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Abstract

A facile synthetic approach towards dithiatetraaza-macrocycles 4a and b was achieved through reaction of 2,2'-[alkanediylbis(thio)]bisben-
zenamines 1a and b with 1,4-phenylenediisocyanate. However, reaction of 1a and b with a variety of aryl-, alkylisocyanates or isothiocyanates
2a—f afforded the corresponding bisurea and their thio-analogues 3a—l. Anti-inflammatory activity of the prepared compounds (in a dose of
50 mg/kg body weight) using in vivo acute carrageenan-induced paw oedema in rats is studied. Compounds 3e and 4b reveal the best anti-
inflammatory properties among all the tested compounds with potency (% oedema inhibition of the tested compounds regarding % oedema

I3

inhibition of indomethacin
© 2007 Elsevier Masson SAS. All rights reserved.

which was used as a reference standard in a dose of 10 mg/kg body weight’’) 0.90 and 0.85, respectively.
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1. Introduction

N,N'-Disubstituted ureas represent an important class of or-
ganic compounds attracting great attention of many researchers
due to their wide applications in various fields especially as bi-
ological and pharmacological active agents. Many N,N’-disub-
stituted urea derivatives were reported to possess anticancer
properties against human skin melanoma (M21), colon carci-
noma (HT-29), breast carcinoma (MCF-7), breast hormone-
independent adenocarcinoma (MDA-MB-231) and bladder
cancer (T-24) cell lines [1—5]. N-Aryl-N'-benzylureas were
reported to be transient receptor potential vanilloid 1 (TRPV1)
antagonists with good pharmacokinetic properties and great
potency in animal model of inflammatory pain [6]. On the other
hand, N,N'-disubstituted ureas as well as their thio-analogues
were reported to be nitric oxide production inhibitors in lipo-
polysaccharide-activited macrophages [7], antibacterial [8,9],
insecticidal and acaricidal [10—12] active agents. Many trisub-
stituted urea analogues were achieved to be MCH-RI1
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antagonists (G-protein-coupled receptor bind to melanin
concentrating hormone) for treatment of obesity [13]. Other tri-
substituted analogues were reported as glucogen receptor antag-
onists which were efficacious in correcting hyperglycemia
conditions [14].

In the present work, it is intended to investigate synthesis of
bisurea containing-compounds as well as their thio-analogues
(i.e. compounds possessing two biologically active centers)
utilizing easily accessible starting chemicals and facile syn-
thetic approaches. The cyclic form structures will be also con-
sidered in an attempt to construct dithiatetraaza-macrocyclic
derivatives. The anti-inflammatory properties of the prepared
compounds will be screened not only to develop a promising
pharmacological active agent but also to determine the struc-
ture—activity relationships of the adopted compounds. The re-
cent research reports concerning biological as well as
pharmacological properties of macrocyclic analogues also
prompted the present study. Many macrocyclic derivatives
have been achieved to be inhibitors of hepatitis C virus
(HCV) NS3 [15,16], FIV and HIV proteases [17], besides po-
tent activity against human cytomegalovirus (HCMV) [18].
Other analogues were reported to be inhibitors of B-secretase
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(BACE-1, B-site amyloid precursor protein cleaving enzyme)
which is widely recognized as one of the most promising ther-
apeutic approaches for the treatment and prevention of Alz-
heimer’s disease [19]. Moreover, macrocyclic amides were
exhibited to be anti-inflammatory [20], antibacterial [21] and
inhibitors of malarial aspartic proteases plasmepsin I, II and
IV with considerable selectivity over the human aspartic pro-
tease cathepsin D [22].

Non-steroidal anti-inflammatory drugs (NSAIDs) have
been recognized as important class of therapeutic agents for
the alleviation of pain and inflammation associated with
a number of pathological conditions especially for treatment
of rtheumatoid disorders, osteoarthritis and also in many other
inflammatory diseases and injuries [23,24]. However, long
term use of NSAIDs has been associated with several side
effects such as gastrointestinal mucosal damage, bleeding, in-
tolerance and renal toxicity [25—28]. Consequently, extensive
research has been directed towards improving their pharmaco-
logical profiles.

