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Abstract

Tow types of nucleoside derivatives have been synthesized. To prepare the first type 1',3’
,4',6' -Tetra-O-benzoyl-B-D-fructo furanose (F1)with a free hydroxyl group at position-2’ was
chosen as the Chiron. The compound (F;) can be easily obtained from the reaction of
anhydrous D-Fructose with benzoyl chloride in pyridine. When (F;)was treated with 45%
hydrogen bromide it gave 1’ ,3', 4', 6’-Tetra-O-benzoyl-B-D- fructo furanose bromide(F,).The
bromo fructo benzoate (F,) was then reacted with the proper nitrogen base (Theophylline,
Adenine, Benzimidazole, Benztriazole) to give the nucleoside analogues derivatives(Fs), (Fs),
(F11)and (F14) by hydrolysis of the benzoate groups of (Fs), ( Fo), ( F12) and (F1s). The newly
synthesized nucleoside analogues, Guanosine nucleosides were reacted with Palmitoyl
chloride in pyridine at (-12°C) to give the 6’ -O-palmitoyl, (F7), (F10), (F13) and (Fqs).

The prepared nucleoside derivatives were characterized from their elemental analysis and IR,
'H-NMR and UV spectral data.

Introduction

Natural nucleosides and nucleotides play a key role in many biosynthesis and
regulatory processes in the living cell (Marry, 1993). The purine and pyrimidine
nucleotides serve as monomeric units of RNA and DNA, an energy
transcription (ATP); parts of coenzymes (AMP); acceptors for oxidative
phosphorylation (ADP); allosteric regulators of enzyme activity; and as second
messengers, the cyclic adenosine -3, 5-monophosphate (CAMP) and cyclic
guanosine--3,5-monophosphate (cGMP) (Bohinski, 1987).

Nucleoside and nucleoside analogs are a pharmacologically diverse family of
molecules that have been synthesized and used for cytotoxic, antiviral, and
iImmunosuppressive therapies (Galmarini, 2002). Adenosine, a purine
nucleoside, is increasingly being found to play an important role in tumor
growth and metastasis (Baldwin, 1999). Concentrations in solid tumors, with
accumulation in the intracellular and extracellular tumor microenvironments, at
sites of local tissue injury, and under conditions of hypoxia, and is reported to
stimulate tumor growth and angiogenesis (Steve, 2006).

The pharmacological approach in the synthesis of novel drugs suggests that
the use of purine nucleoside analogues in which heterocyclic structure or sugar
moiety is altered in such a way that causes toxic effect when incorporated in
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different part of the cell. VVarious compounds used for chemotherapy differ in
their chemical structure and mechanism of action (Ljiljana, 2001).

Experimental Section

All melting points (°C) were determined with sample contained in open
capillary glass tubes in an electrically heated metal block apparatus (Gallen
Kamp) and are uncorrected.Infra red spectra were recorded as KBr disc using a
Unicam SP3- 100 SP3- 300 Infra red spectrophotometer and expressed in wave
number (cm™)."HNMR spectra were obtained on a Hitachi Perkin— Elmer 60
spectrometer R-24 using DMSO as solvent and (Tetramethylsilan) (TMS) as
internal standard. UV spectrophotometer (LKB Ultraspec.4050).Thin layer
chromatography was performed on glass plated coated with 0.25mm layer of
silica gel. Micro elemental analysis (C.H.N).
Synthesis of nucleoside analogues and 5’-palmitoyl derivatives.
1: 1,3’ ,4',6' -Tetra-O-benzoyl-p-D-fructo furanose. (F,)(Brigl, 1934).

BZO

BZO H

D-Fructose anhydrous (2g, 11.11mmole) was suspend in dry CH,Cl, (25ml) and
pyridine (5ml).To this mixture Benzoyl chloride (7ml)was added .The mixture
was stirred at (60-65) °C for (4.5 hrs.)and the reaction was monitored by TLC
(CHCI3:MeOH,8:2ml) .The mixture was poured over Ice —water ,then extracted
with CH,CI, (2x15ml).the combined organic phase was washed with (10ml)of
(IN) HCI solution and then with (10ml)of (1N)Na,CO; .filter and evaporate to
dryness in a vacuum to give a syrup , crystallized from absolute ethanol to give
white crystal of (F,)(5.109,77% yield)m.p. (187-189) °C .IR(KBr disc),3450 cm
1 (OH),1710 cm * (C=0).

