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Abstract Inhibition of Heat-shock protein 90 (Hsp90) is considered an attractive route in fighting

against cancer proliferation. Herein, new indene derivatives targeting Hsp90 were synthesized, and

biologically evaluated. The new series of indeno-pyrimidine and indeno-pyridine were synthesized

from the reaction of indene-enaminone with various heterocyclic amines and active methylene

derivatives. Two breast cancer cell lines were used to examine the new compounds in vitro for their

anticancer activity, namely, MCF-7 and MDA-MB231 cancer cells. The new indene derivatives 8a-

c, 17a, and 25 displayed significant antitumor effect especially on MCF-7 cell line compared to dox-

orubicin. Derivative 8a was further subjected to Hsp90 enzyme assay aiming to ensure the inhibi-

tory potential of such compound on Hsp90, it displayed IC50 = 18.79 ± 0.68 nM relative to

Alvespimycin as a reference drug. Finally, molecular modeling of the most active compounds in
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the Hsp90 binding site was done presenting agreement with the in vitro anti-Hsp90 activity.

� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Heat shock protein 90 (Hsp90) is a molecular chaperone that is a mem-

ber of the heat shock protein family and plays an important role in

cell’s vital processes including cell growth, differentiation, and survival

(Whitesell and Lindquist, 2005; Taipale et al., 2010; Biebl and

Buchner, 2019). Consequently, inhibiting Hsp90 might cause cancer

cells to collapse or become much weaker (Neckers and Mollapour,

2015; Zhang, et al., 2021). Breast cancer is still the most commonly

diagnosed malignancy in women and the second biggest cause of

cancer-related fatalities. Despite continued efforts to find novel thera-

pies, breast cancer mortality rates have just lately begun to fall, and

this is most likely due to early detection of the disease (Berry et al.,

2005). However, it was reported that inhibiting Hsp90 causes client

proteins to degrade, resulting in inhibition of both cancer cell growth
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and proliferation, especially those proteins related to breast cancer

which account for about 20 % of breast cancers and have violent clin-

ical aspects, leading to poor diagnosis and clinical consequences, there-

fore high expression of Hsp90 is correlated with high expression of

these client protiens, such correlation makes targeting Hsp90 a consid-

erable approach to overcome breast cancer (Nguyen et al., 2021).

Hsp900s therapeutic potential is also increased by the fact that cancer

cells express it 2–10 times more than normal, healthy cells do. Target-

ing Hsp90 can also get around the well-known cancer resistance prob-

lem due to its potential for affecting numerous oncogenic protein

pathways (El-Shafey et al., 2020; Lianos et al., 2015). Therefore,

Hsp90 has consequently become a desirable and focused target for

the development of new medications (Gimenez Ortiz and Montalar

Salcedo, 2010; Liu et al., 2022). Hsp90 inhibitors include a number

of natural products and their derivatives as well as fully synthetic com-
ylene
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enaminone derivative 3.

naminone derivative 3 in CDCl3.
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Discovery of novel indene-based hybrids 3
pounds (Li et al., 2020). A new selective Hsp90 inhibitor called Pimite-

spib recently demonstrated therapeutic activity in patients with

advanced gastrointestinal stromal tumors resistant to conventional

therapies (Sheridan, M. H., 2022; Akira et al., 2022).

Different indene derivatives were reported as analogues of Hsp90

inhibitors exerting marked inhibitory effect on Hsp90 with cytotoxic

effect on different cell lines (Chaudhury et al., 2021). Fusion between

indene scaffold and nitrogen bearing moiety was reported and such

hybrid proved marked antiproliferative effect against different cancer

cell lines, where some new derivatives displayed marked effect espe-
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Scheme 2 Reaction of enaminon
cially against MCF-7 breast cancer cell line (Fayed et al., 2020).

Because of their chemical and biological relevance, indeno-

pyrimidines have been investigated. They have been discovered to have

numerous pharmacological characteristics, including antitumor effect.

A large number of structurally new indeno-pyrimidines were shown to

exhibit significant anticancer effect both in vitro and in vivo (Ghorab

and Alsaid, 2015). Besides, Indeno-pyridines have been reported for

their anticancer activity especially against breast cancer cell line

(MCF7) (Ghorab and Alsaid, 2012). Concerning pyrimidine scaffold,

the anticancer action of pyrimidine derivatives has been described
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through a number of mechanisms, among which is the inhibition of

Hsp90 enzyme (Davies et al., 2012). Interestingly, fused pyrimidines

such as pyrazolo-pyrimidine, triazolo-pyrimidine and benzimidazole-

pyrimidine showed significant anti-MCF-7 activity (Aastha et al.,

2021). From our experience over 20 years to design and synthesis of

biologically active heterocyclic derivatives (Alsaedi et al., 2022;

Abbas et al., 2022; Alamri et al., 2023; Almehmadi et al., 2021;

Farghaly et al., 2015, 2021; Althagafi et al., 2019; Bayazeed et al.,

2022), we decided to utilize the indeno-pyrimidine scaffold in the syn-

thesis of new derivatives, and examine their anticancer activities espe-

cially against breast cancer cell lines.