The most widely accepted mode of action of NSAIDs is the
inhibition of the cyclooxygenase enzyme involved in arachi-
donic acid conversion to prostaglandin. With the identifica-
tion of another isoform of constitutive COX-1, namely

RNCX (2)

THF, TEA "in case of 1b"
2a, R=C4H;, X=0

2b, R = 3,4-Cl,C4H;, X = O
2¢, R =4-H;,COCeH,, X =0
2d, R=C,H;, X=0

2e, R=C4Hz, X =8

2f, R=CH3, X=8

OCNO—NCO

THF, TEA "in case of 1b"
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COX-2 (inducible) and inhibition of COX-2 proving benefi-
cial in clinical situations had led to the introduction of
many potent anti-inflammatory agents called COX-2 inhibi-
tors [29—32].

2. Results and discussion
2.1. Chemistry

Reaction of 2,2'-[1,2-ethanediylbis(thio)]bisbenzenamine
la and 2,2'-[1,3-propanediylbis(thio)]bisbenzenamine dihy-
drochloride 1b with a variety of arylisocyanates (namely, phe-
nyl-, 3,4-dichlorophenyl-, 4-methoxyphenylisocyanate) 2a—c
as 1:2 molar ratio in dry tetrahydrofuran ““in presence of trie-
thylamine in case of 1b, where the dihydrochloride salt was
used” at room temperature, afforded the corresponding bi-
surea derivatives 3a—f in good yields. The structure of 3a—f
was inferred through spectroscopic (IR, "H NMR) and elemen-
tal analyses data. The IR spectra of 3a—f reveal the presence
of imino and carbonyl stretching vibration bands at
v =13336—3284, 1662—1638 cm™ "', respectively. 'H NMR
spectra exhibit the alkylsulfanyl function (singlet at
0=2.95-2.98 in case of 3a, ¢ and e assignable to 2 SCH,

@®)
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3¢, R = 3,4-Cl,CgHj,
3d, R = 3,4-Cl,CgH,,
3e, R = 4-H,COCeH,,
3f, R = 4-H,COC,H,,
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residue, quintet and triplet signals at 6 =1.72—1.74, 2.93—
2.94 in case of 3b, d and f corresponding to the SCH,CH,
and 2 SCH,, respectively), besides two sets of singlet signals
at 6 =8.17—8.37, 9.27—9.74 each integrated to 2 NH func-
tions (Scheme 1, Tables 1 and 2).

Similarly, reaction of 1a and b with ethylisocyanate 2d “as
a representative example of alkylisocyanate” afforded the cor-
responding bisurea analogues 3g and h. Moreover, bisthiourea
derivatives 3i—l were obtained through reaction of la and
b with phenyl- and methylisothiocyanate (as representative
examples of aryl- and alkylisothiocyanate).

On the other hand, reaction of 1a and b with 1,4-phenyle-
nediisocyanate as 1:1 molar ratio under similar reaction condi-
tions gave dithiatetraaza-macrocycles 4a and b in 46—49%
yield. IR spectra of 4a and b reveal the imino and carbonyl
functions at v = 3295—3293, 1642—1637 cm_l, respectively.
In addition, "H NMR spectra add good support for the deduced
structure exhibiting the alkylsulfanyl residues (singlet at
0 =2.95 in case of 4a, quintet and triplet signals at 6 = 1.70,
291 in case of 4b, respectively) besides the imino groups
(6 =8.23—8.24, 9.36—9.38) and other expected aromatic pro-
tons (6 = 6.91—8.10). Mass spectra (CI) of 4a and b add sharp
evidence for the established structure which show the parent
ion peaks with considerable relative intensities (3—7%).

2.2. Anti-inflammatory activity

Anti-inflammatory activity of the synthesized compounds
3a—j, 4a and b (in a dose of 50 mg/kg body weight) was
determined in vivo by the acute carrageenan-induced paw oe-
dema standard method in rats [33—35]. The anti-inflamma-
tory properties were compared with that of indomethacin
(in a dose of 10 mg/kg body weight) which was used as a ref-
erence standard. From the obtained results (Table 3), it has
been noticed that most of the tested compounds exhibit con-
siderable anti-inflammatory properties, especially compounds
3e and 4b which reveal remarkable activities with potency
(% oedema inhibition of the tested compounds regarding %
oedema inhibition of indomethacin) 0.90 and 0.85,
respectively.

