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Graphical abstract
Novel curcumin analogues were synthesized and revealed as potent anti-cancer candidate.
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Abstract: Curcumin is a nontoxic phenolic compound that magslahe activity of several cellular targets that
have been linked with cancers and other chroneadiss. However, the efficacy of curcumin in theiclhas been
limited by its poor bioavailability and rapid metdism in vivo. We have previously reported the design and
discovery of series of 5-carbon linker-containingno-carbonyl analogues of curcumin (MACs) as anticea
agents. In continuation of our ongoing research,designed and synthesized 37 novel long-chain slkted
MACs for anti-cancer evaluation here. The MTS assag used to determine the cytotoxicity of compouinds
gastrointestinal cancer cells. Compouri®28, and 29 showed strongest inhibition against gastric caroedr
proliferation and were subjected to further analy3he effects 05, 28, and29 on cell apoptosis were measured
by flow cytometry. Expression levels of Bcl-2, cledvpoly ADP-ribose polymerase (PARP), and pro-casfias
were detected by western blotting. Compoubd®8, and29 induced apoptosis in human gastric carcinoma,cells
increased PARP cleavage, and decreased expressBuot-#fand cleavage of PARP protein. We then shohvad t
compound28, which possessed the strongest activity among the tesp@ondsin vitro, exhibited significant
tumour inhibition in an SGC-7901-driven xenogratiuse model. Taken together, the novel compd@gebuld be

further explored as an effective anticancer agenttfe treatment of human gastric cancer.

Keywords: anticancer drug, gastric cancer, drug design, MA&psptosis.



1. Introduction

Despite a sharp decline in its incidence duringstheond half of the 20th century, gastric canceraias the
fourth most frequently diagnosed type of cancer #red second most common cause of cancer-relatetisdea
worldwide[1-3] ,with 988,000 new cases and 736,088ths per year[4-6]. Almost two-thirds of gastancer cases
occur in developing countries, and 42% of caseardnaChina[7]. Prognosis of gastric cancer is galiypoor with
a 5-year relative survival below 30% in most coi@s{B]. Surgery and chemotherapy are the most poplkrapy
for gastric cancer [9, 10]. Surgical resectiorhis primary treatment for gastric cancer and it@ae the patients
with early-stage canceYung-Jue Bang and colleagues reported a 5-year survival rat8686 in patients with
operable disease who received perioperative cheragill. However, the 5-year survival rate for adeanor
metastatic gastric cancer patients is around 5-20p4Bastric cancer at an early stage may be dlliyisilent, and
in most countries, patients are diagnosed at aaraehd stage when the tumor is unresectable or tagtas-or
these patients, as well as disease recurrenceianitief surgical treatment, systemic chemotherépyhe main
treatment option even though it prolongs survivihaut compromising quality of life[12].

Although a large number of chemotherapy regimene liieeen tested in randomized clinical studies ether
still no internationally accepted standard for ¢fastric cancer treatment. Existing chemotherapéatioulations
containing fluoropyrimidine and cisplatin do not/hddeal curative effects and have many undesirsike effects
[13-15]. Therefore, most gastric cancer patient® wiiagnosed with inoperable advanced or metastaticer
require palliative care. Development of pharmacilalty effective agents with acceptable toxicityofiles has
become an urgent demand.

Numerous types of anti-cancer compounds exist iibledand medicinal plants, and chemical and
pharmacological investigations of such compounds iar progress [16-18]. The phenolic diarylheptanoid
curcumin is the major pigment in turmeric [19] drabs been found to inhibit multiple cancer typesteiaffect on
several biological pathways involved in mutagenessl cycle regulation, oncogene expression, aigt
tumorigenesis, and metastasis [2ZOese findings regarding the molecular mechanisitaicumin shows that it
worth to further consideration as a treatment fmoer. However, rapid plasma clearance and lowhitzdility
significantly limit the therapeutic application ofircumin [21]. Due to the metabolic instabilityetf-diketone
moiety of curcumin was displaced with a single ocagd group in our previous study, and a series of
mono-carbonyl analogues of curcumin (MCACs) were fssized and evaluated the pharmacokinetics and
cytotoxicity. Some MCACs exhibited enhanced stabilitvitro and greatly improved pharmacokinetic profiles
vivo. Some MCACs exhibited higher cytotoxic than thedleeompound curcumin. The structure-activity
relationship analysis in our previous work showeat tMCACs with electron-withdrawing substitutionsveeak
electron-donating substitutions increased cytofoxi@igure 1)[22]. Furthermore, due to the freqiyepresence

of a long-chain alkoxyl group in several anticandrrgs, such as foretinib, gefitinib, cediranibd &8KI-606, we
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proposed that the MCACs with long-chain alkoxyl greupight have more increased pharmacological agtimit
comparison with other MCACs. Thus, in the presentlystwe designed a series of long-chain alkoxylated

mono-carbonyl analogues of curcumin and tested #mi-tumour activityin vivo andin vitro.

Pleaseinsert Figure 1

2. Results and Discussion
2.1 Chemistry

The common synthetic route and structures of comgel—22 are outlined in Figure 2. Intermediate 2 was
prepared from hydroxybenzaldehyde and aliphaticoditbalkanes in 1 step. Intermediate 2 was refluxét
appropriate amines in basic conditions to afforérimediate 3. Compounds-22 were prepared by the aldol
condensation reaction of cyclic ketones and intdiaie 3 with yields of 15.4%-72.9%. For the synihex
compounds23-37 (Figure 3), intermediate 4 was first produced tigto the aldol condensation reaction of
intermediate 3 and acetone in a basic solution.n@-step aldol condensation reaction was used tdupso
compound®3-37(24.3%—76.8%) using substituted benzaldehydesraednediate 4.

The structures of all compounds were characteriasitig *H-NMR and electrospray ionization mass
spectrometry (ESI-MS) and three most active compsuvere further characterized B¢-NMR. Before they were
used in biological experiments, all synthesized poumds were purified by recrystallization or silgpal column

chromatography, and HPLC was used to determine pleity (all >95%).

Pleaseinsert Figure 2

Pleaseinsert Figure 3

2.2 Inhibitory Activity on Gastrointestinal Carcinoma Cells of All Compounds

The anti-proliferative effects of compounds-37 in 4 gastrointestinal carcinoma cell lines (MGC803,
SGC7901, CT26, and SW620) were determined by MTSya@3d@mmega, San Luis Obispo, CA, USA) at a
concentration of 1QuM (Table S1). Surprisingly, 20 of the test compounds inhibitde growth of the 4
gastrointestinal carcinoma cell lines by more tB886 at a concentration of 1M, and the IGs of these 20
compounds against the MGC803, SGC7901, CT26, and S\@éidihes were determined@dble 1). The 20 tested
compounds showed excellent anti-proliferative digtiin 4 gastrointestinal carcinoma cell lines {{& 0.18-8.46
uM), with the exceptions of compoun@sand9. One of the most noteworthy results of this experit was that
compounds$, 16, 18, 28, and29inhibited SGC-7901 cells more effectively than dieer tested compounds. Further

evaluation of the toxicity and physicochemical puafes of compounds, 16, 18, 28, and29 were shown in Figure
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S1-S5. Compound$ and 18 showed poor solubility at 3.68/ml and 4.1fuig/ml, much lower than that of
compounds 5, 28, and 29 (21.68ml, 21.23g/ml, and 113.Ag/ml, respectively). Thus, in consideration of thei

toxicity, solubility, and activity, compounds 28, and29 were chosen for further studies.

Pleaseinsert Table 1

2.3 Induction of Apoptosis by compoundsin Vitro

The effects of compounds 28, and29 on SGC-7901 tumour cell apoptosis were testeaucnin served as a
positive control. SGC-7901 tumour cells were tréatith various concentrations of the test compowrdsehicle
for 30 h. The cells were harvested and stained #ithexin-V and PI, the proportions of apoptoticleéh each
group were determined by flow cytometry analysismpounds5 and 28 significantly and dose-dependently
increased apoptosis in SGC7901 cells in comparistntlae negative control cell§igure 4), while compoun@9
did not exhibit this activity. By comparing the papoptotic effects of the test compounds, we fathatl compound
28 exhibited a superior pro-apoptotic activity andittlits effect was dose-dependent. Compo@Bdnduced
apoptosis in approximately 50% of treated SGC7904% ata concentration of 1M, demonstrating that it was the

most effective of the tested compounds in SGC7904. ce

Pleaseinsert Figure 4

2.4 Effects of compounds on apoptosis proteins

To determine the mechanisms underlying the pro-mpicpactivity of the test compounds, we examiniee t
effects of compoundS, 28 and29 on apoptosis-related proteins in SGC7901 cellsygusurcumin as a control
treatment. SGC7901 cells were treated with vari@mmcentrations of compounds 28, and29. Expression and
activation of apoptosis-related signalling molesuleleaved PARP, Bcl-2, and pro-caspase-3) wererdieted by
immunoblotting Figure 5). The caspase-3 signalling pathway, a pro-oncagpathway, plays a key role in
regulation of cell functions via regulation of geriavolved in cell proliferation [23]. Activationf@aspase-3 was
indicated by a decrease in the abundance of piasas3 fragments. As shownFkigure 5, caspase-3 activation
was observed after exposure to compouBd®8, and 29. Bcl-2 family proteins, which have either pro- or
anti-apoptotic activities, have been studied intexdg for the past decade because of their impogainm the
regulation of apoptosis, tumorigenesis, and celiaponses to anti-cancer therapy[24]. In the Bale2ein family,
anti-apoptotic member Bcl-2 is the active effectud eegulator which affect apoptosis induction [26]. Treatment
with compounds$s and?28 significantly decreased Bcl-2 expression. The presef cleaved PARP is generally
considered a marker of apoptosis [27]. Compouhedad 28 increasedtleaved PARP abundance in SGC7901 cells

in a dose-dependent manner, suggesting increasgutosfs 24 hours after treatment with the compouivls
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accordance with the flow cytometry analysis, comptiz8 was more potent than compousdvhile compoun@9
produced no significant change in cleaved PARP gtcamcentration, suggesting that compo@&possessed

optimal growth inhibitory and pro-apoptotic actie in the SGC7901 cells.

