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ABSTRACT
Most of antiviral and antitumor drugs that have been world-wide used belong to the nucleoside analogues. For this reason,
a series of new nucleoside analogues were synthesized, using theobromine as a nucleobase, for the first time, by
conversion to its chloro acetyl derivative[3], which was treated with hydrazine hydrate to give the key intermediate[4].
Condensation of compound[4] with different aromatic aldehyde gave Schiff base[5-10] then they were subjected to condens
with 1-bromo tetraacetyl glucose [2] forming blocked nucleoside analogues[11-16]. Deblocking of these nucleoside using
methanolic sodium methoxide afforded our target the free nucleoside [17-22]. The synthesized compounds were identified by
FT-IR spectroscopy and some of them with 1H-NMR and 13C-NMR spectroscopy.

KEYWORDS: Theobromine, Schiff base, anti-microbial.

INTRODUCTION
Nucleoside analogues, together synthetic and of natural
product source, have been broadly used in medicine [1],
especially as antiviral, anticancer agents [2-4] with
antimicrobial and cholinesterase inhibitory activities [5-8]

hepatitis B virus [9-13], hepatitis C virus[14-17], herpes
simplex [18,19], Human Immunodeficiency Virus (HIV) and
neoplasms [20’21] some nucleoside analogues used to treat
Acquired Immune Deficiency Syndrome (AIDS)
infections[22]. Theobromine (TBR) is a common known
alkaloid and it is found in structures of cacao, tea, coffee
[23] and chocolate [24]. Synthesis of Theobromine
Derivatives by Davir González-Calderón et al. [25]

Synthesized caffeine from theobromine by modification of
the Pavia’s synthesis procedure, The N-alkylation of
theobromine using methyl iodide in methanolic sodium
methoxide solution allows an efficient synthesis of
caffeine. Schiff bases contain the imine group (-C=N-),
also known (azomethine or imine) are a nitrogen
analogues the aldehyde or ketone in which the carbonyl
group (C=O) is replaced by an azomethine or imine group
[26]. Schiff bases, widely used in organic synthesis
chemistry, had been known to chemists for a long time.
Schiff bases are important intermediates for the synthesis
of various bioactive products [27]. Schiff bases are present
in various natural, semi-synthetic, and synthetic
compounds and have been demonstrated to be essential for
their biological activities[28,29].

MATERIALS & METHODS
All chemicals used were supplied by:  Merck, BDH, Fluka
and sigma Aldrich chemical companies. The melting point
was recorded using Gallenkamp, electro-thermal melting
point apparatus. Infrared spectra were recorded using
(FTIR) 8400s Fourier transitions infrared spectrometer
shimadzu, Japan, (KBr) disc in (4000-600) cm-1 spectral

range, in the Department of Chemistry, College of
Science, University of Baghdad and Research Laboratory.
1H-NMR and 13C-NMR spectra were recorded on near
magnetic resonance Bruker, Ulter-shield (400) MHz in
(Isfahan University of Technology (IUT), Iran), DMSO-d6
was used as a solvent. The biological activity was
screened in the central environmental laboratory in the
college of science in university of Baghdad.
Preparation of Beta-glucose Penta acetate [1] [30]

A mixture of glucose (5 g, 27.75 mmol), sodium acetate
anhydrous (4 g, 48.76 mmol) and acetic anhydride (25 ml)
place in a 100 mile round bottomed flask fitted with a
condenser. The mixture was heated on a water bath until a
clear solution is obtained (approximately 30 minutes), the
mixture was shaken from time to time. Then heating
continues for 4 hrs. The reaction mixture is poured into
(50 ml) of ice water in a beaker. The crystal was filtered at
the pump and wash well with water. The product [1] is
recrystallize from ethanol. (MP 131-132) (9.3 g, 85.92%).
Preparation of α-Bromo glucose tetra acetate [2] [31c]

The acetylated glucose [2] (0.5 g, 1.3mmole) was treated
with 50% hydrogen bromide in glacial acetic acid (2 ml)
(which was added drop wise at  00C. The solution was
kept at  00C until TLC indicated reaction completion
(generally within one hour) then poured into an ice-cold
chloroform (17 ml), washed with iced water (3×15 ml) and
then with a saturated aqueous solution of sodium
bicarbonate to remove the remaining acid. After a final
washed with iced water (20 ml) the organic layer was
dried over anhydrous sodium sulfate and the solvent was
evaporated to give colorless syrup (0.44 g, 84.62%). The
product was used directly for the nucleoside synthesis.