Structure—activity relationships based on the obtained re-
sults indicated that, substitution of the phenyl group in diary-
lurea analogues 3a—f with an electron-donating moiety (e.g.
methoxy function) 3e and f is associated with enhancement
in pharmacological properties than the case of unsubstituted
phenyl derivatives 3a and b. However, attachment of the phe-
nyl group with a deactivating function (e.g. chlorine atom) 3¢
and d led to decreasing pharmacological activity. This makes
the sequence of ruling anti-inflammatory properties regarding

Table 1
Physical data of the prepared compounds
Compd. Mp (°C) Yield (%), Mol. formula Analysis (%) Calcd/Found
Reaction time (h) (Mol. wt.) C H N
3a 238—240°% 86, 10 C,3H6N40-S, 65.34 5.09 10.89
(514.64) 65.53 5.17 11.05
3b 211—-213*% 80, 12 C,oH2gN40-S, 65.88 5.34 10.60
(528.66) 66.10 5.48 10.73
3¢ 248—250° 92,2 C,3H»,CI4N,40-S, 51.54 3.40 8.59
(652.44) 5141 3.29 8.80
3d 228—230% 75, 10 C,oH,4CI4N,405S, 52.26 3.63 8.41
(666.46) 52.43 3.82 8.59
3e 236—238° 80, 5 C30H30N404S, 62.69 5.26 9.75
(574.69) 62.49 5.15 9.66
3f 202—204° 78, 10 C51H3,N40,4S, 63.24 5.48 9.52
(588.72) 63.15 5.40 9.69
3g 248—-250 72,72 CyoH6N40,S, 57.39 6.26 13.39
(Dioxane) (418.56) 57.25 6.10 13.19
3h 192—194° 65, 72 C5HpgN,4O-S, 58.30 6.52 12.95
(432.58) 58.09 6.38 13.14
3i 176—177 77,72 CogHyN4Sy 61.50 4.79 10.25
(Dioxane) (546.78) 61.64 4.90 10.19
3j 165—167¢ 86, 72 CroHpgN4Sy 62.11 5.03 9.99
(560.80) 62.27 5.11 9.75
3k 148—150 76, 95 C1gH2oN4S, 51.15 5.25 13.26
(n-Butanol) (422.65) 51.21 5.29 13.37
31 170—172°¢ 69, 95 C1oHp4N4S4 52.26 5.54 12.83
(436.67) 52.14 5.44 12.62
4a >300¢ 46, 95 C5oH0N40,S, 60.53 4.62 12.84
(436.53) 60.76 478 13.02
4b >300° 49, 95 Cy3H2oN,058, 61.31 4.92 12.44
(450.56) 61.44 5.03 12.24

# Solvent: N,N-Dimethylformamide—water mixture as 5:1 v/v.
® Solvent: N,N-Dimethylformamide—water mixture as 9:1 v/v.
¢ Solvent: N,N-Dimethylformamide—water mixture as 1:1 v/v.
4 Solvent: Dimethyl sulfoxide—water mixture as 3:1 v/v.
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substitution of phenyl group in diarylurea derivatives as, me-
thoxyphenyl > phenyl > dichlorophenyl as exhibited in com-
pounds 3e > 3a > 3¢ (potency, 0.90, 0.57, 0.12, respectively)
and compounds 3f>3b>3d (potency, 0.61, 0.51, 0.49,
respectively).

Moreover, substitution of the urea derivatives with an alkyl
function (e.g. ethyl group) may afford a better pharmacological
active agent comparable with the case of using phenyl moiety as
observed in pairs 3h and b (potency, 0.73, 0.51, respectively).
On the other hand, diarylthioureas seem to be more effective
anti-inflammatory active agents than the corresponding urea an-
alogues as observed in pairs 3i, a (potency, 0.75, 0.57, respec-
tively) and 3j, b (potency, 0.66, 0.51, respectively).

Table 4, demonstrates the anti-inflammatory properties of
compounds 3e and 4b ‘“‘the most effective prepared ana-
logues™ at successive time intervals (1, 2, 3 and 4 h). From
the observed data, it has been noticed that compound 4b re-
veals its anti-inflammatory behaviour more or less stable
among all the detected time intervals, in contrast to compound
3e, where its pharmacological effect increases with time.