Pleaseinsert Figure5

2.51n Vivo Antitumor Activity

In consideration of the results from the apoptasid immunoblotting assays, compou&iwas selected for
further evaluation ofn vivo antitumor efficacy in an SGC-7901 human gastricioama cell xenograft mouse
model Figure 6). Nude mice bearing established SGC-7901 tumonogefts were dosed orally with compound
28 (50 mg/kg or 100 mg/kg daily over a 23-day peri&l)rcumin (50 mg/kg) was used as a positive contag d
Relative to the vehicle-treated control group, tB8 tng/kg/day dose of compou8 showed significant in vivo
antitumor efficacy (48%) and produced no clinicigns of intolerability. Moreover, tumour weight was
dose-dependently decreased by compo28dFigure 6B). During the experiment, no significant loss ofdipo
weight was observed in mice treated with compa2®ish comparison with the vehicle control grodgigure 6C).
Immunohistochemical analysis performed on tumouwtises confirmed that treatment with compoul8
significantly decreased cell proliferation (Ki67aisting) and increased apoptosis (cleaved-caspase-&)e

tumour-bearing miceHigure 7).

Pleaseinsert Figure 6

Pleaseinsert Figure 7

3. Conclusion

In this study, we reported the synthesis of a sefdong-chain alkoxylated MCACs and evaluatiorthair
biological activity. All of the compounds showedibitory effects towards gastrointestinal carcinoreds, which
were superior to that of curcumin. CompouBd®8, and29 showed strong inhibition of SGC-7901 cells, whicisw
superior to that produced by curcumin. The antiifm@tive activity of the test compounds in gasitestinal
carcinoma cells was tested using the MTS assagxpscted, the l&s of the test compounds were much lower than
that of curcumin. In addition, compoun8is28, and29 induced apoptosis in SGC-7901 cells more potethiiyn
curcumin. Furthermore, compounds 28, and 29 exhibited the ability to upregulate cleaved PARR an
downregulate expression of caspase-3 and Bcl-2 i@-3@1 cells, while curcumidid not produce the same
effects. Moreover, compourZB exhibited significant tumour inhibition in an SGO@L-driven xenograft mouse

model. These results indicate that compo@8chas advantages over other compounds, as demodshyits
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anti-proliferative effect against gastrointestinatcinoma cells lines and its significant inductaimpoptosis and
regulation of apoptosis-related genes in SGC-7@0%.cThe preliminary biological activity screenitests of our
novel series of curcumin derivatives also indicatieat long-chain alkoxylated MACs might serve aseptal

agents for the treatment of gastric cancer.

4. Material and Methods
4.1. Chemical synthesis
4.1.1. Materials and methods

Solvents were distilled and dried by standard neghall chemicals were obtained from sigma-aldrctd
were used without further purification. All reagt®were monitored by thin-layer chromatography (8#i0a gel
60 Fs4 glass plates)'H NMR and**C NMR spectra were recorded on Bruker 600 MHz insémisy and the
chemical shifts were presented in terms of partsngion with TMS as the internal reference. Elect-spray
ionization mass spectra in positive mode (ESI-M&pdvere obtained with a Bruker Esquire 30§@ectrometer.

Chromatographic purification was carried out oncgilGel 60 (E. Merck, 70-230 mesh).

4.1.2. General procedure for synthesis of X2

To a solution op-hydroxybenzaldehyde or vanillin (2mmol) and antogdr K,CO;(3mmol.) in 20 ml DMF
was added requisite linear chain aliphatic dibroksrees (5mmol.). The reaction mixture was themrediat 80°C
for 1h, cooled to 0 °C on an ice bath, quenched &WNHHCI and then extracted with CHCIhe organic layer was
washed with water and dried overJS88),. Excess solvent was evaporated under reducedipeemsd the resultant
solid left was purified by column chromatographyepsilica gel using EtOAc/Hexane as the eluentftord

corresponding substituted aldehydex(Xield: 67.5% and 75.3%)

4.1.3. General procedure for synthesis of X3

K,CO; (7.58mmol) and desired amines (4.54mmol) were @dtte a stirred solution of substituted
benzaldehydes X (3.79mmol) in MeCN (15mL). The reaction mixture widen stirred at 80°C for 6h and
progress of reaction was monitored by TLC. After pation, it was cooled on ice bath and then exgéchetith
CHCI;, The organic layer was washed with water and doeel NgSO,. Excess solvent was evaporated under
reduced pressure to obtain oily residue of cormedipg amino substituted aldehyde8, Xvhich were used for

further reaction. (Yield: 26.3%-69.7%)

4.1.4. General procedure for synthesis of 1-22

Cyclopentanone or Cyclohexanone (7.5mmol) was adiedvieOH (5ml) with amino substituted
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benzaldehydes X3 (15mmol) inside. The solution whsed for 15 min at room temperature followed by
dropwise addition of 20% (w/v) ag. NaOH solutiorh€eTreaction mixture was stirred at room temperagung
monitored by TLC. After completion of reaction, saiied solution of NECI was added to the reaction mixture.
The formed precipitate was washed with water, coddhanol and finally with cold acetone. It was tligied and

recrystallized with ethanol/water system to obt@irresponding curcumin derivativés22. (Yield: 15.4%-72.9%)

4.1.4.1 (2E,6E)-2,6-big[3-methoxy-4-(3-morpholinopropoxy)benzylidene] cyclohexanone (1)

Yellow powder, m.p: 107.9-109%. *H-NMR (600 MHz, CDC}): § (ppm) 7.726 (2H, s, -CH=xR 7.067 (2H, d,
J = 8.4 Hz, Ar-Hx2), 7.007 (2H, s, Ar-Bk2), 6.909 (2H, dJ = 8.4 Hz, Ar-Hx2), 4.121 (4H, tJ = 6.6 Hz,
Ar-OCH,-x2), 3.872(6H, s, -OC#2), 3.754 (8H, tJ = 4.2 Hz, morpholine-Efx2), 2.927 (4H, tJ = 6 Hz,
cyclohexanone-8f), 2.624 (4H, tJ = 7.2 Hz, Ar-OCCCHx2), 2.582 (8H, tJ = 4.2 Hz, morpholine-&x2),
2.070-2.093 (4H, m, Ar-OCCHx2), 1.810-1.823 (2H, m, cyclohexanon&-HESI-MSmz 621.6 (M+1}, calcd

for CaegHagN,O7: 620.8.

4142 (2E,6E)-2-[4-(3-bromopropoxy)-3-methoxybenzylidene]-6-[3-methoxy-4-(3-morpholinopropoxy)benzyli

dene]cyclohexanone (2)

Yellow oil. *H-NMR (600 MHz, CDCY): & (ppm) 7.734 (2H, s, -CH=x}, 7.021 (2H, dJ = 9.6 Hz, AR-H®,

Arg-H®), 6.960 (2H, s, Ar-H? Arg-H?), 6.916 (2H, dJ = 9.6 Hz, Ar-H°, Arg-H®), 4.118 (4H, tJ = 7.2 Hz,
Ara-OCH,-, Arg-OCH,-), 3.879 (6H, s, -OCkk2), 3.744 (6H, m, morpholine®, Br-CH,-), 2.923 (4H, tJ = 6.6
Hz, cyclohexanone-?-P), 2.596 (2H, tJ = 7.2 Hz, Ar-OCCCH), 2.532 (4H, tJ = 4.8 Hz, morpholine-Fle),

2.356-2.389 (2H, m, Br-CCj&-), 2.063-2.083 (2H, m, Ar-OCGH, 1.910-1.928 (2H, m, cyclohexanoné}H

ESI-MSm/z 615.4 (M+1], calcd for G,H,oBrNOg: 614.6.

