF, 100°C, 24h ~"o
OBn OBn
55 56
028 o o
mCPBA, DCM
0°C to RT, 2h ~—"0o
OBn

57

In the 'H-NMR spectrum of 57 the CH. protons adjacent to SO» group was located in
the downfield region a 3.35 ppm. The aromatic protons dso showed downfidd trend in ther
chemicd <hifts due to SO, group. The dructure of 57 was further confirmed by its mass
spectrum showing molecular ion pesk a& nmvz. 432 (M™) while IR spectrum showed absorptions

a 1765 (C=0), 1600, 1490 and 1460 cmi* in agreement with the structure of 57.

Partid reduction of the lactone 67) to the lactol (68) was accomplished with DIBAL-H
in CH2Clz a —78 °C. Compound 58 was a 1:1 mixture of trans and cis isomers. The Structure
of the lactol (58) was confirmed by 'H-NMR and IR spectrd andysis. The IR spectrum of 58
showed the absence of lactone carbonyl (C=0) absorption a& 1765 cm™. The structure of 58
was confirmed by FABMS which gave molecular ion pesk a mvz. 434 (M¥). The hydroxyl
group of 58 was protected as its TBS ether with TBSC and imidezole in DMF a room
temperature to afford 59 as a 21 mixture of anomers 97 % yidd (Scheme-5). The dructure of
59 was corfirmed by the H-NMR spectrum which showed singlets due to Me>S group a 0.13

ppm (6H) and tBuS group & 0.90 ppm (9H). The anomeric proton appeared at 5.68 ppm as a
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broad doublet. The FABMS supported the structure of 59 as highest mass pesk was observed at

m/z 491 (M*-'Bu).

Scheme-5
/\/OZS o o /\/OZS o OH
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59

Our next am was to introduce the second trimethoxyaryl segment.  Although many
approaches for this endeavour have been forwarded, we bdieve tha the most promisng in

terms of controlling relative and absolute stereochemistry was the Corey’ s approact?™.

The reaction of dlylacetd 59 at —78 °C with TMSBr gave the corresponding bromide
derivative (60) which being ungable was used immediady without isolation for the next
reaction. Thus, to the above reaction, a mixture the 34,5 trimethoxyphenylmagnesum
bromide (61) and LiCuCl, in THF was added b afford 62 in 71 % yidd (Scheme-6). The H-
NMR spectrum of 62 reveded two snglets due to methoxy groups a 3.83 (3H), 3.88 (6H).
The H2 and H5 protons gppeared as a multiplet between 508 — 527 ppm. The res of the
protons resonated a their expected shifts. The dtructure of 62 was further confirmed by its
mass spectrum [FABMS m/z. 585 (M* +1)] and HRMS found 5852522, caculaed for

CzHagOsS 585.2536.
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62
The hydrogenolyss of 62 in the presence of 10 %Pd/C in ethyl acetete gave 63 as a
solid in 61 % yidd (Scheme-7). The structure of 63 was confirmed by its H-NMR spectrum
which showed the absence benzylic resonances while rest of the spectrum was in complete
agreement with the structure.  In FABMS the molecular ion pesk a m/z 495 (M*) was
observed.

Scheme-7
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OMe 0,5 ’ OMe 05~
62 63
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The O-dkylaion of 63 with 3-phthdimido-1-bromopropane in the presence of K,CO3
- acetone under reflux temperature afforded the phthadimido derivative €4) in 94 % yidd. The
dructure of the corresponding N-phthdimido  derivative (64) was  supported by the IR
spectrum which reveded characteristic absorptions a 1775 and 1715 cm® wheress the H-
NMR spectrum of 64 reveded the two typicd multipletls & 7.70 and 7.85 ppm due to
phthaimido protons. The dructure of 64 was further confirmed by its mass spectrum:

FABMS m/iz 682 (M* +1) and HRMS cdd for CssHaaNO10S 6812607, found 681.2650. The
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removd of phthdimide group from 64 using hydrazine monohydrate in ethenol a reflux
temperature  provided 65 (Scheme-8). The structure 65 was confirmed by *H-NMR spectrum
in which typica resonances due to phthdimodo group were absent.  The methylene protons

(CH2NH.) gppeared as atriplet a 2.90 ppm.

