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Abstract

The present work involves the synthesis of new beta-D-
fructopyranose derivatives containing heterocyclic ring. These
derivatives are divided into the following parts:

1. The first part involves the synthesis and characterization of new D-
fructopyranose derivatives containing isoxazole ring (compounds [V]..
IVlae » [VH]ae, [VII]ee and [ 1X]se) using the following steps
(Schemel):

a. Synthesis of 3-(4-or 3-substituted phenyl)-5-{(2,3,4,5-di-O-
isopropylidene-beta-D-fructopyranose-O-yl)methyl}1H-isoxazole
compounds [V],. by the reaction of Alkynyl sugar compound [IVV] with
N-hydroxy-4-or-3- substituted benzimidoyl chloride [Il]... in DMSO via
1,3-dipolar cycloaddition reaction using CuSO,4.5H,0 as a catalyst.

b. The compounds [VI]a.e 3-( 4- or 3-substituted phenyl)-5-{( beta-D-
fructopyranos-O-yl)methyl}1H-isoxazole were synthesized through the
deprotected for isopropylidene group of compounds [V].. by using
mixture of diluted acetic acid and absolute methanol under reflux.

c. Synthesis of new ester compounds [VIl]ae, [VII].e and [1X].e by
reacting the hydroxyl groups of compounds [VI].. with different acid
chloride in mixture of tetrahydrofuran (THF) and dimethylformamide
(DMF) using triethylamine(Et;N ) as a catalyst at 0-4°C.

2- The second part involves the synthesis and characterization of new D-
fructopyranose derivatives containing 1,2,3-triazole ring compounds
[X1], [XH],[XIH], and [XIV].. by the following steps (Scheme2):

a. Synthesis of 1-((1H-benzo[d]imidazol-2-yl)methyl)-4-{(2,3,4,5-di-O-
isopropylidene-beta-D-fructopyranose-O-yl)methyl}1H-1,2,3-triazole
compound [XI] by the reaction of Alkynyl sugar compound [IV] with 2-



(azidomethyl)-1H-benzo[d]imidazole compound [X] and reflux at 65-
70°C in DMSO as a solvent using CuAAC protocol.

b. Synthesis of 1-((1H-benzo[d]imidazol-2-yl)methyl)-4-{(beta-D-
fructopyranose-O-yl)methyl}1H-1,2,3-triazole  [XII] by reacting
compound [XI] with mixture of diluted acetic acid and absolute

methanol under reflux .

c. Synthesis of new series of ester compounds [XIll],. by reacting
hydroxyl groups of compound [XI1] with three types of acid chloride in
mixture of tetrahydrofuran THF and dimethylformamide DMF using
triethylamine (Et;N) as a catalyst at 0-4 °C.

d. Synthesis of new ether compounds [XIV].. by the reaction of
hydroxyl groups of compound [XII] with excess of different alkyl
bromide in absolute ethanol and potassium hydroxide KOH as a

catalyst.

3. The third part involves the synthesis and characterization of new
series of D- fructopyranose derivatives containing bis-triazole rings
compounds [XV], [XVI], [XVII], [XVII].., and [X1X],. as follows(
Scheme3):

a. Synthesis of 1-((1-(prop-2-yn-1-yl)-1H-benzo[d]imidazol-2-yl) methyl
)-4-{(2,3,4,5-di-O-isopropylidene-beta-D-fructopyranose-O-yl)methyl }
1H-1,2,3-triazole [XV] by the reaction of compound [XI] with propargyl
bromide in methyl cyanide MeCN and potassium carbonate K,CO; as

a catalyst.

b. Synthesis of bis-triazole compound [XVI] 1-((1-((1-((-1Hbenzo[d]
imidazol-2-yl)methyl)triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)
methyl)-4-{(2,3,4,5-di-O-isopropylidene-beta-D-fructopyranose-O-yl)
methyl1H-1,2,3-triazole using the same method of CUAAC protocol.



c. Synthesis of 1-((1-((1-((-1H benz[d] imidazol-2-yl)methyl)triazol-4-
yl) methyl)-1H-benzo[d]imidazol-2-yl) methyl)-4-{(beta-D-
fructopyranose -O-yl)methyl}1H-1,2,3-triazole [XVII] the same

method reaction for deprotected of Isopropylidene group.

d. Synthesis of new ester derivatives containing bis-triazole compounds
[XV11], by the same method used for the synthesis of ester compounds

[XI]..c in paragraph ( second part).

e. Synthesis of new ether derivatives contains bis-triazole compounds
[XIX]a.c by the same method used for the synthesis of ether compounds
[XIV].. ( second part).

4- The fourth part involves the synthesis and characterization of new
series of D- fructopyranose derivatives containing both triazole and
isoxazole rings compounds [XX]ae , [XX1]a.e [XX]ae ,[XX1]e
and[XXIV]... as follows (Scheme 4):

a. Synthesis of 2,3,4,5-di-O-isopropylidene-beta-D-fructopyranose that
contains both triazole and isoxazole rings compounds[XX].. using
CuS045H,0 and sodium ascorbate as a catalysts vial,3-dipolar
cycloaddition reaction of compound [XV] with N-hydroxy-4-or-3-

substituted benzimidoyl chloride [I1]... under reflux.

b. Synthesis of 1-((1-((3-( 4- or 3-substituted phenyl)isoxazol-5-yl)
methyl)-1H-benzo[d]imidazol-2-yl)methyl)-4-{ ( beta-D-fructopyranose
-O-yl)methyl}1H-1,2,3-triazole [XXl],. using compounds[XX],. with
mixture of diluted acetic acid and absolute methanol under reflux.

c. Synthesis of ester derivatives containing both triazole and isoxazole
rings compounds[XXI]. ,[XXI1]ae and[XX1V],. by reacting hydroxyl
groups of compounds [XXl],. with different acid chloride in mixture of
tetrahydrofuran (THF) and dimethylformamide (DMF) using
triethylamine (Et;N) as a catalyst at 0-4°C.



The synthesized compounds were characterized by their melting points,
and by their spectral data such as FTIR, and tHNMR,**C-NMR, Mass
spectroscopy (for some of the compounds).

All newly synthesized compounds were tested against antibacterial
activity; Staphlocococs aureus gram (+), Bacillus subtitis gram (+) and
E.coli gram (-) bacteria and also on candida albicans fungal. Some
compounds gave good biological activity and others did not show any

biological activities.
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1. Introduction

1.1Carbohydrate

A carbohydrate is any kind of neutral compound consist carbon
(C), oxygen (O) and hydrogen (H) atoms, in which the ratio of hydrogen
atom to oxygen atom is 2:1 with the empirical formula Cy(H,0), .
This formula is true for monosaccharide with exceptions of deoxy ribose,
a sugar component of DNA® has an empirical formula
CsH100,® . The carbohydrates are technically hydrates of carbon®,

structurally it is more precise to view them as aldoses and ketoses®.

Carbohydrates are also known as saccharides, (saccharides derived
from Greek word cdxyapov (sakkharon), meaning sugar). They are
classified on the basis of number of sugar units present in their

structure®” as follows:
1- Monosaccharide.
2- Disaccharides.

3- Oligosaccharides.
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4- Polysaccharides.

All common monosaccharide and disaccharides have ending with
the suffix -ose. Example of monosaccharide include glucose, fructose
and galactose. Monosaccharide are the building blocks of disaccharides
such as sucrose and lactose. Glycogen is a large, branched
polysaccharides that it the main storage from of glucose in humans and
animals. It is found in the liver and muscles (glycogen make up 6-10%
of the liver by weight and 1-2% muscles by weight). cellulose, a

complex carbohydrates or polysaccharides .The basic

structural component of plant cell .It is a source of human nutrition
dietary fiber®®.

1.1.2 D-Fructose

D- Fructose is a monosaccharide that is found in sweet fruits and
it is bonded to glucose to form the disaccharide , sucrose. The dietary
monosaccharide include glucose , fructose and galactose. Dietary
monosaccharide absorbed directly into blood during digestion “%2. |t
was discovered in 1847 by Augustien-Piere Dubrunfaut “3'% ( french
chemist). William Allen Mellir®*® was the first to use word fructose in
1857. Pure crystalline fructose is a white sweetener and odorless. It is the
most water-soluble of all the sugars“” . Fructose is sugar that found

naturally in fruits, fruit juices, some vegetables, and honey.

The main commercially sources of fructose are sugar cane, sugar
beets, and maize. Corn syrup is one of several natural sweetener derived
from corn starch. It is a mixture of glucose and fructose as
monosaccharides . Sucrose is a non reducing disaccharides composed of

glucose and fructose linked via their anomeric carbons. Fructose of fruits
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and juices is usually added to foods and drinks for enhancing taste.

Nearly 240,000 tonnes of crystalline fructose are produced per year®®.

Excessive consumption of fructose cause insulin resistance
which can lead to obesity, and type Il diabetes. Fructose does not
supress appetite as much as glucose docs. But it might promote

overeating. Excessive fructose consumption may leptin

resistance, disturbing body fat regulation, elevated LDL, HDL,

cholesterol and triglycerides, leading to metabolic syndrome®,

and cardiovascular  disease®™. European Food Safety  Authority

(EFSA) mentioned that fructose consumption in foods or beverages

compared with sucrose and glucose is preferable because of its lower
effect on postprandial blood sugar levels, and also noted that ‘“high
intakes of fructose may lead to metabolic complications such
as dyslipidaemia, insulin resistance, and increased visceral adiposity®V.
Further, the UK’s Scientific Advisory Committee on Nutrition in 2015
disputed the claims of fructose causing metabolic disorders, stating that
“there is insufficient evidence to demonstrate that fructose intake leads
to adverse health outcomes independent of any effects related to its

presence as a component of total and free sugars” @)

1.1.3 Chemistry of D-Fructose

D- fructose is a 6-carbon polyhydroxy ketone[1]with a chemical
formula of CgH;,0¢. Crystalline fructose is a cyclic six-membered
structure which leads to the stability of its hemiketal and internal
hydrogen-bonding. This form is formally called B-D-fructopyranose
(Scheme 1-1)form @,
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Scheme( 1-1): Equilibrium in solution between the acyclic and the
cyclic isomers of fructose

At equilibrium, in solution at 20 °C, B-D-fructopyranose [2] is the
preponderant tautomer of fructose comprising 69.1% of the total,
followed by PB-D-fructofuranose [4] (21.4%), a-D-fructofuranose [5]
(6.1%), a-D-fructopyranose [3] (2.8%) and the linear keto form of
fructose (0.6%)“Y. The  mutarotation to achieve equilibrium is
complicated by varying rates of transformation. The pyranose to
pyranose transformation occurs between two stable chair conformations
and is consequently slow ?*%?°_|n contrast, the transformation between
pyranose and furanose forms is quick % and the furanose to furanose
transformation occurs effectively instantaneously between high energy

envelope and twist forms ¢*_ Despite this complexity, the mutarotation
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of fructose can usually be approximated as a simple first-order process
@) with the kinetics represented by the conversion of B-pyranose to the
furanose forms ©Y. Using this kinetic assumption the mutarotation of
fructose has recently been demonstrated to have an activation energy of
62.6 kd.mol ™,

1.
2. 1.1.4 Reactions of D-Fructose

3.
Nortey et al®?. Synthesized 1, 4, 5 - tri - O - benzoyl- 2, 3- O -

isopropylidene - B - D —Fructopyranose[7] from D-fructose in only three
steps. Steps one acetonation of [ -D-fructose using acetone and sulfuric
acid H,SO, as catalysts to produce 2,3:4,5-di-O-isopropylidene-D-
fructopyranose [6]. Steps two is hydrolysis of compound[6] using 6N
HCI. Steps three is the esterification of hydroxyl groups with benzoyl

chloride.

9 9
D-Fructose aceti» sllile] 1) 6N HCI "Nl OBz
H,S0, / 2) T3y phcoct /

[1]

[6] [7]
On the other hand, Mauro et al®. prepared of aminosugar [8] from D-

fructose[1] under blow reagents.

o~
1- acetone, TsOH 3
2-TsCl, Py e} [iTe)
D-Fructose > o
3-NaN; ,DMF /'

0) (@)
>

[8]
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The treated amino sugar [8] reacted with furoyl chloride [9] 5-
nitrofuroyl chloride [10], in dichloromethane in the presence of pyridine,

leading to compounds [11],[12].

Cl \\O\
O— - 0 S —~
: DCM,Py 0 o
O [1Te) . Xy, ——> -
By ° © /[ 9 0
/ — N NH \/
H,N 0\/0 ~
~ R o\
8
5] (9] Reti —/  [irew
[10]R=NO2 R [12] R=NO2

While, Alejandro et al®®. Prepared difructose dianhydrides
DFA [19] and [20] using a four-step reaction. Step one is the reaction of
triol derivative[13] with 0,0, -dibromo-o-xylene® [14] in the presence
of sodium hydride to produce compound [15]. In step two, benzylation
of the remaining hydroxy group (5-OH) in compound[15] using benzyl
bromide ( BnBr) in the presence of sodium hydride ( NaH) in
dimethylformamide (DMF) gave compound [16]. And
subsequent TfOH-promoted dimerisation/spirocyclisation produce a
mixture of the two dipyranose B, - and o, -DFASs [17] and [18]. Finlly
hydrogenolysis of the benzyl and cyclic o-xylylene groups compounds
[17],[18] with Pd/C in the presence of formic acid proceeded smoothly
to give the difructose dianhydrides DFA [19],[20].
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x

o Br Br
NaH, DMF, 16 h (37 %)
> OH Q
[13] [14]

[15]

o<, o/\/

O
’M\/ BnBr, NaH

. . > OBn
DMF, 30 min [16]

[15
] leOH CH,Cl, Q
BnOs, ¢ o BnOI!.
\' /1 10BN
¢} 0
[

[18]
[17]
Pd/C, H2 (1 atm) | EtOAc/MeOH (1:1)
HCOOH (10 %) | 16 h (100 %).
HO on
HOy,, HOm, < &
0,0
. X B "y H
HOM HO' a o ©

[19] [20]



D-fructopyranose [1] was converted to 1,2:4,5-di-O-
isopropylidene-D-fructopyranose [21] by Perali® et al. Via mediated
oxidation of compound [21] using pyridinium dichromate to give
1,2:4,5-di-O-isopropylidene-D-erythro-2,3-hexodiulo-2,6-pyranose [22]
followed by stereoselective reduction produce 1,2:4,5-di-O-
isopropylidene-D-psicopyranose [23]. Isomerization of pyranose [23] to
its furanose isomer 1,2:3,4-di-O-isopropylidene-D-psicofuranose [24]

was accomplished using catalytic HCIO, in acetone and 2,2- dimethoxy

propane.
\\OH MeO_ OMe \\O\
s P S
O, 1l OH - (0) N Te)
/|||\““ HCIO4, 60% /Hllln..
HO OH acetone o OH
HO /\/O
D-Fructose
[1] [21]
PDC,CH,Cl,
(@)
S Y
3 ~~ :\\\ — ~~
(@) QO (@) ot
/Hlllu.. / B NaBH4 /””““' "o
o £ EtOH, 96 % d o
0 O
/\ /\/
[23]
[22]
MeO_ OMe
/& HCI104, 71.8 %
\
. (@)
w’o’///
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Madhuri et al®”. prepared of 6-NHFmoc-6-deoxy-1,2;3,4-di-O-
They used 1,2;4,5-di-O-
to 1,2:3,4-di-O-

isopropylidene-D-psicofuranose [24] in three steps as noted in the

isopropylidene- B-D-psicofuranose [26].

isopropylidene-p-D-fructopyranos [21] converted
previous paragraph. In the next step, reaction of compound [24] with
sodium azide (NaNs) in DMF via C6-O-tosyl intermediate to yield 6-
azido-6-deoxy-1,2;3,4-di-O-isopropylidene- [25].
Finally, hydrogenation of the azide with 10% Pd/C in EtOAc gave the

B-D-psicofuranose

primary amine®®, which was protected using Fmoc-OSu/NaHCOj; in
THF/H,0 to yield [26].

(®)
ST~ \
e) Te) "”////O
/Illun.. ref[36]
(0] o OH > O\\\\ I///O
—
>< >
[21] [24]
1) TsCL Py
2) NaNj DMEF,70 °C
FmocHN o O\/

N3 \/

\ O ¥ \o

‘0 1) Hy,Pd/C,EtOAC iy,
2) Fmoc-OSu /

S /’//o NaHCOs, 85% o //”o
> THF/H,0 >

[25]
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Under continuous-flow conditions, at increasing concentrations
(0.1, 0.3 and 0.5 M), using the commercial Rhizomucor miehei im -
mobilized lipase ( bio-catalyzed ), Felipe®® et al. prepared ester
compound  [28] by reacting 2,3:4,5-di-O-isopropylidene - p-D-
fructopyranose [6] with acidic residue of palm oil refine process
(RePO) “9) [27]in different solvent(MTBE, toluene or p-cymene) .

S
SO~
t
D-Fructose ﬂ, O, Mo O Rhizomucor miehei IM
H.SO I /U\ >
2 / + MTBE,
ud O O R OH |
[1] \/ . . or toluene
~ Fatty acid residue  or p-cymene
[6] [27]
S
SO
o) 1Yo} B Y
e
R/ l\ E
7/0 O\ o
>
(0]
[28]

1.2. 1,3-Dipolar or[3+2] Cycloaddition Reactions

One of the classic reactions in organic chemistry is the preparation
of 5- membered heterocyclic rings by the addition of 1,3-dipoles to an
alkene or alkyne. Diazoacetic esters were the first 1,3-dipolar discovered
by Curtius in 1883. “ His collaegue Buchner later studied the reactions
of these diazoacetic esters with a,f-unsaturated esters, which were the
first 1,3-dipolar cycloaddition reactions“? .

The general concepts of 1,3-dipolar cycloadditions were
developed by Huisgen in 1960“**? and the concept of preservation of
orbital symmetry developed by Woodward and Hoffmann at the same
time were crucial for understanding the mechanism of concerted

cycloaddition reactions“®. A 1,3-dipolar cycloaddition reaction results
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in the formation of a five-membered ring due to the reaction of a 1,3-
dipole, a three-atom subsistence which is a 4m component and a
dipolarophile which is a 2w, two atom entity. All of the 1,3-dipoles have
four electrons in three over lapping m orbitals. On observing the
resonance structures of any dipole can be deduce that dipoles have both
nucleophilic and electrophilic characteristics. To understand the
reactivity of 1,3-dipolarophile it is fundamental that this ambivalence is
understood. 1,3-Dipolar cycloaddition reactions are stereoselective syn
additions with respect to the dipolarophiles“®.

1,3-dipoles may be defined as species which are represented by
zwitterionic resonance structures,which undergoesl,3-cycloadditions to a

multiple bond system, the dipolarophile®” (Figure 1-1).

b+
A O —
d=—c¢ d—e

Figure (1-1) The reaction of 1,3-dipoles with dipolarophile

1,3-Dipoles of the kind where an additional bond in the plane
vertical to the allyl anion, molecular orbital (MO) provides an element of
diversity. The additional z-bond in the allyl type makes them bent,
whereas propargyl- allenyl type is linear®®*® (Figure 1-2).
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N _ i
C _N+_ o C=—N=0O propargyl- allenyl type

/

4 +

@) allyl type
O -
7 o & Yo

Figure (1- 2) The z-bond of allyl type and propargyl allenyl type

Some examples for 1,3-dipoles are given in below “*® (Figure 1-

3).
I. Allyl Type
\C;N_'_—(’;_ <—>\ C_—N+: / Azomethine Ylides
— N ~ N\
~ 7 + - ~ — + Nit
C—N—O0O =——>» C N—O itrones

— — |

N\ _ _ .

O_N+_O - - O_N_'_:O Nitro

I1. Propargyl- Allenyl type

r o4 - — y / . .
C=—=N—FC =—>» C——=N—/C Nitrile Ylides
N\
C :N+_ O_ - ,\C_— N+—O Nitrile Oxides
/
r> o - — + .
N=—7-N——N -«—» N=—N=—/7=N Azides

Figure (1- 3)Some of allyl type and propargyl allenyl type

Inclusive phosphorus and sulfur atoms as centers increases the diversity

of 1,3- dipoles.

1.2.1. Mechanism of 1,3-dipolar cycloaddition reactions
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Many experiments“®>"

which were carried out supported the
concerted mechanism for 1,3-dipolar cycloaddition and it is accepted as
the pathway through which the interaction accurs. It is defined as an
orbital symmetry allowed [n4s + m2s] cycloaddition wherein the 4n
reactant is the 1,3 dipole and the 2n reactant is the dipolarophile(sz).

It was also observed that the correlation diagram of molecular
orbital symmetry 1,3-dipolar cycloaddition bears a significant degree of
resemblance with that of Diels-Alder reaction. It has also been described
that the concertedness of the reaction is impute to the Huckel aromatic
type molecular orbital (MO) of the transition state®®.

The reaction rates were found to be independent of solvent
polarity; the negative entropy of activation the stereo selectivity and
region selectivity all indicate to the formation of a highly ordered
transition  state.  While  Huisgen supported the concerted
mechanism® Firestone supported the di radical mechanism®.
Experimental evidence concerning the highly stereospecific nature of the
reaction highly confirm the reaction being concerted analogous to the

Diels-Alder reaction®®.

1.2.2.0rbital Symmetry analysis for 1,3-dipolar

cycloaddition reactions:

We know that, in a 1,3-dipolar cycloaddition reaction, two new
sigma bonds are formed at the expense of pi-electrons from the reactants.
The overlap of orbitals from one molecule, with the orbitals of the other ,
orbitals of dipole with dipolarophile. If we concentrate on the HOMO,
we see that the HOMO of both the dipole and dipolarophile are fully
occupied®”. Thus we conclude that HOMO-HOMO interaction is not

possible. Bond formation is possible only if each HOMO overlaps with
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an empty orbital, namely the most stable of the empty orbitals |,
LUMO®®,

The transition states of 1,3-dipolar cycloadditions are stabilized by
the overlap of the HOMO of one reactant (dipole or dipolarophile) with

the LUMO of the other (dipolarophile or dipole) in bonding fashion®®
(Figurel-4).

0 O DLUMO
0 0 0

'
o 563

Dipole

*
T LUMO

7T HOMO

Dipolarophile

Figure (1-4) The HOMO and LUMO orbitals

The bonding interactions can be observe either by considering the
LUMO of 1,3- dipole and the HOMO of the dipolarophile®® (Figure 1-

5). Or by considering the LUMO of dipolarophile and the HOMO of the
1,3-dipole (Figurel-6).

V3

/ \
Bonding H T Bonding

interaction interaction


https://en.wikipedia.org/wiki/Carbohydrate#cite_note-9
https://en.wikipedia.org/wiki/Carbohydrate#cite_note-9
https://en.wikipedia.org/wiki/Carbohydrate#cite_note-9

Figure (1-5)The bonding interactions by LUMO of 1,3- dipole and
the HOMO of the dipolarophile

1Y

/ \

* .
Bonding T Bonding
interaction interaction

Figure(1-6) The bonding interactions by LUMO of dipolarophile
and the HOMO of the 1,3-dipole

As seen in the above frontier molecular orbital interactions these
reactions are thermally allowed. It is also observed that the nature of
substituents on the double bond will influence the regiochemistry of the
cycloaddition, whether 4-substituted or 5-substituted products are
formed®©?.

If on the other hand these reactions were photochemical we have
to consider the HOMO of the excited state of one of the reactant
(dipole/dipolarophile) and the LUMO in the ground state of another
(dipolarophile/dipole).HOMO of the excited state of thel,3-dipole is y3

and the LUMO of the ground state of the dipolarophile is © (Figure 1-7)
(60)
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V3

Bonding H TC* Antibonding

interaction interaction

Figure (1-7) The antibonding interactions

On examining the frontier molecular orbital (FMQO) interactions
we conclude that since there is antibonding situation on one side there is
no product formed. Therefore [n4s + n2s] is forbidden in photochemical

conditions®

1.2.3. Regio- and Stereochemistry of 1,3-Dipolar

Cycloaddition Reactions

1,3-dipolar cycloaddition reactions are stereospecific syn
additions with respect to the dienophile®® and can be thus say that the
stereochemistry of the dienophile is preserved in the product. Some of
the dipoles listed react with dipolarophiles to give diastereomers because
of two differing orientations of the reactant molecules. This is illustrated
in Scheme 1-2 where due to the orientation of the dipolarophile [30], two

diastereomeric products [31],[32] are possible®©?.
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I
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E— (@)
[29] NN x
! > \ [32]
R

Scheme (1-2) The stereospecific of two diastereomers

The interaction between the frontier molecular orbital (FMO) of
1,3-dipole and dipolarophile is used to explain the regioselectivity®®. In
the case of dipolarophiles with electron attracting groups, the interaction
between HOMO of the dipole and LUMO of the dipolarophile is
dominant. It is reverse for the dipolarophiles with electron donating
groups. There are also cases of HOMO-LUMO interactions of
comparable magnitude. As the principle of maximum overlap states, the
preferred isomers of each interaction can be predicted by the union of

two sites of the reactants having the largest coefficient value®.

