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Abstract

Evasion of apoptosis is a hallmark of cancer. @ssg; the key executors of apoptotic
cascade are attractive targets for selective ingluaf apoptosis in cancer cells. Within this
approach, various caspase activators were intradasdead anticancer agents. In the current
study, a new series of multifunctional Passerimdpicts was synthesized and evaluated as
potent caspase-dependent apoptotic inducers. Titbedic strategy adopted this isocyanide-
based multicomponent reaction to possibly mimicgharmacophoric features of various lead
apoptotic inducers, where a seriesugdcyloxy carboxamides was prepared frpmitrophenyl
isonitrile, cyclohexanone and various carboxyliedac Accordingly, the main amide-based
scaffold was decorated by substituents with varyiature and size to gain more information
about structure-activity relationship. All the dyaesized compounds were screened for cyto-
toxicity against normal human fibroblasts and tlpaitential anticancer activities against three
human cancer cell lines; MCF-7 (breast), NFS-60€lmig leukemia), and HepG-2 (liver)
utilizing MTT assay. Among the most active compaairic, 21 and 22 were more potent and
safer than doxorubicin with nanomolar s§Cvalues and promising selectivity indices
Mechanistically,13, 21 and 22 induced apoptosis by significant caspase actinatioall the
screened cancer cell lines utilizing flow cytometinalysis and caspase 3/7 activation assay.
Again, 13 and 21 recorded higher activation percentages than ddwarny while 22 showed
comparable results. Apoptosis-inducing factorl (Allguantification assay declared tis&

21 and 22 didn’t mediate apoptosis through AlF1l-dependerihway (i.e. only by caspase
activation). Physicochemical properties, pharmavetikc profiles, ligand efficiency metrics
and drug-likeness data of all the synthesized camg® were computationally predicted and
showed thatl3, 21 and 22 could be considered as drug-like candidates. Binaklected
compounds were preliminarily screened for possipligmicrobial activities searching for dual
anticancer/antimicrobial agents as an advantagamu®ach for cancer therapy.

Keywords: Passerini; caspase 3/7 activator; anticancer;taponducer
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1. Introduction

In 2017, the World Health Organization passed #sslution ‘Cancer Prevention and
Control through an Integrated Approach&cognizing cancer as a leading cause of morbidity
globally, accounting for about 9.6 million deathsits up-to-date statistics [1]. The estimated
annual number of new cancer cases projected teaserfrom 14.1 million in 2012 to 21.6
million by 2030 [2]. In recognition of the burdeg®ed by cancer as a growing public health
problem, extensive studies have been conductealvesiigate various cancer mechanisms [3]
and possible treatment strategies [4]. Within taistext, abnormal apoptosis is considered as a
hallmark in carcinogenesis and a popular targehafy anticancer agents [5/poptosis is
the normal programmed cell death process that agenuse to maintain tissue homeostasis
[7]. The mechanism underlying apoptosis is essintantrolled by a cascade of initiator and
effector caspases that are sequentially activa@Gakpases are a family of cysteinyl-aspartate-
specific proteases that cleave an aspartic acidue$rom their respective peptide substrates in
the presence of a histidine residue [8[9]is property irreversibly leads to cell death. Amgo
these caspases, caspases-3 and -7 are believedhe key effectors of the apoptotic pathway
whose activities are critical for the executionapbptosis [10-12]. It is worth mentioning that
in addition to the classical caspase-dependenttapigpcells can undergo caspase-independent
apoptosis by releasing the apoptosis-inducing faatalF1), which translocates to the nucleus
for disrupting the nuclear chromatin [13].

Along these lines, apoptotic caspases are camsides attractive targets for selective
induction of apoptosis in cancer cells [14]. Litewra survey revealed various anticancer lead
compounds that efficiently trigger apoptosis byeat#nt caspase-mediated mechanisms [15]. A
series of substitutedll-(2-nitrophenyl)nicotinamides$ (Fig.1) has been evaluated as potent
inducers of apoptosis utilizing HTS caspase-basshya[16]. Interestingly, a mammalian
protein called secondary mitochondria-derived attiv of caspasdbat triggers apoptosis was
identified. This endogenous protein abrogates mingitory effects on caspases thus induces
caspase-dependent apoptosis [17,18]. Dedpmte impressive studies, most of the therapeutic
applications of this peptide were hampered by éptide characteristics, such as proteolytic
instability. A tetrapeptide motif of the secondamtochondria-derived activator of caspases
was then envisioned as a good lead for designipgidmmimetic compounds as apoptotic
inducers in a similar fashion. Towards this apphpag series of capped tripeptides was
synthesized to reduce the peptide character ofetlek and improve its binding affinity [19].
Pioneering research has led to various small-mtdeemalogues as efficient apoptotic
inducers, and some have shown promising preclinaglvity [20,21]. Most recently,
optimized fragment-derived nonpeptidomimetic clalicandidates based on amide core
were synthesized and evaluated as potential apopitoducers [22]. The optimization
strategy identified the amide core as an esseptidl of the molecule that should not be
changed.

Taking all together, the current stadys at the design and synthesis of amide-based
multifunctional caspase-dependent apoptotic induge(Fig. 1) via Passerini reaction. The
designed compounds were based on the essentiak aoré. The substitution pattern was
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rationalized to mimic the structural features afdecompoundsl{V ) (Fig. 1). To gain more
information about the structure-activity relatiomshvarious lipophilic and hydrophilic
moieties were introduced to the basic scaffold. di@ls this goal, our design strategy utilized
Passerini multicomponent reaction [23] as a rapid &cial method to generate various
substituted amide-based compounds. As our mairettatgmpounds, differené-acyloxy
carboxamides were designed and synthesiiedPasserini reaction utilizing combinations of
various aliphatic and aromatic carboxylic acids;lalgexanone, ang-nitrophenyl isocyanide
in one-pot reaction protocol. It is worth mentiagithat Passerini multicomponent reactions
involving p-nitrophenyl isocyanid8& [24] are rare due to the presence of a nitro gieLIpR),
which deactivates the isonitrile nucleophilicityetdin, we report new efficient optimized
conditions to carry out Passerini reactions invaivp-nitrophenyl isocyanide. Furthermore,
investigations of such reactions utilizing differéralogenated acids or ninhydrin afforded new
unexpected products.

All the newly synthesized target compoundgFig. 1) were screened for cytotoxicity
against normal human fibroblasts and their poteatiéicancer activities against three human
cancer cell lines; MCF-7 (breast), NFS-60 (myell@dkemia), and HepG-2 (liver) utilizing
MTT assay [25]. Hence, their respective selectiintices against the screened cell lines were
calculated to assess their efficacy and safetyilpsof Compounds exhibiting the most
promising anticancer activities were evaluated aspase-dependent apoptotic inducers
utilizing the flow cytometric analysis and casp&sé activation assay. In addition, possible
caspase-independent apoptotic pathway through ANk investigated utilizing AIF1
quantification assay. Furthermore, the tested cam@® were preliminarily screened for
possible antimicrobial activities searching for gibe dual anticancer/antimicrobial agents.
This desirable dual activity is now viewed as awaaageous approach for cancer therapy
[26]. Finally, physicochemical properties, pharnianetic profiles, ligand efficiency metrics
and drug-likeness data of the tested compounds seengutationally predicted as a useful tool
for selecting and optimizing lead compounds.
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2. Results and Discussion
2.1. Chemistry

Multicomponent reactions are reported edficient synthetic methods to construct
polyfunctional molecules with high diversity and ngolexity during few steps. Among
isocyanide-based multicomponent reactions (IMCRg-pot combinations of carboxylic acid,
ketone and isocyanide were discovered by Passeriri21 affordingr-acyloxy carboxamides
[23]. Herein, our strategy involved utilizingnitrophenyl isocyanid8, which was synthesized
by formylation ofp-nitroaniline 1 with formic acid in presence of iodine as a cathtp give
N-formyl-p-nitroaniline 2 [27] followed by dehydratiomsing POG)/ EtsN [28] to afford3 in
good yield(Scheme 1)IR of 3 showed the characteristic strong isocyanide bagd 27 cni-
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Reaction conditions: i. HCOOH, |5, Reflux (8 hrs), 86 %;
ii. TEA, DCM/CHCI3 (2:1), POCI3 0 °C to Reflux (15 min.), 79 %

Scheme 1Synthesis op-nitrophenyl isonitrile3

Optimization of Passerini reaction conditions3ofvith cyclohexanone! [29] and o-
nitrobenzoic acid5i was accomplished utilizing method A (Reflux in tope of 2,2,2
trifluoroethanol (TFE) and ethanol co-solvent (1:1Jr method B (stirring in excess
cyclohexanone at room temperatur@upplementary datg. Passerini reaction in other
solvents such as DCM, THF, Benzene, Toluene,téadOH didn’t afford the corresponding
a-acyloxy carboxamide product in the reported timd gemperaturesgpplementary datg.
Regarding method A, the efficiency of TFE/EtOH maiet may be due to combining both, the
acidic properties of TFE and the ability to effeely solvate the reaction mixture by EtOH. It is
worth mentioning that TFE is a very useful solventsynthetic chemistry as it possesses an
interesting set of properties compared with ethaliols more acidic (§,12.5) than ethanol
(pKa 16.0) and has lower nucleophilicity due to theteten-withdrawing effect of the three fluorine
atoms [30].

In Scheme 2 a-acyloxy carboxamide derivative®17 were preparedria Passerini
reaction of3, 4 and miscellaneous carboxylic aciis-| incorporating electron withdrawing (-
CF;, -Cl, -Br, -1, -NQ) or electron donating groups (-gHOCH;) utilizing method A.
Passerini reaction utilizing method A didn't affotlte expected big-acyloxy carboxamides
derivatives in case of phthalic ackj with 3 and 4. Instead, it afforded ethy]1-[(4-
nitrophenyl)carbamojtyclohexyl phthalatel5. This may be attributed to the planarity of
phenyl ring preventing the second Passerini readatiee to steric hindrance. The structures of
compounds-17 were established on the basis of their spectral. 4d NMR spectra 06-17
showed NH signalsdf: 10.1 - 10.6 ppm) and cyclohexylidene protodis (L.2-2.6 ppm) at
their expected chemical shifts. The characteristiass olefinic protons of the cinnamate
derivative16 appeared aiy: 7.68 and 6.72 ppm withcoupling= 15.5 Hz."*C NMR spectra
of this series also showed the expected amido-€st€ groups in the range 6¢: 163.0 to
172.0 ppm. The characteristic cyclohexylidene carfo=C-C-O) signals appeared in the
range oféc: 81.0 to 84.5 ppm, while other carbons of the @lyekyl moiety appeared as three
signals ranging frondc: 20.9 to 32 ppm™*C NMR spectrum ofL.2 showedthe characteristic
C-l atoc: 94.7 ppm.
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Scheme 2Synthesis of compoundsl7 via Passerini reaction by method A.

Method A wasn’'t convenient in case of the utilizaliphatic acids, mandelic acid,
phenylacetic acid, and aspirin where all trials tedhydrolysis of3 to 1. However, such
Passerini reactions carried out by method B [31ltewexcellent regarding yield and time
(Scheme 3. The obtainedi-acyloxy carboxamide derivativds8-24 were confirmed based on
spectral data'H NMR spectra of this series showed NH signals irapfrom &: 10.0 to 10.3
ppm. Protons of cyclohexylidene moiety also appearehe expected rang& 1.2-2.3 ppm).
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13C NMR spectra showed signals ranging frég 161.0 to 173.0 ppm corresponding to the
two amido-ester C=0 groups. Cyclohyxylidene carb@sC-C-O) appeared at the expected
range §c: 80.0-82.0 ppm). In addition, carbons of the ckeloyl moiety appeared as three
signals ranging fronic: 20 to 32 ppm.

Literature review revealed that synthesis of tiacyloxy carboxamides could be
accomplished involving succinic acid [32]. Herethe target bisx-acyloxy carboxamid4
was synthesized by stirring a mixture of succir@®s, 3, and4 utilizing methodB. It was
proposed that the free rotation of the C-C bontheftwo methylene groups may enhance the
flexibility to overcome the steric hindrance aroutiet -COOH. EI-MS of24 showedm/z
[M] "= 610.47 (Calcd. $10.22).

- 19
N
HOOCR ~————» o
02N OZN

18-24

R=m: H, n: CHs;, o: Et,
5p: mandelic, 5q: phenylacetic, 5r: aspirin, 5s: succinic acid

Reaction conditions (Method B): i. excess 4, rt (24 hrs).
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21 (75%) 22 (69%) 23 (80%)

Qk@w%@

24 (72%)

Scheme 3Synthesis of compounds$-24via Passerini reactiony method B.



