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ABSTRACT

The compounds of the present study are synthesized of disaccharides
where the link between the two carbohydrate groups via a V,Y,¥,-triazole or
triazoline groups where the N-) nitrogen atom of the triazole ring is linked to
the first saccharide group and the ¢-carbon or ©-carbon atom of the triazole
ring is bound to a second saccharide groups which is named

triazoyldisaccharides .

The key steps in this approach are divided into four parts .The first part is the
synthesis of some carbohydrates containing the alkyne or alkene group in

different position of the sugar moieties with different reagents affording

compounds [\\'\'] ’[\Y\]’ [\\'~] ’[\\‘1]' [\\/\] '[\\\/], [\\'l] ,[\\D]'

YY), [YYE], [YYe] , YY), 1YYY] , DDYAL, [DYYY) , YY1, Y™,

YY), VYY), [VYe].

The second part , is applying different methods to the synthesis of glycosyl

azides derivatives in good yield affording compounds [YYVY] , ['Y4],[Y¢)],
[\ 2\‘]) [\ ZV] , [\ ii] , [\ 20] S.



The third part of this work, includes preparation of unsaturated sugars which
contained carbon carbon double bond inside the ring , like ¥,¢,7 — tri acetyl

glucal [ Y¢la]and V,Y,¢,7,-tetra benzoyl fructal [Y€V].

The last part of this study, applied
V¥ -dipolar cycloaddition reaction
after obtaining the azide derivatives
and the alkynes or alkenes
derivatives to the synthesis of
triazolyl or triazolinyl sugar
derivatives.

Several methods can be employed for the preparation of triazoles and
triazolines derivatives , depending on the type of technique used ( thermal ,
microwave , sealed tube ,one-pot synthesis reaction ) and type of catalyst like

CuBr. (PPhy): , CuSO:.°HyO/sodium ascorbate .

The structures of all the products obtained have been identified by spectral

(IR, H' - NMR ), elemental ( C,H,N) analyses and by some physical properties

These compounds are expected to show an importance in organic
synthesis and expected to be more stable to enzymatic and chemical
hydrolysis . They may find utility as enzyme inhibitor agents and potentially as

pharmaceuticals .
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| Chapter One Introduction |

V- Introduction

One of the most abundant classes of organic and biological molecules found in nature are
carbohydrates which over Ve years have become a growing area in chemical and biochemical

|
researches. Carbohydrates have formula C,( HYO) vy, and are usually defined as poly -

Y
hydroxy aldehydes and ketones . They are divided into three types, monosaccharides which cannot

v
be hydrolyzed into simple compounds and can be found in two forms : aldoses and ketoses.

They may be represented in different projections.

Figure .\ Different projections of D - glucopyranose
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A monomer of a carbohydrate typically consists of a ¥ — 4 carbon chain with several hydroxyl
groups . These hydroxyl group can be modified into carboxylic acid , amine, phosphate , sulphonates

, azides , acetate or can be removed, so it is called deoxy-sugars .

Figure V.Y Some important modified carbohydrates

Second type is oligosaccharides which when hydrolyzed vyield (Y-)* ) molecules of
monosaccharide. The third type is called polysaccharides , that yields a large number of

monosaccharide molecules ( more than Y+ ).

The linear chains of the carbohydrates can be cyclized into either five-member ring (furanoses ) or

six-membered ring ( pyranoses) via an hemiacetal or ketal formation .

This ring closure can occur from one or both sides of the carbonyl group giving a new asymmetric

. . . ¢
centre and therefore results into two possible isomers a and f.
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Scheme Y.\ Different forms of D- glucose

Carbohydrates are found ubiquitously as sources of metabolic energy and as key components
feverous intercellular recognition processes including infection, inflammation, metastasis

differentiation, development and regulation of signalling °.

For a long time, carbohydrates and peptides were considered as separate classes of natural
products. However, it is now well established that most proteins of eukaryotic cells are glycoproteins
; they are covalently linked to saccharide portions *. Carbohydrates are implicated in wide range of
processes = such as cell-cell recognition, fertilisation, embryogenesis, neuronal development,
hormone activities, the proliferation of cells and their organisation into specific tissues, viral and

. . . Y
bacterial infections and tumour cells metastases .

Carbohydrates are involved in a whole range of biological processes which provide both the
desire to develop new methods for carbohydrates synthesis * and the investigation of carbohydrates
as therapeutic agents *. So carbohydrates analogues have also been identified as useful glycosidase
inhibitors and as such have proved to be of use in therapeutic strategies for the treatment of
cancers, aid and diabetes . It is now well established that in the living cell, carbohydrates play key

. . AR
roles in many different processes .

The chemists consider complex carbohydrates to be difficult to synthesize

and manipulate, and their biological functions are often not well defined.
The biologists don’t have useful tools to study carbohydrates. The medicinal chemists consider

. o VY
complex carbohydrates as an uninteresting class of molecules for drug development .

In addition to the manufacture of sucrose and paper, which are today important industries,
carbohydrates play a major role in a number of other industries. These include; {a} food industry {b}
textile industry {c} pharmaceutical industry {d} chemical industry .Carbohydrates also play a key role

in the process of life .
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V-) Protecting Groups

The need for highly selective functional group manipulations must be regarded as one of the
general problems in carbohydrate chemistry. Since carbohydrates are polyfunctional compounds,
they are usually displaying several different reactive hydroxyl groups in combination with various

other functionalities.

The planning of protecting group strategies is therefore a crucial step in carbohydrate chemistry and

specially in the beginning of any carbohydrate synthesis .

For carbohydrates, the classical protecting groups are used most frequently (ester, ether) for the

blocking of single hydroxyls as the benzylidene and

isopropylidene acetals for pairs of hydroxyls.

Figure 1.¥ Protecting groups commonly used in carbohydrate chemistry

Examples for the applications of these protecting groups are legions and several review articles

which deal with general aspects of this topic | .

The protecting group is needed to block the functional group that is not to
participate in the coupling reaction .

A protecting group has to fulfil several important criteria i) it should be easy to introduce . ii) it

should be stable under several reaction conditions, and iii) it should be easily removed .

V-)-) protecting of the anomeric centre

Protecting of the anomeric centre in monosaccharides can most easily be achieved by the
conversion into a simple alkyl glycoside which can be used as the starting material for further
blocking reaction. The classical Fischer method still provides the simplest entry to alkyl o-D -

glycosides and is often the first step in a complex protecting group protocol .

Figure ).t : Commonly used glycosidation reagents in anomeric center
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The stereoselectivity of the formation of an O-glycosidic linkage is strongly dependent on the
nature of the protecting groups applied . A primary contribution comes from the protecting group

attached to C-Y of the glycoslyl donor ™.

\-Y O-glycosides

O - Glycosides and other bioactive oxygenated natural products are important because the polar
hydroxyl function aids both water solubility and molecular recognition by directed hydrogen- bond

interactions that convey biological specificity .

There are two independent approaches to produce hydroxylated compounds : oxidative
functionalization of activated precursors and framework construction from building blocks with

concomitant development of functionalities .

Glycosides are abundant in nature and many biologically important molecules contain glycosidic

linkages **.
Treatment of monosaccharide hemiacetal with alcohol and an acid catalyst
yields an acetal in which the anomeric-OH has been replaced by an-OR group.

The pioneering works in the chemical synthesis of carbohydrate derivatives were performed by
Michael (YAY4), Fischer (YA4Y), Koenigs and Knorr (Y4+)), Helferich and Olst (Y41Y), Lemieux at
al.(Y4vYe), Paulsen (Y4AY), and have contributed substantially to a better understanding of the

strereospecific formation of the O-glycosides linkage '°.

The preparation of the fragments of O-glycosides requires a highly convergent synthetic strategy
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The most synthetic effort is directed toward the preparation of the monomeric glycosyl donor
and acceptors. The anomeric substituent of a saccharide building block should be sufficiently stable
to withstand protecting group manipulation (acts as a protecting group), but also has an adequate
reactivity to permit the use as a glycols donor (acts as a leaving group) ™, Thioglycosides ™ and n-

pentyl glycosides ' have been shown to possess these features figure()-£) .

Among the most spectacular achievements are the promising developments of solid — phase
oligosaccharides syntheses ' and the programmable one-pot glycosylation methods' ', the latter
being an extensive advancement of the so-called “ armed — disarmed ” principle . The concept of
armed and disarmed glycosyl donors refers to the increased reactivity of benzoylation over
benzoylated glycosyl donors, a phenomenon was observed early by Paulsen " and
which was originated from the greater electron — withdrawing capability of ester blocking group

over ether blocking groups .

Fraser — Reid and Co- workers ' *"* were the first to name and exploit the armed- disarmed
principle , synthetically showing that donors bearing ether protecting groups, ['] , could be
activated chemoselectively over donors bearing ester groups ' [Y] allowing one-pot synthesis a

trisaccharide via the O-pentenyl method .

V-Y-) Glycosidation procedures

The present array of glycosidation procedures have been divided into two categories depending

on the flexibility of the anomeric leaving group:-

\-The “labile “ glycosyl donors which contain anomeric leaving groups that are not or are to a very

limited extent stable towards standard protecting group manipulations .
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Y-Grouping includes the “stable” glycosyl donors which contain anomeric functionalities that are

stable towards standard protecting group manipulation but can be activated when desired " The
crucial consideration here is that must be able to activate the anomeric leaving group of glycosyl

donor and prefer the nucleophilic substitution reaction’".

The effectiveness of the glycosylation depends upon the nature of the leaving group at the

anomeric center and its activation with a Lewis acid or another activator .
Some of the most useful leaving groups include trichloroacetimidate”

show in (scheme V-V ).

Scheme:\-YThe mechanism of glycosidation include
trichloroacetimidate .

Glycosyl donors could be “ armed ” or “disarmed” by a C-Y ester or ether group which is

electron — withdrawing effect of the ester ' .
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The outcome of a glycosylation event in terms of yield and steroselectivity depends on solvent

systems , temperature, the nature of the donor and acceptor and the applied protective group

strategy .

The classical Fischer synthesis is a valuable method for the direct formation of glycosides from fully
unprotected carbohydrates and simple alcohol .The method is useful despite the long reaction

. . Y4 ¢
times required.

V-Y-Y Acid — catalyzed of O- glycosidation

Partially protected sugars having a free hydroxyl group at the anomeric

center have been converted to glycosides using Lewis acids with excellent yields ( A+ —%° %)

and good a - selectivity was obtained ."' The reaction required strong acid such as hydrochloric

acid , trifloromethansulfonic acid or ferric chloride .

As a rule , furanoside predominate in the early stages of Fisher glycosidation,where as at

equilibrium the pyranose is the dominant product.

Relatively strong acidic conditions favor thermodynamically controlled reaction *' .

\=Y-Y Base — catalyzed of O- glycosidation

Simple O- glycosides may be obtained via base — promoted reaction of
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unprotected sugars with alkyl halides or dialkyl sulphates .

The Y,Y,¢,1- tetra —O- benzyl- D — glucopyranose ( Scheme Y-V ) reacts efficiently with various

primary alkyl bromides and triflates in the presence

of sodium hydride or potassium tert-butoxide in THF to give predominantly B- glycosides . '

Scheme : Y-Y Base — catalyzed of O-glycosidation

Y\ =Y Allyl ethers

Allyl protection of the anomeric position is common in carbohydrate chemistry ' ** and it is a
useful terminal functionality in the course of the preparation of glycoconjugates and gluco-polymers
" because it is easily cleaved via isomeric propen-)-yl intermediates, in addition to other
methods **. Furthermore stereoselective chemical modification of the alkene leads to interesting
functionalized derivatives “*°" . Allyl alcohol would be ideal allylating agent because of their

availability and stability .’

Allyl groups have been found to be of general use as temporary hydroxyl — protection groups in

sugar chemistry *" . The successful

application of the allyl group in carbohydrate chemistry is mainly due to its relative stability during

glycosidation or deblocking procedures which lead to the removal of other protecting groups.”
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One — pot synthesis of glycosides or often referred to as a reactivity- based one

— pot method in which glycosyl donors with decreasing anomeric reactivates are
allowed to react sequentially in the same flask . This
procedure , although is highly convenient because it reduces the number of
steps considerably, has the inconvenience that the donor reactivates have to be

carefully adjusted which implies extensive protecting group manipulations .
A neutral one — step allylation procedure involving alcohol [Y+], especially carbohydrate, was
possible using allyl ethyl carbononate[)]as the allylating reagent in the presence of a catalytic

0t 00
,

amount of  palladium(+)

Zhong — Wu Guo and Co-workers™ prepared allyl glycosides with free C-Y hydroxyl groups

[Ye]and[)1] by a one- step reaction .



| Chapter One Introduction |

In Y4AA n- pentenyl glycosides have proved valuable for the syntheses of oligosaccharides ™ and

enantiopure compounds " for mechanistic studies of glycosides hydrolysis M’”, electrophilic
additions ""and for determining the relative reactivates of differently protected saccharides " The
olefinic moiety should allow for ready transformation into spacer functionalities as has been

exemplified by Vliegenthart and Co-workers.' ™"

The substituted allyl glycoside ['4], was readily prepared from the corresponding tetra acetyl

bromide[ YV ]and Y- butene- Y —ol [YA],

deacetylation of [Y4] under Zemplen conditions, followed by benzylation with benzyl bromide and

¢

sodium hydride in DMF gave the fully benzylated allyl glycoside[ Y] . .

Recent developments showed that O —allyl , O — pentenyl , C- vinyl and C- allyl
glycopyranosides [Y)] can undergo efficient homodimerization in refluxing dichloromethane in the

presence of either Grubb ‘s or Schrock ‘s catalyst N

Allylation of V,Y:2,1 — di-O- isopropylidene glucofuranose [YYa] in the presence of strong base,

very short reaction times were needed and excellent yield of products was obtained . W

AR
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Y-O- Allyl protected glycosyl donors may be employed for the synthesis of a variety of cis =, Y-
glycosides. Isomeriation of [YY] proceeded efficiently to yield the enol ethers [Y¢] which were
subsequently examined as substrates for tethering and glycosylation . Conditions which are initially
employed for the one-pot reactions of [YY] involve NIS mediated tethering with cyclohexanol and
subsequent glycosylation by the additional reaction to produce the corresponding B-mannoside

. A
[Ye] as single anomers

Glycosylation of allyl Y- acetamido ¢,%-O- benzylidene -Y-deoxy-a-

VY
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D-glycopyranoside [Y1] with bulky substituted glycosyl donors [YY] leads to the formation of

derivatives of the disaccharide" [YA].

The £- n -penten -) -yl glycosides may be as glycosyl donors for further coupling with various
alcohols in the presence of activators. The corresponding Y-allyloxyethyl [Y4] coupling with the
known D — glucopyranosyl 1-OH [Y+] using NIS/ TfOH combination at *°C furnished

the desired a- mannoside[*]""

VY
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Carbohydrates that are selectively protective at the anomeric position are useful building blocks
provided that the protecting groups are easily removable as is the case with benzyl and allyl
glycosides. Encouraged by the microwave irradiation , by using a small range of starting materials
( D-glucose , D- fructose) in methanol , allyl alcohol , to prepare the corresponding glycosides .
Appling the microwave irradiation technique to conventional Fisher glycosylation resulting in an

impressive acceleration of the reaction with good a — glycoside product selectivity.

\ — ¢ Azido -Sugars

V¢
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Glycosyl azides constitute an accessible class of sugar derivatives which is receiving

considerable attention due to the versatile reactivity of the azido group’ " serving as valuable

carbohydrate building blocks especially as precursors for the synthesis of glycosylamines """,

N- glycopeptidesv1 and glycosyl heterocyclic derivatives such as ,Y,Y —triazoles . e

The general formula of organic azides"' is R- N v, R = Alkyl , Aryl, sugars . Glycosyl azides are
generally safe compounds , easily prepared in high yield and the azido group can react with both
nucleophilic and electrophilic reagent M The existing methods for the preparation of glycosyl

azides are classified into the following classes :-
Y- From glycosyl halides ,the most classical method uses metal azides
LiN+ ,NaNy, AgNr under homogeneous conditions **™-This method

generally affords moderate yields . High boiling solvents ( eg. HMPA or DMF) and heating sometimes

. . AN
is required .

Y- From glycosyl esters , this newer method utilizes trimethylsilyl azide and a Lewis acid catalyst (

eg. BFy.OEty SnCl: ,TBATf) . The preparation of glycosyl azides in a catalytic and sterecontrolled

manner azidosolicate provides a viable alternate rout for the preparation of glycosyl azides . "'

RE
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Y-Most recently phase transfer reactions have been used for the efficient synthesis of a wide range

of a glycosyl azides . This two —phase system required a full equivalent of phase transfer reagent

etra butyl ammonium hydrogen sulphate or aliqua and Y-¢ equivalents of sodium
(tetra butyl i hyd Iphat liquat( YY1 ) d ¥-e ivalents of sodi

. 9y 9y
azide

£ -By the additional reaction to the double bond in glycals, starting from tri-O-acetyl-D-glucal[YA]

the mixture ¢,1-di-O-acetyl-Y-azido Y,Y-dideoxy

hexopyranose[Y4-£¢Y] was synthesized in one — pot reaction . Those compound are great of interest

as they may be used as precursors of different bio-active substance '

The azidation of substituted unsaturated carbohydrates[¢¥]may be
accomplished by using pd (PPh:): as catalyst and sodium azide as the

nucleophile , affording a mixture of three unsaturated azides [¢1-¢A] ™

Scheme - ¢ Azidation of unsaturated carbohydrates .

V1
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Fuchs et al'" have reported a convenient and high yielding synthesis of glycosyl azides from

glylcosyl halides and Y,),Y,Y-tetramethylguanidinium azide ( TMGA ) in the case of glucosyl azide .

Several Lewis acid catalysts were screened by taking a reaction of,Y,Y,¢,1-penta —O-acetyl- 8-D-
glucopyranose [©+] with trimethylsilyl azide™* . The best result was obtained when the catalyst was
generated in situ from SnCl: and AgClO: was employed,and dichloromethane was used as solvent,

the desired glycosyl azide was obtained in good yield . **

ARY%
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Azidolysis of bromide [©)] in DMF gave methyl 1-azido-¢-O- benzoyl-Y,-dideoxy-Y-O-methyl-a-D-

ribohexopyranoside [ ©Y | in good yield '

Treatment of primary and secondary alcohols[¢Y] with zinc azide bis-pyridine complex (}.¢ eq),
triphenylphosphine(Yeq)and diisopropyl azodicarboxylate( Yeq ) in toluene smoothly afford the

corresponding azides[®£] , in good yields "

Using ), )-dimethoxyhexane[©°] and TMSNy as model substrates, azidation reaction was conducted

in the presence of Y mol% In(OTf )x

as Lewis acids at room temperature within V hr. to give a-azide ether [ ©1 ] along with the formation

of a small a mount of gem-diazide [ °Y].""

YA
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In order to avoid the use of excess acetic anhydride and other toxic catalysts such as pyridine and
to shorten the synthetic efforts involved in the preparation of glycosyl azides, F. D. Tropper and co
worker ' describe an efficient generalized one- pot phase-transfer reaction approach for the
preparation of per-O- acetylated glycosyl bromide [‘VY] directly from a free sugars [Y‘] and

subsequent phase-transfer catalyze anomeric azidolysis in one-pot fashion'""

\- ¢ Unsaturated Sugars

Y4
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Many stable, discrete carbohydrate derivatives possessing a double bond in the carbon skeleton

are now known .The double bond can be produced by the dehydration of a monosaccharide . This
olefenic double bond can be in endo ( inside the sugar ring)[°4] or exo ( outside the sugar ring )[1+],
cyclic position of the pyranoid six — member ether ring or furanoid five member ether ring

. . . . . .y . VoY Yt
structure of the monosaccharide derivatives involving several positions of the sugars ring "

Scheme Y-¢ Type structures of glucal

Unsaturated sugar monomers are useful building blocks for the synthesis
copolymers with special properties like biocompatibility , biodegradability

hydrophilicity / hydrophobicity balance and skin compatibility . Unsaturated sugar monomers
have been prepared on the basis of monosaccharides such as D- ribose' " , D-glucose and D-
fructose' " . The polymerization group can be exo- or endo- cyclic involving several positions of the
sugar ring . Different saccharide polymers [1Y] based on unsaturated protected sugars have been

synthesized' "

, CH,=CHR,BOP CH;——=c¢C ]
o BzO
BzO
BzO Toluene,24h,80°C OBz
BzO [62] OBz
[63] n
R=acryl , ether , este

\-2-\ Glycal Sugars
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Glycals are cyclic compounds having a double bond between C-) ( anomeric carbon) and
C-Y ( the adjaceement carbon atom ), are vinyl ethers and consequently can take part in a wide
variety of selective addition reactions because they have highly electron — rich position . Pyranoid
and furanoid members are known and the esters of each also undergo rearrangement to give Y,¥-

unsaturated product .