In this instance can be seen that the addition of alkynes[33] to
azides[34] and leads to the formation of regioisomers [35], [36] in

unequal amount®.
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J:/ [35]
Ph—0 PhO

\ — Ns/\Ph - 5

[33] [34] i
pog
PhO

1.2.4. Synthetic&Application of 1,3-dipolar cycloaddition
Amantini et al®. synthesized 1,2,3-triazole [38] derivatives
using sharpless and Fokin groups , which is no longer a classic
Huisgen cycloaddition. Another approach prefers the use of a directing
electron withdrawing group[37], which is removable later to give

compound [39]

N
1N {\
EWG Ri / N\\N EWG N\\ -HEWG N\\
_~ - . N & N
N

R /II%- dipolar N/
cycloaddition \ \
R1 R‘l
(37] [38] [39]
R=alkyl, Bn
R,=Ph, CO,H

Kano et al®®. synthesized isoxazeliden derivatives [42] by 1,3-
dipolar cycloaddition reaction of nitrones[40] and acrolein[41] with a

bis-Titanium catalyst as Lewis acid
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Ph

" 1) catalyst (
catalys N
) s ~_
® _O C,H,, -40 °C,14-40 h R o)
N OHC\/ >
C | + 2) NaBH, (in EtOH)
\_/ 0°C, 30 min
R

[40] [41] OH

/// 1y

R= Aryl ,Alkyl [42]

talyst =
catalys 00\4
T O

On the other hand, Cecchi et al®® . used 1,4-diazabicyclo [2.2.2]
octane (DABCO) as  an efficient reagent for the synthesized of
isoxazole derivatives [45] from primary nitro compounds dipole[43] and

propargyl compound dipolarophiles[44].

Ph o
PN DABCO | \N
R NO, Ph——= > /
CHCl,
60 oC , 20-80 hrs R
[43] [44]
[45]

R=PhCO, PhSO,, Ph

While , Willy et al". synthesized isoxazoles [50] by a three-
component coupling - cycloaddition sequence using Microwave-
Assisted One-Pot, by reacting acid chlorides [46]with terminal alkyne
compound [47] and the intermediate compound [48] treat with nitrile
oxides of in situ generated from hydroximinoyl chlorides [49].
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_OH o

dCl,(PPhy) i /L 4]

O P 2 PP 3)2 R

)]\ ‘U Cul R Ar c -~ | \N
R ¢ g EoN \\ Et;N S

THF , r.t, l1hrs R4 MW, 30min R4
[46] [47]

[48] [50]

v QOO

OMe CFj
v\

R,= Me;Si, Bu,

CO,Me
v
é >
A= Meo NP NN
OMe OMe NO,

Using click chemistry method, Shi et al™. synthesized new

benzotriazoles [53] from compound[51] and azides[52] by using CsF as

a catalyst.

SiMe3 N

CsF /@[ N

N;—R > R /

R T MeCN N
oTf r.t, 18 - 24 hrs \

R4

[51] [52] [53]

R=4,5-Me, , 4,5-(OMe), , F,

R]: Bn, Ph, 2,5-(0Me)2C6H3, 3,5-M32C6H3, 2,5-C12C6H3

Xu and Hamme ? reported the synthesis of isoxazoles [56]
from alkenes[54] hydroximinoyl chlorides [55] vial,3-dipolar
cycloaddition reaction, as follows:
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OH

N B _7  EWe o
[55] | 0
EWG Bp, EWG. B EWG /y . | \N
2 Ar cl N /
e [ i
CH,Cl, Et;N f
r.t, 1- 3 hrs 6-8 hrs U Ar
[54] Ar
- - [56]
v\
- BEA
e cl cl

EWG= CHO, CO,Me, COMe, PhSO,

Barral et al . efficiently converted aromatic amines[57] into

azides[58] using terminal alkyne[59] to obtain triazoles [60] .

tBuONO p— 1N N
— Ar_
TMSN, [59] N Ny
AF_NHz > AI'_N3 ' o
CH5CN ,r.t,2h CuSO, Na-ascorbate —
[57] [58] CH,CN/ H,0, r.t, 16h Ph
[60]

)\ 2 2
Ar— \© " ON~PoH OZNO
R
OZNQ% ’ |©002H

CO,H

Hansen and Jensen ™ synthesized un substituted N-Linked
1,2,3-triazoles[63] from vinyl acetate[61] and azides [62] by microwave

irradiation method.
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0 R .~ \
O/§ + N3—R

Y

MW , 30 min —
[61] [62]

R= benzyl, alkyl

Grimes et al. synthesized triazole derivatives [67] from
converted heteroaryl boronic acids[64], into the accordant azides [65]
with terminal alkyne compound [66] via using copper acetate and Na-

ascorbate as a catalyst .

N
B(OH),  NaNj 3 — cOoOMe COOMe
_ Cu(OAc), = [66] R /:<
/ MeOH,50 °C N / Na-ascorbate, N\ /N
k 1-3hrs RN 25°C, 16h S N
R
\
[64] [65] YA

R=H, 4-OMe, 4-OPh, 4-Ph, 4-CH20H,4- SMe
,4- CONH2, 4-CHO, 4-1, 4-Br, 4-Cl, 4-F

Also, M. Xu et al. synthesized 1,2,3-triazole derivatives[70] by

reacting azides[69] with terminal alkyne[68] using copper(l) as a

catalyst .
Na-ascorbate R S N
~ N\
Cul N7 Ny
HOOC——— + N3—R -
DBU
DMF , 60 °C , 24h
[68] [69] [70]
R= Ar, Vinyl

Minakata, et al’". synthesized Isoxazoles derivatives [73] by
generating nitrile oxides from oximes[71] using t-BuOCI and treat with

alkene compound[72] followed by cycloaddition reaction.
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n-OH tBuOCl N
| Nal | N
) + /\ R .. ] - /
Ar 2,6- Tutidine dioxane
r.t, 24 hrs
Ar
[71] [72]

[73]

R=Ph, C¢H, 3, CO,Me
(VoW

BEAE

OMe NO, Br

Hiroki et al™. synthesized triazole derivatives [76] by using
copper (I) chloride as catalyst; alkyne[74]-azide[75] cycloaddition was

carried out in water.

CuCl R Ny
additive TNT ¥y
R——— + N3_R1 > \=<
H,0, 1.t, 3-60h
R
[74] [75]
[76]

R= Ar, alkyl,COOMe,CH,0H
R1: BH,CSHI'],Ph

=N
Additive= \ / —

Smith and Greaney 9 synthesized 1,5- substituted 1,2,3-triazoles
[79]by using zinc mediated(ZnEt, in hexane) azide[77]-alkyne[78]
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ligation.

N
ZnER(IMinhex) R~ 7\
N-methylimidazole 5 /
- + R—— > .
N3—R; THF, r.t, 18 hrs R
[77] [78] [79]

R = alkyl, Ph, vinyl
R;=Ar, Bn

Jia et al®. synthesized 3,4, -disubsituted Isoxazoles[84] via
Enamine 3,4,5-trisubstituted 5-(pyrrolidinyl)-4,5-dihydroisoxazoles [83],
[3+2] cycloaddition reactions, using N-hydroximidoyl chlorides [80],
aldehydes [81] and pyrrolidinyl [82] in the presence of triethylamine.

SO e I
/kC, DCM R Z

r.t, 1.5 hrs

N
[80] [81] [82] O
R N
_MCPBA S
Z " bem S

r.t, 4 hrs R

Y

[83] [84]

R =Ar, Cy

R,= Ph, alkyl, iPr,H

By using iron(ll1) nitrate as the nitration and cyclization reagent
and Kl as an additive, Lai et al®”. synthesized of new isoxazoles[87]
from alkynes[85], [86]. Both self-coupling and cross-coupling products
could be successfully prepared. In the cross-coupling and cyclizing of
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two different alkynes, the iron-mediated system shows a good

chemoselectivity.

O
Fe(NO;);.9H,0 Ar
tBuCN, KI ] \
Ar—— + ———COyMe >
EtAc/ PhCN N CO,Me
[85] [86] 70 °C, 12hrs ©
[87]

1.3. Heterocyclic Compounds
A heterocyclic compound is one which possesses a cyclic structure

with at least one different kind of an atom in the ring. Nitrogen, oxygen

and sulfur are considered the most hetero atoms known®289,

The heterocyclic compounds usually possess a stable ring structure
while the three and four-membered heterocyclic rings are more strained
and reactive compared to five and six membered rings ©>*®.
Heterocyclic compounds occur widely in nature and in a variety of non-
naturally compounds, large number of heterocyclic compounds are
essential to life such as alkaloids, antibiotics, essential amino acids,
vitamins, hemoglobin, hormones, and the large number of synthetic
drugs and dyes Y. Heterocyclic chemistry is one of the most complex
and intriguing branch of organic chemistry and constitutes the largest
and most varied family of organic compounds ©>*).The heterocyclic
compounds are very important part of medicinal chemistry. They have a
broad spectrum of pharmacological activities® such as anticancer %,

antibacterial  ©"*® | antifungal activity ©¥, antioxidant®®*%Y,

antimicrobial®? anti-inflammatory ‘%%



1.3.1 Triazoles

Triazole is five membered ring systems contain three nitrogen
heteroatoms, defines an interesting class of compounds. The triazoles®*"
have two isomeric types of triazole: 1,2,3-triazoles (Vicinal triazole)
[88], [89] and 1,2,4-triazole(Symmetrical triazole)*®®) [90], [91] ( Figure
1-8).

HN—N ——NH —N
N—
/ ) / \ ) N/ \N ’ HN \N
HN yZ N N\ \/ \/
4, [88] [89] [90] [91]
Figure (1-8) The isomers of triazoles
5. Triazole ring is plannar with 6 w-electron aromatic system

with distortion of the n-system induced by the annular nitrogen atoms“%
).

The 1,2,3-Triazoles is an important class of nitrogen containing aromatic
heterocyclic compounds not found in nature, and have attracted a great
deal of interest in the fields of organic chemistry and medical chemistry

5107109 IJsych  as

because of their various biological activitie
antiviral™®*?, antibacterial ****¥, antifungal****'*®, antiprotozoal ",
anticancer™®'?) anti-HIV ®®, carbonic anhydrase inhibitor ** anti-
proliferative and anti-inflammatory %, The 1,2,3- triazole ring is stable
against acidic or basic hydrolysis, oxidative, and reductive conditions,
reflecting a high aromatic stabilization and relative resistance to

metabolic degradation % |

1.3.2.Synthesis of 1,2,3-triazoles derivatives.

1,2,3-triazoles is aromatic heterocyclic ring and many workers

synthesized 1,2,3-triazoles using the following methods:



The common methods for the synthesis of 1,2,3-triazoles derivatives via
cyclization reaction of thermal 1,3-dipolar cycloaddition of azides to

alkynes :

By regioselective using CuAAC protocol, Ernst et al*®¥.

synthesized a series of sugar-based triazole derivatives[94].+ via the

click reaction of series alkynes[92],+ and azidosugar[93].

R\<N/§N

|

N; \ N
0]

\ N\
0 0
(0] DIPEA, CuCl HO o)
HO Yo MeCN/H,0 OH
+ 0 > 0
OH OH
HO
R Ho © HO
94
[92],.¢ [93] P4t

X
OO
P
N
a b c
N//
F3sC
O
2 N
d e f

While Wu et al?®. synthesized 4-(1,2,3-triazol-1-yl)-2-
deoxy-2_-fluoro-B-d-arabinofuranosyl-cytosine [97] through
CUuAAC reactions between 4-azido-arabinofuranosyl-cytosines

[95]and appropriate alkynes [96], which is described in below:



Cul, DIPEA
CH,CN:tBuOH:H,O (1:1:1
3 u 0 (1:1:1) N§ ‘<
R‘&/ o)

On the other hand , Adnan et al™®. synthesized new 1-Alkyl-
4-[(2,3,4,5-di-O- isopropylidene -B-D-fructopyranos-O-yl) methyl]1H-
1,2,3-triazole[100],4 from 1-O-propargyl-2,3,4,5-Di-O-isopropylidene-
beta-D-fructopyranose [98] and number of n-alkyl azides[99].4 Via
cycloaddition reaction using Cu(l) as a catalyst The acetal groups of
triazoles [100]..4 were removed under acidic conditions to give the 1-
alkyl -4-[( B -D-fructopyranos-O-yl) methyl]1H-1,2,3-triazole [101],4



~
O TTe} Na ascorbate
- CuS0,.5H20
O/ o\ [®) + R_N3 >
/\ DMSO
// 70C° 48hrs
[98] [99]a-a
N\ N
\N’N
R
[100],.4

[IOI]a-d

By microwave-assisted is it reaction, Kumar et al™®". synthesized
2- (4- ( (1 - phenyl- 1H- 1,2,3-triazol - 4- yl) methoxy) phenyl) -1H —
benzo [d] imidazoles [105] from a phenylazid[102], propargyloxy
benzaldehyde[103] and a 1,2-diaminobenzene[104] is proposed in three
different approaches which are illustrated in (Scheme 1-3). In a two-step
process the triazole and imidazole ring are synthesized consecutively
(Scheme 1-3, path 1 and 3). However, we reasoned that the desired
adduct could also be formed in a one-pot fashion (Scheme 1-4, path 2) as

a multicomponent reaction (MCR).



N- | | CUSO45H20
D-glucose

o
N 0 THF/H,0
X 0
MW.100W Q\N\/,\K\
path 1 + N=N

\J

70 °C, 15min, yield=95%
or,it, 12 h, yield=91%

+
CHO NH,
™ oo
[102] [103] ",
MW.100W,

20 min, yield=42%

toluen
oluene or reflux,50 min, yield=59%

| | CuS0,.5H,0
D-glucose H /—[ ’}l
THF/H,0 C[ )_@7 g =N
N
MW 100W,
path 2 15 min, yield=80% [105]
[102] [1 03 [104]

CuSO,.5H,0 | MW.100W,

D-glucose 15min, yield=78%
THF/H,0 or i, 12h,, yield=67%
J| N_
A
N
H N//
toluene N /i—
/ o
path 3 K .
MW.100W110 °C,

20 min, yield=54%
or reflux,90 min, yield=70%

Scheme 1-3 proposed of three different approaches for synthesizedof
triazole

On the other hand , Porta et al®® . synthesized 9-(1,2,3-
Triazole)-substituted cinchona alkaloids[108] by the reaction of 9-azido
cinchona derivatives[106] with commercially available alkynes[107] and
using the standard CUAAC protocol. High yields and easy isolation of
the products (in some cases by the precipitation with water).



MeO

[106]

R = COOMe, CH,0Ac, CH,OH,Ph
R,=H, COOMe

By click reaction , Heravi et al*®. achieved and reported the
synthesis of organoselenium-functionalized triazoles [111]from the
reaction between alkynyl seleniumand[109] and benzyl azides [110] in

the presence of copper(ll) acetate and sodium ascorbate

Cu(OAC),.H20
RSe\/ Na-ascorbate o
N >

n CH,Cl,/ H,O (1:1)

R, 12h,rt /ﬁ\(\N
n |
—_—

[109] [110] RSe N=—N

R= Aryl [111]
R, =H, Me, OMe, CI, CF;
n=0,1,23

In 2016, Kacprzak et al*?. synthesized of 1,2,3-Triazole —
substituted glycoconjugates [114] using the CuAAC reaction. N-

propargylcyclopamine served as an alkyn[112] and reacted with
azidosugars[113].



1. Cu(OAc),
o -
(AcO)% N; | Na-ascorbate
n MeOH, THF,H,O

[113] 2. acetate hydrolysis

Under microwave induced click conditions, Vinod et al 9.
synthesized of bistriazolyl glycoconjugate [117] from diamines without
the need for isolation of the azide intermediates. Reaction of diamine
[115] with glycosyl alkyne[116] in the presence of TfN3z;, CuSO,, and
NaHCO; at room temperature for 30 min followed by addition of NaAsc
and TBTA.



[115]

—N
[116] N N
N N/
T{N3,4mol% CuSO4,NaHCO,
rt,30 min

|

@)
then 60 mol%NaAsc,10 mol% TBTA °
MW,80 0C,20 min, CH,CIl,/MeOH/H,O 0 OAc o OAc
AcO
A
cO cO cO
OAc OAC
[117]

On the other hand ,in 2017. Kadir Ay et al “3?. synthesized

sulfanilamidomethyl glycoconjugates [120],. containing 1,2,3-triazole

bridge from reaction of terminal alkyne group in compound [118] with

azide[119],. derivatives of D-glucose, D-galactose ,D-mannose and D-

fructose via 1,3-dipolar cycloaddition reaction using Cu(l) as a catalyst.



HN—R;
O\S + R_N3
/ o
HN
[119],¢
[118]
R=H, Ac

HN—R;

THF:t-BuOH:H,O (3:1:1
u 20 ( ) . O\S
CuS0,4.5H20 . Na- ascorbate / o
HN

55 °C, 4h

AcO AcO
AcO, , \OAc AcQ, \OAc
(0] O
R= AcO a AcO b

N1

C

1.3.3 Isoxazoles

. o
O -

0 0 0 2 0
o FIG CL<
o '/O>< W o =0
\ ~

d (]

Isoxazoles [121] are unsaturated aromatic heterocyclic

compounds containing a ring with three carbon atoms, one oxygen atom

and one nitrogen atom ™. The trivial name for the title five-membered

fully unsaturated heterocycles as (isoxazole) was originally proposed by

Hantszch as it was the isomer (oxazole) discovered first. The trivial

name follows the Hantszch Widmen system of nomenclature: The prefix

(iso) represents isomer, (oxa) represents the oxygen atom, (aza)

represents the nitrogen atom, and the suffix (ole) denotes the ring size as



five-membered; altogether the derived name is (isoxazole) ****%. This
name has been accepted in IUPAC and has been used in chemical
abstracts. In chemical abstracts, the other systematic name 1,2-

oxazole™® is also used. There are two types of isomers

LN L)
[121]

Isoxazoles constitute an important family of five membered
heterocycles ring in view of their use in many natural products synthesis
and occurrence in pharmaceutical agents viz., COX-2 inhibitor®"*®®),
and which are largely employed in the area of pharmaceuticals®*® and
therapeutics  such  as insecticidal™®*?,  antibacterial®****,
antibiotic*>** antitumour™"** antifungal™®**? | antituberculosis™,

(154-156) (157-159)

anti-inflammatory . anticance (160.161)

antidepressan

antiviral,"®? antinocicept,**® analgesic"*” and Herbicidal. **®

1.3.4. Synthesis of Isoxazoles derivatives

There are many derivatives of isoxazoles and many methods for
synthesizing them. For that, The 1,3-dipolar cycloaddition between
oximes and terminal alkynes one of these methods will be presented in

this section:

Via 1,3-dipolarcycloaddition reaction between a series of
propargyl sugars( dipolarophiles) [122], and the in situ generated aryl
nitrile oxide (dipoles)[123] was carried out in carbon tetrachloride at
room temperature, Gaamoussi *®® et al synthesized a new series of

glycosyl-3,5-isoxazoles[124].



OH
- \N/
S
R

[122] [123]
r.t| NaOCl/CCly

s 0
o\|N
[124] R
R= CI, NO,
o) o o
o] =0 o) =0
H.C O-|‘ -0 :
N 1
D-glucose D-galactose D-fructose

As well , in 2013, Kankalaet al*®”). synthesized new 2-

mercaptobenzimidazole  containing  3,5-disubstituted  isoxazole
compounds [127] by cycloaddition reaction between N-propargyl-2-
mercaptobenzimidazoles( terminal alkynes) [125] and aryl nitrile
oxides[126] in the presence of an organo-N-heterocyclic carbene (NHC)

(N,N-ditertiarybutylimidazolium chloride) as a catalyst.



NO,
NO,

y2 N
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On the other hand , Bokor et al®®. synthesized 3-(B-D-
Glucopyranosyl) 5- phenyl-isoxazole [130] by cycloaddition reaction of
C-glycosyl nitrile-oxides with alkynes[128] in the same molecule given

the Glycopyranosyl- isoxazoles derivatives[129] . Hydrolysis of this

product produces compound[130].
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By [3+2] cycloadditions reaction involving dipole  and

dipolarophile, Rammah et al®®

. synthesized isoxazoles derivatives
[133]..4 from reacting of propargyl-substituted dihydroisoindolin-1-one
[131] with aryl nitrile oxides[132].4, generated in situ from aromatic
oximes precursors ,using Ag,COs-catalyzed. The reaction times could be

further shortened when using Cul as a catalyst.
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Finally, by copper-catalyzed, Kuribayashi et al®™. synthesized
isoxazoles derivatives[136] vial,3-dipolar cycloaddition from the
reaction of mono-/ di-fluorinated propargylic thioethers [134]  with

nitrile oxides derived[135] from an imidoyl chloride.
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The aim of the work

Since both D-fructose and most heterocyclic compounds
exhibited a wide range of biological activities, natural product and
medical fields and have wide spectrum of applications, the aim of the
present work directed towards synthesis of new D-fructose derivatives
containing other different hetero rings. The main line of this work
includes different synthesis pathways:-

1- Synthesis and characterization of new D-fructose derivatives
containing isoxazole ring.

2- Synthesis and characterization of new D-fructose derivatives
containing both1,2,3-triazole and benzo[d]imidazole rings.

3- Synthesis and characterization of new D-fructose derivatives
containing 1,2,3-triazole, isoxazole and benzo[d]imidazole rings.

4- Study the anti-bacterial and antifungal activity of the synthesized

compounds.



2.Chemicals and techniques

2.1.Chemicals

All chemicals and solvents used in this work and their suppliers are

Jlisted in Table 2-1. They were used without further purification

Table (2-1): Chemicals and their manufactures.

hemical . Supplied
Chemicals Purity % i
1-Bromo butane 99 Fluka
1-Bromo ethane 99 Fluka
1-Bromo propane 99 BDH
2-(chloromethyl)-1H-benzimidazole 97 Aldrich
3-Nitrobenzaldehyde 98 Aldrich
4-(Dimethylamino)benzaldehyde 99.5 Aldrich
4-Bromobenzaldehyde 99 Aldrich
4-Hydroxy benzaldehyde 99 Aldrich
Acetone 99 Fluka
Acetonitrile 99.7 HIMEDIA
Acetyl chloride 99 Fluka
Anhydrous potassium carbonate 99 Aldrich
Anisoyl chloride 99.5 Fluka
Benzaldehyde 99 Aldrich
Benzene 99.5 Aldrich
Benzoyl chloride 99 Fluka
Chloroform 99.5 Scharlau
Dichloro methane ( DCM ) 99 GCC
Diethyl ether 99.5 Aldrich
Dimethyl formamide (DMF) 99 Aldrich
Dimethyl sulphoxide (DMSQO) 99.8 Fluka
Ethanol (absolute) 99.8 Aldrich
Ethyl acetate 99 BDH
Glacial acetic acid 99.8 Riedal-
deHaén
Hydrochloric acid 37 Riedal-

deHaén




Methanol 99.8 Aldrich
Petroleum ether 98 BDH
Potassium hydroxide 98 ROMIL
propargyl bromide 97 TCI
Sodium acetate 98 BDH
sodium ascorbate 98 Aldrich
Sodium azide 99 Merck
Sodium carbonate 99.5 Aldrich
Sodium hydroxide 97 Fluka
Sodium sulfate 99 Merck
Sulfuric acid 98 Fluka
Tetrahydrofuran (THF) 99 BDH

2.2.Techniques

2. 2.1. Spectroscopy
a) Fourier transform infrared spectrophotometer (FT-IR)

FTIR spectra were recorded using potassium bromide discs by a
SHIMADZU (IR Affinity-1) FTIR spectroscopy. College of Education
for Pure Science (lbn-Al-Haitham), University of Baghdad. . And
Central Service Laboratory College of Education for Pure Science (lbn-
Al-Haitham), University of Baghdad.