Interestingly Passerini reactions utilizing trihaloacetic acifScheme 4) gave
unexpected products, where trifluoroacetic acid AJFafforded 1-hydroxyN-(4-
nitrophenyl)cyclohexanecarboxami@8b in a good vyield. It was proposed that the expected
inseparable Passerini prod@8a was completely hydrolyzed [33]. The structure26b was
confirmed by'H NMR, where NH and OH protons appearedsat 10.28 and 5.58 ppm,
respectively. In addition, it$*C NMR spectrum showed signals &t 177.1 and 74.0 ppm
corresponding to amide carbonyl and tertiary altchdoons, respectively. On the other hand,
reaction of trichloroacetic acid (TCA) with and3 proceeded in different manner, where the
Passerini  product;  [(4-nitrophenyl)carbamojdyclohexyl-2,2,2-trichloroacetate 26a
tautomerized to the imindk6b. Then internal nucleophilic attack of nitrogen raton the
trichloro acetyl group led to release of the -€@hd subsequent cyclization to afford the
unexpected spiro compound; 3-(4-nitrophenyl)-1-8xazaspiro[4.5]decane-2,4-dion@6¢
[34] (Scheme 4) The structure o26cwas confirmed byH NMR, where the aromatic protons
appeared as two doubletséat 8.39 and 7.81 ppm. In addition, the signals gpoading to
the cyclohexylidene protons appeared as expeéted2(1-1.30 ppm)**C NMR showed the
characteristic spiro C signal &: 85.1 ppm and the oxazolinedione ring C=0 group$ 5
d¢c: 173.7 and 152.5 ppm.

NO, H
H N
Y | e e T
o 0N o O,N
NC

L § 25b (79%)

04 ] xe

0
T oo || fo a0
O.N =0

N
26a 26b 26¢ (86%)

Reaction conditions: i. TFA, rt; ii. TCA, rt (24 hrs).
Scheme 4 Synthesis oR6cand25b via Passerini reaction & 4 and trihaloacetic acids.

Furthermore, Passerini reaction3Wwith different carbonyl compounds was studied by
method A. The reaction & with dimedone27 and5i didn’t afford the expected Passerini
product. Instead, this reaction led to acidic hjydig of 3 to the corresponding amirde which
condensed with dimedone to form imi@8 that tautomerized t@9 then to the more stable



isomera, B-unsaturated keton®0 [36]. Trials utilizing other carboxylic acids al$ed to the
same resul{Scheme 5).

NC
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27 NO,
1
28 O 29 OH
5i
H
o
O,N
o
30 (81%)

Reaction conditions: i. TFE/EtOH, Reflux (3 days).

Scheme 50ne-pot reaction & with dimedone an8i.

Moreover, Passerini reactions3®and ninhydrin31 utilizing p-trifluoromethyl benzoic
acid 5a afforded the expected Passerini prod@2{37] (Scheme 6) The structure 082 was
confirmed by'H NMR that showed NH a4 11.42 ppm and aromatic protons at 8.42-7.90
ppm.**C NMR spectrum 082 showed the characteristic indanedionéGmtdc: 84.7 ppm as
well as the C=0 groups a¢: 190.7 (Z=0), 163.2 (NHE=0), and 161.5 ppm (@=0).

NO
(0] (0] o) o 2
HO OH .
: N

31 - -

OH
NC HooC
o T "°
O,N CF,4 CF,
3 5a 32 (46%)

Reaction conditions: i. TFE/EtOH, Reflux (3 hrs).

Scheme 6 Synthesis 082 by Passerini reaction 8fwith Ninhydrin31 and5a

On the other hand, boiling a mixture of cinnami@édsk, 3 and ninhydrin in TFE/EtOH (1:1)
gave an inseparable mixture of products. Meanwlsiliering the reaction mixture at room
temperature for 16 h led to the unexpected ethgketal34 in good yield. Replacing EtOH
with MeOH afforded the corresponding methyl azakat Explanation of this reaction may
be illustrated by hydrolysis @ to the corresponding amirfe which condensed witB1 to
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give the imine33. The planarity o83 was proposed to support the addition of EtOH oOHe
to the iminer bond to give the novel azaket& and35, respectively in good yieldS¢heme
7). This proposed mechanism was confirmed by regdtidirectly with 31 and5k in ethanol
under the same conditions to afford the same pta8#jcwhich was confirmed biH NMR
showing DO exchangeable NH signal &t 8.01 ppm, in addition to the characteristic ethyl
protons as quartets{; 3.74 ppm) and tripletd(: 1.09 ppm)3C NMR spectrum of34
showed 22=0 and NHE-CO atéc: 193.1 ppm and 82.7 ppm, respectively. Comp@haas
confirmed by*H NMR showing DO exchangeable NH signal &t 8.03 ppm, in addition to
the methyl protons a&i;: 3.42 ppm.

o NC NH, 0
HOOC .
OH , ~ ' HO
+ — HO
OH
o) NO, NO, ©
31 1 31

5k 3

R _ _
O.N | Q o)
L |
VN
N OQN@N
H /’
0 .4 o)
34: R=Et (70%) ROH

35: R = Me (68%) L .
33

Reaction conditions: i. TFE/ROH, rt (1 day).

Scheme 7 One-pot reaction d with ninhydrin31 and5k.

2.2. Biological evaluation
2.2.1. Cytotoxicity screening

All the newly synthesized compounds were evaludtedtheir cytotoxic effects on
three human cancer cell lines (MCF-7, NFS-60, H@p@nd normal human lung fibroblasts
(Wi-38) compared to the standard anticancer drugoddicin utilizing microculture MTT
method [25,38,39]Table 1). Most of the screened compounds showed promeiigancer
activities against the tested cell lines, especi8MICF-7 (breast cancer). The most potent
anticancer activities against MCF-7 cell line weséhibited by compounds, 13, 21, 22and
26¢ with single-digit nanomolar 1§ values. Hence, these compounds were 2-4 folds more
active than doxorubicirCompounds3, 14, 20and23 were also more potent than doxorubicin
against MCF-#vith ICspvalues in the range of 0.0141-0.0184. 1Cso values of compounds
6 and 35 were comparable to that of doxorubicin, while oteereened compounds were less
active against MCF-7. Regarding NFS{&@yeloid leukemiagell line, compound43, 20, 21,
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22 and 26¢c were more potent than doxorubicin with single-digganomolar 1G, values. In
addition, two other compound8 &nd23) showed slightly higher activities (4¢= 0.0103 and
0.0113uM, respectively) in comparison to the referencem@ounds6, 14, and 34 showed
moderate anticancer activities ranging from 0.088.0278uM, while the remainders were
less active. The antitumor activities of the testedhpounds against HepG-2 (liver cancer)
revealed two promising compoundXl @nd26¢ with single-digit nanomolar 1§ values, thus
more potent than doxorubicin. In addition, compaiid@ and 22 exhibited comparable
anticancer activities to the reference. Other caimpls were less active.

Interestingly, results showed that the tested aamgs exerted remarkable high safety
profiles on normal human lung fibroblasts withsd@alues ranging from 0.032 to 1.9G6#,
therefore less toxic than doxorubicin {4€ 0.0266uM). Compound<5b and32 recorded the
highest 1Go values (1.221 and 1.9¢4M, respectively). MoreoveE C,00(The concentration of
the test compound that allows 100% cell viabilig)ues [39] of all the test compounds were
higher than doxorubicin, except for compouid4d 1, 14and26¢

While the potency of the screened compounds isn@ortant consideration, assessing
their selectivity towards cancer cells is key te tieal evaluation of both effectiveness and
safety [40]. Such a measure of the drug candidaectvity towards cancer cells rather than
normal cells is known as selectivity index (Sl)idtthe ratio between the compound,d©n
normal cells and its I§ on cancer cells. Generally, a drug with>3l is considered highly
selective [41]. Accordingly, the tested compound=revevaluated based on their selectivity
index (SI) values. Herein, all the tested compoumndse more selective than doxorubicin
against MCF-7 cell lines, except compourg]slo, 12, 15, 16, 17, 18nd 30. Furthermore,
compoundss, 8, 13, 21, 22, 23, 26and 32 showed higher selectivity index values than the
reference againsNFS-60 and HepG-2 cell lines. Interestingly, commisi8, 13 and 21
showed the highest selectivity profiles in compamisvith other investigated compounds and
doxorubicin against all the screened cancer ce#sli Compound$, 22, 26cand 32 also
showed promising Sl values against the three cazedetines. Compoun@0 showed high Si
(6.968) against NFS-60 cell line as well as moaefit (3.163) against MCF-7 and lacked
selectivity against HepG-2 cells. Moreover, compbumwas selective against MCF-7 without
considerable selectivity against NFS-60 and Hep@lc
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Table 1:In vitro cytotoxic activities and selectivity index value$Sl) of the tested

compounds
cod Wi-38 MCF-7 NFS-60 HepG-2
P ICuM | ECio@M) | ICooM) | SI | ICw@M) | SI | IColuM) | SI
6 0.185+0.01 0.0398+0.04 0.0271+0.004 6.8RP6 0.026¥D.0| 7.115 0.0291+0.001 6.357
7 0.032+0.002 0.0064+0.001 0.0098+0.0003 3.265 0.5203 0.704 0.0612+0.00¢4 0.52p
8 0.355+0.001 0.1128+0.007 0.015+0.00% 23.666 0.00@®H 34.466/ 0.0218+0.003 16.284
9 0.04002+0.002 0.0178+0.001 0.0412+0.004 0.970 @H3803 1.031 0.0571+0.004 0.700
10 0.352+0.006 0.018+0.006 0.516+0.03 0.682 - - - -
11 0.523+0.062 | 0.0095+0.001| 0.237+0.004 2.206 0.236+0.023 2.216 0.284+0.014 841.
12 0.396+0.01 0.0247+0.016| 0.619+0.005 0.639 - - - -
13 0.761+0.048 0.149+0.002 0.0087+0.003 87.471 0.0077+0.002 08.831 0.014D8).0 53.971
14 0.0346+0.003 0.0067+0.001 0.0147+0.002 2.353 0.80882 1.840 0.044+0.005 0.786
15 0.386+0.005 0.122+0.011 0.444+0.045 0.869 0.488+0.004 0.790 0.517+0.017 74@.
16 0.041+0.0001| 0.0197+0.0001 0.0576+0.003 0.711 GHBO0003 0.811 0.05291+0.001 0.774
17 0.246+0.011 0.148+0.014 0.903+0.01 0.272 0.766+0.081 0.322 0.734+0.047 39.3
18 0.0463+0.001 0.0271+0.001 0.0354+0.001 1.307 0.663801 1.369 0.0341+0.002 1.35)7
19 0.386+0.005 0.122+0.011 0.403+0.008 0.957 0.517+0.01 0.746 0.519+0.008 4.7
20 0.0446+0.006 0.0169+0.002 0.0141+0.003 3.163 0.606001 6.968 0.0215+0.002 2.0744
21 0.0844+0.001 0.0507+0.001 0.00501+0.001 16.846 TB€80.0016 10.82Q 0.0077+0.001 10.961
22 0.0439+0.001 0.032+0.0001 0.0077+0.001 5.701 0.608D08 5.419 0.0142+0.004 3.091
23 0.0484+0.002 0.0355+0.002 0.0169+0.003 2.863 0.601®4 4.283 0.0177+0.003 2.734
24 0.203+0.012 0.020+0.007 - - - - -
25b 1.221+0.0001 0.53+0.002 0.664+0.011 1.838 0.716+0.016 1.705 0.648+0.0p3 884.
26¢C 0.035+0.001 0.006+0.0001 0.0065+0.001 5.384 0.0689808 3.897 0.0094+0.0001 3.723
30 0.319+0.004 0.157+0.015 0.597+0.013 0.534 0.645+0.006 0.494 0.667+0.003 478.
32 1.964+0.158 0.635+0.06 0.393+0.015 4.997 0.484+0.043 4.087 0.428+0.0p4 588&t.
34 0.047+0.002 0.0285+0.002 0.0349+0.0004 1.346 0.82.7809 1.690 0.0389+0.004 1.208
35 0.0537+0.001 0.043+0.001 0.0254+0.004 2.114 0.06788 1.637 0.036%0.004 1.491
DOX | 0.0266+0.005 0.0121+0.001 0.0234+0.002 1.136 0.018¥» 2.046 0.01+0.001 2.66