Toxicological studies of the most promising prepared anti-
inflammatory active agents (3e and 4b) were performed using
LDsq standard method in mice [36] in 500, 750 and 1000 mg/kg
(body weight) “i.e. 10—20 folds of the used anti-inflammatory
effective dose”’. However, no toxic symptoms or mortality
rates were observed after 24 h postadministrations explaining
the safe behaviour of the used doses.

Table 2
Spectroscopic data of the prepared compounds

3. Experimental

Melting points are uncorrected and recorded on an Electrother-
mal 9100 digital melting point apparatus. IR spectra (KBr) were
recorded on a Nexus 670 FT-IR spectrophotometer. 'H NMR spec-
tra were recorded on a Varian MERCURY 300 MHz spectrometer
in DMSO-dg. Mass spectra (CI) were recorded on a Finnigan SSQ
7000 spectrometer. The starting compounds 1a and b [37,38] were
prepared according to the previously reported procedures.

3.1. Reaction of 1a and b with 2a—f

A mixture of 1a and b (5§ mmol) and the corresponding 2a—f
(10 mmol) in dry tetrahydrofuran (25 ml) “containing triethyl-
amine (10 mmol) in case of 1b where the dihydrochloride salt
was used”’, was stirred at room temperature (20—25 °C) for
the appropriate time. The separated solid was collected,
washed with water and crystallized from a suitable solvent af-
fording 3a—1 as colourless crystals. In case of 3d and Kk, the
reaction mixture was evaporated till dryness under reduced
pressure and the remaining residue was triturated with metha-
nol and diethyl ether giving 3d and Kk, respectively.

3.2. Synthesis of dithiatetraaza-macrocycles 4a and b

A solution of 1,4-phenylenediisocyanate (5 mmol) in dry
tetrahydrofuran (40 ml) was added dropwise to a solution of

Compd. IR (pa/em™ ') "H NMR (DMSO-dg), 6

3a 3300 (NH), 1651 (C=0), 2.96 (s, 4H, 2 SCH,), 6.93—8.08 (m, 18H, arom. H), 8.28 (s, 2H, 2 NH), 9.43 (s, 2H, 2 NH)
1599, 1579 (C=C)

3b 3303 (NH), 1638 (C=0), 1.74 (quintet, 2H, SCH,CH,, J =7.5 Hz), 2.94 (t, 4H, 2 SCH,, J = 7.2 Hz), 6.92—8.08 (m, 18H, arom. H),
1597, 1554 (C=C) 8.26 (s, 2H, 2 NH), 9.44 (s, 2H, 2 NH)

3c 3336, 3284 (NH), 1662 2.98 (s, 4H, 2 SCH,), 6.98—8.10 (m, 14H, arom. H), 8.37 (s, 2H, 2 NH), 9.74 (s, 2H, 2 NH)
(C=0), 1577, 1537 (C=C)

3d 3291 (NH), 1647 (C=0), 1.72 (quintet, 2H, SCH,CH,, J = 7.2 Hz), 2.93 (t, 4H, 2 SCH,, J = 7.2 Hz), 6.95—8.02 (m, 14H, arom. H), 8.30
1574, 1537 (C=C) (s, 2H, 2 NH), 9.72 (s, 2H, 2 NH)

3e 3294 (NH), 1643 (C=0), 2.95 (s, 4H, 2 SCH,), 3.73 (s, 6H, 2 OCH3), 6.86—8.11 (m, 16H, arom. H), 8.21 (s, 2H, 2 NH),
1581, 1552 (C=C) 9.27 (s, 2H, 2 NH)

3f 3311 (NH), 1652 (C=0), 1.72 (quintet, 2H, SCH,CH,, J =7.5 Hz), 2.93 (t, 4H, 2 SCH,, J = 7.5 Hz), 3.72 (s, 6H, 2 OCH3), 6.84—8.08
1578, 1549 (C=C) (m, 16H, arom. H), 8.17 (s, 2H, 2 NH), 9.27 (s, 2H, 2 NH)

3g 3325 (NH), 1645 (C=0), 1.06 (t, 6H, 2 CH;CH,, J = 6.9 Hz), 2.87 (s, 4H, 2 SCH,), 3.09 (q, 2H, NCH,CHs, J = 6.9 Hz), 3.11
1561, 1526 (C=C) (q, 2H, NCH,CHs, J = 6.9 Hz), 6.87—8.06 (m, 12H, 8 arom. H + 4 NH)

