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ABSTRACT

Stereoselective aldoximes, preferably Z form haeenbobtained fronu-cyano substituted
carbonyl conjugated alkenes. This reaction occursugh Michael addition type reaction
followed by retro-Knoevenagel reaction without s#ion-metal catalysis via C-C bond
cleavage. These oximes are evaluated against caelieines employing mechanistic study.
Two oximes showed significant cytotoxic activityhih through in silico studies were found to
inhibit MRCK Kinase, responsible for metastaticesgat of cancer mortality.

Keywords: Stereoselective synthesis; Z-oximes; C-C bond velga, Retro-Knoevenagel
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1. Introduction

Non-metallic catalytic C-C cleavage appears impmsdbecause of the high energy block. The
cleavage of carbon-carbon bond is a significantaga organic chemistry due to its inert nature
[1]. Although, the importance of the C-C bond clege has already resulted in different
methodologies for the cleavage of©C C=C, and carbenparbon triple bond [2-4]. The

development of new routes for selective cleavag€-6E bond still remains an important and
challenging goal for the chemists and biologistse Breaking of C-C bond with transition-metal
complex is often studied [5]. In this regard, C-©nbs that are activated followed by
transformation offer an attractive alternative agwh in terms of disconnecting atoms, forming
more active linkages, and producing more versaitaffolds [6]. Stereoselective oximes are

significant intermediates in organic synthesis [7-Bhe oximes can either be dehydrated to



nitriles [9] or converted to amides via an acidabated Beckmann rearrangement [10]. Oximes
are also key to ligands in the formation of monod @oly metal complexes [11]. Oximes are
used for protection, purification [12] and charazation of carbonyl compounds [13].
Moreover, oximes have been widely used in mediaméystry, and analytical chemistry [14-
18]. The previously reported method for the synthe$ oximes is the reaction of a carbonyl
compound with hydroxylamine hydrochloride in theeggnce of base (Scheme 1) [19-20].
However, this method has some drawbacks whichicegs further application. Recently, other
studies have been achieved to obtain oximes viaetthex methods under oxidation or reduction
conditions [21] e.g .aerobic oxidation of primamiaes by using 1,1-diphenyl-2-picryl-hydrazyl
and tungstated alumina [22-25]. Some workers haported the synthesis of oximes via
oxidative ammoniation of carbonyl compounds [26-ZHbwever, these methods have more
short-comings such as harsh reaction conditiong; tmetal salts, low yields, which adversely

affect the applications extensively for the synithe$ oximes.

Schemel:Conventional methods of synthesis of oximes ymgdnixture ofE & Z isomers and

present method yielding predominanflysomer respectively.

The catalytic oxidation of amines is of major imjaorce from both bioorganic and synthetic
processes [28-29]. However, beneficial methods&balytic oxidation are restricted, because of
the sensitivity of amines. We report herein thestfiexample where alkenes-bridged with
electron-withdrawing groups undergo C-C bond clgavavith the concomitant loss of the

specific group by Michael addition type reactioidaved by retro Knoevenagel reaction. This
method uses a weak base, water and methanol tbidiraythe use of DMF or NMP, which are

expensive and difficult to remove from reaction tane [30].

Our research group has now developed the syntbésigimes, through direct conversion of

aryl/alkyl cyano ester to aryl/alkyl oximes. Thekexte-bridged ethyl cyano aryl acrylate

compounds undergo C-C bond cleavage with the assodcioss of the ethyl cyanoacetate group
by Michael addition of hydroxylamine to a benzyhde cyanoacetate followed by a retro
Knoevenagel reaction (1, 3 proton shift) withowngition-metal catalysis. Besides this, the
significant advantage of the present method is fikenation of stereoselective oximes

(Mainly Z —form) since this form is known to be biologicalgtive (Scheme 1). The utility of



this method is seen not only in the synthesis e@festselective substituted aryl/alkyl oximes but
other styrene derivatives of commercial utilitycalsy using different compatible nucleophiles.
In recent years, there has been an increasingesitar the application of oximino group for
enhancing the biological activity in a large vayief molecules. In Steroids oximino group is
well known for its anticancer properties [31]. Ttl@me derivatives of curcumin show strong
antiproliferative activity against some cancer tiaks. Besides, the efficacy of these compounds
in reversing the efflux-mediated resistance dewedopy cancer cells has also been studied [32].
It is reported that the oxime derivatives of 1, aphthoquinone exhibited higher cytotoxic
activity against cancer cells MDA-MB-231 and (HSByt lower cytotoxic activity against
normal cell [33]. 5-Nitro, 5- flouro-indirubin-3-ame showed antiproliferative activity against
human cancer cell line [34h, B- unsaturated oximes have exhibited high antiprodifive
activity against (Panc-1), (A-549), (PaCa-2) an€-® cell lines [35] Quinazolinone was
inactive against nasopharyngeal carcinoma (NPC-TWGQhg carcinoma and leukemia while
guanozolinone oxime and quanozolinone methyl oxéxleibited more potent antiproliferative
activity [36]. The two structurally related protdimase families, the Rho kinases (ROCK) and
themyotonic dystrophy kinase-related Cdc-bindingakes (MRCK) are required for migration
and invasion of cancer cells [37]. These regulate dssembly and organization of the actin
cytoskeleton in all eukaryotic cells and have b#en center of much attention in cancerous
growth and metastatic [38]. It has been reportedl MiRCK inhibition was adequate to decrease
invasion by squamous cell carcinoma cells [39-41].

Simultaneous targeting of these two kinase famifidikely to block the migration and invasion
of metastatic cancers. If inhibition of ROCK and MR kinases has a greater effect in
preventing cancer spread motility and local invashaghly selective small-molecules of oximes
may act as inhibitors, thus proving useful for mmton of tumor invasion and metastasis. We
have designed and prepared eight2@ximes, out of which two have shown high activity

against all the nine different cancer cell lines.