*Values are expressed as mean £+ SEM

2.2.2. Morphological examination of the induced apgmosis

The three cancer cell lines (MCF-7, NFS-60 and Gi2) were examined for
morphological changes when treated with the masteaand safe compounds, 21 and22in
comparison with the untreated cancer cells and d¢edlated with the reference doxorubicin
(Fig. 2). As illustrated, all the treated cells obviouldgt their normal shapes. Additionally,
their characteristic severe shrinkage indicatedemqtotanticancer activities of the tested
compoundsdl 3,21 and22 (particularly compoun@1) in comparison to doxorubicin.
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T

Fig. 2. Morphological alterations of the most effeitve compounds-treated cancer cell
lines, untreated cancer cells and doxorubicin-treagd cells

2.2.3. Flow cytometric analysis of apoptosis

Compoundsl3, 21 and 22 exhibiting the most promising anticancer actiatieere
tested for their apoptotic effects utilizing flowtometric annexin V/propidium iodide analysis.
In this assay, the cancer cell lines (MCF-7, NFS260 HepG-2) were treated withs§Df the
most active compounds for 72 h to study the modeetif death. The apoptosis-dependent
anticancer effects were then determined by quaatin of annexin-stained apoptotic cells.
Results Table 2 andFig. 3) showed high percentages of annexin-stained popuolatlls in
cancercell linestreated with compound$3, 21and 22 compared to the control untreated
cancer cells. Compound8 and21 induced apoptosis-dependent death by above 4 Hhbtime
treated cancer cell lines compared to less than 8v%ase of doxorubicin-treated cells,
wherea22 was comparable to doxorubicin. Interestingly, coomu 21 exhibited the highest
significant potential for induction of apoptosigi(285-53.129%), particularly in the late stage
of apoptosis (23.6-42.85%) in MCF-7, NFS-60 and G&pcell lines. Compoundi3 induced
apoptosis by approximately similar percentages4@824.1%) in early and late stages.
Meanwhile, no significant difference was observedween the total apoptotic populations
(early apoptosis; 6.1-13.6% and late apoptosis]-2@.8%) of22- and doxorubicin-treated
cancer cells.
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Table 2: Percentages of the apoptotic cell populatns in the most effective compounds-
treated cancer cells lines.

MCF-7 NFS-60 HepG-2
Code Early Late Total Early Late Total Early Late Total
apoptosis apoptosis apoptosis apoptosis apoptosis apoptosis apoptosis apoptosis apoptosis
% % % % % % % % %
’\(';%f‘rtc')‘l’e 0.4740.01 | 0.01+0.001  0.48+091| 0.02+0.01 | 0.015+0.01 0.495:0D1 0.784#0.09 | 0.1+0.001| 0.169+002
13 24.065+0.96| 20.439+2.1B 44.505+1°18 22.83x1.75 18.965+1.41 41.795+0°3)4 18.43+1.47 23.385+2.6] 41.815+1°14
21 22.345+1.08| 30.785+1.89 53.129+0°81 21.04+0.7 23.645+0.75% 44.185+0.45 | 6.055+1.06 42.85+0.97| 48.905+0°0p
22 11.885+1.26] 22.09+1.52 33.98+0°26 13.64+1.16 20.09+1.88] 34.129+0%4P 6.0649+1.07 27.77+£1.19  33.485+0°48
Dox 13.53+1.35 | 20.445+1.67 33.974+0°3211.379+1.38| 23.215+1.6 34.595+0°22 10.59+1.35 25.49+1.58 36.08i0.°23
*All values are expressed as mean + SEM. Diffetetiers are significantly different in the same
column at P < 0.05.
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Fig. 3. Flow charts of annexin-PI analysis of the ost effective compounds-treated cancer
cells lines, untreated cancer cells and doxorubicitreated cells.

2.2.4. Caspase 3/7 activation assay

The mechanism of apoptotic induction exhibited iy mmost active compounds$, 21

and22 was investigated by determining the percentagesgpase 3/7 activation in cancerous
cell lines when treated with kg of these compounds. Resulf§able 3) revealed that
compoundsl3 and 21 significantly induced caspase 3/7 activation (mitv@n 49%) higher
than the reference; doxorubicin (42.94-48.09%)llinested human cancer cells. Interestingly,
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compound 21 recorded the highest caspase 3/7 activation peges (52.83-55.04%).

Accordingly, results of the caspase 3/7 activaissay were concordant with that of the flow
cytometric analysis of apoptosis. Meanwhile, nasigant difference was recorded between
the percentages of caspase 3/7 activation in cong@iand doxorubicin-treated cancer cells.

Table 3: Percentages of caspase 3/7 activation imetmost effective compounds-treated
cancer cells lines

Code Percentage of caspase 3/7 activation
MCE-7 NFS-60 HepG-2
13 50.94+0.69 49.59+0.28 50.68+0.3%
21 55.04+0.058 52.835+0.29% 53.64+0.428
22 43.04+0.29 45.41+0.58 47.64+0.77
Dox 42.94+0.27 45.39+0.52 48.09+0.43

*All values are expressed as mean + SEM. Diffetetiers are significantly different in the same
column at P < 0.05.

2.2.5. Quantification of the apoptosis-inducing faorl (AlF1)

Based on the fact that cells can undergo caspaspendent apoptosis through AlF1-
mediated pathway [12,13], the compounds under tigagson (L3, 21and22) were evaluated
utilizing AIF1 quantification assay. ResuliBaple 4) declared that no significant difference in
the AIF1 levels was recorded between the untrezdeder cells (MCF-7, NFS-60 and HepG-2
cells) and the most effective anticancer compou(idy 21 and 22)-treated cell lines.
Accordingly, these compounds mediated apoptosislgnhy caspase activation through AlIF1-
independent pathway.

Table 4: AIF1 levels (ng/mL) in the most effectiveompounds-treated cancer cells lines

AIF1 (ng/mL)
MCF-7 NFS-60 HepG-2
Untreated cells 2.28+0.06 2.37+0.035 1.18+0.06
13 2.34+0.04 2.44+0.015 1.28+0.08
21 2.36+0.015 2.47+0.0% 1.305+0.01
22 2.33+0.025 2.41+0.03 1.23+0.04

All values are expressed as mean+SEM. Differeteretare significantly different in the same
column at P < 0.05.

2.3. Antimicrobial evaluation

Selected compounds were evaluated for theivitro antibacterial activities against
Staphylococcus aureusATCC 25923) andEnterococcus faecalifATCC 29212) as
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representatives of Gram-positive bacteria, as aslEscherichia coli(ATCC 25922) and
Pseudomonas aeruginosATCC 27853) as representatives of Gram-negativeteba.
Additionally, their antifungal activities were evaked againstCandida albicans(ATCC
90028). The antimicrobial evaluation protocol iamaalized to screen the tested compounds
for possible antimicrobial activities utilizing theagar well diffusion assay [42]
(supplementary datg. The compounds showing antimicrobial activitiesrevthen evaluated
for their minimum inhibitory concentrations througte standard broth microdilution method
[43] (Table 5).

All the screened compounds showed detectable itidnbzones excepb, 7 and 16.
Accordingly, minimum inhibitory concentrations diet selected compounds were measured
against their respective sensitive microorganisgenerally, all the tested compounds showed
weak antimicrobial activities relative to the stards. Compound4 showed antibacterial
activity only againsS. aureuswith MIC = 1.569 uM/mL, while compoundy 9, 14, 18, 21,
22, 23, 26cand 35 were slightly active again®. coli with compound8 showing the lowest
MIC (1.271 pM/mL among the group. All compounds showed no detectabhtdungal
activity except for compoun®s which exhibited weak activity againSt albicanswith MIC =
1.040pM/mL.

Table 5: Antimicrobial evaluation of the tested corpounds by microdilution assay.

MIC (uM/mL)
Code S. aureus | E. cali. | C. albicans
8 NA* 1.271 NA
9 NA 2.570 NA
14 NA 2.477 NA
18 NA 3.503 NA
21 NA 2.570 NA
22 NA 2.677 NA
23 NA 2.401 NA
25 NA NA 1.040
26¢ NA 3.527 NA
34 1.569 NA NA
35 NA 3.279 NA
Ciprofloxacin 0.006 0.003
Fluconazole - - 0.001

NA: No activity

2.4. In silico prediction of physicochemical properties, drug-lileness data and ligand
efficiency metrics

The drug discovery sector now utilizes the corapobal prediction of
physicochemical properties and drug-likeness data useful tool to identify drug candidates.
In the current study, we applied various computatiomethods to assess whether the most
active compounds possess the optimum drug-likepassmeters or noMolinspiration [44]
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software was employed to predict the descriptorsnébating Lipinski’s rule of five [45],
which states that oral bioavailability and cell peability are possible if at least three rules of
the following five are obeyedn-octanol-water partition coefficient (log B5, molecular
weight (M.Wt)<500 Da, number of hydrogen bond donors (HBB)and number of hydrogen
bond acceptors (HBA)<10. Accordingly, Lipinski's violation could be prieted.
Molinspiration also calculated the number of rotatable bonds (NBCand topological polar
surface area (TPSA) as useful descriptors of adMvailability of drug candidates [46]. As
estimated, TPSA values for most known drugs arevbd40-150 A [47,48]. The percentage
of absorption could be also predicted based on TRPplying the following equation:
%ABS=109-0.345TPSA. Accordinglyin silico physicochemical properties of all the
synthesized compounds were calculaieab{e 6).

Table 6: In silico physicochemical properties of the tested compoundss predicted by
Molinspiration

a b c 4 | Lipinski's e ¢ | Volumes
Code | LogP* | M\Wt” | HBA® | HBD Vipolation TPSA® | %ABS (A)° NROTB?Y
6 5.74 | 436.39 7 1 1 101.23 74.0f 359.11 7
7 5.29 | 382.42 7 1 1 101.23  74.0f 344.37 6
8 5.52 | 402.83 7 1 1 101.23  74.0¢7 341.35 6
9 490 | 398.42 8 1 0 110.46 70.89 353.36 7
10 491 | 382.42 7 1 0 101.23 74.0f 344.37 6
11 5.66 | 447.29 7 1 1 101.23 74.0f 345.70 6
12 5.54 | 494.29 7 1 1 101.23 74.0f 351.80 6
13 4.80 | 413.39 10 1 0 147.05 58.2b 351.14 7
14 494 | 413.39 10 1 0 147.05 58.2b 351.14 7
15 4.67 | 440.45 9 1 0 127.53 65.00 389.14 9
16 5.26 | 394.43 7 1 1 101.23 74.0f 355.23 7
17 4.85 | 368.39 7 1 0 101.23  74.0f 327.81 6
18 2.84 | 292.29 7 1 0 101.23  74.0¢7 256.40 5
19 3.12 | 306.32 7 1 0 101.23 74.0f 272.96 5
20 3.48 | 320.35 7 1 0 101.23 74.0f 289.76 6
21 3.73 | 398.42 8 2 0 121.45 67.09 352.66 7
22 4,72 | 382.42 7 1 0 101.23 74.0f 344.61 7
23 4.43 | 426.43 9 1 0 127.53 65.00 372.34 8
24 5.44 | 610.62 14 2 3 202.45 39.16 533.77 13
25b | 2.42 | 264.28 6 2 0 95.1% 76.17 236.45 3
26c | 3.01 | 290.27 7 0 0 92.44 77.10 245.94 2
30 3.11 | 260.29 5 1 0 74.92 83.16 238.57 3
32 4,31 | 498.37 9 1 0 135.37 62.29 384.48 7
34 2.64 | 326.31 7 1 0 101.23 74.0f 277.17 5
35 2.27 | 312.28 7 1 0 101.23 74.0f 260.36 4

% og P: logarithm of compound partition coefficidi@tween n-octanol and water.
®M.Wt: molecular weight.

‘HBA: number of hydrogen bond acceptors.

“HBD: number of hydrogen bond donors.

*TPSA: polar surface area.

'%ABS: percentage of absorption.

NROTB: number of rotatable bonds.
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Most of the screened compounds were in full acoed to Lipinski’s rule of five. Compounds
6, 7, 8, 11, 12and16 showed slight violation regarding log P, while caapd24 didn’t obey
Lipinski’s rule regarding log P, M.Wt and HBA. TPSalues of all compounds were in the
acceptable range except 4. Hence, most of the tested compounds displayesbnedle
%ABS in the range of 58.26-83.15% indicating prongspredicted oral bioavailability.
Molsoftsoftware [49] was employed to predict solubilitydadrug-likeness model scores of the
tested compoundg éble 7). About 80% of marketed drugs have an estimatkdaity above
0.0001 mg/L. Interestingly; all tested compoundsélfuhis solubility requirement, exce®4
and32. Compoundd8, 19,20, 25band26crecorded remarkable predicted solubility profiles.
Finally, the drug-likeness model score; a collective desaripf the predicted physicochemical
properties, pharmacokinetics and pharmacodynamarsangeters, was predicted for each
compound [50]. Compounds with zero or negative eslshould not be considered as drug-
like. As illustrated Table 7), compoundd0, 12, 15, 2.and23 recorded positive drug-likeness
values indicating good predicted drug-likeness midé Taking all together, it could be
concluded that the most active compounds exhibigagonable physicochemical properties
and drug-likeness values, which might raise thelmetdrug-like candidates.