(b) Nuclear magnetic resonance spectrometer (*HNMR and
BCNMR)

'H and *C-NMR spectra were carried out by: Ultra Shield 300
MHz, Bruker , Switzerland at Gazi University College of Science (in
Ankara, Turkey ) also some spectra were carried out Ultra Shield 400
MHz, Bruker, Center Lab.(in Iran) University of Tehran , are reported in
ppm(d), DMSO-ds was used as a solvent with TMS as an internal

standard.



c- Mass spectroscopy

The mass spectra recorded by MS model: 5975¢ VL MSD with Tripe-

Axis Detector University of Tehran, Center Lab. (in Iran).

2.2.2. Melting point measurements

Uncorrected melting points were determined by using hot-stage,

Gallen Kamp melting point apparatus.

2.2.3. Biological activity screening

Biological activity screening were determined in center
laboratory College of Education for Pure Science (lbn-Al-Haitham),
University of Baghdad. The synthesized compounds were dissolived
in DMSO (which was used as a solvent and as control) to give
concentration 10°M. The three types of the bacteria were activated in
a nutrient growth medium at 37 °C for 24 hrs, then examined after 24
hrs and 48 hrs for antifungal activities. The zones of inhibition formed

were measured in millimeter

2.3. Synthetic procedures

2.3.1. General preparation of 4- or 3-substituted benzaldoximes

[Ha-e :
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OH

Ma-e

R=H, 4- OH, 4-Br, 4-N(CH;),
3-NO,

In a round-bottomed flask (50 mL) equipped with a condenser,
benzaldehyde or substituted benzaldehyde (10mmol), NH,OH-HCI
(10 mmol) and sodium acetate (10 mmol) in methyl alcohol (10 ml)
were prepared. The mixture was stirred under reflux conditions for
4hrs . The progress of the reaction was monitored by TLC
(cyclohexane / ethyl acetate 8:2 ). After completion of the reaction,
H,O (15 mL) was added and the reaction mixture was continued to
stirring for 5 min. The product has been extracted with
dichloromethane DCM (3x15 mL).The mixture was dried over
anhydrous Na,SO,.Filtered then evaporation of the  solvent to give
compounds (1,.)*"™" . The physical properties were corresponding to

the literatures and listed in Table 2-2 .

Table (2-2): The physical properties of compounds [1]..

Comp. No M.P °C color Yield%
[1]. 31-33 Lit[33-35 "] | Yellow 80
[ 71-72 Lit[72-74"] | Red 82
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[1]. 112-114 Lit [110- White 78
113474

[ 142-144 Lit [141- Pale yellow 79
14347

[1]e 120-121 Lit [121- yellow 79
1234,

2.3.2. General Preparation of N-hydroxy-4-or-3- substituted
benzimidoyl chloride [11]4

The 4- or 3-substituted benzaldoximes [l].. (30 mmol ) were
dissolved in DMF (50 mL ) with stirring, and N-chlorosucceinimide
(30 mmol ) was added in two portions at room temperature. Initiation
of the reaction was accelerated by use of a slight increase in the
temperature to (40 °C for 20 min ) . The reaction was monitored by
TLC (cyclohexane / ethyl acetate 8:2 ). After about 12 hrs , the
reaction was complete, an ice/ water mixture was added and extracted
twice with diethyl ether. The organic phases was washed twice with

ice/ water. The organic phases were dried over Na,SO, and

[(My-e

OH

Cl

R=H, 4-OH ,4- Br 4- N(CH3),
3-NO,
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concentrated to give compounds [I1],.. The physical properties were

corresponding to the literatures“’ and listed in Table 2-3.

Table (2-3): The physical properties of compounds [11]a

Comp. No M.P°C color Yield%
[1]. | 46-49 Lit [48-52%°] | Pale yellow 82
[1]s 90-92 Lit [93-95""] Deep red 79
[11] 80-82 Lit [79-82"""] | White 83
[Ilg |158-160 Lit [161- Deep 78

162479 yellow
[I1]. |103-105 Lit [105- Deep 80
10749 yellow

2.3.3. Preparation of 2,3,4,5-di-O-isopropylidene-beta-D-

fructopyranose [111]

[I11]

D-Fructose (3.6g, 20 mmol ) was dissolved in acetone (70
mL) and concentrated H,SO, (3.5 mL) was added. The reaction was

stirred for (90 min) and then cooled in ice-salt bath to 0 °C . NaOH
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(11g in 50 mLH,O ) was then gradually added with stirring. The
solution was then concentrated and extracted with CH,Cl,(3 x 20 mL).
The combined organic layers were then washed with distilled water
(2 x 10 mL). The organic phases was dried over Na,SO, and
concentrated . The resulting crude product was dissolved in hot ethyl
ether Et,0 (5 mL ) and n-pentane was added to precipitate the desired
bis — acetal as a crystalline solid recrystallization from ethanolEt,OH

n-hexane 1:1 (25 mL) to give compound[lll]] as a white
crystals(55%), m.p.116 -118 °C, lit (118-120  °C) *?®

2.3.4. Preparation of 1-O-propargyl- 2,3,4,5-di-O-isopropylidene-
beta-D-fructopyranose [IV]

O 1
0

A

(V]

Compound [I] (1 gm,4 mmol ) was dissolved in DMF (15 mL )
and NaOH pellets (15 mmol) were added. The mixture was cooled in
ice-salt bath to (-15 °C ) and the contents was stirred for (10 min ) and
then propargyl bromide (0.4 mL, 4.3 mmol ) was added drop wise.
The heterogeneous reaction mixture was stirred for (24 hrs ), slowly
warming to room temperature. The mixture was filtered and H,O (50
mL) was added and the product was extracted with Et,O (3 x 50 mL).
The organic phases were combined and washed sequentially with 5%
HCI (2 x 50 mL) and distilled water (50 mL). The organic phases was
dried over Na,SO,, filtered and the solvent was evaporated to dryness
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under reduced pressure to yield compound [IV] ( 75%) as pale yellow
0il*?0

2.3.5. Synthesis of 3-(4-or 3-substituted phenyl)-5-{(2,3,4,5-di-O-
isopropylidene-beta-D-fructopyranose-O-yl)methyl}1H-isoxazole
[Vlae

N\/O/ T;&}””O
R T O\/\
[V]a-e

R=H, 4- (OH, Br, N(CH;),)
3- (NO,)

Alkynyl sugar compound [IV] (0.28gm, 1mmol) and N-
hydroxy-4-or-3- substituted benzimidoyl chloride [I1]... (1 mmol) was
added to a suspension of sodium ascorbate (0.018g, 0.09 mmol) and
CuS0,.5H,0 (0.011g, 0.045 mmol ) in DMSO (5mL) . The mixture
was heated to 70 °C and stirred for (48 hrs ) . The reaction mixture
was diluted with water ( 30 mL) and extracted with EtOAc ( 3 x 30
mL ) . Dried over Na,SO, then filtered and evaporated to dryness
under reduced pressure to yield oily compounds [V]se . The
nomenclature structural formula, molecular formula, yields and

physical properties were listed in Table 2-4.
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2.3.6. Synthesis of 3-( 4- or 3-substituted phenyl)-5-{( beta-D-
fructopyranose-O-yl)methyl}1H-isoxazole [V1]...

[VI]ae

R= H, 4- OH, 4-Br, 4-N(CH,;),
3-NO,

The compounds [VI].. were synthesized by dissolving

compounds [V].. ( 2.36 mmol) in mixture of dilute acetic acid (3 mL)

and absolute methanol (1 mL ) and stirred for (48 hrs ) at room

temperature. The TLC showed that the reaction was complete

(benzene : methanol, 6:4 ). To the resulting solution a benzene (4 mL)

, was added and evaporated (this process repeated four times ). The

residue recrystallized from chloroform. The nomenclature structural

formula, molecular formula, yields and physical properties were listed

in Table 2-5.
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2.3.7. Synthesis of ester compounds [VIH]ae, [VIH]ae [ 1X]ae

R4

R=H ,4-OH,4- Br ,4-N(CHj;),
3-NO,

[VII],.. When: R, =-CH,4

[VI],. When: R, =_©
[IX],e When: R, __@_O/

To a stirred solution of compounds [V1]a,e (1 mmol) in
triethylamine ( 8 mmol ) and dried mixture of ( 5 mL DMF : 10 mL
THF ), was added dropwise a acid chloride (4 mmol ) at (0-4 °C) .
After the addition had been completed the resulting suspension was
stired at the same  temperature  for  (3hrs).  The
triethylaminhydrochloride salt was precipitate. It was filtered and the
filtrate was poured with stirring onto (100 mL) ice- water then the
mixture was extracted with Et,O (3 x 50 mL). The ether solvent was
evaporated to give a residue which was recrystallized from ethanol /

water . The nomenclature structural formula, molecular formula,
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yields and physical properties were listed in Table 2-6. All compounds
in paragraph ( 2.3.7.) are synthesized by the same way except for the
three compounds [V, VI, X, ] because they contain another one
hydroxyl group, so you will need another one mole of the base and

the acid chloride.

2.3.8. Preparation of 2-(azidomethyl)-1H-benzo[d]imidazole [X]:

Substituted 2-(azidomethyl)-1H-benzo[d]imidazole was
prepared according to the literature procedure. 2-(chloromethyl)-1H-
benzo [d] imidazole (8.3gm,50mmol) and NaN; (3.6gm,55mmol) was
dissolved in DMSO (40 mL) was stirred at room temperature. The
reaction was monitored by TLC (cyclohexane / ethyl acetate 8:2 ).
After completion, diluted with 100 mL of water and extracted with
diethyl ether (10 mL x 3). The combined organic extracts were
washed with brine, and dried over anhydrous Na,SO,. Filtered after
that the organic solvent was removed under reduced pressure, the
residue which was recrystallized from ethanol (50 mL) to give title
compound.

Off-white solid, 75%, m.p. 120-121 °C lit (119-122 °C)®&
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2.3.9. Synthesis of 1-((1H-benzo[d]imidazol-2-yl)methyl)-4-
{(2,3,4,5-di-O-isopropylidene-beta-D-fructopyranose-O-
yDmethyl}1H-1,2,3-triazole [XI]

1-O-propargyl- 2,3,4,5-di-O -isopropylidene —beta — D -
fructopyranose compound [1V] (0.28gm,1mmol) and 2-(azidomethyl)-
1H benzo[d]imidazole[X] (0.17gm,1mmol) was added to a suspension
of sodium ascorbate (0.018g, 0.09 mmol) and CuSO,4.5H,0 (0.011g,
0.045 mmol ) in DMSO (5mL) . The mixture was heated to 70 °C and
stirred for 48 hrs . The reaction mixture was diluted with water ( 30
mL) . extracted with EtOAc ( 3 x 30 mL ) . Dried over Na,SO; filtered
and evaporated to dryness under reduced pressure , the residue which

was recrystallized from ethanol (50 mL) to yield compounds [XI] .
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The nomenclature structural formula, molecular formula, yields and

physical properties were listed in Table 2-7.

2.3.10. Synthesis of  1-((1H-benzo[d]imidazol-2-yl)methyl)-4-
{(beta-D-fructopyranose-O-yl)methyl}1H-1,2,3-triazole [ XII]

OH
N~ HO, T
N/ =N W\OH
HN \ \\\\\\" o

[XI1]

The compound [XI1] was synthesized by the same method used
for the synthesis of compound[VI].. in paragraph ( 2.3.6. ). Except
using compound [XI] instead of compound [V],.. The nomenclature
structural formula, molecular formula, yields and physical properties

were listed in Table 2-7.

2.3.11. Synthesis of ester compounds [XI11]. .
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[XIII], .

o v

The compounds [XI11]... was synthesized by the same method
used for the synthesis of compounds[VIl].., [VI]ae, [ 1X]ae In
paragraph ( 2.3.7.). Except using compound [XII] instead of
compounds[V1].e. The nomenclature structural formula, molecular

formula, yields and physical properties were listed in Table 2-8.

2.3.12. Synthesis of ether compounds [X1V],.

[XIV]ae

Rzz -CH2CH3 5 -CH2CH2CH3 5 -CH2CH2CH2CH3

To a solution of potassium hydroxide (1.9gm,34.8 mmol ) in
absolute ethanol (20 mL ) , 1-((1H-benzo[d]imidazol-2-yl)methyl)-4-
{(beta-D-fructopyranose-O-yl)methyl}1H-1,2,3-triazole [XI1] (3.4gm,
8.7 mmol ) and n-alkyl bromide (52 mmol ) were added , the reaction

75



mixture was refluxed for 6 hrs ,and potassium bromide was precipitate
, It was filtered and the filtrate was poured with stirring onto (50 mL)
water then the mixture was extracted with Et,O (3 x 50 mL). The
organic phases were combined and washed sequentially with 10%
sodium hydroxide solution and distilled water (50 mL). The organic
phases was dried over Na,SO,, filtered and the solvent was evaporated
to dryness under reduced pressure to yield as a crystalline solid
recrystallization from ethanol (25 mL). The nomenclature structural
formula, molecular formula, yields and physical properties were listed
in Table 2-9.

2.3.13. Synthesis of 1-((1-(prop-2-yn-1-yl)-1H-benzo[d]imidazol-2-
yDmethyl)-4-{(2,3,4,5-di-O-isopropylidene-beta-D-fructopyranose-
O- yl)methyl}1H-1,2,3-triazole [XV]

\ //jAACEK
oo all

Compound [XI] (1.9gm,4mmol ) was dissolved in MeCN

O//III

(15mL ) and K,CO; (1.1gm,8 mmol) was added. The mixture was
stirred for (10 min ) and then propargyl bromide (0.4 mL, 4.3 mmol )
was added drop wise. The reaction mixture was heated to 70 °C and
stirred for 24 hrs, and then cooled to room temperature. The mixture
was filtered and H,O (50 mL) was added and the product was
extracted with Et,O (3 x 50 mL). The organic phases were combined
and washed sequentially with 5% HCI (2 x 50 mL) and distilled water
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(50 mL). The organic phases was dried over Na,SO,, filtered and the
solvent was evaporated to dryness under reduced pressure to yield as
a crystalline solid, recrystallization from ethanol(EtOH) to give
compound [XV] as a light brown crystals(80%), m.p.200 -202 °C

2.3.14. Synthesis of 1-( (1-( ( 1-( (-1H-benzo [d] imidazole -2-
yhmethyl)triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)methyl)-
4-{(2,3,4,5-di-O-isopropylidene-beta-D-fructopyranose-O-
yhmethyl}1H-1,2,3-triazole [XVI]

=N
\, N
[XVI]

The compound [XVI] was synthesized by the same method used for
the synthesis of compound [XI] in paragraph ( 2.3.9. ), except using
compound [XV] instead of compound [IV]. The nomenclature
structural formula, molecular formula, yields and physical properties
were listed in Table 2-10.
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2.3.15. Synthesis of 1-((1-((1-((-1H-benzo[d]imidazol-2-yl)methyl)
triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)methyl)-4-{(beta-D-
fructopyranose-O-yl)methyl}1H-1,2,3-triazole[XVI11]

HO
//1 \\\OH
o= D
HO - o
=N o—=

[XVII]

The compound [XVI1] was synthesized by the same method used
for the synthesis of compound[VI1].. in paragraph( 2.3.6. ), except
using compound  [XVI] instead of compound [V]s,e. The
nomenclature structural formula, molecular formula, yields and

physical properties were listed in Table 2-10.

2.3.16. Synthesis of ester compounds [XVI111],¢
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P4
/
I
”IM
IIIO

N N\
o =
N
[XVIII],_.

e =0 <O-d

The compounds [XVII1],.. was synthesized by the same method
used for the synthesis of compounds[VIl]ae, [VIH]se and [ 1X]se in
paragraph ( 2.3.7. ), except using compound [XVII] instead of
compounds[Vl]se. The nomenclature structural formula, molecular

formula, yields and physical properties were listed in Table 2-11.

2.3.17. Synthesis of ether compounds [X 1X]...
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N = (@)
\_L o
X
N N\
\ N=N
N
[XIX],.c

R,= -CH,CH;-CH,CH,CH3, -CH,CH,CH,CH,

The compounds [XIX].. was synthesized by the same method
used for the synthesis of compounds[XIV].. in paragraph ( 2.3.12.),
except using compound [XVII] instead of compounds[XIl]. The
nomenclature structural formula, molecular formula, yields and

physical properties were listed in Table 2-12.
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2.3.18. Synthesis of 1-((1-((3-(4-or 3-substituted phenyl)isoxazol-5-
yh)methyl)-1H-benzo[d]imidazol-2-yl)methyl)-4-{(2,3,4,5-di-O-
isopropylidene-beta-D-fructopyranose-O-yl)methyl}1H-1,2,3-
triazole[XX]...

N = (@)
\ / o
N X
N
\\(\ =
C /i N
[XX]a-e

R=H 4- OH, 4-Br 4-N(CH;),
3-NO,

The compounds [X X].. was synthesized by the same method
used for the synthesis of compounds[V].. in paragraph ( 2.3.5.),
except using compound [XV] instead of compounds[lV]. The
nomenclature structural formula, molecular formula, yields and

physical properties were listed in Table 2-13.
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2.3.19. Synthesis of 1-((1-((3-(4- or 3-substituted phenyl)isoxazol-
5-yl)methyl)-1H-benzo[d]imidazol-2-yl)methyl)-4-{(beta-D-fructo
pyranose -O-yl)methyl}1H-1,2,3-triazole[ XXI1],- .

HO OH

J

[XXT]a-e

R—H, 4- (OH, Br, N(CH,),)
3- (NO,)

The compounds [XXl],. was synthesized by the same method used

for the synthesis of compounds[VI]... in paragraph ( 2.3.6. ), except

using compounds [XX]se instead of compounds[V]... The

nomenclature structural formula, molecular formula, yields and

physical properties were listed in Table 2-14.
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2.3.20. Synthesis of ester compounds [XXI1]ae , [XXI1],¢ and
[XX1IV]ae

N
o o)
Ry O 2 ,\\\O\(
AL T
Y © O0%=>0
- o0

R=H ,4-OH,4- Br 4-N(CH,),
3-NO,

[XXII],. When:R; =-CH;

[XXIIT],., When : R, = —@
[XXIV],, When: R, __O_o/

The compounds[XXIH],.e,[XX1]ae and[XXIV],e Was synthesized
by the same method used for the synthesis of compounds[VIl]ae,
[VIH]ae, and [ IX],e in paragraph ( 2.3.7. ), except using compound
[XXI]se instead of compounds[VI],.. The nomenclature structural
formula, molecular formula, yields and physical properties were listed
in Table 2-15.
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3.1. Results and discussion

3.1.1. Preparation and characterization of 4- or 3-substituted
benzaldoximes [1]a.e

Benzaldoxime and their substituted [l]... were prepared via
addition-elimination reaction between aromatic aldehyde and
hydroxylamine hydrochloride in methyl alcohol in presence of

sodium acetate as a catalyst .

o) OH
IT/
X H CH
| NH,OH.HCI X
G MeOH ,CH3COONa |
R/ 2 hrs R / /
[Ta-e

R=H ,4- OH,4- Br ,4-N(CH3),
3-NO,

The compounds [I].. were characterized by melting point and
FT-IR spectroscopy. The FT-IR spectrum of compound [1]e, (Figure 3-
1) shows the disappearance of stretching vibration bands for C=0 and
NH, groups of the starting materials. It is also showed appearanceof
the strong absorption band at 3265cm™*which is due to OH of oxime
group in addition to the appearance the stretching absorption band at
1643 cm™ which attributed to the new imine group C=N .
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3.1.2.Preparation and characterization of N-hydroxy-4-or-3-

substituted benzimidoyl chloride [11]4e

Chlorination of compounds [l]..e by N-chlorosucceinimide in DMF
to get the N-hydroxy-4-or-3- substituted benzimidoyl chloride [I1]... was

used.

CH
©/ N-Clorosuccinimide ~N al
DMF.40 °C ,12hrs

[Ha-e [Mp-e

R=H 4- OH4- Br 4-N(CH;),
3-NO,

The compounds [11]... were characterized by melting point and FT-
IR spectroscopy. The FT-IR spectrum of compound [Il]4, (Figure 3-2)
shows the strong absorption band at 3280 cm™, due to OH group,3061
cm™,2983,2893 cm™ due to CH aromatic and CH aliphatic (asym. and
sym.), respectively. Band at 1631 cm™ for (v, C = N) was also appeared
in addition to the appearance of strong absorption band at 867 cm™ due to
C-Cl.

3.1.3.Preparation and characterization of 2,3,4,5-di-O-isopropylidene

-beta-D-fructopyranose [I11].

The acetal of beta -D-fructopyranose compound[lll] was prepared
from reacting acetone with p -D-fructose in the presence of concentrated

H,SO, as a catalyst™®).
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oA S

N Dry acetone N
(@) “111OH > O lile}
/-—-' HzSO4,1.5hrS -——-
HO HO OH HO O~
>

[111]

B-D-Fructopyranose

The compound [I11] was characterized by melting point and FT-IR
spectroscopy. The FT-IR spectrum of compound [I1], (Figure 3-3) shows
a strong absorption band at 3271 cm™ which attributed to OH group and
2983-2897 cm™ for C-H aliphatic group. The appearance of absorption
band at 1242cm™ is attributed to C-O ether bond.

3.1.4.Preparation and characterization of 1-O-propargyl- 2,3,4,5-di-
O-isopropylidene-beta-D-fructopyranose [1V]

The reaction of propargyl bromide with 2,3,4,5-di-O-
isopropylidene-beta-D-fructopyranose compound [IIlI] was occurred

under basic conditions to produce compound [IV], via Williamson ether

synthesis.
9 0
o~ T~
o) 1o} "
/__Q ' Propargyl bromid ,NaOH _O_Q "o
HO O~_ O DMF , -15°C ,24hrs o/ 9 o)
> /’ >
[1I1] // (V]
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The path way mechanism™®!) of this reaction may be outline in Scheme
3-1.

O—
N ~ H20 \O\ NaBr §\\
o 10 S ~
/" o; ?-mo O_; E'”O
0) 6! -- /-
.o \
:0 > /o o 0 __©
OH %\DI \/\O /' /\

Scheme (3-1) The reaction mechanism of compound [1V]

The physical properties and FT-IR spectroscopy were
corresponding to the literatures™® . The compound [IV] was
characterized by FT-IR spectroscopy. The FT-IR spectrum of compound
[IV], (Figure 3-4) shows disappearance of stretching vibration band of
OH group of the starting materials and appearance of strong absorption
band at 3273cm™ due to terminal alkyne (=C-H ). Band at 2119 cm™ is
attributed to new alkyne group (C=C) which gave a very good proof for

the formation of compound [IV].

3.1.5.Synthesis and characterization of 3-( 4- or 3-substituted phenyl )
-5-{(2,3,4,5-di-O-isopropylidene-beta-D-fructopyranose-O-yl)methyl }

1H-isoxazole [V]ae

By using CuS0O,.5H,0 as a catalyzed (1,3-dipolar cycloaddition)
reaction under reflux of compound [IV] with N-hydroxy-4-or-3-
substituted benzimidoyl chloride [Il],. yielded the B -D-fructose based
isoxazoles [V]a- -
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The mechanism®?) of 1,3-dipolar cycloaddition was outline in Scheme

3-2.

