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INTRODUCTION

Benzofuran is a fundamental structural unit in a
variety of biologically active natural products as well
as synthetic materials.I'' Benzofuran derivatives possess
several biological properties such as anti-inflammatory,
antimicrobial, antifungal, antihyperglycemic, analgesic,
antiparasitic, and antitumor activities.*”! Such a wide
range of biological properties inherent in benzofuran
scaffold justifies the extensive interest in using
benzofuran as building blocks of pharmacological agents.
Many of the clinically approved drugs are synthetic or
naturally occurring substituted benzofuran derivatives,
some of which are fused with other heterocyclic
moieties.[ Existence of several new publications on the
biological importance of these products has necessitated
anew review on their biological activities.”'? However,
due to the great biological importance of this scaffold,
investigation of various methods for synthesis and
structural modification of benzofuran derivatives have
now become an important goal of several research
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groups.*3 Although benzofuran derivatives display
a diverse array of pharmacological activities, in this
review we only provide a literature overview on the
antimicrobial and antibreast cancer activities of this
scaffold and offer a summary of structure activity
relationship (SAR) in some areas.

BENZOFURAN AS ANTIBACTERIAL AND
ANTIFUNGAL AGENT

Due to the emerging and increasing bacterial resistance,
development of new antibiotics is very important
for public health globally.l'! Several benzofuran
derivatives have been prepared and introduced as
antibacterial agents.''”**) Renuka et al."” designed and
synthesized a series of substituted benzofurans as
DNA gyrase B inhibitors of Mycobacterium tuberculosis
(MTB). DNA gyrase of MTB is a type II topoisomerase
and is a well-established and validated target for the
development of novel therapeutics. The compounds
were tested for their biological activity; compound 1
emerged as the most active potent lead with an IC, of
3.2 £ 0.15 uM against Mycobacterium smegmatis DNA
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gyraseB enzyme and 0.81 + 0.24 uM in MTB supercoiling
activity. Subsequently, the binding of compound 1 to the
DNA gyraseB enzyme by the docking study indicated
good interaction with the enzyme. This ligand with a glide
score of —8.66 kcal/mol showed a H-bond with Argl41l
and a well-fitted pose in the hydrophobic pocket within
the vicinity of I1e84, Val128, Ile171, Val49, Ala53, Leul35,
Val128, Val123, and Val99, and a few polar amino acid
residues Glu 48, Ser 126, Glu 56, Gln 102. The binding
pattern within the active site pocket of the crystal ligand
and reference ligand was quite similar and additionally
the van der Waals and columbic forces between Thr170,
Asnb52, Ala53, Ile84, and Glu48 and the ligand were
observed.

Nj)\/O
Sha

He et al.U'¥ synthesized a series of inhibitors of
Mycobacterium protein tyrosine phosphatase B (mPTPB)
from 6-hydroxy-benzofuran-5-carboxylic acid scaffold.
mPTPB is a virulence factor secreted by the pathogen
and mediates mycobacterial survival in macrophages
by targeting host cell immune responses. Consequently,
mPTPB represents an exciting new target to combat
tuberculosis (TB) infection.[! He et al.[®¥! described a
medicinal chemistry-oriented approach that transforms
a benzofuran salicylic acid scaffold into a highly potent
(IC,, = 38 nM) and selective mPTPB inhibitor [>50-fold
against a large panel of protein tyrosine phosphatase
(PTPs)] (2). Importantly, the inhibitor is capable of
reversing the altered host immune responses induced by
the bacterial phosphatase and restoring the macrophage’s
full capacity to secrete interleukin-6 and undergo
apoptosis in response to interferon-y stimulation,
validating the concept that chemical inhibition of mPTPB
may be therapeutically useful for novel TB treatment. The
study further demonstrates that bicyclic salicylic acid
pharmacophores can be used to deliver PTP inhibitors
with high potency, selectivity, and cellular efficacy.
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Telveka et al.?% synthesized a series of benzofuran-3-
carbohydrazide derivatives and evaluated them for in
vitro inhibitory activity against M. fuberculosis H37Rv
strains. The synthesized compounds showed promising
antimycobacterial and antifungal activities. Compounds 3
and 4 were found to be the most active compounds with
minimum inhibitory concentration (MIC) of 8 ug/mL and
2 ug/mL, respectively. For antitubercular activity, ortho-
hydroxyl and protected hydroxyl groups’ substitution on
the benzylidene group have showed good antitubercular
activity while for antifungal activity, the unsubstituted
benzofuran ring and highly substituted side chain attached
to hydrazide appeared to be more effective.
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Ri=H, R=H (3)
Rz R1=C|, R2=C| (4)