Glycals are among the most versatile chiral building blocks in the synthesis of various

. AR R
biomolecules

. Due to their enol ether structure, they demonstrate high and versatile
reactivates and are among the most transformable monosaccharide derivatives . Exo- glycals can be

widely utilized with the same great potential as endo-glucals .' "

\-2-Y Preparation of Glycals

The glycals were discovered by Fischer and Zach in Y3)Y and later

extensively investigated by Bergman and Schotte "their chemistry has been reviewed by

Helferich''* .

Glycals are prepared by reductive removal of a halogen and neighbouring acetate group from an
acetylated glycosy! halide followed by deacetylation'” . There are different methods that enable

the rapid preparation of variously and specifically hydroxyl group- protected  glycals. '

Y
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The mechanism of reaction ' ( Scheme Y-1) can be started by a single electron transfer ( SET) from
Zn (*)to ) or Y to give the GBrA intermediate which can then lose a bromide ion resulting in GR.
Radical GR can then further reduced by Zn(*) to give the electron rich intermediate GZn( ') or may
combine with Zn(") to give GZn(ll) , an equivalent of GA in a non chain process . SET from GZn(I) to
or Y to give GBrA builds up the cycle for the chain while the organic zinc intermediate of anionic

character ( Gzn(ll) ) produces Y or ¢ by losing acetate

Scheme V-1 : Mechanism of synthesis of glucal

V-o-v Glycosidation of Glycals

Yy
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Because of that glycals can be ideally employed in the synthesis of
carbohydrate derivatives as well as many other natural products, glycals have
been used in various addition , rearrangement and substitution reactions which
amazingly versatile properties . The very important transformation involves

Lewis acid induced rearrangements , cycloaddition oxidation or

VIANYR, Y.

epoxidation .(scheme 1-v)

Scheme V-V : Some examples of reaction starting from glycals .

Yy
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The most important reaction of glycals is the rearrangement by using a

Lewis acid catalyst in the presence of an alcohol ; this reaction is known as the Ferrier
rearrangement , which is an excellent method for the preparation of Y,¥- unsaturated

glycosides . '**

VYN NYY

A variety of reagents are employed to effect this transformation including Lewis acids ;some of

these methods involve stioichimoetric amount of catalyst , strongly acidic condition , long reaction
time , unsatisfactory yield . In recent years , ceric(IV)ammonium nitrate (CAN) has been

\YY
used .

The use of microwaves irradiation in the Ferrier reaction by using Y7 of InCl+ as catalyst gave a -

. o YY) VY
anomeric select|V|ty. ’

Recently niobium (V)chloride has emerged as Lewis acid'

\-¢-¢ Fructal

Ness and Fletcher''* noted that in view the wealth of synthetic

Y¢



| Chapter One Introduction |

uses which have been found for the ordinary aldopyranose related glycals,it is somewhat surprising
that more attention has not been paid to ketoses related glycals "™ . This situation still prevails
mainly because the reductive elimination in acylated ketohexosyl chlorides of [VY] inducible by
Fischer-Zach conditions ( Zn/ HOAc) ''° , can occur with formation of exo-D-fructals [VY], by
elimination of the Y-O-acyl group, or alternately by placement of the double bond into the pyranoid

ring to yield endo- D- fructals [V£] .

Scheme Y-A : preparation of exo and endo acetyl fructal

Recently , the preparation of fructal via the dehydrohalogenation of benzobromo fructose [V1] is
readily prepared from the parent ketose in a two —step one — pot procedure’ " may proceed
either toward the exo — or endo- product, depending on whether abstraction of an exocyclic or a

pyranoid ring hydrogen is involved .

Yo
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Scheme -4 : Preparation of exo-and endo —hydroxyfructal esters .

\ -1\ Y-Dipolar Cycloaddition Reactions

The addition of a ),Y- dipole to a carbon- carbon double and triple bond leads to the synthesis
of both aromatic and non- aromatic five- membered ring heterocyclic is a classic reaction in organic
chemistry' ™. The V,Y- dipolar cycloaddition (Y,Y-DC) reaction is used for the preparation of
molecules of fundamental importance for both academia and industry . V,Y-DC reaction like

£

the Diels —Alder reaction are (m¢s + mYs) reactions proceed through a ‘m-electron “ aromatic ”

transition state but they differ from Diels —Alder reaction in the ¢ri- electron component like the allyl

. . . . VY
anion contains only three atoms at least one of which is a hetero-atom .

A ), Y-dipolaris defined as an a — b — ¢ structure that undergoes ‘,Y-DC reactions .

Basically, Y,Y-dipoles can be divided into two different types: the allyl anion type and the propargyl /

allenyl anion type "

Y1
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Figure Y-°: The basic resonance structure of ,‘"-dipoles .

The ,Y-DC reaction of parent Y,Y-dipoles, with alkenes and alkynes involves ¢ 1t electrons from
the dipole and Y 1t electrons from the alkenes . If the ),Y-DC reaction proceeds via a concerted
mechanism it is thermally allowed with the description (rt¢s + Y s ) according to the Woodward —

Y'Y
Hoffmann rules.

The V,Y- DC of alkynes and azides has emerged as a highly useful connection method in both
uncatalyzed ' and catalyzed'"“forms .The practical importance of the process derives from the fact

that it is the only facile ),Y-DC reaction which uses chemically stable components'" .

V-1 -Y )\ Y Y-Triazoles

The reaction between an alkyne (dipolarophile )[A+] and azide (dipole) [Y4]affords a V,Y,V —
triazole and the regioselectivitiy of reaction are generally low and thus, if the alkyne is

v

unsymmetrical , two regioisomers will be formed [AY,AY] in an approximately V:) ratio'' . The

. . . YYA
procedure is known as the Huisgen reaction

Yv
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The triazole ring system is composed of five atoms, two carbon and three nitrogen atoms, which can

be arranged in two combinations to give either Y,Y,Y-triazole [AY]or),Y,¢-triazole " [A€].

V,Y,¥- Triazoles are an important class of compounds because of their wide rang of applications R
they have biological activity and are seen in many drugs'*" '*', also have broad use in industrial

. . VEY
applications ~ such as:-

dyes and brighteners for fibres; corrosion inhibitors for many metals and alloys; light stabilizers for

organic materials and polymers ,and agrochemicals as herbicides, fungicides, and antibacterial

YA
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agent. Because of their potent usefulness, several synthetic methods have been developed for the

construction of triazole frameworks .

\ =1 =Y Thermal cycloaddition reaction

The reaction is often conducted at high temperatures for a prolonged time , this type causes
problem with regard to the regioselectivity of the derived triazoles; a mixture of ), ¢-substiuted and
V,%-substituted — ),Y,Y-triazoles is produced by heating with solvent , heating without solvent ,

heating in presence of catalysts .

The thermal cycloaddition reaction is a traditional procedure for the preparation triazoles, but
there are several drawbacks inherent in this protocol '*" . The major problem arises due to the low
reactivity of the substrates , therefore, the installation of an electron withdrawing group is usually
required to activate the aIkynesW' . The recent investigations on the copper-catalyzed cycloadditoin
reaction made it possible to use unactivated terminal alkynes as a starting material and terminal

alkynes are activated by forming a copper- acetylide species’ **"*"

Full conversion and high purity were observed for the copper(l)- catalyzed V,Y-DC in the following
tested solvents : acetonitrle , dichloromethane , tetrahydrofuran , toluene , NN -
dimethylformaamide'** .Various attempts to control the regioselectivity have been reported
without much success until the discovery of the copper (l) —catalyzed reaction in Y+ Y, which
exclusively yields the Y, £ — disubstituted Y,Y,¥- triazoles '**'*" . Several copper () salt such as Cul
and CuOTf -C<H« can be employed but the reaction generally must be run with acetonitrile as co-
solvent, require a nitrogen base , and sometimes generate unwanted diacetylene and bis-triazole by

—products "' The use of CuSO:°H:O with sodium ascorbate in aqueous solvents allows the

A\
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formation of ), £- triazoles at room temperature in high yield ."*’ Recently discovered that copper(})
— catalysis of this transformation, which accelerates the reaction up to ) " times has placed it in

. o . Yoy
class of its own and has enabled many novel applications

The thermal reaction leads to the formation of two disubstituted triazole isomers while

the copper (l) — catalyzed reaction selectively produces the ,¢ —isomer in 1% yield after A hours

AA
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V¢4 Yoo
’

The proposed mechanism has been for copper- catalyzed reaction

as illustrated in scheme(Y-)+ ).

Scheme Y-\« : The proposed mechanism for copper —catalysed reaction

The copper-acetylide species (A) would be formed from the alkyne (1) and CuCl with extrusion of
TMSCI at the initial stage of catalytic cycle . At this point two pathways are conceivable to reach the
final product (¥) .In path (a), [V + Y ] cycloaddition between the copper- acetylide [A] and the m —
allyl palladiun azide complex [B], which is generated in situ from Pd(+), allyl carbonate , and TMSN+
would give the intermediate [C] . The cross-coupling reaction between the vinyl copper derivative [C]
and the 1t — allyl palladium(Il) methoxide [D] would form the triazole[Y] with regeneration of
the pd(*)- Cu(l) bimetallic catalyst . In path (b), [ Y+ Y ] cycloaddition would take place between
(A) and allyl azide [E] which is formed by reductive- elimination of [B], two give the intermediate [F].

The successive cross-coupling reaction between [Fland[D] would affored the triazole (¥) .

Y- Azidoethyl Y,Y,¢,1 tetraacetyl- B-D-galactopyranoside [%:] react with alkyne [4)] in microtiter

Véo

plate technique to produce [1Y] in A7,

The construction of multivalent structures such as sugar heterodimers is designed by using ),Y-DC,
compound [1Y] to react with V,Y-ethanediazide [ 4¢ ] leading to a mixture of the bis (triazole) sugar

dimer [42].)"

™
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The coupling of glucosyl azide [¢9] and acetylenes (R)-N —Boc —propargyl glycine methyl ester [1]
is successfully accomplished using the modified Sharpless conditions to give the corresponding

adduct’”" [3V].

vy
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\ -Y  Microwave assisted organic synthesis ( MAOS)

In the electromagnetic spectrum of the microwave radiation (MW) region

is located between infrared radiation and radio waves . Microwave have wavelengths of Y mm-Ym

corresponding to frequencies between'”" +-Y and

Y+« GHz .In inorganic chemistry , mw technology has been used since the late Y4Y+ , while it has
only been implemented in organic chemistry since the mid -YA+ Since the mid -Y44+, the number
of publication have increase significantly .The main reasons for this increase include the availability
of commercial microwave equipment intended for organic chemistry and the development of the
solvent free technique , which has improved the safety aspects , but are mostly due to an increased

interest in shorter reaction times .

In general most organic reactions have been heated, using traditional heat transfer equipment
such as oil baths ,sand baths and heating jackets . These heating techniques are, however , rather
slow and a temperature gradient can develop within the sample . In addition, local oven heating can
lead to product substrate and reagent decomposition. In m.w dielectric heating , the mw energy is
introduced into the chemical reactor remotel and direct access by the energy source to the reaction

vessel is obtained .

The mw radiation passes through the wall of the vessel and heats only the reactant and solvent, not

the reaction vessel itself . There are two specific

mechanisms of interaction between materials and m.w :

Y
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V- dipole interaction
Y- lonic conduction

Both mechanisms require effective coupling between components of the target material and the
rapid oscillating electrical field of the mw. The main advantage of using mw assisted organic

synthesis is the shorter reaction time . The rate of the reaction can be described by the Arrhenius

Eq. :-
K= A e - AG/RT

The mw can increase the molecular vibration and it has been proposed that this factor (A )can be
effected .MW irradiation produces an alteration in the exponential factor by affecting the free
energy of activationwAG, Chemical reactions are performed using MAOS technique
which are mainly rapid because the reaction are performed at higher temperature than their
conventional counter parts .The modern mw based synthesizer can achieve temperature of up to
Yo. 2oC and pressure of up to Y+ bars allowing reaction to be carried out at higher temperature than

. Yot
their reflux counterparts .

V-V =\ Microwave application in organic synthesis

P.Pelle Lidstrom gave a detailed survey of mw assisted synthesis from the literature published
from Y34¢-Y.«+ |t seems that all of the previously conventionally heated reaction could be
performed ,using this technique. According to the sample preparation , several methods have been

developed for operating mw reactions' " :
V- In the presence of solvent .

a. reaction can be performed in solution phase

b. reaction can be performed in polymer -supported solid phase
Y-In the solvent free synthesis .

a. reaction with neat reactants

b. reaction under phase -transfer catalysis ( PTC)

c. reaction mixtures absorbed into mw active inorganic supports

AR
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By exposure to mw , the thermal effects undergone by materials exhibit an increased magnitude
with the polarity increase of the substrate. These effects can appear in liquid
systems and in the solid state as well , where structural modifications can also occur concomitantly
.In the pressure of polar solvents , organic reaction required closed Teflon vessels to avoid
volatilization . The resultant advantage in comparison to classical heating are especially spectacular
.Reaction are very rapid and usually complete after a few minutes, as a result of both temperature
and pressure effects and supposed specific effects of the reaction such as improved homogeneity in
temperature a faster temperature rise and possible modification of activation parameters A H’

and AS.

It is also generally observed that the purity of products is improved due to the shorter reaction
period at high temperature and the absence of local overheating on the reaction walls which occurs

. . AR
under conventional heating'* .

\-V-Y Domestic household ovens

Most of the published chemistry has been performed using domestic mw ovens .The key reasons
for using a device intended for heating food items the perform syntheses are that they are readily a

available and inexpensive .

The lack of control in domestic microwave oven when performing mw assisted synthesis has to a
vase number of incidents including explosions , being reported . One method for avoiding this
problem has been to omit the solvent from reaction and perform the reaction on solid support such

. .. . ope you
as various clays aluminium oxide and silica .

One disadvantage of domestic mw oven is that the variable power levels are produced by simply
switching the magnetron on and off this may be problematic if reaction mixtures cool downs rapidly.
Modfiction of commercial mw equipment can be hazardous because of the possible leakage of

microwave radiation .

\-V =¥ Vessels

M.w assisted reaction can under the appropriate conditions ,use conventional vessels
Pyrex,Teflon or polystyrene. However, if reactions are to be carried out under pressure in sealed

systems the major concern is the

Yo
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ability of the vessel to withstand the changes in pressure and temperature associated with the
particular transformation. Simple procedure suitable for small scale experiments is to seal the
reactions in Pyrex vials, surround them in vermiculite and irradiate with mw. The preferred reaction
vessel is a tall beaker with a loose cover of much larger capacity than the volume of the reaction

mixture. A large Elenmeyer flask with a funnel as a loose top can be used in place of the beaker'*".

\-V-¢ Solvents in m.w

All types of solvent can be used in MAOS .polar solvents, such as DMF,

NMP,ethanol are good mw absorbers and will heat efficiently, less polar or non-polar solvents such
as toluene ,dioxane and THF are more less transparent the mw irradiation and will not heat in the
pure form. However , most chemical reactions contain enough polar or ionic substances to

efficiently absorb mw energy and generate heat '™

Energy transfer between the polar molecules that couple with microwave

radiation and the non -polar solvent bulk is rapid and often provides an efficient means of using

non-polar solvents for synthesis using mw irradiation .

An excellent energy-transfer for many types of reaction in a domestic mw oven is N,N-
dimethylformamide ( DMF): a good solvent with high b .p (Y1 + 2C )and high dielectric constant ( € =
¥1.Y). This solvent can retain water formed in a reaction, thus operating the need for water

separator.The reaction temperature can be raised to about Y ¢+ 2C without noticeable vaporization .

The energy input is controlled so that solvent and for the reaction mixture is not allowed to
approach the boiling point too closely .Thereby , the amount of vaporization is kept low and no

. Yoq Y.
reflux condenser is needed.

The Y,Y-CD reaction becomes even more powerful under microwave irradiation where a one- pot
synthesis of various ,Y,Y- triazoles was completed in less than Yominutes ** R.J. Pieters and co —
workers' "’ synthesised glycodendrimers using optimised microwave- assisted protocols by Cu(}) —

catalysed ; the reactions were highly selective and efficient .

1
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Benzyl bromide [ ) +'] and phenylacetylene [ Y+ Y ] in the presence of NaNy where suspended in a

V) mixture of t-BuOH and water , together with the catalyst . After Y+ min of irradiation , the

triazole product )-benzyl-¢-phenyl-YH-),Y, Y- triazole [} * Y] has been isolated in 3Y7 yield . '*"

V- A Cycloaddation Reaction of Glycals

As the appreciation of the biological importance of carbohydrates has increased, so have efforts
to develop methods for the synthesis of biologically relevant oligosaccahrides,
glycoconjugates,aminoglycosides’ " are typically synthesized by modification of glucose or

glucosamine " or introduction of a nitrogen substituted into a glycal derivative' " .

Glycal with electron —withdrawing protecting groups are found to undergo efficient cycloaddition

with electron —rich azides .

Tri — O- acetyl —D- glucal ['°] readily engages in dipolar cycloaddition with benzyl azide [)*¢] at
elevated temperature to the ),Y,Y — triazoline e [Y+°], isolated in good yield with little or no

purification .

v
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Tri-O-acetyl-D-galactal [)*1] undergoes ready cycloaddition with benzyl azide [):£] to form
triazoline [):1] subsequent photolysis and ring opening efficiently provides the corresponding

methyl glycoside ' ", [Y* Y] in 4¢7 yield .

\-4 Triazole or Triazoline linked carbohydrates

YA
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The field of glycobiololgy and supramolecular chemistry required multivalent Iigandsm which
could increase the weak interaction to biologically relevant levels " The ),Y-DC reactions are an
efficient and highly versatile tool for the construction of multivalent structures such as sugars

heterodimers, glycoclusters , calix-sugars and glycocyclodextrins .

Triazolyldisaccharides are compounds having monosaccharides where the link between them is
via a ),Y,Y- triazole group; where the nitrogen atom(N-))of the triazole ring is linked to the first

sugar and the C-£ atom or C-° atom of the same ring linked other sugar .

The normally disaccharides are linked between the two sugars by ether oxygen linkage . This ether
oxygen linkage is difficult to construct chemically , because the ether oxygen linking group is
susceptible to hydrolysis by glycosyl hydrolases and non- enzymatic chemical hydrolysis. These

compounds play as potential enzyme inhibitors , and as acetylenic intermediate compounds B

Triazolyldisaccharides are expected to be synthesized by more general methods which use ,Y-DC

reactions where the glycosyl azides and the alkynes are prepared by different methods .

Scheme -\ Structure of Triazolyldisaccarides

Thermal ,Y-DC leads to the isolation of a mixture of the different possible regoisomers and long
reaction times are required . A major advance has recently been achieved parallel to our
investigation through the use of copper (I) —catalyzed reactions " which lead only to the ),¢-
disubstitued Y,Y,Y-triazole and short reactions times. The use of copper compounds(Ph«P)y .CuBr

"™ (Et0):P.Cul """ is due to their air stability and easy and inexpensive preparation . The reaction

N . N . . A\RAI
time could also be shorter by the use of microwave irradiation

The cycloaddition of benzyl azide [ +4] with acetylenic amides [ +A] under microwave reaction
with solvent-free condition at ©°°C for Y+ min resulted in complete conversion of the reaction into

N- substituted

V,Y,Y-triazole [Y ) ], without the formation of side products e

A
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The construction of the multivalent neoglyconjugates can easily and effectively preformod by using
the cycloaddition reaction , of propargyl mannoside [Y))] and polyazides [Y)Y] when using the
copper complexes (Ph+P)+.CuBr as organic soluble catalysts , with assistance of the microwave
irradiation which is shortens the reaction times considerably to formation the V,Y,Y-triazole [V Y] in

good yield ' .

