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Abstract

In the present study, a series of forty-five asyinioa meta-methoxylated diarylpentanoids have been
synthesized, characterized and evaluated for timeiftro anti-cancer potential. Among the forty-five
analogs, three compound20( 33 and42) have been identified as lead compounds due tio ¢txeellent
inhibition against five human cancer cell linesliming SW620, A549, EJ28, HT1080 and MCF-7.
Structure-activity relationship study on cytotoxycof tested compounds suggested that the presafnce
meta-oxygenated phenyl ring played a critical role ithancing their cytotoxic effects. Compourgsand
42 in particular, exhibited strongest cytotoxicitya@ust tested cell lines with the §values ranging from
1.1 to 4.3 uM. Subsequent colony formation assa8W®20 cell line showed that both compouBd8sand
42 possessed strong anti-proliferative activity. didition, flow cytometry based experiments revedhe
these compounds could trigger intracellular ROSdpetion thus inducing G2/M-phase cell arrest and
apoptosis. All these results suggested that paia-oxygenated diarylpentnoid is a promising scaffold
which deserved further modification and investigatin the development of natural product-based anti

cancer drug.
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1. Introduction

Cancer is one of the leading causes of morbidity arortality worldwide, with approximately 14
million new cases in 2012. Worryingly, this numbgrestimated to rise by about 70% over the next two
decades. According to the global cancer databaksbd@Gan) in 2012, there are 32.6 million people who
were diagnosed with cancer and the number of caetsted deaths has exceeded 8.2 million cases [1].
This disquieting situation is worsening by its effen global economy as cancer has badly hit tba@oy
with an estimated cost of 1.16 trillion USD in 2Q2). Thus, considering the global human and ecaoom
health, safer cancer therapies with better effentdgs are currently being pursued.

To date, cancer treatments are mostly relying cematherapy especially for late-stage or complex
cancers. Paclitaxel, cisplatin, and docetaxel arsidered as the most prominent chemodrugs dueeto t
excellent killing effects on various cancer celié$ including breast, head and neck, prostate amgl |
cancer cells. Paclitaxel and docetaxel belong ® tdxane family that function by stabilizing the
microtubules thus thwarting cell mitosis while d&m is a platinum-based compound that prevenliis ce
mitosis by cross-linking DNA [3-6]. Unfortunatelyhe full potential of these drugs is far from being
realized due to their associated severe side sffaath as extreme fatigue and leukopenia, which are
caused by their low selectivity towards cancerscpl]. These unpleasant side effects not only redhe
life quality of cancer patients, but may also theeaheir survival. Thus, finding safer drugs wiitiproved
selectivity has been the focus of current anticadogg discovery.

Curcumin is a naturally occurring small moleculeisthis well-known for its medicinal potential.
Curcumin has been proven to exhibit remarkableoaittant, anti-inflammatory and anticancer propsrtie



upon its strong superoxides and free radicals itibity pro-inflammatory cytokines and enzymes
suppression, and cancer cells apoptosis inducBeb2]. Together with its excellent safety profilada
extremely mild side effects, curcumin has been sstggl to be the most potent candidate in the disgov
of alternative cancer therapeutic agents. Howether,practical use of curcumin is derogated byadts |
bioavailability due to its poor absorbability antakslity which caused by the presence of unstgble
diketone moiety [13]. Thus, structural optimizatimnremove the unstabpdiketone moiety of curcumin
is an inevitable effort to reveal its full theragieupotential by developing a derivative moleculéhw
improved bioactivities and stability.

Diarylpentanoids, a 5-carbon spacer series fornydtid synthetic modification of curcumin has gained
increasing attention due to their superior enhamedicinal properties, particularly as anticanogerds
[14-17]. They have been shown to exhibit remarkasigcancer properties as they significantly intei
the growth of various cancer cell lines includingdst, lung, colon, pancreatic and prostate cacelés,
through their anti-proliferative and anti-angioggnectivities [18-22]. In addition, diarylpentansi were
also found to induce cancer cell apoptosis by gmmeglously inhibiting and activating the Bcl-2 pinge
and caspases, respectively [23-26]. Unlike curcymiiarylpentanoids are chemically stable at
physiological pH and metabolically stable in rateli microsomes, which prompted them to be the most
impactful candidates among the curcuminoids thaedes further intensive investigations with thelgufa
developing novel safer chemodrugs [23, 27].

Previous research found that vanillin and adjacmethoxyphenyl moieties on both terminals of
diarylpentanoids are responsible for their apoptdeducing ability [28-30]. However, our structure
activity relationship (SAR) study suggests tmmadta-methoxyphenyl group could be the most crucial
functional group due to its presence in majorityhef reported structures. This idea is further sujep by
their structure similarity with several known attbulin agents including colchicine and combret#sta-

4, as well as their anti-tubulin enhancing effanigeported diarylpentanoids [31, 32]. Surprisinglgveral
recent studies showed that the asymmetrical dianggnoids exhibited similar activity to their resipee
symmetrical analogs suggesting that only a singbsttution on the diarylpentanoid scaffold is siént
to prepare compounds active in inducing apopt@3s 26, 33]. On the basis of these observatiomsaim
of the present study is to develop a series of msgmmetrical meta-methoxyphenyl-containing
diarylpentanoids and evaluate for their oncolyttemtial.

2. Results and Discussion
2.1 Chemistry

Scheme 1General synthetic steps for compouie$s
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*Reagents and conditions: (a) morpholinetoluene-sulphonic acid, toluene, reflux (2h); (b)ethoxylated
benzaldehyde, 80°C (8h); (c}®, reflux (0.5h); (d) benzaldehyde, EtOH, 10M Na®H, (overnight).

The synthesis ofneta-methoxyphenyl-containing diarylpentanoids is awgll inScheme 1 As shown
in Scheme 1 compoundsl-45 were achieved through two different carbonyl-graduition reactions



namely Stork enamine alkylation and aldol condensation [38]. Stork enamine alkylation was first
carried out to prepare key intermedidteby reacting cyclohexanone with morpholine undeiture
condition. In order to obtain maximum vyield, Deaiat® apparatus was employed to prevent hydrolysis o
desired enamine by removing water by product. Enarhiformed was then reacted with 2,3- or 3,4-
dimethoxybenzaldehyde to afford intermediite Upon purification, intermediateé was further reacted
with appropriate benzaldehydes under base-catalydddl condensation conditions to give target
compoundd-45. The formation of the final product was confirmmddetection of two singlets at chemical
shift of 7.5-8.0 ppm in the proton NMR spectra whiepresents theinylic protons of bezylidenesll
synthesized compounds were purified by column clatography and characterized By-NMR, **C-
NMR, and high-resolution electron impact-mass gpewttry (HRMS). Prior to assays, the purity of
synthesized compounds were confirmed to be gréfaser 95% based on their respective HPLC profiles.
The synthesized compounds were listed@able 1.

Table 1.Chemical structures of compountigl5

Compound Ry R> Compound R1 R>
1 2-Cl 24 2-Cl
2 3-Cl 25 3-Cl
3 4-Cl 26 4-Cl
4 2-Br 27 2-Br
5 3-Br 28 3-Br
6 4-Br 29 4-Br
7 2-OMe 30 2-OMe
8 3-OMe 31 3-OMe
9 4-OMe 32 4-OMe
10 3-OH 33 3-OH
11 4-OH 34 4-OH
12 2,3-OMe 2,3-Cl 35 3,4-OMe 2,3-Cl
13 2,4-Cl 36 2,4-Cl
14 3,4-Cl 37 3,4-Cl
15 3,5-Cl 38 3,5-Cl
16 2,3-OMe 39 2,4-OMe
17 2,4-OMe 40 3,4-OMe
18 3,4-OMe 41 3,5-OMe
19 3,5-OMe 42 3,4,5-OMe
20 3,4,5-OMe 43 3-Cl-4-OH
21 3-Cl-4-OH 44 4-OH-3-OMe
22 4-OH-3-OMe 45 3,4-OH
23 3,4-OH

2.2 Biological Sudies
2.2.1 In-vitro cytotoxic activity

The in-vitro cytotoxic activity of the synthesized compoundsfiee human cancer cell lines including
SW620, A549, EJ28, HT1080 and MCF-7 were determimgdATT assay as previously described [36].
The preliminary screening results are summarizedcampiled inFigure 1.
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Figure 1. Inhibitory activities of synthesized compoundsiagt various cancer cell linas a testing concentration of
20 uM. The red line across the graph representthtbehold percentage for furthersf@etermination

As depicted inFigure 1, all compounds displayed significant cytotoxiceeff (above 50% inhibition)
against all tested cancer cell lines at a testorgentration of 20 uM suggesting timagta-methoxyphenyl-
containing diarylpentanoid is a promising anti-eanacaffold. On the other hand, considering the
inhibitory selectivity of synthesized compoundsdifierent cancer cell lines, this diarylpentanojgtem
appeared to be a weaker A549 targeting structunmagsrity of the tested analogs showed lower A549
inhibition compared to their respective activity other cell lines. In order to gain better insighto the
role of different structural functionalities on oyxic effect, 1G, determination and SAR study were
performed. The calculated cytotoxicsiGralues of the synthesized compounds on variouslinek are
presented imable 2, in which curcumin and normal human dermal fibasitd (NHDF) were served as
controls Heatmap Figure 2) was also generated using GraphPad Prism v7.0pfBeal Software, La
Jolla, California, USA) to provide an overview dmetlGy, performance of the synthesized compounds
against the various cancer cells.