In another study, 6-benzofuryl purines were synthesized
and their in vitro activities against M. tuberculosis H37Rv
and mammalian cells (Vero cells) were determined.”"! The
results indicated that several compounds displayed profound
antimycobacterial activity in combination with low toxicity
toward mammalian cells. 6-Benzofurylpurine (5) where the
benzofuran substituent is connected directly to C-6in the purine
was found to be highly potent inhibitors of MTB (IC, <0.60 uM).
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Yempala et al. designed and synthesized a series of
2-substituted-3H-benzofurobenzofurans through
molecular hybridization” and screened them for in
vitro antimycobacterial activity against M. tuberculosis
H37Rv. Among them, 2-(4-methoxy-2-methyl phenyl)-3H-
benzofuro [3,2-e] benzofuran (6) was found to be most active
with MIC 3.12 ug/mL and exhibited lower cytotoxicity with
good therapeutic index.
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In order to investigate antimicrobial activity, Mehdi
et al.®! synthesized 4b,9b-dihydroxy-7,8-dihydro-4bH-
indeno[1,2-b]benzofuran-9,10 (6H,9bH)-dione (7) and
evaluated their biological activity, using microdilution
method, against gram-positive (B. subtilis, B. cereus,
S. pneumoniae, S. aureus) and gram-negative (K. pneumoniae,
S. flexneri, P. aeruginosa, E. aerogenes, E. coli) bacterial and
fungal (C. albicans) strains. Generally, MIC values of these
compounds against all tested microorganisms were between
0.5 mg/mL and 1 mg/mL, which were comparable to that
of clinically used antimicrobial agents against the selected
microorganisms.

Kirilmis et al.[*"l reported the synthesis of some
1-(1-benzofuran-2-yl)-2-mesitylethanone derivatives.
When the synthesized compounds were tested for
antimicrobial activity, (E)-1-(1-benzofuran-2-yl)-
2-mesitylethanone-O-benzoyloxime (8) was found
to be the most active derivative against S. aureus
ATCC 6538 and E. coli ATCC 25922. The other
compounds exhibited moderate activity against the
tested microorganisms.
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Manna and Agrawal®! demonstrated that some
indophenazine 1,3,5-trisubstituted pyrazoline derivatives
of benzofuran (9), which were synthesized by microwave
irradiation, exhibited good antibacterial activity with
MICs lower than 10 pg/mL against E. coli, P. aeruginosa
and S. aureus, which was comparable with sparfloxacin
and norfloxacin.
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Gundogdu-Karaburun et al.*! synthesized some aryl
[3-(imidazol-1-yl/triazol-1-ylmethyl/methyl) benzofuran-
2-yl] ketones (10, 11), aryl (3-methyl-benzofuran-2-yl)
ketoximes and aryl [3-(imidazol-1-yl/triazol-1-ylmethyl)
benzofuran-2-yl] ketoximes (12, 13). Antifungal activities
of these compounds were examined and moderate activity
was obtained. The activities of the aimed oxime and azole
residue bearing compounds ranged between 5-12.5 pg/
mL and 5-25 ug/mL against C. glabrata and C. albicans,
respectively. It was seen that furnishing the oxime residue
to the ketones increases the activity almost up to twofold to
fourfold in most of the compounds. However, addition of
the azole residue slightly increased some of the compound’s
activity. Uncooperatively, oxime azole combination was
not worked and the most active compounds appeared to
be ketoximes 12.
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X=0  R=H (10)

X=0 R=Azole (11)
X=NOH R=H (12)
R=Azole (13)