4.1.4.3 (2E,6E)-2,6-bis{4-[ 3-(di propylamino)propoxy] -3-methoxybenzylidene}cyclohexanone(3)

Yellow oil. *H-NMR (600 MHz, CDC}): & (ppm) 7.723 (2H, s, -CH=x® 7.076 (2H, dJ = 8.4 Hz, Ar-Hx2),
7.000 (2H, s, Ar-Bx2), 6.897 (2H, dJ = 8.4 Hz, Ar-Hx2), 4.119 (4H, tJ) = 5.4 Hz, -OCHC-x2), 3.865 (6H, s,
-OCHx2), 2.915 (4H, tJ = 6.6 Hz, cyclohexanone3J), 2.651-2.717 (12H, m, NGHx6), 2.152 (4H, m,
-OCCH,C-x2), 1.611-1.649 (10H, m, -NCGH4, cyclohexanone-), 0.939 (12H, tJ = 7.2 Hz, -CHx4).

ESI-MSm/z 649.7 (M+1}, calcd for GoHgoN,05:648.9.

4.1.4.4 (2E,6E)-2,6-bis{3-methoxy-4-[ 3-(4-methyl pi per azin-1-yl) propoxy] benzylidene}cycl ohexanone(4)
Yellow powder, m.p: 94.5-96°C. *H-NMR (600 MHz, DMSO-d6)5 (ppm) 7.567 (2H, s, -CH=x2), 7.138 (2H, s,
Ar-H?x2), 7.058 (2H, dJ = 8.4 Hz, Ar-Hx2), 6.958 (2H, dJ = 8.4 Hz, Ar-Hx2), 4.009 (4H, tJ = 7.2 Hz,
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-OCH,C-x2), 3.782 (6H, s, -OCHt2), 2.905 (4H, tJ =6 Hz , cyclohexanoneﬁ'gf), 2.624 (4H, tJ = 7.2 Hz,
-OCCCH-x2), 2.483 (16H, s, piperazine2tf%2), 2.154 (6H, s, NCH2), 1.812-1.877 (4H, m,
-OCCH,CN-x2), 1.148-1.162 (2H, m, cyclohexanon&H ESI-MS m/iz 647.7 (M+1), calcd for

CagHsuN,05:646.8.

4.1.4.5 (2E,6E)-2,6-bis{4-[3-(diethylamino)propoxy] -3-methoxybenzylidene}cyclohexanone(5)

Yellow powder, m.p: 294.2-295%. *H-NMR (600 MHz, DMSO-d6)3 (ppm) 7.579 (2H, s, -CH=x}, 7.122
(2H, s, Ar-Hx2), 7.103 (2H, dJ = 8.4 Hz, Ar-Hx2), 7.003 (2H, dJ = 8.4 Hz, Ar-Hx2), 4.021 (4H, t) = 6 Hz,
-OCH,C-x2), 3.790 (6H, s, -OC#2), 2.890 (4H, tJ = 5.4 Hz, cyclohexanoneﬂ%, 2.419-2.454 (12H, m,
-NCH,-x6), 1.792-1.814 (6H, m, -OCGH-x2, cyclohexanone)i 0.926 (12H, tJ = 6.6 Hz, -NCCHx4).
13C-NMR (600 MHz, DMSO-d6)5 (ppm) 188.512, 149.012x2, 148.685%2, 135.860x2,28¥x2, 128.103x2,
123.823x2, 114.412x2, 112.629%2, 66.548x2, 55.62%H8626%2, 46.418%4, 27.901x2, 26.613%2, 22.509,

11.768x4. ESI-MSn/z 593.7 (M+1, calcd for GeHs,N,Os: 592.8.

4.1.4.6 (2E,6E)-2,6-bis{4-[3-(1H-imidazol-1-yl) propoxy]-3-methoxybenzylidene}cyclohexanone(6)

Yellow oil. '"H-NMR (600 MHz, DMSO-d6)5 (ppm) 7.617 (2H, s, imidazole?i2 ), 7.588 (2H, s, Ar-CH=x2),
7.158-7.195 (4H, m, Ar-#x2), 7.106 (2H, dJ = 7.8 Hz, imidazole-Pk2), 7.009 (2H, dJ = 8.4 Hz, Ar-Hx2),
6.891 (2H, dJ = 7.8 Hz, imidazole-Fk2), 4.136 (8H, tJ = 6.6 Hz,-OCHCCH,-x2), 3.810 (6H, s, -OCpt2),
2.901 (4H, t,J = 5.4 Hz, cyclohexanone3), 2.169-2.191 (4H, m;OCCHC-), 1.179-1.701 (2H, m,

cyclohexanone-f. ESI-MSm/z: 583.7 (M+1}, calcd for GyH3sN405:582.7.

4.1.4.7 (2E,6E)-2,6-bis{3-methoxy-4-[3-(piperidin-1-yl)propoxy] benzylidene}cyclohexanone(7)

Yellow powder, m.p: 192.3-193%€. 'H-NMR (600 MHz, DMSO0-d6)5 (ppm) 7.583(2H, s, -CH=x2), 7.132 (2H,
s, Ar-H?x2), 7.113 (2H, dJ = 8.4 Hz, Ar-Hx2), 7.025 (2H, dJ = 8.4 Hz, Ar-Hx2), 4.031 (4H, tJ = 6.6 Hz,
OCH,x2), 3.798(6H, s;OCH;x2), 2.909 (4H, tJ =6 Hz , cyclohexanonegl'gf), 2.384-2.413 (12H, m, NGk6),
2.128-2.144 (4H, m, OCGi8-x2), 1.848-1.865 (14H, m, piperidiné*tfx2, cyclohexanone-$). ESI-MS m/z

617.9 (M+1}, calcd for GgHs,N,O5:616.8.

4.1.4.8 (2E,6E)-2,6-bi g 4-(3-bromopropoxy)-3-methoxybenzyliden€] cyclohexanone(8)

Yellow powder, m.p: 123.7-124%€. 'H-NMR (600 MHz, DMSO-d6)5 (ppm) 7.589 (2H, sCH=x2), 7.151 (2H,
s, Ar-H?x2), 7.130 (2H, dJ = 9 Hz, Ar-Hx2), 7.025 (2H, dJ = 9 Hz, Ar-HPx2), 4.118 (4H, t) = 6 Hz, OCHx2),
3.810 (6H, si-OCH;x2), 3.661 (4H, tJ = 6.6 Hz, BrCH-x2), 2.909 (4H, tJ = 4.8 Hz, cyclohexanoneﬂ%,
2.255-2.267 (4H, m, BrCC#x2), 1.690-1.710 (2H, m, cyclohexanon&-HESI-MSm/z: 608.9 (M+1}, calcd for
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CogH3,Br,0s: 608.3.

4.1.4.9 (2E,6E)-2-[4-(3-bromopropoxy)-3-methoxybenzylidene]-6-{4-[ 3-(diethylamino) propoxy] -3-methoxy
benzylidene}cyclohexanone(9)

Yellow oil. *H-NMR (600 MHz, DMSO-d6):5 (ppm) 7.542 (2H, s, AkCH=C-, A-CH=C-), 7.196 (2H, s,
Ara-H?, Arg-H?), 7.142 (2H, dJ = 8.4 Hz, AR-H®, Arg-H®), 6.975 (2H, dJ = 8.4 Hz, AR-H®, Arg-H°), 4.022 (4H,
m, Ar,—OCH,C-, Arg—OCH,C-), 3.911 (6H, s, -OC¥2), 3.675 (2H, tJ = 6 Hz, BrCH-), 3.108-3.125 (4H, m,
-NCH,Cx2), 2.930 (4H, t, J = 6.6 Hz, cyclohexanon&3H2.398 (2H, tJ = 6 Hz, A-OCCCH-), 2.162-2.184
(2H, m, BrCCH-), 2.013-2.025 (2H, m, AFOCCH,C-), 1.720-1.734 (2H, m, cyclohexanoné},Hl.189 (6H, s,

-NCCH;x2). ESI-MSmVz 601.4 (M+1}, calcd for G,H4,BrNOs:600.6.

4.1.4.10 (2E,6E)-2-[4-(3-bromopropoxy)-3-methoxybenzylidene] -6-{3-methoxy-4-[ 3-(piperidin-1-yl ) propoxy]
benzylidene}cyclohexanone(10)

Yellow oil. *H-NMR (600 MHz, DMSO-d6)5 (ppm) 7.571 (2H, s, AFrCH=C-, Arg-CH=C-), 7.142-7.160 (4H, m,
Ara-H?5, Arg-H?5), 7.028 (2H, dJ = 8.4 Hz, Ap-H®, Arg-H®), 4.085 (2H, tJ = 6 Hz, A-OCH,C-), 3.992 (2H, t,
J = 6.6 Hz, Ag-OCH,C-), 3.811 (6H, s, -OCk*2), 3.789 (2H, tJ = 6 Hz , BrCH-), 2.884 (4H, tJ = 6 Hz,
cyclohexanone-Bf), 2.301-2.367 (6H, m, NCHx2), 1.870-1.893 (2H, m, -OCGHBBr), 1.823-1.859 (2H, m,
Arg-OCCH,C-), 1.447-1.484 (8H, m, piperidine2#®, cyclohexanone-f). ESI-MSm/z: 613.4 (M+1J, calcd for

Cs3H4,BrNOs: 612.6.

