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a b s t r a c t

Two series of novel diaryl ureas have been designed and synthesized, with their in vitro antitumor effect
screened on human non-small cell lung cancer (NSCLC) cell line A549 and human breast cancer cell line
MDA-MB-231. Some target compounds demonstrated significant inhibitory activities against both cell
lines. Compared to contrast drug Sorafenib, 1b, 1d, 1f, 1i were found to demonstrate more potent anti-
tumor activities. The structures of all the newly synthesized compounds were determined by 1H, 13C
NMR, MS, IR and elementary analysis.

� 2010 Elsevier Masson SAS. All rights reserved.
1. Introduction

The relative mortality rate caused by cancer is still very high in
the developed countries, accounting for more than 20% of all
deaths. Among the various types of malignant tumors, Lung cancer
is the most commonly diagnosed cancer, while breast cancer causes
the second leading deaths in women [1]. Although chemotherapy is
the mainstay of cancer therapy, the use of available chemothera-
peutics is often limited mainly due to undesirable side effects and
a limited choice of available anticancer drugs. This clearly underlies
the urgent need of developing novel chemotherapeutic agents with
more potent antitumor activities [2].

Small molecule kinase inhibitors (including urea-based
compounds) have just begun to meet the high expectations of
early 1990s, and hold great potential as novel therapeutics in cancer
treatment [3]. After the first report in 1996, the potentiality of diaryl
urea compounds has been focused by a large number of publica-
tions and patent applications because of their unique binding mode
and kinase inhibition profile [4]. Following the successful
marketing of Sorafenib (BAY 43-9006) [5] and those currently
undergoing clinical trials including ABT-869 (Phase __) [6], KRN-951
(Phase __) [7], the interest in designing and developing novel diaryl
x: þ86 25 86636901.
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urea compounds with more potent antitumor activities has been
greatly highlighted.

Sorafenib, approved by the U.S. Food and Drug Administration
(FDA) for the treatment of patients with advanced renal cell
carcinoma (RCC) [5] and unresectable hepatocellular carcinoma
(HCC) [8] in December 2005 and November 2007 respectively, is
a diaryl urea small molecule inhibitor of several kinases involved
in tumour proliferation and tumour angiogenesis including Raf,
VEGFR and PDGFR [5]. At present, clinical phase ___ and phase __

efficacy trials are being conducted for this drug against lung [9]
and breast cancer [10]. Recently, efforts targeting for potent
analogs of sorafenib have been the focus of many studies [11–13].
Based on sorafenib as the leading compound, we have devised and
synthesized two series of diaryl urea compounds containing
thiazole ring and imidazole ring respectively through intra-
molecular cyclization of the formamide group on the pyridine ring,
with the aim of obtaining agents displaying more potent anti-
tumor activities. The antitumor effect of all the newly synthesized
compounds on the in vitro growth of two cell lines, namely human
non-small cell lung cancer (NSCLC) cell line A549 and human
breast cancer cell line MDA-MB-231, was evaluated. Apparent
growth inhibition was observed for most of the compounds, with
1b, 1d, 1f, 1i and 1b, 1d, 1i demonstrating more potent activities
against A549 and MDA-MB-231 as compared to sorafenib,
respectively. Furthermore, some structure–activity relationships
have also been established.
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Table 1
In vitro cytotoxic activity of target compounds against A549 and MDA-MB-231 cells
in concentration 10 mM.

Compound Growth inhibition percentage of cancer cell
line (%)

A549 MDA-MB-231

1a 17.74 32.53
1b 77.64 69.63
1c NT NT
1d 77.10 72.77
1e 71.50 64.13
1f 76.42 71.75
1g 15.57 22.75
1h 75.52 60.41
1i 81.72 72.78
1j 37.27 43.94
1k 6.78 10.98
2a 8.86 47.57
2b 67.94 38.06
2c 7.09 11.39
2d 12.44 3.36
2e 29.98 28.12
2f 63.27 26.55
2g 24.64 49.32
2h 22.32 32.29
2i 44.09 �13.55
2j 14.57 4.20
2k 2.34 �1.46
Sorafenib 81.23 79.61

NT: no test.
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2. Chemistry

The preparation of two series target compounds is illustrated in
Scheme 1, where the same starting material 3 is utilized. The
thiazole ring on compound (6) was assembled via coupling of
a-haloacetal and thiobenzamide precursors (Hantzsch synthesis).
The thioamide precursor was readily prepared from the corre-
sponding nitrile. Thus, addition of 2 equiv. of sodium hydrogen
sulfide and 1 equiv. magnesium chloride to a concentrated solution
of 4-methoxybenzonitrile (3) in DMF readily afforded the
4-methoxybenzothioamide (4) with a yield of 90% without handing
of hazardous hydrogen sulfide [14]. 2-(4-Methoxyphenyl)thiazole
(6) was readily formed when stoichiometric amounts of the thio-
amides were reacted with bromoacetaldehyde diethyl acetal in hot
ethanol [15]. Convenient treatment of the reaction mixtures
mentioned above finally gave pure compound (6) in high-yield.

The imidazole ring on compound (7) was obtained via dehy-
drogenation of the corresponding imidazoline (5) using potassium
permanganate supported on alumina under mild conditions at
room temperature [16]. The imidazoline was prepared by the
method reported in our previous study [17], which was a high-yield
one-pot reaction of the corresponding nitrile (3) with ethylenedi-
amine in the presence of sodium hydrosulfide as catalyst. A plau-
sible explanation is that sodium hydrosulfide reacts with the nitrile
grove to produce a thioamide. The thioamide then reacts with
ethylenediamine, which upon eliminates ammonia and hydrogen
sulfide and produces the 2-imidazoline.

It is reported that the heterocyclic-substituted anisoles (6,7)
could be cleaved to the corresponding phenols (8,9) with either HBr/
AcOH or BBr3/Et2O [18]. On many occasions, the heterocyclic ring
was cleaved during this procedure in this study, suggesting that
carefully controlled conditions had to be developed. In this case, we
found that reasonable yields of phenol could only be achieved by
using HBr/AcOH procedure. Compounds (8,9) were reacted with 1-
chloro-4-nitrobenzene by SNAr reaction to produce compounds
(10,11), the nitro group of which was then reduced with hydrogen by
using Raney Ni as catalyst to produce the key intermediates (12,13),
which were reacted with different aromatic amines in the present of
N,N0-Carbonyldiimidazole (CDI) [19] to produce the desired series of
diaryl ureas derivatives (1a–1k, 2a–2k).