Jiang et al. synthesized a series of new benzofuran
derivatives bearing aryl substituents at its C-3 position
through methanone linker.””! All compounds were screened
for their antibacterial and antifungal activities against four
bacteria: E. coli, S. aureus, methicillin-resistant Staphylococcus
aureus (MRSA), B. subtilis, and a fungus C. albicans. All the
tested compounds were found to be inactive against C.
albicans. SAR studies revealed that hydroxyl substituents at
C-3 and C-4 position resulted in good antibacterial activities
while compounds possessing hydroxyl group at C-2
position impart no increasing activity against the bacteria.
Compounds with the methylation of the hydroxyl group
would reduce the solubility and consequently decrease
their antimicrobial abilities. In this series, some compounds
with halogen substituents showed no antibacterial activity,
which is different from what was observed in benzufuran-
containing natural products. Compound (14), with a
hydroxyl group at C-4, displayed the excellent antibacterial
activity against S. aureus and MRSA with MIC, values of
0.39 ug/mL and 0.78 ug/mL, respectively.
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Liu et al.?® reported the synthesis and antibacterial
evaluation of a new series of 3-methanone-6-substituted-
benzofuran derivatives with hydroxyl or (5-methyl-2-
phenyloxazol-4-yl)ethyloxy at C-6 position of benzofuran.
Antibacterial activities were evaluated against E. coli,
S. aureus, MRSA, B. subtilis, and P. aeruginosa. The result
indicated that substitutions at C-6 and C-3 positions
of these derivatives were found to greatly impact the
antibacterial activity and strains’ specificity, respectively.
Compounds bearing a hydroxyl group at C-6 (15, 16)
offered excellent antibacterial activities against all the
strains (MIC, =0.78-3.12 ug/mL). Compounds with pheny],
5- methylfuran-2-yl, and 4-methoxyphenyl groups at C-2
position of benzofuran showed good antibacterial activity
with MIC,; values between 0.78 ug/mL and 6.25 ug/mL,
comparable to those of control drugs. In contrast, compounds
in which the hydroxyl group was blocked at the C-6 position
of benzofuran, exhibited no antibacterial activity to any of
the tested strains, indicating that the hydroxyl group at C-6
position of benzofuran was requisite for the activity. The
strain specificity was also observed in compounds 17 and 18.
C-6 position was fixed with a 5-methyl-2-phenyloxazole-4-
ethyloxy group and the C-3 position was occupied by either
a 3,4,5-trimethoxybenzoyl group (17) or an imine group (18).
These two compounds displayed antibacterial activities
only against S. aureus with MIC values of 12.5 ug/mL
and 3.12 ug/mL, respectively. It was speculated that the
strain-specificity may be owing to the methanone group
or imine group between the 3,4,5-trimethoxyphenyl and
benzofuran nucleus, which may play a specific role with the
biological target of S. aureus. Moreover, the strain specificity
lost when the double bond was introduced between the
3,4,5-trimethoxyphenyl and methanone or when the imine
was reduced to amine.

R= OCHs (15)
o
R=—@ (16)
R
(0]
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Ri= Ro- CHj 17)
s
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MeO
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A series of benzofurans were synthesized and tested
for antimicrobial evaluation by Abdel-Wahab et al.*]
In vitro antimicrobial activity was performed against
the gram-positive (S. aureus, B. subtilis), gram-negative
bacteria (E. coli) and fungi (C. albicans and A. niger).
The results revealed that the inhibitory activity of the
synthesized compounds against the gram-negative
bacteria was higher than that of the gram-positive
bacteria. The 1-(thiazol-2-yl)pyrazoline (19) showed
excellent activity against gram-negative bacteria
(inhibitory zone 25 mm), good activity against
gram-positive bacteria (inhibitory zone 20 mm). The
compounds showed remarkable activity against
C. albicans. Most of the tested compounds showed none
or weak antifungal activity against A. niger. According
to the SAR studies, it can be concluded that benzofuran,
pyrazoline, and thiazole moieties are essential for their
antimicrobial activity.