2. Results and discussion

Herein, our project was directed to synthesize novel series of

indeno-pyrimidines or indeno-pyridine moieties via the reac-
tion of 5-bromo-2-dimethylaminomethylene-indan-1-one with
heterocyclic amines and active methylene derivatives. Such
project started with the synthesis of enaminone 3 through

the condensation of indanone derivative 1 with DMF-DMA
in dry xylene as illustrated in Scheme 1. The structural identity
of the novel enaminone derivative 3 was confirmed by various

spectroscopic analyses. The 1H NMR spectrum of enaminone
derivative 3 (Fig. 1) revealed three characteristic singlet signals
for the two CH3 of N(CH3)2, the CH2 and = CH groups at

dH: 3.19, 3.85 and 7.54 ppm in addition to the remarkable sig-
nals for three protons of aromatic ring. Also, the 13C NMR
showed characteristic carbon signals for the two chemically

equivalent two methyl groups of N(CH3)2 and C‚O groups
at dC: 31.1 and 191.0 ppm, respectively.
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The second step in the synthesis of a series of indanopyrim-
idine is the reaction of enaminone derivative 3 with 3,5-
diamino-4-arylazopyrazoles 4a-d in acetic acid as depicted in

Scheme 2. This reaction proceeded through the formation of
three intermediates 5–7 to form four derivatives of indeno
[2,1-e]pyrazolo[1,5-a]pyrimidin-2-amine 8a-d. The other prod-

ucts 12a-d with their intermediates 9–11 were discarded based
on the previous fact that proofed using X-ray single crystal
analyses (Farghaly et al., 2010), that the reaction between

exocyclic-enaminone and heteroamine derivatives proceeded
via at first the addition of exocyclic amino group to the double
bond of = CH-N(Me)2 followed with elimination of NH(Me)2
then cyclization through nucleophilic attack of the cyclic-NH

to the carbon of C‚O of the enaminone moiety with elimina-
tion of water molecule. The structure of indeno[2,1-e]pyrazolo
[1,5-a]pyrimidin-2-amine derivatives 8a-d was confirmed from

interpretation of their IR, Mass, and NMR spectral data with
the suggested structure. For example, the mass spectrum of
derivative 8a (Fig. 2) showed the exact molecular weight as

well as several fragments corresponding to the fragmentation
species of that derivative. In addition, the 1H NMR of the
same derivative 8a showed the correct signals corresponding

to 13 protons for CH2 (3.60), NH2 (7.25), Ar-H (7.35–8.01)
and pyrimidine- H (8.54) ppm.

In the same way, the enaminone derivative 3 was reacted
with another two derivatives of aminopyrazolone 13a,b

(Scheme 3) to afford the indeno[2,1-e]pyrazolo[1,5-a]
pyrimidin-2(6H)-one derivatives 17a,b. Such reaction was
achieved through Michael type addition of NH2 group to the

double bond of enaminone moiety (=CH-N(Me)2) with
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abstraction of NH(Me)2 to afford the intermediate 15 followed
by cyclization through nucleophilic attack of the cyclic NH to

the carbonyl carbon with removal of H2O molecule from inter-
mediate 16.

In Scheme 4, another two heteroamines 18 and 19 were
reacted with the enaminone derivative 3 in refluxed acetic acid

to give two indinopyrimidine derivatives fused with triazole
ring 20 or benzimidazole 21. The structure of the two products
Br
3

Br

N
N

NN

20

N
N

N
NH2

H

18

AcOH/reflux

Scheme 4 Reaction of enaminone 3 w
was proved from their spectral data as illustrated in experi-
mental section.

Recently published research has drawn our attention to the
biological significance of the indeno[1,2-b]pyridine derivatives
as anticancer (Kadayat et al., 2015, 2016), topoisomerase inhi-
bitory (Shrestha et al., 2018; Kadayat et al., 2015), anti-

aggression (Bell and Brown, 1979) and antimicrobial activities
(Brahmbhatt, et al., 2015). From these reports we interested
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herein to synthesize three new indeno[1,2-b]pyridine deriva-
tives 25, 26 and 27 from the reaction of enaminone derivative

3 with active methylene 22–24 in acetic acid and ammonium
acetate under reflux (Scheme 5).