Table 7:1n silico drug-likeness data of the tested compounds as prieted by Mol soft

s Drug-likeness
Code (mg/L) | model score
6 0.04 -0.63
7 0.19 -0.43
8 0.06 -0.08
9 0.32 -0.35
10 0.24 0.05
11 0.28 -0.41
12 0.08 0.18
13 0.08 -0.48
14 0.31 -0.35
15 1.76 0.17
16 0.09 -0.68
17 0.53 -0.59
18 71.66 -0.63
19 25.54 -0.63
20 14.19 -0.32
21 1.31 0.25
22 1.33 -0.53
23 0.61 0.60
24 0.00 -0.46
25b | 25.83 -0.47
26c | 25.33 -0.57
30 3.22 -1.13
32 0.00 -0.65
34 1.42 -0.87
35 2.36 -1.07

S aqueous solubility
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Recently, medicinal chemists utilize ligand efflacy (LE) as a useful parameter for
selecting and optimizing lead compounds. This roe&presents the balance of potency and
molecular size, which is related to many pharmagetit and toxicological parameters [51—
53]. It measures the average binding energy contribytemnon-hydrogen atom instead of
considering the binding affinity or potency of tivdole molecule. Accordingly, this approach
allows comparing and prioritizing the screenedrgmcorrected for their sizes [54]

LE can be calculated from following equations [54]

LE =A G/ NHA = 1.37 (plGo) / NHA
Where:
AG = Gibb's free energy
NHA = non-hydrogen atom.
plCso= half-maximal inhibitory concentration (in term mwiolar concentration).

The lower acceptable limit of LE is 0.3 [55].

The concept of ligand efficiency has been extenttecdconsider other important
physicochemical properties, such as lipophilicithis allows the introduction of the new
metric Liphophilic Ligand Efficiency (LLE). LLE islefined as a measure of how efficiently a
ligand exploits its lipophilicity to bind to a giaetarget [56].Monitoring LLE can thus
highlight the price paid in lipophilicity on the pense of potencyThis parameter can be
calculated as the difference between log P anchégative logarithm of a potency measure

(PICs0)
LLE = pIC50 — cLog P

LLE values> 3 are considered acceptable for lead compoundde wialues> 5 are
recommended for drug-like candidates [55,57]

In the current study, LE and LLE values of all thgnthesized compounds were
calculated based on their respectivgoMalues against the screened cancer cell lineziatli
the previously mentioned equations. Resuliab{e 8) indicated that all the tested compounds
had acceptable LE values (> 0.3) against MCF-7,-86.sand HepG-2 cell lines excels, 24
and32. Compound6cshowed the highest LE values against MCF-7 andGiEgells (0.534
and 0.523, respectively), while compoud showed the highest LE value against NFS-60
(0.547). Concerning LLE, compoun@$c and 35 showed the highest drug-like LLE values
(>5) against the three screened cancer cell liMeseover, compoun@0 showed remarkable
LLE (5.713) against NFS-60 cell lines and lead Madue against other cell ineSompounds
13, 18, 19, 21, 22, 23, 25b, 3Md34 exhibited LLE values above the recommended limit fo
lead compounds (>3) against all the screened camtisr Other compounds were beyond the
acceptable limit (0.668-2.892).
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Table 8: Ligand Efficiency (LE) and Ligand Lipophilic Efficiency (LLE) of the tested
compounds.

MCF-7 NFS-60 HepG-2
pICs | LE |LLE |pIC & | LE | LLE |pICs | LE |LLE
6 31 | 5.74 | 7.567| 0334 1.827 7.585 0335 1.845 75538330 1.79
7 28 | 529 | 8.008] 0391 2.718 7.342 0.359 2.052 7]213520 1.923
8 28 | 552 | 7.823] 0382 2303 7.987 0.390 2.467 7)66B74] 2.141
9 29 | 490 | 7.385| 0348 2485 7.411 0350 2511 7]243420 2.343
10 | 28 | 401 | 6.287| 0.307 1.377 - - - - - -
11 | 28 | 566 | 6.625| 0.324 0.965 6.627 0.324 0.967 6.546 0.320860.8
12 | 28 | 554 | 6.208| 0.303 0.668 - ; ; ;

13 | 30 | 480 | 8.060| 0.368 3.26] 8.113 0370 3.313 7.850 0358 3/05

Code | NHA? | LogP®

14 30 494 | 7.832] 0.35y 2892 7.725 0.352 2.Y85 7)35@3%] 2.866
15 32 4.67 | 6.352] 0.271 168 6.311 0.270 1.641 6.28@690. 1.616
16 29 526 | 7.239] 0.341 1979 7.296 0.344 2.036 7278430 2.016
17 27 485 | 6.044] 0306 1.194 6.115 0.310 1.265 6138110 1.284
18 21 284 | 7.450 0.486 4.610 7.471 0.487 4.631 7/46A870 4.627
19 22 3.12 | 6.394| 0.398 3.274 6.286 0.391 3.166 6/288910 3.164
20 23 3.48 | 7.850| 0.46Y 4.370 9.193 0.547 5.Y13 7/66:A560 4.187
21 29 3.73 | 8.300] 0.392 4.570 8.107 0.382 4.377 8/113830 4.383
22 28 472 | 8.113] 0.396 3.393 8.091 0.395 3.871 7848831 3.127
23 31 443 | 7.772] 0.31B 3.342 7.946 0.351 3.516 7,753420 3.322

24 | 44 | 544 | - - - - - - - - -
250 | 19 | 242 | 6.177| 0.445 3.757 6.145 0.443 3.725 6.188 0/446683.7
26c | 21 | 3.01 | 8.187| 0534 51747 8.046 0524 5036 8/02623 5.016
30 | 19 | 3.11 | 6.224| 0.448 3.114 6.190 0.446 3.080 6.175 04456530
32 | 36 | 431 | 6.405| 0.243 2.095 6.315 0.240 2.005 6.368 0242580
34 | 24 | 264 | 7.457] 0425 4817 7555 0431 4.915 7/41@22 4.77
35 | 23 | 227 | 7595 0.452 5325 7.484 0.445 5214 7/44343 5.173

togP: logarithm of compound partition coefficiemtiween n-octanol and water.
'NHA = non-hydrogen atom.

PICso= -log (ICs0)
3. Structure activity relationship

The general activity pattern suggests that thegded amide-based scaffold conserved
the intrinsic anticancer effect of the reporteddlespoptotic inducersF{g. 1). However,
activity and selectivity were found to be a funotf the substitution nature and size.

Seemingly, most of the target amide esters shaoelatively better anticancer activities
than the unexpected azaketahkand 35, hydroxy derivative25b anda, B-unsaturated ketone
30. However, the unexpected spiro compoutt was among the most active compounds
against the three screened cell lines with singi@-danomolar 1G values

Within the evaluated esters, the mandelate e&teconferred the highest activities
against MCF-7and HepG-2 cells. In addition, it sedvypromising activity against NFS-60 cell
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lines. The absence of tlehydroxy group led to slightly less active derivatR2. It is worth
mentioning that botl21 and22 were more potent than the referergminst MCF-7and NFS-
60 cells Moreover,a-vinylic moiety of the cinnamate est&é6 dramatically decreased the
anticancer activities against the three cell lif@bviously, benzoate esters showed variable
anticancer activities according to the aromatig rsubstitution pattern. In this series, fhe
nitro derivativel3 was among the three most active compounds ofuherd study. Shifting
the nitro group toortho- position (14) slightly decreased the antitumor activities agathe
screened cell lines. On the other hapdnethyl group 7) conferred high potency against
MCF-7 cells, moderate activity against NFS-60 anelakv activity against HepG-2 cells.
Oxygen insertion-methoxy derivatived) critically decreased the anticancer activity agai
MCF-7 cells, while allowing a slight increase irtiaity regarding NFS-60 and HepG-2 cells.
Shifting the methyl group tortho- position(10) also decreased the anticancer activity against
MCEF-7 cells, but abolished activity against both\N&0 and HepG-2 cell lines. Interestingly,
replacingp-methyl group 7) with p-trifluoromethyl 6) endowed remarkable potency against
the three cancer cell lines, especially NFS-60 ldagG-2 cell lines. Concerning halogenated
derivatives, thg-chloro derivative8 displayed promising activities against MCF-7 anfeSN

60 cells (higher than the reference) and moderff¢eteagainst HepG-2, while thebromo
derivative11 was 10-20 folds less active against the threeliogs. Furthermore, the-iodo
derivative1l2 was the least active among the group with no cenalide activity against NFS-
60 and HepG-2 cell lines. Results also showeddbatatives witho-esterg15 and 23) were
active against the screened cell lines. However,niethyl este(23) conferred much more
potency to the molecule than the ethyl egqtEs) did. In comparison to the previously
mentioned compounds, the unsubstituted benzoateatlee 17 was less active towards the
screened cell lines. Furthermore, replacing thematw ring with aliphatic moieties also
controlled both activity and selectivity. Among shseries, the propionate esgf showed
higher potency than the standard drug against B&k-7 and NFS-60, as well as acceptable
activity against HepG-2ells. The formate esté&8 was slightly less active th#20 against the
three cell lines with no detected selectivity, whihe acetate est@® was the least active.
Obviously, the bisi-acyloxy carboxamide derivativ&4 was inactiveagainst the screened cell
lines. Also, the indenybenzoate derivativB2 showedmuch lower activity the corresponding
cyclohexyl derivatives.

4. Conclusion

This study portrays the design and synthesis of meultifunctional Passerini
compoundsln vitro cytotoxicity screening against three cancerousargnormal human cell
lines revealed that most of these compounds sh@nadising anticancer activities against all
the screened cancer cell lines with acceptableysaied selectivity profiles. Among tested
compoundsy, 8, 13, 14, 20, 21, 22, Z2#d 26c were more potent than doxorubicin against
MCF7 cell line, while 1Gy values of compoundé and 35 were comparable to that of the
reference. Regarding NFS-66Il line, compound8, 13,20, 21, 22, 2&nd26c showed higher
ICs50 values in comparison to doxorubicin. Furthermom@npoundsl3, 21, 22, 23and 26¢
exhibited higher or comparable anticancer actitotyhe reference against HepG-2 cancer cell
line. The tested compounds were also evaluatethéar safety based on their selectivity index
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(SI) values Compounds, 8, 13, 21, 22, 26and 32 were the safest ones, showing the highest
selectivity profiles in comparison with other intigated compounds and doxorubicin against
NFS-60, MCF-7and HepG-2 cell lines. Compouni8, 21 and 22 were selected for further
mechanistic studies. The three compounds signifigcainduced apoptosis by caspase
activation in all the screened cancer cell linabzutg flow cytometric analysis and caspase
3/7 activation assay. Both3 and 21 were more potent caspase 3/7 activators than
doxorubicin, while 22 showed comparable results. Furthermore, evaluatibitizing
quantification of AIF1 assay excluded possible AlRé&diated apoptotic induction and
clarified that 13, 21 and 22 were caspase-dependent apoptotic inducers. Physicochkemic
parameters, ligand efficiency metrics and drugdéss data of the all the evaluated
compounds were computationally predictad silico results showed that compounti3, 21

and 22 may be considered as drug-like candidates. Finablected compounds were
preliminarily screened for possible antimicrobiattiaties searching for possible dual
anticancer/ antimicrobial agents as an advantagappsoach for cancer therapy. Although,
results revealed weak antimicrobial activities, ponmds21 and 22 were slightly active
againste. coli. Therefore, it could be concluded that Passeaseld amides may hold promise
for a new scaffold of caspase activators that dreskrrther studies. Compound8, 21 and22
may be considered as selective anticancer leadscimgl apoptosisvzia caspase activation
mechanism with promising predicted drug likeneda.da

5. Experimental

5.1. Chemistry
5.1.1. General experimental information

All reactions were carried out in dried sgeare. Triethylamine and Trifluoroethanol
were purchased and used without further purificatidMR spectra were measured using a
JEOLJNM ECA 500 or 400 MHz. The deuterated solwgas used as an internal deuterium
lock. *C NMR spectra were recorded using the UDEFT pusgience and broad band proton
decoupling at either 100 or 125 MHz. All chemichlfts (5) are stated in units of parts per
million (ppm) and presented using TMS as the stahdaference point. Melting points were
recorded using Thermo Scientific, Model NO: 1002R20-240v; 200watts; 50/60Hz and are
uncorrected. Mass spectra were carried out on tdpezbe controller inlet part to single
guadropole mass analyzer in (Thermo Scientific EiM8odel: ISQ LT, using thermo x-
calibur software. Values are reported as a ratima$s to charge(z) in Daltons. IR j/cm’]
data were recorded using Perkin Elmer; FT-IR SpectBX and Bruker tensor 37 FT-IR.
Visualization of the TLC during monitoring of theaction was done by UV VILBER
LOURMAT 4w-365nm or 254nm tube.