2. Results and discussion

2.1 Synthesis of Z oximes (2a-2v)



In continuation of our materials research, we feduson the study of 2-Cyano-3-N-
hydroxylamino-3-phenyl ethyl propionate (2). Metbha solution of a benzylidene cyanoacetate
(1) was treated with hydroxylamine hydrochloride agueous sodium carbonate solution
(Scheme 3; Table 1, entry 7) to synthesize (2).eXdpectedly, benzyl oxim@a was formed
because of the loss of the ethyl cyanoacetate yn{fsstheme 3). This structure was confirmed
by using IR spectraH NMR, **C NMR spectrum. The other expected products as stiow
(Scheme 2) were also not detected. A preliminargmeration of the impact of solvents on
reactions shows that the oxing) is obtained as the major product with most of dlmholic
solvents used. Perhaps surprisingly, using watablél'l, entry 7) it was obtained as the major
product. With an increase in reaction temperatarg00 °C, for 1h only2a) was isolated. A
chemical reaction involving loss of ethyl cyanoatetgroup by C-C bond cleavage, by the
Michael type addition of hydroxylamine hydrochlaichas not been reported previously.
Another example of ethyl cyanoacetate group loss eeserved when aqueous hydroxylamine
hydrochloride was reacted with other similar sudiss (Scheme 4-5).The screening of different
solvents revealed that the solvent plays an importae in this reaction. Particularly, methanol:
water (9:1) was the only efficient solvent for fioemation of oximes, while no reaction occurred
in other solvents (Table 1, entries, 1-6). Moreptiee effect of the reaction temperature was
also examined, and it was found that a temperatfird0O0 °C was optimal for this reaction
(Table 1, entries, and 7-12). Although methanoltewd9:1) was the best choice for this
reaction, other solvents such as ethanol: waterld&O: water were also effective, however

affording the products with slightly reduced yie(dsble 1, entries 8-12).

Scheme 2Formation of oxime due to C-C bond cleavage.
Table 1: Optimization of the reaction conditions

Scheme 3Unexpected formation of benzyl oxime (2a)

Scheme 4Benzyl oxime (2a) from benzylidene malononitrile.

The Screening of various bases as catalysts (Tabentries,1-7) show that these play an
important role in this reaction. With the increadgKa value yield of (2a) decreased (Table 2,
entries, 1-7) therefore sodium carbonate and potassarbonate gave better conversion of



stereoselective oximes. Further optimization ofrémults showed that optimum amount of base
i.e. 1.1 equivalent gave (Table 2, entries 1-7Hesut yield. Additionally, the reaction was less
efficient while proceeding in only water (Tableehtry 12). The scope of reaction was assessed
by using other substrates under similar conditig8sheme 4-5) to yield corresponding
stereoselective oximeZ-{somer) followed by carbon—carbon bond cleav&gih the optimized
conditions in hand, we turned our attention togbepe of the reaction. As summarized in (Table
3), a variety of ethyl cyanoaryl acrylates werewated to corresponding oximes. The reaction
could be successfully applied to a range of differsubstituted substrates yielding the
corresponding oximes in almost excellent yieldfhyyEtyanoaryl acrylates with either electron
donating or electron-withdrawing groups on the le@@z ring smoothly generated the
corresponding products, however in varying yieldiscEonic effects play an important role, as
electron-withdrawing substituents (Table2p) on the benzene ring favored the transformation.
Meanwhile, electron-donating substituents (Tablee®ries2b—2h and2n, 29 hindered the
transformation. This is evident from the mechanigiven in (Scheme 1), since electron-
withdrawing groups will facilitate nucleophilic attk ata-position. The ethylK)-2-cyano-3-(4-
methoxyphenyl) acrylate substrate gave the two &anproducts, i.e.E isomer oxime and
isomer oxime in 90:10 ratio. Both isomers were oméd by melting points andHNMR

Spectrum.

Scheme 5Benzyl oxime Ra) from dimethyl-2-benzylidene malonate.

Table 2: Impact of base on yield of benzyl oxime.

Additionally, the reaction conditions were also gqatible with fluoro, chloro, and bromo

substituents (Table 3, entridg-2l). The yield was excellent in case of fluorine lggin the para

position of benzene followed by bromine in the sgrosition. With chlorine at either ortho or
meta positions (Table 3, entri@k and2l), the yield was slightly lower than fluoro /bromo
derivatives. This may be due, in part, to sterredhance. Ethyl (E-2-cyano-3-(naphthalen-1-yl)
acrylate could also be successfully converted th&® corresponding oximes in good Yyields
(Table 3,2i). Moreover, we also conducted the reaction witteteeyclic substrates under the

optimized reaction conditions (TableZ3), with good yields.



Scheme 6 Control experiment.

Table 3: Substrate scope @ oximes.

Scheme 7a plausible mechanism is proposed for the syntleédienzyl oxime 2a).

Surprisingly, in the case of ethyl (E)-2-cyano-BHihdole-3yl) acrylate, a heterocyclic
derivative an equivalent yield of oxime was obtdirf@able 3,25. However, the yield in the
case of aliphatic oximes was quite low (See tabl2t32u, 2\). To demonstrate the scope and
efficiency of the present method, this mild systeras then extended for the synthesis of
aliphatic oximes. However, we found that the heptybstrate (Table 2r) did react and gave
very low conversion and amount of yield. To ch#ekviability of ethyl cyanoacetate as leaving
group, we also replaced it with malononitrile anchethylmalonate groups. Using optimized
reaction conditions we found that both these graygge comparable yields of benzyl oxime
(Scheme 4-5). To assess the effect of electrondnaiving group we used one EWG in place of
two and observed that C-C cleavage did not takeepéand no oxime was formed. The role of
water was also assessed and the exclusion of aiateresulted in the non-formation of oxime.
Experiment with ethyl cinnamate which has only &&G when reacted with aq. hydroxyl
amine in methanol at 100 °C for 1h we did not fibénzyl oxime 2a), rather N
hydroxycinnamamide was formed, therefore one elaawithdrawing group did not leave from
the substrate as shown in (Scheme 6). The presdrnioe EWG i.e cyano and ester groups
gave the oxime as shown in (SchemeBgsed on the above control experiments (,a plausibl
mechanism is proposed for the synthesia{Scheme 7). Firstly, the reaction of ethyl (E)-2-
cyano-3-phenylacrylate with hydroxylamine catalyzZeg NaCO; give a Michael addition
product as an intermediate. Then a retro Knoevdnagetion is taken place through attacked
base on intermediate (1, 3 proton shift) and sulesagcarbon-carbon bond cleavage to give the
final product2a. The mechanism shown explains the formation a$atrier preferentially since

the heavier leaving group orients the preferabldigaration (scheme 7).
3. Biological activities

3.1 Anticancer activity of synthetic oximes (MTT Assay)



Among all the twenty two synthesized compourfig(2, 3, 4-trimethoxy benzyl oxime) showed
maximum growth inhibition in all the tested cancefl lines (range of 165 9.42 + 0.39-18.75 +
3.39 pug/mL) but it also showed moderate toxicityrformal cell line (L-132) with an I§ value
of 44.26 + 0.39 pg/mL (Table 4). Compould (p-methoxy benzyl oxime) showed toxicity
against all the tested cancer cell lines (rangkcef8.63 £ 0.15-23.84 + 0.50 ug/mL) as well as
in normal cell line (1Gy 37.84 + 1.27 pg/mL). Compourilinhibits the growth of skin, lung and
breast cancer cell lines (12.25 + 0.40-24.49 = LginL) but slightly altered the growth of the
squamous carcinoma and hepatic carcinoma with #neept inhibition of 43.23 + 1.03 and
47.58 + 3.68 respectively at the highest testecdeatnation (50pg/mL). It also showed toxicity
against normal cell line (L-132) with andévalue of 28.69 + 0.86 ng/mL whereas compoghd
and 2k selectively showed toxicity against the skin cavoma (1Go 40.80 + 1.55 pg/mL) and
breast carcinoma (kg 38.84 + 0.70 ug/mL, (Table 4, Fig 1). Rest of toenpounds altered the
growth of cells feebly with the percent inhibiticenged from 14.31 + 0.95-48.57 £ 5.47.

