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Abstract—Compounds containing amide bond play a pivotal role in various pharmaceutical applications. 2-(2-(2-Ethoxybenzoyl-
amino)-4-chlorophenoxy)-N-(2-ethoxybenzoyl)benzamine 4 is shown to be a potent antiangiogenic agent. In this study, we report
the microwave-assisted synthesis, single crystal X-ray structure, and antiangiogenic effect of compound 4 in EAT cell induced
angiogenesis. Treatment with compound 4 in vivo demonstrated down regulation of the secretion of VEGF in EAT cells and
inhibition of blood vessel formation indicating the potential angioinhibitory effect of the compound in EAT cells.
� 2007 Elsevier Ltd. All rights reserved.
Angiogenesis, the formation of new blood vessels from
preexisting vessels, is a complex process that normally
occurs in adults only under specific conditions such as
wound healing, inflammation, and in menstrual cycle.1,2

Under normal conditions such as wound healing, the
angiogenic process switches on and then off at the appro-
priate times indicating tight regulation of stimulatory
and inhibitory factors.3 Under certain pathological con-
ditions, such as the growth of solid tumors, rheumatoid
arthritis, psoriasis, and diabetic retinopathy, angiogene-
sis occurs in a less controlled manner.2,4 Understanding
angiogenesis and its unique characteristics in tumor
growth has provided insights into a number of ways to
interrupt the process. In the last decade research on anti-
angiogenic agents has exploded along with public inter-
est in its potential.5 Most studies have addressed the
prognostic significance of VEGF (Vascular endothelial
growth factor) expression.6,7 VEGF expression is upreg-
ulated in a majority of human tumors including lung,
breast, GI, kidney, bladder, ovary and endometrial car-
cinomas as well as in hematologic malignancies. Tumor-
al expression of VEGF leads to the formation of new
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blood vessels which are often tortous and leaky, unlike
normal blood vessels, they stimulate the endothelial cells
to secrete proteases, resulting in the degradation of vessel
basement membrane, which in turn allows cells to invade
the surrounding matrix.8

Amides are ubiquitous in life, as proteins play a crucial
role in virtually all biological processes such as enzy-
matic catalysis, transport or storage, immune protec-
tion, and mechanical support. Amides also play a key
role for medicinal chemists. An in-depth analysis of
the comprehensive medicinal chemistry database re-
vealed that the carboxamide group appears in more than
25% of known drugs.9 Dipyridyl amides have been re-
ported as a potent metabotropic glutamate subtype
5(mGlu5) receptor antagonist.10 2-Aryl-4-oxo-thiazoli-
din-3-yl-amides have been used to check the anti-prolif-
erative activity for prostate cancer11 as well as pyrazolo
[1,5-a] pyrimidin-7-yl-phenyl amides as novel anti-pro-
liferative agents.12 Various amides are used as anti-
depressants, anti-inflammatory, anti-malarial drugs,
anti-viral agents, steroids, anti-microbials13 and general
anesthetics.14

In general, amides are formed from activated carboxylic
acids and amines. Carboxylic acids can either be
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Table 1. The different conditions and reagents used for the conden-

sation reaction

Methods Condition Yield%

Conventional, EDC/Et3N Room temperature 75

MW irradiation 80–90 s, 60 W 85
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activated separately prior to the amide formation or
they can be activated in situ using coupling reagents.15

Although good results are obtained by conventional
method, they are time consuming. To improve efficiency
and reduce waste production to prepare amides directly
from non-activated carboxylic acids and amines in the
absence of coupling reagents and solvent are highly de-
sired.16 Microwaves (MWs) have been used to simplify
and improve reaction conditions for many classic organ-
ic reactions. Reactions performed under MW-conditions
proceed faster more cleanly and in much better yields
than similar reactions under conventional condi-
tions.17,18 The MW assisted synthesis of amides has al-
ready been investigated.19,20 However, the enormous
growth in the use of microwave irradiation in the last
decade in synthetic organic chemistry21 inspired us to
study this reaction. The synthesis of amides from car-
boxylic esters and amines under microwave irradiation
is reported22 in presence of solid potassium tertiary butox-
ide under solvent-free conditions that proceeds in a much
shorter time. We have synthesized the compound 2
using the reported procedure13 from our laboratory. In
continuation of our work, herein, we report an efficient
method for the synthesis of 2-(2-(2-ethoxybenzoylami-
no)-4-chlorophenoxy)-N-(2-ethoxybenzoyl)benzamine 4
in which 2-ethoxy benzoic acid undergoes condensation
reaction with 2-(2-amino-4-chlorophenoxy)benzeneamine
3 in solvent-free medium under microwave irradiation at
60 W for 90 s.