Scheme-8
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We next focused our efforts to introduce N-hydroxyurea functiondity into the molecule
snce many hydroxamic acids and hydroxyurees have shown to be the most potent 5
Lipoxygenase inhibitors. The introduction of hydroxyurea functiondity onto the molecule has
shown to confer 5-LO inhibitory activity, possbly involving cheaion of Fe™ required for
cadyds In order to optimize dud 5-LO inhibition and PAF receptor antagonist activities in a
sngle compound we intended to introduce butyl N-uriedyl functiondity snce both cis and
trans isomers containing a medium sSze akyl group are the mog active in both rat basophilic
leukemia (RBL) cel extracts and PAF assays. The butyl N-(O-benzyl)amine was prepared as
outlined in scheme-9 . The O-benzyl hydroxyl amine hydrochloride (66) in agueous base was
trested with di-t-butyl dicarbonate to afford the cabamae 67. The dructure of 67 was

confirmed by the 'HNMR spectrum. The carbamate (67) was subjected to akylation with
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sodium hydride and butyl bromide in dimethylformamide to afford 68 followed by addolyss
with trifluroacetic acid in CH.Cl, provided butyl N-(O-benzyl)amine (69) (Scheme-9). The *H-
NMR of spectrum 69 showed a triplet a 0.92 (CH3), a multiplet a 1.27-1.57 (2xCH,) and a
triplet a 2.88 (CH2N) ppm due to butyl group and a snglet of benzyl group & 4.65, a multiplet

a 7.25 ppm corresponding to phenyl group.

Schenme-9
(BOC),0 NaH, DMF
BnONHHCI aq NaHCO,, dioxane BnONHBOC mr
66 67

68 69

The amine 65 was trested with triphosgene and triethyl amine in dichloromethane a
room temperature to produce an isocyanae (70) which being ungable was not isolated. The
isocyanate (70) was reacted with butyl N-(O-benzyl) amine @9) and triethylamine to afford 71

in 80 % yidd (Scheme-10).

Scheme-10
MeO L O\/\/ NH, MeO " O\/\/ NCO
(o] (o)
I j Triphosgene
MeO O/\/ Et3N, DCM, 2h MeO 0/\/
OMe 0,5\ OMe SN
65 70
b 9Bn
/\/\NHan MeO - o~UN N~
_ e %o )
O
Et,N, DCM MeO o™
0
0°C to RT, 3h OMe 0,5« "

71
The gtructure of 71 was corfirmed by *H-NMR, IR and mass spectrd andyss. The H-

NMR spectrum of 71 showed two snglets & 4.72 (benzylic) and 7.30 ppm aomédic of N'-O-
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Bn group. The NH proton gppeared as a triplet a 5.77 ppm while the CH,N gppeared as a
triplet a 348 ppm. The remaning dgnds were in complete agreement with the assgned
dructure 71. The IR spectrum of 71 showed the characterisic absorption bands a 3440 and
1680 cmi* due to NH and C=0O dtretching respectively. The structure of 71 was dso confirmed
by FABMS m/z 757 (M") and high resolution mass spectrum (HRMS) in which the highest
mass peak (M™) was obsarved a mvz 757.3721 caculated for CioHsgN,0O10S: 757.3733.

Removd of benzyl group in 71 in presence of 10 % Pd/C in ethyl acetate under baloon
pressure and room temperature gave CMI-546 @7) in 75 % yiedd (Shceme-11). The structure

of CM1-546 was confirmed by *H-NMR, IR, and mass spectra andlysis.

Shceme-11
OH
W

MeO e O\/\/N N\/\/

10%, Pd/C, EtOAC j@ o it
71 baloon pressure -~~~ ©

MeO O

RT, 16h
OMe 0,5~
CMI-546 (47)

The 'H-NMR spectrum of CMI-546 showed a triplet & 0.83 ppm (3H), a giartet at 0.95
pom (6H), a sextet a 1.22 ppm (2H) and two multiplets a 1.40-2.05 (10H) and 2.40 ppm (2H).
A multiplet was obsarved a 335 ppm (6H) corresponding to 2 x CHoN and CH2 protons
adjacent to sulfonyl group. The two snglets & 3.79 ppm (3H), 283 ppm (6H), and a triplet a
408 ppm (J = 6.0 Hz) were gopeared due to three methoxyl groups and 2 x OCH, groups
respectively. It dso reveded a quartet at 5.17 ppm (2H) due to G-H and Gs-H protons and the
aromatic protons resonated a 6.54 ppm (2H) as a Snglet and two doublets a 7.20 ppm (J = 14
Hz) and 7.42 ppm (J= 1.4 Hz). The NH proton was located as atriplet a 6.03 ppm.