The aim of study

Y- This study concerns triazolylodisaccharides compounds

having two monosaccharides wherein the bonding between
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them is triazol or triazoline group .

Y- This compounds are expected to be more stable to enzymetic

and chemical hydrolysis .

Y- This compounds are useful as potential enzyme inhibiters
of glycosidase activity and/ or are expected to be resistant to

glycosidase hydrolysis activity .

The aim of study

V- This study concerns triazolylodisaccharides compounds
having two monosaccharides wherein the bonding between

them is triazol or triazoline group .

Y- This compounds are expected to be more stable to enzymetic

&)
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and chemical hydrolysis .

Y- This compounds are useful as potential enzyme inhibiters

of glycosidase activity and/ or are expected to be resistant to

glycosidase hydrolysis activity .

CHAPTER TWO
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Y - Experimental

v.) General

V-Melting points (mp) were determined by Electro thermal YA 4+«
Digital —series , and uncorrected .

Y-Infrared (IR) spectra were recorded using a NICOLET ¢Y+ FT-IR
spectrometer( Jordan) and perkin -Elmer LYY +- +3YV Y.V (France).
(incm™)

Y-Nuclear magnetic resonance (H-NMR) spectral were registered at
perkin —Elmer Y+ MHz(France) and Topsin ‘-Y /BRVKER ¢
MHz(Jordan). Using tetramethyl silane (TMS) as an internal standard,
and CDCly as solvents.

¢- Microwave reactions were preformed on apparatus Discover system
CEM,Y¢¢e MHz (scheme Y-Y) , and some reaction on Domestic
microwave oven in a ascre-cap close Pyrex vials ( simith tube )in
(France).

°- Evaporating of solvent by using Buchi vacuum rotary evaporator
type V1. .

1-TLC was performed on pre-coated sheets with +.Y¢ mm layer of silica
Gel G/UV Ye ¢ of the Merck company , the detection was followed by
UV-lamp or through coloring with iodine vapor or H¢SO: in ethanol 17,
followed by heating .

Y- The Elemental analyses were performed in the analytical Laboratory
of AL-al — bayt University (Jordan) .

A- The chromatography separation carried out using Merck silica gel

(R +-Y¥. mesh) .The ratio of the solvents and mixed mobile phase were
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Scheme (¥-))

Microwave
oven type Discover
* A CEM Discover microwave
system was used in this study .
This microwave is a circular

single-mode cavity and can accommodate a single ) *mLY®bar pressure rated sealed reaction vial .
The system incorporates both temperature and pressure feedback system for control of the reaction
conciliations .

The temperature feedback system uses an infrared temperature sensor positioned below the
reaction vessel to permit reproducible temperature control . Reactions were quenched following
heating by forced gas cooling with nitrogen gas .

v Y Materials and Methods

All materials , unless otherwise noted , were obtained from commercial

suppliers ( table Y-Y) and used as provided .

0
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Dichloromethane and Chloroform were dried and distilled over

anhydrous calcium chloride . Ethanol and methanol were dried and

distilled over magnesium . Acetone was dried and distilled prior to use
from phosphorus pentoxide (P+O.) . Pyridine was distilled from calcium
hydride under nitrogen . Dimethyl formamide dried and distillation after

that stored over molecular sieves . Dry CH+CN is distilled from CaHy.

Table( -')Chemicals and Company Supplied
Company Compound

DBU
Chlorotrimethyl Silane
Amberlite Resin IR-\Y:

Silica/gel Y+ +* mm p.a

Ammoniumcerium(iv) nitrate stabilized A7

447

€1
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Allyl chloride .

Schuchardt ¢ —Toluene sulfonyl chloride

Scharlau Benzene 14.v/
Methanol 19.9A %
Molecular sieve £A2, ¥.¥ mm extra pure

Zinc-powder extra pure

Tetrahydrofuran 11 %

n.Hexane %

Lonover Chloroform Pure 14 %

Laboratory

chemicals

Merck Celite ©¢0 « «Y-+.Y mm Y+«-YY+ mesh

Aluminum oxideA + active(neutral) for syntheses

Y
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Benzoyl chloride

Dichloromethane
Acetonitrile
Xylene

Toluene

Acetic acid glacial

Acetic acid

Lancaster Sodium carbonate

Sodium hydrogen carbonate

Phosphorous pentoxide

N,N-Dimethyl formamide

Triethylorthoformate
Cyclohexanone

Tetrabutylammonium bromide

Chemex Ferric chloride anhydrous

D -Glucose

EA
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D - Fructose

Perchloric acid

Petroleum spirit £ +-1+ ¢

Tin( IV ) chloride anhydrous
Silver perchlorate
Triphenyl phosphine

Sod. ascorbate

Danssen Chemical | Acetyl chloride
Aliquat YY1

Cupper sulfate pentahydrate

), ¢- Dioxan
Acetone

Propargyl bromide

Panreace Allyl alcohol For synthesis

sinthesis

£q
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Laboratory Ethyl acetate 119%

Rasayan -
Ether Solvent Stabilized

Charcoal, activated Yo— v Ao mm

Aldrich Trimethylsilyl 119%

trifluromethansulfonate .
Boron triflouride etherate .
Sodium hydride .

Silver carbonate .

Diisopropyl azodicarboxylate.
Sulfuric acid .

Calcium chloride .

Bromine.

Sodium acetate .

Y-v General Remark

Y- Zinc dust was activated with Y +7Z HCI followed by consecutive night
drying over PyO. at V¢ +°C
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Y-When preparation of ,¥,{,¢-tetra-O-benzoyl-B-D-fructopyranosyl

bromide, we can use the HBr saturated with dichloromethane not HBr
saturated with acetic acid because the latter contains +.Y¢ -+.¥ mol of
acetic acid, which is extremely difficult to remove.

Y- The addition of a crown ether would further increase the effective
concentration of azide anion and hence accelerate the reaction .

¢- Anhydrous benzene and toluene were obtained by isotropic removal
of water .

o- Caution should always be used when heating solution of azides .

1- When crown ether is present, steric hindrance prohibits the formation
of the B-glycoside .

V- For the preparation of oligosaccharide , the regioselectivity is
generally controlled by the use of suitably protected glycosyl acceptors .
A- NaH can be freshly washed with anhydrous hexane Y+ ml.

- The use of a cation exchange resin(H") gives clear products and
higher yields .

V- Phase transfer technique is simple procedure for regioselective
alkylation of carbohydrates and could use the nucleophiles such as
t-bu-ammonium halide , cesium fluoride , N-methyl imidazole

VY- Sodium iodide was ground into a fine powder , and then dried on a
sand bath (approx. Y¢+ °C) overnight in vacuum before use .

VY -The stereoselectivity in O-glycosidation was completely reversed in
the presence of LiCIO.

Y- Y,y 1 tetra -O- acetyl - a- D-glycosyl bromide is a reasonably
stable compound which can be stored for a considerable period of time
but O- benzylated derivative will decompose within several hours after
preparation .

\ £- Glycosyl bromide is more reactive than glycosyl chloride but is also
more stable .

o)
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Yo- The more stable a-anomer is usually obtained in high yield.

Y1 - V-butyl-¥- methylimidazolium(Bmim)* is cation , and has high polar
and strong ability to dissolve organic or inorganic compounds ; it could
dissolve most of the NaN: so the reaction was accelerated .

VY- Cycloaddition reaction performed with same power input (% *w)lead
to complex mixture of products , with (Y + w) power and some what
longer reaction time providing a more satisfying outcome .

YA- Caution : it is important to note that when carrying out microwave
heated reaction in closed vessel ,and quite large pressures may build
up ; therefore, it is imperative that an appropriate septum is utilized as a
pressure relief device

V4- Caution: Ammonium azide , which might sublimate in reactions with
sodium azide ammonium chloride is in dry form explosive at

temperatures above Y¥1°C .

Y+-Inthe procedure for preparation of O-glycoside by using Ag«COv the
yields are often good without being quantitative and they are improved
by removing the water liberated during the reaction by the addition of
drying agent (Molecules sieves ).

Y\- The excess of sodium hydride was destroyed by addition of

a few drops of methanol and additional stirring for ( \ hr).

YY-The Cycloaddition reaction in benzene and toluene at reflux had little
effect on stereoselectivity and the use of dichloromethane and
acetonitrile at reflux did not afford the products .The same reaction in the
absence of solvent was complete in ¢ h .

YY- Usually the addition of azides to terminal alkynes needs one week to
finish in toluene catalyzed by copper(l ) salts and the yields are not high
while in ionic liquid without any other catalyst action as completed within
three days at room temperature .

oy
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Y<- We believe that the acid and base liability of the triazoline lead to the

requirement for triethyl orthoformate as a non- basic acid scavenging
solvent .

Yo -The powdered ( fructose or glucose) should be dried in a vacuum
desiccators over phosphorus pentoxide not in an oven which apparently
causes changes on the surface of the sugars particles which render
them un reactive .

Y1 - The perchloric acid -acetic anhydride catalyst could be prepared by
adding Y.+ gm of 1+ % perchloric acid to Y.¥ gm at acetic anhydride

maintained at +° C .

YV- Zinc chloride is extremely deliquescent and it most therefore be
introduced into the flask as rapidly as possible place a small stick of zinc
chloride in glass mortar powder rapidly , and weight out the required
amount .

YA- In benzoylation of sugar when the experiment is performed without
effective cooling i.e , if the temperature rises to £+-¢+ °C , a mixture of
anomers is obtained which cannot be separated by simple
recrystallisation it is advisable to replace the ice-salt bath with one of
acetone- cardice to ensure good temp . control.

Y4- Universal indicator paper moistened with distilled water gives a
satisfactory indication of neutralization

¥+ - In all sulphonylations , allowing the mixture of p- toluene sulphonyl
chloride in pyridine to stand for a bout half an hour before the addition of
the material to be sulphonylated has been found to be beneficial .

¥Y- Direct anomeric O-alkylation of O-unprotected sugars seems to be
rather difficult because not only a- and B-pyronsides but also a- and 8 -
furanoside can expect additionally , all the other hydroxyl groups are
readily accessible to O -allylation .

oy
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Yy — ¢ Methods

Y-¢-) Synthesis of allyl and propargyl sugars.

),Y.".£.7- penta-O- acetyl § -D- glucopyranose " [)) ¢]

OAc
AcO

AcO OAc
OAc

C16H22011

Y+ g, ©°.2 mmol of anhydrous D-glucose was added slowly with stirring to
V+ ml of acetic anhydride and +.© ml of 1+ % perchloric acid , over a period of

¥+ min, the temperature of reaction keep between Y:2 Cand ¢+ 2 C. The

o¢
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stiring continued for Y+ min, and mixture was poured into Y+ ml of ice and
water .After two hours , the solid acetate was filtered by suction , washed with

water , and dried at £°9C, recrystalization from ethanol to give [VY¢] (M g, 1+

% yield ) m.p=) ¥+ = vV°C, lit""

V¥ vYaoc

Rf = +.° (Benzen : Methanol, A:Y ), IR (KBrdisc) YY1+ cm™ for ( C=0) Fig ( ¥-
'l) .

\-O-Propargyl Y.¥.£.1 tetra-O-acetyl-B-D-glucopyranoside “™'" [ °]

OAc

AcO CH

AcO o) //
OAc \ y

C17H22010

o0
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Method A

To a solution of D- glucose pentacetate [YY¢]( Yg, ©.° mmol) in anhydrous
dichloromethane ( Y+« ml) was stirred for ¥ hr with molecular sieves *.¢ nm(¥
g) under nitrogen atmosphere . Then the solution was treated with BFy . Et<O,
(+.YY¢ml, Y. mmol ) and immediately after the propargyl alcohol( *.YAYmlI,
Y.Y mmol ) was dissolved in anhydrous dichloromethane ( '+ ml ) was added at
«9C After Y1 hr, the mixture was poured into saturated sodium hydrogen
carbonate solution ( ¢+ ml ), the organic layer separated , the agueous phase
extracted with dichloromethane (¢ X Y+ ml), the combined organic
phase washed twice with water (YX Y« ml), filtered over celite and
evaporated in vacuum .The resulting syrup was purified by column

chromatography: petroleum ether: EtOA
(A:Y),toproduced [Y)°] (+.Y4g)( °Y %) m.p)re—Vivec, [it”
Ve VY1 eC Rf=+.¢¢ (Benzen: Methanol, A:Y ).
calculated for C,vHy+O,. C,oY.At - Ho 74
found C,oY.r+ ; H,.9A

IR (KBr-disc) Y)Y+ cm™ (C=C),YYY¢cm (ECH), Ve cm’ for (C=0), Fig (
YY)

Method B

o1
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Glucose pentacetate [YY€¢] (© g, YV.Y®e mmol) was dissolved in CHxCly Y& ml

under nitrogen atmosphere .A ¥+ % solution of HBr in CHyCly() *m)

was added to the flask , and the mixture was stirred under darkness at r.t over
night .The reaction mixtur was diluted with CHCly ( ¢+ ml) and poured over

ice . The organic layer was then extracted with cold H:O

(Y Xv-ml), cold saturated NaHCOr (Y X veml)andbrine(Y X o-ml). The

organic layer was dried over ( NaySO:) filtered, and concentrated to give tetra
-O- acetyl or—D-glucopyranoside bromide . A portion this material (Yg) and
the propargyl alcohol ( *.Aml, +*Ymmol ) were dissolved in CH«Cly ( Y© ml)
under nitrogen atom and stirred with freshly activated powdered ¢A°
molecular sieves( Yg) for ¥ +min . Silver carbonate(Y.YYg ,Y.4Ymmol )was then
added and the reaction mixture was stirred for 1+ hr at room temperature
under darkness. The reaction mixture was then diluted with CHCly ( 1+ ml ),
filtered through a wet celite pad , and washed consecutively with saturated

NaHCOy ( Y+ ml) and brine

( Y+ ml) .The organic layer was dried over NaxSO: . Filtered, concentrated ,

and purified by flash Chromatography (petroleum ether: EtOAc)

( T+ :%+)togive the product [))°] as white solid (+.A g)in ¢/ yield.

oy
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V-O-Allyl ¥.Y. ¢ 1-tetra-O-acetyl- B-D-glucopyransoide [))1]

OAc
)
AcO
AcO OCH,-CH=CH,
OAc
C17H2401

To a solution of pentacetate D-glucose [YY¢] (Y.YYg , Ymmol) in dry
CH+Cly (Y *ml ) were added oven — dried £A2 molecular sieves, allyl alcohol

(*.AYml, YYmmol) and trimethylsily triflate (TMSOTf)

(Y.°¥ml, Y ¢mmol) were added slowly at +C2 . The reaction was quenched
by addition of a saturated solution of NaHCO+ and filtered through a celite

pad . The organic layer was washed twice with water, dried over

oA
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NaxSO: , filtered and evaporated under reduced pressure .Purified by flash

chromatography eluted with

( petroleum ether : ethyl acetate) ( 1: ¢ —:2 ) a syrup material of [ 1]
was obtained ().1Yg, 1+ Zyield) Rf=+.¢Y (Benzene :

Methanol, A:Y ).
IR (film): (YEAY , YVEA NYT4 VYEe Yoo )em fig (V-A)
Calculated for CyyHy:Oy. C,oY.0Y:H, 1A

found C,°).e%;H, 1.V

O- Allyl —D-fructofuranoside """ [Y)V]

HO OCH,CH=CH,

OH
CgH1606 HO

Two methods were explored for allylation of D-fructose :-

Method A :

Dried D-Fructose ( °g, Y.YY mmol ) was dissolved in dry Allyl alcohol (Y+* ml) .
lon exchange resin ( Amberilte , YY+H" ) (Yg) was added as the acid catalyst.

The mixture was heated under reflux with stirring for half an - hour at ¥+°C.

014
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After this the resin was neutralized by adding sodium hydroxide dissolved in

allyl alcohols . Removal the solvent under vacuum, gave syrup product[)V] (
¢+ g) A7 yield Rf=+.YA (Benzene : Methanol, A:Y ) , IR (film ) YYoVYem™ (OH),

V1£Y ecm™ (C=CHy), Y+°¢ cm™ (C-O-C) Fig (¥-%)
calculated for CsH,<0+ C,ed.+9;H,V.YY
found C,é¢d.«+;H, V.

Method B
General experimental procedure for microwave—accelerated Fischer

glycosylation .

All reactions were carried out in a pressure tube , sealed with a Teflon
septum . Reactions contained the sugar substrate (+.1g) , Amberlite IRN Y +H*
resin (+.)g) and alcohol (ml) . The pressure tube was introduced to the center
of a CEM Discover microwave oven and then heated to the desired temperature
for the appropriate time . On completion of the heating cycle, an aliquot was
removed from the reaction mixture concentrated to produce a syrup of
derivatives [YYY] [YYA] [V Y3] [YY+] whose properties are given in table ( Y-V )

and IR spectrum showed in, Fig(Y-4)(¥-)+) (Y-Y)(Y-VY) respectively .

O- Allyl =D- fructopyranoside [ Y'A ]




| Chapter One Introduction |

0  CH,OH

HO OCH,-CH=CH,

OH

CoH1606

A solution of .o/ hydrochloric acid was prepared by dissolving acetyl
chloride (Yml) in dry allyl alcohol (Y +%1 ml) and dried D-fructose (°.Y g) was
added .

The mixture was heating with reflux at (V:-A+2C) for ¥ hr. TLC (Benzene :
Menthol ) (A:Y) indicated the completed of the reaction . The solution was
then neutralized by drop wise addition of sod. hydroxide dissolved in allyl

alcohol . The solvent was then removed under vacuum and a syrup product

(£.YYg) of [V)A] .
was obtained, Y¢/ vyield Rf=+.Y (Benzene : Methanol, A:Y)
IR (film) Y¢Ye cm™ (OH), Y1YAcm™ (C=CHy),)+Y¥ cm™ (C-0-C)

Fig(Y-)+).

1)
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Vv @ ¢ 0-Di-O-cyclohexylidene — D- fructopyranose'* [1Y)]

(°g, Y.YYmmol) of finely powdered dry D-fructose was added with vigorous
stirring to (YY) ml, YYY.Ymmol ) of ice-cooled cyclohexanon containing ( +.V®
ml) of concentrated sulphuric acid , the reaction mixture becomes solid within
Y+ minutes . The mixture was left overnight at room temperature . The
product was dissolved in (® ml) of chloroform and the solution was washed
with dilute agueous sodium hydroxide , dilute
hydrochoric acid and water and finally dried nuder NaySO: and evaporated.
The residue was solidified by trituration with hexane and recrystllize from
hexane to give pure product , (¥.°° g, ¥ %yield ) m.p=)¢Y —V¢te C it
(Y€o-VE1)eC

IR(KBr), ¥¢Ye cm™ (OH)Fig(Y-\¥).

Ty
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Typical procedure for the preparation of ¥-O- allyl or Y-O-propargyl
V,Y:£,0-di-O- cyclohexyldiene-D- fructopyranose [YYY] [YYY].

In a round bottom flask connected to a condenser derivative [ Y]
(Yg, ¢.AA mmol) was dissolved in benzene (Y+ml) , then propagyl or
allyl bromide (Y mmol) was added dropwise after that ¥+ 7 sodium
hydroxide and tetrabutyl ammonium bromide ( TBAB) (+.Vg, .Y mmol
)were added with continuous stirring and refluxed for YAhr, TLC
(Benzene: Methanol ) (%: V) indicted the completion of the reaction .
The mixture was diluted with water and extracted with benzene (Yx)° ml )
and the benzene layer was dried with MgSO: and the solvent was evaporated

to leave a liquid layer which was purified on a silica —gel column , to produce

the product [YYY].

Y-O-allyl V,Y : ¢, — Di-O- cyclohexyldiene-D- fructopyranose

ay
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syrup().Y€ g, Y % ). IR (film) Y¢€YYcm™ (C=CHy),and Y+°+ cm” for ( C-O-C
) , Fig(Y-)¢)

calculated for CyyHy+O-x C,ULYY; H ALY
Found C, V1.l HAYY

Y-O-Propargyl ),Y: ¢, —Di-O-cyclohexyldiene-D-fructopyranose[YY] as syrup
(V.YAg ¢ % yield).