We have reported earlier the synthesis of compound 4
by conventional method23 using 2-ethoxy benzoylchlo-
ride 2 and triethylamine with 2-(2-amino-4-chlorophen-
oxy)benzeneamine 3. Compound 4 was achieved in good
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yield by microwave irradiation method24 compared to
the product obtained by conventional method as shown
in Table 1 and Scheme 1. IR, 1H NMR, and CHN data
provide the proof for condensed structure. For instance,
in the IR spectra, compound 4 showed the bands in the
region of 1675 cm�1 for C@O amide bond and N–H is
observed in the region of 3340 cm�1 indicating the for-
mation of substituted amide bond in 4.

Crystal structure of the compound 2-(2-(2-ethoxybenzoyl-
amino)-4-chlorophenoxy)-N-(2-ethoxybenzoyl)benzamine
4 was determined by X-ray diffraction method. The OR-
TEP25 of the compound 4 at 50% probability is given in
Figure 1. The parent phenyl rings of the molecule are
planar. The dihedral angle between the planes [C4–C9]
and [C13–C18] is 71.2 (3)�, while those of the planes
[C13-C18] and [C20–C25] and [C20–C25] and [C29–
C34] are 82.9(3)� and 83.2(3)�, respectively. The torsion
angles about C9–C10–N12–C20 and C13–C18–O19–
C20 are 171.9(5)� and �84.5(7)� implying that they
exhibit antiperiplanar and synclinal conformations,
respectively. The molecules are stacked in pairs
when viewed along the a axis. The structure exhibits
intramolecular hydrogen bonds of the type N–H. . .. . .O
and C–H. . .. . .. . .O.

Compound 4 inhibits tumor induced angiogenesis.33 Ehr-
lich ascites tumor (EAT) cells. These are mouse mam-
mary carcinoma cells. In vivo experimental studies
have demonstrated that tumor growth is dependent on
angiogenesis. Increased vascularity may allow not only
an increase in tumor growth but also a greater enhance-
ment of hematogenous tumor embolization. Thus,
inhibiting tumor angiogenesis may halt the tumor
growth and decrease metastatic potential of tumors.
The in vivo treatment of compound 4 on EAT bearing
mice resulted in the decrease in body weight of the mice
up to 65% when compared to the untreated control ani-
mals (Fig. 2). This effect is clearly evident in the reduc-
tion of EAT cell number (Fig. 3) as well as in the
ascites volume (Fig. 4) of the compound 4 treated mice.
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Figure 2. Effect of compound 4 against tumor growth.

Figure 1. ORTEP diagram of the molecule 4 at 50% probability with some selected bond lengths and bond angles. Bond lengths. C2–C1:1.501(1) Å,

N12–C10:1.351(6) Å, O3–C2:1.420(7) Å, N12–C13:1.387(6) Å, O3–C4:1.352(7) Å, C29–C27:1.500(7) Å, O11–C10:1.191(6) Å, Cl38–C23 1.749(5) Å.

Bond angles. O3–C2–C1:105.4(6)�, C22–C23–Cl38:117.2(4)�, O11–C10–N12:122.5(6)�, C27–N26–C25:128.7(4)�, N12–C10–C9:112.4(5)�, C34–O35–

C36:118.3(4)�, C18–O19–C20:117.9(4)�, O35–C36–C37:106.8(4)�.
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Figure 3. Effect of compound 4 on cell number.
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Figure 4. Effect of compound 4 on ascites volume.
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Quantification of VEGF (Fig. 5) shows that compound
4 has dose dependent effect on secretion of VEGF under
in vivo conditions compared to the untreated EAT bear-
ing mice. The amount of VEGF increased in untreated
EAT cells over the growth period, whereas the amount
of VEGF in ascites of compound 4 treated EAT cells
did not show any significant increase in the same growth
period, suggesting a dose dependent inhibition of VEGF
secretion upon compound 4 treatment in EAT cells.
Angiogenesis is clearly evident in the inner peritoneal
lining of EAT bearing mice and it is a reliable model
for in vivo angiogenesis. Hence the peritoneal lining of
compound 4 treated mice verified for its effect on micro-
vasculature when compared to untreated EAT bearing
mice (Fig. 6). Mice treated with compound 4 showed de-
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Figure 5. Effect of compound 4 on in vivo production of VEGF.
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creased peritoneal angiogenesis when compared to un-
treated EAT bearing mice. In the CAM assay model
compound 4 induced vasculature zone formation in
the developing embryos. Notably, a newly formed
Figure 6. Peritoneal angiogenesis.