The chemical structures of the compounds were confirmed by
1H, 13C NMR, MS, IR spectra and elementary analysis and the results
are presented in Section 6.
3. Biological evaluation

Preliminary cytotoxic activity of these diaryl ureas derivatives
(1a–1k, 2a–2k) on A549, MDA-MB-231 cell lines was investigated
in vitro. The cell viability was determined by the MTT-based assay
using cell proliferation reagent WST-8, a reagent solution prepared
as an aqueous solution containing 5 mM WST-8 (Sigma), 0.2 mM 1-
methoxyphenazinium salt (Sigma) and 150 mM NaCl [20]. Briefly,
the tumour cell lines in RPMI1640 medium with 10% fetal bovine
serum were plated in 96-well microtiter plates (5.0�103 cells/
well), and allowed to adhere at 37 �C with 5% CO2 for 4 h. The test
Fig. 1. A design for synthesis of soraf
compound was then added, and the cells were incubated at 37 �C
with 5% CO2 for 72 h later. Subsequently, cell growth medium was
removed, and WST-8 was added to each well for another incubation
of 1.5 h at 37 �C. Absorbance was finally measured with a plate
reader at 450 nm with correction at 650 nm. The results were
expressed as the percentage of absorbance of treated wells versus
that of vehicle control. IC50, the drug concentration causing 50%
growth inhibition, was calculated via sigmoid curve fitting using
GraphPad Prism 5.0.
4. Result and discussion

The in vitro growth inhibition activities of the newly synthesized
diaryl urea compounds 1a–1k and 2a–2k against cancer cell lines
A549 and MDA-MB-231 were first evaluated by the MTT-based
assay using sorafenib as a positive control at the concentration of
10 mM. As shown in Table 1, compounds 1b, 1d–1f, 1h, 1i demon-
strated evident anti-proliferation effects with inhibition percent-
ages higher than 70% and 64% for A549 and MDA-MB-231
respectively. It is worth pointing out that significant inhibition was
achieved for compound 1i with an inhibition percentage higher
than 80%. Compounds 2b and 2f were relatively less potent, which
only displayed a inhibition percentage around 65% for A549.

After a close inspection, we found that 6 out of the 8 compounds
showing potent cytotoxic activities belong to thiazoles, while only 2
compounds belong to imidazoles. Moreover, the cytotoxic effect of
series 2 compounds was also consistently lower than that of series
1. Evidenced by the lower log P value that indicates hydrophobicity
enib analogs (1a–1k and 2a–2k).



Table 2
Cytotoxic activity (IC50 values) of targeted compounds against A549 and MDA-MB-
231 cells in vitro.

Compound IC50
a(mM)

A549 MDA-MB-231

1b 3.81 6.06
1d 3.89 6.87
1e 5.56 9.55
1f 4.98 8.66
1h 7.04 8.90
1i 2.71 4.19
2b 7.09 NT
2f 10.52 NT
Sorafenib 5.21 7.62

NT: no test.
a IC50 is the concentration of compound required to inhibit the cell growth by 50%

compared to an untreated control.
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for series 2 compounds, we proposed that the lower cytotoxicities
of these compounds could be attributed to the relatively poor
membrane permeability of them, since the cytotoxic screening was
carried out in vitro and the intake of compounds from medium
formed the basis of cytotoxicity effects.

The cytotoxicities of the resulting diaryl urea derivatives
appeared to be related to the electronic effect of the substituent
group on the benzene ring that connects with the urea group. It
has been observed from Table 1 that most of the derivatives with
strong electron-absorbing substituent groups such as nitro and
especially trifluoromethyl, have significantly higher cytotoxicities
than those with electron-donating groups or with no substitution.
Moreover, the effect of halogen substitution on cytotoxic activities
in the presence of strong electron-absorbing substituent groups in
the meta position of benzene ring has also been evaluated. We
found that the introduction of different halogen substituents
could improve cytotoxicities to various extents. Generally,
compounds with chloro substituted at para position were more
cytotoxic than those with fluoro substitution and those with
chloro substituted at ortho position. Furthermore, compounds
with bromo substitution at meta position demonstrated the most
strong cytotoxic activities.

The 8 compounds that demonstrated evident growth inhibition
activities have been further assayed for their antitumor potency
indicated by IC50 values, which were calculated by linear regression
analysis of the concentration–response curves obtained for each
compound. It is evident from Table 2 that one third of the newly
synthesized derivatives demonstrated apparent inhibitory activi-
ties against both cell lines. Compared to contrast drug Sorafenib, 1b,
1d, 1f, 1i were found to be more potent antitumor activities.

5. Conclusion

We have synthesized two series of novel diaryl urea derivatives
and tested for their antitumor activities on A549 and MDA-MB-231
cell lines. Preliminary anti-tumorigenic activities indicated that one
third of the newly synthesized derivatives displayed significant
inhibitory activities against both cell lines. Moreover, compounds
1b, 1d, 1f, 1i demonstrated more potent antitumor activities when
compared to contrast drug Sorafenib. From the structure–activity
relationships we may conclude that compounds containing thia-
zole ring demonstrated significantly better cytotoxic activities than
those with imidazole ring. In general, activity is driven by the
presence of a substituent at the meta position relative to the amine.
Most noteworthy was the electronic effect of substituents, such as
trifluoromethyl, which led to a significant improvement in activity.
Moreover, the addition of a halogen atom at benzene ring further
increased cytotoxic activity. This study may provide valuable
information for further designing and developing antitumor agents
with potent activities.

6. Experimental protocols

Melting points were determined on an RY-1 hot-stage micro-
scope, and the thermometer was uncorrected. Infrared spectra
were recorded in a Nicolet Impact 410 spectrophotometer. 1H, 13C
NMR spectra were recorded on a Bruker Avance DPX-300/500 MHz
instrument in CDCl3 or DMSO, and chemical shifts (d) were repor-
ted in parts per million (ppm) relative to TMS as an internal stan-
dard. Mass spectra were recorded on Aglient 1100 LC-MS.
Elementary analyses were performed on Elementar Vario EL III
instrument. All reactions were monitored by TLC on silica gel 60F-
254 glass plates (E.Merk).

6.1. Synthesis of 4-methoxybenzothioamide (4)

To a slurry consisting of 70% sodium hydrosulfide hydrate (60 g,
0.75 mol) and magnesium chloride hexahydrate (76 g, 0.375 mol)
in 500 mL of DMF was added 4-methoxybenzonitrile (50 g,
0.375 mol) in one portion, and the mixture was stirred at room
temperature for 8 h. The resulting green slurry was poured into 1 L
of water, and the resulting precipitates were collected by filtration.
The crude product was resuspended in 1 N HCl and stirred for
30 min, then filtered and washed with water to give compound 4
(56.2 g, 90%) as a yellow solid, mp 149–151 �C.

6.2. Synthesis of 2-(4-methoxyphenyl)thiazole (6)

Compound 4 (20 g, 0.12 mol) and bromoacetaldehyde diethyl
acetal (18.6 mL, 0.12 mol) were first dissolved in 500 mL ethanol.
After reflux of the above mixture for 10 h, the resulting mixture was
cooled to room temperature, and then distilled under reduced
pressure. The residue was added into water, and the aqueous layer
was extracted with ethyl acetate (3�100 mL). The combined ethyl
acetate extracts were washed with water (80 mL) and brine (80 mL)
respectively, and then dried with anhydrous Na2SO4. When the
solvent was evaporated, the yield of yellow oil compound 6 was
16.5 g (72%). 1H NMR(CDCl3, 300 MHz) d(ppm): 3.83 (s, 3H, –OCH3),
6.93–6.96 (m, 2H, Ar-H), 7.23 (d, J¼ 3.30 Hz, 1H, Ar-H), 7.79
(d, J¼ 3.29 Hz, 1H, Ar-H), 7.88–7.91 (m, 2H, Ar-H).

