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ABSTRACT

The thesis titled “SYNTHESIS AND INHIBITION STUDIES OF STEVIAMINE
STEREOISOMERS, NOVEL TRIAZOLE- AND TETRAZOLE- FUSED FIVE-
MEMBERED IMINOCYCLITOLS” presents the research work carried out on the
synthesis of novel iminocyclitols from a single starting material viz., tri-O-benzyl-p-glucal.
Their inhibition studies against commercially available glycosidases are also discussed.

Iminocyclitols, also called iminosugars or azasugars, are sugar derivatives in which
the endocyclic oxygen atom has been replaced with a basic nitrogen atom. They are inhibitors
of glycosidases due to which they find immense applications as drug molecules against
various diseases. This is clearly evident from the fact that quite a few iminosugar based drugs
have already hit the market and many more are in their earlier/advanced clinical trials.

The research work embodied in the thesis has been divided into three chapters

Chapter | highlights the synthesis of two new stereoisomers of steviamine, an
indolizidine alkaloid isolated in 2010, namely 1,8a-di-epi-(+)-steviamine and 2,3-di-epi-(—)-
steviamine, starting from tri-O-benzyl-p-glucal. The key step in the synthesis was a modified
Julia olefination of a 2-formyl-polyhydroxy-pyrrolidine with a sulfone derived from ethyl
acetoacetate to install the side chain required for the construction of piperidine ring of
steviamine stereoisomers. Glycosidase-inhibition studies revealed that 2,3-di-epi-(—)-
steviamine is a selective inhibitor of a-galactosidase. Since inhibitors of a-galactosidase have
been found to be promising chemical chaperones for Fabry’s disease, this molecule is likely
to find potential applications in this direction.

Chapter Il describes design, synthesis and glycosidase inhibiton studies of novel
triazole- and tetrazole- fused five-membered iminocyclitols synthesized through

intramolecular Huisgen 1,3-dipolar cycloaddition reaction as the key step. We have utilized



the protected polyhydroxylated pyrrolidines as common intermediates for the synthesis of
triazole and tetrazole fused iminocyclitols. One of the triazole fused iminocyclitols
synthesized by us displayed good inhibitory activity against a-glucosidase (ICso = 55 uM) as
compared to corresponding five-membered amino modified iminocyclitols.

Chapter 111 discusses design, synthesis and glycosidase inhibiton studies of novel
triazolo-d-lactams through intermolecular Huisgen 1,3-dipolar cycloaddition reaction as the
key step. We have utilized the protected polyhydroxylated pyrrolidines as common
intermediates for the synthesis of triazolo-J-lactams. They displayed moderate but selective

inhibition against a-glucosidase (ICsy = 112 uM) and f-galactosidase (ICsp = 135 uM).
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SIRS

NfaF v v ORI, A0 gRasa- 3R THIa-Fss Fl5d-TFAs
s ¥ AT 3R s it & e "3uara sfaaFaiFasiea &
HYANOT O ohT 91T QT R T Teh IR TTHIA & TEJT Il &, S -34S forer-Sr-ereh|
AT T  3TeIeY IASHIASH & [FeTh 3oTeh AR 31ETTT X 3T TaT I 715

sfAsaTsiaacte, fod sfAsmgaR a1 3roER o et Sirar 8, e sRafea gia 8 et
TSI 3iTeFelotel UTATI] &1 3T ATSCIoTel UNATY] & HY Jeol AT 17 §1 & TemshIfasy &

e § oA RO 3o¢ faffiest ARt & f@em® gar 313 & &9 & Acgf&h e

foera 1 I8 38 A2 @ TUSe T U TUSC ¢ o $o STAAGIR el gansit = ugel & & aoi”
I ART & 3K 5 30T 379 Ugel / IoAd siTieieh GLIeTon 7 &
NI 7 enfFer Aty wRT & e 3rearat 7 fenfoa ferar s g

37T | TETAATHT & aF 7T TEIRASAHT oh HLAYOT U JehT2l STell 31T &, ST fh 2010

QU T S ATISIS Tedhlailgs g, 3T 1,8 T-I-UR3HTE -(+)-FearsHie 3R, 2,3-3-ud3rs -

()-RaEAA, ¥ YE F-N-ATA-B-7q el HWATT H HgcadqUl FEGH Teh 2-Gifdd-

diegrsgled-arsifassiEs @1 ve Hfta Sfaar e a1 5 tfide vdicdivaee @

el Ueh HeWlel & WY FeargAd FERASNTAY 1 qrgufises Rer & &air & fav
3TTTH TS A TATTUT el o ToIT fhdT IT AT| TTSHI RS- eI T 9T Toll §

f& 2,3-31-Td3E(-)-FETAATE o-NAFITESH T Teh iotar Irarerh g |37a3rersh thisren e & faw



TG =T Uail T dTeT e o Tl UIT 91 §, 38 3707 1 58 feem & Farfae sregorane
HHTIAT B |

I 11 H 3991 BT & f3918eT, TReIWT 3R sy saAfgfacs JeIT=t ol

quTe foham 91T §- 3IR gTailel- HET 0T & &9 & SeHlegoR ol 1,3-EfaedT agaaisisee

gfafsear & #Agd @ @A gra-ad sAEsiiedls #1 ST ™7 g1 g fard

ITelgTSsIraTSeIcsS TSUesSed 1 3uAter vl 3T ereilel wes siAfaeidasied &
GO & AU GAT #egadt & &9 H fham g1 §AR GaRT ERNA gRGio ¥gss
sTAfFeliael3ilcd #H & U o o-Tel sy (Hdl, = 55 ASHI) & [Wellh e Iarers
AT gerfRier T 8, Si o arer- 11 vffe deiferd sfasamsieedt i Jerar # &