Table 2. Cytotoxicity of compound&-450n SW620, A549, EJ28, HT1080, MCF-7 and NHDF dek4

Compound R1 R2 1C 0 (M)
SW620 A549 EJ28 HT1080 MCF-7 NHDF

Curcumin - - 14.0 17.9 10.5 13.1 9.8 24.1
1 2,3-OMe 2-Cl 10.3 >20 12.0 11.7 11.3 44.2
2 2,3-OMe 3-Cl 9.1 >20 11.3 10.3 12.0 214
3 2,3-OMe 4-Cl 111 >20 11.0 111 10.3 18.6
4 2,3-OMe 2-Br 12.1 >20 10.8 10.8 9.7 >50
5 2,3-OMe 3-Br 8.8 >20 12.1 12.2 11.7 23.9
6 2,3-OMe 4-Br 111 >20 15.2 13.7 13.8 21.4
7 2,3-OMe 2-OMe >20 >20 16.6 14.1 12.0 31.3
8 2,3-OMe 3-OMe 7.0 16.4 10.0 9.9 5.9 16.4
9 2,3-OMe 4-OMe 13.6 >20 16.8 16.3 18.6 43.5
10 2,3-OMe 3-OH 6.4 >20 8.5 8.5 8.8 19.3
11 2,3-OMe 4-OH >20 >20 >20 >20 >20 >50
12 2,3-OMe 2,3-Cl 16.3 >20 18.1 19.3 >20 >50
13 2,3-OMe 2,4-Cl 16.3 >20 >20 >20 >20 49.2




14 2,3-OMe 3,4-Cl 10.0 >20 12.1 10.8 9.0 255

15 2,3-OMe 3,5-Cl 55 12.5 7.5 6.1 4.3 21.6
16 2,3-OMe 2,3-OMe 8.3 114 8.4 6.1 5.0 31.0
17 2,3-OMe 2,4-OMe >20 >20 >20 >20 >20 >50
18 2,3-OMe 3,4-OMe 6.4 14.4 6.6 6.4 6.5 14.9
19 2,3-OMe 3,5-OMe 3.8 10.2 3.6 4.5 1.7 131
20 2,3-OMe 3,4,5-OMe 25 59 2.4 2.3 1.4 7.9
21 2,3-OMe 3-Cl-4-OH 16.8 >20 18.3 14.3 16.4 39.5
22 2,3-OMe 4-OH-3-OMe 8.6 >20 10.6 5.9 116 14.3
23 2,3-OMe 3,4-OH 6.3 >20 6.4 4.7 4.7 17.9
24 3,4-OMe 2-Cl 71 >20 6.9 6.8 104 21.6
25 3,4-OMe 3-Cl 51 11.0 54 49 6.0 11.9
26 3,4-OMe 4-Cl 5.9 10.1 5.7 4.8 6.3 11.2
27 3,4-OMe 2-Br 53 >20 7.4 8.4 9.5 21.8
28 3,4-OMe 3-Br 4.2 12.8 49 5.2 5.3 12.4
29 3,4-OMe 4-Br 5.2 16.0 7.1 4.3 6.9 131
30 3,4-OMe 2-OMe 7.8 >20 8.1 8.1 8.0 18.1
31 3,4-OMe 3-OMe 3.7 6.7 4.2 4.6 4.6 11.6
32 3,4-OMe 4-OMe 6.6 >20 8.4 7.2 7.8 30.9
33 3,4-OMe 3-OH 1.9 4.3 18 1.7 2.9 6.8
34 3,4-OMe 4-OH 7.7 >20 16.6 16.8 17.0 26.1
35 3,4-OMe 2,3-Cl 10.8 >20 10.4 8.8 14.3 185
36 3,4-OMe 2,4-Cl 10.3 >20 12.4 10.5 16.2 >50
37 3,4-OMe 3,4-Cl 4.0 6.9 3.4 3.1 4.4 10.1
38 3,4-OMe 3,5-Cl 25 55 4.2 3.0 3.8 8.3
39 3,4-OMe 2,4-OMe >20 >20 >20 171 15.6 >50
40 3,4-OMe 3,4-OMe 45 8.5 35 3.0 135 9.7
41 3,4-OMe 3,5-OMe 25 5.1 3.0 2.6 3.9 6.5
42 3,4-OMe 3,4,5-OMe 1.8 2.9 1.7 11 1.6 5.8
43 3,4-OMe 3-Cl-4-OH 7.1 >20 8.0 7.6 12.3 21.9
44 3,4-OMe 4-OH-3-OMe 45 10.3 4.6 4.6 7.9 13.7
45 3,4-OMe 3,4-OH 10.5 >20 12.1 4.2 14.4 25.2
>20.0 M
SW 620 20.0 uM
A 549 15.0 M
EJ28 100
HT 1080
5.0 uM
MCF 7
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Figure 2. Overall 1G;, distribution of compounds$-45 against SW620, A549, EJ28, HT1080 and MCF-7

As shown in bothrable 1 and heatmap Eigure 2), three compound=20, 33 and42) were found to
exhibit excellent cytotoxicity in which compoun®8 and 42 were identified as the most promising
candidates due to their lowest overalkd@alues. Meanwhile, six1Q, 31, 37, 38, 40 and41) and sixteen
(8, 10, 15, 16, 18, 23, 24, 25, 26, 27, 28, 29, 30, 32, 43 and44) other analogs have displayed strong and
moderate cytotoxic activity with overall {£values ranging from approximately 3.0 to 5.0 pNd &l to
10 uM, respectively. These results suggest tie-substitution of phenyl ring is important for cybaic
effect as all of theneta-substituted compounds possessed improved activitypared to their respective
ortho- and para-substituted analogs, regardless to the substifdtinctional groups. This trend is clearly
demonstrated in the comparisons of compounrd4 and24-34in which compoundg, 5, 8, 10, 25, 28, 31
and33 performed better in reducing cancer cells viapil®n top of this, the enhanced killing effectsdef



meta substituted diarylpentanoids includirid, 19, 20, 38, 41 and 42 further confirmed the positive
contribution ofmeta-substitution in anti-cancer activity.

In addition to substitution position, substitutifignctional group was also found to play a role in
altering the cytotoxicity of synthesized compoundlscording to the IG, values, halogen group appeared
to be essential for better cytotoxicity as bromagla&dnd chlorinated compounds includihg3, 4, 6, 24, 26,
27 and 29 shows higher inhibition than their respective nogghiated 7, 9, 30, 32) and hydroxylated1(1
and34) compounds. However, this trend is only applicablertho andpara- substitutions. The trend was
completely reversed when onigeta-substituted diarylpentanoids were being considefedshowed by
compound 25 and 28, halogenated analogs displayed much lower actititgn their respective
methoxylated §1) and hydroxylated 33) analogs, of which compoun83 achieved the strongest
cytotoxicity with its lowest IG, values ranging from 1.7 — 4.3 uM. Similar obseora found in the
comparisons of compounds 5, 8 and 10 further strengthen the reversed trend nata-substituted
diarylpentanoids. All these results infer tiadta-oxygenated phenyl ring is the most crucial funcdility
that provides diarylpentanoid with excellent cytdtoeffects. Interestingly, compour88 with only one
meta-hydroxy moiety was found to exhibit similar activio poly-methoxylated analogR, which implied
that meta-hydroxylation could be a better option in prepgripotent anti-cancer diarylpentanoids. In the
view of their promising cytotoxicity, compoun@8 and42 were further analyzed to evaluate and compare
their anti-cancer potential.

2.2.2 Colony formation inhibition assay

5 uM 2.5 uM Control 5uM 2.5 uM

—_— =

i
e
F s %
i i
= = s

1.25 uM 0.625uM 03125 uM 1.25 uM
(A) (B)
Figure 3. Representative images of SW620 cells colonies &féatment with various concentrations of compisa3
(A) and42 (B) for 10 days

Colony formation assay on colorectal cancer cek I[[SW620) was employed to evaluate the anti-
proliferative properties of compour®8 and42. As showed irFigure 3A, no colonies were observed in the
cells treated with 2.5 and 5 uM of compoud®s Meanwhile, only few colonies were formed in thedls
treated with 1.25 uM of the same compound. Sinolaservations were also made in cells treated with
compound42 (Figure 3B). These results suggest that both compous@isand 42 are strong anti-
proliferative agents. Further quantification usimgegeJ software revealed that compodrdperformed
slightly better than compound3 based on its relatively lower percentage of coléoymation at the
concentration of 0.625 uM [37]. The quantified leswere plotted into a bar graph as showhigure 4.
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Figure 4. Relative colony formation of SW620 cells after ddys of treatments with selected compounds abwari
concentrations. Blue and red bars represent tieetefbf compound33 and42 on SW620 cell colonies, respectively.

Since anti-proliferative activity may be due tolasicle arrest and/or cell apoptosis, we furtharied
out both analyses using flow cytometry to examhee possible anti-proliferative mechanism of commgbun
33and42.

2.2.3 Céll cycle analysis

Cell cycle analyses were performed using a Novodgte cytometer (ACEA Biosciences, Inc., San
Diego, CA, USA).Figure 5A illustrates the representative cell cycle histaggeof treated and untreated
SW620 cells whilg-igure 5B represents the line graph plotted based on the alztiined from the flow
cytometry experiments.
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Figure 5. Representative profilgg\) and quantified datéB) of cell cycle analysis on SW620 after 24 h of tmeent
with various concentrations of compourizand42. Green and blue peaks in 5A represent G1 and &&kpbints,

respectively, while blue and red lines in 5B repraspercentage of cells arrested in GO/G1 and Gghdses,
respectively.



As depicted inFigure 5A andFigure 5B, 1.25 pM of compoun®3 and42 were found to slightly
increase the percentage of cells in G2/M phase ft6f% to 24% and 20%, respectively. The percentages
of G2/M-phase cells were further increased to 498d &0%, respectively when 2.5 uM of same
compounds were used. In contrast, the number d§ ¢el GO/G1 phase was found to be inversely
proportional to the concentration of compoud@sand42 as the increase in their concentrations reduced
the percentage of GO/G1l-arrested cells. All theseilts indicate that both compoung3 and 42 could
induce G2/M arrest in colorectal cancer cell ling6&20.