Table 4:1Cs value of synthesized compound for tested cell line
Figure 1: Percent cytotoxicity of synthetic oximes (2b-2p)standard drug Tamoxifen.
3.2 Docking study of bioactive oximes against MRCK protein

The oxime moiety of the paramethoxy benzaldehydenex2d) ligands provides binding site
opening interacting with MRCK around the GIn 1441\35, Asp 32 and oxime moiety of tri
methoxy benzaldehyde oxim2g) interacted with MRCK GIn 144, Val 35, His 395;s 109,
GIn 70. As well as binding energy 2fl, 2g respected -5.1 and -5.9 (Fig. 2y ligand interacted
with MRCK kinase with good binding energy compareth 2d and both ligand are inhibited

cell invasion pathways of metastatic stage.

Figure 2: (A) Interaction of 2d with MRCK Kinase (3D); (B) Interaction of 2d with MRCK
Kinase (2D); (C) Interaction of 2g with MRCK Kinase (3D); (D) Interaction of 2g with MRCK
Kinase (2D).

3.3 Cdll cycleanalysis
Compound 2g and 2d at the inhibitory concentration (4} and double the inhibitory

concentration 16y for 24 h altered the phases of the cell cycleAd431 cell line, the compound

2g slightly increased the apoptotic cells at bothtésted concentration. Compoud reduced



the GO/G1 phase up to 1.14 fold and increased thmebar of cells in S phase at both the
concentration 10.24ug (1.1fold) and 20.48 (1.6 )tokhere is a non-significant alteration was
observed in the G2/M phase, whereas comp@ahidcreased 1.1 and 1.2 fold number of cells in
the G2/M phase at both the tested concentratigpextively. Compoungd at the concentration

of 9.11 ug decreased the cells in S phase, bbeatancentration of 18.22pg, it increased the 1.2
fold number of cells (Fig 3). The reduction of selh GO/G1 phase was observed at both the
concentration up to 1.3 fold. The compou2d showed up to 4.3 fold increased number of
apoptotic cells in comparison to control. In NCl@&4cell line, the number of apoptotic cells
was increased 1.4 and 3.1fold at both the testedectration respectively after the treatment
with compound2g. Simultaneously, compourfy reduced the number of cells in GO/G1, S, and
G2/M phase up to 2.4 fold.

Similarly, Compound 2d increased the apoptoticscatlthe both tested concentrations 8.63 g
(3.2 fold) and 17.26p.g (4.4 fold) and decreasechtimber of cells in GO/G1, S and G2/M phase
up to 1.5 fold (Fig 4). From the results, we caterpret that the compourty inhibit the cell
proliferation of A431 cells by arresting the cejcte in S phase, whereas in NCIH-460 cells by
increasing apoptosis. The compoud altered the cell growth of A431 cells by inducing
apoptosis and G2/M phase arrest, but in NCIH-468,ce cell proliferation was inhibited by

inducing apoptosis.
3.4 Apoptosis assay (Annexin-V-FITC)

Both the compound showed apoptosis in NCIH-460lcwdt therefore, we further performed the
annexin-V assay to confirm the apoptosis at the ¢ancentrations 165 and Double of 1G.
Compound2g showed 0.7% and 8.25% late apoptosis, 1.8 % adda3necrosis at both the
tested concentration, respectively (Fig 5). Comjpla2eh showed 3% and 19.3% late apoptosis,
1.4 % and 2.6 % necrosis at both the tested coratimt respectively.

3.5 Reactive oxygen species (ROS) estimation

Both the tested compounds increased the apoptod€IH-460 cell line, and as earlier reports
suggested that the ROS are involved in the apappatihway46. Therefore, we further evaluate
the ROS inducing effect in NCIH-460 cell line agéttwo concentrations Kgand Double of 1G.
The results showed that the compo@gdnduced ROS formation (1.05 fold) only at the Dieub



of 1Cs0 (17.26pg) whereas the compound 2d increased tf&fBi@nation 1.2 fold and 1.6 fold at
both the tested concentration respectively in camapa to control (Fig 6). The results indicated

that the apoptotic potential of compoudimight be due to ROS production.
3.6 Mitochondrial membrane potential estimation

The mitochondrial membrane potential is also asgéediwith the apoptotic pathway; therefore
we also evaluated the effect on mitochondrial pidéby using the rhodamine dye in NCIH-460
cell line at the two concentrations sfcand Double of 1G. The data showed that both the
compound=22g and 2d did not alter the mitochondrial membrane potergtighificantly (Fig 7).

The finding suggests that the compounds did notuisechondria-mediated apoptosis pathway

for cell growth inhibition.

Figure 3: The effect of compound 2g and 2d in the A431 cell line on different phases of the cell
cycle. The cell cycle analysis was performed by using propidium iodide (Pl) staining. The
pictorial graphs and percent population graphs are presented, and the pictorial graphs are one

representative exampl e of two experiments.

Figure 4: The effect of compound 2g and 2d in NCIH-460 cell line on different phases of the cell
cycle. The cell cycle analysis was performed by using propidium iodide (PI) staining. The
pictorial graphs and percent population graphs are presented, and the pictorial graphs are one

representative exampl e of two experiments.

Figure 5: The apoptotic effect of compound 2g and 2d in NCIH-460 cell line. The apoptosis
assay was performed by using Annexin-V-FITC staining. The pictorial graphs and percent
population graphs are presented, and the pictorial graphs are one representative example of two

experiments.

Figure 6: The ROS generation effect of compound 2g and 2d in NCIH-460 cell line. The reactive
oxygen species (ROS) assay was performed by using DCFDA dye. The pictorial graphs and



FITC mean graphs are presented, and the pictorial graphs are one representative example of

two experiments.

Figure 7: The effect of compound 2g and 2d on mitochondrial membrane potential in NCIH-460
cell line. The mitochondrial membrane potential (MMP) assay was performed by using
Rhodamine 123 dye. The pictorial graphs and FITC mean graphs are presented, and the

pictorial graphs are one representative example of two experiments.

