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Identification of some novel xanthine-
based derivatives with bronchodilator
activity

Aim: The discovery of new bronchodilators with higher efficacy than theophylline
is an important issue for asthmatic patients. Materials & methods: Theophylline 2,
8-bromotheophylline 4 and theobromine 6 were reacted with different 2/3-chloro-N-
phenylacetamides 1a-d or their propanamide analogs 1e-g to obtain 3a-g, 5a-g and
7a-g, respectively. The target compoundswere screened for their in vitro bronchodilator
activity using isolated guinea pig tracheal rings precontracted with histamine and
compared with their precursors. Results: Many compounds exhibited promising
activity especially 3d, 3f, 5d, 7d and 7e. 2D-QSAR study resulted in a significant model
(N=24,n=5, R*=0.848, R%cvOO = 0.748, R%cvMO = 0.745, F = 21.215, s? = 0.0002) using
CODESSA-Pro software. Conclusion: These compounds can be considered as promising
hits for potent bronchodilators that may be useful for further investigations.
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Asthma as well as chronic obstructive pulmonary
disease can be considered as complicated chronic
pulmonary diseases that are characterized by inflam-
mation, reversible airway obstruction, wheezing and
respiratory distress. The asthmatic attacks are allergic
in nature and are induced by different factors such as
exercise, exposure to environmental allergens, chemi-
cals, viral infection, irritants and antigen—antibody
reaction [12]. Asthma affects many populations
worldwide particularly children and its incidence is
predicted to be increased dramatically from year to
year as air pollution has increased significantly espe-
cially in the developing countries (3. While there has
been no permanent remedy for asthma, several cases
can be managed by inhaled corticosteroids exem-
plified by beclomethasone [4], mast cell stabilizers
(sodium cromoglycate) [s], leukotriene inhibitors (zaf-
irlukast, montelukast and zileuton) [6-9] or 5-lipoxy-
genase inhibitors [4] to control the inflammation of
the trachea and bronchi. Another strategy to control
the acute attacks of asthma was achieved through
the usage of short acting bronchodilators that aid in
quick relief of the bronchial constriction, their action
starts within minutes after inhalation and lasts for

1, S 9795

2—4 h. Furthermore, the long-acting bronchodila-
tors can be used every day to manage asthma [10-12).
The commonly used bronchodilators are inhaled 2
sympatomimetics (albuterol) [10,11], parasympatolytics
(ipratropium) [12] and xanthines (theophyline, amino-
phylline) [10]. A more recent approach has been con-
ducted through using omalizumab, an IgGl mono-
clonal antibody, to interrupt the immune cascade [13].
On the other hand, chronic obstructive pulmonary
disease could be controlled by combination of inhaled
corticosteroids, long-acting 2 agonists and anticho-
linergics [14-16]. Despite the fact that theophylline was
the first prescribed medication for asthma in 1921 (17],
its side effects such as tachycardia, narrow therapeutic
range and CNS stimulation [18,19] provoked the search
for new candidates. Several trials were performed
to obtain new xanthine derivatives with better bio-
logical profiles than theophylline. This was achieved
through various substitutions at positions 3, 7 or 8.
Thus, 1-methyl-3-isobutyl-8-(4-benzohydrylpipera-
zinoethyl)xanthine (S 9795) I was selected for clini-
cal trials in asthmatic patients due to its long duration
of action, its lack of CNS stimulating effects and its
inhibitory activity on the mast cells degranulation and
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Figure 1. Representative examples of xanthine derivatives with bronchodilator activity.
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phosphodiestrase [20]. Furthermore, 1,3-diisobutyl-
8-methyl xanthine II revealed a good activity profile
and a favorable therapeutic index, which was 14-folds
greater than that of theophylline [21. Moreover,
hybridization of the xanthine scaffold with heterocy-
clic moieties resulted in compounds III and IV with
better bronchodilator activities (Figure 1) [22,23]. Based
on the previous findings, this research work aimed
at preparing some xanthine derivatives through sev-
eral structural modifications and screening them for
their bronchodilator activity to obtain an integrated
structure—activity relationship. That, substitution at
position 7 with different N-phenylacetamides and
their propanamide analogs was performed to study
the effect of these moieties and the spacer on the
bronchodilator activity. Additionally, bromination at
8-position was performed along with the substitution
at position 7 using the same fragments to study the
effect of a bulky group on the activity. Furthermore,
the effect of the position of these moieties was studied,
where theobromine structure was modified through
introducing the same N-phenylacetamides/propan-
amides at position 1 (Figure 2). Finally, a 2D-QSAR
study was performed to validate the obtained activity
and investigate the structural parameters controlling
the activity.

Materials & methods

Chemistry

Melting points were carried out by the open capil-
lary tube method using a Stuart (Stone Staffordshire
ST/50SA UK) apparatus and they were uncorrected.
Infrared Spectra were performed on Schimadzu FT-IR
8400 S spectrometer Affinity Al using potassium
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bromide discs, and expressed in wave number (cm™).
NMR spectra were recorded on a Bruker Ascend 400/R
('H: 400 MHz, “C: 100 MHz) spectrophotometer
(Supplementary Information). Chemical shift values ()
were given in parts per million (p.p.m.) downfield from
tetramethylsilane as an internal reference. Elemental
analyses were carried out using FLASH 2000 CHNS/O
analyzer, Thermo Scientific at the Regional Centre for
Mpycology and Biotechnology, Al-Azhar University, Nasr
City, Cairo. Mass spectra were carried out on Direct Inlet
part to mass analyzer in Thermo Scientific GCMS model
ISQ at the Regional Centre for Mycology and Biotechnol-
ogy, Al-Azhar University, Nasr City, Cairo. All the reac-
tions were monitored by thin layer chromatography silica
gel F 254, Aluminium sheets 20 x 20 cm (Sigma-Aldrich,
Darmstadt, Germany) were used. Dichlomethane:
methanol (1: 0.1) was the adopted elution system. The
2/3-chloro-N-arylacetamides/propanamide la-g were
prepared according to the reported procedures [24-36].

General procedure for the preparation of 3a-g
Theophylline 2 (2.77 mmol, 0.50 g) was added to
a suspension of potassium carbonate (6.93 mmol,
0.96 g) or sodium hydride (9.16 mmol, 0.22 g) in DMF
(12 ml) and stirred at 100°C for 2 h. A mixture of la-g
(5.55 mmol) and potassium iodide (1.38 mmol, 0.23 g)
in DMF (4 ml) was added to the previous mixture and
the resulted mixture was stirred at (80—100°C). The
product was monitored by TLC. At the end of the
reaction, the mixture was cooled to room temperature
and poured onto ice water (100 ml) then the pH was
adjusted to 6 with hydrochloric acid 35%. The formed
precipitate was filtered, washed with water and dried to
yield the required product.
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Figure 2. Structures of target compounds and their precursors.
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2-(1,3-Dimethyl-2,6-dioxo-2,3-dihydro-1H-purin-
7(6H)-yl)-N-phenylacetamide 3a

It was prepared using la in the presence of potas-
sium carbonate and the reaction time was 17 h. The
dried powder was recrystallized from ethanol to give
pure buff powder, yield 0.79 g, 92%; mp 146-147°C,
IRY_ cm': 3138 (N-H amide), 3094-3061 (C-H
aromatic), 2990-2947 (C-H aliphatic), 1699, 1659,
1643 (3 C=0), 1597 (N-H bending), 1553-1472
(C=C aromatic). 'H NMR (CDCIL)) 6: 3.45 (s, 3H,
CH,), 3.61 (5, 3H, CH,), 5.00 (s, 2H, CH.), 7.10-7.17
(m, 1H, Ar-H), 7.30-7.40 (m, 2H, Ar-H), 7.45-7.60
(m, 2H, Ar-H), 7.79 (s, 1H, Ar-H), 9.52 (s, 1H, NH
exchanged with D,0). "C NMR (DMSO-4,) &: 27.9
(CH,), 29.9 (CH,), 49.2 (CH,), 106.9, 119.5, 124.0,
125.7, 129.3, 130.4, 139.1, 144.2, 148.4 (aromatic
carbons), 151.5 (C=0), 154.9 (C=0), 165.3 (C=0).
MS, m/z: 315.12 (M*+2), 314.13 (M*+1), 313.08 (M*),
193.05. Anal. Caled for (C H N.O,): C, 57.50; H,
4.83; N, 22.35; found, C, 57.74; H, 4.87; N, 22.62.