2.2.4 Céll apoptosis study

Flow cytometry-based apoptosis analysis was caoigcon SW620 cell line using Annexin V and 7-
AAD double staining method (BD Biosciences, SanJ&@# USA). Figure 6A andFigure 6B represent
the dot plot diagrams resulted from the apoptos$sia using compour2B and42, respectively, while the
data obtained were summarized and compiled intgtzgoh as shown iRigure 6C.

Control 1.25puM 25uM SuM 10 pM

mOpuM
B125 M

@2.5puM
m5um
mio0pm

Apoptotic cells (%)

Control 1.25uM 2.5uM 5uM 10uM

24h |22

©)
48N

720 |§s

®)
Figure 6. (A) Apoptosis profiles of SW620 treated with compo@®at 24, 48 and 72hB) Apoptosis profiles of

SW620 treated with compour@ at 24, 48 and 72i{C) Comparison of total apoptotic cells induced by poomd33
and42 at 24, 48 and 72h.

As shown inFigure 6A, the treatment with 1.25 uM of compoud8was found to barely shift the dots
distribution to the right. This indicates that lolwsage of compour@B could only induce mild elevation of
apoptotic cells number. However, when higher dosddgbhe same compound was used, the green dots that
represent florescent cells were shifted furthentrigflecting an increment in the number of apdptoells.

This dose-dependent response was also observetisrireated with compound (Figure 6B), whereby
the increase in treatment concentrations of comgetthhas induced higher levels of cell apoptosis.
Although the dot plot patterns obtained for bottmpounds seemed to be identical, further bar chart



comparison Kigure 6C) shows that compoudR possessed a slightly stronger apoptosis induddilgya
based on the higher number of apoptotic cells.

2.2.5 Intracellular reactive oxygen species (ROS) detection assay

Previous studies reported that the cell cycle tieed cell apoptosis in response to drug treatoeutd
be caused by the stimulation of intracellular R@G8][ Therefore, we further explored the ability of
compounds33 and 42 in triggering the production of intracellular RQSing 2',7'-dichlorofluorescin-
diacetate (DCFDA) method. DCFDA is a non-fluorescB@®S-sensitive chemical which can be easily
absorbed by cells. Upon the exposure to ROS, tekap DCFDA will be converted into its respective
highly fluorescent derivative namely 2',7'-dichlditoydrofluorescein (DCF), and thereby causes this ce
to be fluorescent. On the basis of this, the prtdocdegree of triggered ROS at different treatment
concentrations can be distinguished by measuriadltiorescence intensity of treated cdiligure 7A and
Figure 7B represent the flow cytometry-based ROS profilesafs treated with compoun@&s and 42,
respectively, while the peaks observed are corredipg to the cells with different fluorescence igities.

400
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[ Control [ Control

[J Compound 33-1.25 uM [JCompound 42-1.25 pM
[ Compound 33-25 uM [ Compound 42-25 uM
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Figure 7. Representative flow cytometry-based ROS profifeSW620 cells after treated with compourd3s(A) and

42 (B)for 12 h

As shown inFigure 7, the peak responsible for the detection of ungxetatlls is located at the most left
region while the peak that corresponds to hydrogerxide treated cells is observed at the most righ
region. The shift from left to right indicates amciement in cellular fluorescence intensity. Inséregly,
the fluorescence intensities of the treated ce#iseviound to be directly proportional to the coricaions
of compounds83 and42, implying that both compounds were able to trigder production of intracellular
ROS in dose-dependent manners. Similar to prevamadyses, compoundi2 appeared to be a slightly
better candidate based on it barely stronger iatidar ROS inducing ability.

3. Conclusion

In summary, 45 analogs of asymmetrigadta-methoxyphenyl-containing diarylpentanoid have been
synthesized, characterized and evaluated for #mircancer potential against five human cancédrlioels
including SW620, A549, EJ28, HT1080 and MCF-7. Coomas33 and42 appeared to be the most active
analogs based on the determined,l@alues. The overall result suggested timeta-oxygenated phenyl
ring is crucial for cytotoxicity. Subsequent colofgrmation assay showed that compoul@sand 42



possess strong anti-proliferative activity. Meanehfurther flow cytometry experiments proved thath
compounds could induce G2/M phase arrest and agigptocancer cells via intracellular ROS stimwati
These results suggest that both compowB®iand 42 are potentially to be served as antimitotic agents
Although the overall result shows that compourdds slightly better than compour88, the anti-cancer
potential of meta-hydroxyphenyl should not be underestimated as comgs with single meta-
hydroxylation 83) have displayed comparable activities to that iefeta-methoxylated analog#t{ and
42). In conclusion, we believe that the asymmetriiakylpentanoid system with polyeta-oxygenated
functional groups is a promising class of naturabdpict-based derivatives, which deserve further
investigation in the development of small moledodesed anti-cancer drug.

4. Experimental Section
4.1 Chemistry

Starting materials and chemical reagents were pseth from Sigma-Aldrich and Merck, and were
used without purification. Solvents were purchafedh common commercial suppliers, were dried and
distilled before use. The chemical reactions werginely checked on 0.20 mm Merck TLC plate siljeh
60 F254 in every reaction step. Purification prared were conducted using column chromatography on
Merck silica gel 60 (mesh 70-230). Melting pointerer determined using Fisher-Johns melting point
apparatus and were uncorrected. High-resolutiootrele ionization-mass spectrometry (HREI-MS) was
determined using a DFS high resolution GC/MS (Ther8tientific, San Jose, CA, USA). Nuclear
Magnetic Resonance Spectra were recorded on Va@amHz NMR Spectrometer.

4.1.1 General procedure for synthesisof | and 11

Catalytic amount op-toluenesulphonic acid was added into a mixtureyefohexanone (20 mmol) and
morpholine (20 mmol) in 30 mL of toluene kept inOLGL SNRB at room temperature. The mixture was
refluxed on a Dean & Stark apparatus for 2 h taiobintermediaté. Upon completion, 20 mmol of 2,3-
or 3,4-dimethoxybenzaldehyde in 20 mL of toluenesvaaded dropwise into the reaction solution and
heated at 80°C for 8 h. Distilled water (10 ml) when added and further refluxed for 30 min. The
resulting reaction mixture was extracted thricehvdM HCI and once with 20 mL water. The toluengeta
was then dry over anhydrous magnesium sulmgradeconcentrateish vacuo followed by purification using
column chromatography to give pure 2-benzylidentyexanone analog, the crucial intermediate

4.1.2 General procedure for synthesis of compound 1-45

2-Benzylidenecyclohexanorike (5 mmol) and appropriate aromatic aldehydes (5 Hhmere dissolved
in 30 mL of absolute ethanol in a 50 mL SNRB. Gatalamount of 6M NaOH solution was then added
and stirred overnight. Subsequently, the resultimgture was neutralized with 3M HCI followed by
extraction with ethyl acetate. The organic layeswlaen collected and dried over anhydrous magnesium
sulfate followed by evaporation with rotatory evegtor to give the crude of desired compounds. Ture p
asymmetrical diarylpentanoids were finally obtaitlecbugh column chromatography purification.

2-(2-Chlorobenzylidene)-6-(2,3-dimethoxybenzylideneyclohexanone (1).Yellow viscous oil; yield:
76.21%; m.p.: -°C; Mass calculated: 368.8533; Masad: 368.8547*H NMR (500 MHz, CDGC)) &: 1.74
(dt, J=12.36, 6.33 Hz, 2 H) 2.74 - 2.78 (m, 2 H) 2.79832(m, 2 H) 3.83 (s, 3 H) 3.88 (s, 3 H) 6.93 (d,
J=7.94 Hz, 2 H) 7.04 - 7.09 (m, 1 H) 7.25 - 7.29 ;h{) 7.31 - 7.35 (m, L H) 7.41 - 7.45 (m, 1 H)¥ (8,

1 H) 7.95 (s, 1 H)**C NMR (126 MHz, CDGJ) &: 23.2, 28.4, 28.7, 55.8, 61.2, 112.8, 122.1, 12R25.2,
129.5, 129.7, 130.3, 130.5, 133.0, 133.6, 134.5,00337.3, 138.0, 148.3, 152.8, 190.6



2-(3-Chlorobenzylidene)-6-(2,3-dimethoxybenzylideneyclohexanone (2).Yellow viscous oil; yield:
65.81%; m.p.:- ; Mass calculated: 368.8533; Massido 368.8541'H NMR (500 MHz, CDC})) 5: 1.8 (dt,
J=12.67,6.18 Hz,2 H) 2.8-28(m,2H) 2.9 - 28 2 H) 3.8-3.8 (m, 3 H) 3.9 (s, 3 H) 6.9 (&7.94

Hz, 2H)7.0-7.1(m, 1 H)7.3-7.4(m,3H) 141 H) 7.7 (s, 1 H) 7.9 (s, 1 H'C NMR (126 MHz,
CDCly) 6: 23.0, 28.4, 28.6, 55.8, 61.1, 112.8, 122.1, 12328.4, 128.5, 129.6, 129.9, 130.2, 132.8, 134.3,
135.3, 137.2, 137.4, 137.8, 148.3, 152.8, 190.1