4.Experimental section
4.1 General

All chemicals used in these syntheses werehased from Sigma-Aldrich, Fisher Scientific,
Avra chemicals and used without further purificatinless otherwise stated, all reactions were
carried out without inert atmosphere of nitrogeMRIspectra were recorded in CRCDMSO-

D¢ with a Bruker Avance Il spectrometer operatingd@® MHz and 800MHz, fotH spectra
and 101 MHz and 201 MHz fdfC spectra’H and**C NMR spectra were referenced relative to
TMS 6 = 0.00 ppm)-*C NMR spectra were proton-decoupled. Chemical siijtare reported
in ppm and coupling constants in Hz. Electro sgomyzation (ESI) mass spectrometry (MS)

experiments were performed on Agilent Technolog&30Accurate-Mass QTOF LC/MS.
4.2. Chemistry
4.2.1 General Procedure for the Preparation of «, f-unsaturated Compounds (1a-1v).

A mixture of substituted aldehyde (10 mmoljhye cyanoacetate or malononitrile (10.1
mmol) and piperidine (20 mol %) in 25 ml ethanolswaflux at 80-85 °C for 4-8h and room
temperature for 8-24h. The progress of the reaatias monitored by TLC. After completion of
reaction, as monitored by TLC, the reaction mixtwees directly charged onto silica gel column
and eluted with a mixture of ethyl acetate: n-hexamafford pure olefin. All the products were
prepared by using the same procedure. The olgdmiducts thus obtained were characterized by

comparison of theitH NMR, **C NMR spectroscopy and mass spectroscopic.

4.2.2 General procedure for preparation of stereosel ective oximes (2a-2v).



To the stirred sodium carbonate (632 mg,na8ol), hydroxylamine hydrochloride (414mg,
5.9 mmol), water (2.5 mL), and the solution of sithited Ethyl (E)-2-cyano-3-phenylacrylate
(4.9 mmol), methanol (22.5 mL) was added in thettea mixture and refluxed for 1h. Reaction
monitored with TLC, after completion of reactiohetmixture was concentrated under reduced
pressure and the crude compound purified with calwwhromatography elution ingredients

hexane: ethyl acetate.

4.2.2.1 (Z)-benzaldehyde oxime (2a). Isolation condition: Hexane: ethyl acetate (95)¥8/low
gel (556mg, 92%3IH NMR (400 MHz, CDC}) § 8.76 (s, 1H), 8.17 (s, 1H), 7.60 — 7.54 (m, 2H),
7.41 - 7.36 (m, 3H)’C NMR (101 MHz, CDGCJ) & 150.42, 131.92, 130.13, 128.83, 127.08,
77.06, HRMS (ESI): Calculated forB;NO [M+H]": 122.0528, found 122.0600.

4.2.2.2 (Z)-4-hydroxybenzaldehyde oxime (2b). Isolation condition : Hexane: ethyl acetate
(8:2), White solid (450mg, 83.9%)'H NMR (800 MHz, DMSOR) & 10.83 (s, 1H), 9.73 (s,
1H), 7.99 (s, 1H), 7.39 (d] = 8.6 Hz, 2H), 6.77 (dJ = 8.6 Hz, 2H)."*C NMR (201 MHz,
DMSODs) 6 159.00, 148.34, 128.41, 124.48, 116.00, 40.24144040.03, 39.93, 39.82, 39.72,
39.62, 38.02, HRMS (ESI): Calculated fosHGNO, [M+H]": 138.0477, found 138.0532.

4.2.2.3 (2)-3,4-dihydroxybenzaldehyde oxime (2¢). Isolation condition : Hexane: ethyl acetate
(5:5), White solid (401mg, 77%)H NMR (400 MHz, DMSOR) 5 10.71 (s, 1H), 9.15 (s, 1H),
9.03 (s, 1H), 7.82 (d] = 24.7 Hz, 1H), 6.97 (d] = 1.9 Hz, 1H), 6.74 (dd] = 8.2, 1.9 Hz, 1H),
6.66 (d,J = 8.1 Hz, 1H).2*C NMR (101 MHz, DMSOR) & 148.59, 147.40, 145.93, 124.91,
119.71, 115.98, 113.04, 40.52, 40.31, 40.11, 393ME9, 39.48, 39.27, HRMS (ESI):
Calculated for @H,NO; [M+H]*: 154.0426, found 154.0459.

4.2.2.4 (Z2)- 4-methoxybenzaldehyde oxime (2d).Isolation condition: Hexane: ethyl acetate (8:2),
Pale yellow semi solid (550mg, 85.6%)H NMR (400 MHz, CDCY) & 9.25 (s, 1H), 8.11 (s,
1H), 7.53 — 7.48 (m, 2H), 6.92 — 6.87 (m, 2H), 3(813H)**C NMR (101 MHz, CDGCJ) &
161.08, 150.02, 128.59, 124.59, 114.30, 77.09,663FRMS (ESI): Calculated for ElgNO;
[M+H]": 152.0633, found 152.0667.

4.2.2.5(2)-3-methylbenzaldehyde oxime (2€).Isolation condition, Hexane: ethyl acetate (9:1),
Transparent liquid (560mg, 89%)H NMR (400 MHz, CDGJ) & 8.57 (d,J = 13.2 Hz, 1H), 8.43
(s, 1H), 7.68 — 7.64 (m, 1H), 7.28 (ttz 7.4, 1.4 Hz, 1H), 7.24 — 7.17 (m, 2H), 2.433(d). °C



NMR (101 MHz, CDCY}) & 149.30, 136.84, 130.87, 130.22, 129.88, 126.78,212 77.36,
77.05, 76.73, 19.77, HRMS (ESI): Calculated fgHgNO [M+H]": 136.0685, found 136.0758.

4.2.2.6 (Z2)-3,4-dimethoxybenzaldehyde oxime (2f). Isolation condition, Hexane: ethyl acetate
(8:2), White solid (598mg, 86%H NMR (400 MHz, CDC})  8.55 (s, 1H), 8.11 (s, 1H), 7.24
(d,J = 1.9 Hz, 1H), 7.05 (ddl = 8.3, 1.9 Hz, 1H), 6.89 — 6.86 (m, 1H), 3.926H). *C NMR
(101 MHz, CDC}) 6 150.82, 150.24, 149.30, 124.82, 121.73, 110.76,980 77.39, 77.07,
76.75, 55.94, 55.89, HRMS (ESI): Calculated fgHGNO3 [M+H]": 182.0739, found 182.0802.

4.2.2.7 (2)- 2,3,4-trimethoxybenzaldehyde oxime (2g). Isolation condition, Hexane: ethyl
acetate (7.5:2.5), White crystalline solid (635r88%),'H NMR (400 MHz, CDCJ) & 8.29 (s,
1H), 7.35 (dJ = 8.8 Hz, 1H), 6.63 (d] = 8.8 Hz, 1H), 3.84 (s, 3H), 3.82 (s, 3H), 3.813H).
3C NMR (101 MHz, CDGJ) 6 155.29, 152.69, 146.29, 142.17, 121.45, 118.63,88) 77.05,
61.72, 60.95, 56.08, HRMS (ESI): Calculated foggHGsNO,; [M+H]™: 212.0845, found
212.0917.