IRFilm YYATem ' (ECH), YYYA ecm™ for (C=C),Fig(T-)°)
Calculated for CyvHv O- ciiat s HVAY
Found C, VA s HVAY

Method B :

Microwave Method

Allyl bromide ( €9 ul/, *.°A mmol ) and sodium hydride(*.YYmg,+.°A mmol )
were added to solution of [YYY] ( Y+*mg ,*.YY mmol ) in MeCN (¢ ml) .
Irradiation of the sample in mw oven was performed for Y+ minat Y¢+: 2C. The
mixture was diluted with MeOH ,concentrated and purified to give[YYY]( +.)°

mg) A% .vyield.

¢
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),Y: o1 -Di-O-isopropylidene - a- D-glucofuranoside'” [)Y¢]

10
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To an efficiently stirred suspension of anhydrous D-glucose ( © g, Y+.°
mmol ) in anhydrous acetone ( YY.Y ml) was added powdered anhydrous zinc
chloride ( ¢ g ) followed by (*.Y¢ g ) of A/ phosphoric acid .This mixture was
stirred for Y+ hours at r.t . The undissolved D-glucose was filtered and washed
with acetone .The filtrate was made slightly alkaline with NaOH solution at +2 C
.The insoluble material was removed and the filtrate was concentrated to a
syrup , which was extracted with CH«Cl\: water .The organic phase was dried

and concentrated to white crystalline residue of

VY] (¢ g,A+7 yield) Rf= +.¢ (Benzene : Methanol, A:Y ), m.p

Ved — VYo CLitte: (VeA=Y v ) eC
IR (KBr)¥"4Acm™ (OH), (YV++=Y2++)cm™ (isopropylidene)

Fig(Y-Y1).

N
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Y-O-Allyl-),Y : o 1 -di -isopropylidene -a -D-glucofuranose[)Y®°]

Ally bromide ( 4w, Ye.emmol Jand sodium hydride
(+.YY g, .cAmmol) were added to a solution of V,Y :2,1 di-O -isopropylidene -
o —D- glucofuranose [YY¢] () g, Y.A mmol)in MeCN ( Yml) .Irradiation of

the sample was performed for ® minat A+ C¢.

The mixture was diluted with MeOH , concentrated , and purified on a silica —
gel column (petrolum ether :EtOAc ) as an eluent to give the derivative [YY®] (

< Ag T %yield)

Rf: +.YA (Benzene : Methanol, A:Y )

Calculated for CyoHy:O<« C, V. ; HA
C,°4.A - H,V.AS

IR ( film ) disappearance of (OH ) band, (YY++-Y4++)cm™ forisopropylidene,
Vie. cm” (C=CH+) Fig(™-V)

1y
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Y-O-Proparqgyl- V,Y:° 1-di-isopropylidene- a -D-glucofuranose[)Y1]

R = Propargyl group
Sodium hydride powder ( *.YY g, Y+.£ mmol ) was added to a solution
V,Y:2,7 di-isopropylidene a-glucofuranose [YY£]( Yg, V.1 mmol ) in DMF and
the suspension was stirred for Ymin .Then added with cooling * 2C propargyl

bromide ( © .AY ml, ¢Y mmol ). The reaction mixture was set aside at room

TA
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temperature for £A h . The reaction was monitored by TLC CH«Cly : EtOAc, vV : ¥

). Methanol (Y+ ml) was added to the resulting clear solution , the solution
was concentrated to dryness .The residue was partitioned between chloroform
( ¢+ ml) and water ( ©* ml) , and the separated organic layer was further
washed with water ( ¥x Y+ ml) ,dried with MgSO:, filtered and concentrated to
yield brown solid that was purified by column chromatography( petroleum

ether: EtOAc)( YV :Y ) to

(Y ) ) to produce a brown syrup ( YA g , 3+ %) Rf=:.T1

(Benzene : Methanol, A:Y)

IR (film ) ¥YY+ cm ™ (2CH), YV++-Y4+« cm ™ (isopropylidene band ),  Y))A

cm™ (C=C),Fig(Y-'A)
calculated for CysHyvOx C,1+.&+ ;H,V.AY

found C, .Y :H,V.eY,

Y.Y: ¢ 0—-Di-O- isopropylidene-B-D- fructopyranose ' [ V]

!
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In a conical flask ( with a stopper ) anhydrous fructose (¢ g, AY mmol) was

dissolved in dry acetone ( ©++ml) and stirred for Y© mints .To the resulting
mixture anhydrous ferric chloride ( £.¢ g, YA mmol ) was added and stirred
continuous for Y+ hrs, at Y1 2C .The acidity of the mixture was neutralized by
using )+ % potassium carbonate solution ( Y© g in Y°+ ml of water ) and the
solvent was evaporated under reduced pressure .The pale yellow oily residue

was extracted from the aqueous layer with ( ¥ % ¢+ ml) of chloroform .

The organic layer was washed with water , dried with anhydrous magnesium
sulphate and the solvent was reduced to Y°© ml . After cooling, white crystals
precipitated which were recrystallized from chloroform : hexane
( Y:Y) then from petroleum ether to give the pure product['YY] ('Y g, -

Al

% yield ) m.p ¢ —402C, lit—: e —-9312C
IR (KBrdisc) ¥Ye+ ecm™ (OH),YY++=Y3++ cm” forisopropylidene

Fig (Y-Y9).

V-O-Allyl or Y-O-propargyl Y,V:¢,© =Di-O-isopropylidene 8-D-

fructopyranose [)YA][)Y4]

In a round bottomed flask connected to a condenser, compound, [ YV]
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(Y g, V.Y mmol) was dissolved in benzene (Y°ml), then allyl bromide

(+.AV¢ ml ,%.¢€2 mmol ) was added dropwise, after that Y/ sod. hydroxde
solution and tetrabutyl ammonium bromide (+.)* g ,*.©1mmol ) were added
with continuous stirring and refluxed for 'Y hr . TLC (Benzene : Methanol )

(4:Y)(v:v) indicated the completion of the reaction .

The mixture was diluted with water and extracted with benzene
(¥xYeml ) The benzene layer was dried with anhydrous MgSO ¢ and the
solvent was evaporated to leave a liquid layer which was purified on a
silica - gel column . The column was eluted with (Benzene : Methanol)
(3:1) a syrup material of [\ YA] was obtained (Y. ¢ g, V+Zyield)
calculated for CysHy:Ox  C, Ve v e s HA v

found C, WY S H\V.Ae
IR (film) (YV++-Y4++ cm™ ) (isopropylidene ) Y1Y% cm™ (C = CHy), Y+ V+
cm’ for (C-O-C), Fig(*-¥+).

Similar procedure was followed for preparation of propargyl derivative
[V Y4] was obtained (Y.¥4 g, 17/ yield )

Calculated for CysH+Ox C, 1.t H, V.¥A

C, "e¢ H, ".\v
IR(film), ¥+ eecm'for (ECH), YY%1cm™ for (C=C), Y+ 14
cm’ for (C-O-C), Fig (*-Y").

\.Y ¢ o Tetra-O-benzoyl B-D- fructopyranose' ™" [V¥+].

Anhydrous D-fructose ( Y g, Y).Y) mmo) ) was suspended in anyluar dry

CH+Cly ( Y° ml ) and pyridine ( © ml ) .To this mixture benzoyl bromide ( Y ml)

Y
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was added , the mixture was stirred at (-)°2C) overnight and the reaction was

monitored by TLC(CH«Cly:MeOH ) (A :Y) (viv).

The mixture was poured over ice-water , then was extracted with CHCly (

¥xY° ml ). The combined organic phase was washed with

( Y+ ml) of YN HCl solution and then with ( Y+ ml) of ( YN ) NayCOr solution,
the organic phase was dried over anhydrous CaCly and filtered, the filtrate was
evaporated to dryness in vacuum to give a syrup , that was crystallized from
absolute carbon tetrachloride and ethanol alcohol to give white crystals of |
YWWel, (.Y g,V %yield).

Rf= +.A (CHCly: MeOH ) (A:Y ) (viv)

m.p=\YTIVE o ¢ Lit— (YVé-Vvee( )
IR (KBr) Y¢¥Y cm™ (OH), Y+°°cm™ (C-H )aromatic VYA cm™

(C=0), Y+ Y cm™ for C=C aromatic . Fig (Y-YY )

Y-O-Propargyl ).,Y,V,°c —tetra -O-benzoyl B-D-fructopyranose ['Y)]

YY
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CrvHr.Oy.

To a solution of tetra O- benzoyl - B - D —fructopyranose [VY ]
( V.V4Y g, Y mmol) in dry DMFE ( Y+ ml) was added NaH ( V+ % w/w in

mineral oil ) ( .« ¢A g, Ymmol ) at :° C with frequent venting .After

stirring for Y+ min propargyl bromide ( :.¥¢¢tml) , ¢ mmol) was added

slowly and the mixture was maintained at rt for Y h . TLC indicated the

disappearance of the starting material .The reaction mixture was cooled to

« 9C and MeOH ( V+ ml ) was added .The solvents were removed under

reduced pressure .The residue was suspended in water ():ml) and

extracted with ethyl acetate (Y x V¢ ml ) . The combined organic layer

was washed with saturated aqueous NaCl ( Y+ ml) , dried over anhydrous

NarSO:. , filtered and concentrated to give a syrup which was purified by

silica-gel chromatography ( petroleum ether : EtOAc ) to give the
product [YYV]

(+.82 g, M Zyield) .

IR(film) ¥Y1Y cm™ (C=CH), Y4AY cm™ (C=C), Vo for (C=0),)1+Y

cm’, (C=C) aromatic, Fig (¥-YY)

calculated for CyyH¢.Oy. , C, Ve.o¥:H €.VY
found C, V4. Ve H ¢

\a
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V.Y ¢ 1-Tetra-O- benzoyl- a -D- fructofuranoside "' [Y¥Yal]

Benzoyl chloride (Y *ml, mmol) was added to a solution of D- fructose ( 1 g,
YY. YY mmol ) in pyridine () * * ml) at such a rate that the temperature of the
mixture did not exceed 1°2C . The solution was then kept for Ymin , water (¥
ml) was added and then the mixture was cooled to room temp. , diluted with
chloroform (Y°+ ml) , washed successively with( ¥ x Y+ ) Y7 sulfuric
acid and (Yx) « +) of water, saturated aqueous sod. hydrogen carbonate () **
ml) , and water () + * ml), then dried by (CaClv ) and concentrated . The residue

was crystallized from methanol (¢+ ml) to give (¢.7Y g),VY % yield , m.p =

VYY=VYY oC  [itt™ m.p= Y)Yy eC,

IR(KBr) , ¥¢Y¢ cm™ for (OH), YYYecm™ for (C=0)and Y1:+ cm™ for C=C

aromatic .Fig (Y- €+b) .

V¢
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Y-O-Allyl V.Y ¢ -tetra benzoyl B -D-fructofuranoside[)YYb]

Allyl bromide ( *+.*%iml, +.Y1Y mmol) and sodium hydride ( +.*Y+g, ).Y®
mmol) were added to a solution of tetra-O-benzoyl - B -D — fructofuranose

[YYYa] (+.¥g, *.*Ymmol) in MeCN (°ml).

Irradiation of the sample by microwave oven was performed for © min at YV+2
C .The mixture was diluted with MeOH, concentrated and purified to give the

product [YYYb]( +.*Yé g, AYZ yield).
IR(Film) = YYYY ¢m ™ 'for (C=0), Y1+ Y cm” for (C=CHy) 1))+ cm 'for
(C-0-C) , Fig(Y-Y¢).

calculated for CyyH¢sOy. , C, V8. AY:H o Y
found C,Na.VY - H, €.A8

Yo
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Y-£-Y Synthesis of O-glycoside of glucal sugar

\-O-Propargyl- ¢,"- di-O-acetyl glucal """ [ ¥¥]

method A :

Tri— O —acetyl — D —glucal' " ( Y.° g, 9.Ymmo" ) was dissolved in (
Yo ml ) toluene containing propargyl alcohol ( *.23A ml ,Y+.Y mmol ) under
nitrogen . Anhydrous zinc chloride ( Y.V g, Y¥.) mmo) ) was added in one

portion to the mechanically stirred solution .

&
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A purple color

developed after Y© mins , the supernatant was decanted from the gelatinous
solid , neutralized with solid sodium bicarbonate, filtered and concentrated to
give the product[YY] as a yellow syrup ().11g, 147 yield ) Rf = «.Yo (
CH\Cly : MeOH) (A:Y) (viv)

IR (film ) (FYYY, YAY . YANA AVEC AYFYe AYVe AYFY YV eTe )Y VYY)em

', Fig (Y-Y9)
calculated for CyyHy<0x , C, ©A.Y+: H, .4V

found C,°A.«+: H,0.YY

Method B

To a stirred solution of Y,¢,7 tri-D-glucal [Y¢%a] ( Y.°g ,%.Ymmo) ) in dry
toluene ( Y ml ) were added propargyl alcohol (+.°ml ,*.Ymmo) ) and a
catalytic amount of BFy.Et:O (*.€ml, Y.Y® mmo) ), the mixture was allowed to
react for ¥ h and then neutralized by addition of NaxCOr (Yg) . After the
solution had been stirred for Y+ min , the solids were filtered off and the
filtrate was successively washed with a saturated aqueous solution of NaHCO-~
and dist. water . After drying with anhydrous NaySO: , the solvent was

evaporated on a rotary evaporator under vacuum affording a syrup. The

Yy
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residue was purified by dry flash chromatography (petroleum ether

ethylacetate ) (Y : V) (viv) ( *.AV g, YV %yield).

Method C:

A mixture of YV,¢ 1-tri —-D— acetyl —D—glucal ( Y.¥Y1 g, © mmol ), propargyl
alcohol ( *,€+Aml, Y mmol ) and ceric ammonium nitrate ( *+.YY¢ g, +.© mmol )
in acetonitrile ( Y© ml) was stirring under reflux for 1 hr . After completion of
the reaction as indicated by TLC, the reaction mixture was quenched with
water ( )+ ml) and extracted with ethyl acetate (Y xYeml).The
combined layers were dried over anhydrous NaySO: , concentrated in vacuum
and purified by column chromatography on silica-gel  ( petroleum ether :

ethyl acetate A : ¥ ) to produced [ YY]

(V.+Vig YA%).

V-O-Allyl- ¢3- di-O-acetyl glucal [ YY¢ ]

YA
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Similar procedure was followed which was used in preparation compound
[YYY] but using allyl alcohol ( *.¢YAmI,Y mmo) ) instead of propargyl alcohol

,to produce [YY¢]asasyrup (V.°YV g 1Y %yield).
Rf = +.Y¢ (CHClx: MeOH ) (A:Y) (viv)

IR (film ) YY1+ em™ (C=0), Y18 Y ecm™ (C=CHy ), +£¢ cm™ (C-O-C) Fig ( ¥-
Y"L)

Calculated for Cy+H,A0x C,eV.YY;H, 1.1

CoV.e):H, 1Y

v4
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Y-¢-Y Synthesis of glycosyl azide
O-Methyl D- fructofuranoside'"*. [) ¥°]

Two methods were explored for methanolysis of D- fructose .

A- Dried D- fructose ( © g, Y.YY mmol ) was dissolved in dry methanol (
Y+ +ml) . lon exchange resin ( Amberlite Y+ H") ( Y g ) was added as the
acidic catalyst .The mixture was heated under reflux with stirring for
half —an-hour at ¢+ - ©29C .The resin was removed by filtration and the
solution was neutralized by adding sodium methoxide .Removal of
methanol under vacuum gave syrup product ( £€.7 g, Y/ yield ).

B- A solution of *.° % hydrochloride acid was prepared by dissolving acetyl
chloride ( Y ml) in dry methanol ( Y+ ml) and dried D-fructose (°.Vg)
was added .The reaction mixture was left for three hours at room
temperature .The solution was then neutralized by drop wise addition
of sodium hydroxide in methanol . The solvent was then removed at
Y+2C and a syrup product (¢£.1%g ) was obtained .

AY %vyield, Rf= +.£(CHCly: MeOH ) (A:Y)(viv)

IR (film ) ¥¥YT cm™ (OH), Y+2¢ cm ™ (C-O-C),Fig (¥-YV)

O-Methyl Y , 1- Di =O-toluene sulfonyl =D-fructofuranoside " [Y¥1]
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In a conical flask with a stopper , derivative [YY°] (Y g, Y°.¢ mmol ) was
dissolved in pyridine ( Y* ml ) and cooled to * 2C . p-Toluene sulfonyl chloride (
Y.4¢A g Ve £Tmmol ) was dissolved in ( Y+ ml) cold pyridine and added at
room temperature to above solution drop by drop and left for Y¢hr, with
stirring .TLC ( Benzene : Methanol ) (A : Y ) ( v:v ) showed the completion of

the reaction .
The mixture was poured on crushed ice , then extracted by chloroform

(© xYem ), the chloroform layer was dried by MgSO¢ , filtered and

evaporated under vacuum to give a syrup ( Y.)A g)in VY % yield .
Rf=+.239 (CHCly: MeOH ) (A:Y)(viv)

IR= (film) YY++ cm ™ (OH), YeAYem = (aromatic),( YYVY, 24+) cm ™ (SOv),

Ve¥ecem™ (C-O-C) . Fig (T-YA)

A
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Methyl-1-deoxy-1-azido =)-O- p-toluene sulfonyl — D-
fructofuranoside™ , [YYV]

In a two — necked round bottomed flask connected to a reflux condenser
and thermometer , the derivative [ Y] ( ¥ g ) was dissolved in DMF (Yo ml

), and sodium azide (}.+% g, Y+.m mmol ) was added with continuous
stirring at 1+ °C for Y% hr .TLC (CHCly:Methanol )

(A:Y)(v:v) showed the completion of the reaction .The mixture was
diluted with water and extracted with chloroform ( Yx Y+ ml) then
dried with anhydrous MgSO: . The chlorofrom layer was evaporated
in vacuum to give syrup [YYY] (V)Y.AY g,V %yield).

Rf = +.YY (CH«Cly: MeOH ) (A:Y)(viv)

IR (film) YY++ cm™ (Ny). Fig(¥-Y4)

AY
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Y.V ¢ o=Di-O-isopropylidene-'-O- p- toluene sulfonyl — B-D-

fructopyranose' "  [YYA] .

In a conical flask ( with stopper) Y,¥: ¢,© —di-O- isopropylidene- B-D-

fructopyranose [ YYY]( ©g, Y% mmol) was dissolved in dry pyridine
(Y +*ml)and cooled to * 2C. p-Toluene sulfonyl chloride (Y g, ) *.£A mmol)

was dissolved in Y+ ml dry pyridine and then added to solution at room
temperature and left for Y+ hr.with stirring .TLC ( Benzene : Methanol ) (%:))
(v:v) showed the completion of reaction .The mixture was poured on crushed
ice to give brown precipitate , which was decolorized and recrystalized from

ethanol to give white crystal [YYA] (¢ g, 1+ % vyield) mp YYo-1Y1¢(C

VAo

lit2. YYo_ YY1 oC

IR(KBr) :(3%Aand YYYY)ecm™ (SO« ) Fig(Y-¥+)

AY
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V-Azido — ) —deoxy =Y,V : ¢ © di=0O-isopropylidene — 8 -D-fructo

pyranose [)Y4]

Method A

In atwo —necked round bottomed flask connected to a reflux condenser and
thermometer , Y, : ¢© di —O-isopropylidene-)-O- toluene sulfonyl—B-D-
fructopyranose [YYA] (Y.2g,Y.Y mmol) was dissolved in DMF (Y+*ml)
and sodium azide ( +.7 g, 3.Y mmol) and teratbulty ammonium bromide
(+.Yg, *.°Immol) were added with continuous stirring at Y¢+2C for Y days
.TLC(Benzene : Methanol ) ( 2 :Y ) (v : v ) showed the completion of the
reaction . The mixture was diluted with water and extracted with chloroform
(¢ x @) then dried with anhydrous MgSO: .The chloroform was evaporated to

give [YY4](Y.c g)asasyrup, V) % yield.