2-(4-Chlorobenzylidene)-6-(2,3-dimethoxybenzylideneyclohexanone (3)Yellow solid; yield: 85.17%;
m.p.: 94-96°C; Mass calculated: 368.8533; Mass do@68.8541'H NMR (500 MHz, CDC})) 5: 1.8
(quin, J=6.26 Hz, 2 H) 2.8 - 2.8 (m, 2 H) 2.9 - 2.9 (m, 2348 (s, 3 H) 3.9 (s, 3 H) 6.9 (87.94 Hz, 2 H)
7.0-71(m,1H)7.3-74(@m, 4H) 7.7 (s, LHY (s, 1 H)¥C NMR (126 MHz, CDG)) &: 23.1, 28.4,
28.6,55.8,61.1, 112.8,122.1, 123.5, 128.6, 13AB3.6, 132.7, 134.4, 135.6, 137.2, 148.3, 151086,1

2-(2-Bromobenzylidene)-6-(2,3-dimethoxybenzylideneyclohexanone (4).Yellow viscous oil; yield:
74.22%; m.p.: -; Mass calculated: 413.3043; Massiflo 413.3068'H NMR (500 MHz, CDC})) &: 1.7 (dt,
J=12.36,6.33 Hz,2H)2.7-28 (mM,2H)2.8-th§ 2 H) 3.8 (s, 3H) 3.9 (s, 3H) 6.9 - 7.0 (nHR7.0 -
71 (M, 1H)7.2-72(m,1H)7.3-7.4(m, 2Hp (d,J=7.94 Hz, 1 H) 7.8 (s, 1 H) 8.0 (s, 1 F)C NMR
(126 MHz, CDC}) &: 23.2, 28.3, 28.7, 55.8, 61.2, 112.8, 122.1, 1282%.1, 126.8, 129.6, 130.3, 130.5,
132.9,133.0, 135.9, 136.4, 137.2, 137.7, 152.8,0.9

2-(3-Bromobenzylidene)-6-(2,3-dimethoxybenzylideneyclohexanone (5)Yellow solid; yield: 54.28%;
m.p.: 81-83°C; Mass calculated: 413.3043; Mass do13.3057H NMR (500 MHz, CDC}) &: 1.8
(quin,J=6.26 Hz, 2 H) 2.8 - 2.8 (m, 2 H) 2.9 - 2.9 (m, 238 (s, 3 H) 3.9 (s, 3 H) 6.9 (87.93 Hz, 2 H)
70-71(m,1H)7.2-73(m,1H)7.4@7.94Hz, 1H) 7.5 (d)=7.94 Hz, 1 H) 7.6 (s, 1 H) 7.7 (s, 1 H)
7.9 (s, 1 H)X*C NMR (126 MHz, CDG)) &: 23.0, 28.4, 28.6, 55.8, 61.2, 112.8, 122.1, 1,2P28.5, 128.9,
129.9, 130.2, 131.3, 132.8, 132.8, 135.2, 137.2,5,338.1, 148.3, 152.8, 190.0

2-(4-Bromobenzylidene)-6-(2,3-dimethoxybenzylideneyclohexanone (6)Yellow solid; yield: 77.71%;
m.p.: 101-102°C; Mass calculated: 413.3043; Maasdo413.3048'"H NMR (500 MHz, CDC})) &: 1.8
(quin, J=6.26 Hz, 2 H) 2.8 - 2.8 (m, 2 H) 2.8 - 2.9 (m, 2348 (s, 3 H) 3.9 (s, 3 H) 6.9 (87.93 Hz, 2 H)
7.0 - 7.1 (m, 1 H) 7.3 (dI=8.55 Hz, 2 H) 7.5 (d}=8.55 Hz, 2 H) 7.7 (s, 1 H) 7.9 (s, 1 KC NMR (126
MHz, CDCk) é: 23.1, 28.4, 28.7, 55.8, 61.1, 112.8, 122.1, 1,2923.5, 130.3, 131.6, 131.8, 132.7, 134.9,
135.6, 136.9, 137.2, 148.3, 152.8, 190.1

2-(2,3-Dimethoxybenzylidene)-6-(2-methoxybenzylidencyclohexanone (7)Yellow viscous oil; yield:
43.21%; m.p.: - ; Mass calculated: 364.4343; Massdl: 364.4353'H NMR (500 MHz, CDCJ) &: 1.7
(dt, J=12.67, 6.18 Hz, 2 H) 2.8 @=6.41 Hz, 2 H) 2.8 - 2.9 (m, 2 H) 3.8 (s, 3 H) 893 H) 3.9-3.9 (m, 3
H)6.9-6.9(m,3H)7.0(W=7.63Hz,1H)7.0-7.1(m,1H)7.3-7.4(m,2HI(s,1H)8.0(s,1H).
3C NMR (126 MHz, CDC)) 5: 23.4, 28.7, 28.8, 55.5, 55.8, 61.1, 110.6, 11218,9, 122.2, 123.4, 125.0,
130.1, 130.3, 132.2, 132.7, 136.4, 137.7, 148.3,8,958.4, 190.4

2-(2,3-Dimethoxybenzylidene)-6-(3-methoxybenzylidencyclohexanone (8)Yellow viscous oil; yield:
38.77%; m.p.: - ; Mass calculated: 364.4343; Massdl: 364.4361'H NMR (500 MHz, CDCJ) &: 1.8
(dt, J=12.36, 6.33 Hz, 2 H) 2.8 -28 (M, 2H) 29 -9 2 H) 3.8 (5,3 H) 3.8(s,3H)3.9(s,3H)6.9
6.9(m,3H)7.0(s,1H)7.0-7.1(m, 2 H) 7.3&7.94 Hz, 1 H) 7.8 (s, 1 H) 7.9 (s, 1 HJC NMR (126
MHz, CDCk) &: 23.1, 28.5, 28.7, 55.3, 55.8, 61.1, 112.7, 1141K.7, 122.1, 122.8, 123.5, 129.3, 130.4,
132.5, 136.6, 136.9, 137.3, 137.4, 148.3, 152.8,4,.990.3



2-(2,3-Dimethoxybenzylidene)-6-(4-methoxybenzylidecyclohexanone (9). Yellow solid; vyield:
43.15%; m.p.: 114-115°C; Mass calculated: 364.4R84%;s found: 364.4352H NMR (500 MHz, CDC}))

8: 1.8 (quin,J=6.26 Hz, 2 H) 2.8 -2.8(m,2H) 2.9-2.9 (m, 238 (s, 3 H) 3.8 (s,3H) 3.9 (s,3H)6.9-
7.0 (m, 4H)7.0-7.1(m, 1H) 75 (@8.55Hz, 2 H) 7.8 (s, 1 H) 7.9 (s, 1 HJC NMR (126 MHz,
CDCly) 8: 23.2, 28.4, 28.8, 55.3, 55.8, 61.1, 112.6, 11822.1, 123.4, 128.7, 130.5, 132.0, 132.3, 134.2,
137.1, 137.6, 148.2, 152.8, 160.0, 190.2

2-(2,3-Dimethoxybenzylidene)-6-(3-hydroxybenzylidez)cyclohexanone (10). Yellow solid; vyield:
22.34%; m.p.: 115-117°C; Mass calculated: 350.40/&%s found: 350.4091H NMR (500 MHz, CDC}))
8:1.7-18(m,2H)27-28(m,2H)29-2mM,2H)3.8(s,3H)3.9 (s, 3H)6.4 (br.s., 169 (dd,
J=8.24,2.14 Hz, 1 H) 6.9 (d=7.93 Hz, 2 H) 7.0 - 7.0 (m, 2 H) 7.0 - 7.1 (m, L #2 - 7.3 (m, 1 H) 7.8 (s,
1 H) 7.9 (s, 1 H)**C NMR (126 MHz, CDGJ) &: 23.0, 28.4, 28.6, 55.9, 61.2, 110.0, 112.9, 11617.4,
122.1, 122.5, 123.5, 129.5, 130.2, 132.9, 136.4,313 37.5, 148.3, 152.8, 156.0, 191.0

2-(2,3-Dimethoxybenzylidene)-6-(4-hydroxybenzylidez)cyclohexanone (11).Yellow solid; vyield:
33.82%; m.p.: 161-163°C; Mass calculated: 350.40W@ss found: 350.4084H NMR (500 MHz,
acetone)p: 1.8 (quin,J=6.36 Hz, 2 H) 2.8 - 2.8 (m, 2 H) 2.9 - 3.0 (m, 2348 (s, 3 H) 3.9 (s, 3H) 6.9 (d,
J=8.67 Hz,2H) 7.0-7.0(m,1H) 7.0-7.1 (m, #b5 (d,J=8.67 Hz, 2 H) 7.7 (s, 1L H) 7.9 (s, 1 H) 8.8 (s,
1 H).®*C NMR (126 MHz, acetoney}: 23.0, 28.1, 28.5, 55.3, 60.0, 113.2, 115.5, 121128.5, 130.2, 130.8,
132.5, 133.7, 136.5, 137.3, 148.4, 153.0, 158.8,418

2-(2,3-Dichlorobenzylidene)-6-(2,3-dimethoxybenzydiene)cyclohexanone (12).Yellow viscous oil;
yield: 44.57%; m.p.:- ; Mass calculated: 403.2984ss found: 403.2993H NMR (500 MHz, CDC}) &:

1.7 (dt,J=12.67,6.18 Hz, 2 H) 2.7 - 2.7 (m, 2 H) 2.8 - 8 2 H) 3.8 (s, 3 H) 3.9 (s, 3 H) 6.9 7.93
Hz,2H)7.0-7.1(m, 1 H)7.2-7.2(m, 2 H) 245 (m, 1 H) 7.8 (s, 1 H) 8.0 (s, 1 HJC NMR (126
MHz, CDCk) 8: 23.2, 28.4, 28.7, 55.9, 61.2, 112.9, 122.1, 12R6.6, 126.7, 128.6, 130.0, 130.2, 132.3,
132.9, 133.3, 136.8, 137.1, 138.6, 148.3, 152.8,918