4.2.2.8 (2)-4-hydroxy-3-methoxybenzaldehyde oxime (2h). Isolation condition, Hexane: ethyl
acetate (7:3), pale yellow solid (550mg, 85%)NMR (400 MHz, DMSO) 10.86 (s, 1H), 9.36
(s, 1H), 8.00 (s, 1H), 7.17 (d= 1.5 Hz, 1H), 6.98 (dd] = 8.1, 1.6 Hz, 1H), 6.79 (d,= 8.1 Hz,
1H), 3.78 (s, 3H).13C NMR (101 MHz, DMSO)é 148.50, 148.42, 148.26, 124.88, 120.93,
115.89, 109.59, 55.89, 39.93, HRMS (ESI): Calcdldte GHyNOs [M+H]": 168.0582, found
168.0627.

4.2.2.9 (Z2)-1-naphthaldehyde oxime (2i). Isolation condition, Hexane: ethyl acetate (8%),1.
Light green solid (600mg, 88%}H NMR (800 MHz, DMSO 11.49 (s, 1H), 8.79 (s, 1H), 8.67
(d,J = 8.4 Hz, 1H), 7.96 (1) = 9.2 Hz, 2H), 7.80 (d] = 7.0 Hz, 1H), 7.57 (ddd) = 23.4, 15.1,
7.4 Hz, 3H). **C NMR (201 MHz, DMSOY 148.31, 133.49, 130.01, 129.73, 128.79, 128.66,
127.01, 126.93, 126.20, 125.56, 124.75, 39.62,1393.40, HRMS (ESI): Calculated for
C11HoNO [M+H]™: 172.0684, found 172.0745.

4.2.2.10 (Z2)-4-fluorobenzaldehyde oxime (2j). Isolation condition, Hexane: ethyl acetate (9:1),
White crystalline solid (580mg, 929X NMR (400 MHz, CDC}) § 8.12 (s, 1H), 7.82 (s, 1H),
7.60 — 7.53 (m, 2H), 7.12 — 7.04 (m, 2H)**C NMR (101 MHz, CDGJ) & 165.06, 162.57,



149.30, 128.94, 128.86, 128.16, 116.09, 115.835/77.03, 76.71, HRMS (ESI): Calculated
for C;HgFNO [M+H]": 140.0433, found 140.0490.

4.2.2.11(Z)-2-chlorobenzaldehyde oxime (2Kk). Isolation condition, Hexane:ethyl acetate (9:1),
White crystalline solid( 580mg, 88%H NMR (400 MHz, CDC}) 6 8.58 (s, 1H), 8.31 — 8.22
(m, 1H), 7.82 (ddJ = 7.7, 1.8 Hz, 1H), 7.41 — 7.38 (m, 1H), 7.32 (d#id 9.8, 5.7, 2.0 Hz, 1H),
7.29 — 7.24 (m, 1H)**C NMR (101 MHz, CDGJ) 5 147.60, 133.97, 132.03, 131.01, 129.95,
129.81, 129.77, 127.16, 127.03, 126.55, 77.34,3{7/®.71, HRMS (ESI): Calculated for
C/HsCINO [M+H]": 156.0138, found 156.0192.

4.2.2.12 (Z2)-3-chlorobenzaldehyde oxime (21). Isolation condition, Hexane:ethyl acetate (9:1),
White crystalline solid( 581mg, 88%)% NMR (400 MHz, CDCJ) 6 8.18 (d,J = 1.7 Hz, 1H),
8.10 (s, 1H), 7.59 (q] = 1.6 Hz, 1H), 7.44 (dt) = 7.3, 1.3 Hz, 1H), 7.36 (df, = 3.5, 1.5 Hz,
1H), 7.34 — 7.29 (m, 1H)**C NMR (101 MHz, CDG) & 149.19, 134.87, 133.75, 130.04,
126.85, 125.27, 77.35, 77.03, 76.71, HRMS (ESl)jc@ated for GHCINO [M+H]*: 156.0138,
found 156.0200.

4.2.2.13(Z)-4-bromobenzal dehyde oxime (2m). Isolation condition, Hexane: ethyl acetate (9:1),
White crystalline solid(480mg, 909 NMR (400 MHz, CDCY) & 8.27 (s, 1H), 8.10 (s, 1H),
7.55 — 7.49 (m, 2H), 7.46 — 7.39 (m, 2B: NMR (101 MHz, CDGJ) § 149.43, 132.06, 130.87,
128.46, 124.32, 77.36, 77.04, 76.72, HRMS (ESljc@ated for GHgBrNO [M+H]": 199.9633,
found 199.9679

4.2.2.14 (Z)-O-(4-((hydroxyimino)methyl)-3-methoxyphenyl) dimethyl carbamothioate (2n).
Isolation condition, Hexane: ethyl acetate (7:3)hit crystalline solid(840mg, 90.71%),
NMR (400 MHz, CDC}) 6 8.71 (s, 1H), 8.12 (s, 1H), 7.28 7 1.7 Hz, 1H), 7.11 (dd} = 8.2,
1.8 Hz, 1H), 7.06 (dJ = 8.1 Hz, 1H), 3.84 (s, 3H), 3.45 (s, 3H), 3.353H). *C NMR (101
MHz, CDCk) 6 187.43, 151.90, 149.78, 144.31, 130.78, 124.38,5 109.87, 77.45, 77.14,
76.82, 56.07, 43.43, 38.84, HRMS (ESI): CalculdtedC;1H14N,05S [M+H]": 255.0725, found
255.0798.

4.2.2.15(Z)-4-(dimethylamino)benzaldehyde oxime (20). Isolation condition, Hexane: ethyl
acetate (9:1), Light yellow crystalline solid(500n8$%)H NMR (400 MHz, CDC}) & 8.79 (s,
1H), 8.06 (s, 1H), 7.45 (d,= 8.8 Hz, 2H), 6.68 (d] = 8.8 Hz, 2H), 2.99 (s, 6HY’C NMR (101



MHz, CDCk) § 151.56, 150.45, 128.34, 119.64, 111.95, 77.08%MHRMS (ESI): Calculated
for CoH12N,0 [M+H]™: 165.0950, found 165.1008.