2-(1,3-Dimethyl-2,6-dioxo-2,3-dihydro-1H-purin-
7(6H)-yl)-N-(4-methoxyphenyl)acetamide 3b

It was prepared using 1b in the presence of potas-
sium carbonate and the reaction time was 17 h. The
dried powder was recrystallized from ethanol to give
pure grey powder, yield 0.45 g, 47%; mp 235-236°C,
IRY cm': 3140 (N-H amide), 3082-3005 (C-H
aromatic), 2951-2835 (C-H aliphatic), 1701-1655
(3 C=0), 1605 (N-H bending), 1551-1458 (C=C
aromatic). 'H NMR (CDCL) 6: 3.47 (s, 3H, CH,),
3.62 (s, 3H, CH,), 3.78 (s, 3H, OCH,), 4.98 (s, 2H,
CHZ), 6.84 (d, 2H, J = 8.92 Hz, Ar-H), 7.44 (d, 2H,
J =8.92 Hz, Ar-H), 7.80 (s, 1H, Ar-H), 9.35 (s, 1H,
NH exchanged with D,0). "C NMR (DMSO-4,) &:
27.8 (CH,), 29.7 (CH,), 49.1 (CH,), 55.4 (OCH,),
107.0, 113.9, 121.2, 131.6, 143.3, 148.4, 155.1 (aro-
matic carbons), 151.6 (C=0), 156.0 (C=0), 164.2
(C=0). Anal. Calcd for (C, ;H N.O): C, 55.97; H,
4.99; N, 20.40; found, C, 56.24; H, 5.06; N, 20.61.

2-(1, 3-Dimethyl-2,6-dioxo-2,3-dihydro-1H-purin-
7(6H)-yl)-N-(4-fluorophenyl)acetamide 3c

It was prepared using 1c in the presence of potassium
carbonate and the reaction time was 17 h. The dried
powder was recrystallized from ethanol to give pure
white granules, yield 0.50 g, 55%; mp 200-201°C,
IRY__cm': 3125 (N-H amide), 3075-3001 (C-H
aromatic), 2995 (C-H aliphatic), 1701, 1651 (3
C=0), 1605 (N-H bending), 1551-1458 (C=C aro-
matic). 'H NMR (CDCl,) &: 3.32 (s, 3H, CH,),
347 (s, 3H, CH,), 4.98 (s, 2H, CH,), 7.23 (¢, 2H,
J=8.54 Hz, Ar-H), 7.46-7.44 (m, 2H, Ar-H), 7.79 (s,
1H, Ar-H), 9.58 (s, 1H, NH exchanged with D,0).

PC NMR (DMSO-4,) 6: 279 (CH,), 29.9 (CH)),
49.1 (CHZ), 106.9, 115.8, 116.0, 121.2, 121.3, 135.4,
144.2, 148.4, 166.7 (aromatic carbons), 151.5 (C=0),
154.9 (C=0), 165.3 (C=0). MS, m/z: 333.12 (M*+2),
332.10 (M*+1), 331.08 (M*), 123.06. Anal. Calcd for
(C,H,FN,O,): C, 54.38; H, 4.26; N, 21.14; found,
C, 54.49; H, 4.30; N, 21.30.

2-(1,3-Dimethyl-2,6-dioxo-2,3-dihydro-1H-purin-
7(6H)-yl)-N-(4-sulfamoylphenyl)acetamide 3d

It was prepared using 1d in the presence of potassium
carbonate and the reaction time was 25 h. The dried
powder was washed by hot methanol to give pure yel-
low powder, yield 0.43 g, 40%; mp 267-268°C, IR
Y, cm': 3271, 3194 (SO,NH,), 3117 (N-H amide),
3067 (C-H aromatic), 2997-2855 (C-H aliphatic),
1705-1659 (3 C=0O amide), 1605 (N-H bending),
1597-1454 (C=C aromatic), 1381, 1153 (SO,). 'H
NMR (DMSO—dG) 8:3.20 (s, 3H, CH3), 3.36 (s, 2H,
NH, exchanged with D,0), 3.46 (s, 3H, CH,), 5.25 (s,
2H,CH,), 7.37 (s, IH, NH exchanged with D,0),7.73
(d, 2H, / = 8.60 Hz, Ar-H), 790 (d, 2H, / = 8.40Hz,
Ar-H), 8.08 (s, 1H, Ar-H). "C NMR (DMSO-4,) &:
279 (CH,), 29.9 (CH,), 49.3 (CH,), 106.9, 119.2,
127.3, 139.2, 141.9, 144.2, 148.4 (aromatic carbons),
151.5 (C=0), 154.9 (C=0), 166.0 (C=0). MS, m/z:
392.18 (M), 193.09. Anal. Caled for (C H,N,O.S):
C,4591; H, 4.11; N, 21.42; found, C, 46.12; H, 4.18;
N, 21.68.

3-(1,3-Dimethyl-2,6-dioxo-2,3-dihydro-1H-purin-
7(6H)-yl)-N-phenylpropanamide 3e

It was prepared using le in the presence of sodium
hydride and the reaction time was 32 h to give pure
yellow powder 0.60 g, 67%; mp 259-260°C, IRY
cm™: 3117 (N-H amide), 3086—-3024 (C-H aromatic),
2924, 2855 (C-H aliphatic), 1701, 1651 (3 C=0),
1605 (N-H bending), 1543-1439 (C=C aromatic).
'H NMR (DMSO-4,) 6: 2.96 (t, 2H, J = 6.28 Hz,
CH,), 3.24 (s, 3H, CH,), 3.41 (s, 3H, CH,), 4.53
(t, 2H, ] = 6.24 Hz, CH,), 7.02 (t, 3H, ] = 7.26 Hz,
Ar-H), 753 (d, 2H, J = 792 Hz, Ar-H), 8.00 (s, 1H,
Ar-H), 9.97 (s, 1H, NH exchanged with D,0). “C
NMR (DMSO-4,) 6: 279 (CH,), 29.7 (CH,), 31.8
(CH,), 371 (CH,), 106.5, 119.7, 123.6, 128.7, 138.9,
142.7, 148.9 (aromatic carbons), 151.5 (C=0), 154.9
(C=0), 168.3 (C=0). Anal. Calcd for (C ;H N.O,):
C, 58.71; H, 5.23; N, 21.39; found, C, 58.94; H, 5.30;
N, 21.62.

3-(1,3-Dimethyl-2,6-dioxo-2,3-dihydro-1H-purin-
7(6H)-yl)-N-(4-methoxyphenyl)propanamide 3f
It was prepared using 1f in the presence of sodium
hydride and the reaction time was 35 h to give grey
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powder, yield 0.42 g, 42%; mp 128-130°C, IR Y
cm™: 3140 (N-H amide), 3094 (C-H aromatic), 2924,
2850 (C-H aliphatic), 1697, 1647 (3 C=0), 1558,
1458 (C=C aromatic). 'H NMR (DMSO-4,) &:
2.90 (t, 2H, J = 6.44 Hz, CHZ), 3.25 (s, 3H, CH3),
3.41(s, 3H, CH)), 3.70 (s, 3H, OCH,), 4.52 (¢, 2H,
J = 6.42 Hz, CHz)’ 6.85 (d, 2H, / = 9.00 Hz, Ar-H),
7.43 (d, 2H, J = 8.96 Hz, Ar-H), 7.99 (s, 1H, Ar-H),
9.83 (s, 1H, NH exchanged with D,0). "C NMR
(DMSO-4,) 6: 28.0 (CH,), 29.9 (CH,), 37.0 (CH,),
43.1 (CH,), 55.6 (OCH,), 106.3, 114.2, 121.1, 132.4,
143.3, 148.9, 155.7 (aromatic carbons), 151.5 (C=0),
154.8 (C=0), 168.1 (C=0). MS, m/z: 359.22 (M*+2),
358.15 (M*+1), 357.18 (M*), 122.07. Anal. Calcd for
(C,H,N.O): C,57.14; H, 5.36; N, 19.60; found, C,
57.36; H, 5.43; N, 19.84.