2.1. Biological activity

2.1.1. In-vitro cytotoxicity

In this study the cytotoxic impact of 12 novel compounds was
investigated in vitro against two breast cancer cell lines (MCF7
and MDA-MB231) using the MTT assay. The IC50 values of
such compounds were calculated as shown in Table 1. A

well-known chemotherapeutic drug (doxorubicin) and Alve-
spimycin (17-DMAG) were used as reference drugs. 17-
DMAG displayed potent activity against both tested cell lines

with IC50 = 7.43 lM and 6.57 lM against both cell lines
respectively. Compounds 8a-c, 17a, and 25 in general, showed
Table 1 The anticancer activity of indene derivatives 3, 8a-d,

17a, b, 20, 21 and 25–27 doxorubicin against MCF7, MDA-

MB231.

Compound no. IC50 (mM)

MCF7 MDA-MB231

3 > 100 > 100

8a 26.44 ± 4.47 69.95 ± 2.45

8b 37.01 ± 7.54 > 100

8c 39.62 ± 10.21 > 100

8d > 100 > 100

17a 38.41 ± 4.30 > 100

17b > 100 > 100

20 61.62 ± 2.34 93.58 ± 1.39

21 76.31 ± 2.61 88.85 ± 1.55

25 32.85 ± 3.97 > 100

26 > 100 > 100

27 > 100 78.52 ± 2.24

Doxorubicin 31.16 ± 3.43 74.32 ± 1.10

Alvespimycin (17-DMAG) 7.43 ± 1.02 6.57 ± 2.01

Data are expressed as the mean ± SD of three independent

experiments.
considerable cytotoxic activity against MCF7 revealing IC50

ranging from 26.44 to 39.62 lM. In particular, compound 8a

was the most active, comparing its cytotoxic effect against
both cell lines relative to doxorubicin as a reference drug.
From the obtained results, it is worth mentioning that all the

tested compounds displayed lower activities against MDA-
MB231 cancer cell line comparing to reference drug except
compound 8a among them showed IC50 = 69.95 lM exceed-

ing that of doxorubicin having IC50 = 74.32 lM. Addition-
ally, fusion of indene ring with nitrogen bearing heterocyclic
rings markedly improved the activity especially against
MCF7 cancer cell line as found in compound 3, it exerted very

low activity comparing with the reference drug, and yet
marked improvement in cytotoxicity is recorded upon fusion.

It is observed that compounds 8a-c bearing 2-amino and 3-

phenyl diazenyl substituents on the pyrazolo[1,5-a]pyrimidine
scaffold displayed significant inhibitory activities, where the
un-substituted phenyl ring in 8a exerted the highest activity

against MCF7 with IC50 = 26.44 lM comparing with doxoru-
bicin having IC50 = 31.16 lM. Introduction of electron with-
Table 2 The cytotoxic effect of both 8a and doxorubicin

against WI-38 cells.

Compound IC50 (mM) WI-38

8a 78.34 ± 2.33

Doxorubicin 66.15 ± 1.78

Data are expressed as the mean ± SD of three independent

experiments.

Table 3 Inhibitory effect of compound 8a on Hsp90 enzyme.

Compound Hsp90 IC50 (nM)

8a 18.79 ± 0.68

Alvespimycin (17-DMAG) 62.00 ± 1.78

Data are expressed as the mean ± SD of three independent

experiments.



Fig. 3 The 2D and 3D proposed binding modes of the co-crystalized ligand inside Hsp90 receptor active site.

Table 4 The docking scores and binding interactions of the

ligand, 8a-c, 17a, and 25.

Compound Docking score

(Kcal/mol)

Interacting amino acids (Type

of interaction)

8a

8b

8c

17a

25

Ligand

�8.556

�8.213

�7.982

�8.651

�7.028

�7.103

Asp93, Gly97 (2H-bonds)

Asp93, Gly97 (2H-bonds)

Gly97 (1H-bond), His154 (pi-H)

Gly97 (3H-bonds)

Asp93, Lys112 (2H-bonds),

Asn51 (pi-H)

Asp54,Asp93, Gly97, Thr184

(5H-bonds)

Fig. 4 The 2D and 3D proposed binding mo
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drawing group in both para (p-Cl) and meta (m-Cl) positions
of the phenyl ring in 8b and 8c respectively exerted lower inhi-
bitory effects with IC50 = 37.01 and 39.62 lM respectively on