The IR spectrum of CMI-546 showed amide carbonyl absorption & 1650 cmi® and the

dgnds for hydroxyl and NH groups were observed a 3410 and 3230 cm® respectively. The



100
gructure of CMI-546 (47) was further confirmed by FABMS m/z 66 (M* +1) and high
resolution mass spectrum of (HRMS) in which the highest mass (M*+1) pesk was observed at
m/z: 667.3287, cacd for CsgHsgN.O10S: 667.3264.

The dove synthetic sequence provided diastereomeric mixture of (R, R) and (S 9)-
CMI-546. In order to obtan both the diastereomers in enantiomericdly pure form, chird
HPLC seperation was atempted. It was observed that on HPLC column chiracd OD with
isopropane-hexane as mobile phese, (R, R)-CMI-546 and (S 9-CMI-B546 were easly
spaated. They were andysed by H-NMR which were identicd for both while optica

rotations had opposite sign.



EXPERIMENTAL:
3-Benzyloxy-4-Hydroxybenzaldehyde (49):

To a mixture of 48 (4080 g, 0.29 mal) and 2N ethandlic potassum hydroxide (320 ml),
benzyl chloride (3754 g, 029 mol) was added dowly a room temperature. The reaction
mixture was dirred overnight under nitrogen. The ethanol was removed on rotavapour and
remaining solution treated with ice water. For remova of dibenzyl ether dkdine solution was
extracted with diethyl ether (500 ml). Then the agueous layer was acidified with concentrated
hydrochloric acid and extracted thrice with ethyl acetate (800 ml). The organic layer was dried
over NapSO, filtered and concentrated. The crude product was purified on dlica gd column
usng ethyl acetate: petroleum ether (1:9) as duent to give 49 (19.80 g) in 29 % yidd.
mp: 109-111 °C. lit>® mp: 110-113°C.

H NMR (CDCl;, 200 MH2): d 5.06 (s 2H), 639 (s 1H), 695 (d, J = 80 Hz, 1H), 7.1>-
7.40(m, 7H) and 9.57 ( s, 1H).
3-Benzyloxy-4-hydr oxy-5-1odobenzaldehyde (51):

To a solution of 49 (1500 g, 0065 mal) in 32 % NaOH solution (150 ml), iodine
(1754 g, 0.13 mol) was added and the mixture wes hested & 80 °C for 8 h. The reaction
mixture was cooled to room temperature and concentrated hydrochloric acid was added and the
s0lid was filtered. Then the compound was recrystdized with isopropanol. The solid was
filtered and dried to give 51 (1840 g) in 79 % yidd.

'H NMR (CDCl3, 200 MHz): d 520 (s, 2H), 7.23-7.45 (m, 6H), 7.80 (d, J =14 Hz, 1H), 9.73
(s 1H).
3-Benzyloxy-4-propoxy-5-1odo benzaldehyde (52):

To a mixture of 52 (23.10 g, 0.065 mal) and potassum carbonate (11.70 g, 0.084 moal)

in DMF (55 ml) was added 1-bromo propane (12.03 g, 0.09 mol). The mixture was dirred a

7580 °C for 12 h. The resction mixture was cooled to room temperature, diluted with water
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and extracted with diethyl ether (480 ml), dried over N&SO,, filtered and concentrated. The
crude product was purified on dlica gd column using ethyl acetate petroleum ether (1.9) as
duent to give 52 (21.42 g) in 83 % yidd.
H NMR (CDCls, 200 MH2): d 1.03 (t, J = 7.2 Hz, 3H), 1.75 (m, 2H), 4.05 (t, J = 6.6 Hz, 2H),
5.15 (s 2H), 7.30-7.45 (m, 6H), 7.83 (d, J= 1.5 Hz, 1H), 9.79 (s, 1H).
Ethyl-4-(3-benzyloxy 4-propoxy-5-1odophenyl)-4-oxo-1-butanoate (53):

To a solution of 52 (2550 g, 0.064 md) in DMF (155 ml) was added sodium cyanide
(0.78 g, 0016 mal) and dirred a room temperaure for 45 min under nitrogen amosphere.
Ethyl acrylae (521 g, 0057 mol) in DMF (30 ml) was added dowly and dirred a room
temperature for 45 min. Ethyl acetate (185 ml) and 15 % NaCl solution were added to the
reaction mixture and the two layers were separated. The agueous phase was extracted with
ethyl acetate (250 ml). The combined organic extracts were washed with saturated agueous
NaHCOz (125 ml) followed by 5 % agueous NaCl (180 ml). The ethyl acetate layer was dried
over Na,SO,, filtered and concentratred. The crude product was purified on slica gd column
using ethyl acetater petroleum ether (1:12) as duent to give 53 (23.80 g) in 74 % yidd.