2:1',3',4', 6’ Tetra-O-benzoyl-B-D-fructo furanosyl bromide (F,) (Ness,
1953).

B,O H

Glacial acetic acid (10ml) was added to a solution of a benzoate sugar (F;), (29,
3.36mmole) in (10ml) (34%) HBr solution in glacial acetic acid .The mixture
was stirred for 5 minuets and left for 8 hrs. at room temperature ,TLC showed
that the reaction was complete. the reaction mixture was extracted with CH,Cl,
(2x15ml).The combined extracts was dried, filtrated and evaporate to dryness in
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a vacuum to give a brown syrup(1.939,87% yield)( F,). IR film disappearance of
(OH) at 3450 cm™.
3: Bis-(Theophylline-7-yl) mercury (F3)(Freestune,1973).

L — 2

Theophylline hydrate (1g, Smmole) was dissolved in hot water (30ml) and
sodium hydroxide (0.2g, 5.2mmole) was added .To the vigorously stirred
solution was added a hot solution of mercuric chloride (0.7g, 2.6mmole) in
ethanol (10ml) was added to the first solution with stirrering, the resulting
cooled down and the product was filtered and washed with distilled water to
obtain (F;) (1.34g, 75% yield) m.p.>347°C.

Similarly chloromercuri-adenine (F,;) (Davool, 1951) was prepared.
4:7-(1',3',4', 6’ Tetra-O-benzoyl-B-D-fructo furanosyl) theophylline (Fs)

</Zl*£3
L

CHg3

oB,

B,O H

The Benzoate sugar bromide (F»), (1g, 1.52mmole) was added to a suspension
of dried Bis-(Theophylline-7-yl) mercury (Fs) (0.8g, 0.211mmole) and celite
(1g) in xylene (40ml).the mixture was refluxed with stirring for 3.5 hrs. at (130-
135) °C, monitored by TLC and filtered hot, the filter cake was washed with hot
chloroform (3x10ml).filtrate was evaporated in vacuum, the residue was
extracted CHClI; (20ml).the combined extracts was washed with 30%aqueous
potassium iodide (2x10ml.portions) and water (2x10ml.portions), then dried
and filtered and evaporate to dryness in a vacuum to give a yellow syrup (0.4g,
31% yield). IR (film), 1450 cm " of (C-N).

The same method was used for the synthesis of 9-(1, 3, 4, 6' tetra-O-benzoyl-
-D-fructo furanosyl) adenine (Fs).

5. 1-(1', 3, 4', 6'’-Tetra-O-benzoyl-g-D-fructo furanosyl) benzimidazole
(F11)
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B,O H
A mixture of Benzoate sugar bromide (F,), (1.5g, 2.28mmole),mercueicyanide
(1.0g)anhydrouse calcium sulphate (1.0g)was added to a solution of
benzimidazole (0.5, 0.42mmole)in nitromethane (100ml).the mixture was
refluxed with stirring for 6 hrs., monitored by TLC.the mixture was filtered hot
and the filter cake was washed with (20ml)of hot nitermethane.the filtrate was
combined with washing and the combined evaporated to produce yellow syrup
(0.49,26% yield).

IR (film), 14350 cm ™ of (C-N).

The same method was used for the synthesis of 1-(1’, 3’, 4', 6’ tetra-O-benzoyl-
B-D-fructo furanosyl) benztriazol (Fi4).

6: 7-p-D-fructo furanosyl theophylline (Fs).