MCF7 cancer cell line than the plain phenyl ring. Interestingly
the presence of 2-C‚O instead of 2-amino, and o-Cl phenyl
diazenyl substituents retained a moderate activity as in 17a

revealing IC50 = 38.41 lM. Furthermore, marked drop-in
activity was noticed upon introducing o-NO2 group as in com-
pounds 8d, 17b. On the other hand, both 20 and 21 displayed

moderate activities against both tested cell lines. Regarding
indeno-pyridine derivatives, the presence of a 2-CH3 group
on the pyridine ring as in compound 25 was significantly better
in terms of activity compared to its counterparts 26, 27 which

held 2-phenyl and 2-C‚O groups, respectively. The IC50 of
compound 25 was 32.85 M, which was nearly equivalent to
the reference drug.
des of 8a inside Hsp90 receptor active site.
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2.1.2. Effect on normal cells

The promising new compound 8a was further assessed by

examining its cytotoxicity against noncancerous normal cells
(WI-38 cells), as presented in Table 2. From cytotoxicity
results it was obvious that MCF-7 cell line was more sensitive

than MDA-MB231. The obtained results showed that 8a

recorded IC50 value = 78.34 ± 2.33 lM higher than that
recorded against MCF-7 cell line and nearly equal to the cor-

responding IC50 of MDA-MB231 cell line, Therefore selective
toxicity should be improved before further development of
such compound. Our promising new compound was further
subjected to an examination of the possible anticancer mecha-

nism of action.

2.1.3. Effect of target compound 8a on Hsp90 enzyme

The inhibitory effect of compound 8a on Hsp90 enzyme was
assessed via using the Hsp90 inhibitor Alvespimycin (17-
Fig. 5 The 2D and 3D proposed binding mo

Fig. 6 The 2D and 3D proposed binding mo
DMAG) as a reference drug. Consistent with the cytotoxicity
results, compound 8a revealed marked inhibitory effect on
Hsp90 enzyme with IC50 = 18.79 ± 0.68 nM exceeding that

of the reference drug as presented in Table 3.

2.2. Molecular modeling inside the active binding site of Hsp90

In order to perform molecular docking of the most active com-
pounds (8a-c, 17a, and 25) revealing the highest activity
against MCF7 cancer cells, especially compound 8a with

in vitro inhibitory effect on Hsp90 enzyme, we utilized MOE
2014.0901 [33] aiming to find a possible fitting inside the
Hsp90 reported active site. Molecular modeling inside the

active binding site of Hsp90 was performed on the crystal
structure of Hsp90 downloaded from the protein data bank
(PDB: 2xjx) (Woodhead, et al., 2010). The most important
amino acids in the active site which are considered the con-
des of 8b inside Hsp90 receptor active site.

des of 8c inside Hsp90 receptor active sit.



Fig. 7 The 2D and 3D proposed binding modes of 17a inside Hsp90 receptor active site.

Fig. 8 The 2D and 3D proposed binding modes of 25 inside Hsp90 receptor active site.
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served regions and may be accountable for Hsp90 inhibitory
activity are (Leu48, Asn51, Ser52, Asp54, Ala55, Lys58,

Ile91, Asp93, Gly97, Met98, Asp102, Asn106, Lys112,
Gly135, Gly137, Phe138, Val150, Ile151, Thr184, Lys185 and
Val186) (Saxena et al., 2010).

Redocking of the co-crystalized ligand was first done for
validation. It was found that the carbonyl group was involved
in the binding to the key residues; Thr4184 and Gly97 via two

hydrogen bonds in the active binding site of the Hsp90. Addi-
tionally; Asp93 was able to form one H bond with OH group
and another CAH bond with the phenyl ring. It displayed
docking score = -7.103 kcal/mol and the (RMSD) = 1.05 Å

(Fig. 3). The obtained docking results of the most active hits
showed their ability to fit in the binding site of the enzyme
by a significant number of interactions explaining their

potency displayed by both scores and binding poses Table 4,
Figs. 4-8. Compounds 8a-c, 17a, and 25 were docked perfectly
inside the Hsp90 binding site with binding scores = -8.556,
�8.213, �7.982, �8.651, and �7.028 kcal/mol, respectively.
Interestingly compounds 8a and 8b exhibited similar binding

behavior within the active site, where in both compounds
Asp93 residue formed hydrogen bond with the phenyl ring
of indene moiety, in addition to another hydrogen bond

between the NH2 group on the pyrazolo-pyrimidine scaffold
and Gly97.

