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ARTICLE INFO ABSTRACT

Articie history: Optically pure ic pair wiz. fe functionalized chiral tertiary amines $5{-)1 and KR{+)2
Received 15 May 2021 hnvebeens;nt}usmdhomhxmﬁmdwhmnebpmbedumﬂmoedchmhqmdﬁ\erdoxpo&mdon
Received in revised form 23 June 2021 their anti-proliferative activity. Compounds were characterized by microanalysis, HPLC, 'H, C NMR, UV-
AcGephi 10 Jeky 202} visible, fluorescence, FTIR, thermogravi and crystallographic techniques. The single crystal X-ray diffrac-

tion (SCXRD) study revealed that the molecules of 1 holding b.s <hirality at be'\zybccurbons forms a fascinating
Keywords: M-helix while 2 holding R,R-chirality at benzylic carbons forms Pohelix by involving intra- and intermolecular H-
Chinlly: . ) banding interactions as verified by Hirshfeld surface analysis. Chirality-related influence was observed on the
B0 @ lerdasy antiproliferative activity of enantiomeric pair and at the supramolecular level. For instance, enantiomer K,R-
Molecslar docking (+}-2is found to be highly active against all the investigated human carcinoma cell lines MCF 7, [MR 32, Hep(G2,

DFT and immortal L132 cell lines. In particular, R R-( +)-2 exhibited more than 10 folds better antiproliferation (IC

Flexcteochemistry o0 6.35 +0.19 pM) than other enantiomer 5,5-(-)-1 (ICs: 65.96 + .12 pM) and four folds better activity than

Chiral trrtiery smises highly successful anticancer drug, cisplatin (ICso: 24.3 * 1.7 pM) against Hep G2 cell line. The electrochemical,

SCXRD DFT calculations and molecular docking study have been performed to justify the experimental outcomes.
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1. Iotroduction than ito enantiomer containing the hgﬂm‘l (S, S)eyclohexane-1, 2-
diamine [7]. There haz been zignifi in the h on chi-

mp do for anti pplication [3]. A f

mpounds have besn emerged az a novel cla of anti-

The interest in developing novel organic.[1] inorganic [2] and  ral
< stallic [3] compounds: az anti has been continued

’bnaed

b has b the accond leading cansiéaf death globally
and this burden continues to increase day by day. An estimated 9.6 mil-

m&ug.Touhmbemmedxundmu biclogically rele-
vmchmmhaupemagmmcmahavebeenmedmdxdlyn—

lion death hvebeen d “duem in the year 2013 [4]. Thiz hed into the dienyl ring of f [9] which may offer
has dagr de-velopugehnulmgml-bned&mga dntaluyx.mothemoleeqﬂe[lm Forinstance, Kater et al. have reported
mﬁxdtﬂr\mquempauuandpmad Jectivity ] ? ically pure fi ino acid derivative chowing a pro-
acide and protein based chiral biomolecules [5). Chirality haz b d anti activity against leukemia and lymphoma cancer

an important tool in modern drug development becauze one of the
enantiomers may be beneficial, while the other may be harmful and
thus their therapeutic actvity can differ severely in term: of toxicity
and pharmacokinetics [6]. For instance, aPt(ll)mmophzucdmgm

cell linez, which has ome multiple drug recistance [11].

, we have d the scope of a new series of analogous achi-
ral tertiary amines for apoptotic potentialz againat various human can-
cer cell lines in low M concentration [9a]. The apoptotic regulatory in-

n 1

clinical use “oxaliplatin™ contunsthechmd' d (R, R}
1.2-diamine chowsd more biological acti and“ ieal ivity
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th of various gubstituents of amidic nirogen in these compoundz
on TNPa inhibition dizclozes an optimal substitution of N-benzyl group
[9al. Armukablewmmmuacnn!yofanalomadmnl
tertiary amines holding benzyl substituted amidi 1

agedmmmymfunhermnnalmnd:ﬁmmbymﬁo&xmgch-
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1 | INTRODUCTION

| Vinay K. Singh® ©

The present report describes a new series of amide functionalized 2% and
P-aminomethylferrocene derived fram ferrocenylmethylamine. The com-
pounds 13-5a and 1b-5b were characterized by microanalysic, 'H, ®C NMR,
UV-visible, fluorescence, FTIR, thermogravimetric and crystallographic tech-
nigues The X-ray analysis demonstrated the ability of these molecules to form
various intermolecular hydrogen bonding interactions, as verified by Hirshfeld
surface analysis. All the compounds were evaluated againg MCF 7, IMR
32, HepG2 and immartal L132 cell lines by MTT assay and the results were
compared with cisplatin. Interestingly, many compounds were very active
against all the investigated cell lines and proved to be more potent as cytotoxic
agents than cisplatin. The western blot, gene expression, mitochondrial mem-
brane potential and flow cytometry study were used to investigate the mode of
action of these derivatives as antitumor agents. The results showed apoptotic
property of the compounds by modulating inflammatory pathway against
human tumor cells of different arigin. We performed the density functional
theary calculations and molecular docking to rationalize the experimental
results.

KEYWORDS
amide funcsiona lized 2% and 3%aminom eth i ferrocene, anticancer, apoptosis, molecular
docking X-uy difiraction

fragmentation is crucial for the discovery and develop-
ment of novel anticancer agents ™! It has been reported

The interest in the fermcene'” and its new derivatives
has been continued due to their myriad of technological
applications. The intrigning redox properties of
ferrocenes led to applications in  coordination
chemistry? inorganic materak!” mdlecular wires,
sensors,®) macrocages!? clusgters growth, !, catalysis™!
and in medicinal research ' Particularly, the develop-
ment of new malecules that induce apoptosis and DNA

that ferrocene involves in the genemation of reactive
oxygen species (ROS) within the celk, improvement of
biclogical activity, overcome resistance barriers, lipo-
philic character, redox activity and enabling easier pas-
sage through cell membranes."™ Despite the nontxic
nature of ferrocene, its stability in aqueous and aerobic
media, many fermoenyl derivatives exhibit significant
anticancer, antibacterial, antiparasi tic, antifungal and
other Hological activities!™] Particularly, Jaouen et al

Dedicated to Prof PradespMahur, IT Bombay, on the cccasion of has developed more efficient ferrocifen type anticancer
his 65th Rnhday agents as analogues of the tamoxifen with innovative
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