3-(1,3-Dimethyl-2,6-dioxo-2,3-dihydro-1H-purin-
7(6H)-yl)-N-(4-fluorophenyl)propanamide 3g

It was prepared using 1g in the presence of sodium
hydride and the reaction time was 32 h. The dried
powder was washed with methanol to give white pow-
der, yield 0.36 g, 38%; m.p 267-268°C, IRY _ cm™:
3155 (N-H amide), 3086 (C-H aromatic), 2947, 2920
(C-H aliphatic), 1697, 1655, 1643 (3 C=0), 1620
(N-H bending),1551-1458 (C=C aromatic). 'H NMR
(CDClﬁ) 5:2.98 (t, 2H, J = 6.44 Hz, CHZ), 3.42 (s,
3H, CH,), 3.57(s, 3H, CH,), 4.62 (t, 2H, / = 6.48 Hz,
CHz)’ 6.97-7.02 (m, 3H, 2Ar-H+ NH), 7.40-7.41 (m,
2H, Ar-H), 7.69 (s, 1H, Ar-H). "C NMR (DMSO-dG)
5:28.0 (CH,), 29.9 (CH,), 37.1 (CH,), 43.0 (CH,),
106.3, 115.6, 115.8, 121.2, 121.3, 135.7, 143.3, 148.9,
159.6 (aromatic carbons), 151.5 (C=0), 154.8 (C=0),
168.6 (C=0). MS, m/z: 347 (M*+2), 346.14 (M*+1),
345.11 (M), 180.04. Anal. Calcd for (C, ;H, FN.O,):
C, 55.65; H, 4.67; N, 20.28; found, C; 55.80; H, 4.71;
N, 20.45.

8-Bromo-1,3-dimethyl-3,7-dihydro-1H-purine-2,6-
dione 4

To a mixture of theophylline 2 (27.75 mmol, 5.0 g) and
sodium acetate (42.67 mmole, 3.52 g) in glacial acetic
acid (50 ml), bromine (49.92 mmole, 2.61 ml) was
added drop-wise. The resulted mixture was stirred for
25 h at room temperature then poured into ice water
(200 ml) and cooled at 0°C for 20 min. The obtained
precipitate was filtered, washed with cold water and
dried, to give off white powder, yield 5.15 g, 71%; mp
295-296°C (reported 295-297°C) [3738].

General procedure for the preparation of 5a-d

8-Bromotheophylline 4 (1.93 mmol, 0.50 g) was added
to a suspension of potassium carbonate (4.80 mmol,
0.66 g) in DMF (10 ml) and the mixture was stirred

at 100°C for 2 h. The appropriate 2-chloro-/N-phen-
ylacetamide 1a-d (3.86 mmol) was dissolved in DMF
(4 ml) and then added to the previous mixture. The
resulted mixture was stirred at the appropriate temper-
ature and the product was monitored by TLC. At the
end of the reaction, the mixture was cooled to room
temperature and poured onto ice water (100 ml) then
the pH was adjusted to 6 with 35% hydrochloric acid.
The formed precipitate was filtered off, washed with
water and dried to give the product.

2-(8-Bromo-1,3-dimethyl-2,6-dioxo-2,3-dihydro-
1H-purin-7(6H)-yl)-N-phenylacetamide 5a

It was prepared using la and the reaction was stirred
for 72 h at room temperature to give white powder,
yield 0.57 g, 75%; mp 276-277°C, IRY,__cm'': 3275
(N-H amide), 3066 (C-H aromatic), 2951-2924 (C-H
aliphatic), 1701-1670 (3 C=0), 1608 (N-H bending),
1543-1446 (C=C aromatic). 'H NMR (CDCl,) &:
3.47 (s, 3H, CH)), 3.60 (s, 3H, CH,), 5.10 (s, 2H,
CHz)’ 7.14 (s, 1H, Ar-H), 7.31 (¢, 2H, / = 7.20 Hz,
Ar-H), 754 (d, 2H, J = 7.40 Hz, Ar-H), 9.00 (s, 1H,
NH exchanged with D,0). "C NMR (DMSO-4,) &:
279 (CH,), 29.8 (CH)), 49.3 (CH,), 109.2, 119.6,
124.0, 128.9, 129.3, 138.4, 147.9 (aromatic carbons),
151.1 (C=0), 154.2 (C=0), 163.6 (C=0). Anal.
Caled for (C H BrN.O,): C, 45.94; H, 3.60; N,
17.86; found, C, 46.17; H, 3.55; N, 18.09.

2-(8-Bromo-1,3-dimethyl-2,6-dioxo-2,3-dihydro-
1H-purin-7(6H)-yl)-N-(4-methoxyphenyl)
acetamide 5b

It was prepared using 1b and the reaction was stirred
for 72 h at room temperature to give white powder,
yield 0.64 g, 79%; mp 238-240°C, IR Y cm’: 3267
(N-H amide), 3067 (C-H aromatic), 2951-2932 (C-H
aliphatic), 1701, 1659 (3 C=0), 1609 (N-Hbending),
1539-1438 (C=Caromatic). 'HNMR (CDCI,) 8: 3.45
(s, 3H, CH,), 3.60 (s, 3H, CH,), 3.79 (s, 3H, OCH,),
5.09 (s, 2H, CH,), 6.86 (d, 2H, J = 8.44 Hz, Ar-H),
7.44 (d, 2H, J = 8.40 Hz, Ar-H), 8.88 (s, 1H, NH
exchanged with D,0). "C NMR (DMSO-4,) 5: 28.0
(CH,), 30.0 (CH,), 49.3 (CH,), 55.6 (OCH,), 109.1,
114.5, 121.1, 130.1, 132.0, 147.9, 156.0 (aromatic car-
bons), 151.1 (C=0), 154.2 (C=0), 163.5 (C=0). MS,
m/z: 424.03 (M*+2), 423.02 (M*+1), 422.06 (M"),
123.06. Anal. Calcd for (C, . H BrN.O,): C, 45.51; H,
3.82; N, 16.59; found, C, 45.73; H, 3.80; N, 16.81.

2-(8-Bromo-1,3-dimethyl-2,6-dioxo-2,3-dihydro-
1H-purin-7(6H)-yl)-N-(4-fluorophenyl)acetamide
5¢

It was prepared using 1c and the reaction was stirred
for 21 h at 60°C. The dried powder was recrystallized
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from ethanol to give white solid, yield 0.33 g, 42%;
mp 278-280°C, IR Y, cm’: 3290 (N-H amide),
3086-3001 (C-H aromatic), 2955-2928 (C-H ali-
phatic), 1701-1651 (3 C=0), 1609 (N-H bending),
1558-1450 (C=C aromatic). 'H NMR (DMSO-4.)
5:3.18 (s, 3H, CH,), 3.4 (s, 3, CH,), 5.16 (s, 2H,
CH,), 7.14 (1, 2H, J = 8.64 Hz, Ar-H), 7.56-7.62 (m,
2H, Ar-H), 9.33 (s, 1H, NH exchanged with D,0).
PC NMR (DMSO-4,) 6: 27.7 (CH,), 29.9 (CH,),
46.7 (CHz), 102.4, 115.6, 115.8, 120.2, 121.1, 135.7,
136.7, 147.9, 150.7 (aromatic carbons), 151.4 (C=0),
153.8 (C=0), 165.5 (C=0). MS, m/z: 411.38 (M*+1),
410.44 (M), 94.10. Anal. Calcd for (C JH ,BrFN,O,):
C,43.92; H, 3.19; N, 17.07; found, C, 44.17; H, 3.22;
N, 17.32.

2-(8-Bromo-1,3-dimethyl-2,6-dioxo-2,3-dihydro-
1H-purin-7(6H)-yl)-N-(4-sulfamoylphenyl)
acetamide 5d

It was prepared using 1d and the reaction was stirred
for 11 h at 60°C. The dried powder was washed from
hot ethanol to give pale grey powder, yield 0.80 g, 88%;
mp 224-225°C,IRY_cm™:3447,3393 (NH,), 3196
(N-H amide), 3096-3069 (C-H aromatic), 2957—
2853 (C-H aliphatic), 1695-1647 (3 C=0), 1628
(N-H bending), 1597-1442 (C=C aromatic). 'HNMR
(DMSO-4,) 8: 3.20 (s, 3H, CH,), 3.44 (s, 3H, CH,),
4.17 (s, 2H, NH, exchanged with D,0), 4.82 (s, 2H,
CH,), 7.32 (d, 2H, J = 8.64 Hz, Ar-H), 7.54 (d, 2H,
J =8.60 Hz, Ar-H), 9.04 (s, 1H, NH exchanged with
D,0). ¥C NMR (DMSO-4,) &: 27.8 (CH,), 29.9
(CH3), 46.2 (CHz)’ 102.9, 117.8, 127.2, 137.0, 139.3,
143.5, 147.8 (aromatic carbons), 151.4 (C=0), 153.9
(C=0), 168.5 (C=0). MS, m/z: 471.85 (M"), 123.12.
Anal. Caled for (C H BiN,O.S): C, 38.23; H, 3.21;
N, 17.83; found, C, 38.40; H, 3.18; N, 18.06.