2-(2,4-Dichlorobenzylidene)-6-(2,3-dimethoxybenzydiene)cyclohexanone (13).Yellow solid; vyield:
53.14%; m.p.: 96-96°C; Mass calculated: 403.2984sdfound: 403.2992H NMR (500 MHz, CDC}) &:
1.7 (dt,J=12.57,6.14 Hz, 2 H) 2.7 - 2.7 (m, 2 H) 2.8 - 8 2 H) 3.8 (s, 3 H) 3.9 (s, 3 H) 6.9 (8.09
Hz, 2 H) 7.0-7.1 (m, 1 H) 7.2 (s, 2 H) 7.4 ($4)17.8 (s, 1 H) 7.9 (s, 1 H)’C NMR (126 MHz, CDG)) 5:
23.2, 28.5, 28.6, 55.8, 61.1, 112.9, 122.1, 1282%,.6, 129.6, 130.2, 131.2, 132.3, 133.0, 133.2,6.3
135.7, 137.0, 138.5, 148.3, 152.8, 189.8

2-(3,4-Dichlorobenzylidene)-6-(2,3-dimethoxybenzydiene)cyclohexanone (14).Yellow solid; vyield:
58.35%; m.p.: 105-106°C; Mass calculated: 403.28845s found: 403.2989H NMR (500 MHz, CDCY)

5: 1.8 (dt,J=12.36, 6.33 Hz, 2 H) 2.8 - 2.8 (m, 2 H) 2.8 - 29 2 H) 3.8 (s, 3 H) 3.9 (s, 3 H) 6.9 (dd,
J=8.24,397Hz,2H)7.0-71(m,1H)7.2- "8 L H) 7.5(d)=8.55Hz, 1 H) 7.5 (s, 1 H) 7.6 (s, 1 H)
7.9 (s, 1 H)*C NMR (126 MHz, CDGJ) &: 23.0, 28.4, 28.6, 55.8, 61.2, 112.9, 122.1, 12R8.5, 130.1,
130.4, 131.7, 132.5, 132.6, 133.0, 134.1, 136.0,0,.337.8, 148.3, 152.8, 189.8

2-(3,5-Dichlorobenzylidene)-6-(2,3-dimethoxybenzydene)cyclohexanone (15).Yellow solid; yield:
27.76%; m.p.: 136-138°C; Mass calculated: 403.28845s found: 403.2997H NMR (500 MHz, CDC})

8: 1.8 (dt,J=12.28, 6.29 Hz, 2 H) 2.8 - 2.8 (m, 2 H) 2.8 - ;19 2 H) 3.8 (s, 3 H) 3.9 (s, 3 H) 6.9 (dd,
J=8.09,3.47 Hz, 2 H) 7.0-7.1(m, 1 H) 7.3 - 708 @ H) 7.6 (s, 1 H) 7.9 (s, 1 HYC NMR (126 MHz,
CDCly) 3: 22.9, 28.4, 28.5, 55.8, 61.1, 112.9, 122.0, 12®8.2, 128.2, 133.2, 133.7, 134.9, 135.6, 135.7,
136.7, 136.9, 138.5, 138.9, 148.3, 152.8, 189.7



2,6-Bis(2,3-dimethoxybenzylidene)cyclohexanone (16¥ellow solid; yield: 69.57%; m.p.: 116-118°C;
Mass calculated: 394.4602; Mass found: 394.482NMR (500 MHz, CDC}) &: 1.7 (quin,J=6.26 Hz, 2
H) 2.8 (t,J=6.41 Hz, 4 H) 3.8 (5, 6 H) 3.9 (s, 6 H) 6.9 - f) 4 H) 7.0 - 7.1 (m, 2 H) 7.9 (s, 2 HfC
NMR (126 MHz, CDC}) &: 23.3, 28.7, 55.8, 61.1, 112.7, 122.1, 123.4,4,3032.4, 137.5, 148.3, 152.8,
190.3

2-(2,3-Dimethoxybenzylidene)-6-(2,4-dimethoxybenzgene)cyclohexanone (17)Yellow solid; yield:
43.84%; m.p.: 125-127°C; Mass calculated: 394.460%5s found: 394.4609H NMR (500 MHz, CDCJ))

8 1.7 (dt,J=12.28, 6.29 Hz, 2 H) 2.7 -2.8 (m, 2 H) 2.8 - 49 2 H) 3.8 (s, 3 H) 3.8 (d=1.73 Hz, 6 H)
39 (s,3H)6.5(d)=2.89 Hz,1H)6.5-65(M, 1H)69-6.9(m, 2HO-7.1 (m,1H) 7.3 (dl=8.67
Hz, 1 H) 7.9 (s, 1 H) 8.0 (s, 1 HYC NMR (126 MHz, CDCJ) &: 23.5, 28.7, 29.0, 55.4, 55.5, 55.8, 61.1,
98.2, 104.1, 112.5, 118.0, 122.2, 123.4, 130.6,23131.8, 132.5, 134.6, 137.8, 148.2, 152.8, 160.0
161.6, 190.3

2-(2,3-Dimethoxybenzylidene)-6-(3,4-dimethoxybenzgene)cyclohexanone (18)Yellow solid; yield:
60.48%; m.p.: 105-107°C; Mass calculated: 394.460%5s found: 394.4618H NMR (500 MHz, CDCY)

8: 1.8 (quin,J=6.18 Hz, 2 H) 2.8 - 2.8 (m, 2 H) 2.9 - 3.0 (m, 2348 (s, 3 H) 3.9 (s, 3 H) 3.9 (s, 3 H) 3.9 (s,
3H)6.9-6.9(m,3H)7.0(s,1H)7.0-7.1 @) 7.1 (d,J=8.78 Hz, 1 H) 7.8 (s, 1 H) 7.9 (s, 1 HiC
NMR (126 MHz, CDC}) &: 23.2, 28.4, 28.8, 55.8, 55.9, 55.9, 61.1, 110®.6, 113.7, 122.1, 123.4,
124.0, 129.0, 130.5, 132.1, 134.5, 137.3, 137.8,2,4.48.6, 149.6, 152.8, 190.1

2-(2,3-Dimethoxybenzylidene)-6-(3,5-dimethoxybenzgene)cyclohexanone (19)Yellow solid; yield:
43.32%; m.p.: 85-87°C; Mass calculated: 394.460&8sdvfound: 394.4618-H NMR (500 MHz, CDC}) &:
1.7 (dt,J=12.28,6.29 Hz, 2 H) 2.7-2.8 (m, 2 H) 29 - 18 2 H) 3.8 (s, 9 H) 3.9-3.9 (m, 3 H) 6.4 (t,
J=2.31 Hz, 1 H) 6.6 (d}=2.31 Hz, 2 H) 6.9 (d}=8.09 Hz, 2 H) 7.0 - 7.1 (m, 1 H) 7.7 (s, 1 H) 591 H).
3C NMR (126 MHz, CDG)) é: 23.1, 28.5, 28.7, 55.4, 55.8, 61.1, 100.7, 10B12.7, 122.1, 123.4, 130.3,
1325, 136.7, 136.9, 137.4, 137.8, 144.1, 148.3,8,8.60.5, 190.3

2-(2,3-Dimethoxybenzylidene)-6-(3,4,5-trimethoxybeaylidene)cyclohexanone (20). Yellow solid;
yield: 41.98%; m.p.: 141-143°C; Mass calculatedt.4862; Mass found: 424.487*H NMR (500 MHz,
CDCl,) 6: 1.8 (quin,J=6.18 Hz, 2 H) 2.8 - 2.8 (m, 2 H) 2.9-3.0 (m, 238 (s, 3H) 3.9 (s, 12 H) 6.7 (s, 2
H) 6.9 (d,J=7.68 Hz, 2 H) 7.0 - 7.1 (m, 1 H) 7.7 - 7.7 (m, L H9 (s, 1 H)»*C NMR (126 MHz, CDG)) 5:
23.2,28.4, 28.7,55.8, 56.2, 61.0, 61.1, 107.8,,1122.1, 123.5, 130.4, 131.5, 132.4, 135.6,2,337 .4,
148.3, 152.9, 153.0, 190.1

2-(3-Chloro-4-hydroxybenzylidene)-6-(2,3-dimethoxybnzylidene)cyclohexanone (21)Yellow solid;
yield: 67.88%; m.p.: 98-100°C; Mass calculated:.8827; Mass found: 384.853% NMR (500 MHz,
acetonep: 1.7-1.8(m,2H)2.8-28(mM,2H)2.9-30,2H)3.8(s,3H)3.9(s,3H)7.0-7.0(m, L H
7.0 -7.1 (m, 3 H) 7.4 (dd=8.38, 2.02 Hz, 1 H) 7.6 (d=2.31 Hz, 1 H) 7.6 (s, 1 H) 7.9 (s, 1 HC NMR
(126 MHz, acetone): 22.9, 28.1, 28.5, 55.3, 60.1, 110.0, 113.3, 11820.4, 121.8, 123.5, 128.9, 130.1,
130.7,131.2,131.9, 134.8, 135.2, 137.2, 148.3,0,9.88.4

2-(2,3-Dimethoxybenzylidene)-6-(4-hydroxy-3-methoxyenzylidene)cyclohexanone (22)ellow solid;
yield: 64.58%; m.p.: 121-123°C; Mass calculated).8837; Mass found: 380.434%4 NMR (500 MHz,
acetonep: 1.8 (quin,J=6.36 Hz, 2 H) 2.8 -2.8(m,2H) 29-3.0(m, 238 (s,3H) 3.9(s,3H)3.9(s, 3
H)69-69(m,1H)70-70(m,1H)7.0-TmM,3H)7.2(s,1H)7.7(s,1H)7.9(s,1H)&L1H).
3C NMR (126 MHz, acetoné) 23.1, 28.1, 28.5, 55.3, 55.4, 60.1, 113.2, 11#18,1, 121.8, 123.5, 124.5,
127.9, 130.2, 130.8, 133.9, 135.1, 136.8, 137.4,3,447.7, 153.0, 188.4