Synthesis ofp-nitrophenyl formamide (2)

lodine (0.46 g, 0.003 mol) was added to a solutdm-nitroaniline 1 (10 g, 0.07 moal) in
formic acid (50 ml). The mixture was stirred un&aflux for 8 hours. After completion of the
reaction, the reaction was kept overnight at roemperature. The precipitate of the desired
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product was collected by filtration, washed by lugon of Na&S,03;, and water to give [27],
a pale yellow crystals, (10 gm, 86%) Mp= 196-199[W€[58] Mp =197.5-198 °C]

Synthesis ofp-nitrophenyl isocyanide (3)

In a three neck round-bottomed flask compo@nd0 g, 0.06 mol) was added to solution of
EtN (41.9 mL, 0.3 mol) in a mixture of CHZDCM (1:2, 50 mL). The mixture was stirred in
an ice bath for 10 minutes. PQE6.1 ml, 0.066 mol) was added to the stirred nix{28] till
the color of mixture turned to the dark brown. Thiea mixture was stirred under Reflux for
15 minutes. The reaction was quenched by adding)water (50 mL), then, the mixture was
washed with CHGI (3 x 50 mL). The organic layers were combinededlirover anhydrous
sodium sulfate, filtered and evaporated under redywmessure to affor@ (7.2 gm, 79 %) as
orange solid; Mp=116-118 °C; [lit.[59] MP =119-12C]; IR: vma/cmi® 2127 (-NC), 1572
(NO,), 1346 (NQ); *H NMR (500 MHz, DMSO#g) 81: 7.92 (d,J = 9 Hz, 2H), 7.55 (dJ = 9
Hz, 2H).

5.1.2. General method A for Passerini reactions

p-Nitrophenyl isocyanide3 (50 mg, 0.337 mmol, 1.1 eq) was added to a soiubd
cyclohexanone (0.337 mmol, 1.1 eq), and the ap@tgpcarboxylic acid (0.307 mmol, 1.0 eq)
in a mixture of 2,2,2-trifluoroethanol (TFE) andhahol (1:1, 2 mL). The mixture was stirred
under Reflux. The reaction was monitored by TLCteAthe reaction completion, the mixture
was cooled to precipitate the desired product. phaduct was filtered, washed with a
saturated solution of NaHGdried and collected without further purification.

1-[(4-Nitrophenyl)carbamoyl]cyclohexyl-4-(trifluoro methyl)benzoate (6)

Yield 48%,; off white powder; Mp= 232-237°C; R.76 (EtOAc - petroleium ether, 1:2); IR:
Vma/Cm* 3297 (NH), 1729 (CO), 1681 (OCNJ4 NMR (500 MHz, DMSOdg) 84: 10.22 (s,
1H, NH), 8.21 (d,J = 8.4 Hz, 2H, ArH), 8.16 (d,J = 9.1 Hz, 2H, ArH), 7.92 (d,J = 7.6 Hz,
2H, Ar-H), 7.85 (dJ = 9.1 Hz, 2H, ArH), 2.29 (dJ = 13.7 Hz, 2H, CycloheXxt), 1.90 (dist.t,
J = 12.2, 11.4 Hz, 2H, Cyclohed), 1.66 (bs, 3H, Cyclohek), 1.60 - 1.52 (m, 2H,
CyclohexH), 1.35 - 1.28 (m, 1H, Cyclohe®); *C NMR (125 MHz, DMSOdg) 8c: 171.8
(NH-C=0), 163.9 (Oc=0), 145.6, 142.9, 134.0, 131.0, 130.9, 126.3, 226Ar-C), 125.1
(CFs), 120.3 (ArC), 82.9 (O=Cc-0), 31.8, 25.0, 21.6 (Cyclohe®); EI-MS, m/z[M] " calcd
for [Co1H19F3N20s]*: 436.12, found 436.52; Anal. calcd. fog:810FsN.Os: C, 57.80; H, 4.39;
N, 6.42; found C, 57.72; H, 4.28; N, 6.55.

1-[(4-Nitrophenyl)carbamoyl]cyclohexyl-4-methylbenoate (7)

Yield 68%,; off white powder; Mp= 201-203°C; R.72 (EtOAc - petroleium ether, 1:2); IR:
vmadcmit 3285 (NH), 1704Kr, CO, OCN):*H NMR (500 MHz, DMSOel) &: 10.21 (s, 1H,
NH), 8.18 (dJ = 9 Hz, 2H, ArH), 7.92 (dJ = 7.5 Hz, 2H, ArH), 7.88 (dJ = 10 Hz, 2H, Ar-
H), 7.36 (d,J = 8 Hz, 2H, ArH), 2.38 (s, 3H, E3), 2.29 (d,J = 14 Hz, 2H, CycloheH),
1.87 (td,J = 13, 2.5 Hz, 2H, Cyclohei), 1.67 (d,J = 10.5 Hz, 3H, Cyclohex), 1.60 — 1.53
(m, 2H, CyclohexH), 1.35 — 1.29 (m, 1H, Cyclohes); *C NMR (125 MHz, DMSOd) 8c:
171.7(NHC=0), 164.4 (O€=0), 145.2, 144.0, 142.2, 129.6, 129.3, 127.0,8,2419.7 (Ar-
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C), 81.3 (O€-C=0), 31.3, 24.5, 21.2, 21.@H3 CyclohexC); EI-MS, m/z[M]" calcd for
[C21H2oN,05]*: 382.15, found 382.21; Anal. calcd. fos;82:N.0s: C, 65.96; H, 5.80; N, 7.33;
found C, 65.81; H, 5.68; N, 7.32.

1-[(4-Nitrophenyl)carbamoyl]cyclohexyl-4-chlorobennate (8)

Yield 50%; off white powder; Mp= 239-241°C; R.77 (EtOAc - petroleium ether, 1:2); IR:
Vma/Cm* 3284 (NH), 1714 (CO), 1692 (OCNJ4 NMR (500 MHz, DMSOdg) 84 10.21 (s,
1H, NH), 8.16 (d,J = 9.2 Hz, 2H, ArH), 8.01 (dJ = 8.4 Hz, 2H, ArH), 7.86 (d,J = 9.1 Hz,
2H, Ar-H), 7.61 (dJ = 8.4 Hz, 2H, ArH), 2.27 (dJ = 13 Hz, 2H, Cyclohex), 1.87 (dist.t,)

= 13, 11.4 Hz, 2H, Cycloheld), 1.64 (s, 3H, Cyclohei), 1.58 — 1.51 (m, 2H, Cyclohet),
1.34 — 1.27 (m, 1H, Cyclohex); *C NMR (125 MHz, DMSO#ds) 8c: 172.0 (NHC=0),
164.2 (O€=0), 145.6, 142.8, 139.1C(Cl), 132.0, 131.8, 129.0, 125.3, 120.2 @)- 82.5
(O=C-C-0), 31.9, 25.1, 21.6 (Cyclohe®}; EI-MS, m/z [M]" calcd for [GoH19CIN,Os]":
402.09, found 402.87; Anal. calcd. fopH14CIN2Os: C, 59.63; H, 4.75; N, 6.95; found C,
59.71; H, 4.66; N, 6.86.

1-[(4-Nitrophenyl)carbamoyl]cyclohexyl-4-methoxybezoate (9)

Yield 43%; pale yellow powder; Mp= 186-189°C; (R66 (EtOAcC - petroleium ether, 1:2); IR:
vmadcmit 3328 (NH), 1703Kr, CO, OCN):*H NMR (500 MHz, DMSOel) &: 10.20 (s, 1H,
NH), 8.17 (d,J = 10 Hz, 2H, ArH), 7.98 (dJ = 9 Hz, 2H, ArH), 7.88 (dJ = 10 Hz, 2H, Ar-
H), 7.07 (d,J = 9 Hz, 2H, ArH), 3.83 (s, 3H, O83), 2.28 (d,J = 15 Hz, 2H, CycloheX),
1.85 (td,J = 13.5, 3 Hz, 2H, Cyclohek), 1.67 (bd,J = 10.5 Hz, 3H, Cyclohext), 1.60 —
1.52 (m, 2H, Cyclohex), 1.35 — 1.28 (m, 1H, Cycloheit); **C NMR (125 MHz, DMSO-
ds) 6c: 171.9 (NHEC=0), 164.1 (Oc=0), 163.4 C-OCHy), 145.3, 142.2, 131.7, 124.6, 121.9,
119.6, 114.0 (A€), 81.1 (OE€-C=0), 55.5 (@H3), 31.3, 24.5, 21.1 (Cyclohel}; EI-MS,
m/z [M]" calcd for [GiH2oN2Og]™: 398.14, found 398.59; Anal. calcd. for:8,,N.0s: C,
63.31; H, 5.57; N, 7.03; found C, 63.40; H, 5.47;/\2.

1-[(4-Nitrophenyl)carbamoyl]cyclohexyl-2-methylbenpate (10)

Yield 67%,; off white powder; Mp= 162-165°C; R.74 (EtOAc - petroleium ether, 1:2); IR:
VmadCmMt 3375 (NH), 1713Kr, CO, OCN);*H NMR (500 MHz, DMSO€g) 54: 10.28 (bs, 1H,
NH), 8.18 (d,J = 10 Hz, 2H, ArH), 7.95 (d,J = 8 Hz, 1H, ArH), 7.90 (d,J = 9 Hz, 2H, Ar-
H), 7.50 (t,J = 7.5 Hz, 1H, ArH), 7.38 — 7.32 (m, 2H, AH), 2.41 (s, 3HCH3), 2.28 (d,J =
14 Hz, 2H, Cyclohex), 1.89 (td,J = 14.2, 3.5 Hz, 2H, Cyclohei), 1.69 (d, J = 10.5 Hz,
3H, CyclohexH), 1.64 — 1.56 (m, 2H, Cyclohe#), 1.36 — 1.29 (m, 1H, Cycloheht); **C
NMR (125 MHz, DMSOdg) 6c: 171.9 (NHC=0), 165.7 (O€=0), 142.1, 139.2, 132.3,
131.5, 130.1, 129.8, 126.0, 124.7, 119.7 (Ar-81.8 (OC€-C=0), 31.3, 24.5, 21.1 (Cyclohex-
C, CHa), 20.8; EI-MS,m/z[M]" calcd for [GiH2N»0s]": 382.15, found 382.47; Anal. calcd.
for C21H22N205Z C, 65.96; H, 5.80: N, 7.33; found C, 65.87; H&.N, 7.32.
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1-[(4-Nitrophenyl)carbamoyl]cyclohexyl-4-bromobenzate (11)

Yield 62%; off white powder; Mp= 243-245°C; R.61 (EtOAc - petroleium ether, 1:2); IR:
Vma/cm* 3282 (NH), 1713 (CO), 1686 (OCN)4 NMR (500 MHz, DMSOd) &y: 10.24 (s,
1H, NH), 8.18 (d,J = 9 Hz, 2H, ArH), 7.95 (d,J = 8 Hz, 2H, ArH), 7.87 (d,J = 9 Hz, 2H,
Ar-H), 7.78 (d,J = 8.5 Hz, 2H, ArH), 2.29 (d,J = 14 Hz, 2H, CycloheX), 1.89 (td,J =
13.5, 3 Hz, 2H, Cyclohek), 1.67 (d,J = 10 Hz, 3H, Cyclohed), 1.59 — 1.54 (m, 2H,
CyclohexH), 1.36 — 1.28 (m, 1H, Cyclohex). **C NMR (125 MHz, DMSOdg) &c: 171.4
(NH-C=0), 163.8 (0O€=0), 145.1, 142.3, 131.9, 131.5, 128.9, 127.7, 4,2419.8 (ArC),
82.0 (OC-C=0), 31.2, 24.4, 21.0 (Cycloh&X}; EI-MS, m/z[M]" calcd for [GoH19BrN,Os] ™
446.04, found 446.12; Anal. calcd. fopdH19BrN2Os: C, 53.71; H, 4.28; N, 6.26; found C,
53.65; H, 4.13; N, 6.19.