General procedure for the preparation of 5e-g
8-Bromotheophylline 4 (1.93 mmol, 0.50 g) was added
to a suspension of sodium hydride (5.79 mmol, 0.14 g)
in DMF (10 ml) and the mixture was stirred at 100°C
for 2 h. The appropriate 3-chloro-/V-phenylpropan-
amide le-g (3.86 mmol) was dissolved in DMF (4 ml)
and then added to the previous mixture. The resulted
mixture was stirred at 120°C for 20 h. At the end of the
reaction, the mixture was cooled to room temperature
and poured onto ice water (100 ml) then the pH was
adjusted to 6 with 35% hydrochloric acid.

3-(8-Bromo-1,3-dimethyl-2,6-dioxo-2,3-dihydro-
1H-purin-7(6H)-yl)-N-phenylpropanamide 5e

It was prepared using le and the dried powder was
recrystallized from dichloromethane to give reddish

white crystals, yield 0.10 g, 13%; mp 179-180°C,

IRY,_ cm': 3271 (N-H amide), 3086-3067 (C-H
aromatic), 2924-2894 (C-H aliphatic), 1701-1651 (3
C=0), 1608 (N-H bending), 1543-1458 (C=C aro-
matic). 'H NMR (CDCL,) 6: 2.96 (t, 2H, /= 7.14 Hz,
CH,), 3.45 (s, 3H, CH,), 3.59 (s, 3H, CH,), 4.72
(t, 2H, ] = 692 Hz, CH,), 7.14 (t, 1H, J = 7.18 Hz,
Ar-H), 7.35 (v, 2H, J = 7.64 Hz, Ar-H), 756 (d, 2H,
J =776 Hz, Ar-H), 8.14 (s, 1H, NH exchanged with
D,0). "C NMR (DMSO-4,) &: 28.1 (CH,), 30.0
(CH)), 36.9 (CH,), 44.0 (CH,), 108.6, 119.7, 123.8,
129.0, 129.1, 139.3, 148.4 (aromatic carbons), 151.2
(C=0), 154.0 (C=0), 168.2 (C=0). MS, m/z:
406.12 (M), 93.05. Anal. Calcd for (C H BrN.O,):
C, 47.31; H, 3.97; N, 17.24; found, C, 47.59; H, 4.01;
N, 17.52.

3-(8-Bromo-1,3-dimethyl-2,6-dioxo-2,3-dihydro-
1H-purin-7(6H)-yl)-N-(4-methoxyphenyl)
propanamide 5f

It was prepared using 1f and the dried powder was
recrystallized from dichloromethane to give white
powder, yield 0.22 g, 26%; mp 220-222°C, IRY
cm™: 3287 (N-H amide), 3063 (C-H aromatic),
2951-2855 (C-H aliphatic), 1701, 1670, 1647 (3
C=0), 1601 (N-H bending), 1543-1450 (C=C aro-
matic). "H NMR (CDCL,) 8: 2.94 (t, 2H, J = 7.44 Hz,
CH,), 3.44 (s, 3H, CH)), 3.58 (s, 3H, CH,), 3.81 (s,
3H, OCH3), 4.71 (t, 2H, J = 7.44 Hz, CHZ), 6.88 (d,
2H, / = 8.96 Hz, Ar-H), 7.45 (d, 2H, / = 8.92 Hz,
Ar-H), 798 (s, 1H, NH exchanged with D,0). *C
NMR (DMSO-4,) &: 23.4 (CH,), 25.3 (CH,), 33.3
(CH,), 39.5 (CH,), 50.7 (OCH,), 103.8, 109.4, 116.9,
123.5, 126.0, 144.01, 146.4 (aromatic carbons), 149.8
(C=0), 151.8 (C=0), 162.1 (C=0). Anal. Calcd for
(CI7H18BrNSO4): C, 46.80; H, 4.16; N, 16.05; found,
C, 46.97: H, 4.22; N, 16.31.

3-(8-Bromo-1,3-dimethyl-2,6-dioxo-2,3-
dihydro-1H-purin-7(6H)-yl)-N-(4-fluorophenyl)
propanamide 5g

It was prepared using 1g and the dried powder was
recrystallized from ethanol to give white powder, yield
0.22 g, 27%; mp 217-219°C, IR Y,__cm': 3302 (N-H
amide), 3063 (C-H aromatic), 2924 (C-H aliphatic),
1697-1659 (3 C=0), 1612 (N-H bending), 1535-1462
(C=C aromatic). 'H NMR (CDCl,) &: 2.95 (t, 2H,
J = 724 Hz, CH,), 3.45 (s, 3H, CH,), 3.59 (s, 3H,
CH)), 4.71 (¢, 2H, J = 7.10 Hz, CH,), 7.04 (t, 2H,
J =8.48 Hz, Ar-H), 7.51-7.55 (m, 2H, Ar-H), 8.19 (s,
1H, NH exchanged with D,0). "CNMR (DMSO-4,)
3:28.1 (CH,), 30.0 (CH,), 36.8 (CH,), 44.0 (CH,),
108.6, 115.6, 115.8, 121.4, 121.5, 128.8, 135.7, 148.4,
160.0 (aromatic carbons), 151.2 (C=0), 154.0 (C=0),
168.1 (C=0). MS, m/z: 426.01 (M*+1), 424.98 (M*),
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344.15. Anal. Caled for (C H BrFN.O,): C, 45.30;
H, 3.56; N, 16.51; found, C, 45.47; H, 3.54; N, 16.79.

General procedure for the preparation of 7a-g
Theobromine 6 (2.77 mmol, 0.50 g) was added to
a suspension of potassium carbonate (6.93 mmol,
0.96 g) or sodium hydride (9.16 mmol, 0.22 g) in
DMF (12 ml) and the mixture was stirred at 100°C
for 2 h. A mixture of the appropriate 2/3-chloro-
N-phenylactamide/propanamide la-g (5.55 mmol)
and potassium iodide (1.38 mmol, 0.23 g) in DMF
(4 ml) was added to the previous mixture and the
resulted mixture was stirred at (80-100°C). The
product was monitored by TLC. At the end of the
reaction, the mixture was cooled to room tempera-
ture and poured onto ice water (100 ml) then the pH
was adjusted to 6 with 35% hydrochloric acid. The
formed precipitate was filtered, washed with water
and dried to obtain 7a-g.

2-(3,7-Dimethyl-2,6-dioxo-2,3,6,7-tetrahydro-1H-
purin-1-yl)-N-phenylacetamide 7a

It was prepared using 1a in the presence of potassium
carbonate and the reaction time was 17 h. The dried
powder was recrystallized from ethanol to give white
powder, yield 0.22 g, 25%; mp 250-252°C, IR'Y
cm™: 3264 (N-H amide), 3067 (C-H aromatic), 2951
(C-H aliphatic), 1709, 1655 (3 C=0), 1601 (N-H
bending), 1543-1447 (C=C aromatic). 'H NMR
(CDCL) 8: 3.61 (s, 3H, CH,), 4.00 (s, 3H, CH,),
4.86 (s, 2H, CH)), 7.08 (t, 1H, J = 7.18 Hz, Ar-H),
7.26-7.39 (m, 2H, Ar-H), 7.46-7.52 (m, 2H, Ar-H),
7.56 (s, 1H, Ar-H), 7.97 (s, 1H, NH exchanged with
D,0). ¥C NMR (DMSO-4,) 3: 29.9 (CH,), 33.6
(CH3), 43.8 (CH,), 107.0, 119.5, 125.7, 129.3, 139.2,
143.7, 149.0 (aromatic carbons), 151.4 (C=0), 154.6
(C=0), 166.2 (C=0). MS, m/z: 314.11 (M*+1),
313.09 (M"), 193.06. Anal. Calcd for (C H ,N,O,):
C, 57.50; H, 4.83; N, 22.35; found, C, 57.68; H,
4.89; N, 22.57.