3h 3332, 3297 (NH), 1641 1.05 (t, 6H, 2 CH5CH,, J = 7.2 Hz), 1.66 (quintet, 2H, SCH,CH.,, J = 7.2 Hz), 2.86
(C=0), 1578, 1560 (C=C) (t, 4H, 2 SCH,, J = 7.2 Hz), 3.09 (q, 2H, NCH,CHs, J = 7.2 Hz), 3.10 (q, 2H, NCH,CH;, J = 7.2 Hz),

6.86—8.00 (m, 12H, 8 arom. H 4+ 4 NH)

3i 3238, 3160 (NH), 1533, 3.14 (s, 4H, 2 SCH,), 7.21—7.62 (m, 18H, arom. H), 9.32 (s, 2H, 2 NH), 10.00 (s, 2H, 2 NH)
1498, 1473 (C=C, C=S)

3j 3256, 3167 (NH), 1537, 1.79 (quintet, 2H, SCH,CH,, J = 6.9 Hz), 2.99 (t, 4H, 2 SCH,, J =7.2 Hz), 7.11—7.54
1498, 1474 (C=C, C=S) (m, 18H, arom. H), 9.14 (s, 2H, 2 NH), 9.87 (s, 2H, 2 NH)

3k 3240, 3163 (NH), 1541, 2.98 (s, 6H, 2 NCH3), 3.11 (s, 4H, 2 SCH,), 7.23—7.54 (m, 8H, arom. H), 7.74 (br s, 2H, 2 NH), 9.01
1510, 1468 (C=C, C=S) (s, 2H, 2 NH)

3l 3318, 3242, 3168 (NH), 1541,  1.80 (quintet, 2H, SCH,CH,, J = 7.2 Hz), 2.91 (s, 6H, 2 NCH3), 2.98 (t, 4H, 2 SCH,, J = 7.2 Hz),
1511, 1466 (C=C, C=S) 7.18—7.43 (m, 8H, arom. H), 7.65 (br s, 2H, 2 NH), 8.89 (s, 2H, 2 NH)

4a° 3295 (NH), 1642 (C=0), 2.95 (s, 4H, 2 SCH,), 6.91—8.10 (m, 12H, arom. H), 8.24 (s, 2H, 2 NH), 9.36 (s, 2H, 2 NH)
1557, 1506 (C=C)

4b° 3293 (NH), 1637 (C=0), 1.70 (quintet, 2H, SCH,CH,, J = 6.9 Hz), 2.91 (t, 4H, 2 SCH,, J = 6.9 Hz), 6.91—8.09

1560, 1508 (C=C)

(m, 12H, arom. H), 8.23 (s, 2H, 2 NH), 9.38 (br s, 2H, 2 NH)

T MS (CD): m/z (%) 436 (3).
> MS (CD): miz (%) 450 (7).
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Table 3
Anti-inflammatory activity of the tested compounds using acute carrageenan-
induced paw oedema in rats

Compound Mean swelling % Inhibition Potency®
volume (ml) of oedema

Control 0.665 = 0.038" 00.0 -
Indomethacin 0.282 + 0.023" 57.6 1.00
3a 0.447 £+ 0.035" 32.8 0.57
3b 0.468 +0.012*° 29.6 0.51
3c 0.618 +0.053*" 7.1 0.12
3d 0.477 + 0.043*° 28.3 0.49
3e 0.320 +£0.017* 51.9 0.90
3f 0.432 +0.044* 35.0 0.61
3g 0.445 £+ 0.024* 33.1 0.57
3h 0.385 + 0.020*° 42.1 0.73
3i 0.377 £+ 0.036" 433 0.75
3j 0.412+£0.018" 38.0 0.66
4a 0.433 +0.032*° 349 0.61
4b 0.340 + 0.033" 48.9 0.85

 Statistically significant from the control at p < 0.05.

b Statistically significant from indomethacin at p < 0.05.

¢ Potency was expressed as % oedema inhibition of the tested compounds
regarding % oedema inhibition of indomethacin “‘reference standard”.