Ryu et al.P% synthesized benzofuran-5-ol derivatives
as potent antifungal agents. The antifungal activity
of compounds 20 and 21 was superior or comparable
to 5-fluorocytosine. These compounds completely
inhibited the growth of all tested fungal species at
the MIC level of 1.6-12.5 pg/mL. Many of 2-amino-4-
arylthio-5-hydroxybenzofurans also showed potent
antifungal activity against C. krusei, C. neoformans, and
A. niger. The results suggested that benzofuran-5-ol
scaffolds would be promising leads for the development
of antifungal agents.

o)
R
O/
HO
N NH,
5 R= Methy! (20)
R= Ethyl (21)

Benzofuran-based (1E)-1-(piperidin-1-yl)-N,-
arylamidrazones were synthesized by Abdel-Aziz and
MekaweyP! and evaluated for antifungal and antibacterial
activities. The antifungal potencies were superior to the
antibacterial activities in these series. Compound 22
was found to be a promising antifungal agent. From the
results of the morphological features of A. fumigatus and
C. albicans, it can be concluded that these derivatives can
be considered very promising in the perspective of new
drugs discovery.
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Kenchappa et al.®?l synthesized a novel series of
benzofuran derivatives, containing barbitone and
thiobarbitone moiety. The investigation of antimicrobial
screening of this compounds revealed that all compounds
exhibited a varied degree (MIC, 11.38-199.10 mmol/L) of
antibacterial activity against all tested bacterial strains.
SAR studies revealed that electron withdrawing groups
in the ortho position of benzofuran ring and in the para
position of aryl ring have a tendency to increase the
potency while compounds containing electron-donating
groups were found to weaken the antimicrobial activity.
Compounds 23 and 24 having two bromo substituents on
C-5 of benzofuran and C-4 of phenyl ring, respectively,
were found to exhibit excellent antibacterial activity
against all tested bacterial strains with MIC value of
29.76-31.96 mmol/L. Compounds bearing -Br substituent
on C-4 position of the aryl ring showed good ability to
inhibit S. tyhphi at MIC 36.61-37.92 mmol/L; the same
compounds showed good activity against P. syringae
with MIC 37.20-38.50 mmol/L while compounds having
hydroxyl and bromo substituent exhibited moderate
to good activity against S. tyhphi with MIC value
36.08-36.73 mmol/L. The MIC of antifungal activity
of the compounds indicated that compounds 25 and
26 exhibited remarkable activity against the tested
organisms with MIC value 14.90-29.92 mmol/L. Further,
the synthesized compounds were studied for docking on
the enzyme, glucosamine-6-phosphate synthase, and the
results showed that compounds 23 and 24 emerged as an
active antimicrobial agents with lowest binding energy
(=5.27 k] mol/L and -4.85 k] mol/L, respectively).

Ri=Br Ry=H Ry=O (23)
R,=Br R;=S  (24)
R,=Br R;=0 (25)

R4=H Ro=Br R3=S (26)

R3

Hirosato et al.'! performed the synthesis of several
pyridyl-benzofuran derivatives, which are obtained by
structural modification at C-2 of a known antifungal
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agent 27 (RO-09-4609) and evaluated their activity
for inhibition of N-myristoyltransferase enzyme, an
enzyme involved in fungal infection. Compounds
28 (enzyme inhibition IC,, = 0.0075 uM; antifungal
activity IC50 = 0.03 uM) and 29 (enzyme inhibition
IC50 = 0.0057 uM; antifungal activity IC50 = 0.035 uM)
were found to be the most active among synthesized
compounds. Both these compounds showed activity in
the rat systematic candidiasis model.
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0 CH,4 R= \/OQF (28)
S
Z 0

R= \/OQF (29)

Fused benzofuran derivatives containing coumarin and
pyridine rings (30) were synthesized by Khan et al.*4
and their antibacterial and antifungal activities were
evaluated. In antibacterial screening, all compounds
showed MIC of 25 ug/mL against P. chinchori but
they were ineffective against M. aureus. In antifungal
screening, the compounds showed MIC at 25 ug/mL
and 100 pug/mL against A. fumigatus and P. wortmanni,
respectively.