ClllLX
S— ]
R - R, — H +
V \:«H
Culx R, — Culx
\ /R2 e @
j b O——N=C—R,
3 ) ® N\
C O—N=C—R,
R
Ng—F R,——=——— Culx

R;= D-Fructose moeity
R,= Aryl group

Scheme (3-2) The reaction mechanism of B -D-fructose based
isoxazoles [V]ae .
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The B-D-fructose based isoxazoles compounds [V].e , were
identified by FT-IR and tHNMR, *C-NMR, Mass spectroscopy (of some
of them) , The FT-IR spectrum of compound [V]. ( Figure 3-5) shows
disappearance of stretching vibration band of OH group of N-hydroxy-4-
or-3- substituted benzimidoyl chloride compounds [ll].. and (=C-H ),
C=C groups of terminal alkyne suger compound [IV] of the starting
materials together the appearance of absorption band at 1645 cm™ is
attributed to C = N for isoxazole moiety and that is good indicator for
the ring closure of isoxazole. In addition the appearance of absorption
bands at 3095 cm™ and 2983,2935 cm™ due to CH aromatic and CH
aliphatic (asym. and sym.), respectively. The characteristic FT-IR
absorption bands of B -D-fructose based isoxazoles compounds [V]a.

were listed in Table 3-1.

The FT-IR spectrum of compound [V], (Figure 3-6) shows the
following bands: 3292 cm™(v,-OH), 3066 cm™(v,C-H aromatic ), 2991
,2937 cm™(v, C-H aliphatic),1647 cm™(v, C = N),1593 cm™(v, C=C).

'H-NMR spectrum (in DMSO-d; as a solvent) of compound [V],
(Figure 3-7) shows two singlet signals at 6 (1.10 and 1.17) ppm due to
twelve protons of CHj; for isopropylidene moiety. A doublet signal at & (
3.49-3.51) ppm is due to one proton for - C3"H-Ogroup. The singlet
signal at 6 3.53 ppm could be attributed to the two protons for Fru-CH,-
O group. Besides to a quartet signal at 6 ( 3.74 - 3.76) ppm due to one
proton for -C5 H-O group. Also a doublet signal at & ( 3.80 - 3.82) ppm
due to two protons for -C6 H,-O group. A triplet signal at o (4.24- 4.28)
ppm could be attributed to the one proton of -C4 'H-O group. A singlet
signal at o 4.61 ppm due to two protons for het-CH,-O group and
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appearance of singlet signal at 6 6.79 ppm due to one proton for isoxazole
moiety. Besides to a multiple signal in the region o ( 7.53 - 7.63) ppm
that could be attributed to the four aromatic protons. Finally a singlet

signal at 6 9.70 ppm is due to one proton for OH phenolic group.

BC-NMR spectrum (75 MHz, DMSO-d6) of compound [V]s,
(Figure3-8) displays the signals corresponding to carbon atoms as follows
. two signals at & 29.0, 29.5 ppm could be attributed to four carbon atoms
of four CHj; isopropylidenegroup. Another signals appeared at & 62.4,
70.7,73.0 ppm could be assigned to three carbon for -CH,-Ogroups ,and
signals at & 70.7,75.7,77.5 ppm due to three carbon for -CH-O groups.
Signal at & 100.0 ppm may be attributed to one carbon of O-C-O ,so that
signal at 6 116.4 ppm due to two carbon for C(CHjs), isopropylidene
group . Also many signals in the region 6(127.1-140.4) ppm for aromatic
carbon atoms. Finally, a good signal at 6156.5 ppm may be related to
carbon of C =N group.

The mass spectrum of compound [V],, showed the a parent ion at
m/z=433 and the base peak at m/z = 191 and the peaks at (m/z =260,202,
172, 144,126,114)"* gave a good evidence to the presence the 2,3,4
,5-di-O-isopropylidene - B -D-fructopyranose moiety ( Figure 3-9) .
In addition the two peaks at (67, 43) refers to the presence of isoxazole
ring &%),
3.1.6.Synthesis and characterization of 3-( 4- or 3-substituted
phenyl)-5-{( beta-D-fructopyranose-O-yl)methyl}1H-isoxazole [V1]a.e

Isopropylidene group of compound [V].. were deprotected by
using diluted CH3;COOH. The a broad band around (3278-3429)cm™
which attributed to the O-H stretching is a very good evidence of the

deprotection and formation of compounds [VI].. .
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These compounds were identified by FT-IR , tHNMR ,*C-NMR
and Mass spectroscopy (of some of them) and these data give good
indicators to formation of compounds [VI1],.. The FT-IR spectrum of
compound [VI], (Figure 3-10) shows appearance the strong absorption
band at 3402 cm™due to OH of D-fructose moiety, In addition the
appearance of absorption bands at 3060 cm™and 2987-2873 cm™ is due
to CH aromatic and CH aliphatic (asym. and sym.) respectively. So that
the strong absorption band at 1624 cm™, 1570 cm™ is attributed to C =
N,and C = C groups, respectively.

'H-NMR spectrum (in DMSO-d; as a solvent) of compound [V1],,
(Figure3-11) shows the appearance of four singlet signal at 6 (4.36 , 4.54,
4.84,4.90) ppm that could be attributed to the four protons of OH groups
for D-fructose moiety . A doublet signal at & ( 3.11-3.13) ppm due to two
proton for -C6 H,-O group. Also a doublet signal at & ( 3.28 - 3.31) ppm
due to one proton for - C3'H-O group. So that a singlet signal at 6 3.60
ppm that could be attributed to the two protons for Fru-CH,-O group.
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Besides to a quartet signal at 6 ( 3.70 - 3.72) ppm due to one proton for -
C5 H-O group. A triplet signal at 6 (3.84- 3.86) ppm could be attributed
to the one proton of -C4'H-O group. A singlet signal at & 4.60 ppm
due to two protons for het-CH,-O group and the appearance a singlet
signal at 6 6.74 ppm due to one proton for isoxazole moiety. Finally, a
multiple signals in the region o ( 7.36 - 7.74) ppm that could be
attributed to the five aromatic protons. The disappearance of singlet signal
for twelve protons of CH; for isopropylidene groups with appearance of
four singlet signal due to OH groups for D-fructose moiety which gives a

good evidence of deprotection and formation of compounds [VI]..

The FT-IR spectrum of 3-(4-N,N-dimethylamino phenyl)-5-
{(beta-D-fructopyranose-O-yl)methyl}1H-isoxazole compound [VI]q
(Figure 3-12) shows the following bands:3429 cm™(v,-OH), 3065 cm™ (v,
C-H aromatic), 2987 ,2927 cm™(v, C-H aliphatic),1664 cm™(v, C = N)
and1612cm™(v, C = C). All the spectral data for other compounds are
listed in Table 3-2.

'H-NMR spectrum of compound [VI]yin (Figure 3-13) shows the
following characteristic chemical shifts (DMSO-dg, ppm): 3.10 (s, 6H, -
N(CHa),), (3.62-3.64) (d,1H, - C3'H-0), 3.65 (s, 2H, Fru -CH,-0),(3.69-
3.72) (g,1H, - C5'H-0)( 3.82-3.84) (d, 2H, -C6 H,-0), (3.87 - 3.91)
(t,1H, -C4 H-0) 4.63 (s, 2H, het -CH,-0), 4.32,4.51,4.74,4.77 (s, 4H, -
OH D-fructose), 6.59 (s, 1H, Ar-H isoxazole) and 6.98-7.28 (m, 4H,
Ar-H).

BC-NMR spectrum (75 MHz, DMSO-d6) 8, of compound [VI]q in
(Figure 3-14) displays the signals corresponding to carbon atoms as
follows: & 40.1 ppm (2C, -N(CHjs),), 6 65.1,68.2,70.4 ppm (3C, -CH,-0),
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6 70.2,71.4,73.5 ppm (3C, -CH-OH), ¢ 115.3 ppm ( 1C, O-C-OH ), o
102.06,115.2, 118.1,129.2,145.2,150.3,160.4 ppm (6C, C-Ar) and (3C, C-

isoxazole).

The mass spectrum of compound [VI]y. (Figure 3-15), shows a
parent ion at m/z= 380 and the main peak at m/z = 188 and the peaks at
(m/z =180,162, 144, 114,112, 96, 94,68 and 66)™® which give a good
evidence to the presence of B -D-fructopyranose moiety. In addition
the two peaks at (69, 43) refers to the presence of isoxazole ring. The
most characteristic fragments of this compound were illustrated in
Scheme 3-3.
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Scheme(3-3) The mass fragmentation pattern of compound[IV]g.
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3.1.7. Synthesis and characterization of ester compounds [V11].,
[VIH]ae and [ 1X]aee

The esterification reaction of hydroxyl groups of compounds [V1]..
with different acid chloride in mixture of THF and DMF using

triethylamine as a catalyst at 0-4°C give new esters compounds .

triethylamine R4
0 \ DMF ,THF O
| R,COCl _
N

> o)
X 3hrs (0-4 °C) | \
N

[VI] ae
[VII]a-e -[IX]a-e

[VII]a-e When R;=-CHj

[VII] a-e When Ri1= @
/
[IX] a-e When R;= 0]

These compounds were identified by FT-IR and *H-NMR , **C-
NMR , Mass spectroscopy (of some of them) and these data gave good
evidence to the formation of new ester compounds. The FT-IR spectrum
of compounds [VIl]ae, [VII]ae and [IX].e. shows disappearance the
stretching vibration band of OH group in the region of (3278-3429 ) cm™.
The appearance of strong absorption stretching band at( 1738 - 1712) cm’
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! due to C=0 and C-O around (1267-1238) cm™ of ester group is a very

good evidence of the formation of ester compounds.

The FT-IR spectrum of compound [VIl]y, shows the appearance
new stretching bands at 1736 cm™ , (Figure 3-16). which could be
attributed to C=0O group the appearance of strong absorption stretching
band at 1263 cm™ is due to C-O of ester group, and the disappearance of
strong absorption stretching band of OH group, In addition the
appearance absorption bands at 3035 cm™and 2971-2845cm™ is due to

CH aromatic and CH aliphatic (asym. and sym.), respectively.

FT-IR spectrum of 3-phenyl-5-{(2,3,4,5-tetra-O-acetyl-beta-D-
fructopyranose -O-yl)methyl}1H-isoxazole compound [VII], (Figure 3-
17) shows the following bands:3093 cm™(v, C-H aromatic), 2997-
2904cm™(v, C-H aliphatic), 1738cm™ (v,- C=0)1614 cm™(v, C =
N),1585 cm™(v, C = C) and (1070,1265)cm™ (v,- C-O). The FT-IR
absorption bands data of these compounds [VII].. were listed in
Table 3-3.

'H-NMR spectrum (400 MHz, DMSO-ds) of compound [VII].,
(Figure 3-18) shows the disappearance of four singlet signals belong to
the four protons of OH groups for D-fructose moiety, with the appearance
of singlet signal at & 2.24 ppm which is due to twelve protons for CH; of
ester groups . A doublet signal at 6 3.01 ppm is due to one proton for -
C3'H-O group. So that a singlet signal at 6 3.79 ppm that could be
attributed to the two protons for Fru-CH,-O group. Also a doublet signals
at 6 ( 4.53 - 4.55) ppm are due to two protons for-C6 H,-O group. A
singlet signal at 6 4.68 ppm due to two protons for het-CH,-O group. A
triplet signal at & (5.30- 5.32) ppm could be attributed to the one
proton of -C4 'H-O group. Besides to a quartet signal at & (5.49- 5.57)
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ppm due to one proton for -C5 H-O group, and the appearance of singlet
signal at & 6.73 ppm is due to one proton for isoxazole moiety. Finally, a
multiple signals in the region o ( 7.42 - 7.79) ppm that could be

attributed to the five aromatic protons.

BC-NMR spectrum (75 MHz, DMSO-d6) of compound [VII],,
(Figure 3-19) displayed the signals corresponding to carbon atoms as
follows : signal at & 30.0 ppm could be attributed to four carbon atoms of
four CHj; acetyl groups, also another signals appeared at 6 60.1, 67.2,70.3
ppm could be assigned to three carbons for -CH,-O groups, and signals at
0 69.2,71.4,72.6 ppm are due to three carbons for -CH-O groups, signal at
0 98.2 ppm may be attributed to one carbon of O-C-O ,so that many
signals in the region &(112.5-150.4) ppm for carbons of aromatic moiety.
Also a signal at 6160.4 ppm may be related to carbon of C = N group.
Finally, two signals at 6 177.5and 179.9 ppm are due to four carbons of

C=0 for ester moiety.

The mass spectrum of compound [VII]. as in (Figure 3-20) which
showed the base peak at (m/z= 175) and the parent ion at m/z 505
corresponding to the molecular weight of this compound, Also exhibited
many peaks at (m/z= 348,287,259,199,157, and 97)"% refers to presence
2,3,4,5-tetra-O-acetyl-beta-D-fructopyranose moeity. In addition the two
peaks at (69 and 43) refers to presence the isoxazole ring. The peaks at
(m/z 77, 65 and 51)™®" are characteristic of benzene rings. The most

characteristic fragments of this compound were illustrated in Scheme3-4.
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Scheme (3-4) The mass fragmentation pattern of compound[V1l1],
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The F-TIR spectrum of compound [V111]g4, shows the disappearance
of strong absorption stretching band of OH group , with appearance new
stretching bands at 1712 cm™, which could be attributed to C=0O group
beside appearance the strong absorption stretching band at (1257) cm
'due to C-O of ester group. In addition the appearance absorption bands at
3074 cm™and 2983,2936 cm™ are due to CH aromatic and CH aliphatic
(asym. and sym.) respectively, (Figure 3-21).

FT-IR spectrum of 3-(4-bromo phenyl)-5-{(2,3,4,5-tetra-O-
benzoyl-beta-D-fructopyranose-O-yl)methl}1H-isoxazole compound
[VIII]; shows the following bands:,3095 cm™(, C-H aromatic)
,2987,2935 cm™(v, C-H aliphatic), 1714cm™ (v,- C=0)1674 cm™(v, C =
N),1616cm™ (v, C = C) ,( 1263) cm™ (v,- C-0), (Figure 3-22) . The FT-
IR absorption bands data of these compounds [VIII].. were listed in
Table 3-3.

'H-NMR spectrum (400 MHz, DMSO-ds) of compound [VII1].,
(Figure3-23) shows disappearance a singlet signal to the four protons of
OH groups for D-fructose moiety, appearance a doublet signal at 6 (3.72 -
3.75) ppm due to two protons for-C6 H,-O group. So that a singlet signal
at & 3.85 ppm that could be attributed to the two protons for Fru-CH,-O
group. A doublet signal at 3( 4.02 -4.05 ) ppm due to one proton for -
C3 H-O group. Also a singlet signal at 6 4.63 ppm due to two protons for
het-CH,-O group. Besides to a quartet signal at 6 (5.40- 5.54) ppm due to
one proton for -C5'H-O group. A triplet signal at & 5.83 ppm could be
attributed to the one proton of -C4 H-O group. and appearance a singlet
signal at 6 6.43 ppm due to one proton for isoxazole moiety. Finally, a
multiple signals in the region o ( 6.50 - 7.83) ppm that could be
attributed to the twenty four aromatic protons.
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The F-TIR spectrum of compound [1X],, shows the disappearance
of strong absorption stretching band of OH groups ,with appearance new
stretching bands at 1724 cm™ , which could be attributed to C=0
group, beside appearance the strong absorption stretching band at (1263)
cm™due to C-O of ester group. Also appearance the absorption stretching
band at 1642 cm™,1618cm™due to C = N and C = C groups .In addition
the appearance absorption bands at 3089cm™and 2981,2933cm™ due to
CH aromatic and CH aliphatic (asym. and sym.) respectively, (Figure 3-
24).

FT-IR spectrum of 3-(4-N,N-dimethylamino phenyl)-5-{( 2,3,
4,5-tetra-O-paramethoxybenzoyl-beta-D-fructopyranose-O-yl)methyl}
1H-isoxazole compound [1X]g, shows the following bands:,3074 cm™ (v,
C-H aromatic),2983,2881 cm™(v, C-H aliphatic), 1727cm™ (v,-
C=0)1668 cm™(v, C = N),1583cm™ (v, C = C),( 1259) cm™ (v,- C-0)
(Figure 3-25) . The FT-IR absorption bands data of these compounds
[1X].. were listed in Table 3-3.

'H-NMR spectrum (400 MHz, DMSO-ds) of compound [IX]q
(Figure 3-26), shows the following characteristic chemical shifts: 6 3.03
ppm (s, 6H, -N(CHs),), 6 3.72 ppm (s, 12H, -OCHs), 6 (4.03 -4.05) ppm
(d,1H, - C3'H-0), & 4.15 ppm (s, 2H, Fru -CH,-0), 6 4.66 ppm (s, 2H, het
-CH,-0), & (5.44- 5.46) ppm (q,1H, - C5"H-0), § 5.72 ppm (t,1H, - C4 H-
0), 6 5.88 ppm (d, 2H, -C6 H,-0), 6 6.72 ppm (s, 1H, Ar-H isoxazole), 6
(7.17-7.82) ppm (m, 20H, Ar-H).
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3.1.8.Preparation and characterization of 2-(azidomethyl)-1H-
benzo[d]imidazole [X]

The compound 2-(azidomethyl)-1H-benzo[d]imidazole [X] was
prepared ( in very good yields) from the reaction of 2-(chloromethyl)-1H-
benzo[d]imidazole and sodium azide in traditional SN reaction. FT-IR
spectrm of 2-(azidomethyl)-1H-benzo[d]imidazole, (Figure 3-27) shows
the significant —N5 band at 2100 cm™ as a good indicator of formation of
the mentioned azide. In addition the appearance absorption bands at 3360
cm™ due to NH for benzo[d]imidazol moiety. The physical properties

and FT-IR spectroscopy were corresponding to the literatures®®’

H

N Cl -~ DMSO C[ /> /
+ a 3

N/: 70 °C N

2-(chloromethyl)-1H-benzo[d]imidazole [X]

\J

3.1.9.Synthesis and characterization of 1-((1H-benzo[d]imidazol-2-
yhmethyl)-4-{(2,3,4,5-di-O-isopropylidene-beta-D-fructopyranose-O-
yDmethyl}1H-1,2,3-triazole[XI].

The compound [XI] was synthesized by the same method used for
the synthesis of compounds[V],.. in paragraph ( 3.1.5. ), except using
2-(azidomethyl)-1H-benzo[d]imidazole compound [X] instead of

compounds[H],.
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The mechanism™®® of 1,3-dipolar cycloaddition was outline in Scheme
(3-5).
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R;= D-Fructose moeity
R,= 2-(methyl)-1H-benzo[d]imidazole

Scheme (3-5). The reaction mechanism of 1,2,3-triazole derivatives
compound [XI].
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The structure of the compound [XI] was studied by F-TIR,
'HNMR,"®*C-NMR and Mass spectroscopy. The F-TIR spectrum of
compound  [XI], (Figure3-28) shows the disappearance of strong
absorption stretching band of —N3 for azide group of compound [X], and
=C-H , C=C groups of terminal alkyne suger compound [IV] of the
starting materials together that is good indicator for the ring closure of
triazole. beside appearance the strong absorption stretching band at 3255
cm™ is due to secondary amine NH for benzo[d]imidazol moiety .Also
appearance the absorption stretching band at 1667 cm™,1614cm™ are due
to C = N and C = C groups .In addition the appearance absorption bands
at 3089 cm™and 2981-2830 cm™ due to CH aromatic and CH aliphatic

(asym. and sym.), respectively.

'H-NMR spectrum (in DMSO-d; as a solvent) of compound [XI],
(Figure3-29) shows two a singlet signal at 6 (1.26, 1.28) ppm due to
twelve protons of CHj; for isopropylidene moiety. So that a singlet signal
at 6 3.70 ppm that could be attributed to the two protons for Fru-CH,-O
group.A doublet signal at 6 ( 3.80 - 3.82) ppm due to two protons for -
C6 H,-O group. Besides to a quartet signal at 6 ( 3.90 - 3.92) ppm due to
one proton for -C5'H-O group. A triplet signal at 6 (4.10- 4.14) ppm
could be attributed to the one proton of -C4 H-O group. Also a doublet
signal at & (4.22- 4.24) ppm due to one proton for - C3'H-O group. A
singlet signal at & 4.70ppm due to two protons for het-CH,-O group. A
singlet signal at & 5.10ppm due to two protons for -CH,-N-triazole!*%)
group. Besides to a multiple signal in the region & (7.31-7.74) ppm that
could be attributed to the four aromatic protons of benzene ring and
appearance a singlet signal at & 8.35 ppm due to one proton for triazole
ring Finally a singlet signal at & 12.04 ppm due to one proton for N-
H®°19 henzo[d]imidazol group.

103



BC-NMR spectrum (75 MHz, DMSO-d6) of compound [XI],
(Figure3-30) displays the signals corresponding to carbon atoms as
follows : two signals at 6 26.5, 27.1 ppm could be attributed from four
carbon atoms of four CHj; isopropylidene group and one signal at 6 55.0
due to one carbon for -CH,-N group also another signals appeared at 6
64.0, 67.5,71.4 ppm could be assigned of three carbons for -CH,-O
group,and signals at 6 74.5,76.5,77.9 ppm due to three carbons for -CH-O
group, signal at 6 111.5 ppm may be attributed to one carbon of O-C-O
,50 that signal at 6 112.0, 115.7 ppm due to two carbons for C(CHjs),.
Finally , many signals in the region & (116.1-146.2) ppm for aromatic ten

carbons of benzo[d]imidazole and triazole rings.

The mass spectrum of compound[XI] , is shown in (Figure 3-31).
The peaks at m/z =260, 202, 172, 144, 126, and 114 are produced because
of the characteristic fragmentation of the 2,3,4,5-di-O-isopropylidene-
beta-D-fructopyranose. While the fragments at m/z = 69 and 43 refer to
presence of 1, 2, 3-triazole ring. Also the interesting peaks at m/z =
199(100%) (Base peak) due to both the triazole and benzo[d]imidazole
rings. And the parent ion at m/z 471corresponding to the molecular
weight of this compound . The other important fragments given in
Scheme 3-6.
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Scheme (3-6) The mass fragmentation pattern of compound[XI].
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3.1.10.Synthesis and characterization of 1-((1H-benzo[d]imidazol-2-
yl)methyl)-4-{(beta-D-fructopyranose-O-yl)methyl}1H-1,2,3-triazole
[XI1] .

Hydrolysis of isopropylidene group for compound [XI] occur by
using dil CH;COOH. The F-TIR spectrum of compound [XII], (Figure 3-
32) shows the appearance of strong absorption stretching broad band at
3428cm™ which attributed to the O-H for d-fructopyranose moiety is a
very good evidence of the deprotection and formation of compound [XI1]
. So that appearance the strong absorption stretching band at 3252 cm™
due to secondary amine NH for benzo[d]imidazol moiety, beside
appearance the absorption stretching band at 1660 cm™,1604cm™are due
to C= N and C = C groups. In addition the appearance absorption bands
at 3009 cm™and 2958-2900 cm™ are due to CH aromatic and CH aliphatic

(asym. and sym.), respectively.

OH
o—/—
(@) >"””O (@) >"””OH
/ o) O/HO OH

o ©O
>
7\; \ dil CH;COOH 7; \
N N
MeOH , 24 hrs
AN HN’?

[XI] [XII]

Y
z

3.1.11. Synthesis and characterization of ester compounds [XI111],.
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The reaction of hydroxyl groups of compound [XII]with different
acid chloride in mixture of tetrahydrofuran THF and dimethylformamide
DMF using triethylamine(Et;N) as a catalyst at 0-4°C to give new ester

compounds[XIHI] 5.

oH [
N o O
o) IlOH s O
/. 0 '-'Ho/x
g HO OH /—- R,
g O o\)/o
N \ >:O R4
I\IJI triethylamine DMF ,THF N \ R,
~N > Il
‘? R,COCI (0-4°C) 3hrs N
HN
\ Q
N HN \

[XII]

RI_-CH3,© ’OO/

The compounds[XIll],. , were identified by FT-IR and 'H-
NMR, **C-NMR, Mass spectra (of some of them). The FT-IR spectra of
compounds [XIII] .. , shows the disappearance of stretching vibration
band of OH group so that appearance the strong absorption stretching
band at ( 1740- 1713) cm™ due to C=0 beside to C-O around(1265-
1249) cm™ of ester groups is a good evidence for the formation new ester

compounds.
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The FT-IR spectrum of compound [XIIl],, shows the appearance
of new stretching bands at 1713 cm™, (Figure3-33). which could be
attributed to C=0 group beside appearance the strong absorption
stretching band at (1249) cm™due to C-O of ester group. Also appearance
the strong absorption stretching band at 3250 cm™ is due to NH for
benzo[d]imidazol moiety. So that disappearance the strong absorption
stretching band of OH group, In addition the appearance absorption bands
at 3035 cm™and 2987-2870 cm™ are due to CH aromatic and CH

aliphatic (asym. and sym.), respectively.

