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Abstract

Glioblastoma Multiforme (GBM) is most aggressive type of brain tumor in adults. 1,4-dimethyl carbazoles exhibits
significant anticancer activities in literature. In this research article, we synthesized a series of novel 1,4-dimethyl-9-H-
carbazol-3-yl)methanamine and its derivatives (13-24) and evaluated their in vitro cytotoxicity activities against
human glioma U87 MG cell line using MTT assay for 24 h phase time period. All final carbazole derivatives were well
confirmed by NMR and HRMS spectroscopy techniques. In series, few compound (15-17) found excellent in vitro
anticancer activity (ICso) values 18.50 pM, 47 pM and 75 pM respectively against human glioma U87MG cell line compare
to standard drugs used in brain cancer such as Carmustine (ICso = 18.24 pM) and Temozolomide (ICso = 100 puM)
respectively. Among these derivatives, compound 15 was found to have the most potent cytotoxic effect on tested
glioma cell line. This study supported that 1,4-dimethyl-9-H-carbazol-3-yl)methanamine derivatives found significant
anticancer potential against human glioma U87MG cell line.
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1. Introduction

Gliomas/glial tumors are primary brain tumors arising from glial cells, which form the supporting tissue of the nervous
system [1]. Glioblastoma Multiforme (GBM): This is most aggressive form of brain tumor in adults [2, 3,4]. Current median
length of survival for GBM patients is around 12-14 months [3,4, 5]. Current treatment therapy is not sufficient for
glioma treatment [5,6]. However, common treatment approach for glioma is surgery, combined with radiotherapy and
chemotherapy [5, 6]. Majority of malignant brain tumors are incurable, the combined therapy can significantly prolong
survival and also palliative support [3,4].

Carbazole, a N-nitrogen containing tricyclic compound present naturally as well as chemically synthesized showed
potential anticancer activities in literature [7-9]. Carbazole structure-based compounds are frequently found in
anticancer lead discovery [7-9]. Midostaurin, an anticancer drug based on carbazole structure (Novartis), used in
treatment of newly diagnosed acute myeloid leukemia (AML) and for advanced systemic mastocytosis [9, 10]. The
diverse biological activities of carbazole derivatives are related to the presence of planar structure which interact with
DNA either via intercalation between base pairs or electrostatic interaction in the minor or major groove[11,12].
Pyridocarbazole structure based a Celiptium drug is being commercialized in France market for treatment for
metastatic breast cancer(Sanofi France group) [4, 13]. 1,4-dimethyl-9-H-carbazole structure is the part of ellipticine (1).
In review literature survey, 1,4-dimethyl-carbazole derivatives target STAT3 (Signal transducers and activators of
transcription) protein. STAT3 is a major target for the development of novel cancer therapeutics [14]. 1,4-dimethyl-
carbazoles also showed potential anticancer and anti-HIV activity[14-16]. Carbazole structure is also present in
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vincristine (2), vinblastine isolated from the Madagascar periwinkle Catharanthus roseus also used in glioblastoma
treatment [12, 17-18]. Vincristine (2) also used in various cancer diseases like acute lymphocytic leukemia acute
myeloid leukemia, Hodgkin’s disease, neuroblastoma and small cell lung cancer [17, 18]. Most anticancer drugs,
whether synthetic chemicals or natural products, interact with DNA or its precursors, and cause irreversible damage to
DNA and inhibit the synthesis of new genetic materials.

1.1. Rational approach for designed novel 1,4-dimethyl-9-H-carbazol-3-yl)methanamine derivatives

Pyridocarbazole structure based ellipticine (1) showed potential in vitro cytotoxicity (ICso=1.48 uM) against human glioma
U87 MG cell line[19]. Carbazole structure based vinca alkaloid like vincristine (2) showed potential in vitro anticancer activity
(ICs0=1.317 uM) against U87 MG cell line[20]. Vincristine is delivered via intravenous infusion (IV) only and neuropathy side
effects are two major disadvantages[12]. Mahanine (3), a pyranocarbazole alkaloid found potential in vitro cytotoxic effect
(ICso=12-15 pM) against human glioma U87 MG cell line [21-22]. Carbazole 3-substituted sulfonamides derivative (4) linked
to A ring part of combretastatin structure related to combretastatin (CA-4, 5) structure showed potential in vitro anticancer
activity (ICso = 56 nM) against CEM leukemia cell line [23]. Combretastatin (CA-4, 5) has a common trimethoxy benzene
nucleus in their structures play an important role in biological activity [23,24]. Modified carbazole derivative (6) displayed
excellent in vitro anticancer activity ICso value 80 nM against glioma cell line [25]. Recently, our published research papers
substituted biscarbazole derivatives[4] and substituted carbazole bearing thiosemicarbazide derivatives[26] respectively
found significant in vitro anticancer activity against human glioma U87 MG cell line using MTT assay in 2020 & 2022
respectively. Alkylating agents like Procarbazine, Carmustine((1,3-bis(2-chloroethyl)-1-nitrosourea, BCNU7),
Temozolomide (3-methyl-4-oxoimidazo[5,1-d][1,2,3,5]tetrazine-8-carboxamide, 8) have played a major role in the
chemotherapeutic treatment of GBM [4,5,27-28]. BCNU (7) displayed potential in vitro anticancer activity (ICso= 18.24 uM)
against U87 MG cell line [29-30]. BCNU can form interstrand crosslinks in DNA, which prevents DNA replication and DNA
transcription. BCNU has major disadvantage short half-life around 20 minutes[4]. Most promising drug used in GBM
treatment is TMZ (8), a prodrug approved by FDA in 1995 showed good in vitro anticancer activity (ICso = 100 pM) against
human glioma U87 MG cell line[31, 32]. Temozolomide is an imidazotetrazine derivative of dacarbazine alkylating drug
[27-28, 33].