IR(film) YY++ cm™ (N ) Fig (Y-Y))

At
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Method B

Trimethylsilyl azid (A+ul, +.7» mmol) and TBAF (1« u/ , +.7Y mmol) were
added to an argon — blanketed solution of tosylate [ YYA]( +.V&¢Yg, .YV

mmol ) in Aml of CH+CN .

The reaction was heated at reflux for Thr. The mixture was allowed to
return to room temperature and Y+ml of water was added . The product
was extracted with ethyl acetate , (Y*)Y°ml) . The organic extracts were
combined , dried over MgSO:, and filtered . Solvent was removed in
vacuum to afforded a yellow oil . The oil was purified by column

chromatography ( pet. ether: EtOAc ) ( Y :V) toyield (+.AYg, A1 %) of azide
[YYV4].

Ao
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V. ¥:¢ o-Di-O-cyclohexylidene-Y-O-p-toluene sulfonoyl -- D-

fructopyranose]) -]

CYOHW‘EOAS

AT
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In a conical flask with stopper, ( ¥ g ,A.AY mmol) from derivative [' Y] was
dissolved in dry pyridine Y +ml and cooled to + 2C . p-Toluene sulfonyl chloride
(V.7Yg ,A.¢A mmol ) was dissolved in Y *ml dry cold pyridine and then added to
solution at room temperature and left for ¥ days in refrigerator . TLC (Benzene
: methanol ) (%:Y)(v:v) showed the completion of reaction . The mixture was
poured on crushed ice to give precipitate which was recrystalized from ethanol

to give crystals [V €] ().AVg, 1Y/ yield)
IR=(KBr) , ( Y)YVY, 33+) cm™ (-SOv), Fig(¥-YY)
Calculated for CxoHy:OAS C, 1+.VY : H, T.AA

Found C,1+.Ye:H,6 1YY

Y-Azido-Y-deoxy- ),Y:¢ c-Di-O-cyclohexylidene-8- D-

fructopyranose' " [)$)]

AY
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In a two- neeked round bottomed flask connected to a reflux condenser and
a thermometer ,derivative [Y¢+] (Y g, £.* ¢ mmol )was dissolved in DMF ( )
ml) , sodium azide ( Y.¢ g, Y2.Y mmol ) and tetrabutyl ammonium bromide (
«.£ g, Y.Y¢ mmol) were added with continuous stirring at Y¢+ C for Y¢ hr
.The reaction was monitored with TLC ( Benzene : Methanol) (9 :Y)
( viv ) .The mixture was diluted with water and extracted with chloroform(
°xYeml) then dried with anhydrous magnesium sulphate , evaporated in

vacuum to give () g, ©* %yield)from [Y¢) ] asa syrup.
IR(film) YY++cm™ (Ny) Fig(Y-YY)

Calculated for CyAHvwwO-Ny  C,23.)V; H,V.Y4 ;

’

N,YY.o

Found C,eAAY S H, vAY 2 N YA

Y-Azido-Y-deoxy- ),Y.¢ °-tetra-O- benzoyl- B-D-fructopyranose [Y¢VY ]

AA
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To a solution of [ YY3 ] (*.AYA g, 1. £ mmol) and pyridine (*.*3Iml Y+.¥

mmol) in a anhydrous CH:Cly () +ml) at +2C. Trifluromethane sulfonic
anhydride(TfvO) (+.)VIml, 3.+*mmol) was added slowly . After being stirred
for ¢+ min , the reaction mixture was diluted with CHCly washed with
water , saturated NaHCOy , and brine and dried over MgSO: . The solution
was filtered through celite and transferred into a solution of excess NaN~
and DMF . The reaction mixture was stirred overnight . After completion of
the reaction , the reaction mixture was filtered through celite . The residue
was washed with EtOAc. The combined solutions were concentrated and
purified with column chromatography (petroleum ether : EtOAc, %:) to ¢:1

) to produce syrup (*.7A g, AYZ yield )
IR (film ) YYY4 cm ™ (Ny) Fig( ¥-Y¢)
Calculated for Cr¢HvwOsNy C, 0.V ; H, £.Y¢; N, 1.V

C, 16 Y SHY.YA SN, T

Y-Azido-Y-deoxy ),Y: ¢ 1 —di-O-isopropylidene-D-glucofuranose

[VeY]

A4
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CyvH 304Ny

By using the similar procedure in preparation derivative [)¢Y]. The

derivative [ Y¢] was converted to derivative [Y¢¥] as a syrupin AYZ yield

IR:Film (Y)Y +)cm™ (Ns), Fig ( ¥-¥°)

Calculated for CyvHy4OsNr C,e+.0Y; H, 1.7, N, YEVY

Found C,¢9.YY ;H, 1Y ; N, V.AT
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YAY

V-azido-)-dexy- V.V, ¢ 1-tetra-O-acetyl -B-D-glucopyranose = [)¢¢]

A solution of SNCl: ( *.*Ye ml, *.*) mmol) in toluene (YmI) was added to a
stirred suspension of AgCIO: ( *.*YYg, *.* Ymmol ) in dichloromethane ( © ml)

at room temperature , and the mixture was shielded from a light and stirred

for ) hr.
To this mixture was added a soultion of penta acetate 3 -D-glucopyranose

"Y¢] (‘g , *.Ymmol) and trimethylsilyl azide (*.¢Yml,*.Yémmol) in
dichloromethane ( Y ml) at room temperature . After stirring the mixture for
Y+ hr, aqueous sodium hydrogen carbonate was added .The mixture was
extracted with CH«Cly (Y X Yo ml) ,dried with MgSO: and evaporated under

vacuum ,yellow syrup was product, after cooling , amorphous solid was

obtained (+.YA g , YAZ yield )

m.p= (VVI-9A °C) L e v YA eC

IR(KBr) YYY+ cm™ (-N¢) Fig(¥-¥1)

N
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Preparation of Zinc azide bis pyridine( ZnN< . Ypy )™

To astirred YM ag. solution of Zn(NOy)y (*+ ml, Y Y +mmol)

was added dropwise a YM aqueous solution of  NaN:
(YY+ml, Y¢+mmol). The white suspension is brought to ©:2C, then a slight
excess of pyridine (Y*ml, Y¢Ymmol) is added drop wise forming a dense
white precipitate . Stirring is continued while the mixture is slowly cooled to
rt . The salt is filtered , washed with ice cold water and dried in vacuum to

give a white crystalline powder, yield Y+ g (M 7).

General procedure for preparation of azido sugars by using Zn Nx. Ypy.
Zn N«. Ypy (+.€% g, Y. mmol ) is suspended in a solution of the alcohol

(Ymmol) and PheP ().*°g, ¢mmol) in anhydrous toluene () *ml)

To this stirred mixture at r.t, diisopopyl azodicabxylate (+.Aml ,
¢ mmol ) is added drop wise , causing a slightly exothermal

reaction . Stirring is continued until complete consumption , (TLC)

ay
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monitoring of the product is observed . The heterogeneous

mixture is filtered over a celite pad , concentrated in vacuum and
purified by column chromatography over V.-Y¥+ mesh silica gel

eluents (pet . ether: EtOAC) to afforded the pure azide .

1-0O-Acetyl-¢-azido Y,Y, ¢-trideoxy-a =D-erythro —=hex-Y-ene

pyranoside °[)¢°]

Y
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ACOH2C

\/O

CgH1102N3

The catalytic system was prepared by stirring for Yh in a schlenk tube under
argon the palladium complex Pd(PPhy): (¥ %) in (Yml) tetrahydrofuran . This
solution was added under argon to a schlenk tube containing the (). Mg,
Ymmol) tri-acetyl glucal[)¢%a] , and sodium azide ( *.YAlg , Y.Ymmol ) in a
mixture( THF: water) (Yml :Yml ). The mixture was stirred at ©+2C for Yh, and
then extracted with ether (Yx)+ml ) and the combined extracts were washed
successively with YM HCI (Y +ml), saturated NaHCOx (Y +*ml) and brine (¥ *ml).
The organic layer was dried over MgSO: . Removal of the solvent under
reduced pressure gave a residue that was submitted to column
chromatagraphy on silica gel using petroleum ether : EtOAc as the eluent to

afford the product as a syrup .
(«.€Yg) 1Y % yield, Rf= +.°7 (CHxClv: MeOH ) (A:Y)(viv)

IR(film) YY+%ecm™  (-Ny) Fig ( ¥-YV)

Q¢
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Y-£-¢ Synthesis of \,Y-unsaturated sugars

Y-£-£-\ Synthesis of ¥, £, "-Tri-acetyl glucal' "’ [} £ 1a]

ACOH,C
H o
OAC >\
AcO | |/ H
H H
C12H1604
Part: )

D — Glucose ( ©.© g,Y .2 mol ) was added to a mixture of acetic anhydride

(Y*ml)and *.Y° ml, 1Y % perchloric acid at ¢+2C during one hours . After
the addition of red- phosphorus ( Y. g,¢A.¢ mmo) ). The round bottom flask
was cooled in ice-salt mixture , and bromine ( .9 ml, ¥Y4.+Ymmo) ) was added
dropwise with continued stirring at such a rate as to keep the internal temp.
below Y+2C ( ) hours ) . In the same way , © ml of water was added during a
course of Y+ min with careful control of temp . The vessel was closed by
stopper and kept ¥ hr at room tempt . The mixture was filtered and the filter
paper washed with little acetic acid . The filtrate contained tetra —O-

acetyl-D - glycopyranosyl bromide .

q0
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Part: Y

A solution of sodium acetate ( Y* g, Y¢¥mmo) ) in water ( Y4 ml ) and glacial
acetic acid ( Y+ml ) was prepared . After the solution was cooled in an ice-salt

mixture , zincdust (Y)g, Y1 Ammo) ) and cupric sulfate

(V.Y g, “.9%mmo) ) in water ( ¢ ml) were added to this solution . When the
blue color had disappeared , the solution of above mentioned bromide was

added graduaily during ) hr, keeping the temperature between
(=Y+2Cand-Y+2().

Efficient stirring was necessary and was continued for ¥ hr at * 2C the mixture
was filtered , and the filter paper was washed with ©+7 acetic acid . Water (
©+ml) was added to the combined filtrates at *+ 2C and the solution was
extracted with chloroform (°x):+ml) . The combined chloroform extracts
were washed with iced-water ,saturated sodium carbonate solution, and again
with cold water. The solution was dried by addition of calcium chloride ,
decanted , and evaporated under reduced pressure . The resulting syrup was

dissolved in diethyl ether and petroleum ether was added to solution to

a1
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opalescence . After a few hours with the aid of seeding crystallization provided

pure [)¢1a].

(°g, 1+ %yield m.p ov-o¢ oC|it' " ;o¢-000C

IR(KBr) YY¢£ cm™ (C=0), Y12+ cm™ (C=C) Fig( ¥-¥A )

Calculated for C\vH,-0Oy C:oY.9¢  H:0.AA

C:°0).4¢  H: oA

Y-£-£-Y Synthesis of glucal [) ¢1b]

v



Chapter One Introduction

OH

HO /

HO

CgH1004

To a stirred solution of tri — O- acetyl-D- glucal[) ¢1a], ( ¥ g) in dry methanol
( YYml) was added methanolic solution of sodium methoxide ( prepared
by dissolving +.Y°+ mg of sodium in Y ml methanol) and the solution was left
at room temp. for Y days . Evaporation of the solution gave crystaline [} £ 1b] (

V.Yg, 7 )mp ©1-eA oC [it." m.p eV-ed eC

IR(KBr) Y¥Y+cm™ (OH), Y1oYecm™ (C=C) Fig( ¥-¥4 )

aA
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Y-i-¢-v Synthesis of Fructal'™ [)¢V]
¥,£,°- Tri ( benzoyloxy ) —'-benzoyloxymehyl -V, ¢ - dihydro-YH-pyran ( endo

—fructal )

To a stirred solution of tetra benzoate fructosyl bromide (Y.* g, ¥ mmol
) and freshly desiccated molecular sieves (£A 2) in anhydrous acetone ( ©+ ml)
, sodium iodide (.Y g £.Y mmol ) was added and the mixture kept at ambient
temp . for ( Y+ h ) .The resulting suspension was filtered through a layer of
silica gel , followed by the removal of the solvent in vacuo at a bath temp. not
exceeding Y@ 9C .The syrup thus obtained was taken up in boiling xylem ( ©*
ml ) and the solution stirred at Y ¢+ 2 C for ¥ hr .The mixture was then allowed
to return to room temp. where after water (Y +ml) was added (to hydrolyze
residual fructosyl iodide), followed by filtration of the brown solution through
a layer of silica gel and removal of the solvent in vacuo .The resulting residue
was dissolved in CHCI+ (°*ml) and the solution successively washed with water
, NaHCO+ solution and again with water (Y ml each ). Drying over MgSO:
, and concentration in vacuo gave a syrup consisting mixture of exo- and
endo-fructal separation has an effected on a silica gel column volume (¢ x ¢
ml) by elution with Y +:) toluene :EtOAc . Removal of the solvents from the
fraction eluted as a syrup (*.% g,Yv % ) Rf= +.Y)(CH«Cly: MeOH ) (A:Y
) (v:v)

IR (film) showed Y+ cm ™ for (C=0) and 1Y+ cm~ For (C=C),
fig(Y-€+).

Y-£.¢ Synthesis of Triazoyl linked Carbohydrate(Triazoyldisaccahride)

44
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General procedures for Triazole and Triazoline formation under :-

Y-¢-0-) Microwave Irradiation Method.

a- A solution of the alkyne or alkene derivative ( ).Ymmol) and the

azide derivative (Ymmol), DBU ( Ymmol) and the copper catalyst

(Ph¢P)y.Cu Br ( )*-Y* mmol %)in toluene (°ml) was irradiated at Yo+ w in a
microwave oven for period of Y min . The solution is allowed to cool during
heating intervals , until TLC or the IR spectra of the reaction mixture showed

complete disappearance of the starting materials .

The reaction mixture was evaporated and the crude product is purified
in short flash column chromatography to yield the V,Y,¥ triazole or
triazoline derivative

b- A mixture of azide derivatives (Ymmol) and the alkyne or alkene
derivatives(t.A mmol) in a fine Pyrex tube of Ycm diameter was
introduced in the microwave oven until TLC or the IR spectra of the
reaction mixture showed complete disappearance of the starting material
, CH(Cly ( Y+ ml) was then added .

The reaction mixture was purified in a short flash column
chromatography to yield the \,Y,¥ -triazole or triazoline derivative .

c- The alkenes or alkynes (¥+-Y++ mmol ) and the azido carbohydrates
( ¥.° equiv. ) ,CuSO: *HyO(¥+mol% ) and sodium ascorbate( "+ mol% ),
were dissolved in DMF (Y-Y.® ml )containing several drops of HiO . The
solution was exposed to microwave irradiation at A+°C for periods of
Y+ min, until TLC or the IR spectra of the reaction mixture showed
complete disappearance of the starting material . Then it was
concentrated and purified on a silica column first with (CHCly:EtOAc)
(1:V) to recover the excess of starting azido carbohydrate followed by
elution with CH(Cly:MeOH(?:)) .
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Y-{-0-Y Heating with solvent .

To a solution of azid derivative ( ¥ mmol ) in toluene ( Y *ml) was
added dropwise with stirring the solution of alkynes or alkenes
derivatives ( Ymmol ) .The reaction mixture was stirred under
reflux at tempt.\ )+ °C for the specified time ( as in table ¥-¢ ),until the
TLC or the IR- spectra of the reaction showed the end of reaction, then
cooled, concentration under vacuum ,to gave the product which is
isolated by flash chromatography eluting with petroleum ether: EtOAc (

1:Y) to yield the triazole or triazoline derivative.

Y-¢-0-Y Sealed tube method

Tri -O- acetyl -D- glucal[Y¢%a] ( Y+ *mg, *.Y¥ mmol) or fructal and azide
derivative(Y Y% mg ,+.4° mmol) were heated at ' Y +°C <in ¥ ml
trimethylorthoformate ( sealed tube ) for (¢ ¢ hr.) . Evaporation and
chromatography on silica gel ( hexane, ethyl acetate) (Y :Y) ( v.v) gave
the product .

Y-{-0-¢{ One — pot reaction method

A solution of D- glucose pentaacetate[' ' ¢] ( Y g )and HBr (¥¥7
solution in CH(Cly Y.® ml) in dry chloroform (Y * ml) was stirred
under nitrogen for VY h at room temperature , until the completing
of the reaction as monitored by TLC .The following reagents were
added in order of : chloroform (Y + ml), saturated sodium
bicarbonate solution ¢ ml , sodium azide (+.Y¢4g ,YY mmol) ,

tetrabutylammonium hydrogen sulfate (+.¢ g, Y. mmol ),

allyl or propargyl sugars (+.Y¢g, Y. mmol ), copper sulfate
pentahydrate (Y Ymg, Y+.+® mmol), sodium ascorbate (¥+ mg,
«.Y¢ mmol) and ethanol(®ml ) . The reaction mixture was stirred at

room temperature for about YA h. The solvent was removed, and
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the residue was cooled , chromatography on silica gel ( hexane ,

ethyl acetate) (¥ :V) (v:v) to afford the product in A7 yield .
Table (¥-¢) explains the properties of the coupling reaction , and
table

(¥-1 ) explains the spectral data of some product derivatives

CHAPTER THREE
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Y-Results and Discussion

In search of the synthesis of new carbohydrate compounds , we thought that ),¥ —

dipolarcycloaddition reaction (),Y-DC ) could be used as

an efficient tool allowing for the simultaneous building up of aromatic or non-aromatic heterocyclic

systems.

Y-\- Synthesis of allyl or propargyl ethers

The first approach of our goal was the construction of sugar, containing alkyne or alkene group

derivatives .

Several methods have been described for synthesis of these types

of sugars derivatives . The multistep synthesis of carbohydrate
derivatives is difficult and requires many purification steps . The
difficulty in synthesizing these derivatives stems from the similar
reactivity of the hydroxyl group and any glycosidic linkages that need to
be formed . For these reasons alternative approaches have been sought

¥-)-): Synthesis of glucose pentaacetate :

The glucose pentaacetate derivative is readily prepared in
crystalline form in the a-or B — anomeric form depending on the
procedure being used. The hydroxyl group of glucose react readily with
acetic anhydride in the presence of an acid catalyst such as perchloric
acid . The cyclic acetate formed by the acetylation procedures is
normally in the pyranoid form .

CH,OAC
0 /OAC
Acetic anhydride OAC H\
D-Glucose 60% perchloric acid =~
40C,3hr. 60% AcO
Y o€
OAc
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The glucose pentaacetate was characterized by its IR spectrum and
m.p which was identical with the literature™'"". The IR spectrum ( Fig *-
1)

showed stretching band at 'v1. cm™ for carbonyl acetate .

v-)-v : Synthesis of allyl or propargyl glucose pentaacetate

The glucose pentaacetate [''¢] is ether employed to prepare
unsaturated O-glycoside, for example , when D-glucopyranose
pentaacetate [V ¢] is dissolved in dichloromethane , containing one
molar equivalent of tin(IV) chloride and treated with allyl or propargyl
alcohol the addition take place at room temperature under anhydrous
conditions to give the glycoside['¢1] via 1,Y- acetoxinium ion '*'[V¢4 ].

[114] [148] \ -
/
H3C
OA
ROH AcO CO
g Scheme ¥-
OR \
=0 [151] OAc .
A = Mechanis
[149] H3C [150] OR
m of O-

glycosidation
Similar glycoside formation is achieved when B-D-glucopyranose pentaacetate [))¢] is treated

with an excess of propargyl alcohol in the presence of a BF+.EtvO as a Lewis acid , to produced[))®]

in °V7 yield .

OAc
Ao o BF3.Et,0 ACO
AcO OAc  propargyl alcohol 57%AcO \ O-propargyl
OAc

[114] Ohe [115]

R.Rodebaujh and Fraser - Reid" recently reported that O-allyl and
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O-propargyl glycosides could be prepared by dissolving glucose pentaacetate [Y)£] in CHClsy under
argon in presence of Y/ solution of HBr in AcOH to convert glucose pentaacetate into a-D-
glucopyranoside bromide['Y].Moreover when a portion of this material[)V] was allowed to react

with allyl and propargyl alcohol dissolved in CHyCly under argon in the presence of silver carbonate ,

peracetylated proparygl glucose[")°] was obtained in £+7 vyield .