The FT-IR spectrum of compound  [XII], 1-((1H-benzo
[d]imidazol-2-yl)methyl)-4-{(2,3,4,5-tetra-O-para  methoxy  benzoyl
-beta-D-fructopyranose-O-yl)methyl}1H-1,2,3-triazole, Figure (3-34)
showed the following bands: 3273 cm™(v,-NH), 3072 cm™(v, C-H
aromatic), 2995,2860 cm™(v, C-H aliphatic), 1726cm™(v,- C=0),1668
cm™(v, C = N),1620 cm™(v, C = C). The FT-IR absorption bands data
of these compounds [XII1],.. were listed in Table (3-4).

'H-NMR spectrum (in DMSO-dg as a solvent) of compound
[XI11],, (Figure3-35) shows a doublet signal at & (3.71 - 3.72) ppm due to
two protons for -C6 H,-O group.A singlet signal at 6 3.78 ppm due to
twelve protons of -OCHj; groups. So that a singlet signal at 6 3.89 ppm
that could be attributed to the two protons for Fru-CH,-O group. A
singlet signal at & 4.68ppm due to two protons for het-CH»-O group.
Also a singlet signal at & 5.02 ppm due to two protons for -CH,-N-
triazole group. Besides to a quartet signal at 6 (5.42 - 5.47) ppm due to
one proton for -C5'H-O group. Also a doublet signal at 6 (5.70- 5.71)
ppm due to one proton for - C3'H-O group. A triplet signal at o (5.88 -
5.90) ppm could be attributed to the one proton of -C4 H-O group.

Besides to a multiple signal in the region & (7.10-8.17) ppm that could be
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attributed to the twenty one, aromatic protons for benzene and triazole
rings. Finally, a singlet signal at 6 12.06 ppm is due to one proton for N-

H benzo[d]imidazol group.

The mass spectrum of compound[XIIl], , shows the a parent ion
at m/z=559 and the base peak at m/z = 43, (Figure 3-36).The
characteristic fragmentation at (m/z =348, 287, 259,157) and (m/z =
229, 199,106 ) were related to the 2,3,4,5-tetra-O-acetyl-beta-D-
fructopyranose moeity and (both the triazole and benzo[d]imidazole
rings) , respectively. The peaks at (m/z 77, 65 and 51) this fragment

characteristic of benzene rings.

3.1.12. Synthesis and characterization of ether compounds [XIV]a.

On the other hand compound [XII] was converted to new ether
compounds [XIV].. using different alkyl bromide in ethanol and

potassium hydroxide KOH as a catalyst .
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The structure of the compounds [XIV].. were studied by F-TIR
and 'HNMR,®C-NMR, Mass spectroscopy (of some of them). The FT-IR
spectra of compounds [XIV].. shows the disappearance of stretching
vibration band of OH group is a good evidence of the formation of new

ether compounds .

The FT-IR spectrum of compound [XIV]., ( Figure 3-37) shows
the appearance of new stretching bands at 1109 cm™due to C-O of ether
group. beside disappearance the strong absorption stretching band of OH
group, Also appearance the strong absorption stretching band at3292 cm™
due to NH for benzo[d]imidazol moiety. Also appearance the absorption
stretching band at 1647 cm™,1610cm™ are due to C = N and C = C
groups . In addition the appearance absorption bands at 3066 cm™and

2986,2922cm™ are due to CH aromatic and CH aliphatic (asym. and
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sym.) respectively. All the spectral data for other compounds are listed in
Table 3-5.

The FT-IR spectrum of compound [XIV], 1-((1H-benzo [d] imidazol
-2-yl)methyl)-4-{(2,3,4,5-tetra-O-ethyl-beta-D-fructopyranose-O-yl)
methyl}1H-1,2,3-triazole, (Figure 3-38) shows the following bands :
3273cm™(v,-NH),3072 cm™(v, C-H aromatic),2995,2940 cm™(v, C-H
aliphatic) ,1668cm™(v, C = N),1620 cm™(v, C = C) 1101 cm™(v, C-O).

'H-NMR spectrum (in DMSO-dg as a solvent) of compound
[XIV],, (Figure3-39) shows two a triplet signal appeared at 6 (1.09- 1.24)
ppm due to twelve protons of -CH; groups for ether moiety. So that
showed two a quartet signal at 6 (3.25,3.42) ppm that could be attributed
to the eight protons for O-CH,CHj; groups. Besides to a quartet signal at
0 (3.60 - 3.65) ppm due to one proton for -C5"H-O group. A triplet
signal at o (3.71 - 3.75) ppm could be attributed to the one proton of (-
C4'H-0) group. Also a doublet signal at & (3.81 - 3.83 ) ppm due to one
proton for - C3 'H-O group. So that a sharp singlet signal at 6 3.95 ppm
that could be attributed to the two protons for Fru-CH,-O group. A
doublet signal at 6 (3.97 - 3.99) ppm due to two protons for -C6 H,-O
group. A singlet signal at 6 4.70ppm due to two protons for het-CH,-O
group. Also a singlet signal at 6 5.08 ppm due to two protons for -CH,-
N-triazole group. Besides to a multiple signal in the region 6 (7.41-7.61)
ppm that could be attributed to the five aromatic protons for benzene and
triazole rings .Finally, a singlet signal at & 12.11 ppm due to one proton

for N-H benzo[d]imidazol group.

B3C-NMR spectrum (75 MHz, DMS0-d6) of compound [XIV],,
(Figure3-40) displays the signals corresponding to carbon atoms as
follows : two signals at 6 12.0,12.5 ppm could be attributed from four
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carbon atoms of four CH; groups for ether moiety and one signal at o
52.1 due to one carbon for -CH,-N group, also another signals appeared
at 8 55.2,62.4,65.9,66.5,67.5ppm could be assigned of seven carbons for -
CH,-O group and showed appeared many signals at & 73.1 ,75.7 , 77.0
ppm could be assigned of three carbons for -CH-O group , signal at 6
110.1 ppm may be attributed to one carbon of O-C-O. Finally , many
signals in the region 6(116.4.2-142.3) ppm for aromatic ten carbons of
benzo[d]imidazo and triazole rings.

The mass spectrum of compound [XIV]. , exhibited a molecular ion
at m/z=503 and the base peak at m/z = 180, also showed a characteristic
fragmentation of 2,3,4,5-tetra-O-ethyl-beta-D-fructopyranose moiety at
m/z =(292, 264, 236, 208 and 144), Figure(3-41). Besides to appeared
many peaks at m/z=(229,199,173,69 and 43) to give a good evidence for

the formation of this compound .

3.1.13. Synthesis and characterization of 1-((1-(prop-2-yn-1-yl)-1H-
benzo[d]imidazol-2-yl)methyl)-4-{(2,3,4,5-di-O-isopropylidene-beta-
D-fructopyranose-O-yl)methyl}1H-1,2,3-triazole[XV].

The reaction of compound [XI] with propargyl bromide in methyl
cyanide  MeCN and potassium carbonate K,CO; as a catalyst™®?
afforded the compound [XV].
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The structure of the compound [XV] was studied by F-TIR,
'HNMR,*®*C-NMR and mass spectroscopy. Disappearance the absorption
stretching vibration bands of secondary amine NH for benzo[d]imidazol
moiety of the starting materials and appearance the sharp absorption
stretching band at 3220cm™ of =C-H , 2106 cm™ C=C for terminal alkyne
group . The FT-IR spectrum (Figure 3-42) give a very good proof for the
formation of compound [XV] beside appearance the absorption stretching
band at 1665 cm™and 1620cm™are due to C = N and C = C groups. In
addition the appearance absorption bands at 3097 cm™and 2981,2925 cm’

' due to CH aromatic and CH aliphatic (asym. and sym.) respectively.

'H-NMR spectrum (in DMSO-ds as a solvent) of compound [XV]
1-((1-(prop-2-yn-1-yl)-1H-benzo[d]imidazol-2-yl)methyl)-4-{(2,3,4,5-di-
O-isopropylidene-beta-D-fructopyranose-O-yl)methyl}1H-1,2,3-triazole.
Shows disappearance a singlet signal to the one proton of NH for

benzo[d] imidazol moiety, with appearance a singlet signal at & 3.32 ppm
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due to one protons of =C-H, for terminal alkyne group. give a good
evidence formation of compound [XV]. *H-NMR spectrum(400 MHz,
DMSO-dg) in (Figure3-43), shows the following characteristic chemical
shifts: 3.32 ppm (s, 1H, =C-H),1.11, 1.21 ppm (s, 12H, -CHs,
isopropylidene), 3.40 ppm (s, 2H, Fru-CH,-0), 3.64 ppm (d, 2H, -C6 H,-
0), 3.92 ppm (q,1H, - C5'H-0), 4.02 ppm (t,1H, C4'H-O), 4.18 ppm
(d,1H, - C3'H-0), 4.50 ppm (s, 2H, -CH»-N), 4.60 ppm (s, 2H, -het-CH,-
0), 4.91 ppm (s, 2H, -CH,-N-triazole), 7.60-7.95 ppm (m, 4H, Ar-H),
7.99 ppm (s, 1H, Ar-H triazole).

BC-NMR spectrum (75 MHz, DMSO-d6) of compound [XV].
(Figure 3-44) displayed the signals corresponding to carbon atoms as
follows,; & 26.7, 27.6 ppm (4C, CHj; isopropylidene), & 47.6,60.7 ppm
(2C, C=C) 0 68.1 ppm (1C, -CH,-N), & 68.2,69.8,70.1 ppm (3C, -CH,-
0), 5 70.8,74.2 ,77.7 ppm (3C, -CH-0), § 108.5,110.2 ppm (2C, C(CHs),
isopropylidene), 6 116.3 ppm ( 1C, O-C-O ), & 119.2,121.3,128.6,
134.7,142.2,145.0,147.1 ppm (9C, C- triazole and benzo[d] imidazol).

The mass spectrum of compound [XV]. (Figure 3-45), shows the
a parent ion at m/z=509 and the base peak at m/z = 199 and the peaks at
(m/z =283,267, 260,239,202, 199,173,144 and 69) were give good
evidence to presence the 2,3,4,5-di-O-isopropylidene-beta-D-

fructopyranose, triazole and benzo[d] imidazol) rings.
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3.1.14.Synthesis and characterizationof bis-triazole compound [XVI1]

1-((1-((1-((-1Hbenzo[d]imidazol-2-yl)methyl)triazol-4-yl)methyl)-1H-
benzo[d]imidazol-2-yl)methyl)-4-{(2,3,4,5-di-O-isopropylidene-beta-
D-fructopyranose-O-yl)methyl1H-1,2,3-triazole .

By CuAAC protocol using CuS0O,4.5H,0 and sodium ascorbate as
a catalyzed vial,3-dipolar cycloaddition reaction of 1-((1-(prop-2-yn-1-
yl)-1H-benzo[d]imidazol-2-yl)methyl)-4-{(2,3,4,5-di-O-isopropylidene-
beta-D-fructopyranose-O-yl)methyl}1H-1,2,3-triazole compound [XV]
with 2-(azidomethyl)-1H-benzo[d]imidazole [X] under reflux yielded the

bis-triazole compound [XVI].

oS P
o/O\ 0
. (s ij

Na ascorbate

',\,l \ H N3 CUSO45H20 5
N + C[ />_/ - §\’N
N DMSO
j} 70 °C ,48hrs N\(\ N
/\ X < (e
f N N

XV] [XVI]

The structure of the compound [XVI]was studied by FT-IR and
mass spectroscopy. The F-TIR spectrum in (Figure3-46) shows the
disappearance of strong absorption stretching band of —N3 for azide group
of compound [X],and =C-H , C=C groups of terminal alkyne compound
[XV]of the starting materials together that is good indicator for the ring

closure of bis triazole. beside appearance the strong absorption stretching
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band at 3275 cm™ due to secondary amine NH for benzo[d]imidazol
moiety .Also appearance the absorption stretching band at 1657 cm™ ,
1630cm™due to C = N and C = C groups .In addition the appearance
absorption bands at 3018 cm™and 2981-2830 cm™ due to CH aromatic

and CH aliphatic (asym. and sym.) respectively.

The mass spectrum of compound [XVI], exhibited a characteristic
fragmentations formation at m/z= (the a parent ion 682 and 624,
566,552, 471, 283,260, 229, 202, 199, 184,173,161, 138,132,118,91,69
and 43) and that gave indicated to the formation of this compound,
(Figure 3-47).

3.1.15. Synthesis and characterization of 1-((1-((1-((-1H benz[d]
imidazol-2-yl)methyl)triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)
methyl)-4-{(beta-D-fructopyranose-O-yl)methyl}1H-1,2,3-triazole
[XVI].

Hydrolysis of isopropylidene group for compound [XVI] occur by using
diluted CH3;COOH. The band (3398) cm™ which attributed to the O-H
stretching is a very good evidence of the deprotection and formation of
compound [XVII] .
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The synthesized compound is characterized by FT-IR, 'HNMR
and *C-NMR spectroscopy. The F-TIR spectrum of compound [XVII],
(Figure 3-48) shows the appearance of strong absorption stretching broad
band at 3398cm™ which attributed to the O-H for d-fructopyranose
moiety . So that appearance the strong absorption stretching band at 3278
cm™ due to secondary amine NH for benzo[d]imidazol moiety . beside
appearance the absorption stretching band at 1660 cm™,1589cm™ are due
to C= N and C = C groups .In addition the appearance absorption bands
at 3095 cm™and 2935,2899 cm™ are due to CH aromatic and CH

aliphatic (asym. and sym.), respectively.

'H-NMR spectrum (in DMSO-ds as a solvent) of compound
[XVI11], (Figure 3-49) shows appearance a quartet signal at 6 ( 3.63 - 3.66)
ppm due to one proton for (-C5 H-O) group. Also a doublet signal at &
(3.69 - 3.70) ppm due to two proton for -C6 H,-O group. A triplet signal
at 0 (3.72- 3.74) ppm could be attributed to the one proton of -C4'H-O
group. So that a singlet signal at 6 3.88 ppm that could be attributed to
the two protons for Fru-CH,-O group. Besides to a doublet signal at o
( 3.93-3.95) ppm due to one proton for-C3'H-O group and showed
appearance four a singlet signal at o (4.49 ,4.50 ,4.70 ,4.75) ppm that
could be attributed to the four protons of OH groups for D-fructose
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moiety. A singlet signal at 6 4.65 ppm due to two protons for het-CH,-O
group. Also a singlet signal at 6 5.17 ppm due to six protons for -CH,-N-
bis-triazole groups. Besides to a multiple signal in the region & (7.40-
7.79) ppm that could be attributed to the ten aromatic protons for
benzene and bis triazole rings .Finally, a singlet signal at & 12.20 ppm due

to one proton for N-H benzo[d]imidazol group.

BC-NMR spectrum (75 MHz, DMSO-d6) of compound [XVI1],
(Figure3-50) displays the signals corresponding to carbon atoms as
follows : two signals at & 49.4 , 51.1 ppm could be attributed of three
carbon atoms from -CH,-N groups also another signals appeared at 6
65.1 ,68.4 ,69.1 ppm could be assigned of three carbons for -CH,-O
groups, and signals at & 70.5 ,71.1,71.9 ppm due to three carbons for -
CH-OH groups, signal at 6 105.5 ppm may be attributed to one carbon of
O-C-OH group. Finally , many signals in the region 6(111.9-150.7) ppm

for aromatic eighteen carbons of benzo[d]imidazo and bistriazole rings.

3.1.16. Synthesis and characterization of ester derivatives contains

bis-triazole compounds[XVII1]...

The reaction of hydroxyl groups of compound [XV11] with different
acid chloride in mixture of tetrahydrofuran THF and dimethylformamide
DMF using triethylamine Et;N as a catalyst at 0-4°C give new esters

compounds[ XV .
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These compounds were identified by FTIR and tHNMR,™C-NMR
spectroscopy (of some of them) and these data give good evidence to
formation the new ester compounds. The FT-IR spectrum of compounds
[XVII]... shows the disappearance of stretching vibration band of OH
group, so that appearance the strong absorption stretching band at( 1737-
1715) cm™ due to C=0 beside to C-O around (1265-1253) cm™ of ester

group is a very good evidence of the formation for ester compounds.

While, the FT-IR spectrum of compound [XVIII], shows the
appearance of strong absorption stretching band at 3217 cm™ due to
secondary amine NH for benzo[d]imidazol moiety and appearance new
stretching bands at 1737 cm™, (Figure 3-51). which could be attributed
to C=0 group beside appearance the strong absorption stretching band at
(1257) cm™due to C-O of ester group. So that disappearance the strong

absorption stretching band of OH groups, In addition the appearance
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absorption bands at 3049 cm™and 2947,2872cm™ due to CH aromatic

and CH aliphatic (asym. and sym.), respectively.

'H-NMR spectrum (300 MHz, DMSO-ds) of compound [XV1II].,
(Figure3-52) shows disappearance four a singlet signal to the four protons
of OH groups for D-fructose moiety, with appearance two a singlet signal
at 62.07,2.12 ppm due to twelve protons for CHasester groups . Also a
doublet signal at 6 (3.89 - 3.90) ppm due to two protons for-C6 H,-O
group. A singlet signal at 6 3.92 ppm that could be attributed to the two
protons for Fru-CH,-O group. So that a singlet signal at 6 4.76 ppm due
to two protons for het-CH,-O group and showed appearance two a singlet
signal at & 5.00,5.01ppm due to six protons for -CH,-N-bis-triazole
groups. Besides to a quartet signal at & (5.32- 5.41) ppm due to one
proton for -C5'H-O group. A triplet signal at ¢ (5.52- 5.55) ppm could
be attributed to the one proton of -C4'H-O group. So that a doublet
signal at & (5.78-5.79) ppm due to one proton for -C3'H-O group.
Besides to a multiple signal in the region 6 (7.08-7.59) ppm that could be
attributed to the ten aromatic protons for benzene and bis- triazole rings
Finally, a singlet signal at & 12.13 ppm due to one proton for N-H

benzo[d]imidazol group.

BC-NMR spectrum (75 MHz, DMSO0-d6) of compound [XV111];,
(Figure3-53) displays the signals corresponding to carbon atoms as
follows :two signals at 6 21.1,21.9 ppm could be attributed from four
carbon atoms of four CH; acetyl groups, two a signals at & 49.9 , 51.6
ppm could be attributed of three carbon atoms from -CH,-N groups also
another signals appeared at & 60.1,65.1,67.4 ppm could be assigned of
three carbons for -CH,-O groups, and signals at 668.4,69.4 ppm due to
three carbon for -CH-O groups, signal at 6 106.6 ppm may be attributed

to one carbon of O-C-O, so that many signals in the region & (111.7-
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150.5) ppm for aromatic eighteen carbons of benzo[d]imidazo and
bistriazole rings. Finally,two signals at 6 168.4, 170.0 ppm due to four

carbon of C=0 for ester moiety.

The FT-IR spectrum of compound [XVIII]. .(Figure 3-54) shows
the following bands: 3273cm™(v,-NH),3093 cm™(v, C-H aromatic),
2999,2904 cm™(v, C-H aliphatic), 1715cm™ (v,- C=0)1672 cm™(v, C =
N),1616 cm™(v, C = C) ,(1265)cm™ (v,- C-O) . The FT-IR absorption
bands data of compounds [XVIII],.. were listed in Table 3-6.

'H-NMR spectrum (300 MHz, DMSO-ds) of compound [XVIII]..
(Figure 3-55) shows the following characteristic chemical shifts (ppm):
3.39 (s, 12H, --OCHj,ester)3.66 (d, 2H, -C6 H,-0), 4.13 (s, 2H, Fru-CH,-
0), 4.70 (s, 2H, het-CH,-0), 5.13(s, 6H, -CH,-N-triazole), 5.42 (g,1H, -
C5'H-0), 5.70 (t,1H, -C4'H-0), 5.90 (d,1H, -C3'H-0O), 7.00-8.09 (d-d
and m, 26H, Ar-H), 12.12 (s, 1H, N-H benzo[d]imidazol).

3.1.17. Synthesis and characterization of ether derivatives contains

bis-triazole compounds [X1X]...

On the other hand compound [XII] was converted to new ether
compounds [XIX],. using different alkyl bromide in ethanol and

potassium hydroxide KOH as a catalyst .
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[XVII]

R,= -CH,CHj , -CH,CH,CHj , -CH,CH,CH,CH,

The structure of the compounds [XIX].. were studied by F-TIR
and 'H-NMR spectroscopy (of some of them). The FT-IR spectra of
compounds [XIX],.. showed disappearance the stretching vibration band

of OH group .

The FT-IR spectrum of compound [XIX],, (Figure 3-56) shows
the appearance of new stretching bands at 1130 cm™due to C-O of ether
group. beside disappearance the strong absorption stretching band of OH
group, Also appearance the strong absorption stretching band at 3254 cm’
' is due to NH for benzo[d]imidazol moiety. Also appearance the
absorption stretching band at 1661 cm™and 1606cm™ are due to C = N
and C = C groups . In addition the appearance absorption bands at 3084
cm™and 2987,2907cm™ due to (CH) aromatic and (CH) aliphatic (asym.
and sym.) respectively. All the spectral data for other compounds are

listed in Table (3-7).

The FT-IR spectrum of compound [XIX]., (Figure 3-57) shows
the following bands : 3244cm™(v,-NH),3070 cm™(v, C-H aromatic),
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2985,2910 cm™(v, C-H aliphatic) ,1641cm™(v, C = N),1610 cm™(v, C =
C) 1126 cm™(v, C-0).

'H-NMR spectrum (in DMSO-ds as a solvent) of compound
[XIX]a, (Figure3-58) shows a pair of triplet signal appeared at & (1.01-
1.24) ppm due to twelve protons of -CHj; groups for ether moiety. So that
showed two a quartet signal at 6 (3.19,3.50) ppm that could be attributed
to the eight protons for O-CH,CHjs groups. Also a doublet signal at &
(3.59 - 3.61 ) ppm due to one proton for -C3'H-O group. A triplet
signal at 6 (3.71 - 3.76) ppm could be attributed to the one proton of
-C4'H-O group. So that a sharp singlet signal at 6 3.82 ppm that could be
attributed to the two protons for Fru-CH,-O group. A doublet signal at 6
(3.96 - 3.99) ppm due to two protons for -C6 H,-O group. Besides to a
quartet signal at 6 (4.11- 4.14) ppm due to one proton for -C5H-O
group. A singlet signal at 6 4.77ppm due to two protons for het-CH,-O
group. Also two a singlet signal at 6 5.19,5.21 ppm due to six protons for
-CH,-N-triazole group. Besides to a multiple signal in the region 6 (7.00-
7.74) ppm that could be attributed to the ten aromatic protons for
benzene and bis-triazole rings .Finally, a singlet signal at 6 12.10 ppm

due to one proton for N-H benzo[d]imidazol group.
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3.1.18. Synthesis and characterization of 2,3,4,5-di-O-isopropylidene-
beta-D-fructopyranose contains both triazole and isoxazole rings

compounds[XX]a..

By using CuS04.5H,0 and sodium ascorbate as a catalyzed
vial,3-dipolar cycloaddition reaction of 1-((1-(prop-2-yn-1-yl)-1H-
benzo[d]imidazol-2-yl)methyl)-4-{(2,3,4,5-di-O-isopropylidene-beta-D-
fructopyranose-O-yl)methyl}1H-1,2,3-triazole compound [XV] with N-
hydroxy-4-or-3- substituted benzimidoyl chloride [I1],. under reflux to

yielded the compounds [XX]... .

o) NS
N _OH ><
I Na ascorbate AN oY=

N
C
N ) e CuS0,.5H,0 \ O/ o

+
Y

N—N S~ DMSO
R

/Z 70°C ,48hrs N\(\N\
1T f =N
/\N N\ . [],-c \N N

[XV]

R=H ,4- (OH, Br N(CH;),
3-(NO,)

The compounds[XX].., were identified by FT-IR and *HNMR
spectroscopy (of some of them), The FT-IR spectrum of compound
[XX]s (Figure 3-59) shows the disappearance of stretching vibration
bands of OH and C-Cl groups of N-hydroxy-4-or-3- substituted
benzimidoyl chloride compounds [Il],. and =C-H , C=C groups of
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terminal alkyne compound [XV]of the starting materials together, that is
good indicator for the ring closure of isoxazole. Also appearance the
absorption stretching band at 1631 cm™and1600cm™ are due to C = N and
C = C groups . In addition the appearance absorption bands at 3061 cm™
and 2983,2893cm™ due to CH aromatic and CH aliphatic (asym. and
sym.), respectively. The characteristic FT-IR absorption bands of

compounds [XX]... were listed in Table 3-8.

