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Abstract:
Anew compound of indoleSchiff base derivatives have been synthesized by reaction of 2-(5-Chloro-3,3-dimethyl-1,3-di-
hydro-indol-2-ylidene)-malonaldehyde with 4-methoxy aniline. The chemical structure of the synthesized compound was 
characterized by TLC, FT-IR, 1H, 13C NMR and APT 13C NMR. The in vitro anticancer activity of the newly synthesized 
compound tested against AMJ13 breast cancer cell line. The revealed data showed that compound have promising anticancer 
activity. AMJ13 cell line was time dependent in both 40 and 60 µg/ml and the ideal inhibition rate to AMJ13 cells growth is 
66 and 68 % after 72hs. of exposure. However, the lower concentration 20 µg/ml also displayed cytotoxicity against the tested 
cell line with 50 and 68 % inhibition rate determined after 48 and 72hs. of exposure. The Concentrations 10 and 20 µg/ml 
gave less than 10% inhibition rate when tested against REF cell line viability for 24, 48 and 72hs. Schiff bases compoundssug-
gested to have a potential effect by inhibitingcancer cell line, and further studies needed to determine the mechanism of their 
antitumor activity.
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Schiff bases were essential compounds in the biochemistry 
fields due to their biological activities [1]. Schiff bases con-
taining an azomethine group (-C=N-) as a useful group have 
attention for a long time due to their medicinal and pharma-
ceutical activities [2]. Schiff bases were first informed by 
Hugo Schiff in 1864, they are formed by the condensation 
reaction of aldehydes or ketones with primary amines in the 
acid as a catalyst [3].They have many applications in differ-
ent fields for examples: antitumor, antibacterial and antifun-
gal activity [4].

Schiff bases get from different heterocyclic compounds 
mainly those including of indole molecule because they have 
a broad applications for example, anti-oxidant, anticancer [5], 

antifungal, anti-inflammatory and antiviral properties [6].
Cancer is a disease that makes cells growth in the body out 

of control like breast, lung, colon and prostate cancer are the 
most common types of cancer [7].

Breast cancer (BC) is one of the most common diagnosed 
types of cancer in women around the world an inducing to 
cancer death with almost 1.67 million new cases of cancer 
and more than 500,000BC deaths predicted to have appeared 
in 2012[8].

 This research aimed to synthesis a new indole derivative as 
drawing in Figure1, and tested their cytotoxic activity against 
– AMJ13 breast cancer cell line [9].

Figure 1: the synthetic pathway to a new Schiff base
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Chemistry part 
Melting points were measured by using open capillary melt-

ing point device and the purification were taken by using Thin 
layer Chromatography was performed by using Silica gel 
sheets and the spots were observed using florescence analy-
sis cabinet model CM-10. IR spectra were recorded on Per-
kin-Elmer spectrum in Diyala University,1H,13C NMR and 
APT13C NMR spectra were recorded in DMSO on a Bruker 
400 MHz spectrometer, at 400MHz for1H NMR and at 100 
MHz for13C NMR and APT spectra in Jordan, University of 
science and technology, College of science, Irbid city . 
Chemicals and solvent

All the chemicals and solvents used in this research were ob-
tained from different companies; they were used as received 
without further purificationSuch4-Methoxy aniline was got-
ten from Hopkin and Williams, Glacial acetic acid was got-
ten from BDH, all organic solvent obtained fromScharlau,4-
chlorophenylhydrazinhydrchloride, Methyl isobutyl ketone, 
Dimethylformamide and Dimethylsulfoxide were obtained 
from Aldrich, Phosphoryl chloride and Sodium hydroxide 
were obtained from Thomas Baker.2-(5-Chloro-3,3-dimeth-
yl-1,3-dihydro-indol-2-ylidene)-malonaldehydewas synthe-
sized with reform of a procedure described by[10].As shown 
in figure (2).