CHZCIZHBr/AcOH AcO
OAc Over nlght 30% AcO
[114] [17] Br
_('\
O
| S
ol 3
S .
s| &
™
=l 8
N
< | <
OAc \
AcO e OAc
0
AcO
AcO O\/ /
OAc AcO o\/
[115] OAc
[116]

Best results were obtained when the reaction was performed with pentaacetat B-glucopyranos and

(Yeq.) of allyl alcohol in dichloromethane in presence of trimethylsilyl triflate (TMSOTF )at rt, for Yh.

m TMSOTF TMSOTF.CH,Cl, Acm

1t.60%
[114] [115]

The O-allyl tetraacetate[ ) °Jshowed stretching band at (YY£A,YY14,VY¢0 Vo4 )em ™ 'Fig(T-A) , and O-

propargyl tetraacetate[) 1]

showed stretching band at (Y)Y+, YYo+ )em™ Fig( Y-V ).
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v-Y: Direct glycosylation of D-fructose and D-glucose

Fischer glycosylation of the anomeric hydroxyl group of a sugar takes place upon refluxing with
an alcohol in the presence of acid catalyst . Using amberlite resin IR-)Y +H" as acid catalyst adopted
for the preparation of the desired glycosides . The use of an acid resin as catalyst offers advantages
since the catalyst can be removed by simple filtration , avoiding the need for neutralization and

giving cleaner products with higher

e

yields

When fine powder of D-fructose was treated with allyl or propargyl or methyl alcohol in presence of
amberlite resin IR-YY +H* for ¢h. allyl or propargyl D-fructofuranoside was obtained , but allyl and
propargyl D-fructopyranoside was formed when thermodynamically controlled

condition was used, Y+ 2C and long reaction time YAh .

OR
ROH, H* Ho © O
D-Fructose >
rt, 4h. OH
OH [152]
ROH , H*
g o o~ "
70C,24h. HO
R= Allyl or propagyl or methyl group  HO OH
on  [155]

In general , the glycoside products were characterized by its IR spectrum which showed stretching
bandat Y+++ =YY+« cm” forC—0O—C band as in table(Y-) ) which shown some properties of the

reactions and IR- spectrum showed in figures[ (¥-4)(¥-) «)(¥-Y V)(V-YY)(Y-YV)].
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v-Y-) : Microwave — accelerated Fischer glycosylation

Fischer glycosylation of the anomerric hydroxyl of a sugar occurs upon reflux with an alcohol in
the presence of acid catalyst and mixture of a - and PB- glycosidic product is formed . The main
deficiency of this reaction is the long reaction time required "**_ When microwave irradiation was
applied to conventional Fischer glycosylation an impressive acceleration of reaction (few minutes

compared to several hours ) was noticed with good a-glycoside product selectivity .

Table ¥-) Condition and some properties of Fischer glycosylation reaction

En. solvent starting me Temp. IR Spectrum cm’’
material . ec
min
) Methanol Glucose A 4. Y«o§ (C-0-C)
Y Allyl alcohol Glucose K VY. Yles (C=C)
A\l Propargyl alcohol Glucose e AR TEAY VY. C==C
C==CH
¢ Methanol Fructose Vo . Y+e o))+ (C-0-C)
° Allyl alcohol Fructose Vo AKX Yl eV Ve e C=CHy
1 Propargyl alcohol Fructose Vo Y. viee M C==c
C==cCH
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Y-Y : Synthesis of sugars derivatives containing an olefin group in different positions

The other aims of the present study are to prepare sugars derivatives containing an olefenic ether
group at position other than the anomeric position . For this approach, it required the protection

of all the sugar hydroxyl groups leaving only the hydroxyl group for etherification free .

Y-Y-\ : Synthesis of ',Y:¢, ¢ —=Di — O — cyclohexyldiene — D-

fructopyranose [ Y]

When fine powder of D-fructose was treated with cyclohexanone in presence of concentrated
HSO: , it gave a crystalline cyclohexylidene derivative [YY) Jwhich was further purified from

heptane to give (Y’_OO g)in \AVA m.p=) AR N -Nol

O

O
D-Fructose

H,50, o o
40% S

Compound [VY'] is characterized by IR and C-H-N analysis , it's IR
spectrum showed a stretching band at *¢vecm™ for hydroxyl group
Fig (+-17)

The spectroscopic and other physical data agree with (Ref.)V¢) reported  for [YY)].



| Chapter One Introduction |

Y-Y-Y : Synthesis of Y¥-0- allyl V,Y:¢,° Di-O- cyclohexylidene.

D-fructopyranose [ VYY ]

For the synthesis of the Y- substituted — oxy derivatives [ YY].

The first step in the proposed reaction scheme was the etherification of the hydroxyl group at C-Y of

[ YY) Jwith allyl bromide .
Treatment of [ YY)]in benzene with allyl bromide using terabutyl

ammonium bromide' " (TBAB ) as phase transfer catalyst and (Y7) sodium hydroxide solution for YAh

gave the derivative [V YY Jin

1Y % yield .

The

allyl

oo o o ether
HO R-Br, benzen RO
o) >/:\’ /‘\o s o)
2%,NaOH, TBABr [122]
@O [121] 62 % (o)
R =allyl group

derivative [) YY]showed in the IR spectrum the characteristic bands for the (C=CHy ) at Y¢YY cm ™~

\

and )Y+ cm™  for (C-O-C) bond Fig (¥-V¢).

VYo



| Chapter One Introduction |

Y-Y-Y : Synthesis of Y-O- propargyl ‘,Y:¢,° Di-O- cyclohexylidene

D-fructopyranose [\ Y¥]

In a similar manner , the derivative [YYY Jwas prepared via a method
described for derivative ['YY],by using propargyl bromide instead of allyl
bromide , to produce the product as a syrup (¢ % ) yield .

o O

o O R
HO R-Br, benzen ?)(
o S 2%,NaOH, TBABr > P / S
o} 0 0
[121] 64% [123]
R = Propargyl

IR spectrum showed , the characteristic bands for the (C== CH) at ¥YAcm™ and Y)YA cm™ for (C

== () stretching band ( Fig Y-'¢ ). _

Y-t . Etherification of sugar derivatives by using microwave technique

Microwave heating has been shown to be the most useful method to assist protection group
manipulation reaction on saccharide """ Short reaction times and large rate enhancements as
compared to conventional methods are observed . Yields are comparable or better than when
using conventional methods , and sometimes much higher in reactions where the short reaction

time prevents
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(™)

decomposition

Y-¢-\ :Synthesis of ¥-O-allyl V,Y: ¢, Di-O- cyclohexylidene

D-fructopyranose by using microwave technique [YYY].

Using microwave (mw) technique in the reaction of [YY' ]Jand allyl
alcohol in the presence of strong base (NaH), very short time gave good
yields of products ['¥¥] in. 1A% yield .

o O
HO o O
Allyl -Bromide, NaH, Allylo
o (0]
MeCN,170 C,5min, O o
° 68%
[121] 0 [122]

¥-¢-Y . Synthesis of ¥-O-allyl and Y-O-propargyl ‘.Y: ¢.% - Di-O- isoporpylidene - a -D-

glucafuranose [ Y°][' Y1]

Acetonation (isopropylidennation ) is the most widely used reaction for the initial step of

carbohydrate derivates and many methods are known to accomplish this reaction ' .

In order to obtain [YY°] and [' Y1], D-glucose was first converted to V,Y:°, —di—-O—isopropyliedene
- a -D- glucofuranose[Y¢] which was prepared in a similar manner method described in the
literature (Ref . YV° ) . Treatment of D-glucose with acetone in the presence of ZnCly gave [YY¢]in

A+7 yield after recrystalization from chloroform - hexane , m.p=Y+3 =Y. oC, Lit'" ) +A-Y+d oC

O

Acetone, ZnCl, ><o o)

D-Glucose -y OH 0O
phosphoric acid,30h. , rt.
80 % [124] ©
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IR spectrum showed stretching band at YY4A cm” for OH group and for isopropylidene group at

YVeo —Yaeoem” CFig (Y-)1)

When [ '¥¢ | was reacted with allyl alcohol in presence of (NaH) in
microwave oven , V¢:°C , ¢.. w , for emin it gave the corresponding
ethers [VYe] (A+7 )yield . The IR spectra showed the stretching band at
vie. cm™ for C=CHy , fig (*-\v).

The derivative['Y¢] was converted to ['¥1] by reaction with propargyl
bromide in presence of strong base(NaH)in dry DMF as solvent at rt for
¢A hr to produce the products as a brown syrup in 4.7 yield .

0

0
><O 0 >40 o
OH 0 R-Br - o
0 NaH,MeCN, 5min, 150 C o><

[124] % [125]
Ny,
o R=Allyl group
DA

OR

o]
R=propargy! group [126]

Y- ¢ : Synthesis of \- allyl or propargyl ¥,Y:¢,° Di-O- isopropyliden

- D-fructopyranose [ YA [ Y4]

Y
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The strategy used for the synthesis [ YA Jand [) Y4] is by converting the D-fructose to Y,Y:¢,2-Di-
O- isopropylidene -B—D- fructopyranose which was prepared from D-Fructose and acetone using

anhydrous ferric chloride'"" as Lewis acid catalyst.

0O OH
0 O
HO Aceton

\j
O

HO FeCl
OH 3 O OH
OH \/\O [127]

After that, the derivative [ YVY] was converted to the ether derivates allyl or propargyl O-glycoside

in a similar procedure which was used to prepare derivative [YYY]and [YYY] giving [YYA][YY4] in
V+7 and e/ yield respectively .The products characterized by IR spectrum which showed for
derivative [ YA] a stretching band at YV++-Y4++ cm™ for isopropylidene , Y1) cm™ for C=CHx ~ Fig
(Y-Y+), and derivatives [} Y4]showed stretching band at¥+2¢ cm™ for C== CHand Y)41cm™ for C

== Cand, Fig(Y - Y)Y ).

0 O
R-Br, benzene of O | o .|
o) - 5 ACELEAL
o 2% NaOH , TBABr Synthes
e O i ORI s of
IS O -
\/\O \/\O [128 , 129]
R= Allyl or propargy! group o
proparg

yl tetra -O- benzoyl -8

-D-fructopyranose . [V ¥ V]

To prepare derivative [YY) ], we need to convert the D-fructose to tetra—O-benzoyl - 8 -D-
fructopyranose , the reason is to protect the hydroxyl group with a benzoate which is known to be
stable toward acid conditions *". V,Y,¢ o—Tetra—O- benzoyl — 8-D- fructopyranose was obtained

when D-fructose was treated with benzoyl bromide , using pyridine as a catalyst in carbon
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tetrachloride at (-Y22C) for Y¢ hr . This method was chosen' ' because it gives ['Y+]in good yield

(1+7) and high purity after recrystlization from ethanol .

oH OBz

b B OBz

enzoyl- Br
D-Fructose 4)/» HBr/CH,CI,

-15C, 1day 0 OBz ’

0Bz [130b]
[130] 0Bz
OBz

The derivative[ )Y +]was characterized by IR spectrum Fig(¥-YY) and elemental analysis .IR showed
stretching band at Y£YY cm™ for hydroxyl, stretching band at YYYA cm™ for ( C = O ) of ester group
and Y1+Y cm™ for the ( C =C ) aromatic bands . The derivative [ 'Y+ ]was converted to ['Y)]by
reaction with propargyl bromide in presence of strong base (NaH) in dry DMF solvent at *2C .TLC
indicated the disappearance of the starting material . The product was purified by silica-gel

chromatography to give the product syrup in ( A+ % ) yield .

OR
OH

OBz
OBz

Propargyl-Br , NaH

Bz DMF

80% 0Bz

OBz

[131]

OBz
OBz

R= Propargyl group

IR spectrum showed the disappearance of the band of hydroxyl group and showed the stretching

band at for C ==CHand YY"V cm' Y YAcm' for C==C,Fig(¥-'").

Yo
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Y-o.¥ Synthesis of V-O-ally tetra—O-benzoyl-B-D-
fructofuranoside

For the synthesis of derivatives [YYYb], D-fructose was first converted to V,Y,¢,1- tetra -O-
benzoyl-B -D-fructofuranose [YYYa] , to leave the hydroxyl group at C-Y free for the required
chemical modification derivatives which was obtained when D-fructose was treated with benzoyl

chloride, using pyridine as a catalyst .

BzO
benzoy! bromide z o CH,0Bz
D- Fructose 2Y/dine - 7 o8
65°C ,5h,
H OH
BzO H
““[1324]

The product was characterized by its IR spectrum and elemental analysis . The IR spectrum showed

a stretching band at Y¢Y¢ cm™ for

the OH group, YYYe cm™ for C=0, and at Y1+ + cm™ for aromatic C=C Fig(Y-¢+b) . Allyl bromide and
sodium hydride were added to a solution of ,Y, ¢, -tetra-benzoyl-B-D-fructofuranoside in MeCN
and irradiation of the mixture by microwave oven for °min at YV+°C gave product derivative

[YY¥Yb]in AYZ yield .

BzO BzO

Allyl bromide NaH
MeCN , m.v, 170C , 5min

82%

>
OCH_CH=CH
2 2

BzO H
[132 b]
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The derivative [Y¥Yb] was characterized by IR spectrum stretching band at YYYY cm™ for (C=0),

Y- " : Glycosylation o

f glucal

Y, Y- Unsaturated glycosides are versatile chiral building blocks in the synthesis of several natural

products . Ferrier rearran

Lewis acid reagents in the

gement was used to prepare glycoside from the glucal using a variety of

presence of alcohos™ " such as (BF+.EtyO, SnCl;, AICly,InCl+ ,NbCl. ) .

In this work Ceric(IV) ammonium nitrate (CAN) has been used , which is mild and efficient reagent

for the glycosidation .

AcO

AcO
[146]

OAc
OAc

O ROH, CAN,

/

AcO

L
Y

Heat ,CH;CN

OR

R=allyl , Propargy! group
[133,134]

Treatment of ¥, £,7-tri-O-acetyl-D-glucal [} £1] with allyl and propargyl alcohol in the presence of )+

mol % ceric ammonium nitrate (CAN ) in refluxing acetonitrile gave the corresponding O-allyl and O-

propargyl Y,Y- unsaturated glycoside in 1Y7 and V{7 respectively.The SNy mechanism of the reaction

illustrated below' " .
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Cel11)

o Ce(1V)
RO - N
== *OR'

N

ROH

R'OH

RO ] RO Q)
RO = 7N Q -
Ce(1V)  Ce(lil) )
OR

0OR

ot
RO’@ + RO
e

R= allyl , poropargyl , cinnamyl

scheme Y-Y Mechanism of glycosidation of glucal

Pure Y,* - unsaturated glycoside was afforded by purifing in column
chromatography on silica- gel (ethylacetate — petroleum ether Y:A )to
produce the product [V\r*]in v¢/ yield , IR spectrum for compound[¥¥]
showed stretching band which were identical as described in (Ref
VAR NYR) (FYVY, YAY L CYANA AVEL ARV NV XY e Ay vy ) em
Fig ( v-ve ),
And product [V*¢] allyl derivative showed stretching band at
(Yvie, vtey arvy axey vaee)em T Fig (r-Yv) .
Y-V : Synthesis of azido — sugar derivatives

The second approach of this work was the construction of sugars —containing azido group at

different positions of the sugar molecule .

Glycosyl azides are important derivatives in carbohydrate chemistry , so that several methods have
been reported ; one important approach have been efficiently synthesized by Lewis acid catalyzed

reaction . The detailed synthesis of azide glycosyl can be found below :-

Y- V-\ : Azidation of sulfonly sugar derivative

To synthesize the azido-sugars [ YWV ][ Y] [Y¢)],

one strategy was the replacement of the hydroxyl group at different positions with azide group. This
was a accomplished by converting it first to a good leaving group , such as the sulphonate ester ,

then its replacement via SNy displacement reaction with azide group .

Thus treatment of [YYe] [V YY] [YY)] with p-toluene sulfonyl
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chloride in pyridine at room temperature gave, after work up , the desired sulfonate esters [Y¥1]

[YYA] [Y¢+] which were characterized by IR spectroscopy,

properties

4A+)em™, and the disappearance of the hydroxyl stretching band at Y¥e+cm™ , Figures (¥~ YA),(Y-

Vo), (Y-YY ).

CHN-analysis and some physical

( table Y-Y ). IR spectra show clearly the (SOy ) stretching band at ()Y°and

Table(¥-Y ) Conditions and some properties for preparation of azides

e
[121]

o O
o 7@ 0 0 0 0 24 hr
o o o 5 N3
o o] o [0}
I o

OL [140]

(o)
o 30 hr
(o} Ny

\/\0 [139]

[141]

derivatives
Entry OH-Comp. sulfonyl Comp. azido Comp. Time Temp.C IRcm?t
(N3)
OCHs

HO oHo 150 o OCHs . o ocH,
! oH i HO;( or HO 190 60 2100

OH N OTs

[135] OH [136] OH 1157

140

140

2108

2100

long reaction time .

The primary sulphonyloxy group is usually replaced by an azide ion in dipolar aportic solvent but the

secondary sulfonate replacement needs more drastic conditions: high boiling aportic solvent and
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The displacement of Y- sulfonate ester by (- Ny) ion is hindered for reason that this condition

resemble a noepentyl type hindrance . Therefore, to increase the efficiency of a reaction Ali et al T

have used tetrabutyl ammonium bromide as catalyst to increase the polarity of the — COSO- bond .

The azido derivative [YYV][YY4[)¢)]were obtained in good yield and were characterized by IR
spectroscopy . The spectrum clearly showed an (-N+) stretching band at (Y)++ -YY++) cm™ and

disappearance of the ( - SOx) group stretching band ,Figures ( ¥-Y4) (¥-V)(¥-YY).

Y-V-Y : Azidation of alcohols by one-pot method

We also used zinc azide in its more stable form bis-pyridine complex' “for the one-pot conversion
of alcohol into azides. Treatment of derivatives [YY°][YYV]['Y¢] with zinc azide bis-pyridine

complex (1.° eq. ) (prepared as described in reference 44 )

triphenyl phosphine ().%eq) and diisopropyl azodicarboxylat (DIAD)

(Yeq) in toluene or DMF smoothly afforded the corresponding azides ['YV]
VEV][V£Y], table (Y-Y) .

These products were characterized by their IR spectrum and some

physical properties which were identical with the literature .
The FT —IR spectrum clearly showed stretching band at YY++ —YYo+ cm™ for (-N+ ) group

Table(¥-¥):Conditions and some properties for preparation azide

derivatives

Y.
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Entry substrate product
. HO ° OCH; o o OCH;
HO HO
OH N3
OH [135] OH [137]

[o]

e

OL [141]

[121]

O,
o>< [143

[124]

solvent

time

temp. IRcm?

o, O toluene
N3
o o
HO o o
d o
o

o
(@) toluene
(e} o. ><
H o
3 Ol N,
]

4

h.

12h.

6h.

(-Ng)

rt 2100

rt 2100

rt 2110

omethane

sulfonic anhydride .

The azide - sugar [Y¢Y] [)¢Y]were prepared from the hydroxyl

sugar precursors using the

method described by Sabesan'"" . Compounds [YY] and [Y°]were dissolved in pyridine at *2C .

Tirfluoromethanesulfonic anhydride was added in drops under nitrogen atmosphere, after that the

product of the first reaction was dissolved in anhydrous DMF and treated with sodium azide . The

corresponding azides [Y£Y][)¢Y] were produced in good yields , which were characterized by IR

spectroscopy .

The FT-IR spectrum Fig ( Y-Y¢ ) ( Y-Y° ) clearly showed stretching band at (Y)++-YY++)cm ™ for —

Nr group and disappearance of stretching band of hydroxyl group .

Table ( ¥-¢) Condition and some properties for preparation of azide derivatives

Entry substrat product
0 N;
0 OH BZO
BzO
1 520 o8 BzO ; ~0Bz
B2 0Bz [142]
[130]

o 0
. Y\ Yol o
OH O><
[135] o [143] Ny

(@)

solvent

DMF

DMF

time

24h

42h

IRcm?