The majority of the known standard drugs alkylate the DNA in a non-specific manner, forming cross links within the DNA,
and thus preventing the cell duplication which results in the anticancer activity.

To address the problems like non specificity, short half-life, toxicity associated with these clinical approved drugs, there
is the option of attaching these ligands to known targeting molecules. The rational approach was the construction of
carbazole based molecules behaves as minor groove binder or intercalator with DNA also coupled with a 2-chloro ethyl
group with or without urea to act as a mono alkylating group [34]. Urea based anticancer agents extensively reported
in review literature[35]. Carbazole scaffold also coupled to substituted piperazine pharmacophore and evaluated their
anticancer activities against U87 MG glioma cell line. This has may increase specificity, with fewer side effects and more
biological response is achievable using lower concentrations. To consider the potential biological activities of carbazole
derivatives[36-38], we synthesized novel 1,4-dimethyl-9-H-carbazol-3-yl)methanamine derivatives and evaluated their
anticancer activity against U87 MG glioma cell line using MTT assay.

1.2. Synthesis of 1, 4-dimethyl-9-H-carbazol-3-yl)methanamine and its derivatives (14-24)

In this work, the synthesis of 1,4-dimethyl-9-H-carbazol-3-yl)methanamine scaffold 13 was carried accoding to reported
craxon and method[4, 38-39]. Intermidate 10, 11, 12 prepared according to our previous paper publihed and other research
papers method [4, 38-39]. Briefly, the starting material indole 9, 2,5-hexanedione in equimolar amount and catalytic amount
of PTSA (para-toluene sulfonic acid) in solvent ethanol was reflux for 4h gave 1,4-dimethyl-9-H-carbazole ring after column
or recrytallization method using petroleum ether (10). Vilsmeier-Haack formylation reaction on compound 1,4-dimethyl-9-
H-carbazole (10) carried in the presence of N-methylformanilide and POCls in 1,2 dicholobenzene at 80°C for 3.5 h to
obtaineded 1,4-dimethyl-9-H-carbazol-3-carbaldehyde 11. Further, the reaction of the compound 11 with one equivalant of
hydroxyl amine hydrochloride and few drops of water in ethanol solution strirred at rt for 4 h to gave 1,4-dimethyl-carbazol-
3-oxime 12 as solid precipitate, which was filtered, washed with 10 ml ethanol and used without further purification.
Reduction of the compound 12 carried with lithium aluminum hydride (LAH, 3equivalent) as reducing agent in
tetrahydrofuran (THF) solvent, the reaction mixture was reflux for 6 h to give pure compound 1,4-dimethyl-9-H-carbazol-3-
yl)methanamine scaffold 13 after column purification with 65 percent yield[40]. In series (A), the compounds (14-17) were
prepared from reaction of compound 13 (0.05 mol), triethylamine (0.06 mol) in dichloromethane (DCM) solvent with
constantstirringat 0-5°C for 5 minutes, gradually added acetic anhydride/chloroacetyl chloride/propionyl chloride/2-chloro
ethyl isocyanate (0.06 mol) drop wise[41]. The reaction mixture stirred for 30 minutes to 12 h and the solvent was
evaporated. The crude compounds (14-17) were purified by column chromatography in 70-80 % yield (Scheme 1). In series
B, the compounds (18-19) were prepared by refluxing 2-chloro-N-(1,4-dimethyl-9-H-carbazol-3-yl)methyl)acetamide 15
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(1.65 mmol, 0.5 g) in acetonitrile, added the appropriate methyl or ethyl piperazine (1.98 mmol) and dry K2CO3 (1.98 mmo],
0.3g) for 6 hour. The reaction mixture was cooled, filtered and the solvent was evaporated. Desired compounds (18-19) were
purified by silica gel column chromatography in 65-70 % yield (Scheme 1) [42]. In series (C), the schiff bases of the 1,4-
dimethyl-9-H-carbazol-3-yl)methanamine scaffold (20-21) were prepared via a condensation reaction of compound 13 with
4-bromo benzaldehyde/4-methoxy benzaldehyde in a molar ratio of 1:1 and sodium hydroxide in solvent DMF stirred room
temperature for 36-48 h [246]. The solvent was evaporated to dryness and the crude product was purified by column
chromatography in 10% ethyl acetate/petroleum ether to afford pure compound (20-21) in 40 % yield (Scheme 1). In series
D, the compounds (22-24) were prepared by the reaction of compound 13 with stoichiometric amount of 4-bromo benzoic
acid/4-methoxy benzoic acid/3,4,5 trimethoxy benzoic acid in DMF solvent added coupling reagent EDC. HCl N-(3-
dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride) and 1-hydroxyl benzotriazole (HOBT), DIPEA(Di-isopropyl
ethylamine) stirred the reaction mixture for 12h to give the corresponding 4-bromo-1,4-dimethyl carbazole benzamide(22),
4-methoxy 1,4-dimethyl carbazole benzamide (23) and 3,4,5-trimethoxy-1,4-dimethyl carbazole benzamide (24)
compounds respectively after column purification in 40 % ethyl acetate/petroleum ether (Scheme 1).