'H NMR (CDOs, 200 MHZ): d 1.05 (t, J = 7.4 Hz, 3H), 1.30 (t, J = 6.9 Hz, 3H) 1.78 (m, 2H),
270 (t, J= 65 Hz, 2H), 320 (t, J = 65 Hz, 2H), 406 (t, J = 56 Hz, 2H), 418 (g, J = 7.1Hz,
2H), 5.12 (s, 2H), 7.33-7.43 (m, 5H), 7.58 (d, J=1.6 Hz, 1H), 7.97 (d, J= 16 Hz, 1H).

IR (NEAT ): 2970, 2930, 1735, 1690, 1585, 1550 o’

4-(3-Benzyloxy-4-propoxy-5-1odophenyl) butyrolactone (55):

To a dirred solution of 53 (1580 g, 0.031 ml) in EtOH (80 ml) & 0 °C was added
sodium borohydride (0.90 g, 0.023 mal) dowly. The reection mixture dirred for 10-15 min & 0
°C, then ethanol was removed on rotavapor, water was added and extracted with ethyl acetate
(300 ml), dried over N&SO,, filtered and concentrated to afford a mixture of 54 and 55. A

solution of mixture of 54 and 55 in CH,C, was dirred overnight with cadytic amount of
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PTSA & room temperaiure and the solvent was removed on rotavgpor. The resdue was
purified on dlica gd column usng ehyl acetate petroleum ether (1.5) to give 55 (1140 @) in
79 % yidd.
H NMR (CDCls, 200 MH2): d 103 (t, J = 7.9 Hz, 3H), 1.75-1.90 (m, 2H), 200-2.30 ( m, 1H),
245-2.65 (m, 3H), 396 (t, J = 6.0 Hz, 2H), 508 (s 2H), 535 (t, J = 69 Hz, 1H), 688 (d, J =
1.6 Hz, 1H), 7.28 (d, J= 1.6 Hz, 1H), 7.30-7.40 (m, 5H).
IR (NEAT): 3070, 2960, 2895, 1760, 1600, 1585 ot
Mass (El): 452 (M™).
4-(3-Benzyloxy-4-propoxy-5-pr opylthiophenyl)butyr olactone (56):

To compound 55 (1140 g, 0025 mad) in DMF (60 ml) were added propyl disulfide
(10.23 g, 0.068 mol) and copper powder (640 g, 0.10 mol) and the mixture was girred a 100
°C for 24 h. The reaction mixture was cooled to room temperaure, the solid wes filtered
through pad of Cdite, washed with ethyl acetate (80 ml) and NH4Cl: NH4OH (9:1) solution (50
ml) was added and extracted with ethyl acetate (180 ml), dried over NaSO,, filtered
concentraied. The crude product was purified on dSlica gd column usng ehyl acetate
petroleum ether (1:4) to afford 56 as syrup (8.75 g) in 86 % yield.
'H NMR (CDCl3, 200 MH2): d 1.05 (g, J = 6.8 Hz, 6H), 1.60- 1.90 (m, 4H), 2042.20 (m,1H),
252-2.65 (m, 3H), 285 (t, J = 65 Hz, 2H), 397 (t, J = 6.8 Hz, 2H), 508 (s 2H), 540 (t, J =
6.8 Hz, 1H), 6.70 (s, 1H), 6.75 (S, 1H), 7.30-7.45 (m, 5H).
IR (NEAT): 2975, 2945, 2830, 1745, 1590 am™.
Mass (El): 400 (M™).
4-(3-Benzyloxy-4-propoxy-5-propylsulfonylphenyl) butyrolactone (57):