1-[(4-Nitrophenyl)carbamoyl]cyclohexyl-2-iodobenzote (12)

Yield 42%; off white powder; Mp= 136-139°C; R.70 (EtOAc - petroleium ether, 1:2); IR:
Vma/cm* 3352 (NH), 1717kr, CO, OCN);*H NMR (400 MHz, DMSO#k) &11: 10.58 (s, 1H,
NH), 8.49 (d,J = 9.6 Hz, 2H, ArH), 8.31 (d,J = 8 Hz, 1H, ArH), 8.23-8.19 (m, 3H, AH),
7.86 (t,J = 8 Hz, 1H, ArH), 7.60 (td,J = 8.4, 1.2 Hz, 1H, Ai), 2.59 (d,J = 13.2 Hz, 2H,
CyclohexH), 2.20 (td,J = 12.8, 4 Hz, 2H, Cyclohekt), 1.96 — 1.91 (bs, 5H, Cyclohéx},
1.67-1.63 (m, 1H, Cyclohel); *C NMR (100 MHz, DMSO#ds) c: 171.3 (O€=0), 165.2
(NH-C=0), 145.2, 142.3, 140.8, 135.2, 133.2, 130.7,3,2824.6, 119.8 (A€), 94.7 C-I),
82.7 (O=C€-0), 31.2, 24.4 , 21.0 (Cycloh&}; EI-MS, m/z[M] " calcd for [GoH19IN2Og]
494.03, found 494.35; Anal. calcd. forH10IN2Os: C, 48.60; H, 3.87; N, 5.67; found C,
48.57; H, 3.65; N, 5.55.

1-[(4-Nitrophenyl)carbamoyl]cyclohexyl-4-nitrobenzate (13)

Yield 71%; pale yellow powder; Mp= 234-236°C; R®72 (EtOAc - petroleium ether, 1:2); IR:
vma/cm* 3379 (NH), 1722kr, CO, OCN);*H NMR (500 MHz, DMSOd) 5y: 10.37 (bs, 1H,
NH), 8.38 (d,J = 9 Hz, 2H, ArH), 8.27 (d,J = 9 Hz, 2H, ArH), 8.18 (d,J = 9 Hz, 2H, Ar-
H), 7.86 (dJ = 9.5 Hz, 2H, ArH), 2.31 (d,J = 13.5 Hz, 2H, Cyclohex), 1.93 (td,J = 13.5,
2.5 Hz, 2H, CycloheX), 1.68 (bs, 3H, Cyclohek), 1.62 — 1.54 (m, 2H, Cyclohex), 1.38 —
1.30 (m, 1H, Cyclohexd); **C NMR (125 MHz, DMSO#) 5c: 171.1 (NHC=0), 163.0 (O-
C=0), 150.4, 145.0, 142.4, 135.1, 131.0, 124.6,9,2B19.8 (ArC), 82.7 (O=Ce-0), 31.2,
24.4, 21.0 (Cyclohe@); EI-MS, m/z [M]" calcd for [GgH19N3O;]™: 413.12, found 413.16;
Anal. calcd. for GoH1gN3O7: C, 58.11; H, 4.63; N, 10.16; found C, 58.06; H§H N, 9.87.

1-[(4-Nitrophenyl)carbamoyl]cyclohexyl-2-nitrobenzate (14)

Yield 57%; white powder; Mp= 200-204°C;; R.65 (EtOAc - petroleium ether, 1:2); IR:
Vma/cm* 3379 (NH), 1731 (CO), 1696 (OCN)4 NMR (500 MHz, DMSOd) &y: 10.25 (s,
1H, NH), 8.19 (dJ = 8.4 Hz, 2H, ArH), 8.03 (d,J = 7.6 Hz, 1H, ArH), 7.97 (d,J = 7.6 Hz,
1H, Ar-H), 7.90 — 7.81 (m, 4H, AH), 2.27 (d,J = 13.7 Hz, 2H, Cyclohex), 1.92 (t,J =
12.2 Hz, 2H, Cyclohex), 1.64 - 1.53 (m, 5H, Cyclohex), 1.33 - 1.31 (mJ = 9.1 Hz, 1H,
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CyclohexH): 3C NMR (125 MHz, DMSO#dg) 5¢: 171.2 (NHC=0), 163.9 (O€=0), 148.8,

145.6, 143.0, 133.9, 130.9, 126.4, 125.2, 124.0,4,2120.2 (Ar€), 84.5 (0O=CEc-0), 31.7,

24.9, 21.4 (Cyclohe); EI-MS, m/z [M]" calcd for [GgH19N3O;]™: 413.12, found 413.05;
Anal. calcd. for GoH19N3O7: C, 58.11; H, 4.63; N, 10.16; found C, 57.98; FB4 N, 10.19.

Ethyl [1-[(4-nitrophenyl)carbamoyl]cyclohexyl] phthalate (15)

Yield 48%; Off white powder; Mp= 179-181°C; R.62 (EtOAc - petroleium ether, 1:2); IR:
Vma/cm* 3358 (NH), 1740 (CO), 1698 (OCNJ4 NMR (400 MHz, DMSOdg) 84: 10.14 (s,
1H, NH), 8.21 (d,J = 8.8 Hz, 2H, ArH), 7.98 — 7.90 (m, 3H, AH), 7.71 (s, 3H, AH), 4.14
(q,J = 7.2 Hz, 2H, ®,), 2.29 (d,J = 14 Hz, 2H, CycloheX), 1.91 (td,J = 13, 2.8 Hz, 2H,
CyclohexH), 1.67-1.55 (m, 5H, Cyclohed), 1.34-1.31 (m, 1H, Cyclohei), 1.10 (t,J =7.2
Hz, 2H, H3); *C NMR (100 MHz, DMSO#é) 8¢: 171.1 (NHC=0), 167.3 (CH-O-C=0),
165.1 (O€=0), 145.1, 142.3, 132.5, 132.1, 131.4, 130.7,4,2928.7, 124.7, 119.6, (A®),
82.7 (OC-C=0), 61.5 CH,), 31.2, 24.0, 20.9, 13.6 (Cycloh€x-CHxs); EI-MS, m/z [M]*
calcd for [G3H24N>O;]™: 440.15, found 440.86; Anal. calcd. fopsB,4N,O7: C, 62.72; H,
5.49; N, 6.36; found C, 62.66; H, 5.36; N, 6.12.

1-[(4-Nitrophenyl)carbamoyl]cyclohexyl cinnamate (5)

Yield 54%; off white powder; Mp= 184-186°C; R.59 (EtOAc - petroleium ether, 1:2); IR:
Vma/cm* 3285 (NH), 1700 (CO), 1632 (OCNJ4 NMR (500 MHz, DMSOdg) 84 10.23 (s,
1H, NH), 8.17 (d,J = 9 Hz, 2H, ArH), 7.89 (d,J = 8.5 Hz, 2H, ArH), 7.74 — 7.73 (m, 2H,
Ar-H), 7.68 (d,J = 15.5 Hz, 1H, OCO-8=CH), 7.44 — 7.43 (m, 3H, A), 6.72 (d,J = 15.5
Hz, 1H, OCO-CH=@El), 2.22 (d,J = 13 Hz, 2H, CycloheH), 1.84 (t,J = 12 Hz, 2H,
CyclohexH), 1.65 — 1.56 (m, 5H, Cyclohet), 1.32 — 1.30 (m, 1H, Cyclohes); °C NMR
(125 MHz, DMSO¢k) 6c: 171.9 (NHE=0), 165.0 (0c=0), 145.4 (Arc), 145.1 (OCO-
CH=CH), 142.2, 133.9, 130.6, 129.0, 128.4, 124.6, 1{AreC), 118.1 (OCOSH=CH), 81.1
(O-C-C=0), 31.3, 24.5, 20.9 (Cycloh&X); EI-MS, m/z[M] " calcd for [GoH2,N,0s]": 394.15,
found 394.93; Anal. calcd. for.@H,,N,Os: C, 66.99; H, 5.62; N, 7.10; found C, 66.96; H,
5.54; N, 6.97.

1-[(4-Nitrophenyl)carbamoyl]cyclohexyl benzoate (1y

Yield 65%; off white powder; Mp= 186-189°C; R.65 (EtOAc - petroleium ether, 1:2); IR:
vmadcmit 3285 (NH), 1704Kr, CO, OCN):*H NMR (500 MHz, DMSOel) &: 10.23 (s, 1H,
NH), 8.18 (dJ = 10 Hz, 2H, ArH), 8.03 (dJ = 8 Hz, 2H, ArH), 7.88 (dJ = 9.5 Hz, 2H, Ar-
H), 7.69 (t,J = 7.5 Hz, 1H, ArH), 7.56 (t,J = 7.5 Hz, 2H, ArH), 2.30 (d,J = 14 Hz, 2H,
CyclohexH), 1.88 (td,J = 13.5, 3.5 Hz, 2H, Cyclohei), 1.68 (bd,J = 10.5 Hz, 3H,
CyclohexH), 1.62 — 1.54 (m, 2H, Cyclohe), 1.36 — 1.29 (m, 1H, Cyclohest); °C NMR
(125 MHz, DMSO€ds) 5c: 171.6 (NHC=0), 164.5 (OE=0), 145.2, 142.3, 133.6, 129.7,
129.5, 128.8, 124.6, 119.7 (A}, 81.6 (OC-C=0), 31.3, 24.5, 21.0 (Cycloh&x}; EI-MS,
m/z [M]" calcd for [GoH20N2Os]™: 368.13, found 368.27; Anal. calcd. fopgB.0N.Os: C,
65.21; H, 5.47; N, 7.60; found C, 64.99; H, 5.39;/Mb5.
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5.1.3. General method B for Passerini reactions

p-Nitrophenyl isocyanide (50 mg, 0.337 mmol, 0.5 eghs added to a mixture of
cyclohexanone (3.37 mmol, 5 eq), and the apprapoatboxylic acid (0.674 mmol, 1 eq). The
mixture was stirred at room temperature for 24 koillhe reaction was monitored by TLC.
After the reaction completion, the reaction was mphed by adding DCM (5 mL) and
neutralized with saturated solution of NaH{ @en the mixture was washed with DCM (3 x
10 mL). The organic layers were combined, driedrosehydrous sodium sulfate and
evaporated under reduced pressure [31]. The criabhugt was recrystallized from a mixture
of DCM/petroleum ether (1:1).

1-[(4-Nitrophenyl)carbamoyl]cyclohexyl formate (18)

Yield 89%; pale yellow powder; Mp= 162-165°C; ®60 (EtOAc - petroleium ether, 1:2); IR:
vma/cm* 3383 (NH), 1705kr, CO, OCN);*H NMR (500 MHz, DMSOdg) 84: 10.26 (s, 1H,
NH), 8.30 (s, 1H, 0=8), 8.19 (d,J = 9.5 Hz, 2H, ArH), 7.90 (d,J = 9.5 Hz, 2H, ArH),
2.15 (d,J = 16 Hz, 2H, Cyclohexd), 1.84 (dist.t) = 12.5, 11 Hz, 2H, Cyclohek), 1.62 (d,J

= 10 Hz, 3H, CycloheXd), 1.53 — 1.46 (m, 2H, Cycloheit), 1.33 — 1.25 (m, 1H, Cyclohex-
H); *C NMR (125 MHz, DMSOe€) 6c: 171.3 (NHC=0), 161.1 (OC€=0), 145.1, 142.4,
124.6, 119.7 (A€) 81.5 (OC-C=0), 31.3, 24.3, 20.6 (Cyclohe&); EI-MS, m/z[M]" calcd
for [C14H16N20s]™: 292.10, found 292.15; Anal. calcd. fois8:6N.Os: C, 57.53; H, 5.52; N,
9.58; found C, 57.65; H, 5.45; N, 9.60.

1-[(4-Nitrophenyl)carbamoyl]cyclohexyl acetate (19)

Yield 77%; pale yellow powder; Mp= 143-145°C; R®58 (EtOAc - petroleium ether, 1:2); IR:
Vma/Cm* 3446 (NH), 1720 (CO), 1629 (OCNJ4 NMR (500 MHz, DMSOdg) 84: 10.15 (s,
1H, NH), 8.18 (d,J = 9 Hz, 2H, ArH), 7.89 (d,J = 9 Hz, 2H, ArH), 2.14 (bs, 1H, Cyclohex-
H), 2.11 (s, 4H, Cyclohekt, CH3), 1.76 (td,J = 13.5, 3 Hz, 2H, Cyclohek), 1.60 (d,J = 9.5
Hz, 3H, CyclohexH), 1.53 — 1.45 (m, 2H, Cyclohei), 1.31 — 1.22 (m, 1H, Cyclohet);
13C NMR (125 MHz, DMSO#ds) ¢c: 171.8 (NHC=0), 169.6 (OS=0), 145.2, 142.2, 124.6,
119.6 (ArC), 80.9 (OC-C=0), 31.2, 24.5, 21.2, 20.8 (Cycloh€x-CHz); EI-MS, m/z[M]"*
calcd for [GsH1gN2Os]™: 306.12, found 306.22; Anal. calcd. fors8:gN.Os: C, 58.82; H,
5.92; N, 9.15; found C, 58.72; H, 5.83; N, 8.88.