4.1.4.11 (2E,6E)-2-[4-(3-bromopropoxy)-3-methoxybenzyliden€]-6-{3-methoxy-4-[ 3-(4-methyl piperazin-1-yl)
propoxy] benzylidene}cyclohexanone (11)

Yellow oil.*H-NMR (600 MHz, DMSO-d6)5 (ppm) 7.576 (2H, s, AFrCH=C-, Az-CH=C-), 7.512 (2H, d) = 8.4
Hz, Ara-HC, Arg-H®), 7.388 (2H, s, Ar-H? Arg-H?), 7.168 (2H, d,J = 8.4 Hz, Ag-H®, Arg-H®), 4.103 (2H, tJ =
6.6 Hz, An-OCH,C-), 4.027 (2H, tJ = 7.2 Hz, Ag-OCH,C-), 3.828(6H, s, -OCkk2), 3.754 (2H, tJ=6.6 Hz ,
BrCH,), 2.539 (4H, tJ = 6 Hz, cyclohexanone}), 2.402 (2H, tJ = 6.6 Hz, piperazine-CH), 2.140 (8H, s,
piperazine-t4359, 1.972-1.986 (5H, m, -OCGBBr-, NCH,), 1.878-1.901 (2H, m, AFOCCH,C-), 1.161-1.185

(2H, m, cyclohexanone i ESI-MSm/z: 628.5 (M+1J, calcd for G3H4sBrN,Os: 627.6.

4.1.4.12 (2E,6E)-2,6-bi 9 4-(2-bromoethoxy)-3-methoxybenzylidene] cyclohexanone(12)

Yellow powder, m.p: 199.8-200%€.*H-NMR (600 MHz, DMSO-d6)8(ppm) 7.592 (2H, s, -CH=xP, 7.167 (2H,
s, Ar-H?x2), 7.122 (2H, dJ = 8.4 Hz, Ar-Hx2), 7.054 (2H, dJ = 8.4 Hz, Ar-Hx2), 4.355 (4H, tJ = 5.4 Hz,
-OCH,-x2), 3.822 (6H, s, -OCkt2), 3.789(4H, t,J = 6 Hz, -CHBrx2), 2.910 (4H, t,J = 6 Hz,
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cyclohexanone-£f), 1.722-1.740 (2H, m, cyclohexanonéHESI-MSm/z: 581.0 (M+1), calcd for GgHgBr,0s:

580.0.

4.1.4.13 (2E,6E)-2,6-bi § 4-(2-bromoethoxy)benzylidene] cyclohexanone(13)

Yellow powder, m.p: 101.3-102C.*H-NMR (600 MHz, DMSO-d6)5 (ppm) 7.582 (2H, s, -CH=x2), 7.519 (4H,
d,J = 8.4 Hz, Ar-H°x2), 7.044 (4H, d) = 8.4 Hz, Ar-H°x2), 4.380 (4H, t) = 5.4 Hz, -OCHCBr-x2), 3.822(4H,
t, J = 5.4 Hz, -OCCHBr-x2), 2.876 (4H, t,J = 4.8 Hz , cyclohexanone®9, 1.128-1.171 (2H, m,

cyclohexanone-f. ESI-MSm/z 521.3 (M+1}, calcd for GsH,4Br,05: 520.3.

4.1.4.14 (2E,5E)-2-{4-[ 3-(1H-imidazol-1-yl) propoxy]-3-methoxybenzylidene}-5-[ 4-(3-bromopropoxy)-3-metho
xybenzylidene] cyclopentanone(14)

Yellow oil.'H-NMR (600 MHz, DMSO-d6):5(ppm) 7.699 (1H, s, imidazole?H, 7.399 (2H, s, Ar-CH=C-x2),
7.295-7.229 (5H, mAr-H?*®2, imidazole-H), 7.059 (2H, dJ = 8.4 Hz, Ar-Hx2), 6.936 (1H, dJ = 7.8 Hz,
imidazole-H), 4.140-4.163 (6H, m,-OC|CBr-,-OCHCCH;N-), 3.869 (6H, s, -OCkk2), 3.671 (2H, t) = 6 Hz,
-OCCCHBIr), 3.094 (4H, s, cyclopentanond}i, 2.197-2.216 (4H, m, -OCGBBr, -OCCHCN-). ESI-MSm/z

582.3 (M+1}, calcd for GgH3aBrN,Os: 581.5.

4.1.4.15 (2E,5E)-2,5-bi§ 4-(3-bromopropoxy)-3-methoxybenzyliden€] cycl opentanone(15)

Yellow powder, m.p: 137.6-139C.*H-NMR (600 MHz, CDC}): & (ppm) 7.542 (2H, s, -CH=x2), 7.227 (2H,Xd,
= 8.4 Hz, Ar-Hx2), 7.139 (2H, s, Ar-Bk2), 6.975 (2H, dJ = 8.4 Hz, Ar-Hx2), 4.220 (4H, tJ = 6 Hz,
-OCH,-x2), 3.910 (6H, s, -OC¥2), 3.639 (4H, tJ = 6 Hz, -CHBrx2), 3.115 (4H, s, cyclopentanoné'-”t)i

2.377-2.417 (4H, m, -OCCIEBrx2). ESI-MSm/z 595.1 (M+1J, calcd for G;H3oBr,Os: 594.3.

4.1.4.16 (2E,5E)-2,5-hi s{4-[ 3-(1H-imidazol-1-yl) propoxy] -3-methoxybenzylidene}cyclopentanone(16)

Yellow powder, m.p: 127.3-1292.*H-NMR (600 MHz, CDCJ): & (ppm) 7.538 (2H, s, imidazole?k ), 7.512
(2H, s, Ar-CH=x2 ), 7.187 (2H, dl = 7.8 Hz, Ar-H¥x2), 7.147 (2H, s, Ar-Bk2), 7.060 (2H, dJ = 8.4 Hz,
imidazole-Hx2), 6.937 (2H, dJ = 7.8 Hz, Ar-Hx2), 6.875 (2H, dJ = 8.4 Hz, imidazole-£x2), 4.230 (4H, tJ =

6 Hz , -OCH-x2), 3.990 (4H, t,J = 6 Hz, -OCCCHx2), 3.934 (6H, s, -OC2), 3.111 (4H, s,
cyclopentanone-#f), 2.313-2.271 (4H, m, -OCGHk2). ESI-MSm/z 648.92 (M-1). ESI-MSm/z569.8 (M+1J,

calcd for G3H3gN4Os: 568.7.

4.1.4.17 (2E,5E)-2,5-bi g 3-methoxy-4-(3-mor pholinopropoxy)benzyliden€] cyclopentanone(17)
Yellow powder, m.p: 176.4-1778'H-NMR (600 MHz, DMSO-d6)5(ppm) 7.375 (2H, s, -CH=xR 7.253 (2H,
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d,J= 7.2 Hz, Ar-Hx2), 7.215 (2H, s, Ar-Bk2), 7.059 (2H, dJ = 7.2 Hz, Ar-Hx2), 4.049 (4H, tJ = 6.6 Hz,
-OCH,-x2), 3.809 (6H, s, -OCy2), 3.554 (8H, t,J = 4.2 Hz, morpholine-Bfx2), 3.079 (4H, s,
cyclopentanone-#f), 2.522 (4H, tJ = 6.6 Hz, Ar-OCCCHx2), 2.483 (8H, tJ = 4.2 Hz, morpholine-#x2),

1.132-1.148 (4H, m, -OCGiE-x2). ESI-MSm/z: 607.7 (M+1), calcd for GsHagN,O+: 606.8.

4.1.4.18 (2E,5E)-2,5-bi s{3-methoxy-4-[ 3-(pi peridin-1-yl)propoxy] benzylidene}cycl opentanone(18)

Yellow powder, m.p: 198.3-200°% .'H-NMR (600 MHz, DMSO-d6)5(ppm) 7.402 (2H, s, -CH=xP, 7.287 (2H,
s, Ar-Hx2), 7.270 (2H, dJ = 8.4 Hz, Ar-H®<2), 7.085 (2H, dJ = 8.4 Hz, Ar-Hx2), 4.079 (4H, tJ = 6 Hz,
-OCH,-), 3.835 (6H, s, -OCkx2), 3.100 (4H, s, cyclopentanoné'-”t)i 2.560-2.702 (12H, m, NGFk6),
1.976-1.995 (4H, m, -OCGI@-x2), 1.442-1.586 (12H, m, piperidiné*tfx2). ESI-MSm/z 603.7 (M+1}, calcd

for Cs7Hs50NOs: 602.8.