Figure 2: the synthetic pathway of 2-(5-Chloro-3,3-dimeth-
yl-1,3-dihydro-indol-2-ylidene)-malonaldehyde

Synthetic methods:
Synthesis of 2-(5-Chloro-3,3-dimethyl-1,3-dihydro-indol-

2-ylidene)-3-(4-methoxy-phenylimino)-propionaldehyde 
(compound 3) as demonstrated in figure (3)

Figure (3): The synthetic pathway of2-(5-Chloro-3,3-dimeth-
yl-1,3-dihydro-indol-2-ylidene)-3-(4-methoxy-phenylimino)-
propionaldehyde

A solution of (0.5g 2mmol) of 2-(5-Chloro-3,3-dimethyl-1,3-
dihydro-indol-2-ylidene)-malonaldehyde was dissolved in 
25ml ethanol   and (0.25g, 2mmol) of 4-methoxy aniline 
was dissolved in (10ml) ethanol  then (2ml) of glacial ace-
tic acid was added to the solution. The mixture was refluxed 
in water a bath at 78ºC for10h.Solvent was reduced to one 

quarter, yellow precipitate was formed, filtered off, washed 
with ethanol and dried in oven at 78ºC. The purity of com-
pound was determined by using TLC (4:2) hexane: ethyl ac-
etate with pre-coated silica gel, which gave one spot. Yield 
(0,61g 85%), m.p.145-146 0C.  IR data in (cm-1):3063 (CH 
aromatic) 2976 (CH aliphatic), 2734 (CH aldehyde), 1672 
(CH=O), 1625 (CHN), 1603 (C=C), 1347 (CH3), 1263 (C-
N), 1186 (C-O), 816 (C-Cl) and 783 (C-H bending).1HNMR 
(400MHz, DMSO, δ in ppm): δ=13.96(s,1H,NH), 
9.37(s,1H,HCO), 8.54(s,1H,HCN), 7.58-7.02(7H,Ar-H), 
3.78 (s, 3H, OCH3),and 1.56(6H,s, 2x CH3); 13CNMR 
(100MHz, DMSO, δ in ppm):δ = 187.79 (C=O), 183.47 
(N-C=C), 156.37 (CH=N),157.11, 149.58, 147.45, 132.72, 
129.22, 127.28, 121.61, 119.66, 119.53 and 114.87 (Ar-CH), 
107.40 (O=C-C=C), 55.36(OCH3), 54.15 (CH3CCH3) and 
21.64 (2x CH3).APT 13CNMR shown signals for CH and 
CH3 appeared at negative side (below base line of the spec-
trum) 187.61, 156.94,127.11, 121.43, 119.48, 119.35, 114.70, 
55.19 and 21.46 whereas quaternary carbons, CH2 carbons 
and carbons diluted DMSO solvent were observed at posi-
tive side (above base line of the spectrum) 183.29, 156.94, 
149.40, 147.27, 132.55, 129.04, 107.22 and 53.98.
Biological part 
Cell lines have been used in this study are two types: 
(AMJ13): Breast cancer cell line and (REF): fibroblastic and 
epithelial cells with normal chromosomal pictures as nor-
mal murine cell line were used. Both of them were locally 
established in Iraqi center for cancer and medical genetics re-
search / Mustansiriyah University as a gift from experimental 
therapy department and they are maintained for use.
.
Solubility of compounds tested for in vitro cytotoxicity
Solubility of synthesized compound was approved according 
to protocol labeled mentioned by [11]. The new compound 
was dissolved in Dimethyl sulfoxide (DMSO) and diluted 
with medium RPMI-1640 to the chosen concentrations (10 
µg/ml, 20µg/ml, 40µg/ml and 60µg/ml).
Both cell lines (AMJ13 and REF) were cultured in RPMI-
1640 media which contains 10% fetal bovine serum, gluta-
mine (2 mmol/L), streptomycin (100 U/ml) and penicillin 
(100 U/ml), then incubated in 5% CO2 at 37ºC for 24 hour. 
The falcon contains attached monolayer cells was de-attached 
with 1 ml of trypsin/versine to provide suspension of cells, 
then 10 ml added of prepared media  to above solution. About 
200μl of the cells were culture on clean sterile 96- well micro 
titer plate then let the cells for 24 hrs. to make  monolayer to 
be ready to be treated with the our new compound.
Exposure day: empty the media from the cells and added 
200μl from the dilutions new compound. Each concentra-
tion was triplicate and returns the microtiter plates to the in-
cubator. Leave wells contains only cells without treatment 
contains serum free media representing control cells. Three 
different exposure times of the cells were included in this re-
search, 24, 48 and 72 hour. The protocol of handing and treat-
ing the cells was prepared as described by Butler, 2004 [12].