(-N3)

temp C

L 2129

n 2110
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Y-V-£ Synthesis of azido — sugar by using trimethylsily azide

The general transformation for azide displacement is outlined as below and involved nucleophic

displacement of bromide, chloride, triflate, tosylate and trichloromidate ( X ) .

WO\ 0
X \
TMS-N/TBAF._ N Ny
A THE  ro” S

RO

R=Bn or Ac

Several Lewis acid catalysts were screened by taking a reaction of V,Y,Y,¢ 3-penta-O-acetyl- B-D-

glucopyranose with trimethylsilyl azide TMS-N+ (which prepared as reports in reference (Y+1).

K K.Matsubara and co- workers" """ found that the best result was obtained when the catalyst
generated in situ from SnCl; and AgClO: was employed .The glycosyl donors with TMS-N+ using the
Sn(IV)catalyst having perchlorate anion a catalytic cycle is more efficiently made up to afford the
desired glycosyl azide in nearly quantitative yield . Glycosyl azide was obtained in good yield when
dichloromethane was used . This method was successfully carried out just starting from Y-O-acetyl -

sugars without necessity of converting the sugars into glycosyl halides .

Reaction of V,Y,Y,¢ T-penta acetyl- B-D-glucopyranose with TMS-Nr in presence of mixture of SnCl:
(+.*Ymmol ) in toluene and suspension of AgClO: ( *.* Y mmol ) in CH\Cly at room temperature

After stirring the mixture for Y+ hrs, usual work up and the product separation by column

ARA
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chromatography on silica gel afforded the desired glycosy azide [Y¢£¢] in YAZ yield m.p=))1-
YYAeC

The product is characterized by its IR spectrum and m.p which was identical with the literature”""

.The IR showed stretching band at Y)Y+ cm ™ for ( -Nv) Fig ( ¥-¥1) .

OAc OAc
o TMSN3, 20mol.% , o
AcO SnCl4-AgClO, ACO
OAc >
AcO CH,Cl,,rt,8h. AcO Ns
OAc 78% OA
[114] [144] ¢

To prepare \-azido--deoxy Y,Y:¢,°-di-O-isopropylidene-B-D-fructopyranose ' """ we noticed that

when using the typical azido displacement conditions were required ( Y¢hr. ) and ( leq.) of

[YYA] was treated with TMS-Ny/
TBAT the displacement proceeds in good improved yield and short reaction time '~ (£h ).

sodium azide in warm DMF, but when tosylate derivative

(o) (]
(0]
NaNs, 6eq.
3, 0€q _ o y
3
DMF , 24h. 71% \/\O 139
(o) (0]
(0]
o OTs Y_.V_o .
\/\o [138] TMSNa, TBAF o/ o
> o Synthe
CH3CN,65C, 4h.
75% 0

N3
\/\o [139

\YY
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sis of glucal azide

The azidation of Y, ¢, — tri-acetyl glucal[ ) £ a] was first examined by using Pd(PPhy): (prepared as
describe in Ref Y+4 )as the catalyst and sodium azide as the nucleophile, the reaction being
preformed in a THF/HvO mixture at ©+2C, the azidation occurred in 1Y/ yield from derivative 1-O-

acetyl-¢-azido-V,Y, ¢-tri-deoxy-D-erythro-hex-Y-ene-pyranoside[) £°] .

OAc OAc

O NaNg, THF/ H,0 , Pd(PPhs),

AcO / Schlenk tube N3
[1464] [145]

AcO

The IR spectrum clearly showed Fig( Y-YV ) stretching band at Y)+1

cm” for (N+) and YY1+ cm™ for C=0 of acetyl group.

Y-A : Synthesis of unsaturated sugars

The double bond can be introduced by dehydration of monosacharide
to give the so-called unsaturated sugars .Those unsaturated sugars

have different structures from the well-known vinyl sugar monomers .
E.Fischer ' reported the preparation of glycal by reduction of the per -O-acetyl

glycopyranosyl halides using zinc dust and acetic acid to the corresponding acetylated glycals .

Glycal when prepared from glycosyl halide can give products in good yield and in high purity

without the need for purification and

has been applied to different sugars protected with a variety of esters .

ARR
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Y-A-\ : Synthesis of ¥, ¢, - triacetyl glucal

The best studied of the glycals is the tri-acetyl-D-glucal [)¢%a]derived from D-glucose . The
strategy used for the synthesis of glucal [ ¢1aJwas started with D-glucose in a series of reaction

shown in ( scheme Y-Y) .

In order to obtain the targeted compound Y,Y,¥, ¢ ¢-penta-O- acetyl -B-D-glucopyranose [ ¢] was
prepared from D-glucose (as describe in page®Y) The second reaction sequence was the
bromination of [Y)¢] with red phosphorus and bromine for fhrs at room temperature after

filtration ,the filtrate contains tetra-O-acetyla-D-gucopyranosyl bromide[ YYéb].

W.Lichtenthaler "' preferred to use the HBr/CH«Cly in place of HBr/HOAc since acetic acid was
extremely difficult to remove and severely interferes with ensuing reaction by concomitant

. . Y4aA 41
formation at the anomerric acetate

The final step was a reductive elimination of the derivative [} £b]

with zinc dust to afforded the endo-glucal [Y£%a ]. By different trying with the aid of seeding the
residual syrup crystallizes. By recrystallization from petroleum ether and ether, the pure compound

can be produced yield is 1 +7 . m.p ©0-01 o, lit'"* : 0¢-00oC

CH,OH
a O, u HOAC HBEr
ponol N om red phosphours
H OH H DA
. [114b]
AN HOAC
CH,OH CH,OA:
A—0 -
JI[{__.- H : MaGnme H H —1
HOWOH y, : MeOH AemnDAT e
o H i H

Scheme ( ¥-¥) Preparation of tri-acetyl glucal

Yo
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The ¥, ¢,1-tri acetyl —glucal could be converted easily to glucal [} £1b] by deactylation process with

a methanolic solution containing catalytic amounts of sodium.

The ¥,£,%-tri-O-acetyl glucal was characterized by IR spectrum and m.p which was identical with the

literatures . The FT.IR spectrum Fig( ¥-Y'A) showed band at YV¢+ cm™ for ( C=0).

And for glucal [) £1b] , band of OH group appeared clearly at Y¢Yocm™ Fig ( ¥-¥4) .

'Y
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Y-A-Y- Synthesis of endo-fructal

A proper substrate to study the reductive elimination was tetra-O-benzoyl- B-D-fructopyronosyl
bromide ['Y* b] readily accessible from D-fructose by benzoylation to the tetrabenzoate ['Y:]

subsequent treatment with HBr / CH+Cly .

The primary Y-0-Bz is more readily expelled than the secondary Y-0-Bz the leaving group capacity

of the latter had to be increased to direct the displacement reaction towards endo-position .

The practical protocols have been developed to a stirred solution of
fructosyl bromide [V*:b] in anhydrous acetone and sodium iodide. The
syrup was taken up in boiling xylene (V¢:°C) for vhr. to produce sugar
consisting of three compounds [ Y¥:b ][ Y¢V]['¢Vb]

Separation was effected on a silica gel column by elution with toluene : EtOAc () +: ) to yield endo-
hydroxy fructal ester [ Y£VY] as an syrup , ¥¥7 yield which was characterized by IR spectrum, CHN —

analyses ,m.p and some other physical properties which was identical with literature,  table (Y-

v)
The IR
OH spectru
o OBz
OH H Nal/acetone m
BzClI > /
- heat, xylene ,
° OH 140 C B20 showed
HBr/CH,Cl, OBz [130b] B0 OBz
OH  [130] %, [147] stretchi
OBz % endo
OH 2 ng
o
band at
o OBz
_ \VYou
BzO
BzO cm” for
Bz0  [147b] exo ( c=0)

N+ em” for (C=C) aromatic Fig ( Y-£+) .
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Y-4 : Triazole linked carbohydrates

The main aim of this research is the bonding between the saccharide groups via a triazole
group and may be found different methods for their preparation. Further disclosed was the use of

their compounds as potential enzyme inhibitors , and acetylenic intermediate compound ™" .

Azido and alkyne are easy to introduce into organic compounds by both nucleophilic and

electrophillic processes , and the cyloaddition reaction of azides and alkynes or alkenes are

y1¢
thermodynamically favorable

The 1,v —DC reaction of the parent ‘,*-dipoles , with alkenes , and
alkynes involves ¢ 1 electron from the dipole and ¥ 11 electrons from the
alkene or alkyne . If the ‘,*-DC reaction proceeds via a concerted
mechanism it is thermally allowed with the description (1¢s + 1Y s )
according to the Wood ward — Hoffman rules'™

Our objective was to prepare the triazole and triazoline under different conditions ' .

The compounds of the present work are expected to be synthesized by more general methods .

¥-4-) Thermal reaction

The first approach was the use of thermal coupling reaction of allyl ether derivatives or propargyl

ether derivatives [ YYY] [V Ye][YY1][) €1a] with azido sugar derivatives [YYV] [YYV][Ve€][V £V ],

The standard condation for the construction of the triazole ring involves refluxing the two
components in an organic solvent (often toluene) to afford compounds [cop)]
[copY][copY][cop! *]respectively for four compounds, in low yield and as expected as a mixture of

regioisomers (V,¢ and Y,° —regioisomers ) .

¥-4-Y Microwave reaction in presence of Copper — catalyzed reaction

YYA
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A major advance has recently been achieved parallel to investigations through the use of
copper — catalyzed reaction . This only yielded a slow conversion to the monocoupled products . A
number of copper(l) sources can be used directly ,and found that the catalyst is better prepared in
situ by reduction of Cu(ll) salts , which are less costly and often pure than Cu(l) salt N (
CuSO:.°H+O serves weII)m . As the reductant , ascorbic acid or sodium ascorbate proved to be
excellent”" .The \,-triazole products were obtained in high yields and high purity at +.Y° — Y mol

catalyst loading . The use of an excess (- equiv ) of the azido carbohydrate drove the reaction to

completion while the excess could be readily recovered by column chromatography - .

The use of the microwave irradiation significantly reduced the time of the reaction . As the
starting point of our exploration , we chose the reaction between allyl or propargyl sugars [Y)°]
[YYA] [YY3] [YVYI[ YYDV Y+] and azides sugars [Y€£] [YY4] DYDYV £€] [VE£][VY9] to
produce the coupling reaction [copY][cop¢] [cop®] [cop™] [copY][copA]lcop'Y] respectively for

seven compounds .

Y-4-Y : Sealed tube reaction

AR
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we have found that glucals with electron-withdrawing protecting groups undergo efficient

cycloaddition with glycosyl azides . Tri-O-acetyl-D-glucal [) €1a] readily engage in ,Y-
DC with glycosyl azides ['Y4] [ Y¢)] at elevated temperature (YY+ °C) ,to produce
[copi][cop) *][cop'] , the reaction is carried out in solvent of high boiling point like
triethylorthoformate because the unstable triazoline intermediate can be isolated in good vyield
with little or no purification . In all other solvents the triazoline undergoes elimination to afford the

. . Yye
corresponding triazole .

In smilar procedure endo-Fructal [)¢V] react with azide sugar [)¢¢]to produced [cop)¢], in

presence of CuBr.(PhyP) as catalyst .

In the other hand we used schlenk tube to make ,Y DC for allyl or propargyl ethers [Y¢1a] [YYY]
[Y€¢V] and glysoyl azied [Y££][Y€°][Y€°]in presence of CuBr.(PhyP) as a copper catalyst to produce

the coupling products [cop) ] [cop ) Y][cop' 1] respectively for three compounds .

¥-4-f :The One —Pot reaction

A
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As shown below , unprotected D-glucose was acetylated with acetic anhydride as catalyzed
with trace amount of iodine , followed by brominolysis of the anomeric acetate . After removal of all
volatiles a subsequent azide conversion and in situ Cu (V) catalyzed V,Y-dipolar fusion reaction with
allyl sugars , to link the two carbohydrates and only Y,Y-triazoles were produced , the isolated yield

was ' ) %

i) Acy0, iodine (cat.), rt
Ho” O~ OH i) HBr-AcOH

iii) NaN, BugNHSO,, NaHCO4

hO 'OH CuSO4, Na-Ascorbate,
OH CHCIy:EtOH:H,0 = 9:1:1
D-Glucose Ph—= (91%)

Saccharide acetate can also be used as substrates for this reaction . As shown in Table ( Y-)) ), the
acetate of D-glucose has been employed as starting materials , with a similar brominolysis
procedure followed by the in situ generation of glycosylazide and Y,¥-dipolar cycloaddition, triazolyl
glyconjugates were synthesized when the O-propargyl D-fructopyranoside [')A] react with azide

acetate [ ¢£] to produce [cop) °] in satisfactory yield (A7) .

A
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Table (¥-2)(Y-1) showed clearly some properties and spectral data for the products .The IR spectra

are shown in Fig (¥-°Y) to Fig (Y-1A) and H-NMR spectra are reproduced in Fig (¥-14) to Fig (¥-V1).

OB Conin oo of i d iz

glycomolecules s

p— + NS_RZ E— -
or
N N.
R— —— \N/ R,
. Time
R Product Conditions Yield %
(h/min)
Ny o OCH,
HO Y4y T
QaTs
OH Cop? Thermal condition
Dioxane , 1+°C
Cop" Schlenk tube el AY
Trimethylortho
formate, YY+ °C
Ve AY
Cop™ m.w,DBU,
/ (PhVP)T. CuBr
{=CH,

q. AY
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Copt
M.W, toluene
CuBr.(Ph:P),
\Y. °C
Time
R' Product Conditions _ Yield %
(h/min)

VY'Y
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] Y ege N
R Product Conditio ' ns

entry R
X
0]
O)CV(M M.W , toluene AR AT
= 6]
= \f Cop® ,CUBT.(PPh;);,) Ye°C
N, o OCHg
h vl
OTs
CH, OH
OAc
0
AN Cop™ M.W , toluene A v
_ ¢ N3 )
o ,CuBr.(PPhy)y,VYe°C
V-Thermal methode
tolune,)y.C°
YY. Y
CopV Y. in prsence of CuBr(PPhs
¥-Microwave, A+°C, Y« W,
DMF, CuBr(PPh)s A vy
Y AY
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R

V'Y

OA
AcO 8

AcO
OAc O~

OAc
xeo /

CopA

Cop?

Cop)

Cop\)

Cop)Y

M.W. DBU,CuBr

(PPhy)r toluene,
YYo°(C.

seald tube
trimethylortho
formte, VY +°C

seald tube
trimethylortho
formed,Y+°C

\.Schlenk tube
tirmethlortho
fromate

Y.CuBr(PPhy)r

Schlenk tube
trimethylortho
formte YY-°C
CuBr(PPhr)r
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Product

Conditions

Time (h/min)

Yield %
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AcO
AcO

Cop'Y

Cop\¢

Cop'e

Microwave

DBU,CuBr (PPhr)+
yYooC

DMF solvent

Schleuk tube
trimethylorthe
formate CuBr(PPhy)x

One - pot synYhesis
V.HBr.CH:Cly
Y.NaN+,BUNHSO:
NaHCO«

Y.CuS,0: Na-
ascorbate

£.CHCl:EtOH,rt

RE

1

AT

0

AN

Product

Conditions

Time
(h/min)

Yield %

AR




| Chapter One Introduction |

° Cop\1 Schlenk tube a1 T
— trimethyl ortho
formate
CuBr.(PPhy)r

Tabel (3-6 ) IR & H1-MNR Spectra data for triazole

R—=—= + Ny—R, —— =\ R77
or
N%

RI— —— / R2

Remarks of IR, cm -' Remarks of NMR

VYA
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OCHj

Clearly disappearance of —Nyr band at
(Y\ o =YY ~) cm - IV°T’~ cm -

OH group, V+%¢cm™ (C-0-C)

Clearly disappearance of —Ny band at
(Yoo =YYe)em™ ,YoYAcm ™

OH

Clearly disappearance of —Ny band at

=) Al

(YYer =YY++)cm \Yeéem”™

’

Clearly disappearance of —Ny band at

(YVer =YY+ )em™ Yd8Uiem ™

Y411 cm " isopropylidene

o =V.Y (Hof trizolering ) .Y ( H, CHy = CH),
€Y ( YH, mathylene ) Y.A=Y.1 ( H of the ring )

Y.Y(H,CHy) , .7 (H,ring)

0=V.Y (Hof trizole ring) , .Y =°.7 (H of the
ring) £.£—£.) ( YH mathylene ), Y.*) (YYH,

¢ CH:CO, ). YH, CH/OSO«

o=".% (IH,H-0),0.1- 0.¢ (TH), £.AA (VH)
€.7¢ (YH, CHsN), Y.9) (OCHCHN)

Y.Y-).4Y ( Y£H,ACH.CO)

o=VY.A=Y.®(H,trizolering), £.Y (H, ring)
V.€ =YY (Y¢H, 1 CHy of isopropylidene)

Y.Y ( YH of methylene)

Remarks of IR, cm -'

Remarks of NMR

Y4
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=CH

=CH,

N3 0

AcO

AcO

Clearly disappearance of —Ny band
at(YVe+ =YY++)em ™ Yavaem ™

isopropylidene

Clearly disappearance of —Ny band
at(¥) e =YY ) em ™ YA em

(OH),Y+¢+cm™ (C-0-C)

Clearly disappearance of —Ny band

at(YV e+ =Y¥++)em ™ Ydtlocem ™

isopropylidene, YYe+ cm ™ acetate

o= V.A-V.Y (H,triazolering ), £.¥-Y.V
(H,ring)
Y.Y(YH methylene ), Y.e-).) (\YH, ¢

isopropylidene)

o = V.Y(°H, aromatic ring ), V.Y( H, trizole ring )

¢ Y(H,OH,sugarring), Y.A=Y. ) (YH,
methylene ) Y.V ( YH, OCH\)

o=V.Y(H,trizolering), Y.A(H, proton sugar)

Y.Y()YH, £CH¢«CO) , ).£ (VY H of Y isopropylidene
)

Remarks of IR, cm -

Remarks of NMR

Ve
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o
m Clearly disappearance of —Nr band at 0 =°.Y-£.Y(H, protonring ), .Y (YH, Y methylene
° \ group, .A-Y.Y (Y£H for A CH:O)

Na (Y\~~—Y\'~~)cm_ \VO.Cm_\

?<° acetate

7@ Clearly disappearance of —N+ band at

=) \

(Y\..—YY~~)cm \V2~cm_

Acetate

Clearly disappearance of —N+ band at

)

(YVer =YYe)em ™ VWVEY em ™

acetate

Clearly disappearance of —N+ band at

=) \

(Y\"_YY")Cm \Vi/\cm_

acetate

Clearly disappearance of =N+ band at

=) \

(Y\~~—YY~~)Cm \Vi/\cm_

acetate, V1Y cm ™ (C=C)

Remarks of IR, cm -' Remarks of NMR
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OAc
o]

AcO

o) Na
AcO
OAc
(o)

AcO

\cO 3

Clearly disappearance of —Nr band at
(YV+r =YY+ )em ™ Y¢4¢cm ™ (OH)

Y4\ cm ' isopropylidene

Clearly disappearance of —Nr band at

(YVer =YY+e)em ™ YWe.cm™

(C=0) Y+21 ( C=C) aromatic

Clearly disappearance of —Nr band at

(YV+r =YY+e)em ™ Yeoem™

acetate
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Remarks of IR, cm -'

Remarks of NMR

(OH)

(Y\~~—YY~~)cm_\ YéYocem~

Clearly disappearance of —Ny band at

)

Conclusions

VEY
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1-The applied of microwave irradiation to conventional Fischer glycosylation

resulting in an impressive acceleration of reaction time with good - a .
glycoside .

Y- The reaction of allylation of sugars are not recommended to be carried
out in a multimode domestic microwave oven due to uniform irradiation
and temperature control and the reactions are run in a closed vessel .

3- With light- yielding wear synthesis of glycosyl azides was successfully carried
out star from 1-0-zcetyl sugar and trimethylsilyl azide using a catalyst
generated from SnCl, and AgClO, without converting the sugars into glycosyl
halides .

4- It was found that the HBr saturated in dichloromethane not HBr saturated in
acetic acid because the ;latter contains some mol of acetic acid which is
extremely difficult to remove .