4.2.2.16(Z)-2-nitrobenzaldehyde oxime (2p). Isolation condition, Hexane: ethyl acetate (8:2),
Light yellow crystalline solid(598mg, 85%) NMR (400 MHz, CDC}) & 8.69 (s, 1H), 8.12 (s,
1H), 8.07 (ddJ = 8.2, 1.1 Hz, 1H), 7.92 (dd,= 7.8, 1.5 Hz, 1H), 7.69 — 7.62 (m, 1H), 7.56
(ddd,J = 8.2, 7.6, 1.5 Hz, 1H}*C NMR (101 MHz, CDGJ) § 147.08, 133.58, 130.44, 128.83,
127.16, 124.88, 77.35, 77.03, 76.72, HRMS (ESljc@ated for GHgN,Os [M+H]": 167.0378,
found 167.0448.

4.2.2.17(Z)-4-nitrobenzaldehyde oxime (2q). Isolation condition, Hexane: ethyl acetate (8:2),
Light yellow crystalline solid (571mg, 85%) NMR (400 MHz, CDC{) 5 8.27 (d,J = 8.6 Hz,
2H), 8.23 (s, 1H), 7.98 (s, 1H), 7.77 (& 8.6 Hz, 2H).**C NMR (101 MHz, CDGJ) & 148.51,
148.40, 138.16, 127.68, 124.08, 77.35, 77.03, 764RMS (ESI): Calculated for £lgN.O3
[M+H]™: 167.0378, found 167.0449.

4.2.2.18(Z)-4-((hydroxyimino)methyl)benzonitrile (2r). Isolation condition, Hexane: ethyl
acetate (8.5:1.5), Bright needle crystalline s@@4mg, 89%),'H NMR (400 MHz, DMSO)»
11.74 (s, 1H), 8.24 (s, 1H), 7.86 (#= 6.7 Hz, 2H), 7.78 (d] = 1.7 Hz, 2H).*C NMR (101
MHz, DMSO) 6 147.59, 138.08, 133.14, 127.48, 119.17, 111.8494040.38, 40.17, 39.96,
39.75, 39.54, 39.33, HRMS (ESI): Calculated foHEN,O5 [M+H]": 147.0480, found 147.0514.

4.2.2.19(Z)-1H-indole-3-carbaldehyde oxime (2s). Isolation condition, Hexane: ethyl acetate
(7:3), Light yellow solid (359mg, 85%)*H NMR (400 MHz, DMSO 11.40 (s, 1H), 10.52 (s,
1H), 8.29 (s, 1H), 8.00 (d,= 7.9 Hz, 1H), 7.63 (d] = 2.7 Hz, 1H), 7.45 - 7.41 (m, 1H), 7.20 —
7.15 (m, 1H), 7.13 — 7.07 (m, 1HYC NMR (101 MHz, DMSO0)5 145.09, 137.35, 128.85,
124.71, 122.75, 121.94, 120.50, 112.24, 110.0%9%40L0.38, 40.17, 39.97, 39.76, 39.55, 39.34,
HRMS (ESI): Calculated for ElgN,O [M+H]": 161.0637, found 161.0687.

4.2.2.20 (Z)-heptanal oxime (2t). Isolation condition, Hexane: ethyl acetate (9:1)quid
(400mg, 46%)}H NMR (400 MHz, CDCY) & 7.95 (s, 1H), 6.72 (] = 5.5 Hz, 1H), 2.38 (td] =
7.5, 5.5 Hz, 2H), 1.54 — 1.44 (m, 2H), 1.39 — 1(®5 6H), 0.92 — 0.87 (m, 3H}*C NMR (101
MHz, CDCk) 6 153.02, 77.34, 77.23, 77.03, 76.71, 31.51, 2928402, 24.97, 22.53, 14.03,
HRMS (ESI): Calculated for £1;5NO [M+H]": 130.1154, found 130.1187.



4.2.2.21(Z)-Octanal oxime (2u):*H NMR (400 MHz, CDCJ) § 9.92 (s, 1H), 9.92 (s, 1H), 7.75
(d,Jd = 9.5 Hz, 1H), 7.75 (d] = 9.5 Hz, 1H), 6.20 — 5.98 (m, 2H), 6.19 — 5.98 ), 2.16 (dd,
J=14.2, 7.2 Hz, 2H), 1.47 — 1.36 (m, 2H), 1.35.201(m, 6H), 0.89 (tJ = 6.8 Hz, 3H):C
NMR (101 MHz, CDCY) & 151.82, 143.02, 123.63, 77.41, 77.09, 76.77, 3239378, 31.63,
28.81, 28.61, 28.46, 14.03.

4.2.2.22(Z)-2-Methyl prapanal oxime (2v): *H NMR (400 MHz, CDCJ) 6 7.47 (s, 1H), 3.36 (d,
J=2.8 Hz, 1H), 2.01 — 1.90 (m, 1H), 1.17 Jd= 17.1 Hz, 6H)*C NMR (101 MHz, CDCJ) &
158.22, 81.99, 77.34, 77.02, 76.71, 41.67, 29.8R® 22.60, 22.49, 16.59.

5. Biological and computational study
5.1. In silico study

5.1.1. Molecular docking studies of 2d (p-Methoxy benzyl oxime) and 29 (2,34
Trimethoxybenzyl oxime)

PDB structure of MRCK kinase was downloaded fromBP@D: 50TE) isolated from
Escherichia coli. The obtained structure of thetgirois made of 419 amino acid and the active
site of the enzyme was determined wusing an onlinerves CASTp
http://sts.bioe.uic.edu/castp/index.html?]_5d62%@#¥B5. Active site of the enzyme was
recognized with surface area of 573.84 and voluht6.66. The 3D structure of the 2d and 2g
were drawn and validated using ChemBioDrwa (3D)nd@iws based docking tool Autodock
4.2.6 was used for docking study. Discovery stwisoalizer was used to analyze the molecular
interactions between docked molecules with MRCK asm Autodock 4.2.6 tool used for
molecular docking study. Docking analysis was atéd with the blind docking followed by site
specific docking to find out the best-fit proteigdnd docked model for the Tamoxifen a2di
and 2g. All water molecules of MRCK kinases were remowed! polar hydrogen atoms and
Gasteiger charges were added. Interaction betwde@KVKinase protein and compound 2d and
2g are respected GLN (144), VAL (35), ASP(32) antlLM35), GLN (144), HIS (395), LYS
(209), GLN (70) (Figure 2.).

5.1.2 Invitro study

5.1.3. Experimental



Nine cancer cell lines were used for tgstthe prepared oximes viz. A431 (human
epidermoid carcinoma cell line); A549 (adenocarmimhuman alveolar basal epithelial cells);
L-132 (Human lung cells carcinoma).; NCI-H 460 (rsmall-cell lung cancer cell lines); NCI-
H520 (non-small cell lung carcinoma cell lines);PEC-3) is a human prostate cancer cell line;
HepG2 (human liver cancer cell line); MDA-MB-231piihelial, human breast cancer cell
line);.MCF-7 (bThe RPMI & DMEM media, trypsin, antibiotic-antimyto (Ab/Am) solution,
Sodium bicarbonate, HEPES and MTT dye were purchfiteen Sigma-Aldrich, India. The fetal
bovine serum was obtained from Gibco-BRL, Indiae ®6-well plates, T-25 and T-75 flasks
were procured from Nunc, Thermo-Fisher Scientiiid India. DMSO and ethanol were

purchased from Merck Pvt. Ltd., India.