L

CHj

HO

7-(1'3" 46" tetra-O-benzoyl-B-D-fructo furanosyl)theophylline (Fs) (1g,
1.32mmole) in 0.08M methanolic sodium methoxide (45ml).The mixture was
refluxed with stirring for 1.5 hrs, then neutralized with glacial acetic acid and
evaporated to dryness, the residue was partitioned between water and
chloroform and the aqueous phase was evaporated .to give a white powder
(0.349,76% yield).

IR (KBr disc), 3360 cm ™ of (OH).

This method was also used to obtain:

9-B-D-fructo furanosyl adenine (Fo)

1-B-D-fructo furanosyl benzimidazole (F1y)

1-B-D-fructo furanosyl benztriazol (Fy)
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7: 7-(6' -O-palmitoyl-p-D-fructo furanosyl) theophylline(F-)

T
b

CHg

PaOo

7-B-D-fructo furanosyl theophylline (Fg) (0.5g, 1.46mmole) was suspended in
CH,CI, (15ml) and pyridine (3ml) was added. To this mixture palamatoyl
chloride (0.49) was added. The mixture was stirred at (-12 °C) for 4hrs and the
reaction monitored by TLC (CHCl3: MeOH, 8:2ml).The reaction poured into ice
water, then was extracted with CH,Cl, 2x10ml).The organic phase was dried
over anhydrous sodium sulphate and filtrated. The filtered was evaporated to
dryness in a vacuum to give syrup (0.66g, 81% yield). IR (film), 1750 cm ™ of
(C=0) for palmatoyl group.

This method was also used to prepare:

9-(6' -O-palmitoyl-p-D-fructo furanosyl) adenine. (Fy).

1-(6' -O-palmitoyl-B-D-fructo furanosyl) benzimidazole. (Fy3).

1-(6' -O-palmitoyl-B-D-fructo furanosyl) benztriazol. (Fie).

Results and Discussion
Chemical synthesis:-
For the synthesis of the type of nucleoside analogues, D-fructose was first
converted to 1,3’ ,4',6' -Tetra-O-benzoyl-p-D-fructo furanose(F1).The reason
for conversion of D-fructose to (F1) was to protect the hydroxyl groups with a
benzoate group which is known to be stable toward acid conditions, but are
readily hydrolyzed by dilute alkaline(lwai, 1968).
The compound (F1) was obtained when D-Fructose was treated with benzoyl
chloride.IR spectrum showed a stretching band at 3450cm-1

for the C-2 hydroxyl group, a stretching band at 1710cm-1for the (C=O)ester
group and 1590cm-1for the (C=C)aromatic bands.
Treatment of (F1) with a solution of 45%HBr in glacial acetic acid gave 1’, 3,
4', 6' Tetra-O-benzoyl-p-D-fructo furanosyl bromide (F2) in 87% yield .The IR
spectrum of (F2)showed the (C-Br)stretching band at 750 cm-1 and
disappearance of (OH) stretching band at 3450 cm-1. The elemental analysis
date showed in table (1).

Synthesis of 7- (1', 3', 4', 6’ Tetra-O-benzoyl-g-D-fructo furanosyl)
theophylline (Fs)
The compound (Fs) was obtained as a syrup in 30.7% which was characterized
by IR, showed a stretching band at 1450 cm™ for the (C-N) band, stretching
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band at 1530 cm™ for (C=N) band and a band at 1690 cm™ for (C=0) amide,
UV spectral showed an a absorption a Ay at 210 nm due to m— o * transition
of (C=C) group of aromatic ring for benzoate group. A Ama at 255 nm due to
n—m* transition of dienone system (C=C-C=0) of the theophylline ring and
benzoate group, and A at 283 nm due to m— 1 * transition which indicate the
presence of the (C=N) group. The elemental analysis date showed in table (1).
Synthesis of 9-(1', 3', 4, 6’ tetra-O-benzoyl-p-D-fructo furanosyl) adenine
(Fe).