Materials and methods:
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Cell Viability Assay 
The cytotoxicity was determined after each exposure time 
using crystal violate stain. Decant the contents of micro titer 
plate, add 200 μl was added of the crystal violate stain to each 
wells of the treated cells for 20 min. in the incubator at 37ºC. 
The crystal violate stain will stain the nuclei of the viable 
cell and the color will be visible to the eye. Then the plates 
were read by ELISA reader at 495nm. And then the inhibition 
percentage was calculated using the following equation as 
recommended by [13].
 %Growth Inhibition = (C–T)/C ×100 %
Were, C represent absorbance of control and T absorbance 
of sample.
Statistical Analysis
In this study, we used student t-test to determine the differ-
ences between the concentrations in each cell line and to de-
termine the differences between two cells in each exposure 
time. Graph Pad Prism V6 was used to determine this statisti-
cal test. Excel 2010 sheet was used to draw the curves.

The new synthesized compoundwas subjected to TLC; 
spectral studies like HNMR, 13CNMR, APT13CNMR and 
FTIR, and their results are discussed below. The physical 
properties such as the percentage yield and melting point of 
the compounds is characterized in Table No.1

IR Study
The IR results of the new synthesized compound was  ab-

sorption bands in the 4,000 - 400 cm-1 range, especially the 
new functional group (azomethine group CH=N) at1625 cm-
1for new synthesized compound [14]. Also strong absorption 
band at 1672cm-1 were gone to (C=O) of the carbonyl group 
[15]. As well as stretching frequency at 1603cm-1 for new 
compound was denoted to (C=C) group [16]. at the same 
time the synthesized compound was appeared an absorption 
bands at 1263cm-1 which attributed to (C-N) group [17].
Finally the absorption band at 1347cm-1was appointed to 
(CH3) group and the absorption band at 1186cm-1 was be-
longed to (C-O) group [18]. All these main absorption bands 
are approved the chemical structures of the new synthesized 
compound as shown in figure (4).

NMR Study
1H-NMR, 13C-NMR and APT 13C-NMR spectra were re-

ported in DMSO (dimethyl sulfoxide) with chemical shifts in 
ppm and using TMS (tetramethylsilane) as a standard.
1H-NMR

The 1H-NMR results for this new compound figure (4) 
shown single signal at 13.96ppm was appointed to proton 
of (NH) of indole ring [19].A singlet signal at 9.39ppm was 
referred to proton atom of carbonyl group (C=O) [20]. As 
well as, single signal at 8.54ppm was attributed to proton of 
Schiff base group (CH=N) [21]. Signals were appeared in the 
region between (7.58-7.02) ppm were assigned to protons of 
aromatic ring for this new compound [22]. Finally peak at 
1.56ppm was belonged to six protons of two methyl groups 
and 3.78was denoted to OCH3 group [23].

Results:

Molecular
formula

Molecu�       
lar

weight

Percent-
age Yield

Melting
Point ºC

C20H19Cl�    
N2O2

354.83 85% 145-
1460C

Table 1: Physical properties of the synthesized compound

figure(4). IR Spectrum of the 2-(5-Chloro 3,3-di-
methyl-1,3-dihydro-indol-2-ylidene)-3-(4-methoxy-
phenylimino)-propionaldehyde

Figure (4): 1H NMR Spectrum of the 2-(5-Chloro 
3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-3-(4-me-
thoxy-phenylimino)-propionaldehyde
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13C NMR study
The 13C NMR results supported 1H NMR results for the new 

compound as shown on figure (5). A signal at 187.79ppmand 
at 156.37ppm which belonged to the carbon atom of the car-
bonyl group C=O and the carbon atom of the azomethine 
group (CH=N) respectively [24].The signals were appear in 
range between (149.58-114.87ppm) assigned to the carbon 
atoms of aromatic ring [25]. While the signal 107.40ppm was 
referred to carbon atom of (O=C-C=C)group [26], as well as 
a signal of carbon atom of (CH3CCH3) group was observed 
at 54.15. In addition, signal two groups of methyl were ob-
served at 21.64ppm. Finally the signals of OCH3 were ap-
peared at55.36 ppm [27].

APT 13CNMR
APT 13C NMR results were further used to characterize 

the new compound. For example APT 13C NMR results of 
this compound figure (6) shown signals for quaternary car-
bons and solvent which appeared at positive side (above of 
the spectrum). While CH and CH3observed at negative side 
(below of the spectrum).1H, 13C NMR and APT spectrum 
results for the new compound match well with the expected 
signals and are regular with the formation of these com-
pounds.