H:ic'i = ﬂ—( r\[\j,‘_\i s Ht >\q~"’“ f—_—‘\\_

3. Mahanme (Pyranocarbazole)

4. Carbazole *-substituted sulfonamade dervative 5. Combretastatm (CA-4)

6. Aodified carbazole derivative 7. Carmustine (BONL) 8. Temozolomide (THZ)
(R = 4-methy]l napthlenyl)

Figure 1 Structure of potential anticancer molecules like Ellipticine (1), Vincristine (2), Mahanine (3), Carbazole
sulfonamides (4), Combretastatin (5), Modified Carbazole derivative (6), BCNU (7), TMZ (8)
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Scheme 1 Reagents and conditions: A) 2,5 Hexanedione, para-toluene sulfonic acid, ethanol, reflux 4h B) N-methyl
formanilide, POCl3, 1,2-dichlorobenzene, heat at 80°C, 3.5 h C) Hydroxylamine hydrochloride, H20, RT, 4h D) LAH, THF
Solvent, reflux, 6 h E) Acetic anhydride or chloro acetyl chloride or propionyl chloride or 2-chloroethyl isocyanate,
TEA, DCM, RT,1h-6h F) Compound 15, K2CO3, methyl or ethyl piperazine, ACN, reflux ,6 h G) NaOH, substituted
aldehyde, RT, 36 h H) EDC, HOBT, DIPEA, substituted acid, RT,12 h.

2. Experimental section

2.1. Instruments used

All novel synthesized compounds prepared in our laboratory and well confirmed by melting point, NMR and HRMS (High
resolution mass spectroscopy). Staring materials purchased from Spectrochem Pvt Ltd. (India), Sigma Aldrich, and Alfa
Aesar. Proton 'H NMR spectra were recorded on a Bruker Avance Il and JEOL 400 MHz NMR spectrophotometer
respectively. Mass (HRMS) of the compounds was taken by using a Micromass, Q-Tof micro (Water) spectrophotometer.

2.2. Cell lines and Culture Conditions

Human glioma U87 MG cells were cultured in Dulbecco's Modified Eagle Medium (DMEM) with heat inactivated Fetal
bovine serum (FBS) 10% (v/v), antibiotic and antimycotic solution. Cells were grown in a humidified incubator at 370
C supplemented with 5% COz and 95% air during the night. The next day cells adhere to the culture matrix were treated
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with or without compounds 13-24 for 24 h time phase[4, 43-44]. MTT assay of test compound 0-250 pM concentration
were performed in triplicate.

2.3. Cell viability MTT assay

Treatment of cells (5x103 U87) with different concentrations (0-250 uM) of synthesized compound (14-24) for 24 h
time period. Only, compound 13 concentration used for MTT assay from 0-500 uM to determine ICso value. The ICso
value was calculated using the MTT assay formula in reported literature [4,43, 44].