AT 11 HET TOT & &7 H AR 1,3-GfadId Tshard gfafhar & #Ameas 4

39T CTSAToll-5-ATFeF o [3o1T8eT, HLVUT 3R TSI TS 3TaRTeT 3ETIAT U IdT T g |

§Hel TISITGI-0-olTaFelFg o TRVUT & foIv TRf&TT dleligissadiselcs TEIfolssed &l 39T
AT FEIAAT & & H AT §1 381 o-Te@nIfasd (HHls, = 112 AgshleD) 3R p-Itoraifasa

(FHY5 = 135 ATSHIST) & BT Feg# aifdher gider sratre wefia famam
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GENERAL EXPERIMENTAL CONSIDERATIONS

All solvents employed were purified by standard procedures. Anhydrous solvents
were dried over sodium wire (THF, diethyl ether, benzene) or molecular sieves (CH,Cl,,
CHCl;, DMF).

Nitrogen or Argon gas used for creating inert atmosphere was freed from oxygen
prior to entry into reaction vessel.

Commercially sourced TLC plates were used, and the spots were visualized by
exposure to iodine, or by dipping in KMnOy solution. Column chromatography was carried
out on silica gel (230—400 mesh) using mixtures of hexane and ethyl acetate as eluent unless
otherwise mentioned.

Optical rotations were recorded on an Autopol V (Rudolph Research Flanders, NJ)
instrument. All the rotations were measured at 589 nm (sodium D’ line).

All melting points reported in this thesis are uncorrected and were taken on an electric
melting point apparatus (Ambassador, India).

Freeze-drying of samples was done on a Freezone 2.5 (Labconco, USA) lyophilizer.

Inhibition studies were carried out on Biotek Synergy 2 microplate reader.

IR spectra were taken within the range 4000600 cm™ as KBr pellets on a Nicolet
(Madison, USA) FT-IR spectrophotometer (Model Protégé 460).

"H-NMR spectra were recorded on a 300 MHz or 400 MHz Bruker Spectrospin DPX
FT-NMR instruments. The solvents employed were CDCl;, D,O or DMSO-ds with Me4Si as
the internal standard. The multiplicities are denoted as s-singlet, brs-broad singlet, d-doublet,
brm-broad multiplet, t-triplet, g-quartet, dt-doublet triplet and m-multiplet. >C-NMR spectra
were recorded at 75 MHz or at 100 MHz instrument. The chemical shifts are reported in 0

values (parts per million, ppm) relative to the internal standard Me4Si.
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High-resolution mass spectra were recorded with a Q-TOF Bruker instrument, using

electrospray ionization (ESI) as the ionization method.
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COMMON ABBREVIATIONS

Ac : acetyl

Ac,O : acetic anhydride

AcOH : acetic acid

ADMP : aminodeoxy-DMDP
AIBN : azobisisobutyronitrile
atm : atmospheric pressure

aq : aqueous

Bn : benzyl

Boc : tertiary-butoxycarbonyl
‘Bu : tertiary butyl

c : concentration

cat : catalyst

Cbz : carbobenzyloxy

COSY : correlation spectroscopy
CSA : camphor-10-sulfonic acid
DCC : N, N’-dicyclohexylcarbodiimide
DCM : dichloromethane

DEAD : diethyl azodicarboxylate
DMAP : 4-dimethylaminopyridine
DMF : N, N’-dimethylformamide
DMSO : dimethylsulfoxide

DPP-4 : dipeptidyl peptidase IV
dr : diastereomeric ratio

EGC II : endoglycocermidase II
equiv : equivalent

ESI : electrospray ionization

Et : ethyl

EtOAc : ethyl acetate

g : gram
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GalNAcase N-acetyl-a-np-galactosaminidase
h hour

HRMS high resolution mass spectrometry
HSQC heteronuclear single quantum coherence
Hz hertz

1Cs half maximal inhibitory concentration
Imi imidazole

'Pr isopropyl

IR infrared

K; inhibition constant

LAH lithium aluminum hydride
LDA lithium diisopropylamide
LiHMDS lithium hexamethyldisilamide
m-CPBA meta-chloro perbenzoic acid
Me methyl

mg milligrams

min minute

mL milliliters

mM millimolar

mmol millimoles

uM micromolar

M.P melting point

Ms mesyl

MS molecular sieves

MHz megahertz

m/z mass-to-charge ratio

NAc N-acetyl

NCS N-chlorosuccinimide

NIS N-iodosuccinimide

nM nanomolar

NMO N-methylmorpholine N-oxide
NMR nuclear magnetic resonance
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NOESY

nuclear overhauser effect spectroscopy

Nu nucleophile

PANF polyacrylonitrile fiber

Pd/C palladium on activated carbon
PPh; triphenyl phosphine

Ph phenyl

PPTS pyridinium p-toluenesulfonate
py pyridine

p-TSA para-toluenesulfonic acid
RCM ring closing metathesis

Ry retention factor

ref reference

rt room temperature

TBAF tetra-N-butyl ammonium fluoride
TBS tertiary-butyldimethyl silyl
TCDI 1,1'-thiocarbonyldiimidazole
TES trimethyl silyl

TFA trifluoroacetic acid

THF tetrahydrofuran

TLC thin layer chromatography
TMS trimethyl silyl

Tr trityl (triphenyl methyl)

Ts tosyl (p-toluenesulfonyl)

6N HCI 6 normal solution of hydrochloric acid
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