2-(3,4-Dihydroxybenzylidene)-6-(2,3-dimethoxybenzidene)cyclohexanone (23)Yellow solid; yield:
78.24%; m.p.. 122-124°C; Mass calculated: 366.40Wass found: 366.4083H NMR (500 MHz,
acetonep: 1.8 (quin,J=6.21 Hz,2H)2.9-29(m,2H)2.9-3.0(m, 23O (s,3H)3.9(s,3H)6.9-6.9
(m 1H)6.9-70(m,1H)7.0-7.0(m,1H){dJ=1.73Hz,1H)7.1(d}=4.05Hz,2H)75-76(m, 1
H) 7.6 - 7.7 (m, 1 H) 8.2 (br. s., 1 H) 8.3 (br. 5.H).**C NMR (126 MHz, acetone): 22.4, 28.3, 28.3,
55.2,55.2, 110.0, 111.5, 114.1, 115.3, 117.4,6,2123.8, 128.2, 128.9, 133.8, 134.6, 135.7, 13612,9,
149.2,150.1, 188.3

2-(2-Chlorobenzylidene)-6-(3,4-dimethoxybenzylideneyclohexanone (24). Yellow solid; vyield:
66.83%; m.p.: 107-109°C; Mass calculated: 368.85&8ss found: 368.8544H NMR (500 MHz, CDC}))
8:1.79 (quinJ=6.31 Hz, 2 H) 2.72 - 2.78 (m, 2 H) 2.92 - 2.99 ghHl) 3.91 (s, 3 H) 3.92 (s, 3 H) 6.91 (d,
J=8.23 Hz, 1 H) 7.02 (s, 1 H) 7.09 - 7.13 (m, 1 KFB5/- 7.28 (m, 2 H) 7.31 - 7.34 (m, 1 H) 7.42 -5/(th,

1 H) 7.78 (s, 1 H) 7.88 (s, 1 HC NMR (126 MHz, CDCJ) &: 23.1, 28.1, 28.7, 55.9, 55.9, 110.8, 113.7,
124.1, 126.2,126.9, 128.8, 129.4, 129.7, 130.8,2,1334.2, 134.6, 134.9, 137.8, 148.6, 149.7,8.89.

2-(3-Chlorobenzylidene)-6-(3,4-dimethoxybenzylideneyclohexanone (25). Yellow solid; vyield:
53.77%; m.p.: 96-97°C; Mass calculated: 368.8538sdvfound: 368.8547H NMR (500 MHz, CDC}) &:
1.81 (quin,J=6.31 Hz, 2 H) 2.86 - 2.92 (m, 2 H) 2.92 - 2.99 @) 3.91 (s, 3 H) 3.92 (s, 3 H) 6.91 (d,
J=8.23 Hz, 1 H) 7.02 (s, 1 H) 7.12 (d#:8.23, 1.65 Hz, 1 H) 7.29 - 7.35 (m, 3 H) 7.421(3]) 7.70 (s, 1
H) 7.76 (s, 1 H)**C NMR (126 MHz, CDGJ) &: 22.9, 28.3, 28.5, 55.9, 55.9, 110.9, 113.7, 12428B.4,
128.4,128.8,129.6, 129.8, 134.1, 134.3, 134.8,4,337.6, 137.8, 148.7, 149.8, 189.9

2-(4-Chlorobenzylidene)-6-(3,4-dimethoxybenzylidepeyclohexanone (26). Yellow solid; vyield:
81.31%; m.p.: 137-139°C; Mass calculated: 368.85&8s found: 368.8547H NMR (500 MHz, CDC})

8: 1.81 (quinJ=6.31 Hz, 2 H) 2.86 - 2.90 (m, 2 H) 2.92 - 2.98 ghH) 3.91 (s, 3 H) 3.92 (s, 3 H) 6.91 (d,
J=8.23 Hz, 1 H) 7.02 (d}=1.65 Hz, 1 H) 7.11 (dJ=8.23 Hz, 1 H) 7.35 - 7.40 (m, 4 H) 7.72 (s, 1 H}5
(s, 1 H).™*C NMR (126 MHz, CDGJ) &: 22.9, 28.3, 28.5, 55.9, 56.0, 110.9, 113.7, 12428.6, 128.8,
131.5,134.1,134.4,134.5, 135.1, 136.7, 137.8,614.49.7, 189.9

2-(2-Bromobenzylidene)-6-(3,4-dimethoxybenzylideneyclohexanone (27). Yellow solid; vyield:
64.71%; m.p.: 111-112°C; Mass calculated: 413.3048s found: 413.3055H NMR (500 MHz, CDCJ)
8: 1.8 (quin,J=6.21 Hz, 2 H) 2.7 - 2.8 (m, 2 H) 2.9 - 3.0 (m, 2319 (s, 3 H) 3.9 (s, 3 H) 6.9 (858.09 Hz,
1H)7.0(s,1H)7.1(d=8.09Hz,1H)7.2-7.2(m,1H)7.3-7.3(m,2H6 (d,J=8.09 Hz, 1 H) 7.8 (s,
1 H) 7.8 (s, 1 H)®C NMR (126 MHz, CDCJ) &: 23.1, 28.0, 28.7, 55.9, 110.9, 113.8, 124.1,0,2526.8,
128.9, 129.5, 130.5, 131.5, 132.9, 134.2, 135.6,5,.337.8, 148.7, 149.8, 189.8

2-(3-Bromobenzylidene)-6-(3,4-dimethoxybenzylideneyclohexanone (28). Yellow solid; vyield:
56.99%; m.p.: 183-185 °C; Mass calculated: 413.3048s found: 413.3048H NMR (500 MHz, CDCJ)

8: 1.8 (dt,J=12.28, 6.29 Hz, 2 H) 29 -29 (m, 2 H) 29 - 8% 2 H) 3.9 (s, 3 H) 3.9 (s, 3 H) 6.9 (d,
J=8.09Hz, 1H)7.0(s,1H)7.1(@8.67Hz,1H)7.2-73(m,1H)7.3-7.4(m,1H4-75(m, 1H)
7.6 (s, 1 H) 7.7 (s, 1 H) 7.8 (s, 1 HiC NMR (126 MHz, CDCJ) &: 22.9, 28.3, 28.5, 55.9, 55.9, 110.9,
113.7, 122.4, 124.1, 128.8, 128.8, 129.9, 131.2,713134.1, 134.7, 137.4, 137.6, 138.1, 148.6, 8,49.
189.8

2-(4-Bromobenzylidene)-6-(3,4-dimethoxybenzylideneyclohexanone (29). Yellow solid; vyield:
78.29%; m.p.: 130-131°C; Mass calculated: 413.3Mt8ss found: 413.3061H NMR (500 MHz, CDC})
8: 1.8 (quin,J=6.36 Hz, 2 H) 2.8 - 2.9 (m, 2 H) 2.9 - 3.0 (m, 239 (s, 3 H) 3.9 (s, 3 H) 6.9 (8+8.09 Hz,
1H)7.0(s,1H)7.1(dl=8.09 Hz, 1 H) 7.3 (dJ=8.09 Hz, 2 H) 7.5 (d)=8.09 Hz, 2 H) 7.7 (s, 1 H) 7.7 (s,



1 H). ®C NMR (126 MHz, CDGJ) &: 22.9, 28.3, 28.5, 55.9, 110.8, 113.7, 122.7, 1,2428.5, 128.8,
131.6, 131.7, 134.1, 134.9, 135.2, 136.8, 137.8,6,4.49.7, 189.9

2-(3,4-Dimethoxybenzylidene)-6-(2-methoxybenzylidecyclohexanone (30).Yellow solid; vyield:
33.09%; m.p.: 125-126°C; Mass calculated: 364.4R43;s found: 364.435%H NMR (500 MHz, CDC}))

8: 1.8 (quin,J=6.18 Hz, 2 H) 2.8 -2.9(m,2H) 2.9-3.0(m, 239 (s,3H) 3.9(s,3H) 3.9 (s,3H)6.9 -
6.9 (m, 2 H) 7.0 (t)=7.41 Hz, 1 H) 7.0 (dJ=2.20 Hz, 1 H) 7.1 (dd}=8.23, 1.65 Hz, 1 H) 7.3 - 7.3 (m, 2
H) 7.8 (t,J=2.47 Hz, 1 H) 8.0 (s, 1 H}*C NMR (126 MHz, CDG)) &: 23.2, 28.4, 28.8, 55.5, 55.9, 55.9,
110.0, 110.6, 110.8, 113.7, 119.9, 123.9, 129.0,(3130.3, 132.3, 134.6, 136.3, 137.0, 148.6,5.49.
158.3, 190.2

2-(3,4-Dimethoxybenzylidene)-6-(3-methoxybenzylidencyclohexanone (31)Yellow viscous oil; yield:
44.03%; m.p.: -; Mass calculated: 364.4343; Massdo 364.4350'H NMR (500 MHz, CDC}) &: 1.8
(quin, J=6.18 Hz, 2 H) 2.9 -3.0 (m, 4 H) 3.8 (s, 3 H) 93 H) 3.9 (s, 3 H) 6.9-6.9 (m, 2 H) 7.0 ($i1L
7.0 (d,J=1.65 Hz, 1 H) 7.1 (d}=7.68 Hz, 1 H) 7.1 (d}=8.23 Hz, 1 H) 7.3 - 7.3 (m, 1 H) 7.8 (s, 2 HC
NMR (126 MHz, CDC}) &: 23.0, 28.4, 28.6, 55.3, 55.9, 55.9, 110.9, 11814.1, 115.7, 122.8, 124.0,
128.9, 129.3, 134.4, 136.4, 136.5, 137.2, 137.8,68,4.49.7, 159.4, 190.2