Synthesis 1-(chloro acetyl) theobromine [3] [32]

The title new compound synthesized according to
literature[32] with modification. Chloroacetyl chloride
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(0.124 g, 0.001mol) was added drop wise with stirring to a
mixture of theobromine (0.2 g, 0.001 mol) and NaH (0.026
g ,0.001 mol) in DMF (15 ml) at 0-5 °C with stirring for 1
h. in ice cool water, then continued stirring for 5 h. at
room temperature. The solvent was evaporated under
reduced pressure. The solid was filtered (0.1 g, 71%)
Synthesis of 1-(1-acetohydrazide) theobromine [4] [33]

To the compound [3] (0.5 g,0.0019mol), hydrazine hydrate
95% (0.0038 mol) was added and kept for reflux around 6
hours in (10 ml) DMF. The solvent was evaporated; the
product obtained was filtered, washed with water and
dried. (0.4 g, 81.6%)
Preparation of Schiff base derivatives [5-10] [34]

To a hot stirred solution of the hydrazide [4] (1 gm, 0.004
mol.) in DMF (10 ml.) appropriate aromatic aldehyde
(0.004 mol.) was dissolved in ethanol containing 3-4 drops
of glacial acetic acid. The reaction mixture was heated to
(90-110)0C for (4-6) hrs. The separated solid was put onto
ice water then filtrated and recrystallized with ethanol.
General procedure for synthesis of protected
nucleoside analogues [11-16] [35]

Schiff base derivatives (0.0012 mol) were finely powdered
and suspended in (20 ml) sodium-dried m-xylene in the

presence of celite (1 g) and to remove traces of water
isotrop the solvent was partially distilled off. Tell the
temperature raised to 137 0C, then cool (below 50 0C). The
protected sugar [4,5] (0.5 g, 0.0012mol) in dried m- xylene
(30ml) was added and refluxed with vigorous stirring for 1
h. TLC (chloroform-ether 9:1). Indicated the completion
of the reaction then filtered from the hot xylene suspension
and washed with dichloro methane (6 ml). The organic
layer was washed with (3x5 ml) of 20% aqueous
potassium iodide to remove traces of the mercuric salt,
washed with water (3x5 ml) dried over anhydrous sodium
sulphate and the solvent was removed to give protected
nucleoside analogues[11-16].
Hydrolysis of protected gluco- nucleoside analogues
[17-22] (36)

A solution of (0.1g) of the protected nucleoside [11-16] in
(10mL) of 0.1M methanolic sodium methoxide was
refluxed for 0.5 hour TLC (DCM: EtOH 8:2) showed that
the completion of reaction, then neutralized with acetic
acid (5 drops) and evaporated to dryness, the residue was
extracted with chloroform and the aqueous phase was
removed to dryness in a vacuum, to give the nucleoside
analogues [17-22] as shown in Scheme 1.

SCHEME 1- Synthetic rout for synthesis of nucleoside analogues

Anti-microbial activity test
The inhibition zone of growth of microorganisms was
measured against Staphylococcus aureus and
Streptococcus (Gram +ve) and Escherichia coli and
Pseudomonas aeruginosa (Gram –ve) and Aspergillus
Flavus (fungal) using Cup-plate methods. The petri dishes
were placed on a flat surface to ensure that the layers of

the medium were of uniform thickness. Cylindrical
cavities of 6 mm diameter were made on the medium. 50
μl of the test and standard solutions were transferred into
cylindrical cavities, the plates were incubated for 24 h. for
bacteria and 72 h. for fungal, at 370C and the circular
inhibition zone was measured. The obtained results are
listed in table (1)
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TABLE 1: Inhibition Zones of some newly synthesized compounds

Comp. No.
Gram negative bacteria Gram positive bacteria Fungal
E. coli Pseudo. Staph. Strep Asper.

Control - - - - -
12 8 11 11 5 9
14 9 7 10 - 8
19 8 6 - 4 3
20 12 3 - 10 11
22 11 5 3 12 10

Solvent: DMSO (used as control) ; [C]=0.004 mole
Zone of inhibition: (-) no inhibition zone; (3-6) weak; (7-10) moderate; (11-16) strong.

RESULTS & DISCUSSION
For the importance to synthesis new promising compounds
act as antiviral or anticancer, We encouraged to
synthesized new nucleoside analogues using theobromine
as a nucleobase, (that is used for the first time in synthesis
of nucleoside analogues field and Schiff base), and
glucose used as a sugar moiety. The designed multisteps
started with per acetylation of D. glucose using acetic

anhydride and sodium acetate as a catalyst, then
brominated [2] with HBr in glacial acetic acid.
Theobromine was modified by conversion to it's 1-chloro
acetyl derivative [3] via nucelophilic substitution of
chloroacetyl chloride on the polarized N-H group of
theobromine according to the suggested mechanism
(scheme 2).