To a coded (0 OC) solution of 56 (8.75 g, 0.021 mal) in dry CH2Cl> (80 ml) was added
m-chloroperbenzoic acid (943 g, 0.054 maol) dowly. Then the reection mixture was dirred a

room temperature for 2 h. Then the solid was filtered through pad of Cdite and washed with
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dichloromethane (100 ml). The organic layer was washed with saturated sodium bicarbonate
olution followed by brine, dried over NaSO,, filtered and concentrated. The crude compound
was purified on dlica gd column usng ethyl acetaie  petroleum ether (2:3) as duent to give
57 as 0lid (6.90 g) in 73 % yidd.
mp: 95-96 °C.
'H NMR (CDClz, 200 MHz): d 1.00 (g, J = 64 Hz, 6H), 1.621.90 (m, 4H), 2.05-2.30 (m, 1H),
245275 (m, 3H), 335 (t, J = 60 Hz, 2H), 414 (t, J = 6.4 Hz, 2H), 513 (s, 2H), 545 (n, 1H),
7.27 (d, J= 14 Hz, 1H), 7.33-7.45 (m, 6H).
IR (NEAT): 3010, 2930, 1765, 1600, 1490, 1460 o™

Mass (El): 432 (M").

2-Hydr oxy-5-(3-benzyloxy-4-pr opoxy-5-pr opylsulfonylphenyl)tetr ahydr ofuran (58):

To a solution of 57 (690 g, 0.015 mal) in dry toluene (65 ml) & —78 °C was added
DIBAL-H (340g, 26.61ml of 0.9 M toluene solution) drop wise a& —78 °C and irred for 1 h.
Upon completion, the reaction was quenched by adding methanol (7 ml) a -78 °C. The
mixture was wamed to —20 °C followed by the addition of saurated sodium potassum
tatarate solution while maintaining the temperature between —10 °C and 0 °C. The mixture
was dirred a 0 °C for 1 h. Then the two phases were separated, the agueous layer was
extracted with ethyl acetate and the combined organic layer was washed with water followed
by brine dried over NaxSO,, filtered and concentrated to afford 58 (6.86 g, 9 % yidd) which
was used for the next step without further purificetion.

'H NMR (CDCl3, 200 MHz): d 1.03 (m, 6H), 165215 (m, 7H), 2.30-260 (m, 1H), 335 (m,
2H), 4.15 (t, J = 6.4 Hz, 2H), 498 (goparent t, J = 6.7 Hz, 0.5H), 518 (t, J = 65 Hz, 0.5H),
515 (2s, 2H), 560, 5.75 (brs, 1H), 7.10-7.22 (m, 1H), 7.30-7.48 (m, 6H).

FABMS: miz 434 (M.
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2-(O-t-Butyldimethylsilyl)-5-(3-benzyl oxy-4-pr opoxy-5-pr opylsulfonylphenyl)

tetrahydrofuran (59):

To a solution of 58 (6.86 g, 0.015 mal) in dry DMF (30 ml) & 25 °C under nitrogen
was added imidezole (236 g, 0034 ma) followed by t-butyldmethylslyl chloride (262 g,
0.017 moal). The mixture was dirred a 25 °C under nitrogen for 35 h. After completion of the
reection, ethyl acetate and waer were added, extracted with ethyl acetate (120 ml). The
combined organic layer was washed with brine, dried over Na&SOs, filtered and concentrated.
The crude products were purified on dlica gd column usng ethyl acetate petroleum  ether

(1:15) as duent to give the 2:1 mixture of 59 (8.45 @) in 97 % yidd.

'H NMR (CDCls, 200 MH2): d 0.3 (m, 6H), 090 (s, 9H), 100 (g, J = 65 Hz, 6H), 1.60-2.10
(m, 7H), 250 (m, 1H), 3.35 (m, 2H), 4.13 (¢, J = 59 Hz, 2H), 515 (m, 3H), 5.68 (bd, 1H), 7.16

(d, J= 1.3 Hz, 1H), 7.32-7.46 (m, 6H).

FABMS: 491 (M*-'bu).

(3,4,5-Trimethoxyphenyl) magnesum bromide (61):

Magnesum (082 g, 3374 mmol) was taken in flame dried 100 ml two necked flask
and dy THF (20 ml) was added. Then the dibromoethane (0.1 ml) and trimethoxy
bromobenzene (0.30 g, 1.20 mmol) were added a room temperature and girred for 20 min.
The reaction initiates as indicated by temperaure rise The remaning bromideTHF (88 g,
3548 mmoal) in THF (20 ml) was added over 15 min. After the addition was completed
reaction mixture was dirred a 25 °C under nitrogen for 18 h. To the grignard reegent & 0 °C
was added a solution of dilithium tetrachlorocuprate (0.5 M, .76 ml, 0.38 mmoal). The reaction

was dirred & 0 °C for 15 min and was used immediately for the coupling reaction.
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(#)-trans-2-(3-Benzyloxy-4-pr opoxy-5-pr opylsulfonylphenyl)-5-(3,4,5-trimethoxyphenyl)
tetrahydrofuran (62):