2.4. General procedure for synthesis of 1,4-dimethyl-9-H-carbazol-3-yl methanamine (13)

Carbazole oxime compound 12 was prepared from earlier published method [4, 38]. A solution of the oxime 12 (0.00840
mol, 2g) prepared in our previous research paper [4] in tetrahydrofuran (50 ml) was heated at 50° C added drop wise
to a stirred, boiling solution of lithium aluminum hydride (0.01068 mol,0.6 g) in tetrahydrofuran solvent (20 ml) in 20
minutes at such a rate that gentle refluxing was maintained. Reflux the reaction mixture for 4-6 h. Stop the reaction and
cool down. Added cold water cautiously (20 ml) in reaction mixture solution. The reaction mixture was evaporated in
vacuum pump and further purified by column chromatography using silica gel with 15 percent ethyl acetate/petroleum
ether mixture to get the pure compound 13 white pure product.

(1,4-dimethyl-9-H-carbazol-3-yl)methanamine(13): Yield: 67 %. Pale red solid; mp:2212C. '"H NMR (DMSO0): §8.15 (d,1H)
,7.67 (s,1NH),7.3(m,2H), 7.12 (m, 1H), 6.68(s,1H),2.89(s,CHz2),2.59(s,CH3),2.46(s,CH3),HRMS (ESI-Q-TOF): CisH16N2[M + H]*

caled M/Z,224.1317, found M/Z 225.1390

2.5. General procedure for synthesis of (1,4-dimethyl-9-H-carbazol-3-yl)methanamine derivatives (14-17)

Compound 13 (0.89 mmol,0.2 g) and triethylamine (0.89 mmol ,0.1 ml) in DCM with a constant stirring at 0-5°C for 5
minutes, added acetic anhydride (0.89 mmol ,0.1 ml) or chloroacetyl chloride (0.89 mmol,0.12 ml) or propionyl chloride
(0.89 mmol ,0.12 ml) or 2-chloro ethyl isocyante(0.89 mmol ,0.12 ml ) was added drop wise gradually to this solution.
The reaction mixture stirred rt for 1h-12 h. After the solvent was evaporated to dryness and pure target compounds
(14-17) were obtained by 10-50% ethyl acetate/petroleum ether mixture using silica gel column chromatography in
80-90 % yield.

N((1,4-dimethyl-9-H-carbazol-3-yl)methyl)acetamide(14) Yield: 90%. White solid; mp:205 2C. tH NMR (CDCI3): §
8.14(d,1H),7.67(s,1NH),7.46(s,NH),7.42(1H,s),7.20(2H,d),6.9(s,1H),3.2(s,CH2),2.63(s,CHs),2.48(s,CHs),1.73(s,CH3).
HRMS(ESI-Q-TOF):C17H18N20 [M+H]* calcd m/z, 266.1427, found M/Z 267.1504.

2-chloro-N((1,4-dimethyl-9-H-carbazol-3-yl)methyl)acetamide(15): Yield: 80%. White solid; mp:270 2C. NMR (DMSO0): §
11.39(s,1NH), 8.12(d,1H), 7.52(d,1H), 7.38(s,1NH), 7.13(m,2H), 3.65(q,2H), 3.13(s,CHz), 2.51(s,CH3), 2.49(s,CH3). HRMS (ESI-Q-
TOF):C17H17CIN20 [M+H]* caled m/z,300.103, found m/z 301.1103.

3-chloro-N((1,4-dimethyl-9H-carbazol-3-yl)methyl)propanamide(16): Yield: 85%. White solid; mp:2512C.1HNMR
(CDCI3): §,8.15(d,1H), 7.67(s,1NH), 7.32(s,1H), 7.13(m,1H), 6.68(s,1H). 3.65(t,2H), 3.43(t, 2H), 3.12(s,CHz),2.50(s,CH3).

HRMS(ESI-Q-TOF):C1sH19CIN20 [M+H]* caled m/z 314.1193, found M/Z 315.1267.

2.6. General procedure for synthesis of (1,4-dimethyl-9-H-carbazol-3-yl) methanamine -piperazine
substituted derivatives (18-19)

Starting material: 2-chloro-N-(1,4-dimethyl-9-H-carbazol-3-yl)methyl)acetamide 15 (1.65 mmol, 0.5 g), the
appropriate methyl or ethyl piperazine(1.98 mmol) and dry K2COs3 (1.98 mmol, 0.3g) added in acetonitrile was refluxed
for 6 hours. The cooled mixture was filtered, evaporated and further purified by 10 % methanol/ chloroform via column
chromatography to gave pure target compound 12-13 in 60-70 % yield.