The FT-IR spectrum of compound [XX]4, (Figure 3-60) shows
the following bands: 3010 cm™(v,C-H aromatic ) , 2958 ,2900cm™(v, C-H
aliphatic),1662 cm™(v, C = N),1604 cm™(v, C = C).

'H-NMR spectrum (in DMSO-ds as a solvent) of compound
[XX]q, (Figure 3-61) shows two a singlet signal at 6 (1.23, 1.35) ppm due
to twelve protons of CH; for isopropylidene moiety. A singlet signal at o
2.99 ppm due to six protons for N(CHs), group. Also a doublet signal at 6
( 4.18 — 4.20) ppm due to two protons for -C6 H,-O group. A singlet
signal at 6 4.50 ppm that could be attributed to the two protons for Fru-
CH,-O group. So that a singlet signal at 6 4.72 ppm that could be
attributed to the two protons for het-CH,-O group. Also a singlet signal at
0 4.95 ppm due to four protons for -CH,-N group. Besides to a quartet
signal at 6 ( 5.42 - 5.52) ppm due to one proton for -C5 H-O group .A
triplet signal at & (5.42- 5.74) ppm could be attributed to the one
proton of -C4'H-O group. A doublet signal at 6 (5.92-5.93) ppm due to
one proton for -C3'H-O group. Finally, a multiple signal in the region &

(6.82 - 7.95) ppm that could be attributed to the ten aromatic protons.
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3.1.19. Synthesis and characterization of1-((1-((3-( 4- or 3-substituted
phenyl)isoxazol-5-yl)methyl)-1H-benzo[d]imidazol-2-yl)methyl)-4-{ (
beta-D-fructopyranose-O-yl)methyl}1H-1,2,3-triazole [XXI],.

Isopropylidene group of compound [XX]... were deprotected by
using diluted CH3;COOH. The a broad band around (3295-3240)cm™
which attributed to the O-H stretching is a very good evidence of the

deprotection and formation of compounds [XXI].. .

N/Y dil CH;COOH N/Y
N \ McOH , 24 hrs N \
[ e ’ [ e
N N
[XX]a-e [XXI]aee

R=H 4- (OH, Br N(CHj,), , 3-(NO,)

These compounds were identified by FT-IR and H-NMR, **C-
NMR, Mass spectroscopy (of some of them) and these data give good
indicators to formation of compounds [XXl]ae . The FT-IR spectrum of
compound [XXIl], (Figure 3-62) shows the appearance of strong
absorption band at 3240 cm™due to OH of D-fructose moiety, In
addition the appearance absorption bands at 3095 cm™and 2935,2877
cm™® are due to CH aromatic and CH aliphatic (asym. and sym.),
respectively. So that the strong absorption band at 1672, 1651 and 1602
cm™ attributed to C = N, and C = C groups . All the spectral data for

other compounds are listed in Table 3-9.
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'H-NMR spectrum (in DMSO-d; as a solvent) of compound[XXI]s,
(Figure3-63) shows appearance four a singlet signal at 6 (4.32 , 4.51,
4.75,4.77) ppm that could be attributed to the four protons of OH groups
for D-fructose moiety. A doublet signal at 6 ( 3.68-3.70) ppm due to two
proton for -C6 H,-O group. Also a doublet signal at & ( 3.80 - 3.81) ppm
due to one proton for -C3'H-O group. Besides to a quartet signal at 6
(3.82 - 3.85) ppm due to one proton for -C5 H-O group. A triplet signal
at & (3.90- 3.92) ppm could be attributed to the one proton of -C4 H-O
group. So that a singlet signal at 6 4.06 ppm that could be attributed to
the two protons for Fruc-CH,-O group. A singlet signal at & 4.73 ppm
due to two protons for het-CH,-O group. Also a singlet signal at ¢ 5.02
ppm due to four protons for -CH,-N group. Finally, a multiple signals in
the region o (6.40 - 7.41) ppm that could be attributed to the ten
aromatic protons. The disappearance a singlet signal for twelve protons of
CH; for isopropylidene groups with appearance four a singlet signal due
to OH groups for D-fructose moiety give a good evidence to the

deprotection and formation of compounds [XXI]..

BC-NMR spectrum (75 MHz, DMSO0-d6) 8, of compound [XXI];
in (Figure 3-64) displays the signals corresponding to carbon atoms as
follows: : two signals at 6 45.0 , 49.2 ppm could be attributed of two
carbon atoms from -CH,-N groups also another signals appeared at 6
63.1 ,68.2 ,69.1 ppm could be assigned of three carbons for -CH,-O
groups,and signals at & 69.7 ,70.6,71.9 ppm due to three carbons for
-CH-OH groups, signal at 6 101.2 ppm may be attributed to one carbon
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of O-C-OH group. Finally , many signals in the region 6(107.3-166.9)
ppm for aromatic eighteen carbons of benzene, benzo[d]imidazo and

both triazole, isoxazole rings.

The mass spectrum of compound [XXl]c, (Figure 3-65) given
molecular ion at m/z = 626,628(M*,M*%) which corresponds to the
molecular weight of structures suggested for this compound. The results
obtained from the mass spectrum suggested that fission was more easily
accomplished at the carbon-nitrogen and carbon-oxygen bonds rather
than at the carbon-carbon bond such as fragments at m/z = 590, 464,434
and 367 and the peaks at (m/z =180,162, 144, 114,112, 96, 94,68 and
66)"°® were give good evidence to presence the beta-D-fructopyranose
moiety. This spectrum showed the base peak at m/z = 69 due to the
triazole and isoxazole rings . The other important fragments given in
Scheme 3-7.
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3.1.20. Synthesis and characterization of ester derivatives contains
both triazole and isoxazole rings compounds[XXH]se ,[XXIH]ae
and[XX1V],e .

To a stirred for 3hrs reaction hydroxyl groups of compounds
[XX1]ae With different acid chloride in mixture of tetrahydrofuran THF
and dimethylformamide DMF using triethylamineEtsN as a catalyst at

0-4°C give new esters compounds[XXH]ae , [XX11]se and[XXIV]ae .

R
OH 7
: o R
HO R R ! )‘\ R
Ij : ’
T 0
4 Ry O S \(
\/N N )\ Ij R
= 1
\ o) o X O So¥iNg

\ !
/
[o) (@)
N . .
N \ triethylamine DMF ,THF AN
N=N > N
N
@/\N R,COCI (0-4°C) 3hrs \\(\ \=N
z /i _N

[XX1],..
R=H ,4- (OH, Br ,N(CHj3),
3-(NO,)

[XXI],.. When: R, =-CH;

[XXII],, When: R;= @
[XXIV],. When: R, =OO\

These compounds were identified by FT-IR and H-NMR'C-
NMR, Mass spectroscopy (of some of them) and these data give good
evidence to formation the new ester compounds. The FT-IR spectra of
compounds [XX].e , [XXI]ae and [XXIV].., showed disappearance
the stretching vibration band of OH group so that appearance the strong
absorption stretching band at ( 1740- 1711) cm™ due to C=0 beside to
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C-O around (1217-1263) cm™ of ester group is a good evidence of the

formation of ester compounds.

The FT-IR spectrum of compound [XXII],, shows the appearance
of new stretching bands at 1735 cm™, which could be attributed to C=0
group beside appearance the strong absorption stretching band at (1219)
cmidue to C-O of ester group. So that disappearance the strong
absorption stretching band of OH groups, In addition the appearance
absorption bands at 3061 cm™and 2978,2955cm™ due to CH aromatic
and CH aliphatic (asym. and sym.) respectively, (Figure3-66).

'H-NMR spectrum (300 MHz, DMSO-dg) of compound [XXI1],,
(Figure3-67) shows disappearance four a singlet signal to the four protons
of (OH )groups for D-fructose moiety and disappearance(OH )group of
phenol , with appearance three a singlet signal at 6 2.09, 2.25 ,2.32 ppm
due to fifteen protons for CH; ester groups . So that a singlet signal at 6
3.80 ppm that could be attributed to the two protons for Fru-CH,-O
group. A doublet signal at 6 ( 3.92 — 3.93) ppm due to two protons for -
C6 H,-O group. Also a singlet signal at 6 4.60 ppm due to two protons
for het-CH,-O group. And a singlet signal at & 5.03 ppm due to four
protons for -CH,-N group. A triplet signal at 6 (5.37- 5.39) ppm could
be attributed to the one proton of -C4 H-O group. So that a doublet
signal at 6 (5.59- 5.61) ppm due to one proton for -C3 'H- group. Besides
to a quartet signal at 6 (5.87- 5.91) ppm due to one proton for -C5'H-O
group, Finally, a multiple signals in the region & (6.62 - 7.32) ppm that
could be attributed to the ten aromatic protons.

BC-NMR spectrum (75 MHz, DMSO-d6) of compound [XXI1]s,
(Figure3-68) displays the signals corresponding to carbon atoms as
follows :three signals at 6 22.8, 23.1, 24.3 ppm could be attributed to five
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carbon atoms of five CH; acetyl groups. Two signals at 6 42.5 , 47.6 ppm
could be attributed of two carbon atoms from -CH,-N groups, also
another signals appeared at 6 58.7, 65.1, 65.8 ppm could be assigned of
three carbons for -CH,-Ogroups, and signals at 6 67.5,68.1,68.8 ppm due
to three carbons for -CH-O groups, signal at & 100.7 ppm may be
attributed to one carbon of O-C-O ,so that many signals in the region
0(110.2-165.4) ppm could be attributed of eighteen aromatic carbons.
Finally, three signals at 6 (168.0-171.6) ppm due to five carbons of C=0

group for ester moiety.

FT-IR spectrum of 1-((1-((3-(3-nitrophenyl)isoxazol-5-yl) methyl)
-1H-benzo[d]imidazol-2-yl)methyl)-4-{(2,3,4,5-tetra-O-acetyl-beta-D-
fructopyranose-O-yl)methyl}1H-1,2,3-triazole compound [XXIl1] (Figure
3-69)shows the following bands:,3093 cm™(v, C-H aromatic) , 2995,2935
cm™(v, C-H aliphatic), 1738cm™ (v,- C=0)1660 cm™(v, C = N),1620 cm’
(v, C=C), (1257)cm™ (v,- C-O) . The FT-IR absorption bands data
of these compounds [XXI],e , [XXI].e and[XXIV],. . were listed in
Table 3-10.

'H-NMR spectrum(300 MHz, DMSO-dg) of compound [XXII].
(Figure 3-70), shows the following characteristic chemical shifts: & 2.09,
2.28ppm (s, 12H, -CHy), 6 (3.65 -3.77) ppm (d, 2H, (-C6 H,-0), & 4.02
ppm (s, 2H, Fru -CH,-0), & 4.44 ppm (s, 2H, het -CH,-0), 6 4.95 ppm (s,
4H, -CH,-N), 6 (5.39 -5.49) ppm (d,1H, -C3'H-0), 6 (5.79 -5.83) ppm
(t,1H, -C4"H-0), & (5.90- 5.94) ppm (qg,1H, -C5'H-0), & (6.59-7.90) ppm
(m, 10H, Ar-H).

The FT-IR spectrum of compound [XXIIl].. (Figure 3-71),
shows the appearance of new stretching bands at 1718 cm™,which could

be attributed to C=0O group, beside appearance the strong absorption
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stretching band at (1252) cm™due to C-O of ester group. So that
disappearance the strong absorption stretching band of OH group, In
addition the appearance absorption bands at 3059 cm™and 2941,2844cm™

due to CH aromatic and CH aliphatic (asym. and sym.), respectively.

'H-NMR spectrum (300 MHz, DMSO-ds) of compound [XXIII].,
(Figure3-72) shows disappearance four a singlet signal to the four protons
of OH groups for D-fructose moiety . So that appearance a singlet signal
at 6 3.88 ppm that could be attributed to the two protons for Fru-CH,-O
group. A doublet signal at 6 ( 4.33 — 4.35) ppm due to two protons for
-C6 H,-O group. Also a singlet signal at & 4.77 ppm due to two protons
for het-CH,-O group. And a singlet signal at & 4.91 ppm due to four
protons for -CH,-N group. A triplet signal at 6 (5.20- 5.24) ppm could
be attributed to the one proton of -C4 H-O) group. Besides to a quartet
signal at 6 (5.51- 5.55) ppm due to one proton for -C5 H-O group. So
that a doublet signal at 6 (5.91- 5.92) ppm due to one proton for -C3'H-O
group. Finally, a multiple signals in the region o (6.75 — 8.17) ppm that

could be attributed to the thirty one aromatic protons.

FT-IR spectrum of compound [XXIV]., shows the appearance of
new stretching bands at 1728 cm™, (Figure 3-73). which could be
attributed to C=O group, beside appearance the strong absorption
stretching band at (1261) cm™due to C-O of ester group. So that
disappearance the strong absorption stretching band of OH group, In
addition the appearance absorption bands at 3089 cm™and 2945,2845cm™
due to CH aromatic and CH aliphatic (asym. and sym.), respectively.

'"H-NMR spectrum (in DMSO-ds as a solvent) of compound
[XXIV]., (Figure3-74) shows disappearance four a singlet signal to the

four protons of OH groups for D-fructose moiety, with appearance two a
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singlet signal at 6 3.43 ,3.45 ppm due to twelve protons for -OCH; groups
. So that a singlet signal at & 4.11 ppm that could be attributed to the two
protons for Fru-CH,-O group. A doublet signal at 6 (4.35 — 4.37) ppm
due to two protons for -C6 H,-O group. Also a singlet signal at & 4.70
ppm due to two protons for het-CH,-O group. And a singlet signal at o
4.92 ppm due to four protons for -CH,-N group. A quartet signal at o
(5.30- 5.34) ppm due to one proton for -C5'H-O group. Besides to a
triplet signal at ¢ (5.53- 5.55) ppm could be attributed to the one
proton of -C4 H-O group. So that a doublet signal at 6 (5.75- 5.77) ppm
due to one proton for -C3'H-O group. Finally, a multiple signals in the
region o ( 7.44 — 8.03) ppm that could be attributed to the twenty two

aromatic protons.

3.2.Biological Activity
Heterocyclic rings and carbohydrate considered an important class
of compounds having a wide spectrum of biological activity, and their

antimicrobial activity**?

. The synthesized isoxazoles and triazoles
derivatives in this work are expected to possess biological activity thus
preliminary evaluation of anti-bacterial and antifungal activity for
many synthesized compounds were performed. The antibacterial and
antifungal activity of the synthesized compounds performed using agar
diffusion method ®®'% on three types of pathological bacteria: the
Escherichia coli (G-), Staphylococcus aureus (G+) and Bacillus

substilis(G+) and one type of pathological fungal ( Candida albicans) .

The results were discuss as follows:

1)The first line (D-fructose derivatives based isoxazole ring.) showed:-

a) All the 3-(4-or 3-substituted phenyl)-5-{(2,3,4,5-di-O-isopropylidene-
beta-D-fructopyranose-O-yl)methyl}1H-isoxazole  compounds [V].e
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showed good biological activity against Staphlocococs aureus, bacillus
subtitis and E.coli . On the other hand, compounds [V]... did not show

any antifungal activity (candida albicans) except compound[V]..

b) 3-( 4- or 3-substituted phenyl)-5-{(beta-D-fructopyranose-O-
yl)methyl}1H-isoxazole compounds [VI].. exhibited good activity
against three type of bacteria . The compounds [VI].. showed antifungal
activity, while the other compounds [VI]apq did not showed antifungal

activity.

c) On the other hand, the ester derivatives compounds [VI].e, [VIH]se
and [ IX],. showed different activity against three type of bacteria and
did not show antifungal activity except compounds[VIl]e, [VIII]sp and
[1X]sce - The antibacterial and antifungal data of the compounds[VI]..,
[V, [VIH]ocand [ IX]ae were listed in Table 3-11.

2) The second line (D-fructose derivatives based 1,2,3-triazole ring)

showed, the following data which were listed in Table 3-12.

a) The 2,3,4,5-di-O-isopropylidene-beta-D-fructopyranose based triazole
compound [XI], showed good biological activity against E.coli gram (-)
and bacillus subtitis, Staphlocococs aureus gram (+) and antifungal

activity .

b) Beta-D-fructopyranose based triazole compound[XIl] exhibited

good bhiological activity towards bacteria and fungal types .
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c) The ester derivative compounds [XII1],.. showed different inhibition
zones against bacterial and antifungal activity excepted compound

[XI11], did not show antifungal activity.

d) The ether derivative compounds [XIV],.. showed antibacterial activity

and some of them showed antifungal activity.

3) The third line (D-fructose derivatives based bis-1,2,3-triazole rings)
showed the following data which were listed in Table 3-13.

a) The 1-((1-(prop-2-yn-1-yl)-1H-benzo[d]imidazol-2-yl)methyl)-4-
{(2,3,4,5-di-O-isopropylidene-beta-D-fructopyranose-O-  yl)methyl}1H-
1,2,3-triazole [XV] showed good biological activity against bacillus
subtitis, Staphlocococs aureus gram (+) and antifungal activity while did

not showed activity towards E.coli gram (-).

b) On the other hand, beta-D-fructopyranose based bis triazole
compounds[XVI], [XVII], showed good biological activity against
E.coli gram (-) and bacillus subtitis, Staphlocococs aureus gram (+) and

antifungal activity .

c) The ester derivatives compounds [XVIIl].. showed different
(between good to high) activity against fungal activity and a good

activity against bacterial.

d) The ether derivatives compounds [XIX]... exhibited good data against
bacterial and antifungal activity, but the compound [X1X], showed only

antifungal activaty.

4) The fourth line (D-fructose derivatives based bothl,2,3-triazoleand

isoxazole rings) showed:-
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a) All the 1-((1-((3-(4-or 3-substituted phenyl)isoxazol-5-yl)methyl)-1H-
benzo[d]imidazol-2-yl)methyl)-4-{(2,3,4,5-di-O-isopropylidene-beta-D-

fructopyranose- O - yl) methyl} 1H-1,2,3-triazole compounds [XX]a.e
showed good biological activity against Staphlocococs aureus, bacillus

subtitis and E.coli and some of them showed antifungal activity

b) On the other hand, 1-((1-((3-(4- or 3-substituted phenyl)isoxazol-5-
yl)methyl)-1H-benzo[d]imidazol-2-yl)methyl)-4-{(beta-D-fructo

pyranose -O-yl)methyl}1H-1,2,3-triazole compounds [XXl].. exhibited
good activity against three type of bacteria . The compounds[XXl]g.
showed antifungal activity, while the other compounds [XXl],.., did not

showed antifungal activity.

c) The ester derivative compounds[XXIH]se, [XXI]ae and [XXIV],.e
showed different activity against three types of bacteria and some of
them showed antifungal activity. The antibacterial and antifungal data
of the compounds[XXJae, [XX1Jae, [XX]ae , [XX11]ae and [XXIV] e
were listed in Table 3-14.

The results in general showed that most of the tested compounds
possess biological activity against the three types of the bacteria and one
type of pathological fungal . The biological activity of the synthesized
compounds, which were exhibited high, moderate,low or no inhibition
zones. The antimicrobial activity can be attributed on one hand to the
isoxazoles , 1H-benzo[d]imidazole and triazoles moiety which active in
different biological field. On the other hand, the chirality of sugar moiety
Is an important reason for the inhibition as well as the overall synthesized
molecules are mimics to the glycolipids because they contains both
hydrophilic and lipophilic parts. Figures(3-75),(3-76), (3-77), (3-78)
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and(3-79) showed the effect of these compounds on three types of

bacteria and one type of antifungal.

Conclusions

In this work new derivatives 2,3,4,5-di-O-isopropylidene-beta-D-
fructopyranose, beta-D-fructopyranose, esters, ether and their heterocyclic
compounds derivatives synthesized and characterized. The following

conclusions could be drawn as below :-

1-The 3-(4-or 3-substituted phenyl)-5-{(2,3,4,5-di-O-isopropylidene-
beta-D-fructopyranose-O-yl)methyl}1H-isoxazole compounds [V],.e were
synthesized by reaction of Alkynyl sugar compound [IV] with N-
hydroxy-4-or-3- substituted benzimidoyl chloride [I1]... by refluxed for a
long time between (40-48) hrs. with moderate yields.

2- New triazole derivative 1-((1H-benzo[d]imidazol-2-yl)methyl)-4-
{(2,3,4,5-di-O-isopropylidene-beta-D-fructopyranose-O-yl)methyl } 1H-
1,2,3-triazole compound [XI] was synthesized by the reaction of Alkynyl
sugar compound [IV] with 2-(azidomethyl)-1H-benzo[d]imidazole
compound [X] by refluxed at 65-70 °C temperature for a long time

between 40-48 hrs. with low yields.

3- Beta-D-fructopyranose derivative compounds [V].., [XI], [XVII]
and[XXl],.. were synthesized through the deprotected for Isopropylidene
group of compounds [V]ae, [XI], [XVI] and[XX].. by using diluted
CH3COOH in moderate yield by simple method.

4- Ester compounds [VH]ee, [VIH]ae, [ Xlae  [XIH]ae [XVIH]ae
[XXH]ae , [XXIH]4e and [XX1V].e were synthesized in simple method
and short time by reaction of hydroxyl groups of compounds [Vl]ae,
[XIH], [XVI] and [XXI].. with different acid chloride in mixture
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of tetrahydrofuran THF and dimethylformamide DMF using
triethylamine Et;N as a catalyst at 0-4°C .

5- Ether compounds [XIV]a.c and [X 1X].. Wwere obtained in good yield
by reaction of compounds[XII], [XVI1] with different alkyl bromide in

ethanol and potassium hydroxide KOH as a catalyst

6-The physical properties and spectral data (FT-IR and H-NMRC-
NMR , Mass spectroscopy ) give good information and indication of the
suggested structure for the new synthesized compounds.

7- The antimicrobial of all compounds of these derivatives studied against
of Gram-positive bacteria (Staphylococcus aureus, Bacillus substilis) and
Gram-negative  bacteria  (Escherichia coli) and pathological
fungal(Candida albicans). Many synthesized compounds gave good
biological activity and other did not showed any biological activities.
That may be related to the functional groups and the chemical structure

for the examined compounds.
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Suggestion of future work

1-Synthhesis new tris and tetrakis triazoles from the new triazoles

derivative (were synthesized in this work).

2-Convert the OH group in 3-( 4- or 3-substituted phenyl)-5-{( beta-D-

fructopyranose-O-yl)methyl}1H-isoxazole to ether compounds .

3-Changing the catalytic conditions (Regioselective) leads to the

formation of new isomers that vary in link locations

1,5-regioisomer 1,4-regioisomer

4-Study the anticancer activity of the synthesized compounds.

5-Study the liquid crystalline properties of the synthesized compounds.
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Table 2-4:The nomenclature, structural formula, molecular formula and physical properties of compounds [V]a.e

Comp | Nomenclature Structural formula Molecular M. P°C | Yield | color
No formula %
3-phenyl-5-{(2,3,4,5-di-O- #O
[V]. isopropylidene-beta-D- o, \O
fructopyranose-O-yl)methyl}1H- . < CaHxN1O7 | Oily 67 | Deep
isoxazole o yellow
~-
O-N
3-(4-Hydroxyl phenyl)-5-{(2,3,4,5- | ~,
V1o di-O-isopropylidene-beta-D- ° \O
fructopyranose-O-yl)methyl}1H- o < CaHz7N1Og | Qily 70 | Red
isoxazole o on
3-(4-bromo phenyl)-5-{(2,3,4,5-di- #O
[V]. O-isopropylidene-beta-D- o \O
fructopyranose-O-yl)methyl}1H- < C22H2sN1O7Br | Oily 75 | Brown
isoxazole © o
Br
=
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3-(4-N,N-dimethylamino phenyl)-

[VIe |5-{(2,3,4,5-di-O-isopropylidene- O O
beta-D-fructopyranose-O- o PN CaHzN:0; | Oily 63 | White
yl)methyl}1H-isoxazole o W@’ N
5
[VIe |3-(3-nitro phenyl)-5-{(2,3,4,5-di- |~
O-isopropylidene-beta-D- ° O _
fructopyranose-O-yl)methyl}1H- o -,O>< CyoHsN20Og | Oily 60 Deep
Isoxazole o Brown
o—;ﬁ N+ O
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Table 2-5:The nomenclature, structural formula, molecular formula and physical properties of compounds [V1].