To a solution of 59 (845 g, 1541 mmal) in CH2Cl2 (80 ml) was added TMSBr (259 g,
220 ml, 1696 mmal) & —78 °C under N,. The mixture was stirred & —78 °C for 1.5 h. The
above prepared grignard 61 /LiCuCl, mixture was transferred via cannula over 10 nin to the
reaction vessdl containing bromoether 60. The mixture was dirred for 1 h a —78 °C ad
guenched with 10:1 saurated NH,CI/NH/OH (50 ml) and water was added to disolve the
sts. The mixture was dirred for 30 min without externd cooling. The organic layer was
removed and agueous phase was extracted with ethyl acetate (150 ml). The combined organic
layer was washed with brine (100 ml), dried over NaSOs, filtered and concetrated. The crude
product was purified on dlica gd column using ehyl acetate petroleum ether (1.5) as duent to
give 62 (648 g, 71 %). The product contains some colour impurity a the same R which was
removed in the next step.
'H NMR (CDCl3, 200 MH2): d 1.03 (g, J = 6.9 Hz, 6H), 1.67-205 (m, 6H), 2.38-252 (m, 2H),
335 (t, J = 7.9 Hz, 2H), 383 (s, 3H), 383 (s 6H), 414 (t, J = 7.4 Hz, 2H), 508527 (m, 4H),
657 (s, 2H), 7.30-7.48 (m, 7H).
IR (NEAT): 2975, 2920, 2865, 1600, 1445 ami™.
FABMS: 585 (M*+1), HRMS (FAB): calcd for CaHagOsS (M*+1) 585.2536, found. 5852522
()-trans-2-(3-Hydr oxy-4-pr opoxy-5-pr opylsulfonylphenyl-5-(3,4,5-trimethoxyphenyl)
tetrahydrofuran (63):

To a solution of (6.35 g, 10.87 mal) in ethyl acetate (50 ml) was added 10 % Pd/C (0.80
g). The reaction mixture was girred a room temperaure under baoon pressure for 2 h. The
cadys was filtered through pad of Cdite and washed with ethyl acetaie (80 ml). The filtrate
was concentrated and the crude product was purified through slica ge column using ethyl

acetate: petroleum ether (1:3) to give 63 asa0lid (3.30 g) in 61 % yidd.



mp:115-117 °C.

IH NMR (CDCls, 200 MH2): d 095 (t, J = 7.7 Hz, 3H), 1.00 (t, J = 6.8 Hz, 3H), 1.60-195 (m,
6H), 230242 (m, 2H), 325 (m, 2H), 3.75 (s 3H), 3.80 (s 6H), 403 (t, J = 6.1 Hz, 2H), 5.00-

513 (m, 2H), 628 (s, 1H), 65 (s, 2H), 7.18 (d, J= 1.5 Hz, 1H), 7.34 (d, J= 1.5 Hz, 1H).
IR (NEAT): 3400, 2975, 2045, 2860, 1725, 1540, 1490, 1440 i,

FABMS miz 495 (M*+1), HRMS ((FAB) cdcd for CasHsOsS (M*+1) 4952052, found.

495.2072.

(£)-trans-2-[3-(3-Phthalimidopr opoxy)-4-pr opoxy-5-pr opylsulfonyl phenyl]-5-(3,4,5-
trimethoxyphenyl) tetrahydr ofuran (64):

A mixture of 63 (280 g, 566 mol), potasssum carbonate (1.01 g, 7.36 mol) and N-(3-
bromopropyl)phthdimide (206 g, 850 mmal) in acgtone (40 ml) was heated a reflux
temperature for 16 h. The reaction mixture was cooled to room temperature and acetone was
removed, water was added and extracted with ethyl acetate (120 ml), dried over NaxSOq,
filtered and concentrated. The crude product was purified on dlica gd column usng ethyl

acetate: petroleum ether (2:5) to give 64 as lid (3.71 g) in 94 % yidd.

mp: 195-196 °C.