4.1.4.19 (2E,5E)-2-[4-(3-bromopropoxy)-3-methoxybenzylidene] -5-{3-methoxy-4-[ 3-(piperidin-1-yl ) propoxy]
benzylidene}cyclopentanone(19)

Yellow oil.'H-NMR (600 MHz, DMSO-d6):3(ppm) 7.410 (2H, s, AFCH=, Arg-CH=), 7.340-7.385 (4H, m,
Ara-H?8 Arg-H?%), 6.980 (2H,dJ = 8.4 Hz, AR-H®, Arg-H®), 4.162 (2H, tJ = 5.4 Hz, AR-OCH,C-), 4.089 (2H, t,
J = 6 Hz, Ap-OCH,C-), 3.870 (6H, s, -OCp2), 3.573 (2H, t,J = 5.4 Hz, -CHBr), 3.110 (4H, s,
cyclopentanone-#f), 2.370-2.412 (6H, m, NC#x3), 2.245-2.307 (2H, m, -OCGHBr), 1.967-1.980 (2H, m,
piperidine-CCH-), 1.321-1.413 (6H, m, piperidine3t). ESI-MS m/z 599.3 (M+1J, calcd for G,H4BrNOs:

598.6.

4.1.4.20 (2E,5E)-2,5-bi 5 4-(2-bromoethoxy)-3-methoxybenzylidene] cyclopentanone(20)

Yellow powder, m.p: 155.2-1568.H-NMR (600 MHz, DMSO-d6)5(ppm) 7.406 (2H, s, -CH=x®, 7.307 (2H,
s, Ar-H?%2), 7.265 (2H, dJ = 8.4 Hz, AR-H®x2), 7.097 (2H, dJ = 8.4 Hz, Ar-Hx2), 4.376 (4H, tJ = 5.4 Hz,
-OCH,-x2), 3.851 (6H, s, -OC#2), 3.820 (4H, tJ = 5.4 Hz, -CHBrx2), 3.100 (4H, s, cyclopentanoné'-”t){

ESI-MSm/z 567.5 (M+1J, calcd for GsH,¢Br,0s: 566.3.

4.1.4.21 (2E,5E)-2,5-bi§ 4-(2-bromoethoxy)benzyliden€] cyclopentanone(21)

Yellow powder, m.p: 206.3-2076.H-NMR (600 MHz, DMSO-d6)5(ppm) 7.662 (4H, dJ = 9 Hz,Ar-H?%x2),
7.401(2H, s, -CH=x2,), 7.086 (4H, 379 Hz, Ar-H°x2), 4.402 (4H, tJ) = 5.4 Hz, -OCHCBrx2), 3.833 (4H, t)
= 5.4 Hz, -OCCHBrx2), 3.063 (4H, s, cyclopentanoné:) ESI-MSm/z 507.1 (M+1}, calcd for GaH»,Br,03:

506.2.
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4.1.4.22 (1E,4E)-1,5-bi g 3-methoxy-4-(3-morpholinopropoxy)phenyl] penta-1,4-dien-3-one(22)

Yellow oil. *H-NMR (600 MHz, DMSO-d6)8(ppm) 7.688 (2H, dj = 15.6 Hz , Ar-CH=C-x2 ), 7.136-7.153 (4H,
m, Ar-H>®x2), 7.022-7.043 (4H, m,, Ar-C=CH-x2, ArrK2), 4.058 (4H, tJ = 6 Hz, -OCH-x2), 3.842 (6H, s,
-OCH,x2), 3.564 (8H, tJ = 5.4 Hz , morpholine-#x2), 2.409 (4H, tJ = 6 Hz, -OCCCHx2), 2.360 (8H, tJ =
5.4 Hz, morpholine-B®2), 1.831-1.904 (4H, m, -OCGHx2). ESI-MS m/z: 581.8 (M+1)+, calcd for

C33H44N207: 580.7.

4.1.5. General procedure for synthesis of X4

Amino substituted benzaldehydes X3 were dissolwnedcetone and followed by dropwise addition of 20%
(w/v) aq. NaOH solution. The mixture was stirredr@am temperature for 3h. Excess acetone was eatgubr
under reduced pressure and the residue was extradte ethyl acetate and the organic layer washigd krine,
dried over anhydrous magnesium sulphate, and ctrated under vacuum. The solid was purified by

chromatography over silica gel using ethyl acepetiebleum ether as the eluent to give compounds X4.

4.1.6. General procedure for synthesis of 23-37

A reaction mixture of the compound X4 (1.0 equsipstituted benzaldehydes (1.0 equiv) and 20% (w/v)
ag. NaOH (0.1 equiv) in MeOH was stirred at roomngerature and monitored by TLC. After completion of
reaction, saturated solution of IWNEl was added to the reaction mixture. The formedipiate was washed with
water, cold methanol and finally with cold acetohievas then dried and recrystallized with ethamatér system

to obtain corresponding curcumin derivati@3s37.(Yield:24.3%-76.8%)

4.1.6.1 (1E,4E)-1-(2-chlorophenyl)-5-[ 3-methoxy-4-(3-mor pholinopropoxy)phenyl] penta- 1,4-dien-3-one(23)
Yellow powder, m.p: 135.6-1378.*H-NMR (600 MHz, CDCJ): & (ppm) 8.110 (1H, dJ = 15.6 Hz, Ag-CH=C-),
7.714 (1H, dJ = 15.6 Hz, AR-CH=C-), 7.528 (1H, dJ = 7.2 Hz, Ag-H%), 7.384 (1H, dJ = 7.2 Hz, Ag-H®),
7.302-7.329 (2H, m, ArH? Arg-H%, 7.133-7.211 (3H, m, ArH®>® Arg-H%Y, 7.054 (1H, d,J = 15.6 Hz,
Ara-C=CH-), 6.969 (1H, dJ = 15.6 Hz , Ag-C=CH-), 4.162 (2H, tJ = 7.2 Hz, -OCH-), 3.913 (3H, s, -OC¥),
3.810 (4H, s, morpholine), 2.230 (2H, tJ = 7.2 Hz, -OCCCH), 2.309 (4H, s, morpholiney), 1.405-1.444

(2H, m, -OCCHC-). ESI-MSm/z 441.95 (M-1). ESI-MSm/z 443.0 (M+1), calcd for GsH,sCINO,: 442.0.

416.2 (1E,AE)-1-(2-fluoro-4-methoxyphenyl)-5-[ 3-methoxy-4-(3-mor pholinopropoxy)phenyl] penta-1,4-dien-
3-one(24)

Red 0il*H-NMR (600 MHz, CDCY): §(ppm) 7.719 (1H, dJ = 16.2 Hz, Ag-CH=C-), 7.670 (1H, dJ = 16.2 Hz,
Ara-CH=C-), 7.542 (1H, dJ = 8.4 Hz, Ag-H®), 7.178 (1H, d,J = 8.4Hz, AR-H%, 7.135 (1H, s, Ar-H?),
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7.075(1H, dJ = 16.2 Hz, AR-C=CH-), 6.900-6.947 (3H, m, AH3, Ara-H5, Arg-C=CH-), 6.743 (1H, dJ = 8.4
Hz, Arg-H®), 4.155 (2H, tJ = 6.6 Hz, -OCH), 3.915 (3H, s, A-OCHs,), 3.845 (3H, s, ArOCH,,), 3.806 (4H, s,
morpholine-H9), 2.505 (2H, t,J = 6.6 Hz, -OCCCH), 2.214 (4H, s, morpholine?4), 1.251-1.313 (2H, m,

-OCCH,C-). ESI-MSm/z 456.6 (M+1), calcd for GgHaFNOs: 455.5.

416.3 (1E,4E)-1-(3,4-dimethoxyphenyl)-5-[3-methoxy-4-(3-morpholinopropoxy)phenyl] penta-1,4-dien-3-one
(25)

Yellow oil *H-NMR (600 MHz, CDC})): & (ppm) 7.707 (1H, dj = 15.6 Hz , Ag-CH=C-), 7.531 (1H, dJ = 15.6
Hz , Ara-CH=C-), 7.198-7.173 (4H, m, ArH? Arg-H®, Ara-H? Ara-H®), 6.987-6.870 (4H, m, ArH®, Ary-H°,
Ara-C=CH-, Az-C=CH-), 4.295 (2H, t) = 7.2 Hz, -OCH-), 4.081 (6H, s, A{-OCH, Arg-3-OCHp), 4.070 (3H, s,
Arg-4-OCHg), 3.921 (4H, s, morpholine3d), 2.520 (2H, tJ =7.2 Hz, -OCCCH), 2.293 (4H, s, morpholine39),

1.386-1.437 (2H, m, -OCGH). ESI-MSmi/z 467.5 (M+1), calcd for G;HssNOg: 467.6.