Antibacterial and antifungal activity of
2-bisaminomethylatedaurone benzofuran derivatives
were evaluated by Bandgar et al.*! against B. subtilis
(NCIM 2546), E. coli (NCIM 2065), S. aureus (NCIM 2120),
K. pneumonia (NCIM 5082), and P. vulgaris (NCIM 2813)
bacterial strains by the disc diffusion method. Interestingly,
all compounds have shown good antimicrobial activity.
Compounds 31, 32, and 33 with MIC =25 pug/mL exhibited
promising activity.
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Some aryl (benzofuran-2-yl) ketoximes and their ethers
as well as their esters were synthesized by Demirayak
et al.B Antifungal activities of the compounds were
examined and it is concluded that unsubstituted or small
alkyl group substitution on the oxime residue resulted
in more effective compounds. The most significant
compound is appeared to be 34 with a MIC value lower
than the oxiconazole, clotrimazole, and fluconazole as
control.

Venkateshwarlu et al.?”! synthesized some novel benzo[b]
furan derivatives possessing sulfonamide and phenyl
carbamate moieties (35) and performed antibacterial
screening against four species of bacteria, i.e., S. aureus,
S. pyogenes, E. coli and P. aeruginosa. It was observed
that among all these compounds, sulphonyl derivatives
showed good to excellent activity, while the carbonyl
derivatives showed poor activity against all the tested
bacterial strains.

HaC

N

O 0
Re _NH O=<

NH
X
R=0, SO,
(35)

Two series of 8-bromo-3-{[phenylmethylidene]amino}[1]
benzofuro[3,2-d]pyrimidin-4(3H)-one derivatives (36)
have been synthesized by Yamuna et al.®® The results
of antibacterial and antifungal activities showed that
several derivatives of these analogs exhibit considerable
activity against all the four bacteria and two fungal
species.

1099
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R=H, CH3 (36)

Two bacterial species E. coli, S. aureus, and one fungal
species A. niger were used for antibacterial and antifungal
evaluating of pyrazolyl-benzofuran derivatives (37),
which were synthesized by Siddiqui et al.*¥! The
results demonstrated that all the tested compounds
are biologically active due to the presence of different
heterocycles and functional groups but their activities
toward the fungus and bacteria are variable at different
concentrations. All these compounds were found to be
active at a high concentration against bacterial species
while they were active at a low concentration against
fungal species.

Koca et al.* synthesized a series derivative of benzofuran
ketoxime containing cyclobutyl group and tested them
for antimicrobial activity against S. aureus, S. epidermidis,
E. coli, K. pneumonia, P. aeruginosa, S. typhi, S. flexneri,
P. mirabilis, and C. albicans. Among tested compounds,
benzofuran ketoxime 38 was most active against S. aureus
(MIC = 0.039 pug/mL) while other benzofuran ketoxime
derivatives showed good activity against C. albicans
(MIC = 0.625-2.5 ug/mL).

1,3-Dimethoxy-4,6-dimethylnaphthofuran (39), which
is obtained from the root of Ligularia veitchiana
(food supplement in China) was evaluated for
antimicrobial activity by Liu et al.*" It was found
to be active against S. aureus (MIC = 62.5 ug/mL),
which may be due to the existence of a modified
eremophilane (metabolite of biological active Ligularia
Cass) skeleton.
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In vitro antimicrobial activity of a series of synthesized
2-(substitutedphenyl/benzyl)-5-[(2- benzofuryl)
carboxamido]benzoxazole derivatives was determined
by Alper-Hayta et al.*?! The results indicated that the
synthesized compounds possessed a broad spectrum
of activity. In the series, the most active compound
against C. krusei and C. albicans was 40 with MIC value
31.25 ug/mL. SAR analysis of synthesized compound
using three-dimensional (3D) common features
pharmacophore hypotheses suggested that “N” was
more important than “O” of benzoxazole for increasing
the potency and also that the “O” of either benzofuran
or benzoxazole placed at the same side played a very
important role for increasing the activity against drug-
resistant P. aeruginosa.

O (o)

1-(1-Benzofuran-2-yl)-2-bromoethanone was utilized as a
key intermediate by Venkatesh et al.*® for synthesis of a
series of 3-[4-(1-benzofuran-2-yl)-1,3-thiazol-2-yl]-2-(4-aryl)-
1,3-thiazolidin-4-one derivatives (41). The title compounds
showed good antimicrobial activity againest four bacteria
and four fungal tested organisms.