The compounds were tested against a set of of caedidines including MCF-7, A431, A549,
PC-3, HepG2, MDAMB-231, L-132, NCIH-520, NCIH-4600gured from the National Centre
for Cell Science (NCCS), Pune, India. The antifpecditive potential of the synthesized
compounds was evaluated by employing MTT assaythadexperiments were performed by
following the method reported previously[42]. Inddy the cells were grown in a G@hcubator

at 37°C and 85% humidity in media supplemented witio Ab/Am and 10 % FBS.
Experimentally, the cells were seeded in a 96-fla&lbottom plate and incubated for 24h. After
incubation, the cells were treated with compourtdsiferent concentrations (0.4-50ug/mL) and
further incubated for 24 h. The MTT dye was added then plate was incubated for 4 h at
37°C in dark. After that, the dye was removed aMSD was added to dissolve the formazan
crystals followed by recording of absorbance atri@OTamoxifen was used as a standard. The
percent cytotoxicity and inhibitory concentratioiC4;) was calculated as reported previously

[43] (Table 4, Fig 1). reast cancer cell line).
5.1.3. Cdl cycleanalysis

Cell cycle analysis was performed to chduk effect of compound2¢ and 2d) in a
different phase of the cell cycle in. The cell Bn&431 and NCIH-460 were treated with the
compound2g and2d at 1Go and double of 16 concentrations. The PI staining method was used
as reported previously [44]. The cells (A431 andINi@60) were seeded in 6 well plates and
incubated for 24h. After incubation, the cells waesated with the compounds for 24h at 37°C.

After that, the cells were collected and fixed 0?4 ice-cold ethanol. Afterward, the cells were



re-suspended in PBS and add DNA extraction bufidrfarther incubated for 5 min. After that,
cells were centrifuged and re-suspended in theebafiid incubated with propidium iodide and
RNAse A for 30 min in the dark at room temperaturee samples were analyzed by LSRII

Flow-Cytometer (BD Biosciences).
5.1.4.Annexin V-FITC assay

The apoptosis assay was performed as peeglueted protocol [45]. NCIH-460 cells were
seeded in 6 well plates and incubated for 24h. CHlls were treated with compounds 2g and 2d
at different concentration (Ko and double of 16 for 24h. After incubation, the cells were
collected and washed with ice-cold PBS centrifufi@d5 min at 5000 rpm. The pellet was
dissolved in 1x binding buffer, and the dyes FITiwexin V and propidium iodide were added
as per the manufacture protocol of BD Biosciendaridanual. The samples were incubated for
15 min, and after that analyzed by the LSRII Floytgbneter (BD Biosciences). The data were

analyzed as reported earlier protocol [46].
5.1.5. Reactive oxygen species (ROS) assay

The ROS formation was determined by usinGFDA dye as per the protocol of
Hamidullah et al., 2015. The NCIH-460 cells weredssl in 6 well plates for 24h. The cells
were treated with the compou2d and2d at different concentration (kg and double of 16)
for 24h. After incubation, the cells were collectaatd further incubate with DCFDA dye at room
temperature for 30 min in the dark. After that, tte#ls were centrifuged at 5000 rpm and re-
suspended in PBS. The samples were analyzed byg us8RIl Flow-Cytometer (BD

Biosciences).
5.1.6. Mitochondrial membrane potential

The mitochondrial membrane potential wasasueed using rhodamine 123 as per the
method of Yu et al., 2015. The NCIH-460 cells weeeded in 6 well plates and incubated for 24
h. Different concentrations (k¢ and double of 1) of 2g and 2d were added and further
incubated for 24h. After incubation, the cells weddlected and treated with rhodamine dye at
37°C in the dark for 30 min. The cells were washéith PBS and re-suspended in PBS. The

samples were analyzed by LSRII Flow-Cytometer (BDBsBiences).



6. Conclusion

An unexpected mild base catalyzed Michael type eamtilic addition reaction followed with
Retro-Knoevenagel reaction with aqueous hydroxyme@nnvolving C-C bond cleavage in case
of a -cyano substituted carbonyl conjugated and otivarlarly activated alkenes has been
exploited for the formation of stereoselectivel/atkyl oximes. The new procedure involves 1,
3 proton shift, Michael addition type reaction, lboéed by carbon-carbon bond cleavage
resulting in elimination of ethyl cyanoacetate/ amainitrile/ dimethyl malonate. The yields of
oximes were in the order heterocyclic>aryl>alkfdur new greener strategy presents one step
and cost effective preparation of predominantlyoXimes. Moreover, utility of carbon-carbon
bond cleavage in the reaction, offered a great ratdge in allowing water for the Michael
addition to afford the corresponding oximes.

Out of the twenty two prepared Z-oximes two vizMpthoxy benzyl oxime and 2,3,4-
Trimethoxy benzyl oxime were found to be cytotoxicall the nine cancer cell lines used. The
cell lines used were A431 (human epidermoid carmoiaccell line); A549 (adenocarcinomic
human alveolar basal epithelial cells); L-132 (Hanhang cells carcinoma).; NCI-H 460 (non-
small-cell lung cancer cell lines); NCI-H520 (namadl cell lung carcinoma cell lines); PC3
(PC-3) is a human prostate cancer cell line; Hefi&@nan liver cancer cell line); MDA-MB-
231 ( epithelial, human breast cancer cell lindG.F-7 (breast cancer cell line). MIT, Cell cycle,
Apoptotic, Reactive oxygen and Mitochondrial menmerassays were performed to evaluate the
anticancer activity .These two oximes were fotmdnhibit MRCK Kinase, responsible for

metastatic spread of cancer mortality.
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Table Optimization of the reaction conditions

Entry Base Time(h) Solvent Temp. (C) Yield (%)®
1. NaCO; 1 MeOH 60 -
2 NaCO; 1 EtOH 70 -
3 NaCO; 1 THF 70 -
5. NaCO; 1 DMF 100 -
6. NaCO; 1 DMSO 100 -
7 NaCO; 1 MeOH/Water? 100 92
8 NaCO; 1 EtOH / Watet 100 86
9. NaCO; 1 THF/ Wate? 100 56
10. NaCO; 1 DMSO/Watet 100 67
11. NaCO; 1 Water 100 45
12. NgCO, 4 MeOH/Watet rt 90

Note: a Solvent / water (9:1), b Isolated yield.