6.3. Synthesis of 2-(4-methoxyphenyl)imidazoline (5)

A mixture of 4-methoxybenzonitrile (40 g, 0.3 mol), 70% sodium
hydrosulfide hydrate (1.7 g, 0.03 mol) and ethylenediamine
(300 mL) was refluxed with stirring for 2 h. The resulting mixture
was poured into ice water, and the aqueous layer was extracted
with CH2Cl2 (3� 250 mL). The combined CH2Cl2 extracts were
washed with water (200 mL) and brine (200 mL) respectively, and
then dried with anhydrous Na2SO4. After the solvent was evapo-
rated, the yield of the white solid compound 5 was 47.5 g (90%), mp
138–139 �C. 1H NMR(CDCl3, 300 MHz) d(ppm): 3.74 (s, 4H, 2CH2),
3.83 (s, 3H, CH3O), 4.94 (br s, 1H, NH), 6.89 (d, J¼ 8.8 Hz, 2H, Ar-H),
7.72 (d, J¼ 8.8 Hz, 2H, Ar-H); ESI-MS m/z: 177.1[MþH]þ; Anal.
Calcd for C10H12N2O (%): C 68.16, H 6.86, N 15.90; Found: 67.89, H
6.88, N 16.04.

6.4. Synthesis of 2-(4-methoxyphenyl)imidazole (7)

Compound 5 (8.8 g, 0.05 mol) was first dissolved in 500 mL
acetonitrile, with potassium permanganate (23.7 g, 0.15 mol) and
alumina (30.6 g, 0.3 mol) added into the solution in batch. After
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stirring the resulting mixture at room temperature for 3 h, Ethanol
(25 mL) was added to reduce excess oxidant. The mixture was then
filtered and the solid material was washed with acetonitrile
(500 mL). The filtrate was evaporated and the resulting crude
material was purified by column chromatography on alumina to
afford the pure compound 7 (5.1 g, 59%) as a yellow solid, mp 152–
154 �C. 1H NMR(CDCl3, 500 MHz) d(ppm): 3.85 (s, 3H, CH3O), 5.92
(br s, 2H, imidazole CH]CH), 6.93 (dd, J¼ 1.98, 6.89 Hz, 2H, Ar-H),
7.78 (dd, J¼ 2.01, 6.83 Hz, 2H, Ar-H).

6.5. Synthesis of 4-(thiazol-2-yl)phenol (8) and 4-(imidazol-2-
yl)phenol (9)

The compound 6 (11.5 g, 60.2 mmol) was dissolved in 40% HBr
(250 mL) and acetic acid (60 mL), and the mixture was refluxed for
24 h. The resulting mixture was cooled to room temperature, and
then distilled under reduced pressure. The saturated NaHCO3

solution was slowly dropped into the residue with an ice-bath, and
set to pH¼ 8. The resulting precipitates were collected by filtration
and washed with water to give compound 8 (10.1 g, 95%) as an off-
white solid, mp 162–164 �C.

Compound 9. Yield 83%, brown solid, mp 225–227 �C. 1H
NMR(DMSO-d6, 500 MHz) d(ppm): 6.81 (dd, J¼ 1.91, 6.74 Hz, 2H,
Ar-H), 7.03 (br s, 2H, imidazole CH]CH), 7.74 (dd, J¼ 1.91, 6.74 Hz,
2H, Ar-H), 9.62 (s, 1H, OH), 12.18 (br s, 1H, imidazole-NH).

6.6. Synthesis of 2-[4-(4-nitrophenoxy)phenyl]thiazole (10) and 2-
[4-(4-nitrophenoxy) phenyl]imidazole (11)

The compound 8 (5 g, 28.2 mmol), 1-chloro-4-nitrobenzene
(4.5 g, 28.2 mmol) and K2CO3 (7.8 g, 56.4 mmol) were dissolved in
DMF (150 mL), with the mixture refluxed with stirring for 3 h. The
resulting mixture was cooled to room temperature, and then
poured into ice water. The precipitates were collected by filtration
and washed with water to give compound 10 (7.9 g, 94%) as
a yellow solid, mp 109–111 �C. 1H NMR(DMSO-d6, 300 MHz)
d(ppm): 7.07–7.11 (m, 2H, Ar-H), 7.15–7.18 (m, 2H, Ar-H), 7.36
(d, J¼ 3.28 Hz, 1H, Ar-H), 7.88 (d, J¼ 3.24 Hz, 1H, Ar-H), 8.03–8.06
(m, 2H, Ar-H), 8.23–8.26 (m, 2H, Ar-H).
Scheme 1. Synthetic route for the preparation of the target compounds 1a–1k and 2a–2
H2NCH2CH2NH2, 70% NaSH, reflux, 2 h, 90% of 5; (b) bromoacetaldehyde diethyl acetal, EtOH, r
95% of 8 and 83% of 9; (d) 1-chloro-4-nitrobenzene, K2CO3, DMF, reflux, 3 h, 94% of 10 and 64%
Compound 11. Yield 64%, yellow solid, mp 204–246 �C. 1H
NMR(DMSO-d6, 500 MHz) d(ppm): 7.17 (br s, 2H, imidazole
CH]CH), 7.19 (dd, J¼ 2.20, 7.05 Hz, 2H, Ar-H), 7.27 (dd, J¼ 2.05,
6.70 Hz, 2H, Ar-H), 8.03 (dd, J¼ 2.05, 6.70 Hz, 2H, Ar-H), 8.27 (dd,
J¼ 2.20, 7.05 Hz, 2H, Ar-H), 12.52 (br s, 1H, imidazole-NH).

6.7. Synthesis of 4-[4-(thiazol-2-yl)phenoxy]aniline (12) and 4-[4-
(imidazol-2-yl) phenoxy]aniline (13)

A mixture of compound 10 (5 g, 17.8 mmol), ethanol (200 mL),
and Raney Ni (5 g) was placed in the 500 mL flask, and then
pumped in hydrogen at atmospheric pressure and ambient
temperature. After 24 h, the mixture was filtered and the solid
material was washed with ethanol (50 mL). The filtrate was evap-
orated, and the resulting crude material was purified by recrystal-
lisation with ethanol to afford compound 12 (3.9 g, 89%) as a yellow
solid, mp 75–77 �C.

Compound 13. Yield 87%, yellow solid. 1H NMR(CDCl3, 300 MHz)
d(ppm): 3.88 (br s, 2H, NH2), 6.61–6.78 (m, 4H, Ar-H), 6.81–6.86
(m, 2H, Ar-H), 6.98 (d, J¼ 8.44 Hz, 1H, Ar-H), 7.03–7.05 (m, 1H, Ar-
H), 7.12–7.17 (m, 1H, Ar-H), 7.30–7.35 (m, 1H, Ar-H).