(41)

A series of benzofuran drivatives containing oxadiazoles
and pyrazoles were synthesized and tested against bacterial
(E. coli, K. pneumonia, P. aeruginosa, S. aureus, S. faecalis) and
fungal strains (A. flavus, A. fumigatus, C. albicans, P. notatum,
Rhizopus).*®1 All the tested compounds showed moderate
to good microbial inhibition. In the series, the compounds
bearing chlorine 42 and hydroxyl group 43 exhibited potent
activities compared to others. Compound 42 was more
potent antibacterial than 43, whereas vice versa is true for
antifungal activity.
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The C-4 side chain modification of lead compound 44 by
Masubuchi et al.* resulted in the identification of potent
and selective Candida albicans N-myristoyltransferase
(CaNmt) inhibitors. Among the new inhibitors, pyridine
derivative 45 and benzimidazole derivative 46 showed
clear antifungal activity in a murine systemic candidiasis
model.

HNJ\ _ BN
HO, N SNoas
H | (45) N 2
o Z CHs
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(46)

(44

Mielczarek ef al.®! synthesized several classes of mono-
indole and mono-benzofuran drivatives that targeted
the essential protein-protein interaction between RNA
polymerase core and o”°/c# factors in bacteria. The
inhibitor behavior of the novel molecules was measured
by enzyme-linked immunosorbent assay (ELISA) test.
Synthesized derivatives inhibited the growth of both
gram-positive and gram-negative bacteria in culture.
Among mono-benzofuran derivatives, compound 47
was the most potent inhibitor of B. subtilis growth, with
growth inhibition values of 70% at 200 uM. However,
since this compound exhibited relatively low or no activity
in the ELISA, its mechanism of antibacterial activity
might not involve the inhibition of the B’-CH-0""/c* ,
interaction. SAR studies of the mono-benzofuran inhibitors
suggested that the hydrophilic-hydrophobic balance was
an important determinant of biological activity of these
compounds.
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BENZOFURAN AS ANTI BREAST CANCER AGENT

Some benzofuran derivatives have shown potential
as therapeutic agents for breast cancer.*%1 Lj et al.*0]
synthesized 3-acyl-5- hydroxybenzofuran derivatives
by using a microwave-assisted method, which exhibited
different antiproliferation against human breast cancer
MCE-7 cells. Compound 48 showed the best activity with
IC,, = 43.08 uM. To investigate the binding interactions
between compounds and estrogen receptor alpha
(ERa), a Quantum Mechanics Polarized Ligand Docking
(QPLD) study was conducted. A detailed analysis
indicated that compound 48 possesses the highest van
der Waals and hydrogen bond interactions and can
be used as attractive scaffold for designing anticancer

agents.
H
Oy
HO.
o
(0
O  (48)

MeO

Aromatase inhibitors are also a good choice for
the treatment of breast cancer in postmenopausal
women.*! Whomsley et al.[#l identified substituted
I-[(benzofuran-2-yl)-phenylmethyl]-imidazoles (49) as
a class of potent aromatase inhibitor with in vitro IC,
values <10 nM which is 80-1000 times of the inhibitory
activity of aminoglutethimide. At a dose of 2 mg/
kg in pregnant mares serum gonadotropin (PMSG)-
stimulated rats, these compounds effectively reduce the
estradiol levels by 82-98%. Subsequently, Khodarahmi
et al.! studied their enantioselectivity as aromatase
inhibitors. The enantioselectivity ratio ((+):(-)-forms)
of three substituted 1-[(benzofuran-2-yl) phenylmethyl]
imidazoles (50, 51, 52) were 2.16, 12.3, and 1.0 for
the 4-methyl-, 4-fluoro-, and 4-chloro-substituted
compounds, respectively.