2-(3,7-Dimethyl-2,6-dioxo-2,3,6,7-tetrahydro-1H-
purin-1-yl)-N-(4-methoxyphenyl)acetamide 7b

It was prepared using 1b in the presence of potas-
sium carbonate and the reaction time was 22 h. The
dried powder was recrystallized from ethanol to give
yellow powder, yield 0.21 g, 22%; mp 257-259°C,
IRY, cm': 3260 (N-H amide), 3078 (C-H aro-
matic), 2959, 2924 (C-H aliphatic), 1709,1663
(3 C=0), 1601 (N-H bending), 1547-1458 (C=C
aromatic). 'H NMR (CDCL)) &: 3.62 (s, 3H, CH,),
3.80 (s, 3H, CH,), 4.01 (s, 3H, OCH,), 4.84 (s, 2H,
CH,), 6.84 (d, 2H, J = 8.84 Hz, Ar-H), 7.44 (d, 2H,
J=8.84 Hz, Ar-H), 7.56 (s, 1H, Ar-H), 7.64 (s, 1H,

NH exchanged with D,0). "C NMR (DMSO-4,) &:
29.9 (CH,), 33.7 (CH,), 43.7 (CH,), 55.6 (OCH,),
107.1, 114.4, 121.0, 132.4, 143.7, 149.0, 155.7 (aro-
matic carbons), 151.4 (C=0), 154.7 (C=0), 165.6
(C=0). MS, m/z: 345.13 (M*+2), 344.13 (M*+1),
343.10 (M"), 193.06. Anal. Calcd for (C,;H N.O)):
C, 55.97; H, 4.99; N, 20.40; found, C, 56.12; H,
5.06; N, 20.64.

2-(3,7-Dimethyl-2,6-dioxo-2,3,6,7-tetrahydro-1H-
purin-1-yl)-N-(4-fluorophenyl)acetamide 7c

It was prepared using 1c in the presence of potassium
carbonate and the reaction time was 20 h. The dried
powder was recrystallized from ethanol to give white
powder, yield 0.62 g, 67%; 280-281°C,IRY__ cm™:
3264 (N-H amide), 3071 (C-H aromatic), 2955-2854
(C-H aliphatic), 1713, 1663 (3 C=0), 1605 (N-H
bending), 1543-1454 (C=C aromatic). 'H NMR
(DMSO-4,) 8: 3.44 (s, 3H, CH,), 3.89 (s, 3H, CH,),
4.66 (s, 2H, CH,), 7.15 (t, 2H, J = 8.88 Hz, Ar-H),
7.58 (d, 2H, J = 5.00 Hz, Ar-H), 8.08 (s, 1H, Ar-H),
10.29 (s, 1H, NH exchanged with D,0). "C NMR
(DMSO-4,) 6: 29.7 (CH,), 33.5 (CH,), 43.7 (CH,),
107.2, 115.2, 121.5, 135.2, 142.7, 149.00, 159.8 (aro-
matic carbons), 151.4 (C=0), 154.7 (C=0), 166.1
(C=0). Anal. Calcd for (C ,H ,FN.O,): C, 54.38; H,
4.26; N, 21.14; found, C, 54.59; H, 4.33; N, 21.38.

2-(3,7-Dimethyl-2,6-dioxo-2,3,6,7-tetrahydro-1H-
purin-1-yl)-N-(4-sulfamoylphenyl)acetamide 7d

It was prepared using 1d in the presence of potassium
carbonate and the reaction time was 18 h. The dried
powder was washed with hot ethanol to give pale brown
powder, yield 0.42 g, 39%; mp 202-203°C, IR'Y
cm’: 3285, 3275 (SO,NH,), 3117 (N-H amide), 3071
(C-H aromatic), 2959 (C-H aliphatic), 1701-1655 (3
C=0), 1593 (N-H bending), 1543-1458 (C=C aro-
matic), 1315, 1157 (SO,). 'HNMR (DMSO-4,) 8: 3.45
(s, 3H, CH,), 3.89 (s, 3H, CH,), 4.71 (s, 2H, CH,),
7.08 (s, 1H, NH exchanged with D,0), 7.27 (s, 2H,
NH, exchanged with D,0), 7.72 (d, 2H, / = 8.80 Hz,
Ar-H), 7.77 (d, 2H, J = 8.80 Hz, Ar-H), 8.08 (s, 1H,
Ar-H). "C NMR (DMSO-4,) &: 29.9 (CH,), 33.7
(CH3), 44.0 (CHz), 107.0, 112.9, 119.1, 127.2, 127.9,
139.0, 142.1, 143.8, 149.0 (aromatic carbons), 151.4
(C=0), 154.6 (C=0), 166.8 (C=0). MS, m/z: 392.11
(M), 65.06. Anal. Calcd for (C ,H, N O.S): C, 45.91;
H, 4.11; N, 21.42; found, C, 46.23; H, 4.18; N, 21.70.

3-(3,7-Dimethyl-2,6-dioxo-2,3,6,7-tetrahydro-1H-
purin-1-yl)-N-phenylpropanamide 7e

It was prepared using le in the presence of sodium
hydride and the reaction time was 32 h to give white
powder, yield 0.54 g, 60%; mp 101-102°C, IR Y __

X

fsg

future science group

1737



Research Article Mohamed, Georgey, George, El-Eraky, Saleh & Abdel Gawad

cm™: 3256 (N-H amide), 3098 (C-H aromatic), 2924
(C-H aliphatic), 1694, 1670, 1643 (3 C=0), 1601
(N-H bending), 1555-1447 (C=C aromatic). 'H
NMR (CDCl,) 8: 2.85 (t, 2H, / = 6.86 Hz, CH,),
3.61 (s, 3H, CH,), 4.00 (s, 3H, CH,), 444 (t, 2H,
J = 6.94 Hz, CH,), 7.10 (t, 1H, J = 7.32 Hz, Ar-H),
7.32 (t, 2H, J = 7.86 Hz, Ar-H), 7.55 (s, 1H, Ar-H),
758 (d, 2H, J = 7.84 Hz, Ar-H), 851 (s, 1H, NH
exchanged with D,0). "C NMR (DMSO-4,) &: 29.8
(CH,), 33.6 (CH,), 35.1 (CH,), 37.6 (CH,), 107.1,
115.5, 115.7, 121.4, 121.5, 135.8, 135.9, 143.4, 148.7
(aromatic carbons), 151.2 (C=0), 154.7 (C=0), 169.3
(C=0). MS, m/z: 328.16 (M*+1), 327.17 (M"), 93.07.
Anal. Calcd for (C16H17NSO3): C, 58.71; H, 5.23; N,
21.39; found, C, 58.98; H, 5.30; N, 21.62.

3-(3,7-Dimethyl-2,6-dioxo-2,3,6,7-tetrahydro-1H-

purin-1-yl)-N-(4-methoxyphenyl)propanamide 7f
It was prepared using 1f in the presence of sodium
hydride and the reaction time was 35 h to give grey
powder, yield 0.56 g, 0.56%, mp 125-127°C, IRY
cm™: 3291 (N-H amide), 3090-3024 (C-H aromatic),
2928-2832 (C-H aliphatic), 1701-1651 (3 C=0),
1609 (N-H bending), 1551-1492 (C=C aromatic). '"H
NMR (CDCla) 5: 2.59 (t, 2H, J = 6.20 Hz, CHz)’
3.37 (s, 3H, CH,), 3.56 (s, 3H, CH,), 3.68 (s, 3H,
OCH,), 4.18 (t, 2H, / = 6.24 Hz, CH,), 6.62 (d, 2H,
J =8.44 Hz, Ar-H), 7.04 (s, 1H, Ar-H), 7.24 (d, 2H,
J =8.40 Hz, Ar-H), 8.09 (s, 1H, NH exchanged with
D,0). "C NMR (DMSO-4,) &: 29.8 (CH,), 33.6
(CH,), 35.0 (CH,), 37.7 (CH,), 55.6 (OCH,), 107.1,
114.2, 121.4, 132.7, 143.4, 148.7, 155.6 (aromatic car-
bons), 151.2 (C=0), 154.7 (C=0), 168.8 (C=0).
MS, m/z: 359.18 (M*+2), 358.17 (M*+1), 357.14 (M*),
181.06. Anal. Calcd for (C,H,N.O): C, 57.14; H,
5.36; N, 19.60; found, C, 57.09; H, 5.43; N, 19.78.

3-(3,7-Dimethyl-2,6-dioxo-2,3,6,7-tetrahydro-1H-
purin-1-yl)-N-(4-fluorophenyl) propanamide 7g

It was prepared using lg in the presence of sodium
hydride and the reaction time was 35 h. The dried pow-
der was recrystallized from methanol to give pale green
crystals, yield 0.48 g, 50%; mp 234-236°C, IR Y __
cm™:3287 (N-H amide), 3067-3048 (C-H aromatic),
2924-2855 (C-H aliphatic), 1701, 1651 (3 C=0),
1616 (N-H bending), 1543-1458 (C=C aromatic). '"H
NMR (CDCls) 5: 2.87 (t, 2H, J = 6.70 Hz, CHz)’
3.63 (s, 3H, CH,), 4.02 (s, 3H, CH,), 4.44 (t, 2H,
J = 6.66 Hz, CHZ), 7.02 (t, 2H, J = 8.72 Hz, Ar-H),
7.54-7.59 (m, 3H, Ar-H), 8.53 (s, IH, NH exchanged
with D,0). "C NMR (CDCl,) 5: 24.9 (CH)), 28.7
(CH,), 30.7 (CH,), 33.0 (CH,), 102.7, 110.2, 110.4,
116.6, 116.7, 137.1, 144.0, 146.6, 150.2 (aromatic car-
bons), 152.8 (C=0), 155.2 (C=0), 164.1 (C=0).