1a and b (5 mmol) in dry tetrahydrofuran (20 ml) ‘““‘containing
triethylamine (10 mmol) in case of 1b, where the dihydro-
chloride salt was used”’, within a period of half an hour, while
stirring at room temperature (20—25 °C). After complete addi-
tion, the reaction mixture was continued stirring at room tem-
perature for the appropriate time. Then, the separated solid
was collected, washed with water and crystallized from a suit-
able solvent giving 4a and b as colourless crystals.

3.3. Anti-inflammatory activity screening

The anti-inflammatory activity screening for the prepared
compounds was determined in vivo by the acute carrageenan-
induced paw oedema standard method in rats [33—35]. Wister
albino rats of either sex (pregnant female animals were ex-
cluded) weighing 160—190 g were divided into 14 groups of
6 animals each “‘the animals had free access to standard com-
mercial diet and water adlibitum and were kept in rooms main-
tained at 22+ 1 °C with 12 h light dark cycle, taking into
account international principles and local regulations concern-
ing the care and use of laboratory animals’. Administration of

indomethacin (reference standard in a dose of 10 mg/kg body
weight) and the tested compounds (3a—j, 4a and b) dissolved
in DMSO, in a dose of 50 mg/kg (body weight) was given in-
traperitoneally 1 h before induction of inflammation. The con-
trol group was given DMSO only. Carrageenan paw oedema
was induced by subcutaneous injection of 1% solution of car-
rageenan in saline (0.1 ml/rat) into the right hind paw of rats.
Paw volumes were measured volumetrically after 4 h with ple-
thysmometer 7150 (UGO BASILE, Italy) and compared with
the initial hind paw volume of each rat for determining the oe-
dema volume. Data were collected, checked, revised and ana-
lyzed. Quantitative variables from normal distribution were
expressed as means £ SE “‘standard error”’. The significant dif-
ference between groups was tested by using one-way ANOVA
followed by LSD test at p < 0.05.

The anti-inflammatory activity was expressed as percentage
inhibition of oedema volume in treated animals in comparison
with the control group (Tables 3 and 4).

% Inhibition of oedema = u x 100

C

where, V. and V, are the volumes of oedema for the control
and drug-treated animal groups, respectively, while potency
of the tested compounds was calculated regarding indometha-
cin “reference standard” treated group according to the fol-
lowing equation:

Potency

% Oedema inhibition of tested compound treated group
"~ 9% Oedema inhibition of indomethacin treated group

34. LDs, determination

The toxicological studies of the most promising prepared
anti-inflammatory active agents (3e and 4b) were determined
using standard known LDsy method in mice [36]. Albino
mice weighing 20—25 g were divided in 9 groups of 6 mice
each. Administrations of the tested compounds (3e and 4b)
dissolved in DMSO in 500, 750 and 1000 mg/kg (body
weight) were given intraperitoneally. The control groups
were given DMSO only. The toxic symptoms, mortality rates

Table 4

Anti-inflammatory activity of compounds 3e and 4b at successive time intervals using acute carrageenan-induced paw oedema in rats

Compd. Mean swelling volume (ml) (% inhibition of oedema)
lh 2h 3h 4h

Control 0.293 +£0.013 0.425 £0.021° 0.515 £ 0.027° 0.665 £ 0.038"
(00.0) (00.0) (00.0) (00.0)

Indomethacin 0.145 £ 0.009* 0.220 +0.021* 0.257 £ 0.028" 0.282 +0.023*
(50.5) (48.2) (50.1) (57.6)

3e 0.190 £ 0.009*° 0.262 +0.018" 0.313 £0.033* 0.320 £0.017*
(35.2) (38.4) (39.2) (51.9)

4b 0.160 £+ 0.010% 0.238 £+ 0.024" 0.275 £ 0.029* 0.340 £+ 0.033*
(45.4) (44.0) (46.6) (48.9)

 Statistically significant from the control at p < 0.05.
b Statistically significant from indomethacin at p < 0.05.
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and postmortem findings in each group were recorded 24 h
postadministration.

LDs of the tested compounds were calculated according to
the following formula:

> (zxd)

n

LDsy = D —

Where, D,,, = the largest dose which kill all animals, z = mean
of dead animals between two successive groups, d = the con-
stant factor between two successive doses, 7 =number of
animals in each group, Y =the sum of (z x d).
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