3. Conclusion

New indene derivatives were developed as Hsp90 inhibitors and their

cytotoxicity was assessed on two breast cancer cell lines. Besides, the

inhibitory effect of the most active compound was examined on

Hsp90 enzyme. Results revealed that 8a exhibited the most potent

cytotoxic effect on MCF7 cell line having IC50 = 26.44 ± 4.47 lM
with significant inhibitory activity on Hsp90 enzyme with IC50 = 18.

79 ± 0.68 nM comparing to reference drug. Furthermore, molecular

modeling revealed that 8a is fitted inside the active site of the enzyme

with high score = -8.556 Kcal/mol. On the basis of the obtained
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results compound 8a could be considered as Hsp90 inhibitor, and may

be useful for further investigation as a hopeful compound for the

development of anti-Hsp90 hits.

4. Experimental

4.1. Instrumentations
Recording

melting points
Gallenkamp apparatus
IR spectra
 KBr / Pye-Unicam SP300 spectrophotometer

1H and 13C

NMR spectra
DMSO d6 / Varian Gemini 300 NMR

spectrometer (300 MHz for 1H NMR and

75 MHz for 13C NMR)
Mass spectra
 GCMS-Q1000-EX Shimadzu and GCMS

5988-A HP spectrometers
4.2. Synthesis of 5-bromo-2-((dimethylamino)methylene)-2,3-
dihydro-1H-inden-1-one (3)

In 50 mL round flask, we added 0.005 mol of 5-bromo-indan-
1-one in 15 mL dry xylene and 0.005 mol of DMF-DMA and
the whole mixture was refluxed for 5 h. The progress of the

condensation reaction was followed with TLC technique.
The colored solid enaminone was collected by filtration and
crystalized from ethanol to afford rosy solid, (89 % yield),

mp 219–220 �C; IR (KBr) mmax 3055 (SP2 CH), 2917 (SP3

CH), 1672 (C‚O), 1583 (C‚C), 1438, 1378, 1201, 1128,
1092, 1057 cm�1;1H NMR ((CDCl3) 3.19 (s, 6H, 2CH3), 3.85

(s, 2H, CH2), 7.51(dd, J = 8.5, 0.85 Hz, 1H, Ar-H), 7.54 (s,
1H, =CH), 7.60 (s, H, Ar-H), 7.69 (d, J = 8.5 Hz, 1H, Ar-
H). 13C NMR (CDCl3) 31.1 (CH3), 103.6, 124.3, 126.1,

128.4, 130.3, 139.1, 147.5, 149.2, 191.0 (C‚O) one carbon
overlapped; MS m/z (%): 266 (M+, 26), 256 (83), 264 (23),
235 (55), 208(45), 183 (24), 109 (27), 98 (84), 78 (70), 57
(100). Anal. Calcd. for C12H12BrNO (266.13): C, 54.16; H,

4.54; N, 5.26. Found: C, 54.03; H, 4.46; N, 5.17 %.

4.3. Reaction of enaminone 3 with heterocyclic amines 4a-d, 13a,
b, 18 and 19

Reaction of 0.0025 mol of rosy enaminone 3 with the same
number of moles of each of heterocyclic amines 4a-d or 13a,

b or 18 or 19 in 20 mL acetic acid was refluxed for 5 h. The
solid colored product was collected by usual way and washed
with ethanol, crystalized with ethanol/dioxane mixture to give
a series of indenoazolopyrimidines 8a-d, 17a,b, 20 and 21.

4.3.1. 8-Bromo-3-(phenyldiazenyl)-6H-indeno[2,1-e]pyrazolo
[1,5-a]pyrimidin-2-amine (8a)

Dark blue solid, (84 % yield), mp above 300 �C; IR (KBr) mmax

3420, 3312 (NH2), 3057 (SP2 CH), 2952 (SP3 CH), 1592
(C‚N), 1437, 1327, 1212, 1035 cm�1; 1H NMR (DMSO d6)
3.60 (s, 2H, CH2), 7.25 (s, 2H, NH2), 7.35–7.54 (m, 5H, Ar-

H), 7.75 (d, J = 8.5 Hz, 1H, Ar-H), 7.82 (s, 1H, Ar-H), 8.01
(d, J = 8.5 Hz, 1H, Ar-H), 8.54 (s, 1H, pyrimdine- H). MS
m/z (%): 405 (M+, 31), 402 (24), 389 (100), 375 (74), 326
(66), 299 (43), 274 (22), 190 (18), 84 (63), 77 (32). Anal. Calcd.

for C19H13BrN6 (405.26): C, 56.31; H, 3.23; N, 20.74. Found:
C, 56.28; H, 3.05; N, 20.53 %.