Similarly, the compound (Fg) was obtained as a syrup in 38.4% yield, which
was characterized by IR, showed a stretching band at 1570 cm™ for the (C=C)

band, stretching band at 1470 cm™ for (C=N), a stretching band at 1690 cm™
for carbonyl (of the benzoate group) and elemental analysis date showed in
table (1).
Synthesis of 9-(1’, 3', 4', 6’ tetra-O-benzoyl-p-D-fructo furanosyl)
benzimidazole (Fy).

Compound (Fy;) was obtained also as a syrup in 25.8% vyield, which was
characterized by IR, showed a stretching band at 3040 cm™ for the aromatic (C-

H), stretching band at 1510 cm™ for (C=N), a stretching band at 1690 cm™ for
carbonyl (of the benzoate group) and elemental analysis date showed in table
(1).
Synthesis ofl- (', 3', 4', 6'tetra-O-benzoyl-p-D-fructo furanosyl)
benztriazol (Fs).

The reaction of the compound (F,) in a similar manner with benztriazole
gave the desired compound (Fy;) as a syrup in 37.8% vyield, which was
characterized by IR, showed a stretching band at 3100 cm™ for the aromatic (C-

H), stretching band at 1525 cm™ for (N=N), a stretching band at 1720 cm™ for
carbonyl (C=0) and elemental analysis date showed in table (1).

Hydrolysis of benzoate groups

Treatment of the theophylline nucleoside analogue (Fs) with a sodium
methoxide solution under reflux gave 7-B-D-fructo furanosyl theophylline (Fe)
that was obtained as a whit crystals in 75.6% yield, which was characterized by
IR, showed a stretching band at 3430 cm™ for the (O-H) group, the UV spectral
showed an a absorption a Aya at 210 nm due to m— m * transition of (C=C)
group of aromatic ring for benzoate group.
Hydrolysis of the benzoate ester (F), (F12) and (Fi5) was performed in the same
manner which gave the expected products. All these compounds were proved by
IR spectrum .The compound (F,) structure was proved also by *HNMR and the
spectral data showed in the table (2).the elemental analysis for (Fo), (F1,) and
(F1s5) are shown in table (1).
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Synthesis of 6’-O-palmitoyl nucleoside analogue fructo derivatives and 5'-
palmitoyl nucleoside.

One of the aims of the present work was to block the 5’-position of known
nucleosides and the 6'-position of the newly synthesized nucleoside analogue
with a lipophilic group such as palmatoyl group.

The nucleoside analogue (Fs),( Fo),( F12),( Fis)and nucleoside guanosine was
individually treated with palmatoyl chloride to give the compounds (F7),( F1o),(
Fis)and(Fe).

The compound (F;) was characterized by its IR, showed a stretching band at
3450 cm™ for the (O-H) group, showed a stretching band at 3080 cm™ for the
aromatic (C-H), a stretching band at 1710 cm™ for carbonyl group, the ‘HNMR
spectral data were shown in the table (2) and elemental analysis date showed in
table (1). The UV spectral showed an absorption a Amay at 240 nm due to m—
* transition of (C=0) group of palmatoyl group.

Compound (Fy): IR spectrum showed a stretching band at 3390 cm™ for the
(O-H) group, showed a stretching band at 1600 cm™ for the (C=C)stretching, a
stretching band at 1710 cm™ for carbonyl group .

Compound (Fy3): IR spectrum showed a stretching band at 3390 cm™ for the
(O-H) group, showed a stretching band at 1600 cm™ for the (C=C)stretching, a
stretching band at 1720 cm™ for carbonyl group(of palmatoyl group) .
Compound (Fy): IR spectrum showed a stretching band at 3480 cm™ for the
(O-H) group, showed a stretching band at 3080 cm™ for the aromatic (C-H), a
stretching band at 1710 cm™ for carbonyl group(of palmatoyl group)and band
at 1540 cm™ for(N=N) stretching.

Table (2) shown the "HNMR spectrum data for the compounds (Fio), (F13),
(F16), the table (1) showed the elemental analysis data for the above
compounds.