Figure 7. Chorioallantoic membrane assay.
microvessel was regressed around the compound 4 im-
planted disc (Fig. 7).

Currently, a large variety of chemotherapeutic drugs
are being used to treat cancer. Unfortunately, many
compounds hold limited efficacy, due to problems of
delivery and penetration, and a moderate degree of
selectivity for the tumor cells, thereby causing severe
damage to healthy tissues. From our studies, it is clear
that compound 4 has antiangiogenic effect as shown by
peritoneal angiogenesis assay, chorioallantoic mem-
brane (CAM) assay, and also from the reduction in
the EAT cell number, ascites volume, and body weight
of the animals in vivo. It is found to be a consequence
of an anti-angiogenic effect, and it would provide ma-
jor impetus to a large segment of the medical oncology
community to become much more actively engaged in
angiogenesis research and antiangiogenic therapies to
treat these types of cancer. The above study shed light
toward the identification of new antiangiogenic mole-
cules to the cancer therapy. Further research to know
the mechanism of inhibition and the modifications of
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the compound 4 to improve the potency is currently
under progress in our laboratory.
Supplementary data

The full crystallographic details have been deposited at
Cambridge Crystallography Data Center (CCDC No.
283578).
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tutional Animal Care and Use Committee of the Univer-
sity of Mysore, Mysore, India. Ehrlich ascites tumor
(EAT) cells were grown in the peritoneum cavity of six- to
eight-week-old Swiss albino mice by peritoneal transplan-
tation of 0.5 ml of cell suspension (5 · 108) in sterile saline.
These cells grow in mice peritoneum forming an ascites
tumor, with massive abdominal swelling. The animals
showed a dramatic increase in body weight over the
growth period and the animals succumbed to the tumor
burden 10–12 days after implantation. The number of cells
increased over the 10 days of growth with formation of 6–
7 ml of ascites fluid with extensive neovascularization in
the inner lining of peritoneal wall. To determine whether
the compound inhibits tumor growth and angiogenesis
mediated by EAT cells in vivo, compounds (100 mg/kg
body wt/ip 300 ll/mouse) were injected into the EAT
bearing mice every alternate day after 6th day of tumor
transplantation and growth of the tumor was monitored
by taking the body weight of the animals.
Effect of compound 4 on cell number and ascites volume.
After monitoring the body weight, animals were sacrificed
on the 12th day and the EAT cells along with ascites fluid
were harvested and centrifuged at 3000 rpm for 10 min at
4 �C. The pelleted cells were counted by Trypan blue dye
exclusion method using a hemocytometer. Supernatant
gave the volume of ascites fluid.
Effect of compound 4 on in vivo production of vascular
endothelial growth factor (VEGF). Ascites fluid was
collected (each dose after treatment) after sacrificing the
animal every alternate day after six days. VEGF ELISA
was carried out to quantitate VEGF in the Ascites fluid
using anti-VEGF165 antibodies as reported earlier.31

Peritoneal angiogenesis assay. After harvesting the EAT
cells, the abdomen was cut open and the inner lining of the
peritoneal cavity of untreated and compound 4 treated
EAT bearing mice was examined for the extent of
vascularization. The peritoneal lining was photographed
using Nikon digital camera.31

Chorioallantoic membrane (CAM) assay. The fertilized
eggs were incubated at 37 �C in a humidified and sterile
atmosphere for 10 days. A window was made under
aseptic conditions on the eggshell to check for proper
development of the embryo. The window was resealed and
allowed to develop further. On the 12th day, saline,
compound 4 (10 lg per egg) were air-dried on sterile glass
coverslips. The window was reopened and the coverslip
was inverted over the CAM. The window was closed
again, and the eggs were returned to incubator for another
2 days. The windows were opened on the 14th day and
inspected for changes in the microvessel density in the area
below the coverslip and photographed using in Nikon
digital camera.32
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