'H NMR (CDCl3, 200 MH2): d 1.05 (t, J = 7.1 Hz, 3H), 1.08 (t, J = 6.6 Hz, 3H), 1.68-206 (m,
6H), 220230 (m, 2H), 240-255 (m 2H), 3.35 (m, 2H), 3.83 (s, 3H), 39 (s 6H), 3.95 (t, J =

6.6 Hz, 2H), 4.15 (t, J = 6.1 Hz, 4H), 520 (m, 2H), 658 (s 2H), 7.23 (d, J = 15 Hz, 1H), 7.45

(d, J= 15 Hz, 1H), 7.72 (m, 2H), 7.85 (m, 2H).
IR (NEAT): 3010, 2975, 1775, 1715, 1600, 1490, 1380 o

FABMS: m/z 681(M *), HRMS (FAB) calcd for CaeHNO16S (M*) 681.2607, found. 681.2650.
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(#)-trans-2-[ 3-(3-Aminopr opoxy)-4-pr opoxy-5-propylsulfonylphenyl]-5-(3,4,5
trimethoxyphenyl)tetrahydr ofuran (65):
To a olution of 64 (3.71 g, 544 mmol) h EtOH (60 ml) was added hydrazine

monohydrate (0.95 g, 19.06 mmoal). The reection mixture was heated under reflux for 10 h,
then mixture was cooled to room temperature. The ethanol was removed, water was added and
extracted with chloroform (120 ml). Organic layer was washed with brine, dried over N&SOy,
filtered and concentrated to afford an amine 65. The crude amine 65 was usad in the next sep
without further purification (3.43 g).
'H NMR (CDCl;, 200 MH2): d 0951.02 (m, 6H), 1.62-200 (m, 8H), 2.35-250 (m, 2H), 290
(t, J = 68 Hz, 2H), 330 (m, 2H), 378 (s 3H), 382 (s 6H), 408 (M, 4H), 505520 (M, 2H),
6.55 (s, 2H), 7.20 (d, J= 1.3 Hz, 1H), 7.40 (d, J= 1.3 Hz, 1H).
tert-Butyl N-benzyloxy carbamate (67):

To a dirred solution of di-tert-butyl dicarbonate (6.90 g, 31.34 mmal) in dioxane (30
ml) was added O-benzylhydroxylamine hydrochloride (66) (500 g, 31.34 mmol) and then
sodium bicarbonate solution (IM, 50 ml). The resulting milky solution was dirred 2 h & room
temperature and then partially evaporated in vacuo to remove dioxane. The residue was cooled
and adjusted with ditric adid to P? 4. The mixture was extracted with dichloromethane, dried
over NaSOy, filtered and evaporated to afford 67 (6.70 g) in 96 % yidd.
'H NMR(CDCls, 200MH2): d 1.45(s, 6H), 1.52(s, 3H), 4.85(s, 2H), 7.05(bs, 1H), 7.35(m, 5H).
tert-Butyl N-butyl-N-benzyloxycar bamate (68):

Sodium hydride (1.80 g, 60 %digperson in oil) was added to a solution of compound
67 (6.70 g, 30.04 mmal) in DMF (50 ml) a& room temperature and girred for 30 min, then 1-
bromobutane (3.87 ml, 36.00 mmol) was added and the reection mixture was hested to 60 °C
for 16 h. The reaction mixture was cooled, and poured into water and extracted with hexane,

dried over N&SOs filtered and eveporated. The resdue wes purified by column
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chromatography on slica gd using ethyl acetate petroleum ether (1:10) to provide 68 (7.96 Q)
in 97 % yidd.
'H NMR (CDCls, 200 MHZ): d 093 (t, J = 7.0 Hz, 3H), 1.22-1.40 (m, 2H), 145 (s 3H), 150
(s, 6H), 1.50-1.62 (M, 2H), 3.38 (t, J= 6.8 Hz, 2H), 4.80 (S, 2H), 7.30-7.40 (M, 5H).
Butyl N (O-benzyl) amine (69):

To a ution of compound 68 (790 g, 2831 mmoal) in CHC: was added
trifluoroecetic acid (4.34 ml, 56.63 mmal) in CHCl, and dirred for 12 h. Then trifluoroacetic
acid was removed, and saturated NaHCO3 solution was added and extracted with ethyl acetete,
dried over NaSO,, filtered and evaporaed. The resdue was chromatiographed on dlica gd
usng ethyl acetate: petroleum ether to give 69 (4.90 g) in 97 % yidd.

'H NMR (CDCl3, 200 MHZ): d 092 (t, J = 4.2 Hz, 3H), 1.27-157 (m, 4H), 2.89 (t, J = 58 Hz,
2H), 4.65 (s, 2H), 7.25 (m, 5H).