Scheme (2)
FTIR spectrum of compound [3] showed the appearance
of absorption band at (1743) cm-1 due to ν (C=O) of acetyl
group in addition of theobromine carbonyl [37]. The
disappeared band of (NH) band gives a good evidence for
formation of compound[3]. Compound[3] was reacted with
hydrazine hydrate (95%) in DMF to give the key

intermediate hydrazide derivative [4] (scheme 1) FTIR
spectrum of compound[4] showed the appearance of
absorption band at (3457, 3396 cm-1) due to asymmetric
and symmetric ν (NH2). While stretching bands at (3247
and 1693 cm-1) for (NH and C=O amide) respectively.
FTIR data of compounds [3,4] were listed in Table (2).

TABLE 2: the physical properties and the Fourier infrared values

Comp.
NO.

Physical properties FTIR absorption cm-1

Comp. structure
Melting
point °C

Yield
%

Color ν(N-H) ν(C=O) ν(C=N) Others

2 syrup 84.62
Color
less

- 1736 - 633 for  ν(C-Br)

Theo. 356 - White 3448
1695
1670

1595
ν (C-H aliph.)

2952
2885

3 220-222 71
Light
brown

-
1743,
1691,
1631

1554

ν (C-H aliph)
2964
2842
ν(C-Cl) 775.3

4 110-112 81.6 Brown 3247
1693
1631

1525
ν(NH2)
(asy.3457)

(sy.3396)
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Compound [4] was treated with different substituted
aromatic aldehydes to form the Schiff's bases of [5-10]

(scheme1). The FTIR spectra of compounds [5-10]
showed absorption bands at (3492-3309) cm-1 due to (NH)
stretching. The 1H-NMR spectrum of compound [6, 8]

showed a singlet signal at δ= (8.8-10.09) ppm due to
(N=CH) proton, a singlet signal at δ= (8.09-8.2) ppm due
to (-NH) proton and disappearance of the signal of (NH2)
proton. spectral data are listed in the table (3 and 4).

TABLE 3: the physical properties and the Fourier infrared values

To obtain our synthetic target the new protected
nucleoside analogues following the Koenigs-Knörr
condensation method by coupling of bromo acetylated
glucose [2] with theobromine Schiff bases [5-10], through
nucleophilic substitution afforded new blocked nucleoside
analogues [11-16]. The FT-IR spectra of protected
nucleoside analogues [11-16] showed the disappearance of
υ (N-H) bands for hydrazone derivatives, and the
appearance of stretching bands at (1747-1759) cm-1 for
carbonyl group (acetyl for glucose) indicating successful
coupling and the nucleoside analogues formation. The 1H-
NMR spectrum of compound [13] in δ ppm, showed a
signal between (3.42-3.45) refer to (H6

', H6
"). While

multiplet signals between (3.57-5.63) due to other 5H for
sugar protons. While the 13C-NMR spectrum showed a

signal between (70.15- 98.23) refers to sugar carbon. The
signal at (173.21) for acetate (C=O) group, spectral data
are listed in (table 5 and 6).
The acetylated nucleosides [11-16] were de blocked using
methanolic sodium methoxide under reflux to afford our
synthetic goal [17-22]. The FT-IR spectra of compounds
[17-22] showed the disappearance of carbonyl band of
ester group and the appearance of broad bands between
(3207-3498) cm-1 for hydroxyl group of sugar moiety
which give a good evidence for success and complete
hydrolysis of nucleoside analogues. While the 13C-NMR
spectrum of compound [17] showed a signal between
(69.81-86.61) refers to sugar carbon. Spectral data are
listed in (table 7 and 8).

Comp.
NO.

Physical properties FTIR absorption cm-1

Comp. structure
Melting
point °C

Yield
%

Color ν(N-H) ν(C=O) ν(C=N) Others

5
155-160

96
Pale yellow

3309
1745
1691,1
623

1591
1566

ν(C-Cl)
1087

6
199-203

71
Peggy

3323
1745
1683

1608
1581

ν(O-H)
3436

7
210

90 Reddish-
orange

3492 1687
1602,1
548

-

8
149-152

92
Pale yellow

3430
1708,1
649
1612

1575
1553

ν(C-O-C)
1031,1269

9
172-173 94 Yellow

3407
1710
1699

1589
ν (NO2)
1344,1519

10 198-194 85 Pale yellow 3479
1741,1
677
1645

1629
1558

ν (NO2)
1348,1527
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TABLE 4: 1HNMR and 13CNMR spectral data (δ ppm) of compounds [6,8]
No. Compounds 1HNMR spectral data (δ ppm) 13CNMR spectral data (δ ppm)

6

3.05(s,2H ,CH2); 3.43 (s,6H ,
2CH3); 6.8-7.9 (m,4H,
aromatic) ; 8.09 (s,1H,NH) ;
10.09 (s,1H,CH=N
benzylidine); 10.36(s,1H,CH
imidazole); 11.26(s,1H,OH
phenol).