4164 (1E,4E)-1-[3-methoxy-4-(3-morpholinopropoxy) phenyl]-5-(2,4,6-trimethoxyphenyl ) penta-1,4-dien-3-

one(26)

Yellow powder, m.p: 125.4-126€. *H-NMR (600 MHz, DMSO-d6):5(ppm) 7.995 (1H, dJ = 15.6 Hz ,
Arg-CH=C), 7.534 (1H, d,J) = 15.6 Hz, AR-CH=C), 7.393 (1H, s, ArH?), 6.947-7.205 (3H, m, AFH®, Ara-HS,

Ara-C=CH-), 6.655 (1H, sJ = 15.6 Hz, Ag-C=CH-), 6.213 (2H, s, ArH® Arg-H%), 4.038 (2H, tJ = 7.2 Hz,
-OCH,-), 3.906 (6H, s, A5-2,6-OCH), 3.854 (3H, s, A-OCH;), 3.833 (3H, s, A;-4-OCH;), 3.560 (4H, s,
morpholine-H9), 2.393 (2H, tJ = 7.2 Hz, -OCCCH'), 2.350 (4H, s, morpholine#d), 1.860-1.884 (2H, m,

-OCCHy-). ESI-MSm/z 498.3 (M+1}, calcd for GgHasNO;: 497.6.

4.1.6.5 (1E,4E)-1-mesityl-5-[ 3-methoxy-4-(3-mor pholinopropoxy)phenyl] penta-1,4-dien-3-one(27)

White powder, m.p: 137.5-139(. 'H-NMR (600 MHz, CDCJ): §(ppm) 7.878 (1H, dJ = 16.2 Hz, Ag-CH=C-),
7.649 (1H, d,J = 16.2 Hz, AR-CH=C-), 7.123 (1H, sAra-H?, 6.884-6.917 (5H, m, ArH>® Arg-H3%,
Arp-C=CH-), 6.713 (1H, dJ = 16.2 Hz, Ag-C=CH-), 4.153 (2H, tJ = 6 Hz , -OCH-), 3.909 (3H, s, -OCH),
3.838 (4H, s, morpholined), 2.376 (6H, s, Ay-2-CHs, Arg-6-CHy), 2.298 (3H, s, A-4-CHy), 2.260 (2H, tJ =
6 Hz, -OCCCH-), 2.206 (4H, s, morpholiney), 2.035-2.054 (2H, m, -OCGB-). ESI-MSm/z: 450.5(M+1Y,

calcd for GgH3sNO,4: 449.6.

4.1.6.6 (1E,4E)-1-[3-methoxy-4-(3-mor pholinopropoxy)phenyl]-5-(2-methoxyphenyl) penta-1,4-dien-3-one (28)
Yellow powder, m.p: 113.2-124€. 'H-NMR (600 MHz, CDC}): &(ppm) 8.040 (1H, dJ = 15.6 Hz ,
Arg-CH=C-), 7.652 (1H, dJ = 15.6 Hz, AR-CH=C-), 7.585 (1H, dJ =7.8 Hz, Ag-H®), 7.323-7.349 (1H, m,
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Arg-HY, 7.112-7.163 (3H, m, ArH? Ars,-HS Arg-H%), 6.882-6.965 (4H, m, AFH®, Arg-H® Ar,-C=CH-,
Arg-C=CH-), 4.110 (2H, tJ = 6 Hz,-OCHC-), 3.890 (3H, s, A-OCH;), 3.862 (3H, s, A-OCH;), 3.703 (4H, s,
morpholine-H9, 2.530 (2H, t,J = 6 Hz, -OCCCH-), 2.461 (4H, s, morpholine3y), 2.012-2.054 (2H, m,
-OCCH,C-). *¥*C-NMR (600 MHz, CDCJ): & (ppm) 188.802, 158.108, 150.270, 149.075%2, 142.487.745,
131.149, 128.266, 127.485, 125.715, 123.265, 122.420.266, 112.184, 110.729, 110.106, 66.694,6663,

55.539, 53.162x2, 25.632. ESI-M$z 438.3(M+1}, calcd for GeH3;NOs: 437.5.

4.1.6.7 (1E,4E)-1-(2,3-dimethoxyphenyl)-5-[ 3-methoxy-4-(3-mor pholinopropoxy)phenyl] penta-1,4-dien-3-one

(29)

Yellow oil. *H-NMR (600 MHz, DMSO-d6)5(ppm) 8.016(1H, dJ = 16.2 Hz, Ag-CH=C-), 7.798(1H, dJ = 16.2

Hz ,Ar,-CH=C-), 7.383 (1H, dJ = 7.8 Hz, Ag-H®), 7.224 (1H, s, ArH?), 7.099-7.112 (1H, m, ArH®),

7.040-7.099 (4H, m, AFH>S, Ar,-C=CH-, A-C=CH-), 6.925 (1H, tJ = 7.8 Hz, Ag-H*), 4.098 (2H, tJ = 6.6

Hz, -OCHC-), 3.838 (6H, s,Arp-3-OCHs;, Arg-3-OCHy), 3.796 (3H, s,Arg-2-OCHy), 3.561 (4H, s,
morpholine-H9), 2.407 (2H, tJ = 6.6 Hz, -OCCCH), 2.380 (4H, s, morpholine?y), 1.901-1.940 (2H, m,
-OCCH,C-). ®C-NMR (600 MHz, DMSO-d6)5 (ppm) 188.712, 153.022, 152.700, 148.797%2, 147.487.133,
141.769, 126.878, 124.230x2, 121.015, 120.553389(.119.136, 114.179, 112.134, 69.710, 66.451%B7Gx2,

62.299, 61.313, 56.035, 55.884, 27.243. ESI+NS 468.7 (M+1J, calcd for G/H33NOg: 467.6.

4.1.6.8 (1E,4E)-1-[4-(3-bromopropoxy)-3-methoxyphenyl]-5-(2-methoxyphenyl) penta-1,4-dien-3-one(30)

Yellow oil. *H-NMR (600 MHz, DMSO-d6)5(ppm) 7.958 (1H, dj = 15.6 Hz , As-CH=C-), 7.81 (1H, dJ = 7.2

Hz, Arg-H®), 7.746 (1H, dJ = 15.6 Hz , Ak-CH=C-), 7.305-7.436 (2H, m, AfH?, Arg-H%), 7.009-7.175 (6H, m,
Ara-H%8, Arg-H®*® Ara-C=CH-, A-C=CH-), 4.123 (2H, tJ = 6 Hz, -OCH-), 3.886 (3H, s, AF-OCH,), 3.849
(3H, s, AR-OCH), 3.658 (2H, tJ = 6 Hz, BrCH-), 1.972-1.990 (2H, nBrCCH,C-). ESI-MSm/z 431.9(M+1},

calcd for G,H,3BrO,: 431.3.

4.1.6.9 (1E,4E)-1-[4-(2-bromoethoxy)-3-methoxyphenyl]-5-(2-methoxyphenyl) penta-1,4-dien-3-one(31)

Yellow powder, m.p: 116.6-1178. *H-NMR (600 MHz, CDC}): &(ppm) 8.068 (1H, dJ = 16.2 Hz ,

Arg-CH=C-), 7.671 (1H, dJ = 15.6 Hz , Ai-CH=C-), 7.619 (1H, dJ =7.2 Hz, Ag-H®), 7.364-7.390 (1H, m,
Arg-H%, 7.132-7.199 (2H, m, ArH?9), 6.909-7.005 (5H, m, ArH®, Arg-H3® Ar,-C=CH-, Afz-C=CH-), 4.378
(2H, 1,J = 6.6 Hz, -OCH-), 3.935 (3H, s, A-OCH,), 3.922 (3H, s, Ai-OCHy), 3.681 (2H, tJ =6.6 Hz, Br-CH-).

ESI-MSm/z 418.0(M+1), calcd for G,H»,BrO,: 417.3.

4.1.6.10 (1E,4E)-1-[4-(tert-butyl)phenyl]-5-[3-methoxy-4-(3-mor pholinopropoxy)phenyl] penta-1,4-dien-3-one
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(32

Yellow oil. *H-NMR (600 MHz, DMSO-d6)5(ppm) 7.705 (1H, dJ = 15.6 Hz, Ag-CH=C-), 7.665 (1H, dJ =
15.6 Hz, AR-CH=C-), 7.532 (2H, dJ = 8.4 Hz, Ag-H?Y), 7.400 (2H, dJ = 8.4 Hz, Ag-H>®), 7.147 (1H, dJ =
8.4 Hz, An-H%, 7.122 (1H, s, Ar-H?), 7.047 (1H, dJ = 15.6 Hz, Ag-C=CH-), 6.936 (1H, dJ = 15.6 Hz,
Ar,-C=CH-), 6.881 (1H, dJ = 8.4 Hz, AR-H®), 4.106 (2H, tJ = 6.6 Hz, -OCHC-), 3.888 (3H, s, -OC}), 3.715
(4H, s, morpholine-B), 2.560 (2H, tJ = 7.2 Hz, -OCCCH), 2.495 (4H, s, morpholine49), 2.023-2.069 (2H,

m, -OCCHC-), 1.310 (9H, s,~CCp*3). ESI-MSm/z 464.7 (M+1}, calcd for GoHa,NO,: 463.6.