Comp | Nomenclature Structural formula Molecular M. P°C |Yield | color

No formula %

[VI]. | 3- phenyl-5-{(beta-D- HOy,, o- C1eH19N, 05 80-82 77 Pale
fructopyranose-O-yl) methyl}1H- - @ 1y O \ yellow
isoxazole " T on

[VI], | 3-(4-Hydroxyl phenyl)-5-{(beta-D- | "%~ o-N
fructopyranose-O-yl) methyl}1H- Q )0

isoxazole Ci6H19N1Og 140-142 | 82 Red

[VI]. | 3-(4-bromo phenyl)-5-{(beta-D- 0, ¢ o-N
fructopyranose-O-yl) methyl}1H- KA
isoxazole S 1 Cy6H1sN;O;Br | 136-138 | 80 | Brown

[VI]g | 3-(4-N,N-dimethylamino phenyl)- | o~ o-N
5-{(beta-D-fructopyranose-O-yl) RPN, v _
methyl}1H-isoxazole A ¥ \ CisHaN,0; | 160-162 | 73 | White
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[VI]e | 3-(3-nitro phenyl)-5-{(beta-D- "0~ o\
fructopyranose-O-yl) methyl}1H- HO\"QWON\Q
isoxazole 3.on . Ci6H1sN2Og | 166-168 | 71 | Brown
AR
Table 2- 6: The nomenclature , structural formula, molecular formula and physical properties of esters
compounds[VIl]a-g, [VIlI]a-e and [ IX]a-e
Comp | Nomenclature Structural formula Molecular M. P°C |Yield | color
No formula %
3-phenyl-5-{(2,3,4,5-tetra-O- 0 YO
[VII], | acetyl-beta-D-fructopyranose-O- —( 0 O’N\
yl)methyl}1H-isoxazole O“'(_Z%(?N\@ C24H27N; 01y 158-160 | 60 | Yellow
ke
3-(4-acetyloxy phenyl)-5-{(2,3,4,5- 0 0 0
[VII], | tetra-O-acetyl-beta-D- ‘(o“. OTOJO\’N%Q%
fructopyranose-O-yl)methyl}1H- . Q//O N ° | CeHxNiO13 | 190-192 | 65 | Brown
isoxazole >—c§ oJ<
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3-(4-bromo phenyl)-5-{(2,3,4,5-

[VII]. | tetra-O-acetyl-beta-D- $
fructopyranose-O-yl)methyl}1H- W CosHysN;O11Br | 170-172 | 67 | Pale
isoxazole >L J< brown
3-(4-N,N-dimethylamino phenyl)- .
[VII]¢ | 5-{(2,3,4,5-tetra-O-acetyl-beta-D- N\Q/
fructopyranose-O-yl)methyl}1H- CaHaNOyy | 181-183 | 58 | Yellow
isoxazole >L J<
[VI]e | 3-(3-nitro phenyl)-5-{(2,3,4,5-tetra—
O-acetyl-beta-D-fructopyranose-O- 0, o7
yl)methyl}1H-isoxazole s Co4H26N2013 177-179 | 61 Deep
o{ yellow
3- phenyl-5-{(2,3,4,5-tetra-O- QYO
[VIII], | benzoyl-beta-D-fructopyranose-O- <>_<° o L o
yl)methyl}1H-isoxazole 0°"'Q,/:\)\)\© CasHzsN1 Oy 161-163 | 62 | Deep
o oJé} yellow
3-( 4-benzoyloxy phenyl )-5- ) QY
[VIllls | {(2,34,5-tetra-O-benzoyl-beta-D- | (- ~J 4 = 3
fructopyranose-O-yl)methyl}1H- ] Q/ CasHzN1Oyy | 197-199 | 66 | Deep
isoxazole Jb pink




3-(4-bromo phenyl)-5-{(2,3,4,5-

[VIII], | tetra-O-benzoyl-beta-D- <>_<° Q\fo ot
fructopyranose-O-yl)methyl}1H- O\ "///O"VQ\Q& Ca4HN; O Br | 176-178 | 67 | Brown
isoxazole C;LO\ OJ%D
3-(4-N,N-dimethylamino phenyl)- ) .
[VIIN]g |5-{(2,3,4,5-tetra-O-benzoyl-beta- | { )< b 7
D-fructopyranose-O-yl)methyl}1H- 2 Q/W\ Ca6H10N2011 189-192 | 60 | Yellow
isoxazole C;L Jé}
3-(3-nitro phenyl)-5-{(2,3,4,5-tetra- QYO
[VIII]e | O-benzoyl-beta-D-fructopyranose- @—{ZI s
O-yl)methyl}1H-isoxazole Cc;ggk)\q CasH3aN2013 181-183 | 62 | Yellow
[1X]a 3-phenyl-5-{(2,3,4,5-tetra-O-para = g
methoxybenzoyl-beta-D- Czﬁ p
fructopyranose-O-yl)methyl}1H- I% CagH7N1Oys | 165-167 | 58 | Pale
isoxazole A~ {Y 0O yellow

146




[1X]p 3-(4- methoxybenzoyloxy phenyl)- . »
5-{(2,3,4,5-tetra-O-para p —
methoxybenzoyl-beta-D- Q b Q Cs6H33N1015 205-207 | 60 | Red
fructopyranose -O-yl)methyl}1H- | {V«@,@/
isoxazole avat @K

[1X]c 3-(4-bromo phenyl)-5-{(2,3,4,5- - a
tetra-O-para methoxybenzoyl-beta- C; p
D-fructopyranose -O- S W _ _ | CagH26N1015Br | 199-201 | 57 Brown
ymethyl}1H-isoxazole O @

[1X]q 3-(4-N,N-dimethylamino phenyl)- - &
5-{(2,3,4,5-tetra-O-para C?F p
methoxybenzoyl-beta-D- I ;| CsoH2N2015 211-213 | 59 | Pale
fructopyranose-O-yl)methyl}1H- . O \(0’&}@ OM“\ yellow
isoxazole / b o

[1X]e 3-(3-nitro phenyl)-5-{(2,3,4,5-tetra- i &
O-para methoxybenzoyl-beta-D- C; p o
fructopyranose-O-yl)methyl}1H- {V "* | CagHaN2O17 [ 200-202 |55 | Yellow

isoxazole
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Table 2- 7: The nomenclature , structural formula, molecular formula and physical properties of compounds

[XI]and [XI1].
Comp | Nomenclature Structural formula Molecular M. P°C |Yield | color
No formula %
1-((1H-benzo[d]imidazol-2- ~ o
[XI] | yD)methyl)-4-{(2,3,4,5-di-O- o< Deep
isopropylidene-beta-D- ML\ Ca3HxNsOg | 160-162 | 68 | brown
fructopyranose-O-yl)methyl}1H- KN@N,N*F._N
1,2,3-triazole “”@
1-((1H-benzo[d]imidazol-2- "% o
[XI] | yl)methyl)-4-{(beta-D- o= D
fructopyranose-O-yl)methyl}1H- o C17H21NsOg [ 190-192 | 71 | brown

1,2,3-triazole
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Table 2- 8: The nomenclature , structural formula, molecular formula and physical properties of esters
compounds[X111]a¢

Comp | Nomenclature Structural formula Molecular M. P°C |Yield | color

No formula %
1-((1H-benzo[d]imidazol-2-

[XI11]. | y))methyl)-4-{(2,3,4,5-tetra-O- ) J@ Deep
acetyl-beta-D-fructopyranose-O- )—° Yé CxsHxNsOy | 185-187 | 82 | green
yl)methyl}1H-1,2,3-triazole L
1-((1H-benzo[d]imidazol-2- QY

[XII], | yDmethyl)-4-{(2,3,4,5-tetra-O- <>_< N Deep
benzoyl-beta-D-fructopyranose-O- Q \)\/XN CssH37NsO49 | 193 -195 | 70 yellow
yl)methyl}1H-1,2,3-triazole C;L ”N©
1-((1H-benzo[d]imidazol-2- YU

[X1]c | y)methyl)-4-{(2,3,4 5-tetra-O-para | o~ )’ o~uo
methoxy benzoyl-beta-D- v od JKQ
fructopyranose-O-yl)methyl}1H- CagHssNs5044 | 201 -203 | 65 Yellow

1,2,3-triazole
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Table 2- 9: The nomenclature , structural formula, molecular formula and physical properties of ethers
compounds[XI1V]a.

Comp | Nomenclature Structural formula Molecular M. P°C |Yield | color
No formula %
1-((1H-benzo[d]imidazol-2- i
[XIV]. | yl)methyl)-4-{(2,3,4,5-tetra-O- ,y
ethyl-beta-D-fructopyranose-O- 1 / I CasH37Ns0¢ | Oily 77 | Green
yl)methyl}1H-1,2,3-triazole 6
1-((1H-benzo[d]imidazol-2- N
[XIV], | yDmethyl)-4-{(2,3,4,5-tetra-O- - Hﬁx
propyl-beta-D-fructopyranose-O- L~ I CooHssNsOg | 110-112 | 73 | Yellow
yl)methyl}1H-1,2,3-triazole é
1-((1H-benzo[d]imidazol-2- SN
[XIV]. | yl)methyl)-4-{(2,3,4,5-tetra-O- - JQ:M
butyl-beta-D-fructopyranose-O- L / r( Ca3Hs53Ns06 | 116 -118 | 62 Brown
yl)methyl}1H-1,2,3-triazole 6
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Table 2- 10: The nomenclature , structural formula, molecular formula and physical properties of
compounds [XV], [XVI] and [XVII]

Comp | Nomenclature Structural formula Molecular M. P°C |Yield | color
No formula %
1-((1-(prop-2-yn-1-yl)-1H- -3
[XV] | benzo[d]imidazol-2-yl)methyl)-4- ‘GELZK
{(2,3,4,5-di-O-isopropylidene- ’ L Light
beta-D-fructopyranose-O- = Cy6H31NsOg | 200-202 | 80 | brown
yl)methyl}1H-1,2,3-triazole ” O
1-((1-((1-((-1H-benzo[d]imidazol- ~ QN
[XVI] | 2-yD)methyl)triazol-4-yl)methyl)- | © N H\
1H-benzo[d]imidazol-2-yl)methyl Qox N
)-4-{(2,3,4,5-di-O-isopropylidene- T ”% CasH3sN1oOg | 225-227 | 66 | Orang
beta-D-fructopyranose-O- b=l
ymethyl}1H-1,2 3-triazole 0!
1-((1-((1-((-1H-benzo[d]imidazol- oo
[XVII] | 2-yl)methyltriazol-4-yl)methyl)- )
1H-benzo[d]imidazol-2-yl) methyl DJ"\ Deep
)-4-{(beta-D-fructo pyranose -O- QNH NLN CosH3oN 10O | 241 -243 | 75 yellow
yl)methyl}1H-1,2,3-triazole NKCW
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Table 2- 11: The nomenclature , structural formula, molecular formula and physical properties of esters

compounds[XVIIl]...

benzoyl-beta-D-fructopyranose-O-
yl)methyl}1H-1,2,3-triazole

Comp | Nomenclature Structural formula Molecular M. P°C |Yield | color
No formula %
1-((1-((1-((-1H-benzo[d]imidazol-2- o Y
[XVIl]a | yl)methyl)triazol-4-yl)methyl)-1H- ] ‘i
benzo[d]imidazol-2-yl)methyl)-4- WY ° Light
{(2,3 ,4,5-tetra-O-acetyl-beta-D- Q Lo CagH3sN1gO1o | 198 -200 | 76 | brown
fructopy ranose-O-yl)methyl}1H- “‘&Cf @
1,2,3-triazole '
1-((1-((1-((-1H-benzo[d]imidazol-2- Y©
XVl | ylYmethyl)triazol-4-yl)methyl)-1H- (W i,
benzo[d]imidazol-2-yl)methyl)-4- f b
{(2,3 ,4,5-tetra-O-benzoyl-beta-D- Q LN é CseHagN1gO1o | Dec 242 | 71 | Brown
fructopyr anose-O-yl)methyl}1H- A
1,2,3-triazole " G
1-((1-((1-((-1H-benzo[d]imidazol-2 - YU
[XVIH]e | yl)methyl)triazol-4-yl)methyl)-1H- A o,
benzo[d]imidazol-2-yl)methyl )-4-{ f b
(2,3,4,5-tetra-O-para methoxy Q F(Ni o | CeoHs4N19O014 | Dec 235 | 67 Orang
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Table 2- 12: The nomenclature , structural formula, molecular formula and physical properties of ethers
compounds[X1X]a.c

Comp
No

Nomenclature

Structural formula

Molecular
formula

M. P°C

Yield
%

color

[XIX]a

1-((1-((2-((-1H-benzo[d]imidazol-
2-yl)methytriazol-4-yl)methyl)-
1H-benzo[d]imidazol-2-
yl)methyl)-4-{(2,3,4,5-tetra-O-
ethyl-beta-D-fructopyranose-O-
y)methyl}1H-1,2,3-triazole

C36 H46N 1006

Qily

84

Deep
brown

[XIX]s

1-((1-((1-((-1H-benzo[d]imidazol-
2-yl)methytriazol-4-yl)methyl)-
1H-benzo[d]imidazol-2-
yl)methyl)-4-{(2,3,4,5-tetra-O-
propyl-beta-D-fructopyranose-O-
yl)methyl}1H-1,2,3-triazole

C40 H54N 1006

125 -127

75

Light
brown

[XIX]

1-((1-((1-((-1H-benzo[d]imidazol-
2-yl)methyl)triazol-4-yl)methyl)-
1H-benzo[d]imidazol-2-
yl)methyl)-4-{(2,3,4,5-tetra-O-
butyl-beta-D-fructopyranose-O-
yl)methyl}1H-1,2,3-triazole

Ca4Hs2N1006

131 -133

64

Deep
yellow

153




Table 2-13: The nomenclature , structural formula, molecular formula and physical properties of
compounds[XX]a..

Comp
No

Nomenclature

Structural formula

Molecular
formula

M. P°C

Yield
%

color

[XX]a

1-((1-((3-phenylisoxazol-5-
yl)methyl)-1H-
benzo[d]imidazol-2-yl)methyl)-
4-{(2,3,4,5-di-O-isopropylidene-
beta-D-fructopyranose-O-
yl)methyl}1H-1,2,3-triazole

‘51

\{ )
1

z
Il
z
@7/

C33 H36N607

143-145

61

Deep
yellow

[XX]p

1-((1-((3-(4-Hydroxyl
phenyl)isoxazol-5-yl)methyl)-
1H-benzo[d]imidazol-2-
yl)methyl)-4-{(2,3,4,5-di-O-
isopropylidene-beta-D-
fructopyranose-O-yl)methyl}1H-
1,2,3-triazole

e

{ X
b

z
]
z
@7/

C33 H36N608

177-179

70

Brown

154




[XX]e

1-((1-((3-(4-
bromophenyl)isoxazol-5-
yl)methyl)-1H-
benzo[d]imidazol-2-yl)methyl)-
4-{(2,3,4,5-di-O-isopropylidene-
beta-D-fructopyranose-O-
yl)methyl}1H-1,2,3-triazole

C33H35N607Br

151-153

69

Brown

[XX]q

1-((1-((3-(4-N,N-
dimethylaminophenyl)isoxazol-
5-yl)methyl)-1H-
benzo[d]imidazol-2-yl)methyl)-
4-{(2,3,4,5-di-O-isopropylidene-
beta-D-fructopyranose-O-
y)methyl}1H-1,2,3-triazole

C35 H41 N707

145-147

72

Deep
yellow

[XX]e

1-((1-((3-(3-
nitrophenyl)isoxazol-5-
yl)methyl)-1H-
benzo[d]imidazol-2-yl)methyl)-
4-{(2,3,4,5-di-O-isopropylidene-
beta-D-fructopyranose-O-
yl)methyl}1H-1,2,3-triazole

CSS H35N7O9

161-164

65

Yellow

155




Table 2- 14: The nomenclature , structural formula, molecular formula and physical properties of
compounds[XX1]ae.

Comp | Nomenclature Structural formula Molecular M. P°C |Yield | color
No formula %
1-((1-((3-phenylisoxazol-5- "o
[XXI], | yl)methyl)-1H-benzo[d]imidazol-2- o)
yl)methyl)-4-{(beta-D- N o=
fructopyranose-O-yl)methyl}1H- INJ\/ Cy7HsNgO; | 159-161 |78 Yellow
1,2,3-triazole ~ 8
1-((1-((3-(4-Hydroxyl "o
[XXI]y | phenyl)isoxazol-5-yl)methyl)-1H- “3@
benzo[d]imidazol-2-yl)methyl)-4- @j\\“
{(beta-D-fructopyranose-O- 1 Co7H2sNsOg | 181-183 | 75 Brown
yDmethyl}1H-1,2,3-triazole 8 8

156




1-((1-((3-(4-bromophenyl)isoxazol-

[XXI]c | 5-yl)methyl)-1H-benzo[d]imidazol- Hg@
2-yl)methyl)-4-{(beta-D- W o
fructopyranose-O-yl)methyl}1H- L”JJ C,7H27NsO;Br | 173-175 |80 Yellow
1,2,3-triazole _ 8
1-((1-((3-(4-N,N- " o
[XXI]q | dimethylaminophenyl)isoxazol-5- H0{>
yl)methyl)-1H-benzo[d]imidazol-2- RS
yl)methyl)-4-{(beta-D- ) CaH33N7O; | 182-185 | 82 Brown
fructopyranose-O-yl)methyl}1H- L
1,2,3-triazole Al
YO
1-((1-((3-(3-nitrophenyl)isoxazol-5- "% o
[XXI]e | y)methyl)-1H-benzo[d]imidazol-2- HOG
yl)methyl)-4-{(beta-D- o os Deep
fructopyranose-O-yl)methyl}1H- Wl CyHzN7Og | 163-165 | 74 yellow

1,2,3-triazole

157




Table 2- 15: The nomenclature , structural formula, molecular formula and physical properties of esters
compounds[XX1]a.e, [XXI11]ae and [XX 1V]ae

Comp
No

Nomenclature

Structural formula

Molecular
formula

M. P°C

Yield
%

color

[XXII],

1-((1-((3-phenylisoxazol-5-
yl)methyl)-1H-
benzo[d]imidazol-2-yl)methyl)-
4-{(2,3,4,5-tetra-O-acetyl-beta-
D-fructopyranose-O-
y)methyl}1H-1,2,3-triazole

C35H36 NGOll

154-157

79

Yellow

[XXII],

1-((2-((3-(4-
(acetoxy)phenyl)isoxazol-5-
yl)methyl)-1H-
benzo[d]imidazol-2-yl)methyl)-
4-{(2,3,4,5-tetra-O-acetyl-beta-
D-fructopyranose-O-
y)methyl}1H-1,2,3-triazole

C37H38N6013

220-222

84

Brown

158




[XX].

1-((1-((3-(4-
bromophenyl)isoxazol-5-
yl)methyl)-1H-
benzo[d]imidazol-2-yl)methyl)-
4-{(2,3,4,5-tetra-O-acetyl-beta-
D-fructopyranose-O-
yl)methyl}1H-1,2,3-triazole

C3s5H35NO11Br

203-205

76

Light
brown

[XXI]q

1-((1-((3-(4-N,N-
dimethylaminophenyl)isoxazol-
5-yl)methyl)-1H-
benzo[d]imidazol-2-yl)methyl)-
4-{(2,3,4,5-tetra-O-acetyl-beta-
D-fructopyranose-O-
yl)methyl}1H-1,2,3-triazole

C37 H4l N7oll

211-213

81

Yellow

[XXI1]e

1-((1-((3-(3-
nitrophenyl)isoxazol-5-
yl)methyl)-1H-
benzo[d]imidazol-2-yl)methyl)-
4-{(2,3,4,5-tetra-O-acetyl-beta-
D-fructopyranose-O-
yl)methyl}1H-1,2,3-triazole

C35H35N7013

216-219

72

Deep
yellow

159




[XXI]a

1-((1-((3-phenylisoxazol-5-
yl)methyl)-1H-
benzo[d]imidazol-2-yl)methyl)-
4-{(2,3,4,5-tetra-O-benzoyl-beta-
D-fructopyranose-O-
yl)methyl}1H-1,2,3-triazole

C55H44N6()11

167-169

69

Deep
yellow

XX,

1-((1-((3-(4-
(benzoyloxy)phenyl)isoxazol-5-
yl)methyl)-1H-
benzo[d]imidazol-2-yl)methyl)-
4-{(2,3,4,5-tetra-O-benzoyl-beta-
D-fructopyranose-O-
yl)methyl}1H-1,2,3-triazole

C62H48N6C)13

209-211

78

Brown

XX,

1-((1-((3-(4-
bromophenyl)isoxazol-5-
yl)methyl)-1H-
benzo[d]imidazol-2-yl)methyl)-
4-{(2,3,4,5-tetra-O-benzoyl-beta-
D-fructopyranose-O-
yl)methyl}1H-1,2,3-triazole

Br

CssHa3NsO11Br

191-193

71

Yellow

160




XXy

1-((1-((3-(4-N,N-
dimethylaminophenyl)isoxazol-
5-yl)methyl)-1H-
benzo[d]imidazol-2-yl)methyl)-
4-{(2,3,4,5-tetra-O-benzoyl-beta-
D-fructopyranose-O-
yl)methyl}1H-1,2,3-triazole

C57H49N7()11

230-233

68

Light
brown

[XX111],

1-((1-((3-(3-
nitrophenyl)isoxazol-5-
yl)methyl)-1H-
benzo[d]imidazol-2-yl)methyl)-
4-{(2,3,4,5-tetra-O-benzoyl-beta-
D-fructopyranose-O-
y)methyl}1H-1,2,3-triazole

C55H43N7ol3

216-218

70

Yellow

[XXIV],

1-((1-((3-phenylisoxazol-5-
yl)methyl)-1H-
benzo[d]imidazol-2-yl)methyl)-
4-{(2,3,4,5-tetra-O-para
methoxybenzoyl-beta-D-
fructopyranose-O-yl)methyl}1H-
1,2,3-triazole

C59H52N6015

187-190

76

Brown

161




[XXIV],

1-((1-((3-(4-(para
methoxybenzoyloxy
)phenyl)isoxazol-5-yl)methyl)-
1H-benzo[d]imidazol-2-
yl)methyl)-4-{(2,3,4,5-tetra-O-
para methoxybenzoyl-beta-D-
fructopyranose-O-yl)methyl}1H-
1,2,3-triazole

C67H58N6018

239-241

78

Light
brown

[XXIV],

1-((1-((3-(4-
bromophenyl)isoxazol-5-
yl)methyl)-1H-
benzo[d]imidazol-2-yl)methyl)-
4-{(2,3,4,5-tetra-O-para
methoxybenzoyl-beta-D-
fructopyranose-O-yl)methyl}1H-
1,2,3-triazole

CsgHs1NgO15Br

226-228

69

Orang

[XXIV]4

1-((1-((3-(4-N,N-
dimethylaminophenyl)isoxazol-
5-yl)methyl)-1H-
benzo[d]imidazol-2-yl)methyl)-
4-{(2,3,4,5-tetra-O-para
methoxybenzoyl-beta-D-
fructopyranose-O-yl)methyl}1H-
1,2,3-triazole

CﬁlH57N7015

246-248

66

Deep
yellow
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1-((1-((3-(3- 5
nitrophenyl)isoxazol-5- 0 O}ﬁ
yl)methyl)-1H- /@*( N,
benzo[d]imidazol-2-yl)methyl)- o od MY, CsoHs:N;O17 [ 219-221 |71 | Brown
[XX1IV]e | 4-{(2,3,4,5-tetra-O-para VakV)

methoxybenzoyl-beta-D- g

.
fructopyranose-O-yl)methyl}1H- " ~ |
1,2,3-triazole "’O%j )
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Table 3- 1: Characteristic FTIR spectral data of compounds[V]a.e

v(C-H) | v(C-H)