The scheme (1) below showed the reaction way of synthesis of nucleoside
analogues (Fe),( Fo),( F12),( Fi5)and 6’-O-palmitoyl nucleoside analogues(F-),(
FlO)’( F13)!( I:16)'
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Table (1): The physical properties of synthesized compounds
Comp. MName of compounds Melting Percent Molecular Flemnental analysis
L} il 1z \
No. point (%) formnnla
°C Calr, Found
%8 Yol WiH %l Wl YoH
Tz ||7-(1.3 4.6 tetra-O-henzogkBD- syrup 3070 || CoHasOnlk |64 91| 730 | 440 [[64.77] 7.24 | 427
fructo franosvlbtheonhylline
F; | 7-B-D-fructo fiwanosyltheophylling | 244-246 756 CHeO:M, |[45.61|16.37| 5.26 | 45.47| 16.50 | 5.42
Fr || 7-C6 -O-palmitoyl-B-D-foicto FyTp K] CaoHseOslly ||[6170] 593 | 851 | 61.54| 974 | 547
furanosylitheophylline
Fy || 9-(1,3 4 6 tetra-O-henzowl-BDs FyTp 3847 || CagHziOolls || 6564| 582 | 434 |[65.05| 937 | 440
fructn frangsyladenine
Fy 9-p-D-fructo firannsyl adenine 238-240 81.25 CpHpsOsts [ 4599 24,539 522 |[45.87| 24.19 | 542
Fro | 9-(6-O-pabmitoy-B-D-fructa syrup 88.16 || CarHsOeMs || 6056 13.08| 841 | 6072| 13.17 | 5.38
adenine
Fp | 117 4 Ftetra-O-henzoyl- il aythp 1583 || CalHsaOpbl | 7081|402 | 450 |[7009] 4.17 | 5.13
fructo faanosylbengiriazn]
Fia 1-p-D-fructo 214-214 T CisHigOsMy || 5571 10,00 571 ||55.58| 979 | 597
.
Fi3 | 16 -O-palmitoyl-B-D-foactn syrup T172 | CasllgOstly | 67.15| 541 | 5.82 |67.35]| 5.66 | 872
henzimidazole
Frq | 1017 4F tetra-O-henzopl- Bl ayrup 3781 || Caolla1Osh | 6B.87| 6.02 | 445 | 63.68| 6.24 | 4.56
fructo fuanosyl) henztrazol
Fiz | -P-D-fructn ferannsyl engiiaznl 104-104 7781 | CpHpsOsMs | 51.35]14.05] 5.34 | 51.00] 1477 | 5.25
Frg | 1.0 -O-patmitoyl-B-D-foucto FyTp 63 CasHysOell; | 64.74| 200 | 867 | 64.53| &.26 | 8.95
furanosyl) henziriazal
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Table (2): HNMR Spectral Data

NMR Data PPm(5)
Comp | H-1 H-2 H-3 H-4 | H-5 H-6 | Palmato Remarks
. No. yl group
F, 2.9 - 499 | 4.40 3.8 2.6 1.0-2.4 | 2.8 (s,6H)for
(s,2H) aH) | (aH) | (aAH) | (s,2H) | (m,28H) | two methyl
0.9 group and
(t,3H)of | 7.9(s.1H)for
CHs theophyllin ring
protons
Fo 3.2 - 53 4.8 3.8 2.9 - 3.4 (s,2H)for
(s,2H) (IH) | (1H) | (AH) | (s,2H) amino group
and 7.5-
7.9(m.1H)for
Adenine ring
protons
Fis 2.6 - 51 4.6 3.9 2.5 1.2- 7.8 (m,5H)for
(s,2H) (IH) | (1H) | (AH) | (s,2H) | 2.4(m,28 | benzene ring
H) and 7.5-
1.1 8.2(m.1H)for
(t,3H)of | Benzimidazole
CHs ring protons
Fis 2.6 - 51 4.5 3.7 2.4 1.0- 7.8(m.5H)for
(s,2H) (IH) | (1H) | (IH) | (s,2H) | 2.3(m,28 | Benztriazole
H) ring protons
0.9
(t,3H)of
CH3

S:singlet,d:doubley,m:multipalte
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