6.8. General process for the synthesis of compound 1a–1k
and 2a–2k

A solution of compound 12 or 13 (2 mmol) in anhydrous tetra-
hydrofuran (40 mL) was stirred under N2 at room temperature
during addition of N,N0-carbonyldiimidazole (CDI) (6 mmol). The
contents were stirred for 6 h, and then treated with dropwise
addition of different aromatic amines (2.1 mmol) in anhydrous
tetrahydrofuran (10 mL). A solution formed, followed by precipi-
tation of an off-white solid. The mixture was refluxed for 3 h. The
resulting mixture was cooled to room temperature, and then
distilled under reduced pressure. Water (50 mL) was added to
removal excess CDI, and the aqueous layer was extracted with ethyl
acetate (3� 30 mL). The combined ethyl acetate extracts were
washed with water (30 mL) and brine (30 mL) respectively, and
then dried with anhydrous Na2SO4. After the filtrate was evapo-
rated, the resulting crude material was purified by column
k. Reagents and conditions: (a) 70% NaSH, MgCl2$6H2O, DMF, rt, 8 h, 90% of 4; (a0)
eflux,10 h, 72% of 6; (b0) KMnO4/Al2O3, CH3CN, rt, 3 h, 59% of 7; (c) HBr/AcOH, reflux, 24 h,

of 11; (e) H2, Raney Ni, EtOH, rt, 12 h, 89% of 12 and 87% of 13; (f) CDI, THF, reflux, 3.5 h.
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chromatography (silica gel 60, mesh size 200–300, ethyl acetate/
petroleum ether, v/v) to afford the compounds 1a–1k and 2a–2k
Fig. 1.

Compounds 1a–1k and 2a–2k were characterized as follows.

6.8.1. 1-(4-Chlorophenyl)-3-{4-[4-(thiazol-2-
yl)phenoxy]phenyl}urea (1a)

Off-white solid, yield: 51%, mp 192–193 �C; IR(KBr, cm�1):
3299.56, 1639.92, 1602.54, 1567.16, 1505.39, 1492.54, 1482.64,
1255.82, 1236.06, 829.78; 1H NMR(DMSO-d6, 300 MHz) d(ppm):
7.01–7.06 (m, 4H, Ar-H), 7.28–7.31 (m, 2H, Ar-H), 7.44–7.50
(m, 4H, Ar-H), 7.70 (d, J¼ 3.26 Hz, 1H, Ar-H), 7.85 (d, J¼ 3.26 Hz,
1H, Ar-H), 7.90–7.93 (m, 2H, Ar-H), 8.73 (s, 1H, –NHCONH–), 8.78
(s, 1H, –NHCONH–); 13C NMR (DMSO-d6, 75 MHz) d(ppm): 117.77,
119.73, 119.79, 120.16, 120.22, 125.39, 127.85, 128.00, 128.52,
136.05, 138.70, 143.60, 150.04, 152.49, 159.35; ESI-MS m/z:
422.2[MþH]þ.

6.8.2. 1-[4-Chloro-3-(trifluoromethyl)phenyl]-3-{4-[4-(thiazol-2-
yl)phenoxy]phenyl} urea (1b)

White solid, yield: 53%, mp 135–136 �C; IR(KBr, cm�1): 3304.98,
1645.91, 1601.07, 1556.23, 1501.78, 1415.30, 1251.96, 1175.09,
1139.86, 823.38; 1H NMR(DMSO-d6, 300 MHz) d(ppm): 7.04–7.11
(m, 4H, Ar-H), 7.51–7.54 (m, 2H, Ar-H), 7.59–7.67 (m, 2H, Ar-H), 7.73
(d, J¼ 3.26 Hz, 1H, Ar-H), 7.88 (d, J¼ 3.25 Hz, 1H, Ar-H), 7.92–7.97
(m, 2H, Ar-H), 8.11 (d, J¼ 2.27 Hz, 1H, Ar-H), 8.87 (s, 1H, –NHCONH–
), 9.14 (s, 1H, –NHCONH–); 13C NMR(DMSO-d6, 125 MHz) d(ppm):
117.61, 118.17, 119.77, 120.32, 121.75, 127.67, 127.96, 128.69, 136.27,
139.63, 143.60, 149.68, 152.53, 159.40, 166.54; ESI-MS m/z:
490.0[MþH]þ.

6.8.3. 1-Phenyl-3-{4-[4-(thiazol-2-yl)phenoxy]phenyl}urea (1c)
White solid, yield: 48%, mp 198–199 �C; IR(KBr, cm�1): 3221.00,

1642.70, 1594.66, 1559.43, 1498.58, 1482.56, 1408.90, 1300.00,
1229.54, 829.18; 1H NMR(DMSO-d6, 300 MHz) d(ppm): 6.97
(t, J¼ 14.67 Hz, 1H, Ar-H), 7.03–7.10 (m, 4H, Ar-H), 7.25–7.31 (m, 2H,
Ar-H), 7.44–7.48 (m, 2H, Ar-H), 7.50–7.54 (m, 2H, Ar-H), 7.73
(d, J¼ 3.26 Hz, 1H, Ar-H), 7.88 (d, J¼ 3.26 Hz, 1H, Ar-H), 7.92–7.96
(m, 2H, Ar-H), 8.65 (s, 1H, –NHCONH–), 8.71 (s, 1H, –NHCONH–); 13C
NMR(DMSO-d6, 125 MHz) d(ppm): 116.72, 116.76, 117.73, 119.80,
120.25, 120.47, 122,22, 123.00, 127.77, 127.98, 131.91, 135.67, 139.33,
143.61, 150.17, 152.42, 159.27, 166.52; HRMS (ESI) m/z: Calcd for
C22H17N3O2S [MþH]þ 388.1041, Found 388.1095; Anal. Calcd for
C22H17N3O2S$1/2H2O (%): C 66.65, H 4.58, N 10.60; Found: C 66.97,
H 4.68, N 10.25.

6.8.4. 1-(4-Chloro-3-nitrophenyl)-3-{4-[4-(thiazol-2-yl)phenoxy]-
phenyl}urea (1d)

Yellow solid, yield: 50%, mp 179–180 �C; IR(KBr, cm�1): 3340.21,
1658.47, 1595.71, 1556.38, 1531.36, 1504.66, 1480.92, 1343.74,
1305.38, 1245.74, 1228.95, 1198.38, 833.55; 1H NMR(DMSO-d6,
500 MHz) d(ppm): 7.04–7.09 (m, 4H, Ar-H), 7.52–7.54 (m, 2H, Ar-H),
7.64–7.65 (m, 2H, Ar-H), 7.72 (d, J¼ 3.25 Hz, 1H, Ar-H), 7.88
(d, J¼ 3.24 Hz, 1H, Ar-H), 7.93–7.95 (m, 2H, Ar-H), 8.31
(t, J¼ 2.66 Hz, 1H, Ar-H), 8.65 (s, 1H, –NHCONH–), 8.71 (s, 1H,
–NHCONH–); 13C NMR(DMSO-d6, 75 MHz) d(ppm): 114.20, 116.57,
117.73, 119.72, 120.17, 120.47, 123,01, 127.77, 127.93, 131.65, 135.49,
139.81, 143.56, 147.41, 150.27, 152.25, 159.19, 166.48; ESI-MS m/z:
465.0[M�H]�; Anal. Calcd for C22H15ClN4O4S$1/4H2O (%): C 56.05,
H 3.31, N 11.89; Found: C 56.04, H 3.31, N 12.09.