1-[(4-Nitrophenyl)carbamoyl]cyclohexyl propionate @0)

Yield 74%; Yellow powder; Mp= 147-150°C;;®.66 (EtOAc - petroleium ether, 1:2); IR:
vmadcmit 3396 (NH), 1719Kr, CO, OCN):*H NMR (500 MHz, DMSO#l) &4: 10.13 (s, 1H,
NH), 8.18 (d,J = 9 Hz, 2H, ArH), 7.89 (d,J = 9.5 Hz, 2H, ArH), 2.43 (g.J = 7.5, 8 Hz, 2H,
OCOCH>), 2.13 (d,J = 13.5 Hz, 2H, Cyclohex), 1.77 (td,J = 13.5, 2.5 Hz, 2H, Cyclohex-
H), 1.60 (d,J = 10 Hz, 3H, CycloheXd), 1.52 — 1.44 (m, 2H, Cyclohei), 1.29 — 1.22 (m,
1H, CyclohexH), 1.03 (t,J = 7.5 Hz, 3H, E&3); *C NMR (125 MHz, DMSO#s) 8¢: 172.7
(NH-C=0), 171.9 (O€=0), 145.3, 142.2, 124.6, 119.6 (&) 80.7 (OC-C=0), 31.2, 27.2,
24.5, 20.8, 9.0 (Cycloheg; CH, CHs); EI-MS, m/z[M]" calcd for [GeH2oN2Os]": 320.13,
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found 320.30; Anal. calcd. forigH>0N,Os: C, 59.99; H, 6.29; N, 8.74; found C, 59.76; H,
6.13; N, 8.55.

1-[(4-Nitrophenyl)carbamoyl]cyclohexyl-2-hydroxy-2phenylacetate (21)

Yield 75%; pale yellow powder; Mp= 179-182°C; ®68 (EtOAc - petroleium ether, 1:2); IR:
Vma/cm* 3463 (OH), 3378 (NH), 1728 (CO), 1692 (OCRt NMR (500 MHz, DMSOdg)
ou: 10.08 (s, 1H, M), 8.21 (dJ =9 Hz, 2H, ArH), 7.88 (d,J = 9.5 Hz, 2H, ArH), 7.45 (d,J
= 7.5 Hz, 2H, ArH), 7.37 (t,J = 7.5 Hz, 2H, ArH), 7.33 — 7.30 (m, 1H, AH), 6.14 (d,J =
4.5 Hz, 1H, Ph-@&), 5.27 (dJ = 3 Hz, 1H, H), 2.08 — 2.03 (m, 2H, Cyclohe:), 1.73 (td,J
= 14, 4 Hz, 1H, Cyclohex), 1.57 (tdJ = 12.5, 4 Hz, 1H, Cyclohek), 1.49 — 1.46 (m, 1H,
CyclohexH), 1.36 — 1.28 (m, 2H, Cyclohei), 1.24 — 1.21 (m, 1H, Cyclohdx-), 1.12 — 1.04
(m, 1H, Cyclohex+), 0.53 — 0.45 (m, 1H, Cyclohei); *C NMR (125 MHz, DMSOdg) 8c:
171.5 (0O€=0), 171.3 (NHE=0), 145.1, 142.3, 139.7, 128.2, 128.0, 126.9,6,2119.7 (Ar-
C), 81.4 (O€-C=0), 72.4 CHOH), 33.0, 28.8, 24.2, 20.5, 19.8 (Cyclohex-EI-MS, m/z
[M] " calcd for [G1H2oN>Og]*: 398.14, found 398.53; Anal. calcd. fos:8,,N,06: C, 63.31; H,
5.57; N, 7.03; found C, 63.34; H, 5.66; N, 7.10.

1-[(4-Nitrophenyl)carbamoyl]cyclohexyl-2-phenylaceate (22)

Yield 69%; Yellow crystals; Mp= 74-76°C;R0.65 (EtOAc - petroleium ether, 1:2); IR:
Vma/cm* 3337 (NH), 1741 (CO), 1690 (OCNJ4 NMR (500 MHz, DMSOdg) 84 10.20 (s,
1H, NH), 8.19 (d,J = 9 Hz, 2H, ArH), 7.90 (d,J = 9.5 Hz, 2H, ArH), 7.32 — 7.22 (m, 5H,
Ar-H), 3.78 (s, 2H, PIiEH,), 2.12 (d,J = 13.5 Hz, 2H, Cyclohext), 1.74 (tdJ = 14, 3.5 Hz,
2H, CyclohexH), 1.52 (d,J = 10.5 Hz, 3H, CycloheX), 1.40 — 1.28 (m, 2H, Cyclohet),
1.25 — 1.20 (m, 1H, Cyclohex); **C NMR (125 MHz, DMSOds) &c: 171.7 (NHC=0),
170.2 (O€=0), 145.2, 142.3, 134.2, 129.4, 128.3, 126.9, 4,2419.6 (ArC), 81.3 (OC-
C=0), 40.7 CH,), 31.1, 26.4, 24.4, 20.6 (Cycloh€); EI-MS, m/z [M]* calcd for
[C1H2oN,0s]:  382.15, found 382.33; Anal. calcd. fop:8,,N,0s: C, 65.96; H, 5.80; N,
7.33; found C, 65.45; H, 5.79; N, 7.30.

1-[(4-Nitrophenyl)carbamoyl]cyclohexyl-2-acetoxybemnoate (23)

Yield 80%; white powder; Mp= 136-138°C;; R.63 (EtOAc - petroleium ether, 1:2); IR:
Vma/Cm* 3371 (NH), 1766 (CO), 1726 (CO), 1682 (OCR)t NMR (500 MHz, DMSO#)
8y 10.16 (s, 1HNH), 8.19 (d,J = 10 Hz, 2H, ArH), 8.09 (ddJ = 7.5, 2 Hz, 1H, AH), 7.87
(d,J =9 Hz, 2H, ArH), 7.70 (tdJ = 7.5, 2 Hz, 1H, AH), 7.46 (tdJ = 7.5, 1 Hz, 1H, ArH),
7.24 (dd,J = 8, 1 Hz, 1H, ArH), 2.27 (d,J = 14 Hz, 2H, CycloheH), 2.02 (s, 3HCHy3),
1.87 (td,J = 14, 3.5 Hz, 2H, Cyclohek), 1.67 — 1.66 (m, 3H, Cyclohei), 1.60 — 1.53 (m,
2H, CyclohexH), 1.36 — 1.28 (m, 1H, Cyclohei); *C NMR (125 MHz, DMSO#d) 8c:
171.3 (NHC=0), 168.9 (O€0O-CHy), 162.7 (O€=0), 150.0, 145.2, 142.3, 134.3, 131.1,
126.2, 124.6, 123.9, 123.4, 119.8 @); 82.1 (OC-C=0), 31.1, 24.4, 20.9, 20.5CK3,
CyclohexC); EI-MS, m/z[M]" calcd for [GoH2N,07]": 426.14, found 426.64; Anal. calcd.
for C22H22N207: C, 6197, H, 520, N, 657, found C, 6189, HL%N, 6.47.
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Bis[1-[(4-nitrophenyl)carbamoyl]cyclohexyl] succinde (24)

Yield 72%; Yellow crystals; Mp= 196-199°C;; R.66 (EtOAc - petroleium ether, 1:2); IR:
vma/cm* 3363 (NH), 1733 (CO), 1700 (OCNy4 NMR (500 MHz, DMSOd) &: 10.00 (s,
2H, 2 NH), 8.14 (d,J = 9.5 Hz, 4H, ArH), 7.84 (d,J = 9 Hz, 4H, ArH), 2.72 (bs, 4H, 2
CH), 2.06 (dJ = 13.5 Hz, 4H, Cyclohex), 1.72 (tdJ = 14, 3.5 Hz, 4H, Cyclohekt), 1.59
— 1.42 (m, 10H, Cyclohel), 1.26 — 1.22 (m, 2H, Cyclohe); *C NMR (125 MHz,
DMSO-dg) 8c: 171.5 (2 NHE=0), 171.2 (2 0c=0), 145.1, 142.2, 124.5, 119.6 (&), 81.4
(2 OC-C=0), 31.1, 29.0, 24.4, 20.7CKH, CyclohexC); EI-MS, m/z [M]" calcd for
[C30H34N40lo]+: 610.22, found 610.47; Anal. calcd. fOéoEg4N40]_o: C, 59.01; H, 5.61; N,
9.18; found C, 59.11; H, 5.58; N, 9.12.

Synthesis of 1-HydroxyN-(4-nitrophenyl)cyclohexanecarboxamide (25b)

p-Nitrophenyl isocyanide (50 mg, 0.337 mmol, 0.5 egas added to a mixture of
cyclohexanone (331 mg, 3.37 mmol, 5 eq), and tifhacetic acid (154 mg, 1.35 mmol, 2 eq).
The mixture was stirred at room temperature forhddrs. The reaction was monitored by
TLC. After the reaction completion, the reactionswguenched by adding DCM (5 mL) and
neutralized with saturated solution of NaH{ @en the mixture was washed with DCM (3 x
10 mL). The organic layers were combined, driedrosehydrous sodium sulfate and
evaporated under reduced pressure [31]. The criaugt was recrystallized from a mixture
of DCM/petroleum ether (1:2). Yield 79%; yellow pdear; Mp= 70-73°C; R0.64 (EtOAc -
petroleium ether, 1:2); IRvna/cm® 3320 (OH), 3284 (NH), 1688 (OCNJH NMR (500
MHz, DMSO-g) 6y: 10.28 (s, 1HNH), 8.19 (d,J = 9.5 Hz, 2H, ArH), 8.04 (d,J = 9.5 Hz,
2H, Ar-H), 5.58 (s, 1HOH), 1.72 (td,J = 13, 3.5 Hz, 2H, Cyclohek), 1.63 — 1.58 (m, 5H,
CyclohexH), 1.52 — 1.49 (m, 2H, Cyclohei), 1.22 — 1.17 (m, 1H, Cyclohes); °C NMR
(125 MHz, DMSO¢k) 6c: 177.1 (NHC=0), 145.2, 142.2, 124.6, 119.3 (8); 74.0 (HOC-
C=0), 33.6, 24.9, 20.7 (Cycloh&); EI-MS, m/z[M] " calcd for [G3H1eN2O4]": 264.11, found
264.61; Anal. calcd. for GH1gN20,4: C, 59.08; H, 6.10; N, 10.60; found C, 59.14; 9% N,
10.50.

Synthesis of 3-(4-nitrophenyl)-1-oxa-3-azaspiro[4]8ecane-2,4-dione (26c¢)

p-Nitrophenyl isocyanide (50 mg, 0.337 mmol, 0.5)ewas added to a mixture of
cyclohexanone (331 mg, 3.37 mmol, 5 eq) and tridadcetic acid (109.8 mg, 0.674 mmol, 1
eq). The mixture was stirred at room temperatur@fohours. The reaction was monitored by
TLC. After the reaction completion, the reactionswguenched by adding DCM (5 mL) and
neutralized with a saturated solution of NaHC®hen the mixture was washed with DCM (3
x 10 mL). The organic layers were combined, driegroanhydrous sodium sulfate and
evaporated under reduced pressure [31]. The criabhugt was recrystallized from a mixture
of DCM/petroleum ether (1:2). Yield 86%; Yellow estgls; Mp= 180-182°C; #0.69 (EtOAc -
petroleium ether, 1:2); IRma/cm™® 1814 (COO), 1734 (COJH NMR (500 MHz, DMSOd)
8 8.39 (d,J = 9 Hz, 2H, ArH), 7.81 (d,J = 9.5 Hz, 2H, ArH), 2.09 (d,J = 13 Hz, 2H,
CyclohexH), 1.84 (td,J = 13, 4.5 Hz, 2H, Cyclohei), 1.76 — 1.71 (m, 2H, Cyclohe),
1.67 — 1.60 (m, 1H, CycloheX), 1.58 — 1.50 (m, 2H, Cyclohext), 1.43 — 1.34 (m, 1H,
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CyclohexH): *C NMR (125 MHz, DMSO#dg) 5¢; 173.7 (NCOC), 152.5 (NEOO), 146.6,
136.9, 127.3, 124.2 (AB), 85.1 (OC-C=0), 31.1, 23.7, 20.8 (Cycloh&); EI-MS, m/z[M]*
calcd for [G4H14N2Os]™: 290.09, found 290.34; Anal. calcd. fors814N2Os: C, 57.93; H,
4.86; N, 9.65; found C, 58.08; H, 4.89; N, 9.87.