N((1,4-dimethyl-9-H-carbazol-3-yl)methyl)-2-(4-methylpiperazin-1-yl)acetamide (18): Yield: 65 %. White solid;
mp:310°C. 'H NMR (DMSO) 6:11.40(s,1NH),8.15(d,1H),7.59(d,1H),7.40(m,1H),7.30(m,1H),7.15(s,1H), 3.10(s,CHz),
2.46(s,CH3), 2.58(q, CHz), 2.32(m,8-CH2)0.936(t,CH3). HRMS (ESI-Q-TOF):.C22H28 N4 O [M+H]*calcd m/z 364.225 ,found
M/Z 365.2322.
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2.7. General procedure for synthesis of amides Series D compounds (22-24)

They were prepared the reaction of compound 13 with stoichiometric amount of 4-bromo benzoic acid or 4-methoxy
benzoic acid or 3,4,5 trimethoxy benzoic acid in DMF solvent added coupling reagent EDC. HCl (1-
3Dimethylaminopropyl)-3-ethylcarbodiimide) and 1-hydroxyl benzotriazole (HOBT), DIPEA were stirred at rt for 12 h
gave the corresponding 4-bromo-1,4 dimethyl carbazole benzamide (22), 4-methoxy 1,4 dimethyl carbazole benzamide
(23) and 3,4,5 trimethoxy 1,4 dimethyl carbazole benzamide (24) compounds respectively. The cooled mixture was
filtered, evaporated and further purified by 10 % methanol/ chloroform via column chromatography to give pure target

compound 14-16 in 70-75 % yield

N((1,4-dimethyl-9-H-Carbazol-3-yl)methyl)-4-bromobenzamide(22): Yield: 76 %. White solid; mp: 3152C. 1H
NMR (CDCI3): & 8.30 (s, NH),8.02 (d,1H),7.38 (m, 2H), 7.23(m,3H),6.87(s,1H), 6.67 (d ,2H), 3.87 (s,CH2), 2.59(s,CH3),
2.46 (s,CH3), HRMS (ESI-Q-TOF):. C22H19 BrN2z O [M + H]* calcd m/z, 390.07 found M/Z 391.2832
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Figure 2 Proton NMR spectra of 2-chloro-N((1,4-dimethyl-9-H-carbazol-3-yl)methyl) acetamide (15)

Table 1 In vitro anticancer activity of 1, 4-dimethyl-9-H-carbazol-3-yl) methanamine and its derivatives (13-24) against

U87 MG cell line using MTT assay

S.No. Linker(R) ICso(nM)
13 H 446

14 COCH3 >250

15 COCH2Cl 18.50

16 COCH2CH:(l 47

17 CONHCH2CH2Cl 75

18 Piperazine-1 (R = CH3) >250

19 Piperazine-2 (R = CH2CH3) >250
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20 Schiff base 1 (R = Br) 160
21 Schiff base 2 (R = OCH3) 175
22 Amide-1 (R1 =Rs=H, R2= OCH3) | >250
23 Amide-1 (R1=Rs=H, R2=Br) >250
24 Amide-1 (R1 = R3= R3 = OCH3) 180
TMZ | - 100
(BCNU) | -------m-mmmmmmmmee- 18.24

Compound 1,4-dimethyl-9-H-carbazol-3-yl)methanamine scaffold 13 showed poor ICso value 446 pM against human
glioma U87 cell line. However, compound 13 have with alkyl amine were substituted with Chloro acetyl group (15),
ethyl chloro acetyl group (16) and urea with 2-chloro ethyl group (17) showed potential in vitro cytotoxicity (ICso)
values 18.50 uM, 47 puM and 75 uM respectively. Compound N((1,4-dimethyl-9-H-carbazol-3-yl)methyl)acetamide (14)
showed no ICso value up to 250 pM. In series A three compounds (15-17) showed better in vitro cytotoxicity (ICso)
values 18.50 uM, 47 uM and 75 pM against U87 MG cell line compared to clinically approved alkylating drug TMZ (ICso=
100 uM). In series A, compound 2-chloro-N((1,4-dimethyl-9-H-carbazol-3-yl)methyl)acetamide (15) showed significant in
vitro cytotoxicity (ICso = 18.50 uM) comparable to standard drug BCNU (ICso =18.24 uM) against U87 MG cell line.
Compound 15 and 16 showed better in vitro cytotoxicity(ICso) value than compound 17 showed that urea with 2-chloro
ethyl group is not essential for potent in vitro anticancer activity (Table-1). Carbazole linked with substituted
piperazine also show loss of in vitro anticancer activity against U87MG cell line (>200 uM) (Table-1). In series B
compound 18 and 19 also found no in vitro cytotoxicity (ICso) value up to 250 uM respectively against U87 cell line. In
series C Schiff bases of compound 20 and 21 showed poor in vitro cytotoxicity (ICso) values 160 uM and 175 pM against
U87 cell line. In series D two compounds 22 and 23 showed no in vitro cytotoxicity (ICso) value up to 250 pM
concentration against human glioma U87 cell line. In series, compound 15 showed best in vitro cytotoxicity profile (ICso
=18.50 pM) better than Temozolomide (ICso = 100 pM) and equipotent to carmustine (ICso = 18.24 uM) respectively.