In Vitro cytotoxicity effects of the new compound
Cytotoxic activity against AMJ13 cell line 

The new synthesized compound was tested in vitro to deter-
mine their cytotoxicity toward AMJ 13breast human cancer 
cell line. Our results showed that the cytotoxic activity of 
this new compound figure (7) displayed cytotoxicity towards 
AMJ13 cell line and the effect was time dependent in both 40 
and 60µg/ml and the highest inhibition of growth to AMJ13 
cells was 66 and 68 % after 72hs. However, the lowest con-
centration (20 µg/ml) also displayed cytotoxicity against the 
tested cell line with 50 and 68 % inhibition rate determined 
after 48 and 72hour.The Concentrations 10 and 20 µg/ml 
gave less than 10% inhibition rate when tested against REF 
cell line viability for 24, 48 and 72hs. These concentrations 
are shown to be ideal Concentrations prepared from this new 
compound for their safety toward REF cell growth. Also, the 
concentration of 40 µg/ml reduced less than 10% of viabil-
ity after exposure of 24 and 48hour, however, after 72hr this 
inhibition rate increased to about 60%. The higher concentra-
tion (60µg/ml)showed slight toxicity towards REF cell line. 
The inhibitory effect was time and concentration dependent 
(25, 45 and 65% inhibition rate for 24, 48 and 72h respec-
tively). The ideal concentration for both cell lines could be 
20µg/ml because it inhibits AMJ13 cancer cell line growth 
and is safe for REF normal cell viability after 27hrs.

Figure (5): 13C NMR Spectrum of 2-(5-Chloro 
3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-3-(4-me-
thoxy-phenylimino)-propionaldehyde

Figure (6): APT NMR Spectrum of the 2-(5-Chloro 
3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-3-(4-me-
thoxy-phenylimino)-propionaldehyde

Figure (7): Cancer Cell Lines AMJ13 and REF were treat-
ed with compound concentrations (10, 20, 40 and 60) µg/ml 
for Three Different Exposure Times 24, 48 and 72 h.
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The new compound 2-(5-Chloro-3,3-dimethyl-1,3-dihydro-
indol-2-ylidene)-3-(4-methoxy-phenylimino)-propionalde-
hyde has been synthesized by reaction of 2-(5-Chloro-3,3-
dimethyl-1,3-dihydro-indol-2-ylidene)-malonaldehyde with 
4-methoxy aniline and subjected to TLC, spectral studies like 
HNMR, 13CNMR,APT 13CNMRand FTIR.

The in vitro anticancer activity of the newsynthesized 
compound tested against AMJ13breast cancer cell line. The 
revealed data showed that compound have promising anti-
cancer activity. AMJ13 cell line was time dependent in both 
concentrations 40 and 60 µg/ml and the ideal inhibition rate 
to AMJ13 cells growth is 66 and 68 % after 72hs. of expo-
sure. However, the lower concentration 20 µg/ml also dis-
played cytotoxicity against the tested cell line with 50 and 68 
% inhibition rate determined after 48 and 72hs. of exposure. 
The Concentrations 10 and 20 µg/ml gave less than 10% inhi-
bition rate when tested against REF cell line (normal cell line 
) viability for 24, 48 and 72hs.[28] The in vitro cytotoxicity 
of Unsymmetrical tetradentate Schiff base Fe(III) and Cu(II) 
complexes was tested for KB and Hep-G2 human cancer cell 
lines. The results showed that almost unsymmetrical tetra-

dentate Schiff base complexes have high cytotoxicity.  urea 
Schiff base complexes were tested against three cancer cell 
lines PC3, SKOV3, and HeLa displaying an cytotoxic activ-
ity with IC50 values of 0.71 ± 0.06, 0.12 ± 0.06, and 0.79 ± 
0.23 μg/mL respectively[29]. these recent studies concluded 
and highlighted the importance of Schiff base in future can-
cer therapy.
Conclusions

The new Schiff base indole derivative 2-(5-Chlo-
ro-3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-3-(4-
methoxy-phenylimino)-propionaldehydehas been 
synthesized by reaction of 2-(5-Chloro-3,3-dimethyl-1,3-
dihydro-indol-2-ylidene)-malonaldehyde with4-methoxy 
aniline, The chemical structure of the synthesized compound 
have been characterized and approved by TLC,   FT-IR, 1H 
NMR, 13C NMR and APT13C-NMR techniques. The in 
vitro cytotoxicity of the compound prepared against breast 
cancer cell line AMJ13 revealed that this new compound has 
the ability to inhibit AMJ13 cells and in the same time safe to 
normal cell growth REF cell line. Let us to put a big highlight 
for further research on these compounds in cancer therapy 
models. 

