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ABSTRACT

The thesis titled “SYNTHESIS OF NOVEL AZA-NUCLEOSIDES AND A
NEW STRATEGY TO (+)-BULGECININE, TRANS-4-HYDROXY-D-PROLINE”
present the research work carried out on the synthesis of novel aza-nucleosides starting
material  tri-O-benzyl-D-glucal.  On  the  other hand, (+)-Bulgecinine,
polyhydroxypyrrolidine and trans-4-hydroxy-D-proline were synthesized from tri-O-
acetyl-D-glucal as the convenient starting material.

Aza-nucleosides are nucleoside analogues wherein the oxygen atom of the
furanose ring has been replaced with a nitrogen atom. Synthesis and development of
aza-nucleosides have been the focus of attention, due to the vital role played by
carbohydrates in a variety of biological process. A variety of novel nucleoside
analogues have been discovered, which are potential inhibitors of glycosidases and
purine nucleoside phosphorylase (PNP) enzyme. PNP catalyses the reversible
phosphorylation of purine nucleosides to produce the corresponding purine base and
ribose-1-phosphate.

Chapter I describes the synthesis of aza-nucleosides. This is the first example
of the synthesis of double headed aza-nucleosides, wherein two nucleobases (either
same or complimentary) were coupled with polyhydroxypyrrolidine. Single crystal X-
ray structure of three compounds were obtained and their supramolecular assembly was
investigated. The PNP inhibition of the purine based aza-nucleosides is in progress and

the outcome of the results is awaited.

Chapter II describes the synthesis of four molecules namely (+)-bulgecinine, 3-
hydroxy-2,5-dihydroxymethylpyrrolidine and two stereoisomers of 2-oxapyrrolizidin-3-

one starting from 4,6-di-O-benzyl-D-glucal through divergent approach involving a

vii



common intermediate. This is the first carbohydrate based approach to the synthesis of
(+)-bulgecinine that proceeds with complete stereochemical integrity.

Chapter III describes a straight-forward, high yielding, highly stereoselective
synthesis of trans-4-hydroxy-D-proline and trans-4-hydroxy-D-prolinol starting from
4,6-di-O-benzyl-D-glucal. This is perhaps the first carbohydrate based approach to the
synthesis of trans-4-hydroxy-D-proline and prolinol that proceeds with complete

stereochemical integrity.
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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,, CHCLs, 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 KMnOs and ninhydrin 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 4000-600 cm'either as KBr pellets or

neat 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 CDClz, CD3OD, D;O or
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DMSO-ds with MesSi as the internal standard. The multiplicities are denoted as s-
singlet, brs-broad singlet, d-doublet, brm-broad multiplet, t-triplet, q-quartet, dt-doublet
triplet and m-multiplet. '3C-NMR spectra were recorded at 75 MHz or at 100 MHz
instrument. The chemical shifts are reported in ¢ values (parts per million, ppm) relative

to the internal standard Me4Si.

High-resolution mass spectra were recorded with a Q-TOF Bruker instrument,

using electrospray ionization (ESI) as the ionization method.

X-ray crystallography

Suitable crystal of compounds, have been carried out using BRUKER AXS
SMART-APEX diffractometer equipped with CCD area detector (Ko=0.71073A,
monochromator: graphite). Frames were collected at T=298K by o, ¢ and 26-rotation
with full quadrant data collection strategy (four domains each with 600 frames) at 10s
per frame with SMART. The measured intensities were reduced to F? and corrected for
absorption with SAINT. Structure solution and refinement were carried out with the
SHELXTL package by direct methods. Non-hydrogen atoms were refined
anisotropically. All hydrogen atoms were included in idealized positions, and a riding

model was used for the refinement.
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