3. Conclusion

In summary, we have designed and synthesized 1,4-dimethyl-9-H-carbazol-3-yl)methanamine and its derivatives (14-
24). All target compounds (14-24) were well characterized by NMR and HRMS spectroscopy techniques. All final
compounds (14-24) were examined for in vitro anticancer activities (ICso) against U87 MG human glioma cell line using
MTT assay. In series compound 15 found better in vitro cytotoxicity(ICso = 18.50 uM) compare to standard drug
TMZ(ICso = 100 uM) respectively against human glioma U87 MG cell line. Further, two compounds based on carbazole
structure (16-17) also found excellent in vitro anticancer activity (ICso) values 47 pM and 75 pM respectively against
human glioma U87MG cell line. In series, some 1,4-dimethyl-9-H-carbazol-3-yl)methanamine derivatives did not show
IC50 value up to 250 pM against tested human glioma U87 MG cell line. Carbazole linked with piperazine
pharmacophore found no in vitro anticancer activity against U87MG cell line in our tested compound concentration (0-
250 pM) using MTT assay. Carbazole Schiff based derivatives also showed poor anticancer profile against U87 MG cell
line. The study of novel 1,4-dimethyl-9-H-carbazole derivatives found potential in vitro anticancer activities against
U87MG human glioma cell line. This research may be helpful to design and development of novel anti-glioma agents
based on 1,4-dimethyl-9-H-carbazol-3-yl)methanamine scaffold.

Compliance with ethical standards

Acknowledgments

Dr. Pratibha Metha Luthra is very thankful to DST, India (SR/SO/HS-40/2004) for project grant. Dr. Nitin Kumar (CSIR)
(9/45(1337)2014-EMR-1) and Dr Neetika Lal, are thankful to Council of Scientific and Industrial Research (CSIR) New
Delhi, India for fellowship. Dr. Vishal Nemaysh is thankful to U.G.C. for financial support. We are thankful to University
Instrumentation Facility (USIC) for providing tHNMR, and HRMS data through the central instrumental facilities.
Disclosure of conflict of interest

The authors confirm that this article content has no conflicts of interest.

1105



World Journal of Advanced Research and Reviews, 2023, 19(01), 1099-1108

References

Larjavaara S, Méntyla R, Salminen T, Haapasalo H, Raitanen ], Jadskeldinen ], Auvinen A. Incidence of gliomas by
anatomic location. Neuro-oncology. 2007 Jul 1;9(3):319-25.

Adamson C, Kanu 00, Mehta Al, Di C, Lin N, Mattox AK, Bigner DD. Glioblastoma multiforme: a review of where
we have been and where we are going. Expert opinion on investigational drugs. 2009 Aug 1;18(8):1061-83.

Luthra PM, Lal N. Prospective of curcumin, a pleiotropic signalling molecule from Curcuma longa in the treatment
of Glioblastoma. European journal of medicinal chemistry. 2016 Feb 15;109:23-35.

Kumar N, Lal N, Nemaysh V, Luthra PM. Design, synthesis, DNA binding studies and evaluation of anticancer
potential of novel substituted biscarbazole derivatives against human glioma U87 MG cell line. Bioorganic
Chemistry. 2020 Jul 1;100:103911.

Sever B, Ciftci H. Evaluation of anti-glioma effects of benzothiazoles as efficient apoptosis inducers and DNA
cleaving agents. Molecular and Cellular Biochemistry. 2023 May;478(5):1099-108.

Rampling R, James A, Papanastassiou V. The present and future management of malignant brain tumors: surgery,
radiotherapy, chemotherapy. Journal of Neurology, Neurosurgery & Psychiatry. 2004 Jun 1;75(suppl 2):ii24-30.

Luthra PM, Kumar N. Progress and Development of C-3, C-6, and N-9 Positions Substituted Carbazole Integrated
Molecular Hybrid Molecules as Potential Anticancer Agents. Mini Reviews in Medicinal Chemistry. 2021 Nov
1;21(19):2929-56.

Issa S, Prandina A, Bedel N, Rongved P, Yous S, Le Borgne M, Bouaziz Z. Carbazole scaffolds in cancer therapy: a
review from 2012 to 2018. Journal of enzyme inhibition and medicinal chemistry. 2019 Jan 1;34(1):1321-46.

Shukla S, Gupta S. Carbazole derivatives: an attractive scaffold in anticancer lead discovery. Cancer.;7(8):9-10.

Stone RM, Manley PW, Larson RA, Capdeville R. Midostaurin: its odyssey from discovery to approval for treating
acute myeloid leukemia and advanced systemic mastocytosis. Blood advances. 2018 Feb 27;2(4):444-53.