5- In acid glycosylation of unprotected sugars we can use the cation exchange
resin (H) to give clear products and higher yields .

6- We have introduced a convenient and general method for preparation of
substituted triazoles and triazolines sugars derivatives by 1,3-
dipolarcycloaddittion of a variety of organic azides with olefenic or acetylenic
sugars under thermal or microwave reaction-conditions .
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7- It has been established that the construction of Triazoyldissacharied by
using 1,3-DC reaction when using the copper complexes CuBr. (Ph;P); as
organic soluble catalyst .

8-The one-pot procedure does not require isolation of the azide intermediate
and should prove to be especially useful when unstable low-molecular weight
and polyvalent azides are needed .

9- The preparation compounds are expected to be more stable to enzymatic
and chemical hydrolysis .

10- Microwave — heating has been shown to be most useful method in
organic synthesis because the short reaction time prevents decomposition .

11-Endo-glycale were applied for the stereoselective alcohol additions to
afford unsaturated glycosides .

V¢éo
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Future Studies :



| Chapter One Introduction |

The future studies , if any , had better comprise three main axes :-

V- Synthesis of multivalent alkynes or alkenes sugars and multivalent

azides sugars to prepare a triazole glycodendrimers or heterodimers .

Y-Studying the thermal and photochemical reactivity of these

compounds.

Y- Studying the biological activity of the new prepared products .

Appendixes
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Table (¥-V) Some Physical properties for the allyl and propargyl

sugars

N | Number | Name of | State of | Percenta The C.H.N
0. of Compou | Compou | 8% |molecul| analysis

compou| nd nd yield ar |C|H|N

nd formula | % | % | %
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\ A\RE4 VY, Y,E Solid T Cy1 Hyy Oy,
penta-O-
acetyl-6-D- mp=
glucopyranos \weameC
e

Y Vo \-O- Solid oV CyvHvO,. oY Al e
propargyl ¢ 4
YOV o§ T _ Yye v yweC

¥, €, -tetra or . | ¢4

O-acetyl- 6 - . A
D-
glucopyranos
ide

Y AR V-O- Syrup LY CyvHy:Oy. ey.e
allylY, ¥, € - v A
tetra-O- oy o | %
acetyl - 8 -D- .-
glucopyranos
ide

¢ MY O-allyl — D- Syrup AT CiHy-0x €4, VY
fructofurnosi 1
de T Y

° VYA O-allyl-D- Syrup Vel C+H\:0x
fructopyrano
side

No. | Number of Name of Compound State of Percentage %

compound Compound yield
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1 AR O-propargyl-D- fructopyranosid Syrup ARVA
v AR O-propargyl-D-glucopyranoside Syrup AEYA
A AR V\,Y:¢,6 — Di — O-cylohexylidene -D- | Solid AARA
fructopyranose m.p=)£Y — ££2C
1 YYY ¥-0O-allyl V,Y:¢,0-Di-O-cyclohexylidene — Syrup APA
D-fructopyranose
Ve yYY ¥-O- propargyl V,Y:£,°-Di-O- Syrup €%
cyclohexylidene —D-fructopyranose
VY AAR Y,Y¥:2,1- Di-O- isopropylidene - a -D- Solid A%
glucofuranose
m_p:\ A2 Y QC
No. | Number of Name of Compound State of Compound | Percent
ie1do
compound yield¥
VY YYe Y-0-allyl-),Y:2,-di-O-isopopylidene - a Syrup AXPA
-D- glucofuranose .
VY (AR Y- O-propargyl-,Y:2,%-di-O- Syrup v
isopopylidene - a -D-glucofuranose

Yo
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ik Yy Y,¥:¢,0-di-O-isopropylidene - 8 -D- Solid R4
fructopyranos
m.pz“'\ ¢ .909C
Yo VYA V-0- allyl Y,Y:¢, o-di-O-isopopylidene - 8 Syrup \EVA
-D- fructopyranose
1 YvA \-O- propargyl ¥,Y:¢,°-di-O- Syrup 0%
isopopylidene - 8 -D- fructopyranose
AR VY. \,¥,€,0-tetra —O-benzoyl-6-D- Solid 1%
fructopyranose
m.p.= VY- \WweoC
No. | Number Name of Compound State of Compound | Percentage
(V)
of Yo
compound Yield
YA AR Y- O-propargyl V,Y, ¢,°- tetra-O-benzoyl-8 - Syrup AT
D-fructopyranoside
‘4 \YYa VY, ¢ 1 tetra-O-benzoyl-B-D- Solid vvy.
fructofuranose
m.p=YYY-) yyeC
Y. YY¥Yb Y- O-allyl tetra-O-benzoyl-B-D- Syrup AYT.
fructofuranoside
Y Y YY V- O- propargyl-¢,7-di- O-acetyl glucal Syrup Ve

Vo)
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AR

\Ye

V- O- alyll-£,1-di- O-acetyl glucal

Syrup

WA

Table (¥-/A) Some Physical properties for azido sugars

e

Number
of
compou
nd

Name of
Compou
nd

State of
Compou
nd

Percenta
ge %

molecu
lar
formula

The C.H.N

analysis

C

% | % | %

H| N

\Yo

Methyl-D-
fructofurano
sid

Syrup

RAA

Cv Hy¢ On

Al

Methyl Y, V —
di —O-p-
toluene
sulfonyl-D-
fructofurano
side .

Syrup

\AVA

C‘\H\/\Oﬁ uSY

YV

Methyl-1-
deoxy —1-
azido —'-0O-b
toluene
sulfonyl-D-
fructofurano
side.

Syrup

W

CiHy-OvNyS

Yoy
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VYA

YY¥it o—
di -0-
isopropylide
ne —\-O-p-
toluene
sulfonyl-8-D-
fructopyrano
se.

Solid
m.p=

yYooyY12C

ASWA

CH‘HYYOAS

AR

V-Azido —V-
deoxy — Y,V :
g, o—di-0-
isopropylide
ne—6-D
fructopyrano
se.

Syrup

\AVA

CH‘H\‘\N\‘OQ

VeV

VEY

kX

V.Y:¢,0-Dij
—-0-
cyclohexylide
ne -Y-0O-p-
toluene
sulfonyl- 8 -
D-
fructopyrano
se

Solid

m.p=41-
aAeC

S A

CroHr:O4S

e

Number
of
compou
nd

Name of

Compou
nd
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AR

Y-Azido-Y-
deoxy-
Y Y. ¢ oo

tetra-O-
benzoyl
fructopyrano
se

Syrup

AYY.

CViHYVOﬂNT

Moy

e

1.v1

AR

VEeY

Y-Azido-Y-
deoxy-

)V, Y:0 7-di-O-
isporpyliden
e- 68 -D-
glucofuranos
e.

Syrup

AY7.

C\YH\%O‘\NV

6.0

£4.V

Vev

YA

V-Azido-)-
deoxy —

Y,¥, ¢, tetra
—O-acetyl -B-
D- gluco
pyranose .

Solid

m.p Y 1-
YYAec

YA

Cy¢Hy40aN-

R

1 -0 - Acetyl
— £-azido
Y)Y g
trideoxy —a-
D-erythro —
hex-Y-ene-
pyranoside

Syrup

S A

CAH\ WOX‘N\‘

Table (¥-%) Some Physical properties for Unsaturated sugars

Yot
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N | Number | Name of | State of | Percenta | molecul| The C.H.N
0. of Compou | Compou | ge % ar analysis
compou nd nd Yield |formula| C H N
nd % | % | %
) V¢l a V,i,T—Tri Solid T 9% CyvH\,-Ov AR oA
acetyl glucal m.po¥-2£2C ¢ A
ey 4 | e A
¢ \
¥ Velb Glucal Solid 1% C<H,.0:
m.p oT.-
oACC
) VEY Endo- fructal Syrup Y % Cr<Hv<O4 Vool ¢¢
A q
Yo ¢
\

Table (¥-):) IR and NMR Spectral data for the allyl and propargyl

sugars
No | Number | Name of | Remarks Remarks of NMR
of Compound | of IR,
compoun cm -
d
) ik 1LY, YL T 8- ©.VV(IH,m,Hr),2."+ (IH,d,Hsq)
penta-O-acetyl- Lo VO H, tyr-1e=3.0YHZ), ¢ .Y (O H,ddJy» -
8-D- IR (KBr) u L T FAGE R
glucopyranose YY1 (YH,m,Hs,H+,Hy), Y. 0-Y + (Y YH,m, £AcO)
(C=0),) + »
Y (C
0-C)

Yoo
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A\f AR V- O-propargyl IR (film) v 60 .Y1-0 +(m,¢H), €.A(d,YH,J=Y.°HZ)
Y,¥, ¢, -tetra- ’

O-acetyl- 8 -D- IYeem £.8)-£ YY(mYH),£.Y(m, H),¥.°
glucopyranosid | (C=C) (t,YH,J=Y.0HZ),Y.£€-Y .+ (Y YH)¢AcO
€ 2

YYV¢cem

(=CH)

\Ye. cm -

(C=0)

v AR V\-0- IR (film)u | 6°.Y4(m, H(CH=CHy),°.VY,2.+4(YmCH=C
allylY,¥ € 1- . Hy) ©.+(dd, YH),£.A(dd, YH),£.Y3(m, H,0
tetra-O-acctyl - $AY, CHv-CH=),Y.Y)(ddd, H,H-2)Y.+o-

6 -D- VER, Y.+ §(YS,YH each YAcO)
glucopyranosid | YY14,
e YYeo,

\ « O

¢ AR O-allyl - D- IR (film) u

fructofurnoside
Yvov,
(OH), Y 1%)
(c=Q),
Yeo £ (C-O-
C)

° VA O-allyl-D- IR (film) v
fructopyranosid
e T'ZYO(OH) ,

VIVA (C=C)
VYT (C
0-C)

Yo
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No. | Number of Name of Compound Remarks of IR, cm -
compound
1 Y4 O-propargyl-D- fructopyranosid IR (film) v
YEYY(OH), ¥ YATY(=CH),Y) \V(C=C),) » V¥
(c-0-C)
v AAK O-propargyl-D-glucopyranoside IR (film) v
YEYY (OH), YYAT (C=CH), Y) VA (C=C)
Y+ A+ (C-0-C)
A AR V,Y:£,© — Di— O-cylohexylidene —D-
fructopyranose
IR (KBr) u
Y£Vo(OH)
q YYY Y- O-allyl Y, Y: ¢, 2-Di-O-cyclohexylidene —D-
fructopyranose
IR (film) v, Y4Y4 (C=C)
VYV (C-0-C)
K YYY Y- O- propargyl V,Y:£,°-Di-O- IR (film) u
cyclohexylidene —D-fructopyranose
YYAT (C=CH),Y)YA(C=C)
) AR V,Y:2,1- Di-O- isopropylidene - a -D-

glucofuranose

IR (KBr) u

¥Y4A (OH), (YY++ =Y4++)isopropyliden

YoV
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No. | Number of Name of Compound Remarks of IR, cm -
compound
VY VYo ¥-O-allyl-Y;Y:°,1-di-O-isopopylidene - 8 -D- | IR (KBr) u
gluco furanose . \
Y16+« cm™ (C=CHv)
\As AR Y-propargyl-,Y:2,%-di-O-isopopylidene - 8 | IR (film) v
-D-glucofuranose
¥YV. (=CH) (YV++-Y4+ ) isopropylidene
YYYA ( c=C ) .
R VYV Y,¥:¢ o-di-O-isopropylidene - 8 -D- IR (KBI‘ disc ) - YYa1 for (OH) ,
fruct
ructopyranos Vete VYo, fOF(C-O—C),YCW" fie
isopropylidene
Yo YYA V- 0- allyl ¥,¥:¢,0-O-isopopylidene - 8 -D- IR (film ) : YWY YC=C), Y+1o(C
fruct
ructopyranose 0-C)
A yva V- O- propargyl ¥,7:¢,°-O-isopopylidene - | |R (film):Y+00(=CH),v )41
8 -D- fructopyranose (C‘ C) Y14 (C 0 C)
VY \A V,Y,¢ o-tetra —0O-benzoyl- 8 -D- |R(KBI‘ diSC) YEVY (OH) Y00 ((
fructopyranose H) aromatic Y YYA(C=0), Y1+ Y fc
(C=C) aromatic .
No. | Number of Name of Compound Remarks of IR, cm -

Yo A
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compound
YA ‘T Y- O-propargyl ),Y,7,°- tetra-O-benzoyl- 6 | |R (film ), YY1V of (C=C),Y) YA
-D-fructopyransoide (ECH), VWO . (C=O) ’ VLY (C=C)
aromatic .
K \¥Ya V¥, ¢ 7~ tetra-O-benzoyl- 8 -D- IR KBr: v\ ¢ (OH) .
fructofuranoside \Yyo(C=0), "+ «(C=C aromatic )
\E YYYb Y-O-allyl V,¥, ¢, 3 -tetra-O-benzoyl- 8 -D- IR Film : ¥.e0 (CH aromatic) ,
fructofuranoside WYy (C=0),V1+ ¥Y(C=C aromatic )
Y1)+ (C-0-C)
) lAA V- O-Propargyl — ¢,1-di - O- acetyl glucal IR (film ) : YYYY, YaY. YVIA,
YYE« AFVOATYY Y e 4V VY
AR V\Ye¢

V- O-Allyl — £ 1-di - O- acetyl glucal

IR(film ) : T€1Y, V1. Vite
VFYY AT Vgt

Yeod
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Table ( ¥-)) ) IR and NMR Spectral data for azide sugars

Number of Name of Remarks of IR, Remarks of
No. | compound Compound cm -) NMR
) \Yo Methyl-D-
fructofuranosid
IR (Film ) YY'V7(
OH) ) +2£(C-0-C)
Y AR Methyl ), T —Di —O-p- IR (film ) Y'Y«
toluene sulfonyl-D-
YOAY (C=
fructofuranoside . (OH) (C=C
aromatic)
YIVY 44, (-SO¥)
VoY (C-0-C)
¥ Y YV Methyl-1-deoxy —1- IR (Film)
azido —)-O- p- toluene
sulfonyl-D- YY) e e (Ny)
fructofuranoside .
¢ YYA Y,¥:¢,0—di-O- IR (KBr)
isopropylidene —Y-0-p-
toluene sulfonyl-8-D- | YYVY  47A (S0O¢)
fructopyranose .
° AR V-Azido —)-deoxy - ¥," : | IR (film )
¢, 0—di-0-
isopropylidene — 8 -D YV o (Ny)
fructopyranose .
Ve V.Y:¢, 06— Di-0- IR (KBr)

cyclohexylidene —Y-0O-
p-toluene sulfonyl- 6 -D-
fructopyranose .

29+ VYV (50v)

Y.
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No. | Number of Name of Remarks of IR, | Remarks of NMR
compound Compound cm )
v 1 €) Y-Azido — Y-deoxy — IR (ﬁ|m )
V,Y:€,0-di-O-
cyclohexylidene- 6 -D- YYeo (Nv)
fructopyranose .
A ey Y-Azido-Y-deoxy- IR (Film)
V,Y,¥, ¢tetra-O-
benzoyl YYYQ (Nv)
fructopyranose
4 yey Y-Azido-Y-deoxy- IR (KBr) §°.Y+,(dH-),
\,Y:°,1-di'0' YYoeo (NT‘)
¢ o1 -Y
isporpylidene- 8 -D- ) (d,H-Y)
glucofuranose . vas \ (groups
(HY,H-£,H-°)
V.Ye =) 2 (tfor
isopropylidene )
Ve Vee V-Azido--deoxy — IR (KBr) AY. Y=Y )forY
Y,¥, £, tetra —O-acetyl
T ¢
-B- D- gluco pyranose. | YYY « (Nv) H of £ AcO
A Véo 1 -0 - Acetyl - ¢-azido IR (Film)
Y,¥,¢-trideoxy —a-D-
erythro — hex-Y- YYet (Nv )

enopyranoside

AR R
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Table (¥-'Y ) IR and NMR Spectral data for Unsaturated sugars

No.

Number of
compound

Name of
Compound

Remarks of IR,
cm )

Remarks of NMR

V¢ a

Y, €,0-Tri acetyl glucal

IR (KBr)
\Wit(C=0)

Yo (C:C)

Vep

Glucal

IR (KBr) Y™V~
(OH),
1 o\'M(C:C)

Endo- fructal

IR (film)
\Yeo. (C=0)

VY. (C=C)

¢€)+dd( H, H-Ya)
¢)7dd (YH,H-Yb)
¢ 09
,2.YY(two,CHy- OBZ
©4(YH, H-Y),
1YY (dd,H,HE)
YYo_VYad=m
Y+H, £C:Hs

Table (Y- YY) Proton nuclear magnetic resonance spectra

AR
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The structures of some of the prepared compounds (starting material)

were confirmed by H'MNR as shown in table ( v¥-)¢ ).

It was obvious from figures ( Y-¢) to Y-°Y ) that the anomeric proton H-)
appeared as a doublet in the region 6 ©.Y — .1 while the signal for the H-Y
appeared as a doublet in the region & £.1-2.¢£ the H'MNR spectrum demon

startedthe H-¢ asdoubletatd ¢.9,H-2atY-22and H  at Y.Ao - Y YA,

The signal at § Y.2¢-Y.2Y was attributed to the proton of the hydroxyl group

H-¢ and H-° appeared as multiplets in the region § £€.11-Y oY |

The signal at & V.Y —A was attributed to the proton of triazole ring . The
appearance of the sharp singlet at § Y.)¢ — Y.+V in the spectrum was

attributed to the acetate groups .The aromatic proton appeared at

§A AN £Y

The signal at & Y.Ye — ).} was attributed to the proton of the methyl in

the isopropylidene groups .

Table (¥-V¢) : H ' NMR chemical shifts data ( in & values ) for compound
IREFSRCIRRR IR PURE ARRR A

Compound | H-' | H- | H-7 | H-¢ | H-¢ | H- 7| HC=CH Others
r
\\i 0_\/ O_Y 0_\ “_\/ s_o _________ *_.C_*.\O(T’H Of
< adl > five acetate

'y
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ARES

\AK

\RR

Ye¢

Y.9A

group)

Yo —Y Y (YH

of four acetate

A

A -

o Yo

group )

1.Yo() Hof
Acetylinic group
)

Y.AY (YH of
methylene
group CHy-C=CH

Yo YY.Y) (YH of

$ v

A

Y.V

ovv

four acetate
group )

Y. (YH of
methylene

§ VAT

£ VY

Y.V

geoup )

Y.24 (YH of
hydroxyl group )

VU6 (Ve Hof
two cyclohexyl
group .

Y.4¢ (¢ Hof
two methylene
group )

Y.\ (VY H

of four acetate

V¢
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YYA

A™
>

Y.V

o Yo

group )

VEY =) YN (VY

H of the four
CHy in the
isopropylidene

group )

Table (*-1¢): H' NMR chemical shifts date (in & values ) for compound
IREDRRLIE AR IR FUE AR R A

Compound | H-' | H-V | H-¥ | H-¢ | H- | H- 7| HC=CH Others
o
YY¢ O WA | e | $ Y | N Y1 | Y) (1 Hofthe
two acetate
group )
VeV | e | s §Y | < ¢ o) |V, YY-_V f(0H

of four benzene
groups)

A Y
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Table (¥-Y¢) : H ' NMR chemical shifts data (in & values ) for compound
IACIRRATRE JAREL SRR L

Compound | H-!' | H-Y | H- | H- | H- | H- 7 | HC=CH Others

\Yo o A ¢ ¢ o.Yo \_ZA_\_TO(\THof
the four CHr in the
isopropylidene
groups ).

A

¢ Y(YH of
methylene group
CHy-C=C)

YY1 £V | gy YAA | o [).eY - Yo ()Y Hof
the four CHr in

Y1
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'YV

\EAN

o_\‘o

§ Yy

¢y

isopropylidene
groups )

£V (YHof
methylene group )
© 24— AA(VYHof

the Acetylenic group
)

A

o

4

pie

V. oY -V 1o (¢ Hof
benzene groups)
§)T— €YY (YH of
methyl group )

A

S

M £Y ) Yo (\YHof
the four CHr in the
isopropylidene
group

Appendixes
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