Discussion:

1.	 Apoorva, U.; Shefali, V.; Vakacharla, S. V.; Prabha, 
J.;Anant. K. S.; Muralidharan, S.; Maheswaran, S. Syn-
thesis and characterization of 3d and 4f metal complexes 
of Schiff base ligands, (2013). Polyhedron (article in 
press), 66:87-96.

2.	 Mohamed, M. I.; Hapipah, M. A.; Mahmood, A. A.; 
Pouya, H. Acute Toxicity and Gastro protective Effect 
of the Schiff Base, Ligand 1H-Indole-3-ethylene-5-nitro-
salicylaldimine and Its Nickel (II) Complex on Ethanol 
Induced Gastric Lesions in Rats Molecules.2012, 17, 
12449-12459.

3.	 Xavier, A.; Srividhya,N.; Synthesis and Study of Schiff 
base Ligands, (2014). Journal of Applied Chemistry, 7: 
2278-5736.

4.	 Deepa, S.; Anjani, K. T.; Sweta, S.; Gauri, S.; Pushpa, 
M.; Harish, C.; Anil, K. M.; Synthesis, characteriza-
tion and biological activity of Schiff base analogues of 
indole-3-carboxaldehyde, (2008). European Journal of 
Medicinal Chemistry, 43(1):160-165.

5.	 Fadhil, L. F.;Metal Coordination Behavior And Biologi-
cal Activities  of Indole And Quinazoline Derivatives. 
PhD thesis, Department Of Chemistry. Faculty of Sci-
ence. University of Malaya. (2015).

6.	 Manish, R.;Kumanan, R.;Duganath, N.;Srinivasa,; M. 
M.;Nazeer, A.;Subramanyam, S.; Synthesis, Character-
ization and Pharmacological Screening of 2-methyl-1H 
Indole-3-Carboxylic Acid [2-(2-Substituted-Phenyl)-
4-Oxo-Thiazolidin-3-Yl]-Amides Derivatives, (2011). 
International Journal of Chemical Sciences and Applica-
tions, 2(1):91-99.

7.	 Smith, R.;A.;Cokkinides,V.;Eschenbach, A.C.; Ameri-
can Cancer Society guidelines for the early detection of 
cancer, (2002). Cancer journal for clinicians, 52:8-22.

8.	 Alejandro, D. S.; Graciela, A.; David, F.;Monica, S. S.; 
Female Breast cancer in Central and South America, 

(2016). Cancer Epidemiology, 44:110-120.
9.	 Al-Shammari, A.; Alshami, M.; Urman, M.; Al-mukhtar, 

A.; Yaseen, N.; Raad, K. and Hussien,A. Establihment 
and characterization of a receptor-negative, hormone-
nonresponsive breast cancer cell line from Iraqi patient. 
Breast Cancer (Dove Med Press), (2015) 7: 223-230.

10.	 Baradarani, M.; Afghan, A.; Zebarjadi, F.; Hasanzadeh, 
K.; Joule, J.; The synthesis of 3,3-dimethyl-2-(1-aryl-1h-
pyrazol-4-yl)-3h-indoles, (2006). Journal of Heterocy-
clic Chemistry, 43:1591-1595.

11.	 The National Toxicology Program (NTP) Interagency 
Center for the Evaluation of & Alternative Toxicological 
Methods (NICEATM): Test Method Protocol for Solu-
bility Determination Phase III, (2003). 1-10.

12.	 Butler, M.; Animal cell culture and technology. The ba-
sics. Oxford university press. New York,book, (2004). 
2:1-256.

13.	 Freshney, R. I.; Culture of animal cells. A manual for 
basic technique. Fifth ed. Willey liss.A Juhn wiley and 
sons. Inc Pup. New York, book, (2005). 1-672.

14.	 Ngan,N. K.; Lo, K.M.;Synthesis, structure studies and 
electrochemistry of molybdenum (VI) Schiff base com-
plexes in the presence of different donor solvent mol-
ecules, (2011). Polyhedron, 30:22-32.

15.	 El-Refaie, K.; Mohamed, A.; Khalil, S.; Ahmed, E.; 
Preparation of organo philicmontmorillonite-based di-
methyl amino benzaldehyde-Schiff-base as antibacterial 
agents, (2016). Arabian Journal of Chemistry, 9:574-585.