4.3.2. 8-Bromo-3-((4-chlorophenyl)diazenyl)-6H-indeno[2,1-e]
pyrazolo[1,5-a]pyrimidin-2-amine (8b)

Brown solid, (85 % yield), mp above 300 �C; IR (KBr) mmax

3405 (NH2), 1600 (C‚N), 1545, 1475, 1373, 1225, 1075 cm�1;1-

H NMR (CDCl3) 3.85 (s, 2H, CH2), 6.54 (s, 2H, NH2), 7.21 (d,
J = 8.5 Hz, 2H, Ar-H), 7.51 (d, J = 8.5 Hz, 1H, Ar-H), 7.74
(d, J = 8.5 Hz, 2H, Ar-H),7.83 (s, 1H, Ar-H), 7.92 (d,

J = 8.5 Hz, 1H, Ar-H), 8.10 (s,1H, pyrimidine-H); MS m/z
(%): 440 (M+, 12), 400 (60), 361 (1), 301 (2), 282 (6), 237
(10), 192 (2), 179 (7), 154 (13), 139 (4), 129 (22), 105 (100),

73 (22). Anal. Calcd. for C19H12BrClN6 (439.70): C, 51.90;
H, 2.75; N, 19.11. Found: C, 51.85; H, 2.67; N, 19.03 %.

4.3.3. 8-Bromo-3-((3-chlorophenyl)diazenyl)-6H-indeno[2,1-e]

pyrazolo[1,5-a]pyrimidin-2-amine (8c)

Brown solid, (79 % yield), mp above 300 �C; IR (KBr) mmax

3266 (NH2), 1599 (C‚N), 1533, 1411, 1351, 1240, 1103,

1051 cm�1;1H NMR DMSO d6) 3.82 (s, 2H, CH2), 7.48–8.22
(m, 7H, Ar-H), 8.37 (s, 2H, NH2), 8.75 (s, 1H, pyrimdine-
H).MS m/z (%): 439 (M+, 28), 404 (7), 357 (4), 329 (13),
299 (4), 236 (8), 220 (22), 190 (7), 154 (16), 141 (7), 58 (100),

40 (100).Anal. Calcd. for C19H12BrClN6 (439.70): C, 51.90;
H, 2.75; N, 19.11. Found: 51.83; H, 2.61; N, 19.04 %.

4.3.4. 8-Bromo-3-((2-nitrophenyl)diazenyl)-6H-indeno[2,1-e]
pyrazolo[1,5-a]pyrimidin-2-amine (8d)

Brown solid, (82 % yield), mp above 300 �C; IR (KBr) mmax

3441, 3210 (NH2), 2936 (SP3 CH), 1585(C‚N), 1434, 1305,

1203, 1039 cm�1; MS m/z (%): 451 (M+, 23), 418 (20), 243
(31), 132 (72), 89 (79), 62 (100), 41 (54). Anal. Calcd. for C19-
H12BrN7O2 (450.26): C, 50.68; H, 2.69; N, 21.78. Found: C,

50.51; H, 2.48; N, 21.67 %.

4.3.5. 8-Bromo-3-((2-chlorophenyl)diazenyl)-1H-indeno[2,1-e]

pyrazolo[1,5-a]pyrimidin-2(6H)-one (17a)

Dark blue solid, (86 % yield), mp above 300 �C; IR (KBr) mmax

3200 (NH), 1691 (C‚O), 1533, 1379, 1208, 1096 cm�1;1H
NMR (DMSO d6) 3.74 (s, 2H, CH2), 6.95–7.63 (m, 8H, Ar-

H and pyridine-H), 8.82 (s, 1H, NH); MS m/z (%): 444 (M+

+ 4, 40), 439 (M+, 28), 436 (88), 422 (82), 361 (41), 353
(80), 330 (35), 302 (41), 284 (78), 242 (29), 228 (28), 219 (21),

193 (36), 151 (49), 128 (100), 108 (36). Anal. Calcd. for C19-
H11BrClN5O (440.69): C, 51.79; H, 2.52; N, 15.89. Found:
C, 51.65; H, 2.42; N, 15.78 %.