Anal. Caled for (C H,FN.O,): C, 55.65; H, 4.67; N,
20.28; found, C, 55.91; H, 4.73; N, 20.49.

Bronchodilation properties screening

The bronchodilation activity screening procedures were
carried out according to the reported techniques [39.40]
by testing the effects of the prepared xanthine deriva-
tives 3a-g, 5a-g and 7a-g and their precursors theoph-
ylline 2, 8-bromotheophylline 4 and theobromine 6
on isolated guinea pig tracheal rings (350-400 g).
The tracheas were quickly dissected from guinea pigs
that were sacrificed by vertebral dislocation after very
light anesthesia (according to the ethics approved by
the Research Ethics Committee at the Faculty of Phar-
macy, Cairo University, Cairo, Egypt) and placed in a
Petri dish containing physiological salt solution. The
tracheas were cleaned from adherent connective tissues
as much as possible and cut into rings of 2-3-mm length
and each ring was placed in a vertical chamber ‘10 ml
jacketed automatic multichamberorgan bath system
(Model no. ML870B6/C, Panlab, Spain)’ filled with
Krebs solution composed of (in mM): NaCl, 118.0;
KCl, 4.7; NaHCO,, 25.0; CaCl,, 1.8; NaH,PO,, 1.2;
MgSO,, 1.2; glucose, 11.0 and oxygenated with bub-
bles of carbogen gas (95% O,/5% CO,) at 37 + 0.5°C.
Each trachea ring was mounted between two stainless
steel hooks. The lower hook was fixed between two
plates, while the upper one was attached to a force dis-
placement transducer (Model no. MLT0201, Panlab,
Barcelona, Spain) connected to an amplifier (Power-
Lab, AD Instruments Pty. Ltd., Bella Vista, Australia)
in turn connected to a computer. The Chart for win-
dows (v 3.4) software was used to record and elaborate
the data. Preparations were stabilized under 1 g resting
tension during 1 h and then the contracture response
to histamine (10 M) was measured before and after
exposure to increasing concentrations of the tested
synthesized compounds. The tested compounds were
dissolved in dimethylsulfoxide as stock solution (10 ml
of 10 M). Control experiments were performed in the
presence of dimethylsulfoxide alone, at the same con-
centrations as those used with the tested derivatives,
which demonstrated that the solvent did not affect the
contractile response of isolated trachea. The mean of
three successive runs were used in each case to extract
the experimental data. The observed bronchodilation
activity screening data are represented in Table 1 and
the potency (IC,, concentration necessary for 50%
reduction of maximal histamine-induced contracture)
was determined.

2D-QSAR study
2D-QSAR studies were undertaken utilizing compre-
hensive descriptors for structural and statistical analysis
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Table 1. Observed and estimated/predicted bronchodilation activity values for the tested

compounds.

Entry Compound Observed (experimental) Estimated IC,, uM Error®
ICSO, uM
1 Theophylline, 2 12.65 12.27 0.38
2 3a 10.63 10.19 0.44
3 3b 12.44 12.33 0.1
4 3c 11.72 11.40 0.32
5 3d 5.76 5.71 0.05
6 3e 21.30 14.56 6.74
7 3f 5.91 6.80 -0.89
8 39 12.50 13.24 -0.74
9 8-Bromotheophylline, 4 8.93 8.78 0.15
10 5a 10.83 11.94 -1.11
1 5b 14.56 14.59 -0.03
12 5¢ 17.00 14.32 2.68
13 5d 8.37 7.58 0.79
14 5e 11.48 15.73 -4.25
15 5f 10.36 9.43 0.93
16 59 17.00 15.94 1.06
17 Theobromine, 6 11.47 10.78 0.69
18 7a 10.09 11.13 -1.04
19 7b 14.17 13.58 0.59
20 7c 10.40 13.50 -3.10
21 7d 8.37 7.87 0.50
22 7e 7.94 7.79 0.15
23 7f 11.63 13.64 -2.01
24 79 18.94 13.06 5.88
*Error is the difference between the experimentally observed and estimated bioactivity values.

(CODESSA-Pro) software. The bioactive compounds
(3a-g, 5a-g and 7a-g, in addition to theophylline 2,
8-bromotheophylline 4 and theobromine 6) were used
as a training set for constructing the QSAR model.
Geometry of the training set compounds was initially
optimized by AM1 technique [41-51] then, exported to
CODESSA-Pro that includes MOPAC capability for the
final geometry optimization. CODESSA-Pro calculated
771 molecular descriptors (constitutional, topological,
geometrical, charge-related, semiempirical, molecular-
type, atomic-type and bond-type descriptors) for the
exported 24 training set compounds. Different mathe-
matical transformations [including property, 1/property,
log(property) and 1/log(property)] of the experimen-
tally observed bronchodilator property/activity (IC,,
uM) of the training set compounds were utilized

searching for the best QSAR model. The best multi-

linear regression (BMLR) technique was utilized which

is a stepwise search for the best 7-parameter regression
equations (where 7 stands for the number of descrip-
tors used), based on the highest R (squared correlation
coefficient), R?cvOO (squared cross-validation ‘leave
one-out, LOO’ coefficient), R2cvMO (squared cross-
validation ‘leave many-out, LMO’ coefficient), F (Fisher
statistical significance criteria) values, and & (standard
deviation). The QSAR models up to 5-descriptor model
describing the bioactivity of the bronchodilator active
agents were generated.

Results & discussion

Chemistry

The 2/3-chloro-N-arylacetamides/propanamides
la-g were prepared as outlined in Figure 3 accord-
ing to the reported procedures [24-36]. Heating of
theophylline 2 with la-g at 80-100°C in DMF in
the presence of catalytic amount of potassium iodide
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n = 1: 2-Chloroacetyl chloride
o n = 2: 3-Chloropropionyl chloride
(

X _a ;

NH, CI”(CH,Jn 2
R n =1:(i); 1a-c i

(ii); 1d
Aniline derivatives n = 2: (iii); 1e-g 1a-g
n=1 n=2
1a,R=-H le,R=-H
1b, R=-OCH, 1f, R=-OCH,
1c, R=-F 19, R=-F
1d, R =-SO,NH,

Figure 3. Synthesis of 2/3-chloro-N-arylacetamides/propanamides 1a-g. Reagents and reaction conditions: (i) 2N
NaOH, CH,CI,, r.t., 30 min; (ii) trimethylamine, DMF, r.t., 4-25 h; (iii) trimethylamine, ethylacetate, r.t., 1 h.

and either potassium carbonate or sodium hydride attributed to NH, and SO,, respectively. 'H NMR
resulted in 3a-d or 3e-g, respectively (Figure 4). IR spectra of 3a-d revealed three singlet signals at 3.20—
spectra of 3a-g showed bands at 1705-1643 cm™ cor-  3.47, 3.20-3.62 and 4.98-5.25 p.p.m. due to 2 CH,
responding to 3 C=0, additionally, IR spectrum of 3d  and CH,, respectively, in addition to an exchange-
showed bands at 3347, 3271 cm™ and 1381, 1153 cm™  able NH singlet at 9.35-9.58 p.p.m. Compound 3b

o}
i T R
N . ~ N/ "N
N b (i); 1a-g " 5 H
A / A I
o >NT N o“ >N~ N
I I
A 3a-g
Theophylline, 2
n=1 n=2
3a,R=-H 3e,R=-H
3b, R = -OCH, 3f, R=-OCH,
3C,R='F 3g,R=-F
(i) 3d, R =-SO,NH,
o} ’/Z .
- H 9 (CH); /O/
N N (ifi); 1a-d - NN
A A s
© ’i‘ (iv); 1e-g o0“ >N~ N
8-Bromotheophylline, 4 5a-g
n=1 n=2
5a, R=-H 5e, R=-H
5b, R = -OCH, 5f, R =-OCH,
5¢,R=-F 59,R=-F
5d, R = -SO,NH,