Iz aromatic| Aliphatic
No. 1 -1
cm cm

v(C=N)|v(C=C)| Others bands
cm? | cm® cm™

v(C-0)

[V]. 3034 |2974,2933| 1647 | 1606 1240,1068

v(OH) 3292
VI, | 3066 [2991,2937| 1647 | 1593 v(C-0)
1248,1072

v(C-0)
[V]. 3095 |2983,2935| 1645 | 1585 1269,1072
v(C-Br) 713

L) N(Me)z
1577 1301,1157
v(C-0)
1240,1074

V4 3038 [2983,2893| 1633

v(NO,)1517,
1361
v(C-0)
1256,1074

[Vle 3037 ]2980,2927| 1641 | 1560
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Table 3- 2: Characteristic FTIR spectral data of compounds[V1]..

v(C-H) v(C-H) _ _
C&r:p' D((:gﬁl) aromatic | Aliphatic D(fm-ll\l) D(Ccmf) Othecrrsngands
' cm?t cm?t
[VIl. | 3402 | 3060 |2987.29033 | 1624 | 1570 |v(C-0)1211,1070
VIl, | 3278 | 3062 |2987,2931 | 1664 | 1577 |v(C-O)1209,1074
v(C-Br) 720
i, | 3979 | 3061 | 20872035 | 1622 | 1555 |u(C-O)1212,1070
C
v N(Me),
Vils | 3429 | 3065 |2087,2027 | 1664 | 1612 1331,1165
v(C-0) 1214,1071
v(NO,) 1531,
VIl | 3200 | 3068 |2968.2005 | 1649 | 1580 1348
: ’ v(C-0) 1215,1076

Table 3- 3: Characteristic FTIR spectral data of esters compounds
[VI]ae, [VIH]ae and [IX]ae

v(C-H) v(C-H) _ _ _
Comp. aromatic | Aliphatic n(C—_?) v(C—_ll\I) n(C—_fJ) Others Hands
No. 1 1 cm cm cm cm
cm cm
VI, | 3093 |2997,2945| 1738 | 1614 | 1585 “(C'%é%“r’
v(C-0)
VI, | 3057 |29083,2916| 1735 | 1641 | 1539 | 1251,1066
w(C-Br) 713
[V, v(C-0)
3095 |2099,2062| 1734 | 1641 | 1585 | T
DN(MC)z
MW | 3035|2071, 2845 | 1736 | 1661 | 1604 | 13191157
v(C-0)
1263.1045
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Vil

3003

2966, 2936

1735

1645

1579

v(NO,) 1533,
1348
v(C-0)
1260,1076

[VI],

3093

2960, 2861

1712

1660

1581

v(C-0)
12651072

VI,

3091

2941, 2833

1712

1678

1587

v(C-0)
1253,1067

[VI]e

3095

2987, 2935

1714

1674

1616

v(C-Br) 667
v(C-0)
1263,1068

VI

3074

2983, 2936

1712

1649

1597

v N(Me),
1311,1153
v(C-0)
1257,1068

VI

3064

2983, 2872

1714

1679

1599

v(NOy) 1521,
1359
v(C-0)
1257,1066

[1X]a

3089

2981, 2933

1724

1642

1618

v(C-0)

1263,1070

[1X]p

3089

2983, 2935

1726

1676

1585

v(C-0)
1249,1066

[IX]e

3093

2960, 2837

1730

1678

1591

v(C-Br) 713
v(C-0)
1238,1069

[1X]q

3074

2983, 2881

1727

1668

1583

v N(Me);
1319,1168
v(C-0)
1265,1074

[1X]e

3091

2992, 2956

1721

1680

1557

v(NO,) 1539,
1371
v(C-0)
1259,1068
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Table 3-4: Characteristic FTIR spectral data of esters compounds
X1 ]ac

No. - e cm cm cm
[XI]a 3044 3062 2985,2922 | 1740 1680 1620 iggg’
[XI]p 3950 3035 2987,2870 | 1713 1664 1618 iggg’
[XI]¢ 3973 3072 2995,2860 | 1726 1668 1620 iégg’

Table 3-5: Characteristic FTIR spectral data of ether compounds
[XIV]ac

v(NH) | v(C-H) v(C-H) _ i _
Sl cm? | aromatic Aliphatic (e .11\1) v(C Cl) ) ”(C__?)
No. o™ o™ cm cm cm
[XIV]. | 3273 3072 2995, 2940 1668 1101 1620
[XIV]y | 3246 3062 2954, 2843 1665 1093 1625
[XIV]. | 3292 3066 2986, 2922 1647 1109 1610
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Table3-6: Characteristic FTIR spectral data of esters compounds

[XVIH]..

Comp. "f:ﬁ) al;g(r:n;%c Aﬁggh:t)ic v(C=_?) n(C=_11\I) Others _tiands

No. 1 1 cm cm cm

cm cm

v(C-0)
[XVI]a| 3217 3049 2947,2872 1737 1655 1257,1066
v(C=C) 1600

v(C-0)
[XVII],| 3260 3066 2991,2937 1726 1658 1253,1053
v(C=C) 1616

v(C-0)
[XVII].| 3273 3093 2999,2904 1715 1672 1265,1072
v(C=C) 1616

Table3-7: Characteristic FTIR spectral data of ether

compounds[X1X]a.c

v(NH) | v(C-H) v(C-H) _ i
Comp. om | aromatic Aliphatic v(C _11\1) v(C _(1)) Others plands
No. omL om:? cm cm cm
[XIX]a | 3244 3070 2985, 2910 1641 1126 v(C=C)1610
[XIX]p | 3254 3084 2987, 2907 1661 1130 v(C=C)1606
[XIX]. [3289 3051 2960, 2852 1652 1111 |v(C=C)1612
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Table 3-8: Characteristic FTIR spectral data of compounds[XX]..

o(C-H) o(C-H) _ _
Comp. aromatic Aliphatic v(C _11\1) v(C E) Others plands
No. 1 1 cm cm cm
cm cm
[XX]. 2061 20832893 | 1631 | 1600 |v(C-O)1209,1074
v(OH) 3251
[XX]o 3064 20872877 | 1653 | 1606 | VOO
v(C-0) 1213,1064
[XX]e 3065 2083293 | 1645 | 1605 [* 2 S
1604 v N(Me),
[XX]a 3010 20582900 | 1662 1334,1147
v(C-0) 1232,1076
Y(NO)1579,
[XX] 3060 20242916 | 1662 | 1620 1342
: ’ v(C-0) 1251,1076

Table 3-9: Characteristic FTIR spectral data of compounds[XXl],.

v(C-H) v(C-H) _ _
Cﬁlmp. 0(0_}11) aromatic| Aliphatic n(C—_ll\I) v(C _f:) Others Hands
0. cm Cm_]_ Cm_]_ cm cm cm
v(C-0)
[XXI], | 3204 | 3066 |2987,2035| 1647 | 1612 |1252,1070
[XXI, | 3273 | 3062 | 29932939 | 1649 | 1608 |V(C-©)1250,1072
v(C-Br) 673
[XXI]. | 3240 | 3095 |29352877 | 1651 | 1602 |v(C-O)1244,1065
v N(Me),
[XXI]s | 3295 | 3065 |2987,2902 | 1643 | 1602 1330,1150
v(C-0) 1245,1074
»(NO,) 1557, 1367
[XXIl. | 3290 | 3055 |20352885 | 1645 | 1601 |URTE o0
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Table 3-10 : Characteristic FTIR spectral data of esters

compounds[XXIH]ae, [XXI]se and [XXIV]ae

Comp.
No.

v(C-H)
aromatic
cm?t

v(C-H)
Aliphatic
cm™

v(C=0
)

cm?

v(C=N)
cm?

v(C=C
)

cm?t

Others bands

cm?

[XXI1]a

3016

2985, 2877

1737

1639

1606

v(C-0) 1265
1070

[XX],

3061

2978, 2955

1735

1649

1602

v(C-0)
1219,1097

[XX].

3066

2970, 2855

1733

1645

1602

v(C-Br) 669
v(C-0)
1217,1078

[XXI]q

3071

2989, 2930

1740

1650

1601

v N(Me),
1350,1160
v(C-0)
1222,1061

[XXI]e

3093

2995, 2935

1738

1660

1620

v(NOy) 1537,
1363
v(C-0)
1257,1066

[XXI]a

3059

2941, 2844

1718

1622

1589

v(C-0)
1252,1072

[XXIH]s

3060

2979, 2890

1715

1649

1601

v(C-0)
1239,1071

[XXI].

3030

2993, 2937

1716

1666

1610

v(C-Br) 677
v(C-0)
1263,1068

[XXI1]q

3035

2983, 2933

1711

1654

1604

L N(Me)z
1319,1197
v(C-0)
1263,1070
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[XXI11]e

3058

2972, 2840

1714

1641

1589

v(NO;) 1531,
1361
v(C-0)
1230,1078

[XXIV]

3049

2960, 2920

1727

1643

1601

v(C-0)
1223,1063

[XXIV]s

3060

2955, 2880

1726

1650

1606

v(C-0)
1220,1070

[XXIV].

3089

2945, 2845

1728

1635

1591

v(C-Br) 684
v(C-0)
1261,1049

[XXIV]q

3037

2970, 2833

1724

1644

1604

v N(Me),
1323,1196
v(C-0)
1238,1045

[XXIV]e

3050

2981, 2919

1728

1651

1605

v(NOy) 1551,
1340
v(C-0)
1221,1066
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Table 3-11: antimicrobial activity of compounds [V]ae, [VI]ae, [VIH]..
er [VIH]ae and [1X]ae

Compound E. coli-mm | S. aureus- mm | B. substilis-mm | C. albicans -mm
Gram Gram Gram
negative(-) Positive(+) Positive(+)

DMSO Nil Nil Nil Nil
[V]. 30 30 25 0
V1o 19 22 20 4
VI 15 34 20 12
[Vla 0 14 12 0
V] 21 27 21 8
V1], 20 25 18 0
V1] 19 32 10 6
Vil 24 30 22 12
V14 20 15 16 0
VIl 22 30 20 14
V], 20 25 28 4
Vi, 28 22 25 8
V], 9 19 8 6
[VII]q 16 15 12 4
VI 28 32 26 16

V], 28 30 24 15

Vi, 20 28 19 13

V], 22 28 20 10

VI 21 15 10 0

V. 29 24 18 7
[1X]a 30 26 22 15
[1X]s 32 30 20 16
[1X]. 26 22 20 12
[1X]q4 25 20 20 4
[1X]e 28 22 25 20
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Table 3-12: antimicrobial activity of compounds [XI], [XII],
[XTH]acand[X1V]

Compound E. coli-mm | S. aureus-mm | B. substilis-mm | C. albicans -mm
Gram Gram Gram
negative(-) Positive(+) Positive(+)

DMSO Nil Nil Nil Nil
[X1] 12 15 10 30
[X1] 29 32 33 29

[XI11]a 15 14 19 33

[X11], 0 0 6 4

[XI1]c 11 21 22 34

[XIV]a 0 15 20 22

[XIV]p 9 12 22 30

[XIV]e 24 10 18 28

Table3-13: antimicrobial activity of compounds [XV], [XVI],
[XVI], [XVIH]..and[X1X]ac

Compound E. coli-mm | S. aureus- mm | B. substilis-mm | C. albicans -mm
Gram Gram Gram
negative(-) Positive(+) Positive(+)
DMSO Nil Nil Nil Nil
[XV] 0 25 26 23
[XVI] 22 20 22 34
[XVII] 23 25 31 32
[XVI11], 8 22 11 29
[XVI], 9 19 20 32
[XVI1]. 12 15 17 27
[XIX]a 0 2 0 33
[X1X]p 21 23 25 34
[XIX]e 20 24 21 31
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Table 3-14: antimicrobial activity of compounds [XX]ae, [XX1]a-e
JXX H e, [XXTT]ae and [XXIV]aee

Compound E. coli-mm | S. aureus- mm | B. substilis-mm | C. albicans -mm
Gram Gram Gram
negative(-) Positive(+) Positive(+)
DMSO Nil Nil Nil Nil
[XX]a 30 30 25 18
[XX]s 19 22 20 4
[XX]e 15 34 20 0
[XX]q 0 14 12 0
[XX]e 21 27 21 12
[XX1]a 20 25 18 0
[XX1]o 19 32 10 4
[XX1]e 24 30 22 0
[XX1]q 20 15 16 22
[XX1]e 22 30 20 18
[XX]a 20 25 28 0
[XX1]p 28 22 25 8
[XXI]e 9 19 8 16
[XX]q 16 15 12 0
[XX]e 28 32 26 26
[XX111]a 28 30 24 18
[XX11]p 20 28 19 16
[XX11]e 22 28 20 0
[XX1]q 21 15 10 10
[XX111]e 29 24 18 4
[XXIV]a 30 26 22 18
[XXIV]s 32 30 20 20
[XXIV]. 26 22 20 10
[XXIV]q 25 20 20 4
[XXIV]e 28 22 25 28

174




B sHIMaDZU

—r
© E
-9
L=
2
-8
—51'6l8 )
—70'998 ,
r
~—29'166 [
_S91'v56 L
//{I 0
S— B ———— ] ~8
f// -
~— 80550}
—=2v'201 g
I 2 A
Aip.mm 154}
| = ~—5OpLl| "o
| i e L A =]
——p6 022l q
——- e 1A F
= —lga
—-20°00¢}
—pZorel i
R e ¥ ¥ ) 5]
e —
T~ _—lienl X
P T 4" I
T ——g78p
——pE'SES) r
_~£1'9951 L
— — 6’5851 R .8
T-£9909) )
“\l\“{l\u —SE'Ep9l e
T o
=]
)
L -
M - L
| O./ -
| T =
A { . z=—0 8
)
, M R
o
o
=z
"o
=]
<
LN
o
e s &
—-59'p582 &
—85°0162 [
” —2'820¢ L
| |
| T o
W -9
” —6V'592¢ L™
\ =)
1O
©
L™
L
ﬁ .3
S}
| -
T T T T 3 <
g

%T
82.5-
.
67.5
60
52.5
45

Figure (3-1) FT-IR —spectrum of compound [l]e

175



D sHimaDzZu

—— — '

.

T —

1698

/ —21'sv6

———

B———— e R AL

62154}
~—I§8L4)
- = —LE60Z}

—~Sv'88ll
6610}

/ —p5'8hpl

= o

—LLUS)
—=26'009} ol )
E———— T

65800

—IL'eese

——88'€867
—hZ 820¢
T-£0'90¢

~—6082¢

600
1/cm

100
%T
90
80
70
50
40

60

—spectrum of compound [I1]q
176

Figure (3-2) FTIR



——— o . S _ S B —_—
j . i ] '
—
i | Il
| ! i N
i | |
| ! |
v
) |
- 2 \
1 ] |‘ - 1 ‘
[ - |
80 | 51 Es g
5 &s 2 i
I
70 ! |
_ E
(i | &
_ | U B 2l
] =
60 [
& o4 2
50 — ‘
40
(‘ |
5 |
=) |
30' 1 I H i T 1 | T Y I T T 1 T ! T T T T 1 T I T LI B T T - T 1 T 1 i'_\ - T ] T T T T !
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600
Ahmed 1/cm

Figure (3-3) FTIR —spectrum of compound [111]

177




Transmittance / (%T)

University Of Baghdad / College Of Education For Pure Sciences Ibn Al-Haitham / Central Service Laboratory

10Q

70

104

2119

‘-\-\"“-._
T~

u.-'_,-!‘rfo

0 g

1319
1454

d/f'o 0
>

2879
3273

2991 2939

/

1167

121

1

1020

1377 1252] 111873070

'

3900 3600

3300

2400 2100 1800 1500

Wavenumbers / (cm-1)

3000 2700

1200

900

600

Figure (3-4) FTIR —spectrum of compound [IV]

178




97.5 —

%T

90 —

82.5 —

40

B sHIMADZU

00
Ahmed A8

T A

1l
3600

T

2935.66——
2899.01+—

3065.51—

2983.88—

1431,18—

157762——
1452 40——

D?}L T

] o
o
Br
/
£,
O-n
“ i | K T 1 T LBy S R 'Y'A'T' = i T { = 1777”71 T
3200 2800 2400 2000 1800 1600 1400

1244.08—

121323—

1193.94—— <

1107.14—

g

101263—

800 600
1/cm

Figure (3-5) FT-IR —spectrum of compound [V].

179




Transmittance / (%T)

University Of Baghdad / College Of Education For Pure Sciences Ibn Al-Haitham / Central Service Laboratory

100
w.
N
w-
%
70 oL 0
0
601 OH
-
A 1277 714
O=-N 1300
m_
1396/ | 245 P 579 411
1211 -
40 506\ 440
201 1329 1034 742
2937 899 463
30+ 1158
3066 2775 0 1p14 e 1100|( | 80 el
1481
25 1007
2 1556 .8
1647 4503 072
10+
0 - » - r - " — » - - - '
3900 3600 3300 3000 2700 2400 2100 1800 1500 1200 900 600

Wavenumbers / (cm-1)

Figure (3-6) FTIR —spectrum of compound [V],

180




-0.65
-0.60

0.55
-0.50
0.45
-0.40
0.35
-0.30
r0.25
r0.20
0.15

0.10
-0.05
0.00

-0.05

01"~
494

EhIN

90-0SWa 9T

DMSO-2.jdf

i

single_pulse C:/Users/ASUS User/Desktop/downlads/23-01-2018/A18

143

OQH ;.mw
133
%m
15°¢
£5' 4
blg |
e
08'
w'¢
Wb
9p
87'p
19/
69—
£S5
95
8SL
85
19

0L6—

OH

Ll

D

=£0'S

Amm,c
20T
B6LT
rory |
5567
144
*=06'0

it
266'T

=£5'0

15 14 13 12 11 10 9 8 7
f1 (ppm)

16

Figure (3-7) *H-NMR —spectrum of compound [V],

181



2.2
2.1
2.0
1.9
1.8
L1.7

4_0 1.6

1.5
pd

o —1:1
OH 1.0

single pulse decoupled gated NOEC:/Users/ASUS User/Desktop/downlads/23-01-2018/31_13C_DMS@&-

39.99 DMSO-

7571
~40.19 DMSO-D6

I
(39,57 DMSO-D6
13936 DMSO-D6

70,75 DMS0-D6
12956

7705

/
7
+29.05

—7310
—70.71

‘
\:
—62.44

—156.56
—140.44
129.05
128.56
127.10
—11640
100.02

4 0.9
O-N 0.8
0.7
Lo.6
Lo.5
L0.4
0.3
Lo.2
0.1

0.1
=0.2
~-0.3

T T T T T T — . .
220 210 200 190 180 170 160 150 140 130 120 110f1 (100 )90 80 70 60 50 40 30 20 10 0 -10 -20
pPpm

Figure (3-8)"*C-NMR —spectrum of compound [V],

182



File
Operator
Acquired
Instrument

Sample Name

Misc Info

Vial Number

180000
160000
140000

431

120000

100000

:C:\MSDCHEM\ 1\DATA\1397\Snapshot \DIRECT PROB_015566 .d
: 29 Apr 2018

DIrect Prob
A2

13:41 using AcgMethod Normal.M

R TER T

1

Average of 0.106 to 2.176 min.: DIRECT PROB_015566.d\data.ms

1914

69.2 D

1611

1444 |

94211421342 1727 2606 317.2

1262

OH

m/z-->

0
20 40 60 80

2024

100 120 140 160

3751

EAECITILE _
180200220240260280300320340360380400420440460480500520540560580600620640

4334

466.6 4956 523.6 551.6 577.6

Figure (3-9)The mass spectrum of compound[V],

183




Transmittance / (%T)

100

University Of Baghdad / College Of Education For Pure Sciences Ibn Al-Haitham / Central Service Laboratory

80

70

10

HO,,

HOV

3402

N

o S

OH
OH

060
3259 3141

2873
1321

2987
2933

1452
1377
1252

847

1022 o

1211
1113 1070

3900

T

3600

2400 2100 1800 1500

Wavenumbers / (cm-1)

3300 3000 2700

1200

900 600

Figure (3-10) FTIR —spectrum of compound [V1],

184




single_pulseC:/Users/ASUS User/Desktop/downlads/23-01-2018/A6_1H_DMSO-2.jdf &
8 g
= = (=)
TRBGIPTITRARIRIZTIREINR B 2829
<~ - o e Al o~
i & T Y E X F OGS T O SO ls
HO
":-";. 0 D..-N
. O T
%
HOV
OH
OH
|
W L ] “. | Y h
-u:g\ O e,
12 11 10 9 8 7 6 4 3 2 1 0 -1 -2

5
f1 (ppm)

[£.0

2.2
;2.0
1.8
1.6
F1.4
1.2

1.0

0.6
0.4
0.2

r0.0

-0.2

Figure (3-11) *H-NMR —spectrum of compound [VI],

185




University Of Baghdad / College Of Education For Pure Sciences Ibn Al-Haitham / Central Service Laboratory

100

m 3

2858 806
3065
= 2987
* 858
= 2927 887 633
= 1281
£ 1016
£ 168
w
S 0] 5
= 1113
. 1214 71
10
3429 HD"lI-"-’. D D _N «s
kN 138
. O — M 1456 746
A"
HO Ay 1331
OH
OH
40 .
3900 3600 3300 3000 2700 2400 2100 1800 1500 1200 900 600
Wavenumbers / (cm-1)

Figure (3-12) FT-IR —spectrum of compound [VI]4

186




This report was created by ACD/NMR Processor Academic Edition. For more information go to www.acdlabs.com/nmrproc/

Acquisition Time (sec) 26542 Comment 5 mm QNP 1H/13C/31P/19F Z-GRD Z8352/0162 Date 30 Mar 2018 16:33:04
Date Stamp 30 Mar 2018 15:33:04 | File Name Di\Bsloahs ) Waste 54\G5\ - £ 22 54 2\Jalal-300318\t1\1\pdata\1\1r
Frequency (MHz) 300.15 | Nucleus 1H . Number of Transients 16 Origin spect
Original Points Count 16384 Owner root Points Count 32768 Pulse Sequence zg
Receiver Gain 322.50 SW(cyclical) (Hz) 6172.84 Solvent DMSO-dé Spectrum Offset (Hz) 2406.3476
Spectrum Type STANDARD Sweep Width (Hz) 6172.65 Temperature (degree C) 23.160
a 001.001.1resp  verticalScaleFactor = 1E-6 Water| | DMSO
HO I
0.0000009 i, 0 0- N |
N / o
0.0000008 i
iy ] e N |
\
2 0.0000007 HO \
2 OH
£ 0.0000006 OH
E 0.0000005
E o
S 0.0000004 o~ ‘
2 ~ Q©w© o s |
0.0000003 "\ 8 9 o |l
O TN |
\ l o rale |
0.0000002 @ oy B39 79|
= | ) KK e g reles
© Y NY¥e™ ‘ @
0.0000001 | : “‘ ‘ M"’
JN | Thared AV §
B o e S M il N — e
7.8612.71 0.620.90 11.75 0.50 1.961.70
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2
Chemical Shift (ppm)
No. | (ppm) | Annotation | LayerNo. | Created By | Created At | Modified By | Modified At
1 |  [246..256]) | DMSO | 1 | mohand chemi! ¢ 'c 11/04/2018 10:23:39
2 [3.29 .. 3.36) Water 1 mohand chemiJ »~¢ s 11/04/2018 10:23:39

11/04/2018 10:29:47 »
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Figure (3-15)The mass spectrum of compound[VI]4
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Figure (3-31)The mass spectrum of compound [XI
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Figure (3-34) FT-IR —spectrum of compound [XI11],
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Figure (3-40)"*C-NMR —spectrum of compound [XIV].
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Figure (3-42) FT-IR —spectrum of compound [XV]
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Figure (3-47)The mass spectrum of compound[XVI]
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Figure (3-77) The antimicrobial activity of tested compounds towards E.coli gram(-)
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Figure (3-78) The antimicrobial activity of tested compounds towards candida albicans
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Figure (3-79)The antimicrobial activity of tested compounds towards candida albicans
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