4.3.6. 8-Bromo-3-((2-nitrophenyl)diazenyl)-1H-indeno[2,1-e]
pyrazolo[1,5-a]pyrimidin-2(6H)-one (17b)

Brown solid, (90 % yield), mp above 300 �C; IR (KBr) mmax

3205 (NH), 1736 (C‚O), 1502, 1358, 1210, 1150 cm�1; 1H

NMR (DMSO d6) 3.74 (s, 2H, CH2),7.37 (t, J = 8.5 Hz, 1H,
Ar-H), 7.62 (s, 1H, Ar-H), 7.87 (s,1H, pyrimidine-H), 7.91 (t,
J = 8.5 Hz, 2H, Ar-H), 8.23 (d, J = 8.5 Hz, 1H, Ar-H),

8.28 (d, J = 8.5 Hz, 1H, Ar-H), 8.33 (d, J = 8.5 Hz, 1H,
Ar-H),11.61 (s, 1H, NH); MS m/z (%): 450 (M+, 10), 430
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(82), 405 (25), 385 (83), 371 (24), 344 (100), 324 (66), 303 (46),
277 (82), 228 (54), 192 (7). Anal. Calcd. for C19H11BrN6O3

(451.24): C, 50.57; H, 2.46; N, 18.62. Found: C, 50.64; H,

2.39; N, 18.58 %.

4.3.7. 8-Bromo-6H-indeno[2,1-e][1,2,4]triazolo[1,5-a]

pyrimidine (20)

Yellow solid, (90 % yield), mp 290–291 �C; IR (KBr) mmax 3057
(SP2 CH), 2970 (SP3 CH), 1600 (C‚N), 1553, 1437, 1331,
1205, 1035 cm�1; 1H NMR (DMSO d6) 3.69 (s, 2H, CH2),

7.57–7.64 (m,2H), 7.85 (s, 1H, pyrimdine- H), 8.11(s, 1H,
Ar-H), 8.41 (s, 1H, triazole-H). 13C NMR (DMSO d6) 29.79
(CH2), 124.63, 127.10, 129.77, 130.74, 135.74, 139.35, 144.04,

150.46, 152.49, 160.46, 172.49; MS m/z (%): 287 (M+, 47),
268 (83), 261 (41), 253 (85), 244 (50), 153 (93), 127 (56), 119
(23), 104 (100), 63 (33). Anal. Calcd. for C12H7BrN4

(287.12): C, 50.20; H, 2.46; N, 19.51. Found: C, 50.14; H,
2.39; N, 19.28 %.

4.3.8. 10-Bromo-8H-benzo[4,5]imidazo[1,2-a]indeno[2,1-e]

pyrimidine (21)

Dark green solid, (87 % yield), mp 139–140 �C; IR (KBr) mmax

1550 (C‚N), 1416, 1207, 1049 cm�1; 1H NMR (DMSO d6)

3.60 (s, 2H, CH2), 7.08–7.83 (m, 7H, Ar-H), 8.22 (s, 1H,
pyrimdine- H). 13C NMR (DMSO d6) 31.01 (CH2),
103.17,113.98, 122.0, 124.22, 124.69, 124.79, 125.40, 128.98,
129.93, 130.34, 130.82, 138.94, 139.76, 147.81, 150.24, 150.55.

MS m/z (%): 336 (M+, 32), 301 (90), 284 (68), 230 (66), 209
(95), 104 (14), 89 (100). Anal. Calcd. for C17H10BrN3

(336.19); C, 60.74; H, 3.00; N, 12.50. Found: C, 60.62; H,

2.93; N, 12.42 %.

4.4. Reaction of enaminone derivative 3 with active methylene
derivatives 22–24

By usual way for the reaction of enaminone with the active
methylene, 0.0025 mol of rosy enaminone 3 reacted with active

methylene derivatives 22–24 in 20 mL acetic acid in the pres-
ence of 0.5 g CH3COONH4 with reflux for 5 h. The solid col-
ored product was collected by usual way and washed with
ethanol, crystalized with ethanol/dioxane mixture to give a ser-

ies of indenopyridine derivatives 25–27.

4.4.1. 1-(7-Bromo-2-methyl-4a,9b-dihydro-5H-indeno[1,2-b]

pyridin-3-yl)ethan-1-one (25)

Yellow solid, (88 % yield), mp above 300 �C; IR (KBr) mmax

1676 (C‚O) 1540, 1251, 1098, 1036 cm�1;1H NMR (CDCl3)
2.19 (s, 3H, CH3), 2.48 (s, 3H, CH3), 3.71 (s, 2H, CH2),

7.53–7.82 (m, 4H, Ar-H and pyridine-H). 13C NMR (CDCl3)
18.35 (CH3), 24.76 (CH3), 30.80 (CH2), 103.46, 116.0, 124.5,
124.8, 126.5, 128.91, 130.81, 131.05, 138.56, 149.23, 154.78,

199.40 (C‚O). MS m/z (%): 302 (M+, 35), 272 (80), 233
(64), 223 (48), 156 (84), 113 (100), 94 (63), 71 (25).Anal. Calcd.
for C15H12BrNO (302.17): C, 59.62; H, 4.00; N, 4.64. Found:

C, 59.50; H, 3.91; N, 4.49 %.