6.8.5. 1-{4-[4-(Thiazol-2-yl)phenoxy]phenyl}-3-[3-
(trifluoromethyl)phenyl]urea (1e)

White solid, yield: 59%, mp 193–194 �C; IR(KBr, cm�1): 3308.76,
1636.55, 1603.26, 1568.96, 1507.51, 1491.29, 1480.86, 1344.36,
1299.73, 1246.44, 1168.78, 1145.09, 1127.20, 1066.19, 701.49, 630.03;
1H NMR(DMSO-d6, 300 MHz) d(ppm): 7.04–7.12 (m, 4H, Ar-H), 7.31
(d, J¼ 7.52 Hz, 1H, Ar-H), 7.49–7.61 (m, 4H, Ar-H), 7.73 (d, J¼ 3.25 Hz,
1H, Ar-H), 7.89 (d, J¼ 3.25 Hz,1H, Ar-H), 7.93–7.97 (m, 2H, Ar-H), 8.03
(s, 1H, Ar-H), 8.85 (s, 1H, –NHCONH–), 9.04 (s, 1H, –NHCONH–); 13C
NMR(DMSO-d6, 75 MHz) d(ppm): 114.08, 114.13, 117.68, 119.71,
120.19, 120.28, 121.75, 127.74, 127.93, 129.75, 135.80, 140.51, 143.55,
150.05, 152.48, 159.26, 166.50; HRMS (ESI) m/z: Calcd for
C23H16F3N3O2S [MþH]þ 456.0951, Found 456.0981; Anal. Calcd for
C23H16F3N3O2S (%): C 60.65, H 3.54, N 9.23; Found: C 60.99, H 3.44, N
9.43.
6.8.6. 1-[4-Fluoro-3-(trifluoromethyl)phenyl]-3-{4-[4-(thiazol-2-
yl)phenoxy]phenyl} urea (1f)

White solid, yield: 53%, mp 187–188 �C; IR(KBr, cm�1): 3309.82,
1654.45, 1608.70, 1556.61, 1503.03, 1482.04, 1425.52, 1408.85,
1336.62, 1301.00, 1251.83, 1219.65, 1162.36, 1130.68, 1052.54,
840.33, 631.22; 1H NMR(DMSO-d6, 300 MHz) d(ppm): 7.03–7.11
(m, 4H, Ar-H), 7.43 (t, J¼ 19.51 Hz, 1H, Ar-H), 7.50–7.55 (m, 2H,
Ar-H), 7.63–7.68 (m, 2H, Ar-H), 7.73 (d, J¼ 3.26 Hz, 1H, Ar-H), 7.88
(d, J¼ 3.26 Hz, 1H, Ar-H), 7.92–7.97 (m, 2H, Ar-H), 8.11 (dd, J¼ 2.66,
6.47 Hz, 1H, Ar-H), 8.83 (s, 1H, –NHCONH–), 9.01 (s, 1H, –NHCONH–
); 13C NMR(DMSO-d6, 75 MHz) d(ppm): 115.90, 115.96, 117.17, 117.45,
117.66, 119.58, 120.02, 120.32, 127.73, 127.85, 135.67, 136.42, 136.45,
143.45, 150.10, 152.49, 159.15, 166.42; ESI-MS m/z: 474.1[MþH]þ;
Anal. Calcd for C23H15F4N3O2S (%): C 58.35, H 3.19, N 8.88; Found: C
58.73, H 3.15, N 9.01.

6.8.7. 1-{4-[4-(Thiazol-2-yl)phenoxy]phenyl}-3-p-tolylurea (1g)
White solid, yield: 57%, mp 223–224 �C; IR(KBr, cm�1): 3301.42,

1640.85, 1604.07, 1568.54, 1505.35, 1482.05, 1241.24, 829.88; 1H
NMR(DMSO-d6, 300 MHz) d(ppm): 2.22 (s, 3H, Ar-CH3), 7.00–7.07
(m, 6H, Ar-H), 7.32 (d, J¼ 8.39 Hz, 2H, Ar-H), 7.46–7.50 (m, 2H,
Ar-H), 7.70 (d, J¼ 3.24 Hz, 1H, Ar-H), 7.85 (d, J¼ 3.25 Hz, 1H, Ar-H),
7.89–7.93 (m, 2H, Ar-H), 8.51 (s, 1H, –NHCONH–), 8.64 (s, 1H,
–NHCONH–); 13C NMR(DMSO-d6, 75 MHz) d(ppm): 20.16, 117.66,
118.36, 119.63, 119.88, 120.15, 127.74, 127.93, 129.01, 130.60, 136.32,
137.03, 143.53, 149.76, 152.57, 159.36, 166.53; ESI-MS m/z:
402.1[MþH]þ; Anal. Calcd for C23H19N3O2S (%): C 68.81, H 4.77, N
10.47; Found: C 68.51, H 4.71, N 10.50.

6.8.8. 1-[2-Chloro-5-(trifluoromethyl)phenyl]-3-{4-[4-(thiazol-2-
yl)phenoxy]phenyl} urea (1h)

Off-white solid, yield: 44%, mp 199–200 �C; IR(KBr, cm�1):
3301.42, 1640.85, 1604.07, 1568.54, 1505.35, 1482.05, 1241.24,
829.88; 1H NMR(DMSO-d6, 300 MHz) d(ppm) 3301.69, 1649.79,
1600.71, 1559.83, 1500.86, 1482.60, 1409.07, 1301.75, 1221.39,
1166.59, 832.22; 1H NMR(CDCl3, 500 MHz) d(ppm): 6.99–7.03
(m, 4H, Ar-H), 7.19 (dd, J¼ 1.94, 8.40 Hz, 1H, Ar-H), 7.32 (d, J¼ 3.3 Hz,
1H, Ar-H), 7.34–7.38 (m, 2H, Ar-H), 7.39 (d, J¼ 8.36 Hz,1H, Ar-H), 7.48
(s, 1H, Ar-H), 7.61 (br, 1H, –NHCONH–), 7.85 (d, J¼ 3.3 Hz, 1H, Ar-H),
7.89–7.92 (m, 2H, Ar-H), 8.59 (d, J¼ 1.8 Hz, 1H, –NHCONH–); 13C
NMR(CDCl3, 75 MHz) d(ppm): 118.13, 118.52, 118.80, 120.07, 120.61,
123.64, 128.38, 128.43, 129.50, 133.53, 136.05, 143.42, 152.85, 159.51,
168.34; ESI-MS m/z: 490.0[MþH]þ.