()-trans-2-[ 3-(3-(N-Butyl -N*-benzyloxyur eidyl)pr opoxy)-4-pr opoxy-5-propyl
sulfonylphenyl]-5-(3,4,5-trimethoxyphenyl)tetr ahydr ofuran (71):

To a lution of amine 65 (343 g, 62 mmd) in CHXO> (30 ml) wes added
triphosgene (0.92 g, 311 mol) and triethyl amine (1.73 ml, 1244 ml) a room temperaure. The
reaction mixture was refluxed for 2 h and then cooled with an ice bath, to this cold solution
was added butyl N-(O-benzyl)amine 69 (278 g, 1556 mmal) and triethyl amine (345 ml,
24.84 mmal). The reaction mixture was dirred a room temperaure for 3 h and then quenched
with water and extracted with chloroform (120 ml). Organic layer was washed with brine,
dried over NaSO,, filtered and concentrated. The crude product was purified on dlica gd
column using ethyl acetate: petroleum ether (1:3) to give 71 as syrup (3.32 g) in 80 % yield.

H NMR (CDCk, 200 MHz): d 083108 (m, 9H), 120-140 (m, 2H), 150205 (m,10H),
2.23-250 (m, 2H), 3.25-3.40 (m, 4H), 348 (t, J = 6.8 Hz, 2H), 3.8 (s, 3H), 3.85 (S, 6H), 3.9 (t,

J =61 Hz, 2H), 408 (t, J = 63 Hz, 2H), 472 (s 2H), 520 (m, 2H), 574 (t, J = 45 Hz, 1H),
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6.58 (s, 2H), 7.20 (d, J = 1.3 Hz, 1H), 7.30 (s, 5H), 748 (d, J = 1.3 Hz, 1H). IR (NEAT): 3440,
2960, 2880, 1685, 1660, 1500, 1472 ami'.
FABMS m/z 757 (M*+1), HRMS (FAB): cdcd for CaHseN:OS (M*+1) 757.3733, found.
757.3721.
(%)-trans-2-[ 3-(3-(N*-Butyl -N*-hydr oxyur eidyl)pr opoxy) -4-pr opoxy-5-pr opylsulfonyl
phenyl]- 5-(3,4,5-trimethoxy phenyl) tetrahydrofuran (CM 1-546) (47):

To a solution of 71 (3.10 g, 4.10 mmol) in ethyl acetate (15 ml) was added 10 % Pd/IC
(465 mg). The reaction mixture was dirred a room temperature under baloon pressure for 6 h.
Then cadys wes filtered through pad of Cdite, washed with ethyl acetate (80 ml) and the
filtraste was concentrated. The crude product was purified on dlica gd column usng ethyl
acetate: petroleum ether (3:2) to afford CM 1-546 (47) as lid (207 g) in 75 % yidd.
mp: 102-104 °C.

'H NMR (CDCls, 200 MHz) d 083 (t, J = 69 Hz, 3H), 095 (q, J = 69 Hz, 6H), 1.22 (sextet,
2H), 140-153 (m, 2H), 1.60-205 (m, 8H), 240 (m, 2H), 3.28-3.40 (m, 6H), 3.79 (s 3H), 383
(s 6H), 408 (t, J = 60 Hz, 4H), 517 (m, 2H), 6.03 (t, J = 51 Hz, 1H), 654 (5 2H), 7.00
(broad peak, 1H), 7.20 (d, J= 1.4 Hz,1H), 7.42 (d, J= 14 Hz, 1H).

IR (NEAT): 3410, 3230, 2945, 2830, 1650, 1585, 1520, 1460 o

FABMS m/z 667 (M"+1), HRMS (FAB): cdcd for CasHsoNoOwS (M*+1) 667.3264, found.
667.3264.

HPLC. Opticd purity of the compound 47 determined by HPLC was 9825 %.
conditions [column: ODS, mohile phase 70 % methanol in water, flow rate 1.0 mi/min, UV
detection a 225 nm]. The two enattiomers (R, R)- and (S, S) were separated on chird HPLC
column. HPLC conditions [CHIRACEL (OD), mobile phas= 40 % isopropanol in n-hexane,
flow rae 20 mi/min UV detection & 225 nm, t g = 15 min, g]p 240 (c 1, CHCl 5, tr=20

min,[a]o -310 (c 1, CHCly).
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