Table 2: Impact of base on yield of benzyl oxime.

Entry Base Time Temperature (°C  Solvent:water Yield (%)
(h) ) (9:1)
1. DABCO 1 100 MeOH : Water 68
2. TEA 1 100 MeOH : Water 66
3. K,CO3 1 100 MeOH : Water 90
4. Na,CO3 1 100 MeOH : Water 92
5. DBU 1 100 MeOH : Water 88
6. NaOH 1 100 MeOH : Water 75
7. KOH 1 100 MeOH : Water 74

Note: Reaction condition: EthyH)-2-cyano-3-phenyl (4.9 mmol), hydoxylamine hydriociie
(5.97 mmol), Base (5.97 mmol), 100 °C, 1h.



Table 3: Substrate scope of oximes.

Ry o} R,

R X707 NH,0H¢HCI R SN
CN N82003 OH
Rs H,O/MeOH, R3
100°C, 1h

2a, 92, R4=R,=R;=H 2j, 92, R1=R,=H, Ry=F
2b, 84, R4=R,=H, R;=OH 2k, 88, Ry=Cl, R,=R3=H
2C 77 R1 H R2—R3 =0H 2|, 88, R1=H, R2=C|, R3=H
2d. 85, Ri=R,=H, Rz= OCHj 2m, 90, Ry=R,=H, Ry=Br
2e, 89, R4=R3=H, R,= CHj 20, 86, R4=R,=H, R3= (CH3),NH
2f, 87, Ry =H, Ry,=R;= OCH; 2p, 85, R4= NO,, Ry;=R;=H
2g, 88, R1 Rz— OCH 2 85, R1 Rz—H R3—N02

2h 86 R1 H R2— OCH3 R3 =OH 2|' 89 R1 R2—H R3 =CN
“ - e o
2i, 86 2n, 91 2s, 86

OH OH
AN s~ c~eN

2t, 46 OH 2u, 56
_N

2v, 34

General reaction conditions ethyl (E)-2-cyano-3-aryl/alkyl acrylate (4.9 mino
hydoxylamine hydrochloride (5.97 mmol), sodium carate (5.97 mmol), 100 °C, 1h.



Table 4:1Cs value of synthesized compound for tested cell line

Entry | A-431 A-549 L-132 NCIH-460 | NCIH-520 | PC-3 HepG-2 | MDA-MB- | MCF-7
231

2b |- - - - - - - - -

2c |- - - - - - - - -
9.11+1.54 | 22.83+1.5 | 37.84%1.2 | 8.63+0.15 | 19.18+2.9 | 15.13+2.0 | 21.02+1.7 | 23.8440.5 | 21.34%1.5

2d 2 7 9 2 5 0 1

2e |- - - - - - \ - -

2f |- - - - - - - - -
10.24+0.9 | 12.53+0.9 | 44.26+0.3 | 9.42+0.39 | 16.1540.6 | 14.94+0.9 | 16.44+0.2 | 17.66+0.6 | 18.75+3.3

28 |0 6 9 9 1 9 7 9

2h |- - - - - ) - - -
12.25+0.4 | 24.49+1.2 | 28.69+0.8 | 22.29+1.0 | - 18.39+2.1 | - 21.76+0.9 | 23.093.7

2i |0 7 6 8 0 4 3

2 |- - - - . - - - -
40.80+1.5 | - - - - - - - -

2k |5
- - - - - - - 38.84+0.7 | -

p] 0

2m | - - [ - - - - -

an |- - 5 - - - - - -

20 |- - - - - - - - -

20 |- - - - - - - - -

29 |- - - - - - - - -

2r
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Figure 1: Percent cytotoxicity of synthetic oximes (2b-2p) vs standard drug Tamoxifen.



GLN
A:l44  THR e
A:402 ‘. ASP
- A:32
ILE
b A:399
. v \ PHE ;
arbon ¢ A:143 o~
cYs
ASP
A:145 i &i38
LEU A:70 HIS
&L A:395
LYS
A:109
2d
® THR
:3!
ASP & 5‘ A:402
A:32
cYs
A:36 v,
—0
o—
e
o* e 9 L
GLN vy 8 GLN
A:l44 LR A:70
$
WE 'y »
PHE HIS " A:399 4 »
A:398  |A:395 A AP
s A:145
A:109
LEU
D A:396
THR 2g
A:39

Figure2: (A) Interaction of 2d with  MRCK Kinase (3D); (B) Interaction of 2d with  MRCK
Kinase (2D); (C) Interaction of 2g with MRCK Kinase (3D); (D) Interaction of 2g with MRCK
Kinase (2D).



e e o
.

Control 2g-10.24 pg 2g- 20.48ug 2d-9.11pg

COJ AP £ Go/GI Em S &3 G2M

2d -18.22 g

0 Control 2g(10.24;g)2g(20.4&;g)2d(911;1.9') 2d(1821.;g)

Figure 3: The effect of compound 2g and 2d in the A431 cell line on different phases of the cell
cycle. The cell cycle analysis was performed by using propidium iodide (Pl) staining. The
pictorial graphs and percent population graphs are presented, and the pictorial graphs are one

representative example of two experiments.
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Figure 4: The effect of compound 2g and 2d in NCIH-460 cell line on different phases of the
cel cycle. The cdl cycle analysis was performed by using propidium iodide (PI) staining. The
pictorial graphs and percent population graphs are presented, and the pictorial graphs are one

representative example of two experiments.



BelP+ | BotlP e

AiP+
1650 8.250%)

PLA

10t o wt f

PLA
w w1t wb

L’
AP~ - APWE
0% 88.1% 0% 0%
O W e W "
FITC-A FITC-A FITC-A
Control 2g- 9.42ug 2g-18.84 g 2d- 8.63 pg

O AP+ [0 A+/P+ @ A-/P- EER A+P-

+ | porPe 100+

) -19.3% 90
/ 80+

g L 70
AtIP- F 60+
T T 107
FITC-A 0.8+
2d-17.26 0.6
He 0.4-|

0.2

0.0

Control 29 (9.42ug) 29 (18.48.g) 2d (8.63.g) 2d (17.26ug)

7
% Population

Figure 5. The apoptotic effect of compound 2g and 2d in NCIH-460 cell line. The apoptosis
assay was performed by using Annexin-V-FITC staining. The pictorial graphs and percent
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Scheme 3: Unexpected formation of benzyl oxime (2a)
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Scheme 5: Benzyl oxime (2a) from dimethyl-2-benzylidene mal onate.
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Highlights
Water mediated and base catalyzed C-C bond cleavage
A novel and facile stereoselective strategy for synthesis of Z oximes
Metal free, mild and time economic condition
Good air and moisture tolerance broad substrate scope high stereosel ective
Small molecule inhibit MRCK kinase ,thereby may have good anticancer
property
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