6.8.9. 1-[3-Bromo-5-(trifluoromethyl)phenyl]-3-{4-[4-(thiazol-2-
yl)phenoxy]phenyl} urea (1i)

White solid, yield: 53%, mp 208–209 �C; IR(KBr, cm�1): 3308.19,
1648.13, 1591.86, 1560.61, 1505.80, 1483.14, 1457.47, 1333.43,
1304.51, 1244.41, 1224.77, 1171.24, 1129.79, 836.43, 694.40; 1H
NMR(DMSO-d6, 300 MHz) d(ppm): 7.05–7.10 (m, 4H, Ar-H),
7.51–7.55 (m, 3H, Ar-H), 7.73 (d, J¼ 3.22 Hz, 1H, Ar-H), 7.89
(d, J¼ 3.17 Hz, 1H, Ar-H), 7.94–7.97 (m, 3H, Ar-H), 8.98 (s, 1H,
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–NHCONH–), 9.20 (s, 1H, –NHCONH–); 13C NMR(DMSO-d6,
75 MHz) d(ppm): 113.37, 117.75, 119.83, 120.25, 120.60, 122.25,
123.99, 127.78, 127.99, 135.56, 142.18, 143.62, 150.26, 152.33, 159.25,
166.51; ESI-MS m/z: 533.9[MþH]þ; Anal. Calcd for
C23H15BrF3N3O2S (%): C 51.70, H 2.83, N 7.86; Found: C 51.71, H 3.07,
N 7.91.

6.8.10. 1-(3-Chloro-4-fluorophenyl)-3-{4-[4-(thiazol-2-
yl)phenoxy]phenyl}urea (1j)

White solid, yield: 49%, mp 171–172 �C; IR(KBr, cm�1):
3317.79, 1656.72, 1590.98, 1551.63, 1505.30, 1482.61, 1431.45,
1332.55, 1271.33, 1228.65, 1177.00, 1115.63, 1081.77, 854.80; 1H
NMR(DMSO-d6, 500 MHz) d(ppm): 7.04–7.09 (m, 4H, Ar-H), 7.32–
7.34 (m, 2H, Ar-H), 7.51–7.53 (m, 2H, Ar-H), 7.73 (d, J¼ 3.24 Hz,
1H, Ar-H), 7.80–7.82 (m, 1H, Ar-H), 7.88 (d, J¼ 3.24 Hz, 1H, Ar-H),
7.93–7.95 (m, 2H, Ar-H), 8.82 (s, 1H, –NHCONH–), 8.87 (s, 1H,
–NHCONH–); 13C NMR(DMSO-d6, 75 MHz) d(ppm): 116.65, 116.94,
117.68, 118.45, 118.54, 119.50, 119.82, 120.21, 120.31, 127.72, 127.99,
135.95, 143.63, 149.94, 152.51, 159.34, 166.53; ESI-MS m/z:
438.2[M�H]�.

6.8.11. 1-[Methyl (thien-3-yl)-2-carboxylate]-3-{4-[4-(thiazol-2-
yl)phenoxy]phenyl} urea (1k)

White solid, yield: 45%, mp 201–202 �C; IR(KBr, cm�1): 3295.37,
1704.96, 1672.94, 1575.54, 1555.56, 1503.65, 1487.32, 1445.77,
1424.25, 1309.16, 1281.95, 1260.52, 1230.60, 1199.96, 829.18, 771.53;
1H NMR(DMSO-d6, 300 MHz) d(ppm): 3.87 (s, 3H, OCH3), 7.05–7.12
(m, 4H, Ar-H), 7.59 (d, J¼ 8.60 Hz, 2H, Ar-H), 7.73 (d, J¼ 3.02 Hz, 1H,
Ar-H), 7.86 (d, J¼ 5.43 Hz, 1H, Ar-H), 7.89 (d, J¼ 3.05 Hz, 1H, Ar-H),
7.95 (d, J¼ 8.45 Hz, 2H, Ar-H), 8.02 (d, J¼ 5.39 Hz, 1H, Ar-H), 9.61
(s, 1H, –NHCONH–), 10.10 (s, 1H, –NHCONH–); 13C NMR(DMSO-d6,
75 MHz) d(ppm): 51.77, 106.97, 117.74, 119.80, 120.26, 120.34, 121.80,
127.77, 127.99, 132.59, 135.93, 143.63, 145.61, 150.16, 151.28, 159.31,
163.64, 166.55; ESI-MS m/z: 452.1[MþH]þ, 450.1[M�H]�; Anal.
Calcd for C22H17N3O4S2 (%): C 58.52, H 3.79, N 9.31; Found: C 58.38, H
3.75, N 8.89.

6.8.12. 1-{4-[4-(1H-Imidazol-2-yl)phenoxy]phenyl}-3-(4-
chlorophenyl)urea (2a)

White solid, yield: 50%, mp >300 �C; IR(KBr, cm�1): 3301.01,
1637.62, 1601.06, 1560.24, 1534.88, 1502.11, 1227.83, 1199.76, 834.24;
1H NMR(DMSO-d6, 300 MHz) d(ppm): 7.00–7.10 (m, 5H, Ar-H), 7.32
(d, J¼ 8.45 Hz, 3H, Ar-H), 7.49 (d, J¼ 8.51 Hz, 4H, Ar-H), 7.91
(d, J¼ 8.31 Hz, 2H, Ar-H), 8.73 (s, 1H, –NHCONH–), 8.80 (s, 1H,
–NHCONH–), 12.42 (br, 1H, imidazole-NH); 13C NMR(DMSO-d6,
125 MHz) d(ppm): 117.68,119.71,119.84,119.91,120.10,125.30,125.78,
126.49, 128.58, 135.70, 138.75, 145.24, 150.56, 152.52, 157.48; ESI-MS
m/z: 405.2[MþH]þ, 403.0[M�H]�; Anal. Calcd for C22H17ClN4O2

(%): C 65.27, H 4.23, N 13.84; Found: C 65.52, H 4.37, N 13.99.

6.8.13. 1-{4-[4-(1H-Imidazol-2-yl)phenoxy]phenyl}-3-[4-chloro-3-
(trifluoromethyl) phenyl]urea (2b)

White solid, yield: 51%, mp 228–230 �C; IR(KBr, cm�1): 3353.02,
1696.68, 1609.32, 1556.15, 1503.60, 1486.32, 1331.99, 1307.48,
1245.86, 1227.30, 1201.72, 1170.06, 1144.27, 1125.94, 833.99; 1H
NMR(DMSO-d6, 500 MHz) d(ppm): 7.02–7.06 (m, 4H, Ar-H), 7.10
(s, 2H, Ar-H), 7.50–7.52 (m, 2H, Ar-H), 7.60–7.66 (m, 2H, Ar-H),
7.91–7.93 (m, 2H, Ar-H), 8.11 (d, J¼ 2.50 Hz, 1H, Ar-H), 7.92–7.97
(m, 2H, Ar-H), 8.85 (s, 1H, –NHCONH–), 9.13 (s, 1H, –NHCONH–),
12.39 (br, 1H, imidazole-NH); 13C NMR(DMSO-d6, 75 MHz) d(ppm):
116.68, 116.75, 116.83, 117.71, 119.76, 120.45, 122.16, 122.97, 124.55,
125.81, 126.43, 131.88, 135.23, 139.34, 145.16, 150.83, 152.42, 157.30;
ESI-MS m/z: 473.1[MþH]þ, 471.0[M�H]�; Anal. Calcd for
C23H16ClF3N4O2 (%): C 58.42, H 3.41, N 11.85; Found: C 58.52, H 3.74,
N 11.57.
6.8.14. 1-{4-[4-(1H-Imidazol-2-yl)phenoxy]phenyl}-3-phenylurea
(2c)