16.	 Montazerozohori, M.;Musavi, M.; Synthesis, spec-
tral, crystal structural, antimicrobial, DNA interac-
tion and thermal behavior of some new zinc halide 
complexes:3Dsupramolecular structure of zinc bromide 
complex, (2014). Arabian Journal of Chemistry, 7:656-
667.

17.	 Rayees, A.S.;Mohmmad, Y.W.; Sheikh,S.A.;Adil, H.; 

References:



Iraqi Journal of Cancer and Medical Genetics (IJCMG) Volume 15 - Number 1 - (Aug.) 202242

Synthesis, characterization and biological screening of 
some Schiff base macro cyclic ligand based transition 
metal complexes as antifungal agents, (2016). Arabian 
Journal of Chemistry. 9:743-751.

18.	 Razieh, M. A.; Mehdi, M.B.;Arash,  A.; Synthesis of new 
heterocyclic compounds using2-(4,7-dichloro-3,3-dime-
thylindolin-2-ylidene) Malonaldehyde, ( 2013). Current 
Chemistry Letters, 2:13–20

19.	 Faraj,F.L.;Khaledi, H.;Morimoto, Y.A.; Tetradentate-
Diiminato Ligand Containing Phenolate Substituents: 
Flexivalent Coordination to MnIII, CoIII, NiII, and 
CuII, (2014). European Journal of Inorganic Chemistry, 
33:5752-5759.

20.	 Misra, U.; Hitkari, A.; Saxena, A.; Gurtu, S.;Shanker, 
K.; Biologically active indolylmethyl-1,3,4-
oxadiazoles,1,3,4-thiadiazoles,4H-1,3,4-triazoles and 
1,2,4-triazines, (1996). Eurpean Journal of Medicinal 
Chemistry, 31: 629-634.

21.	 Suzan, A.M.;Wamidh, H.T.;Mohammad, 
S.;Mohammad,S.;Murad, A.; Synthesis, characteriza-
tion, and antimicrobial activity of Schiff bases derived 
from benzaldehydes and 3,30-diaminodipropylamine, 
(2015). Arabian Journal of Chemistry, 8:850–857.

22.	 Zahedifard, M.;Faraj, F.; Paydar, M.;Synthesis, charac-
terization and apoptotic activity of quinazolinone Schiff 
base derivatives toward MCF-7 cells via intrinsic and 
extrinsic apoptosis pathways, (2015). Scientific reports, 
5:497–514.

23.	 Alamgir, M.; Synthesis and reactivity of some activated 

heterocyclic compounds. Ph.D. Thesis, The University 
of New South Wales Sydney, Australia, 2007.

24.	 Ngui, K.N.; Kong, M.L.;CheeSeng, R.W.; Syn-
thesis, structure studies and electrochemistry of 
molybdenum(VI) Schiff base complexes in the presence 
of different donor solvent molecules, (2011). Polyhe-
dron, 30:2922–2932.

25.	 Muhammad, A.;Karamat, M.;Synthesis, Characteriza-
tion and Biological Activity of Schiff bases, (2011). In-
ternational Conference on Chemistry and Chemical Pro-
cess, 10:556-564.

26.	 Fadhil, L. F.; Hamid, K.;Hamed, K.; Hapipah, M. A.; 
Indole-Fused Epoxy-1,5-Diazocinesas Cancer-Selec-
tive Cytotoxic Agents, (2017). Heterocyclic Chemistry, 
54:2071–2074.

27.	 Sami, S.;Hooshang, V.;Abdolhossien, M.; Omid, L.; 
New 3H-Indole Synthesis by Fischer’s Method Part I, 
(2010). Molecules, 15:2491-2498.

28.	 QuangTrungNgugen, Phuong Nam Pham Thi and Van 
Thyen Nguyen. Synthesis, characterization, and in vitro 
cytotoxicity of unsymmetrical tetra dentate Schiff base 
Cu11 and Fe111 complexes. Bioinorganic chemistry and 
application, 2021, Article ID6696344.

29.	 Lotfinm.Aroua, Ahmed n. Al-Hakimi, Mahfoudh A. M. 
Abdulhani and Sadeq K. Alhaq. Cytotoxic urea Schiff 
base complexes for multidrug discovery as anti cancer 
activity and low invivo oral assessing toxicity. Arabian 
jornal of chemistry, 2022,15(8):103986.