Dumat B, Bordeau G, Faurel-Paul E, Mahuteau-Betzer F, Saettel N, Bombled M, Metgé G, Charra F, Fiorini-
Debuisschert C, Teulade-Fichou MP. N-phenyl-carbazole-based two-photon fluorescent probes: strong sequence
dependence of the duplex vs quadruplex selectivity. Biochimie. 2011 Aug 1;93(8):1209-18.

Kumar N, Kumar R, Nemaysh V, Lal N, Luthra PM. Bis ((1, 4-dimethyl-9 H-carbazol-3-yl) methyl) amine-mediated
anticancer effect triggered by sequence-specific cleavage of DNA leading to programmed cell death in the human
U87 cell line. RSC advances. 2016;6(72):67925-40.

Bajaj YP. Medicinal and aromatic plants 1. Springer Science & Business Media; 2012 Dec 6.

Caruso A, Barbarossa A, Carocci A, Salzano G, Sinicropi MS, Saturnino C. Carbazole derivatives as STAT inhibitors:
An overview. Applied Sciences. 2021 Jul 3;11(13):6192.

Saturnino C, Grande F, Aquaro S, Caruso A, Iacopetta D, Bonomo MG, Longo P, Schols D, Sinicropi MS. Chloro-1, 4-
dimethyl-9 H-carbazole derivatives displaying anti-HIV activity. Molecules. 2018 Jan 30;23(2):286.

lacopetta D, Rosano C, Puoci F, Parisi OI, Saturnino C, Caruso A, Longo P, Ceramella ], Malzert-Fréon A, Dallemagne
P, Rault S. Multifaceted properties of 1, 4-dimethylcarbazoles: Focus on trimethoxybenzamide and
trimethoxyphenylurea derivatives as novel human topoisomerase II inhibitors. European Journal of
Pharmaceutical Sciences. 2017 Jan 1;96:263-72.

Verma V, Sharma S, Gaur K, Kumar N. Role of vinca alkaloids and their derivatives in cancer therapy. World
Journal of Advanced Research and Reviews. 2022;16(3):794-800.

Kumar N, Kumar V, Chowdhary Y. A review on synthesis methods of tricyclic 1, 2, 3, 4-tetrahydrocarbazoles.
World Journal of Advanced Research and Reviews. 2022;13(1):160-71.

Stiborova M, Poljakova ], Martinkova E, Borek-Dohalska L, Eckschlager T, Kizek R, Frei E. Ellipticine cytotoxicity
to cancer cell lines-a comparative study. Interdisciplinary toxicology. 2011 Jun 1;4(2):98-105.

Jiang P, Mukthavavam R, Chao Y, Bharati IS, Fogal V, Pastorino S, Cong X, Nomura N, Gallagher M, Abbasi T, Vali
S. Novel anti-glioblastoma agents and therapeutic combinations identified from a collection of FDA approved
drugs. Journal of translational medicine. 2014 Dec;12(1):1-3.

1106



World Journal of Advanced Research and Reviews, 2023, 19(01), 1099-1108

Samanta SK, Dutta D, Roy S, Bhattacharya K, Sarkar S, Dasgupta AK, Pal BC, Mandal C, Mandal C. Mahanine, a DNA
minor groove binding agent exerts cellular cytotoxicity with involvement of C-7-OH and- NH functional groups.
Journal of medicinal chemistry. 2013 Jul 25;56(14):5709-21.

Kumar N, Singh KK, Luthra PM. A review on anticancer potential of some pyranocarbazole alkaloids and its
derivatives Int.]. of Adv. Res. 2021 Jun;9:874-83.

Hu L, Li ZR, Li Y, Qu ], Ling YH, Jiang JD, Boykin DW. Synthesis and structure activity relationships of carbazole
sulfonamides as a novel class of antimitotic agents against solid tumors. Journal of medicinal chemistry. 2006 Oct
19;49(21):6273-82.

Tron GC, Pirali T, Sorba G, Pagliai F, Busacca S, Genazzani AA. Medicinal chemistry of combretastatin A4: present
and future directions. Journal of medicinal chemistry. 2006 Jun 1;49(11):3033-44.

Diaz P, Horne E, Xu C, Hamel E, Wagenbach M, Petrov RR, Uhlenbruck B, Haas B, Hothi P, Wordeman L, Gussio R.
Modified carbazoles destabilize microtubules and kill glioblastoma multiform cells. European journal of
medicinal chemistry. 2018 Nov 5;159:74-89.

Kumar N, Nemaysh V, Luthra PM. Synthesis and anticancer activity evaluation of substituted carbazole bearing
thiosemicarbazide derivatives against human glioma U87 MG cell line. World Journal of Advanced Research and
Reviews. 2022;16(3):884-92.