N
o Y
2 N\ _/R
S

(49)
Ry=H R=4-CH3 (50)
Ry=H R=4-Cl  (51)
Ry=H R=4-F (52

Additionally, Khodarahmi et al.’" studied replacement
of the phenyl group by methyl and ethyl functions
within the related 1-(benzofuran-2-y1)-1-(1-H-imidazol-
1-yl) alkan. They reported that achiral substituted
1-(benzofuran-2-yl alkan) imidazoles are much weaker

1101 Journal of Research in Medical Sciences

inhibitors of the enzyme than the phenyl analogues.
The (+)-methyl-substituted compounds (53, 54, 55) were
2.36-12.0 times more potent than (+)-aminoglutethimide
and as expected, with an increase in hydrophobicity
the (+)-ethyl substituted compounds were 5.4-33 times
more potent (56). The 5,7-dichloro compounds (54 and
57) were the most potent in each series. The IC,; of the
(=) form/IC50 of the (+) form of 4.8 (54) and 12.6 (55) for
the the methyl-substituted indicate increased potency of
(+) isomer compared with (+)-aminoglutethimide. In the
ethyl-substituted series the stereoselective ratios were 8.3
and 5.2 for (57) and (58), both having about 39-fold greater
potency than (+)-aminoglutethimide.

R4 H
N Ra

0] N7
Ra <’/
\ N
Ry=R,=H, Rz=CH 3 (53)
9 Ri=Ry=Cl, R;.CH3  (54)
10; Ry=R,=Br, R=CH3  (55)
11; R=Ry=H, R3=CH20H3 (56)
12'; Ry=R,=Cl, R;=CH,CH3 (57)
13; R4=R,=Br,R;=CH,CH;  (58)

Khodarahmi et al.! synthesized some 2-(1-phenyl- 1 -(prop-
2’-ynyloxy)methyl) benzofurans (59) and studied their
behavior as inhibitors of aromatase. Unlike 1-[benzofuran-
2-y1)phenylmethyll imidazole, these series of compounds
were weak reversible inhibitors of the enzyme (4-15%) while
it would seem that prolonged exposure to aromatase leads
to metabolism of the propargyl function and irreversible
inhibition of the enzyme.

~~~0 H
R=H, Halogen (59)

R4=Alkyl or phenyl

Considering the potent cytotoxic activities of hybrid
benzofuran-imidazolium derivatives on the breast cancer
cell line MCF-7, Khodarahmi et al.®? also designed novel
hybrid derivatives (60) incorporating benzofuran, imidazole,
and quinazolinone pharmacophores using a molecular
hybridization approach. The binding modes of these
novel hybrid compounds to aromatase were investigated
using a docking procedure applying a combined quantum
mechanical/molecular mechanical (QM/MM) method. The
results indicated that the hybrid compounds were adopted
properly within the aromatase binding site, suggesting
that they could be potential inhibitors of aromatase. These
novel designed compounds engaged in hydrophobic and
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H-bond interactions with the aromatase binding site, which
are in agreement with the basic physicochemical features
of known aromatase inhibitors.

R3
N X
\ A\
N O
=]
Ri— N S
S 0 « | TR
N P4

R4 and R, =H, Halogen, Alkyl

Ry=Alkyl (60)

Vinh et al.B% synthesized a series of 1-[(benzofuran-2-yl)
phenyimethyl]-triazoles and -tetrazoles (61) and tested for
human placental aromatase inhibition in vitro, using [1B-°H]
-androstenedione as the substrate for the aromatase enzyme.
In all cases, the triazoles exhibited greater inhibitory activity
than the corresponding tetrazale analogues. Substitution
in the phenyl ring, in particular substitution at R,, resulted
in improved activity while substitution in the benzofuran
ring had an adverse effect on in vitro activity. It should be
mentioned that in vitro imidazole substituted benzofurans
were more poten compared to triazole- and tetrazole-
derivatives.

R4
O

61) X=N, CH

Palma et al.B* reported that MEN-11066 (62) as a benzofuran
containing aromatase inhibitor, which was 15-fold more
potent (K, =0.098 nM) than the anastrozole (K, =1.2nM). (+)
enantiomer of 62 was again 10-fold more active than racemic
form (Ki = 0.079 nM), suggesting that (+) enantiomer of 62
could be considered in estrogen responsive cancer.
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