4.1.6.11 (1E,4E)-1-[3-methoxy-4-(3-morpholinopropoxy)phenyl]-5-[2-(trifluoromethyl)phenyl]penta-1,4-dien-3

-one(33)

Yellow oil. *H-NMR (600 MHz, DMSO-d6)8(ppm) 8.125 (1H, dJ = 15.6 Hz, Ag-CH=C-), 7.808 (1H, dJ =

15.6 Hz, AR-CH=C-), 7.387-7.719 (4H, m, AH? Arg-H>%9, 6.832-7.135 (4H, m, AFH>S Arg-H*

Ar,-C=CH-), 6.683 (1H, dJ = 15.6 Hz, Ag-C=CH-), 4.218 (2H, dJ = 6.6 Hz, -OCHC-), 3.827 (3H, s, -OCH),

3.792 (4H, s, morpholine}), 2.360 (2H, tJ = 6.6 Hz, -OCCCH), 2.301 (4H, s, morpholiney), 1.821-1.909

(2H, m, -OCCHC-). ESI-MSm/z 476.4 (M+1), calcd for GeH,sFsNO,: 475.5.

41.6.12 (2E,6E)-2-(2,3-dimethoxybenzylidene)-6-[ 3-methoxy-4-(3-morpholinopropoxy)benzylidene] cyclohex
anone(34)

Redoil. *H-NMR (600 MHz, DMSO-d6)5(ppm) 7.712 (1H, s, ArCH=), 7.682 (1H, s, ArCH=), 7.512-7.571
(2H, m, Arp-H®, Arg-H®), 7.394 (1H, sAra-H?), 7.055-7.161 (3H, mAr,-H®, Arg-H*9), 4.106 (2H, tJ = 6.6 Hz,
-OCH,-), 3.826 (9H, s;0CH;x3), 3.560 (4H, s, morpholine®f), 2.898 (4H, tJ = 6.6 Hz, cyclohexanone3s),
2.410 (2H, t,J =6.6 Hz, -OCCCH), 2.352 (4H, s, morpholine%y), 1.891-1.914 (2H, m, -OCGB-),

1.558-1.650 (2H, m, cyclohexanoné}HESI-MSm/z 508.3 (M+1J, calcd for GH3/NOg: 507.6.

41.6.13 (2E,6E)-2-(3,4-dimethoxybenzylidene)-6-[ 3-methoxy-4-(3-morpholinopropoxy)benzylidene] cyclohex

anone(35)

Yellow oil. *H-NMR (600 MHz, CDCJ): 8(ppm) 7.732 (2H, s, -CH=x2), 7.012-7.112 (4H, Ans-H% Ara-HS,

Arg-H?, Arg-H®%), 6.915 (1H, dJ = 7.2 Hz, Ag-H%), 6.903 (1H, dJ = 7.8 Hz, AR-H%), 4.140 (2H, tJ = 6 Hz,
-OCH,C-), 3.915 (3H, s, AFOCH,), 3.904 (3H, s, A-OCH,), 3.875 (3H, s, A-OCHs), 3.839 (4H, s,
morpholine-H9), 2.931 (4H, tJ = 5.4 Hz, cyclohexanone3), 2.381 (2H, tJ = 6 Hz, -OCCCH-), 3.727 (4H, s,
morpholine-H9), 1.913-1.928 (2H, MOCCH,C-), 1.808-1.828 (2H, m, cyclohexanoné-HESI-MSm/z: 508.4

(M+1)", calcd for GgH3;NOg: 507.6.
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4.1.6.14 (2E,6E)-2-[3-methoxy-4-(3-morpholinopropoxy)benzylidene]-6-(2-methoxybenzylidene) cyclohexan
one(36)

Yellow oil. *H-NMR (600 MHz, DMSO-d6)5(ppm) 7.790 (1H, s, ArCH=), 7.701 (1H, dJ = 7.2 Hz, Ag-H®),
7.597 (1H, s, A(-CH=), 7.346-7.370 (1H, nArg-HY), 6.983-7.135 (5H, mAr-H>%% Arg-H>9), 4.034 (2H, tJ) =
6.6 Hz, -OCH-), 3.826 (3H, s, A-OCHy), 3.798 (3H, s, A-OCH), 3.561 (4H, s, morpholine®j), 2.887 (4H, t,
J = 6.6 Hz, cyclohexanone®j), 2.407 (2H, tJ =6.6Hz, -OCCCH), 2.346 (4H, s, morpholine49), 1.858-1.889
(2H, m, -OCCHC-), 1.651-1.680 (2H, m, cyclohexanon&-HESI-MSm/z. 478.4 (M+1J, calcd for GgH3sNOs:

477.6.

4.1.6.15 (2E,5E)-2-[3-methoxy-4-(3-morpholinopropoxy)benzylidene]-5-[ 2-(trifluoromethyl)benzylidene] cyclo

pentanone(37)

Yellow oil. *H-NMR (600 MHz, CDCY): 5(ppm) 7.808 (1H, s, AFCH=C-), 7.714 (1H, dJ = 7.8 Hz, Ag-H) ,

7.327-7.669 (5H, m, AFCH=C-, Ary-H?$, Arg-H>®), 7.043-7.107 (1H, mArg-H%, 6.938 (1H, dJ = 8.4 Hz,
Ara-H®), 4.129 (2H, d,J) = 6.6 Hz, -OCHC-), 3.883 (3H, s, -OCH), 3.847 (4H, s, morpholinej), 3.025 (2H, s,
cyclopentanone-f, 2.952 (2H, s, cyclopentanoné)H2.557 (2H, t,J = 6.6 Hz, -OCCCH), 2.486 (4H, s,

morpholine-H*9), 1.965-2.002 (2H, mOCCH,C-). ESI-MSm/z 502.1 (M+1J, calcd for GgHagFsNO,: 501.5.

4.2 Cell Lines and Culture

Two human gastric carcinoma cell lines SGC-7901M@&L80-3, human colorectal cancer cell line SW-620,
mouse colorectal cancer cell line CT-26, and thedrgastric mucosa epithelial cell line GES-1 wdrtaimed
from the cell bank of the Chinese Academy of Sasnand grown in RPMI-1640 medium (Gibico) suppletaeén
with 10% (v/v) heat-inactivated fetal bovine ser(@ibico) and antibiotics (100 U/mL penicillin an@dug/mL

streptomycin). Cells were maintained in a humidifedl incubator at 37°C with 5% CO2.

4.3 Reagents
Antibodies against Bcl-2(sc-492), Pro-caspase 37{€8), cleaved PARP (sc-56196), GAPDH (sc-25778)
and KI67 (sc-15402) were obtained from Santa CruzteéBlmology (Santa Cruz, CA); Antibody against

Cleaved-caspase 3 (Aspl75) was purchased from @alalBig Technology

4.4 Cell Growth Inhibition Assays (MTS assay)
Cell lines were seeded in 96-well plates in trighicat a concentration of 4000 cells / well andvedid to
attach overnight. Cells were then exposure to varamncentrations of test compounds in triplicate7® h under

5% CO2 at 37°C. MTS ((Promega, San Luis Obispo, CA}¥ wsed according to manufacturer instructions.
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Briefly, the MTS solution was added and the cultwas incubated for an additional 4 h and absorbavas
measured by using the spectraMax M2 microplateere@dolecularDevices, Sunnyvale, CA) at 490 nm. The
results were also expressed aggl@he compound concentration required for 50% ghoimhibition of tumor
cells), which was calculated by the software OfiginThe mean + SEM Kgwas determined from the results of

three independent tests.

4.5 Cell Apoptosis Assay

Apoptosis was determined using an apoptosis dete&tit (BD Biosciences, USA). Briefly, SGC-7901 cells
were seeded into 6-well plates and allowed grow®0% confluency in complete medium, then cellstaeéavith
different concentrations of test compounds for 8dlevaluate the effects of test compounds on ag@tCells
were collected, washed twice in ice-cold phosphatifered saline (PBS), and then resuspended inrimniohiiffer
according to the instructions of the apoptosis Kite treated cells (as described above) were simedtusly
incubated with fluorescein-labeled Annexin V and Rhnexin V-binding buffer was then added to thextonie
before fluorescence was measured on a FACSCalibur BRiSciences; Baltimore, MD, USA). Data were

analyzed using Flowjo software.