4.4.2. 7-Bromo-2-phenyl-5,9b-dihydro-4aH-indeno[1,2-b]
pyridine-3-carboxylic acid ethyl ester (26)

Yellow solid, (85 % yield), mp above 300 �C; IR (KBr) mmax

3054 (SP2 CH), 2893 (SP3 CH), 1679 (C‚O), 1579, 1459,
1415, 1375, 1322, 1202, 1108, 1044 cm�1;1H NMR (DMSO d6)
1.12 (t, J = 8.5 Hz, 3H, CH3), 3.51 (s, 2H, CH2), 4.25 (q,
J = 8.5 Hz, 2H, CH2), 6.95–8.13 (m, 9H, Ar-H and

pyridine-H). Anal. Calcd. for C21H16BrNO2 (394.26): C,
63.97; H, 4.09; N, 3.55. Found: C, 63.83; H, 4.02; N, 3.43 %.

4.4.3. 7-Bromo-2-oxo-2,4a,5,9b-tetrahydro-1H-indeno[1,2-b]
pyridine-3-carboxylic acid ethyl ester (27)

Yellow solid, (84 % yield), mp above 300 �C; IR (KBr) mmax

3308 (NH), 1745(C‚O), 1691(C‚O), 1580, 1416, 1207,

1113, 1046 cm�1;1H NMR (DMSO d6) 1.30 (t, J = 8.5 Hz,
3H, CH3), 3.45 (s, 2H, CH2), 4.35 (q, J = 8.5 Hz, 2H, CH2),
7.23–8.01 (m, 4H, Ar-H and pyridine-H), 9.94 (s, 1H, NH);

Anal. Calcd. for C15H12BrNO3 (334.16): C, 53.91; H, 3.62;
N, 4.19. Found: C, 53.78; H, 3.52; N, 4.04 %.

4.5. In vitro cytotoxicity

MTT assay was utilized to explore the cytotoxic behavior of
the tested compounds via using a Sigma in vitro MTT-based
assay kit. MCF7 and MDA-MB231 breast cancer cell lines

were obtained from the American Type Culture Collection,
cultured in DMEM medium with penicillin, FBS, and strepto-
mycin at 5 % CO2 and 37 �C. After treatment with several

doses of research compounds, cells were cultured at 37 �C
for 48 h, then they were incubated in dark for 4 h with MTT
reagent. The absorbance was measured at 560 nm with a plate

reader, and cell viability was determined. Finally the IC50 val-
ues were then calculated.

4.6. Hsp90 inhibitory activity

The inhibitory effect of compound 8a on the activity of the
human heat shock protein 90 ELISA Kit (Cat.No.E3061Hu)
was measured. To the standard well, add 50 ll of standard.
Then 40 ll of sample should be added to the sample wells, fol-
lowed by 10 ll of anti-HSP90 antibody and 50 ll of
streptavidin-HRP in both the sample and standard wells.

Mix well. Apply a sealant to the plate. 60 min at 37 �C of incu-
bation. Remove the sealant, then use a wash buffer to wash the
plate five times. For every wash, soak wells in a minimum of

0.35 mL of wash buffer for 30 to 1 min. Aspirate or decant
each well for automatic washing, then use wash buffer five
times. Place paper towels or another absorbent material

nearby to blot the plate. Each well should first receive 50 ll
of substrate solution A before receiving 50 ll of substrate solu-
tion B. Plate should be incubated for 10 min at 37�Celsius in
the dark. Each well’s colour will turn to yellow when 50 ll
of stop solution is added. Within 10 min of adding the stop
solution, measure the optical density of each well using a
microplate reader set to 450 nm.

4.7. Molecular docking

In this study, docking was achieved using MOE 2014.09

(MOE, 2014). In order to build structures of the docked com-
pounds, the builder button was used. The tested compounds
were docked inside the Hsp90 crystal structure (PDB: 2xjx).

To start docking, we used MOE’s ‘‘Docking” module. Water
molecules were deleted throughout the docking steps. The

http://Cat.No
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missing hydrogen atoms were retained to correct ionization
states in order to be assigned to the protein structure. The
‘‘Ligand Interactions” MOE tool was then used for the analy-

sis of docking results by visualization of the ligand–protein
interactions in the active binding site.
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