Sansom C. Temozolomide--Birth of a blockbuster-The history of anti-cancer drug temozolomide can be traced
back over 30 years--And it all started with some novel nitrogen chemistry. Chemistry World. 2009;6(7):48.

Lee SY. Temozolomide resistance in glioblastoma multiforme. Genes & diseases. 2016 Sep 1;3(3):198-210.

Lin SH, Kleinberg LR. Carmustine wafers: localized delivery of chemotherapeutic agents in CNS malignancies.
Expert review of anticancer therapy. 2008 Mar 1;8(3):343-59.

Kidwai M, Jain A, Nemaysh V, Kumar R, Luthra PM. Efficient entry to diversely functionalized spirooxindoles from
isatin and their biological activity. Medicinal Chemistry Research. 2013 Jun;22:2717-23.

Kanzawa T, Germano IM, Kondo Y, Ito H, Kyo S, Kondo S. Inhibition of telomerase activity in malignant glioma
cells correlates with their sensitivity to temozolomide. British journal of cancer. 2003 Sep;89(5):922-9.

Zhang ], FG Stevens M, D Bradshaw T. Temozolomide: mechanisms of action, repair and resistance. Current
molecular pharmacology. 2012 Jan 1;5(1):102-14.

Serrone L, Zeuli M, Sega FM, Cognetti F. Dacarbazine-based chemotherapy for metastatic melanoma: thirty-year
experience overview. Journal of experimental & clinical cancer research: CR. 2000 Mar 1;19(1):21-34.

Kumar N, Bansal S, Kashyap, S, Kunal. Noncovalent DNA binding interaction of small molecules by various
biophysical Techniques and computational approach. World Journal of Pharmaceutical Research, 2020, 9(12),
736-747 https://wjpr.s3.ap-south-1.amazonaws.com

Listro R, Rossino G, Piaggi F, Sonekan FF, Rossi D, Linciano P, Collina S. Urea-based anticancer agents. Exploring
100-years of research with an eye to the future. Frontiers in Chemistry. 2022 Sep 15;10:995351.

Gluszyniska A. Biological potential of carbazole derivatives. European journal of medicinal chemistry. 2015 Apr
13;94:405-26.

Kumar N, Gupta P, Bansal S. Progress and development of carbazole scaffold based as potential anti-alzheimer
agents using MTDL approach. Letters in Drug Design & Discovery. 2022 Dec 1;19(12):1049-67.

Kumar Nitin, Sharma Shalini and Nirmal Puneet, A Review of In vitro Antimicrobial Activities of Carbazole and
its Derivative From 2014 to 2022, Anti-Infective Agents 2023; 21(): e070623217768. https://dx.doi.org/
10.2174/2211352521666230607154145

Woodward RB, lacobucci GA, Hochstein IA. The synthesis of ellipticine. Journal of the American Chemical Society.
1959 Aug;81(16):4434-5.

Dalton LK, Demerac S, Elmes BC, Loder JW, Swan JM, Teitei T. Synthesis of the tumour-inhibitory alkaloids,
ellipticine, 9-methoxyellipticine, and related pyrido [4, 3-b] carbazoles. Australian Journal of Chemistry.
1967;20(12):2715-27.

Smith DR, Maienthal M, Tipton ]. Reduction of oximes with lithium aluminum hydride. The Journal of Organic
Chemistry. 1952 Feb;17(2):294-7.

1107


https://www.eurekaselect.com/article/132383
https://dx.doi.org/%2010.2174/2211352521666230607154145
https://dx.doi.org/%2010.2174/2211352521666230607154145

[42]

[43]

[44]

World Journal of Advanced Research and Reviews, 2023, 19(01), 1099-1108

Gaudreault RC, Lacroix ], Pagé M, Joly LP. 1-Aryl-3-(2-chloroethyl) ureas: synthesis and in vitro assay as potential
anticancer agents. Journal of pharmaceutical sciences. 1988 Feb 1;77(2):185-7.

Agrawal S, Kumari R, Sophronea T, Kumari N, Luthra PM. Design and synthesis of benzo [d] thiazol-2-yl-methyl-
4-(substituted)-piperazine-1-carbothioamide as novel neuronal nitric oxide inhibitors and evaluation of their
neuroprotecting effect in 6-OHDA-induced unilateral lesioned rat model of Parkinson's disease. Biomedicine &
Pharmacotherapy. 2022 Dec 1;156:113838.

Lal N, Nemaysh V, Luthra PM. Proteasome mediated degradation of CDC25C and Cyclin B1 in
Demethoxycurcumin treated human glioma U87 MG cells to trigger G2/M cell cycle arrest. Toxicology and
Applied Pharmacology. 2018 Oct 1;356:76-89.

1108