Figure 4. Synthesis of target compounds. 3a-g and 5a-g. Reagents and reaction conditions: (i) K,CO, or NaH, KI, DMF,
80-100°C, 17-35 h; (ii) Br,, NaOAc, HOAC, r.t., 25 h; (iii) K,CO,, DMF, r.t. -60°C, 11-72 h; (iv) NaH, DMF, 120°C, 20 h.
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|

7a-g
n=1 n=2
7a,R=-H 7e,R=-H
7b,R=-OCH,  7f, R=-OCH,
7¢,R=-F 79,R=-F
7d, R = -SO,NH,

Figure 5. Synthesis of target compounds 7a-g. Reagents and reaction conditions: (i) K,CO, or NaH, KI, DMF,

80-100°C, 17-35 h.

showed an additional singlet at 3.78 p.p.m. due to
OCH, group. Its "C NMR spectrum revealed signals
at 27.8, 29.7, 49.1 and 55.4 due to 2 CH,, CH, and
OCH, carbons, respectively. In case of compound 3d,
'"H NMR spectrum showed two exchangeable singlet
signals at 3.36 and 7.73 p.p.m. due to NH, and NH,
respectively. On the other hand, '"H NMR spectra of
the propanamide derivatives 3e-g showed two trip-
lets at 2.76-2.98 and 3.41-4.62 p.p.m., correspond-
ing to two CH,. Furthermore, »C NMR spectrum
of compound 3e revealed signals at 27.9, 29.7, 31.8
and 37.1 p.p.m. attributed to 2 CH, and 2CH, car-
bons, respectively (Supplementary Information).
Similarly, the N-alkylation of 8-bromotheophylline
4 with 2-chloro-N-arylacetamides 1a-d was achieved
using potassium carbonate in DMF at lower reaction
temperature (r.t. -60°C) and longer stirring time (up
to 72 h) to obtain the target compounds 5a-d in a
good yield. Degradation of these target compounds
were observed when a higher temperature was used.
On the other hand, the target compounds 5e-g
were obtained by the reaction of 8-bromotheophyl-
line 4 and 3-chloro-NV-arylpropanamides le-g in the
presence of sodium hydride at higher temperature
(100-120°C). The obtained structures of 5a-g were
confirmed by their spectral and elemental analyses.
Further, N-alkylation of theobromine 6 with la-g to
obtain 7a-g was carried out applying the same proce-
dures for the preparation of theophylline analogs 3a-g
(Figure 5). "H NMR spectra of the target compounds
7a-d revealed singlet signals at 3.33-3.62, 3.80—4.00
and 4.66—-4.99 p.p.m. due to 2CH, and CH, protons,
respectively, in addition to, the aromatic and the
exchangeable signals of NH at 6.84-11.09 p.p.m. In
case of compound 7b, its '"H NMR spectra revealed
an additional singlet at 4.01 p.p.m. due to OCH, pro-
tons. '"H NMR spectra of compounds 7e-g showed
two triplets at 2.50-2.87 and 3.40—-4.44 p.p.m. cor-
responding to 2 CH,. "C NMR of compound 7g, as a

representative example showed signals at § 24.9, 28.7,
30.7 and 32.96 p.p.m. corresponding to 2 CH, and
2 CH, carbons, respectively.

Bronchodilator activity

The in vitro bronchodilator activity of the target com-
pounds 3a-g, 5a-g and 7a-g, along with their pre-
cursors, theophylline 2, 8-bromotheophylline 4 and
theobromine 6 was investigated 77 vitro using isolated
guinea pig tracheal rings precontracted with histamine
according to the standard reported technique [39.40].
The principle in this in vitro screening assay depends
on the ability of tested compounds to inhibit the con-
striction stimulated by histamine in order to assess their
bronchodilation activity. The observed activity was
expressed as IC, , concentration of compounds neces-
sary to reduce maximal histamine-induced contracture

0.20

o
—
(é)]
|
[0}

0.10 o/ ©

0.05

Predicted 1/IC_, (IC,,, uM)

0.00

T T T T T
0.00 0.05 0.10 0.15 0.20

Observed 1/IC, (IC, , uM)

Figure 6. BMLR-QSAR model plot of correlations
representing the observed versus predicted 1/1C,, uM
values for the bronchodilator active agents.
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by 50% in guinea pig isolated tracheal rings and the
results were presented in Table 1. From the obtained
results (Table 1), it can be observed that the broncho-
dilator activity of theophylline (IC,; = 12.65 uM)
was enhanced by bromination at position 8 (8-bro-
motheophylline, IC,| = 8.93 uM) and was slightly
increased in case of its positional isomer; theobromine
(IC,, = 11.47 uM). Moreover, theophylline deriva-
tives with phenyl acetamide substituents 3a-c revealed
better activity than their phenyl propanamide conge-
ners 3e-g, but, compound 3f (IC, = 5.91 uM) was an
exception. Furthermore, substitution with an electron
withdrawing group was more favorable than an elec-
tron donating group and the p-sulfonamide deriva-
tive 3d was the most active compound in this series
with IC, of 5.76 uM.

Concerning the positional isomers 7a-g, the phenyl
propanamide substitutions 7e-g were more favorable
than their phenyl acetamide derivatives 7a-c, except for
the p-fluoro derivative 7c, which was more potent than
its homolog 7g. Also, the unsubstituted phenyl propan-
amide derivative 7e was the most active compound in
this series with IC, | of 7.94 uM.

Interestingly, the p-sulfonamide derivative 7d
showed promising activity with IC, of 8.37 uM.
Thus, position (N-1 of theobromine) could accommo-
date a phenyl acetamide, that was un/substituted with
an electron withdrawing moiety. In case of the phen-
ylpropanamide derivatives, either unsubstituted or an
electron donating group was more favorable than the
electron withdrawing one.

Although, 8-bromotheophylline derivatives 5a-c
and 5e-g revealed lower activity than 8-bromotheoph-
ylline 4; they exhibited comparable activity to each
other. Compound 5f was an exception that exhibited
enhanced activity compared with its phenyl acetamide
derivative 5b. Additionally, the p-sulfonamide deriva-
tive 5d was again the most active compound in this
series with IC, = 8.37 uM.

2D-QSAR study

2D-QSAR  studies were undertaken utilizing
CODESSA-Pro  (comprehensive  descriptors  for
structural and statistical analysis) software employ-
ing the 24 bronchodiltory active agents (3a-g, 5a-g,
7a-g and theophylline 2, 8-bromotheophylline 4
and theobromine 6) [41-51]. The best multilinear
regression QSAR (BMLR-QSAR) model obtained
for the present study is statistically significant. The
five descriptors controlling the QSAR model were
presented in Table 2 and arranged according to their
importance for the model, which is controlled by
standard deviation (S) and t-test (t) values. Figure 6
showed the BMLR-QSAR model plot of correlations
representing the observed versus predicted1/ IC,,
UM values for the bioactive agents. The plots were
uniformly scattered (observed, 0.0469-0.174; pre-
dicted, 0.063-0.175; 1/IC,, uM). Table 1 revealed
the observed and estimated/predicted IC, (uM)

values of the bronchodilatory active agents.

Maximum antibonding contribution of one molec-
ular orbital (molecular-type describtor) was the first
descriptor controlling the attained QSAR model
based on its Student’s z-criterion value (z = 3.589).
Highest occupied and lowest unoccupied molecular
orbital energy (HOMO, LOMO) were determined
by Equarions (1) and (2) [52]. Although this descriptor
(energy value) contributes in the QSAR model with
the highest coefficient value relative to other descrip-
tors of the model (coefficient = 0.528), its effect for
the predicted property seemed limited. This was
actributed to the fact that all the test set analogs were
of the same chemical scaffold [the descriptor value
range = (-2.2456) - (-2.4036)]. Table 3 exhibited the
descriptor values of the QSAR model.

€homo = <¢H0M0 ‘IA:‘ ¢H0M0>

Table 2. Descriptors of the BMLR-QSAR model for the bronchodiltor active agents.

Entry ID Coefficient S t

1 0 2.743 0.418 6.555

2 D, 0.528 0.147 3.589

3 D, -0.099 0.053 -1.887

4 D, -0.071 0.026 -2.693

5 D, -7.172 1.810 -3.963

6 D, -7.459 1.010 -7.385

N=24,n=5, R>=0.848, R’cvOO = 0.748, R*cvMO = 0.745, F = 21.215, s> = 0.0002

log (IC.,) = 2.743 +(0.528 x D,) - (0.099 x D,) - (0.071 x D,) - (7172 x D,) - (7.459 x D,).
S: Standard deviation; t: t-test value.