White solid, yield: 52%, mp 234–235 �C; IR(KBr, cm�1): 3300.65,
1639.72, 1602.59, 1595.47, 1567.92, 1504.13, 1445.06, 1257.98,
1233.22, 834.82; 1H NMR(DMSO-d6, 300 MHz) d(ppm): 6.94–7.05
(m, 5H, Ar-H), 7.10 (s, 2H, Ar-H), 7.25–7.34 (m, 2H, Ar-H), 7.44–7.51
(m, 4H, Ar-H), 7.91 (d, J¼ 8.60 Hz, 1H, Ar-H), 8.64 (s, 1H, –NHCONH–),
8.69 (s, 1H, –NHCONH–), 12.42 (br, 1H, imidazole-NH); 13C
NMR(DMSO-d6, 125 MHz) d(ppm): 117.63, 118.19, 119.94, 121.77,
125.71, 126.49, 128.74, 135.92, 139.71, 145.23, 150.39, 152.61, 157.55;
ESI-MS m/z: 371.1[MþH]þ, 369.1[M�H]�; Anal. Calcd for
C22H18N4O2$1/2H2O (%): C 69.64, H 5.05, N 14.77; Found: C 69.92, H
4.99, N 14.75.

6.8.15. 1-{4-[4-(1H-Imidazol-2-yl)phenoxy]phenyl}-3-(4-chloro-3-
nitrophenyl)urea (2d)

Yellow solid, yield: 40%, mp 161–162 �C; IR(KBr, cm�1): 3321.00,
2356.94, 1659.11, 1599.96, 1537.41, 1502.69, 1341.29, 1306.32,
1225.96, 1199.03, 1101.18, 855.63, 835.21, 668.99; 1H NMR(DMSO-
d6, 300 MHz) d(ppm): 7.01–7.06 (m, 4H, Ar-H), 7.14 (s, 2H, Ar-H),
7.49–7.52 (m, 2H, Ar-H), 7.64–7.65 (m, 2H, Ar-H), 7.90–7.94
(m, 2H, Ar-H), 8.31 (t, J¼ 2.72 Hz, 1H, Ar-H), 8.90 (s, 1H, –NHCONH–
), 9.34 (s, 1H, –NHCONH–), 12.23 (br, 1H, imidazole-NH); 13C
NMR(DMSO-d6, 75 MHz) d(ppm): 114.14, 116.53, 117.72, 119.82,
120.42, 122.75, 122,97, 125.26, 126.57, 131.69, 135.16, 139.86, 145.03,
147.41, 150.78, 152.29, 157.47; ESI-MS m/z: 450.1[MþH]þ,
448.0[M�H]�; Anal. Calcd for C22H16ClN5O4 (%): C 58.74, H 3.59, N
15.57; Found: C 58.99, H 3.79, N 15.15.

6.8.16. 1-{4-[4-(1H-Imidazol-2-yl)phenoxy]phenyl}-3-[3-
(trifluoromethyl)phenyl]urea (2e)

White solid, yield: 53%, mp >300 �C; IR(KBr, cm�1): 3307.15,
1634.53, 1616.12, 1600.58, 1567.16, 1506.05, 1491.08, 1344.00,
1245.15, 1170.13, 1129.19, 854.80; 1H NMR(DMSO-d6, 300 MHz)
d(ppm): 7.03–7.07 (m, 4H, Ar-H), 7.11 (s, 2H, Ar-H), 7.31
(d, J¼ 7.48 Hz, 2H, Ar-H), 7.49–7.62 (m, 4H, Ar-H), 7.94 (d, J¼ 8.68 Hz,
1H, Ar-H), 8.04 (s, 1H, Ar-H), 8.83 (s, 1H, –NHCONH–), 9.05 (s, 1H,
–NHCONH–), 12.42 (br, 1H, imidazole-NH); 13C NMR(DMSO-d6,
125 MHz) d(ppm): 114.15, 117.73, 117.99, 119.83, 120.35, 121.79,
125.86, 126.50, 129.82, 135.47, 140.63, 145.26, 150.80, 152.60, 157.43;
ESI-MS m/z: 439.1[MþH]þ, 437.0[M�H]�, 473.0[Mþ Cl]�; Anal.
Calcd for C23H17F3N4O2 (%): C 63.01, H 3.91, N 12.78; Found: C 63.03,
H 3.75, N 13.09.

6.8.17. 1-{4-[4-(1H-Imidazol-2-yl)phenoxy]phenyl}-3-[4-fluoro-3-
(trifluoromethyl) phenyl]urea (2f)

White solid, yield: 64%, mp 231–232 �C; IR(KBr, cm�1): 3307.33,
1629.51, 1563.29, 1504.09, 1330.00, 1298.91, 1251.14, 1237.30,
1170.08, 1150.89, 1120.83, 1108.27, 1055.33, 829.68; 1H NMR(DMSO-
d6, 300 MHz) d(ppm): 7.01–7.07 (m, 4H, Ar-H), 7.10 (s, 2H, Ar-H),
7.42 (t, J¼ 19.58 Hz, 1H, Ar-H), 7.50 (d, J¼ 8.91 Hz, 2H, Ar-H),
7.64–7.66 (m, 1H, Ar-H), 7.92 (d, J¼ 8.73 Hz, 2H, Ar-H), 8.01
(dd, J¼ 2.47, 6.38 Hz, 1H, Ar-H), 8.82 (s, 1H, –NHCONH–), 9.02 (s, 1H,
–NHCONH–), 12.43 (br, 1H, imidazole-NH); 13C NMR(DMSO-d6,
75 MHz) d(ppm): 115.89, 115.95, 117.29, 117.58, 117.68, 119.76,
120.36, 124.08, 124.19, 125.77, 126.43, 135.38, 136.54, 136.58, 145.16,
150.73, 152.60, 157.34; ESI-MS m/z: 457.2[MþH]þ, 455.0[M�H]�,
491.1[Mþ Cl]�; Anal. Calcd for C23H16F4N4O2 (%): C 60.53, H 3.53, N
12.28; Found: C 61.05, H 3.60, N 12.60.