30.01,34.9 (2C ,2CH3); 43.88
(1C,CH2); 115-147(6C ,
aromatic) ; 156.72 (1C,
benzylidine); 159.167-160.355
(3C, imidazole); 161.37
(1C,C=O amide); 164.42,
164.55(2C,C=O theo).

8

3.35(s,3H,OCH3); 3.80-
3.91(9H,OCH3 and 2NCH3);
3.98(s,2H ,CH2); 6.58-
7.75(m,3H , aromatic);
8.2(s,1H,NH);
8.82(s,1H,CH=N benzylidine);
11.32(s,1H,CH imidazole).

55.37-55.82(4C,4CH3);
98.1(1C,CH2); 106.2-
127.6(6C, aromatic);
143.0(1C,benzylic); 156.4-
160.1(3C,imidazole);
162.20(1C,C=O amide);
163.33,164.53(2C,C=O Theo).

TABLE 5: the physical properties and the Fourier infrared values

Comp.
NO.

Physical properties FTIR absorption cm-1

Comp. structure
Melting
point °C

Yield
%

Color
ν (C-H)
aromatic

ν(C=O) ν(C=N) Others

11 172- 175 79
Yellowish –
orange

3020

1749,
1725
1693,
1623

1591
1564

ν(C-Cl)
1170

12
Syrup

59 Yellow 3029
1753,
1725
1691

1599
1530

ν(O-H)
3442

13
Syrup

73
Reddish-
orange

3033
1749,
1694,
1645

1608
1539

-

14
Syrup

55 Yellow 3025
1749,
1710,
1668

1582
1561

ν(C-O-C)
1253,1029

15 185-188 54 Yellow 3083
1751,
1714,
1650

1595 ν (NO2)
1346,1523

16 250-254 51
Deep
yellow

3043
1749,
1701,
1652

1623
1563

ν (NO2)
1339,1530
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TABLE 6: 1HNMR and 13CNMR spectral data (δ ppm) of compound [13]
No. Compound 1HNMR spectral data (δ ppm) 13CNMR spectral data (δ ppm)

13

1.82-2.00(s,12H,4CH3 acetyl);
2.9(s,6H, 2 NCH3); 3.039
(s,6H,2 NCH3 Theo); 3.40 (s,
2H,CH2); 3.42-3.45(2H,H′

6 , H′′
6

);  3.57-5.63 (m,5H,sugar
protons); 6.76-7.54(m, 4H,
aromatic); 9.50 (s,1H, CH=N
benzylidine) ; 9.61(s,1H,C-H
imidazole).

20.72(4C,CH3-C=O); 31.8,32.5 (2C,
2CH3Theo);41.86(2C,N-CH3); 60.03
(1C,CH2); 70.15-98.23(6C,sugar);
111.132-133.3(6C, aromatic);
142.74 (1C,benzylic); 152.4, 169.72,
169.99 (3C,C=O theo&amide);
173.21(4C,CH3-C=O).

TABLE 7: the physical properties and the Fourier infrared values

TABLE 8: 13C–NMR – Spectral data for compound [17]
No. Compounds δ ppm

17

25.02,38.6(6C,2CH3); 60.66(1C, CH2);
69.81-86.61(6C,sugar); 114-125(6C,
aromatic); 144.6(1C,benzylic) ; 144.61-
146.8(3C,imidazole); 151.38(1C,C=O
amide);175.12,175.42(2C,C=O theo).

Comp.
NO.

Physical properties FTIR absorption cm-1

Comp. structure
Melting
point °C

Yield
%

Color ν (O-H) ν(C=O) ν(C=N) Others

17 150- 154 92 Yellow
3260-
3477

1645 1562
ν (C-Cl)
1168

18
Syrup

78 Pale yellow
3365,
3525

1650,
1668,
1697

1560 -

19 96- 98 78
Reddish-
brown

3309-
3396

1649 1562 -

20 Syrup 81 Pale yellow
3350-
3481

1641
1573 ν (C-O-C)

1049,1256

21 Dec. 175 92 Pale yellow
3392,
3440

1641,
1678

1571
ν (NO2)
sy. 1342,
asy.1562

22 Dec. 209 83 Yellow
3327,
3451

1654 1584
ν (NO2)
sy. 1349,

asy.1538
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CONCLUSION
This work demonstrates the reactions involved in the
synthesis of new nucleoside analogues and hence, the
detection of their antimicrobial activity. The antimicrobial
activity of these compounds was estimated against Gram-
positive, Gram-negative bacteria and fungi. On the other
pointer, most of the compounds exhibited a moderately
significant antimicrobial activity.
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