2-(3,4-Dimethoxybenzylidene)-6-(4-methoxybenzylidencyclohexanone (32).Yellow solid; yield:
51.36%; m.p.: 142-144°C; Mass calculated: 364.4848ss found: 364.4353H NMR (500 MHz, CDCJ))

8: 1.8 (quin,J=6.31 Hz, 2 H) 2.9 - 3.0 (m, 4 H) 3.8 (s, 3 H) 893 H) 3.9 (s, 3 H) 6.9 (d=8.23 Hz, 1 H)
6.9 -6.9 (m, 2H) 7.0 (d=2.20 Hz, 1 H) 7.1 (ddJ=8.78, 1.65 Hz, 1 H) 7.4 - 7.5 (m, 2 H) 7.8 {&8.23
Hz, 2 H).*C NMR (126 MHz, CDG)) &: 23.0, 28.5, 28.5, 55.3, 55.9, 55.9, 110.8, 11318.9, 123.9,
128.7,129.0, 132.2, 134.2, 134.6, 136.6, 136.8,614.49.5, 159.9, 190.1

2-(3,4-Dimethoxybenzylidene)-6-(3-hydroxybenzylidez)cyclohexanone (33). Yellow solid; vyield:
31.84%; m.p.: 129-131°C; Mass calculated: 350.40%%s found: 350.408%H NMR (500 MHz, CDC})

8: 1.8 (dt,J=12.49, 6.11 Hz, 2 H) 2.9 - 3.0 (m, 4 H) 3.9 ($4)33.9 (s, 3 H) 6.5 (br. s., 1 H) 6.9 (d&8.23,
2.74 Hz, 1 H) 6.9 (d)=8.23 Hz, 1 H) 7.0- 7.0 (m, 3 H) 7.1 @8.78 Hz, 1H) 7.2-7.3(m,1H) 7.7-7.8
(m, 2 H).*C NMR (126 MHz, CDG)) : 22.9, 28.4, 28.5, 55.9, 110.0, 110.9, 113.8,0,1617.4, 122.4,
124.2,128.8, 129.6, 134.3,136.4, 137.3, 137.9,614819.8, 156.0, 190.9

2-(3,4-Dimethoxybenzylidene)-6-(4-hydroxybenzylidez)cyclohexanone (34). Yellow solid; vyield:
50.19%; m.p.. 146-148°C; Mass calculated: 350.40W@ss found: 350.4083H NMR (500 MHz,
acetonep: 1.8 (dt,J=12.49, 6.11 Hz, 2 H) 2.9-3.0(m,2H) 3.0-8MQ 2H) 3.9(s,3H) 3.9(s,3H) 6.9 -
6.9(m,2H)7.0-70(m,1H)71-7.1(m, 2°H} (d,J=8.78 Hz, 2 H) 7.6 (dJ=2.20 Hz, 2 H) 8.8 - 8.9
(m, 1 H).»*C NMR (126 MHz, acetone): 22.9, 28.3, 28.3, 55.2, 55.2, 111.4, 114.1, 11528.8, 127.5,
128.8, 132.4, 133.8, 134.6, 135.8, 135.9, 149.0,11858.2, 188.3

2-(2,3-Dichlorobenzylidene)-6-(3,4-dimethoxybenzydene)cyclohexanone (35).Yellow solid; yield:
40.25%; m.p.: 121-122°C; Mass calculated: 403.2884%s found: 403.2998H NMR (500 MHz, CDCJ))

8: 1.8 (quinJ=6.18 Hz, 2 H) 2.7 - 2.7 (m, 2 H) 2.9 - 3.0 (m, 239 (s, 3 H) 3.9 (s, 3 H) 6.9 (8+8.23 Hz,
1H)7.0(dJ=1.65Hz,1H)7.1-71(m,1H)7.2-7.2(m, 2H4 (dd,J=6.59, 2.74 Hz, 1 H) 7.8 (s, 1 H)
7.8 (s, 1 H).®*C NMR (126 MHz, CDG)) &: 23.0, 28.0, 28.7, 55.9, 55.9, 110.0, ) 110.9,.1,1324.2,
126.7, 128.6, 128.7, 130.0, 132.9, 133.5, 134.6,7,.336.9, 138.2, 138.6, 148.7, 189.6

2-(2,4-Dichlorobenzylidene)-6-(3,4-dimethoxybenzydiene)cyclohexanone (36).Yellow solid; vyield:
48.41%; m.p.: 143-145°C; Mass calculated: 403.2884%s found: 403.2991H NMR (500 MHz, CDCY)
8: 1.8 (dt,J=12.28, 6.29 Hz, 2 H) 2.7 - 2.7 (m, 2 H) 2.9 - 80 2 H) 3.9 (s, 3 H) 3.9 (s, 3 H) 6.9 (d,



J=8.09 Hz, 1 H) 7.0 (d)=1.73 Hz, 1 H) 7.1 - 7.1 (m, 1 H) 7.2 (s, 2 H) {541 H) 7.8 (s, 1 H) 7.8 (s, 1 H).
3C NMR (126 MHz, CDGJ) §: 23.0, 28.1, 28.7, 55.9, 110.8, 113.7, 124.2, 6,2629.6, 131.2, 132.0,
133.1, 133.9, 134.6, 135.7, 137.0, 138.1, 138.8,6,4.49.8, 189.6

22-(3,4-Dichlorobenzylidene)-6-(3,4-dimethoxybenzigene)cyclohexanone (37)Yellow solid; yield:
51.83%; m.p.: 115-117°C; Mass calculated: 403.288#5s found: 403.2991H NMR (500 MHz, CDCJ))

8: 1.8 (quin,J=6.31 Hz, 2 H) 2.8 - 2.9 (m, 2 H) 2.9 - 3.0 (m, 2319 (s, 3 H) 3.9 (s, 3 H) 6.9 (858.23 Hz,
1H)7.0(dJ=1.65Hz, 1 H) 7.1 (d)=8.23 Hz, 1 H) 7.2 - 7.3 (m, 1 H) 7.5 (@8.23 Hz, 1 H) 7.5 (d,
J=1.65 Hz, 1 H) 7.6 (s, 1 H) 7.8 (s, 1 HJC NMR (126 MHz, CDCJ) &: 22.8, 28.3, 28.5, 55.9, 55.9,
110.9, 113.7, 124.1, 128.7, 129.5, 130.3, 131.@,413132.6, 133.7, 133.9, 136.0, 137.7, 137.8,7,48.
149.8, 189.6

2-(3,5-Dichlorobenzylidene)-6-(3,4-dimethoxybenzydene)cyclohexanone (38).Yellow solid; yield:
18.05%; m.p.: 106-108°C; Mass calculated: 403.288%s found: 403.2994H NMR (500 MHz, CDC})
8:1.77 - 1.84 (m, 2 H) 2.84 {=6.36 Hz, 2 H) 2.94 (1)=6.65 Hz, 2 H) 3.89 (s, 3 H) 3.90 (s, 3 H) 6.89 (d,
J=8.09 Hz, 1 H) 7.00 (s, 1 H) 7.10 @8.67 Hz, 1 H) 7.21 - 7.32 (m, 3 H) 7.59 (s, 1 Hj& (s, 1 H)*C
NMR (126 MHz, CDC}) &: 22.8, 28.2, 28.5, 55.9, 110.9, 113.7, 124.2,0,2626.6, 128.2, 128.6, 133.3,
133.8, 134.9, 138.1, 138.4, 138.9, 148.7, 149.9,518

2-(2,4-Dimethoxybenzylidene)-6-(3,4-dimethoxybenzgene)cyclohexanone (39)Yellow solid; yield:
27.22%; m.p.: 145-147°C; Mass calculated: 394.460%5s found: 394.4627H NMR (500 MHz, CDCY)

8: 1.78 (dt,J=12.72, 6.36 Hz, 3 H) 2.81 - 2.85 (m, 2 H) 2.899%2(m, 2 H) 3.83 (s, 2 H) 3.84 (s, 3 H) 3.90
(s, 3H) 3.91 (s, 3H) 6.47 (d=2.89 Hz, 1 H) 6.49 (dd]=8.38, 2.60 Hz, 1 H) 6.89 (d=8.67 Hz, 1 H)
7.00 (d,J=1.73 Hz, 1 H) 7.09 (d]=8.67 Hz, 1 H) 7.28 (d]=8.67 Hz, 1 H) 7.73 (s, 1 H) 7.98 (s, 1 FC
NMR (126 MHz, CDC}) é: 22.7, 28.6, 28.7, 55.4, 55.5, 55.9, 98.2, 10410.8, 113.6, 118.0, 123.8,
129.1, 131.2, 132.1, 134.2, 134.6, 134.8, 136.8,41459.9, 161.6, 190.2

2,6-Bis(3,4-dimethoxybenzylidene)cyclohexanone (40¥ellow solid; yield: 66.33%; m.p.: 135-137°C;
Mass calculated: 394.4602; Mass found: 394.482ANMR (500 MHz, CDC}) &: 1.82 (quin J=6.31 Hz, 2
H) 2.92 - 2.97 (m, 4 H) 3.91 (s, 6 H) 3.92 (s, 6690 (d,J=8.23 Hz, 2 H) 7.02 (d}=1.65 Hz, 2 H) 7.11
(dd, J=8.23, 1.65 Hz, 2 H) 7.75 (s, 2 H}C NMR (126 MHz, CDGCJ) &: 23.0, 28.5, 55.9, 110.8, 113.7,
123.9, 129.0, 134.5, 136.8, 148.6, 149.6, 190.0