6.8.18. 1-{4-[4-(1H-Imidazol-2-yl)phenoxy]phenyl}-3-p-
tolylurea (2g)

White solid, yield: 54%, mp >300 �C; IR(KBr, cm�1): 3300.95,
1639.09, 1599.92, 1565.27, 1502.58, 1231.24, 1199.41, 834.31; 1H
NMR(DMSO-d6, 300 MHz) d(ppm): 2.24 (s, 3H, Ar-CH3), 7.00–7.09
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(m, 8H, Ar-H), 7.34 (d, J¼ 8.31 Hz, 2H, Ar-H), 7.48 (d, J¼ 8.90 Hz, 2H,
Ar-H), 7.91 (d, J¼ 8.72 Hz, 2H, Ar-H), 8.53 (s, 1H, –NHCONH–), 8.64
(s, 1H, –NHCONH–), 12.39 (br, 1H, imidazole-NH); 13C NMR(DMSO-
d6, 75 MHz) d(ppm): 20.19, 117.54, 118.16, 118.24, 119.79, 119.80,
125.66, 126.39, 129.02, 130.51, 135.92, 137.03, 145.15, 150.24, 152.56,
157.44; ESI-MS m/z: 385.2[MþH]þ, 383.1[M�H]�, 419.1[Mþ Cl]�;
Anal. Calcd for C23H20N4O2 (%): C 71.86, H 5.24, N 14.57; Found: C
71.50, H 5.35, N 14.33.

6.8.19. 1-{4-[4-(1H-Imidazol-2-yl)phenoxy]phenyl}-3-[2-chloro-5-
(trifluoromethyl) phenyl]urea (2h)

White solid, yield: 41%, mp >300 �C; IR(KBr, cm�1): 3263.35,
1689.47, 1588.34, 1566.06, 1532.83, 1504.55, 1431.56, 1335.73,
1263.64, 1248.48, 1228.74, 1168.66, 1127.39, 1100.55, 1081.42,
1064.87, 832.80, 733.09; 1H NMR(DMSO-d6, 300 MHz) d(ppm):
7.02–7.10 (m, 6H, Ar-H), 7.36 (dd, J¼ 1.76, 8.41 Hz, 1H, Ar-H), 7.52
(d, J¼ 8.94 Hz, 2H, Ar-H), 7.71 (d, J¼ 8.29 Hz, 1H, Ar-H), 7.92
(d, J¼ 8.73 Hz, 2H, Ar-H), 8.59 (s, 1H, Ar-H), 8.65 (d, J¼ 1.85 Hz, 1H,
–NHCONH–), 9.59 (d, J¼ 1.8 Hz, 1H, –NHCONH–), 12.42 (br, 1H,
imidazole-NH); 13C NMR(DMSO-d6, 75 MHz) d(ppm): 116.70,117.84,
119.20, 119.88, 120.21, 125.27, 125.91, 126.50, 130.31, 135.07, 136.98,
151.05, 152.08, 157.29; ESI-MS m/z: 473.1[MþH]þ, 471.0[M�H]�.

6.8.20. 1-{4-[4-(1H-Imidazol-2-yl)phenoxy]phenyl}-3-[3-bromo-5-
(trifluoromethyl) phenyl]urea (2i)

White solid, yield: 58%, mp >300 �C; IR(KBr, cm�1): 3250.53,
1693.43, 1593.45, 1553.19, 1503.52, 1458.43, 1336.10, 1304.75,
1243.02, 1223.97, 1172.52, 1132.78, 1100.03, 855.20, 694.57; 1H
NMR(DMSO-d6, 300 MHz) d(ppm): 7.00–7.07 (m, 4H, Ar-H), 7.10
(s, 2H, Ar-H), 7.48–7.54 (m, 3H, Ar-H), 7.88–7.96 (m, 4H, Ar-H), 8.94
(s,1H, –NHCONH–), 9.18 (s,1H, –NHCONH–),12.40 (br,1H, imidazole-
NH); 13C NMR(DMSO-d6, 75 MHz) d(ppm): 113.37, 113.40, 117.75,
119.71, 120.31, 120.36, 120.60, 122.20, 123.95, 125.86, 126.43, 135.08,
142.19, 145.16, 150.97, 152.32, 157.25; ESI-MS m/z: 517.1[MþH]þ;
Anal. Calcd for C23H16BrF3N4O2 (%): C 53.40, H 3.12, N 10.83; Found: C
53.36, H 3.24, N 10.92.

6.8.21. 1-{4-[4-(1H-Imidazol-2-yl)phenoxy]phenyl}-3-(3-chloro-4-
fluorophenyl)urea (2j)

White solid, yield: 45%, mp >300 �C; IR(KBr, cm�1): 3295.08,
1638.90, 1603.50, 1560.98, 1500.06, 1234.89, 1213.23, 835.04; 1H
NMR(DMSO-d6, 500 MHz) d(ppm): 7.00–7.05 (m, 4H, Ar-H), 7.09
(s, 2H, Ar-H), 7.30–7.33 (m, 2H, Ar-H), 7.48–7.50 (m, 2H, Ar-H),
7.79–7.80 (m, 1H, Ar-H), 7.90–7.92 (m, 2H, Ar-H), 8.76 (s, 1H,
–NHCONH–), 8.84 (s, 1H, –NHCONH–), 12.38 (br, 1H, imidazole-NH);
13C NMR(DMSO-d6, 75 MHz) d(ppm): 116.65, 116.94, 117.72, 118.48,
118.56, 119.55, 119.85, 120.27, 125.84, 126.48, 135.54, 137.01, 137.05,
145.22, 150.70, 152.56, 157.41; ESI-MS m/z: 423.1[MþH]þ,
421.0[M�H]�; Anal. Calcd for C22H16ClFN4O2 (%): C 62.49, H 3.81, N
13.25; Found: C 62.42, H 3.98, N 13.03.

6.8.22. 1-{4-[4-(1H-Imidazol-2-yl)phenoxy]phenyl}-3-[methyl
(thien-3-yl)-2-carboxylate]urea (2k)

White solid, yield: 40%, mp >300 �C; IR(KBr, cm�1): 3311.39,
1685.99, 1672.17, 1575.40, 1546.85, 1508.77, 1442.77, 1417.36,
1307.84, 1263.34, 1234.24, 1095.03, 855.21; 1H NMR(DMSO-d6,
500 MHz) d(ppm): 3.85 (s, 3H, OCH3), 7.02–7.06 (m, 4H, Ar-H), 7.09
(s, 2H, Ar-H), 7.53–7.55 (m, 2H, Ar-H), 7.85 (d, J¼ 5.47 Hz, 1H, Ar-H),
7.91–7.92 (m, 2H, Ar-H), 8.00 (d, J¼ 5.48 Hz, 1H, Ar-H), 9.57 (s, 1H,
–NHCONH–), 10.03 (s, 1H, –NHCONH–), 12.39 (br, 1H, imidazole-
NH); 13C NMR(DMSO-d6, 75 MHz) d(ppm): 51.71, 106.94, 117.73,
119.80, 120.26, 121.76, 125.82, 126.43, 132.52, 135.43, 145.16, 145.57,
150.85, 151.26, 159.29, 163.58; ESI-MS m/z: 435.1[MþH]þ,
432.9[M�H]�, 469.0[Mþ Cl]�; Anal. Calcd for C22H18N4O4S (%): C
60.82, H 4.18, N 12.90; Found: C 60.79, H 4.38, N 12.58.
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