Synthesis of 5, 5-Dimethyl-3-(4-nitro-phenylamino)cyclohex-2-enone (30)

p-Nitrophenyl isocyanid& (50 mg, 0.337 mmol, 1.1eq) was added to a soluifodimedone
(47 mg, 0.337 mmol, 1.1 eq) anehitrobenzoic acid (51 mg, 0.307 mmol, 1eq) in atone of
2,2,2-trifluoroethanol (TFE) and ethanol (1:1, 2mIhe reaction mixture was stirred under
Reflux for 3 days. The reaction was monitored byCTlAfter the reaction completion, the
mixture was evaporated and washed with a mixtui@@¥1/n-hexane (1:2). The crude product
recrystallized from ethanol. Yield 81%; pale yellogvystals; Mp= 244-246°C; [lit.[60]
Mp=246-247 °C] R0.36 (EtOAc - petroleium ether, 1:2); IRna/cm® 3256 (NH), 3062
(CH=CH); 'H NMR (500 MHz, DMSO#s) &: 9.32 (s, 1H, M), 8.20 (d,J = 9 Hz, 2H, Ar-
H), 7.35 (d,J = 7 Hz, 2H, ArH), 5.66 (s, 1H, C=8-CO), 2.42 (s, 2H, 8), 2.11 (s, 2H,
CH>), 1.02 (s, 6H, 2 H3); **C NMR (125 MHz, DMSO#k) 8¢: 196.6 C=0), 157.4 (NH-
C=CH), 146.3, 141.5, 125.3, 120.3 (&) 101.1 (C£H-CO), 50.0 CH,-CO), 42.1CH»-C-
(CHa),), 32.2 (CH-C-(CHs)2), 27.8 (2 CHa); EI-MS, m/z [M]" calcd for [G4H1eN2O3] ™
260.11, found 260.89; Anal. calcd. fors816N2O3: C, 64.60; H, 6.20; N, 10.76; found C,
64.87; H, 6.00; N, 10.66.

2-[(4-Nitrophenyl)carbamoyl]-1,3-dioxo-2,3-dihydro-1H-inden-2-yl 4-
(trifluoromethyl)benzoate (32)

p-Nitrophenyl isocyanide (50 mg, 0.337 mmol), was added to a solution ahydrin 31
(59.9 mg, 0.337 mmol), trifluoromethyl benzoic a¢i8.3 mg, 0.307 mmol,) in a mixture of
2,2,2-trifluoroethanol (TFE) and ethanol (1:1, 2nilpe mixture was stirred under Reflux for 3
hours. The reaction was monitored by TLC. After thaction completion, the mixture was
cooled to precipitate the desired product theeriéitl. The product was washed with a saturated
solution of NaHC@, then dried and collected without further purifioa. Yield 46%; white
powder; Mp= 210-212°C; 0.75 (EtOAc - petroleium ether, 1:2); IR:a/cm* 3331 (NH),
1733 (CO), 1715 (CO), 1692 (OCN}4 NMR (500 MHz, DMSOe) &: 11.42 (s, 1H, M),
8.42 (d,J = 8 Hz, 2H, ArH), 8.25 (d,J = 9 Hz, 2H, ArH), 8.21 — 8.19 (m, 2H, AH), 8.17 —
8.15 (m, 2H, ArH), 8.03 (d,J = 8 Hz, 2H, ArH), 7.96 (d,J = 9 Hz, 2H, ArH); **C NMR
(125 MHz, DMSO#€) 6c: 190.7 (£=0), 163.2 (NHE=0), 161.5 (O€=0), 143.7, 143.0,
140.4, 137.6, 131.6, 126.1, 124.7 (B)-124.3(CF3), 121.3, 112.3 (AE), , 84.7 (O=CE-0);
EI-MS, m/z [M]" calcd for [G4H13FsN2O;]": 498.06, found 498.62; Anal. calcd. for
Co4H13F3N207: C, 57.84; H, 2.63; N, 5.62; found C, 57.55; H83.N, 5.42.

Procedure for Passerini new products with ninhydrin

A mixture of p-nitrophenyl isocyanide (50 mg, 0.337 mmol), ninhydrin (59.9 mg, 0.337
mmol), and trifluoromethyl benzoic aci8d) (58.3 mg, 0.307 mmol) in 2,2,2-trifluoroethanol
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(TFE)/ethanol (1:1, 2 mL) was stirred at room terapgre for 1 day. The separated product
was filtered off, washed with saturated NaH{&S6lution and dried.

2-Ethoxy-2-[(4-nitrophenyl)amino]-1H-indene-1,3(2H}dione (34)

Yield 70%; off white power; Mp= 180-183°C;; R.59 (EtOAc - petroleium ether, 1:2); IR:
Vma/cm* 3350 (NH), 1716 (CO)Y:H NMR (500 MHz, DMSO#l) & 8.10 — 8.05 (m, 6H, Ar-
H), 8.01 (s, 1HNH), 7.32 (dJ = 9.5 Hz, 2H, ArH), 3.74 (qJ = 7 Hz, 2H, G1,), 1.09 (tJ =

7 Hz, 3H, ®3); °C NMR (125 MHz, DMSO6g) 8¢c: 193.1 (£=0), 151.1, 138.8, 138.5,
137.8, 125.0, 124.4, 115.5, (A}, 82.7 (NHC-CO), 59.1 CH,), 14.9 CH3); EI-MS, m/z
[M] " calcd for [G7H14N>Os]*: 326.09, found 326.25; Anal. calcd. forA814N.0s: C, 62.57; H,
4.32; N, 8.59; found C, 62.42; H, 4.12; N, 8.65.

2-Methoxy-2-[(4-nitrophenyl)amino]-1H-indene-1,3(2H-dione (35)

Yield 68%,; off white powder; Mp= 170-173°Cj; R.57 (EtOAc - petroleium ether, 1:2); IR:
Vma/cm* 3374 (NH), 1705 (COYH NMR (500 MHz, DMSO#d) 84: 8.10 — 8.05 (m, 6H, Ar-
H), 8.03 (bs, 1H, N), 7.31 (dJ = 9 Hz, 2H, ArH), 3.42 (s, 3H, E3); °C NMR (125 MHz,
DMSO-ds) éc: 192.9 (2C=0), 151.1, 138.9, 138.5, 137.8, 125.0, 124.4,9,1B15.5, (ArC),
82.7 (NHC-CO), 51.0 CHa); EI-MS, m/z [M]" calcd for [GeH1oNoOs]™: 312.07, found
312.11; Anal. calcd. for fgH12N2Os: C, 61.54; H, 3.87; N, 8.97; found C, 61.25; H/&.N,
8.87.

5.2. Anticancer evaluation
5.2.1. Cytotoxicity Screening

Normal human lung fibroblast Wi-38 cell line wased to detect cytotoxicity of the
studied compounds compared to currently used artgradrug (doxorubicin). Wi-38 cell line
was subcultured in DMEM medium-contained 10% fetatine serum (FBS), seeded as 5x10
cells per well in 96-well cell culture plate anduiated at 37°C in 5% G@hcubator. After 24
h for cell attachment, serial concentrations oséheompounds and doxorubicin (Dox) were
incubated with Wi-38 cells for 72 h. Cell viabilityas assayed by MTT method [25]. Twenty
microliters of 5 mg/ml MTT (Sigma, USA) was addedetach well and the plate was incubated
at 37°C for 3 h. Then MTT solution was removed, 300 DMSO was added and the
absorbance of each well was measured with a mat@peader (BMG LabTech, Germany) at
570 nm. The Ig and EGqo values of the tested compounds that cause 50%d1@d%h cell
viability were estimated by the GraphPad Instatvemfe. Anticancer effect of the above-
mentioned compounds was assayed using three huanarrccell lines. Breast cancer cell line
(MCF-7), liver cancer cell line (HepG-2) and myeldieukemia cell line (NFS-60) were
cultured in RPMI-1640 (Lonza, USA) supplementedhwif% FBS. All cancer cells (5x10
cells/ well) were seeded in sterile 96-well platdfer 24h, serial concentrations of the tested
compounds and Dox were incubated with three cacekdines for 72 h at 37°C in 5% GO
incubator. MTT method was done as described abdvee half maximal inhibitory
concentration (16g) values were calculated using the GraphPad Issfaware.
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5.2.2. Morphological examination of the induced apmosis

Cellular morphological changes before and afteattnent with the most effective and
safest anticancer compounds were investigated yéiage contrast inverted microscope with a
digital camera (Olympus, Japan).

5.2.3. Flow cytometric analysis of apoptosis

The 1G of the most effective compounds and Dox was intaé&r 72 h with MCF-
7, NFS-60, and HepG-2 cell lines. After trypsiniaat the untreated and treated cells were
incubated with annexin V/PI for 15 min., and thegll were fixed and incubated with
streptavidin-fluorescein (5 pg/ mL) for 15 min. Tagoptosis-dependent anticancer effect was
determined by quantification of annexin-stainedpptic cells using the FITC signal detector
(FL1) against the phycoerythrin emission signaédetr (FL2).

5.2.4. Caspase 3/7 activation assay

The percentage of caspase 3/7 activation was ifjednising the Caspase-Glo 3/7 kit
following the manufacturer’s instructions. This kised a luminogenic substrate that was
cleaved by caspases resulting in the generatiothefluminescent signal. This signal was
measured by the fluorescence omega microplate r¢BMG LabTech, Germany) at 490 nm
excitation and 520 nm emission.

5.2.5. Quantification of the apoptosis-inducing faorl (AlF1)

The level of AIF1 was estimated using ELISA kito@am, United Kingdom) following
the manufacturer's protocol. Briefly, extracts otreated and the most effective anticancer-
treated cancer cells were added to anti-AlF1-coatelts following by the incubation for 1 h
with horseradish peroxidase-conjugated antibody.enThwells were washed and
tetramethylbenzidine (substrate solution) was adéé@ér 10 min, a reaction was stopped by
adding stop solution and the wells were measuredi5& nm using spectrophotometer
microplate reader (BMG LabTech, Germany).

5.3. Antimicrobial evaluation

Selected compounds were evaluated agataphylococcus aureUATCC 25923),
Enterococcus  faecalis (ATCC  29212), Escherichia coli (ATCC  25922),
Pseudomonas aeruginosgATCC 27853), andCandida albicans(ATCC 90028). Their
inhibition zones were measured using the agar aviéllsion technique [42]and their minimal
inhibitory concentrations (MIC) were measured usthg broth microdilution assay [43].
Ciprofloxacin was used as a standard antibactagaht, while fluconazole was used as an
antifungal reference. DMSO was used as a blankshadied no antimicrobial activity.

5.3.1. Agar well diffusion assay

In the agar well diffusion method [42)00 pL of suspension containing 1x°10
CFU/mL of pathological tested bacteria and 1 @BU/mL of fungi were spread on nutrient
agar. After the media had cooled and solidifiedllsMd0 mm in diameter) were made in the
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solidified agar and loaded with 100 pL of the esmpound solution; prepared by dissolving
in DMSO by final concentration 1mg/mL. The inoceldtplates were then incubated for 24 h
at 37 °C for bacteria and 48 h at 28 °C for furidegative controls were prepared using
DMSO. Ciprofloxacin (1 mg/mL) was used as a stadd@r antibacterial activity, while
Fluconazole (1 mg/mL) was used as a standard fitiuagal activity. After incubation time,
antimicrobial activity was evaluated by measuring zones of inhibition in millimeters (mm)
against the test organisms and compared with fitaestandards.

5.3.2. Microdilution assay

In the broth microdilution method [43], two fo#rial dilutions of the test compound
solutions were prepared using the proper nutrienielddr Hinton broth. The appropriate
inoculums were added and incubated at 37°C for.ZBhk lowest concentration showing no
growth was taken as the minimum inhibitory concatndn (MIC).

5.4. Data analysis and statistics

Data were expressed as mean + standard error eofntean (SEM). Statistical
significance was estimated by the multiple comparissTukey post-hoc analysis of variance
(ANOVA) using the SPSS16 program. The differencesenconsidered statistically significant
atp <0.05.
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Highlights

» Cytotoxicity of newly synthesized Passerini compounds was eval uated.

» Compounds 13 and 21 exhibited more potent caspase-dependent apoptotic induction
than doxorubicin.

» Selected compounds were screened for dual anticancer/antimicrobial activities.

* Insilico drug-likeness data were predicted for al compounds.