Descriptor

Intercept

Maximum antibonding contribution of one MO
Minimum exchange energy for bond H-C
Maximum resonance energy for bond H-C

Positively charged part of partial charged surface
area (Zefirov's PC)

Minimum 1-electron reaction index for atom O

1742

Future Med. Chem. (2017) 9(15)

future science group



Identification of some novel xanthine-based derivatives with bronchodilator activity Research Article

Table 3. Molecular descriptor values of the BMLR-QSAR model for the bronchodiltory active agents.

Entry Compound Descriptors®

D, D D, D, D,
1 Theophylline, 2 -2.3303 5.1527 11.2977 0.02549 -0.00787
2 3a -2.2868 5.1282 11.2629 0.01999 -0.00109
3 3b -2.2706 5.0966 11.2203 0.02371 -0.00042
4 3¢ -2.279 5.0681 11.1807 0.02272 -0.0002
5 3d -2.2589 4.8936 11.0366 0.02341 -0.00748
6 3e -2.3088 5.151 11.291 0.02104 -0.00028
7 3f -2.2822 5.0619 11.1669 0.02244 -0.00789
8 39 -2.2938 5.1445 11.2834 0.02114 -0.00008
9 8-Bromotheophylline, 4 -2.4036 5.2895 10.6008 0.02001 -0.00738
10 5a -2.3601 5.1793 11.1212 0.01708 -0.0009
11 5b -2.3609 5.1816 11.0981 0.01922 -0.00078
12 5¢ -2.3592 5.1785 11.0921 0.01851 -0.00005
13 5d -2.263 4.987 11.086 0.0196 0
14 5e -2.3683 5.174 11.1042 0.01855 0.00005
15 5f -2.3676 5.1743 11.0983 0.02018 -0.00711
16 59 -2.3757 5.1989 11.0926 0.01794 0
17 Theobromine, 6 -2.3158 5.1566 11.3009 0.02454 -0.00754
18 7a -2.2851 5.1511 11.2914 0.01953 0
19 7b -2.2854 5.1512 11.2916 0.02185 -0.00008
20 7c -2.2922 5.1528 11.2946 0.02136 -0.00019
21 7d -2.2456 4.8389 11.0749 0.02397 -0.00025
22 7e -2.3075 5.1588 11.3026 0.02016 -0.00755
23 7f -2.2875 5.1523 11.2938 0.02168 -0.00006
24 79 -2.2899 5.1519 11.2925 0.02101 0
D, = Max. antibonding contribution of one MO; D, = Min. exchange energy for bond H-C; D, = Max. resonance energy for bond H-C;
D, = Positively charged part of partial charged surface area (Zefirov's PC); D, = Min. 1-electron reaction index for atom O.

€Lumo = <¢LUM0 ‘f:‘ ¢LUMO>

where, stands for highest occupied molecu-

(pMOMO
lar orbital, @, for the lowest unoccupied molecular

orbital,

F for Fock operator.

Minimum exchange energy for bond H-C was
a semiempirical descriptor. Electronic exchange
energy between two given atoms was determined by
EqQuaTtron (3) [52].

Ecxc (AB) = z‘m,veA ZX,UGB PuXPvc <l,l;>\‘110'>

where, A stands for a given atomic species, B for
another atomic species, Pw, P, fordensity matrix
elements over atomic basis {uvAc} and

<uv|>\c> for electron repulsion integrals on atomic
basis {uvic}.

Maximum resonance energy for bond H-C was
the third descriptor governing the QSAR model
(t=-2.693) which was a semiempirical descriptor. Res-
onance energy between given two atomic species was
determined by EqQuAaTION (4) [52].

ER (AB) = 2peA ZIIEB Ppu Buv

where, A stands for a given atomic species, B for
another atomic species, P  for density matrix elements
over atomic basis {uv} and B for resonance integrals
on atomic basis {pv}.

Positively charged part of partial charged surface
area (Zefirov's PC) was a charge-related descriptor.
The partial positively charged surface was determined
by EQuaTIoN (5) [52].
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PPSA1=3,S, Ae{s, >0}

where, §,

accessible atomic surface area.

stands for positively charged solvent-

Minimum 1-electron reaction index for atom O
was a semiempirical descriptor is the fifth descriptor of
QSAR model (£ = -7.385).

Internal validation technique was the most appropri-
ate for the present QSAR study due to the limited data-
set utilized [39.43-45]. R?cvOO (squared cross-validation
correlation coefficient with leave one out ‘one example
omitted at a time’ = 0.748) and R*cvMO (squared cross-
validation correlation coefficient with leave many out
‘many data points omitted at a time up to 20% of the
total data points’ = 0.745), were close to the squared
correlation coefficient of the BMLR-QSAR model
(R* = 0.848). Standard deviation of the regression
(52 = 0.0002) relative to Fisher test value (¥ = 21.215)
also statistical parameters support the robustness of the
2D-QSAR model.

The predicted IC,| values for the high potent
bronchodilator agents 3d,f; 5d; 7d,e and (5.71-9.93
uM) were correlated with the observed bioproperties
(ICS peerveqy = 5-76-8.93 uM) exhibiting acceptable
error values. Compounds 3a-c,g; 5a,e,f and 7a,c,f
which revealed promising brochodilation properties
(ICSO(Obmved) = 10.09-12.50 uM) relative to the ref-
erence standard, theophylline 2 (IC,| = 12.65 uM)
showed  comparable  predicted  bioproperties
(ICSO(pmdmd) = 9.43-15.73 uM). Meanwhile, com-
pounds 3e; 5¢,g and 7g, which were low broncho-
dilator effective agents (IC, .~ = 17.00-21.30
uM), exhibited predicted properties (IC, . . =
13.06-15.94 uM) with relatively higher error values
(1.06-6.74; Table 1). From all the above observations,
it could be concluded that the attained 2D-QSAR
model is applicable not only for the high potent
bronchodilator hits but also for the low effective
agents.

Conclusion

Three novel series of 7-substituted theophylline 3a-g,
8-bromotheophylline 5a-g and 1-substituted theo-
bromine 7a-g were prepared through alkylation of
theophylline 2, 8-bromotheophylline 4 and theobro-
mine 6, respectively, under basic conditions. These
compounds were screened for their in vitro broncho-
dilator activity in guinea pig tracheal rings precon-
tracted with histamine. Many compounds exerted
better activity than theophylline 2 (IC, = 12.65 uM)
especially the NV-(4-sulfamoylphenyl) derivatives 3d,
5d and 7d (IC = 5.76, 8.37 and 8.37 puM, respec-
tively). Thus, these compounds can be considered
as promising hits for potent bronchodilators that
may be useful for further investigations. 2D-QSAR
study revealed a statistically significant model that
validated the obtained bronchodilator activity and it
could be also used for prediction of the activity of any
compound bearing the same scaffold.

Future perspective

Asthma represents an important health problem affect-
ing high populations, particularly children. It could be
managed by different bronchodilators and/or cortico-
steroids to relieve the bronchospasm and inflammation
associated with asthma. However, these medications
resulted in serious side effects such as tachycardia, CNS
stimulation and water retention. Therefore, there has
been an urgent need to discover a new medication with
more efficiency. This research work aimed at modify-
ing the structure of theophylline, the first broncho-
dilator used in asthma and at their in vitro screening
using isolated guinea pig tracheal rings precontracted
with histamine, hoping to obtain new derivatives with
promising bronchodilation activity. Thus, they may
represent lead scaffolds for further optimization. Fur-
thermore, a 2D-QSAR study was performed in order to
validate the obtained activity and study the structural
features affecting the activity.

Summary points

Chemistry
analogs 1e-g.
Bronchodilation activity

tracheal rings precontracted with histamine.

2D-QSAR study

e Novel xanthenes 3a-g, 5a-g and 7a-g were prepared from N-alkylation of theophylline 2, 8-bromotheophylline
4 and theobromine 6, respectively, with different 2/3-chloro-N-phenylacetamides 1a-d or their propanamide
e All the prepared compounds were screened for their bronchodilation activity using isolated guinea pig

e Many compounds exerted better activity than theophylline 2 (IC, = 12.65 uM) especially the N-(4-
sulfamoylphenyl) derivatives 3d, 5d and 7d (IC, = 5.76, 8.37 and 8.37 uM, respectively).

e 2D-QSAR study revealed a statistically significant model that validated the obtained bronchodilator activity
and it could be also used for prediction of the activity of any compound bearing the same scaffold.
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