2-(3,4-Dimethoxybenzylidene)-6-(3,5-dimethoxybenzgene)cyclohexanone (41)Yellow solid; yield:
29.33%; m.p.: 90-91°C; Mass calculated: 394.460&2sdvfound: 394.4609H NMR (500 MHz, CDC}) 6:
1.78 (dt,J=12.28, 6.29 Hz, 2 H) 2.91 (di=11.85, 6.21 Hz, 4 H) 3.79 (s, 6 H) 3.89 (s, 3 k903(s, 3 H)
6.44 (s, 1 H) 6.58 (s, 2 H) 6.89 #8.09 Hz, 1 H) 7.00 (s, 1 H) 7.10 @8.09 Hz, 1 H) 7.69 (s, 1 H) 7.73
(s, 1 H).»*C NMR (126 MHz, CDGJ) &: 22.9, 28.4, 28.6, 55.4, 55.9, 55.9, 100.6, 1081%.8, 113.7,
124.0, 128.9, 136.5, 136.7, 137.3, 137.8, 148.8,7,4.60.5, 190.1

2-(3,4-Dimethoxybenzylidene)-6-(3,4,5-trimethoxybeaylidene)cyclohexanone (42). Yellow solid;
yield: 17.94%; m.p.: 148-149°C; Mass calculatedt.4862; Mass found: 424.4874 NMR (500 MHz,
CDCl) 8: 1.8 (quin,J=6.31 Hz, 2 H) 2.9-3.0(m, 4 H) 3.9 (s, 9 H) 893 H) 3.9 (s, 3 H) 6.7 (s,2 H) 6.9
(d,J=8.23 Hz, 1 H) 7.0 (s, 1 H) 7.1 (d&8.51, 1.92 Hz, 1 H) 7.7 (s, 1 H) 7.8 (s, 1 HC NMR (126
MHz, CDCk) &: 23.0, 28.4, 28.5, 55.9, 56.2, 61.0, 107.8, 11018.7, 124.0, 128.9, 134.3, 135.5, 136.8,
137.2, 153.0, 190.0

2-(3-Chloro-4-hydroxybenzylidene)-6-(3,4-dimethoxybnzylidene)cyclohexanone (43)Yellow solid;
yield: 35.54%.; m.p.: 132-134°C; Mass calculate8#.8527; Mass found: 384.854H NMR (500 MHz,



acetonep: 1.8 (quin,J=6.31 Hz,2H)2.9-3.0(m,2H)3.0-3.0(m, 23O (s,3H)3.9(s,3H)7.0-7.0
(m, 1 H)7.1(dJ=8.78 Hz, 1 H) 7.1 - 7.2 (m, 2 H) 7.4 (d8.78, 2.20 Hz, 1 H) 7.6 (d=2.20 Hz, 1 H)
7.6(s,1H)7.6-7.7(m, 1H)9.3 (br. s., 1 HL NMR (126 MHz, acetoney. 22.8, 28.2, 28.3, 55.2, 55.2,
111.4, 114.1, 116.7, 123.9, 128.7, 128.9, 130.6,7.3131.8, 131.9, 134.2, 134.4, 135.3, 136.2, 1149.
150.2, 188.2

2-(3,4-Dimethoxybenzylidene)-6-(4-hydroxy-3-methoxyenzylidene)cyclohexanone (44)ellow solid;
yield: 41.09%; m.p.: 89-91°C; Mass calculated: 8887; Mass found: 380.43481 NMR (500 MHz,
acetone): 1.8 (dt,J=12.57, 6.14 Hz, 2 H) 2.9 - 3.0 (m, 4 H) 3.9 (1)83.9 (s, 3 H) 3.9 (s, 3 H) 6.9 (d,
J=8.09 Hz, 1 H) 7.0 - 7.0 (m, 1 H) 7.1 @8.67 Hz, 1 H) 7.1 - 7.2 (m, 3 H) 7.6 (s, 2 H) &11 H).**C
NMR (126 MHz, acetone): 22.9, 28.3, 28.3, 55.2, 55.2, 55.4, 111.5, 11411.1, 115.1, 123.8, 124.3,
128.0, 128.9, 134.0, 134.6, 135.7, 136.2, 147.3,6,4.49.2, 150.1, 188.3

2-(3,4-Dihydroxybenzylidene)-6-(3,4-dimethoxybenzidene)cyclohexanone (45)Yellow solid; yield:
25.52%; m.p.. 108-110°C; Mass calculated: 366.40Mass found: 366.4082'H NMR (500 MHz,
acetonep: 1.8 (quin,J=6.21 Hz, 2 H) 2.8 -2.9(m,2H) 2.9-3.0 (m, 23B (s,3H)3.9(s,3H)6.9-6.9
(m1H)7.0-7.0mM, 2H)7.0-71(m,1H)2Z.1(m, 2H)7.6(s, 1H) 7.9, 1HCNMR (126
MHz, acetonep: 23.0, 28.1, 28.6, 55.3, 60.1, 110.0, 113.2, 11613.4, 121.8, 123.5, 123.8, 128.1, 130.2,
130.8, 133.7, 136.8, 137.3, 144.9, 146.4, 153.8,418

4.2 Biology
4.2.1 Cels culture

A series of human cancer cell lines including cetbal (SW620), lung (A549), bladder (EJ28),
fibroblast (HT1080) and breast (MCF-7) cancer celse grown in Dulbecco's modified Eagle's medium
(DMEM) containing 10% fetal bovine serum (FBS) drfd penicillin/streptomycin at 37°C under 5% £O
while NHDF cells was cultured in DMEM with 5% FBSder the same condition. The medium was
changed every two days. After reaching 80-90% cemite, cells were treated with 0.25% trypsin-EDTA
for further passage.

4.2.2 MTT assay

Cells were seeded at a density of 1500-5000 cellsvell in a 96 well plate depending on the doudplin
time and cell size. After 24 h of incubation at G7and 5% C@ atmosphere, the culture media was
replaced with 100 pL of fresh media followed by #dition of test compounds (100 uL) in DMSO-
containing culture media. The final concentratidnDd1SO in the well is 0.1%. The plate was further
incubated for 72 h under the same condition. Upgmpetion, culture medium was removed and 100 pL
of MTT (Thiazoyl blue tertrazolium bromide) solutigS mg/mL in culture media) was added. After 4 h
incubation at 37°C, the MTT solution was replacethw00 puL of DMSO. The absorbance was measured
in microtiter plate reader at 570 nm.

4.2.3 Colony formation assay

Cells were grown in a 6 well plate (1000 cells/yvéti 2 mL of DMEM at 37°C and 5% GO
atmosphere overnight. After incubation, differenhcentrations of selected compound were addedeto th
cells for ten days. The culture medium was repldnethe fresh drug containing medium every thregsda
to keep cells growing for ten days. Upon completioells were washed with PBS and fixed with 4%
paraformaldehyde for 15 min followed by cell stagnwith 0.5% (w/v) Crystal violet for 10 min. Théage



was then washed with tap water and dried at roompégature. Upon drying, the plate image was
photographed [39].

4.2.4 Cdl cycle analysis

Cells (2 x 16 cells/well) was seeded in a 6-well plate and adldwo adhere overnight. The seeded cells
were then treated with selected compounds at diffteconcentrations for 24 h. After treatment, thlsc
were harvested and washed with PBS followed bytiikawith 70% ethanol for overnight at 4°C. The
fixed cells were then centrifuged (1200 rpm for Biand the pellet was washed twice with PBS foldw
by addition of DNAse-free RNAse A solution (1 mgjmAfter 15 min of incubation, propidium iodide
staining buffer (Pl; 10 mg/ml) was added and trseilteng mixture was further incubated for 20 midat
in the dark. Lastly, samples were analyzed for jgiom iodide-DNA fluorescence from 10000 events by
flow cytometry [40].

4.2.5 Cdll apoptosis analysis

Cells were seeded in a 6 well plate (2 X g6lls/well) and allowed to adhere overnight. Teeded
cells were then treated with the selected compoandkfferent concentrations for 24, 48 and 72 fieA
treatment, the cells were harvested and washed RBt& followed by the addition of 1x binding buffer
(500 ul) and Annexin V-FITC (5ul). The cell containing mixture was then incubaiedlark at 4°C for 20
min. Prior to analysis on a flow cytometenl9f Pl was added [41].

4.2.6 Measurement of reactive oxygen species (ROS) levels

Cells were seeded in a 6 well plate (2 X g6lls/well) and allowed to adhere overnight. Teeded
cells were then treated with 10 uM of DCFDA in auilhg media for 1 h. Upon completion, the DCFDA
solution was aspirated and the cells were washéd RBS for twice. Then, the cells were treated with
selected compounds at different concentrationslfoh. After treatments, resultant cells were haeads
washed and resuspended in PBS. Intensity of theefdr2’,7’-dichlorofluorescein as a result of Canpox
DCFDA hydrolysis, was finally analysed with flowtoyneter at an excitation and emission wavelength of
488 and 525 nm respectively [41].
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A series of asymmetrical meta-methoxylated diaryl pentanoids were synthesized as anti-cancer
agents.

Poly-meta-oxygenated ana ogs 33 and 42 showed potent cytotoxicity against SW620, A549, EJ28,
HT21080 and MCF-7 human cancer cell lines.

Analogs 33 and 42 showed anti-proliferative activity.

Analogs 33 and 42 could induce intracellular ROS-mediated G2/M cell arrest and cell apoptosis.