4.6 Western Blot Analysis

SGC-7901 cells were treated with test compound&4dnours, then harvested, washed twice with PBgdly
on ice for 30min in 80L of lysis buffer to extract total protein, and theentrifuged at 12,000 xrpm for 15 min.
The supernatants were collected from the lysatdstiaa protein concentrations were determined. Aligwf the
lysates (6Qg of protein) were boiled for 10 min and electromsed in 10% sodium dodecyl
sulfate-polyacrylamide gel. Separated protein bangse transferred into polyvinylidene fluoride (PWD
membranes and the membranes were blocked in 5%r&dmmilk. The primary antibodies against cleavedRPA
pro-caspase3 and Bcl-2 were diluted according tartheufacturer's instructions and incubated ovetragla’C.
Horseradish peroxidase-linked secondary antibd@asta cruze) were then added at a dilution rdtlh300, and
incubated at room temperature for 1 h. Protein bandre detected using an EZ-ECL Chemiluminescence

Detection Kit (Biological Industries).

4.7 Antitumor effect of compound 28 in xenograft mdel

Female nude mice were obtained from Animal Cent&/ehzhou Medical University (Wenzhou, China) and
protocols involving use of animals were approvedh®yWenzhou Medical University Animal Policy anceidre
Committee. Eight-week-old female mice were injecgdcutaneously with 10 million SGC7901 cells. To

determine whether compound 28 inhibits tumor foromaafter engraftment of cells, treatment was &téd when
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tumors reached about 40 Mmand animals were randomized to receive 0.5% CMCNAe compoun@8 (50
mg/kg/day, orally), compoun®8 (100 mg/kg/day, orally) and curcumin (50mg/kg/dasally) for 23 consecutive
days. Mice were observed daily and tumor size waasured every 2 days using calipers. Volume wasileaéd
using the formulan/6 x (large diameter) x (small diametér)Tumor samples and organs were collected when
mice were sacrificed. Each sample was cut in hatwes half was preserved in 4% paraformaldehydecaechalf

was flash-frozen in liquid nitrogen and stored &0°C until further use.

4.8 Immunohistochemistry

5um sections were deparaffinized with xylene and deated through graded alcohols into water. Then,
antigen retrieval was carried out for 10 minutesadium citrate buffer. Tissues were placed in 3% Jor 10
minutes to increased permeability, followed by ipation in 1% bovine serum albumin in PBS for 10 rtésu
washing twice in PBS. Slides were then incubateti thie primary antibodes overnight at 4°C, monodloalabit
anti-Ki67 (Santa Cruz, sc-15402) at a 1:50 dilutideaved-caspase 3 (Cell Signaling Technology, ASp&tY a
1:100 dilution. Following overnight incubation, dd#is were washed and incubated with horseradish
peroxidase-conjugated secondary antibody for 2B78C with 1:100 dilution. The tissue sections wdrent
washed and stained with DAB substrate-chromogen thed counterstained with hematoxylin, dehydrated,

cleared, and mounted with coverslips. Electroniages were captured using microscope.

4.9 Statistical Analysis
Data were presented as the mean + SEM. Differemegeen groups were analyzed using the Studete'st t-
for continuous variables. Statistical analysis waformed using Graphpad prism (version 5) andiféigmce was

established at p < 0.05.
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Figure legends
Table 1. Inhibition of cell proliferation by compounds inup cancer cell lines and GES-1 gastric mucosa
epithelial cell line. The Ig, values were determined as described in “Matedats methods”, Data were obtained

from three independent experiments.

Figure 1. The anti-cancer structural-activity relationship mono-carbonyl analogues of curcumin and the

chemical structures of anticancer drugs that irinlyi@ long-chain alkoxyl group.

Figure 2. General synthesis and chemical structures of Whagn alkoxylated mono-carbonyl analogues of

curcumin (-22).

Figure 3. General synthesis and chemical structures of hagn alkoxylated mono-carbonyl analogues of

curcumin 23-37.

Figure 4. Apoptosis induced by compounBls28, 29 treatment in SGC7901 gastric cancer. UR (up rigtagrotic
cells and late apoptotic cells labeled with Pl @mhexin V-FITC. LL (lower left): fully viable cellsLR (lower
right): early apoptotic cells labeled with AnneXirFITC but not with PI. Cells were incubated with thelicated
doses (2.5, 5 or 10M) of compounds, 28, 29 for 30h (DMSO as negative control, cur as positeatrol), and
then harvested and analyzed by flow cytometry. Regmiative data from one experiment are shown, tbeage
of three separate experiments are shown, signffiddference from control was indicated as * ch&gad*p <

0.05).

Figure 5. The expression of cleaved-PARP, Caspase3 and tota2 Bfter exposure to test compounds in
SGC7901 cell. (A) SGC7901were treated for 24 h witimgoundss, 28, 29 at indicated doses (2.5, 5 or {1BI)
and whole cell extracts were prepared. Proteinesgion was then analyzed by western blot. (B) cib&®ARP;

(C) Caspase3; (D) Bcl-2. Data are representativereétimdividual experiments. (* represents p < 0.05)
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Figure 6. Schedule dependence of in vivo antitumor actiatycompound28 against the SGC7901 xenograft
model. (A) Established (~ 40 mm3) SGC7901 tumorsevaeiministered compoura8 on a once (QD x 23, orally)
dosing schedule. For comparison, vehicle group.8%0CMCNA, positive control group of cur (50 mg/kgQP
were included. %T/AC was determined. Data plotted as average tumomel SEM. Compoun@8 causes
tumor regressions when dosed at 50 mg/kg/ QD adnig@kg QD schedule. (B) Tumors were weighed after
sacrificing the mice on the final day of the stu@pmpound28 dose-dependently diminished the tumor weight. (C)

Body weights were monitored for the duration of shadies. * indicates P < 0.05.

Figure 7. Subcutaneous SGC7901 xenografts, treated withradikg or 100 mg/kg dose of compoul8d were
examined KI67 and Cleaved-caspase3 status by imnstoohemistry. Top panel, expression of KI67 in ¢um
tissue. Representative images were taken from saand0x magnification. Bottom panel, expression of

Cleaved-caspase3 in tumor tissue. Representativeegnagre taken from scans at 20x magnification.
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Table 1

Comp. 1Cs0 (M)
SGC7901 MGC803 SW620 CT26 GES-1

1 4.96+.3 2.0640.95 1.9840.08 2.6940.09 3.0240.03
2 10.9940.92 10.2440.19 5.6440.9 10.5240.44 10.0440.15
4 1.8840.09 1.9440.4 1.0440.06 2.01#.3 3.2740.05
5 1.740.06 1.7240.11  0.9940.02 2.0640.03 3.4540.08
6 3.3840.05 2.2140.09 2.7940.07 3.5940.2  2.8740.03
7 2.324.09 2924042 24910.15 24240.26 6.354).59
9 11.894+1.53 15.4840.41 4.65%2.42 12.8240.25 14.08+1.05
12 6.2642.24  7.72#.75 6.2630.62 9.8540.33 3.5640.28
16 0.8940.31 2.46x+1.28 0.9540.53 0.3640.03 7.0941.71
17 140.1 2.2840.91 1.4940.32 0.3940.05 >30
18 0.4440.03 0.6840.08 0.3940.03 0.1840.04 0.6740.18
19 5.0841.31 7.3140.03 4.4740.003 3.8640.38 7.0340.003
25 5.9941.28  7.1440.22 2.840.12 3.1340.09 7.8140.26
27 7.67x.25 8.46x1.16 3.3840.19 7.014.36 8.0640.33
28 1.9140.06 2.1840.41 1.2240.05 2.5620.05 2.6240.19
29 1.8440.04  2.4940.25 1.024#0.03 2.384.53 2.7740.01
30 2.844.11 6.69x+1.05 3.53#40.22 6.394).64 4.1140.25
31 4.52+4.45 552#+1.34 4.434.16 451+.12 4.0440.18
32 2.774.06  2.4530.44 1.6240.16 3.2640.62 3.03#40.02
35 2.8740.14 8.61140.5 3.814.09 2.9940.62 8.1740.43

CUR 2441476 31.39x+13.09 1252+1.31 7.7#.05 27.8942.3
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Figure 4
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Figure 5
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Figure 6

15007 SGC7901

1.0 SGC7901

200 Body weight

Vehicle
Cur(50mg/kg/day)
28 (50mg/kg/day)
28 (100mg/kg/day)

Vehicle

Cur (50mg/kg/day)
28  (50mg/kg/day)
28 (100mg/kg/day)

10004

bt
RN

Tumor Volume (mm3)
"
2

Tumor weight(g)

Body weight / original mean weight (%)

— T T T
10 15 20 25
Days of treatment




Figure 7
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Highlights

1. Wesynthesized a series of long-chain alkoxylated mono-carbonyl curcumin analogues.
2. The curcumin analogues inhibited tumour cell proliferation and induced apoptosis.

3. The curcumin analogues increased PARP cleavage and down-regulated Bcl-2.

4. Nove curcumin analogue 28 may represent a new treatment for gastric cancer.
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Table S1. Anti-viability activity screen of 37 compounds against four gastric cancer
cell lines.

Inhibition (%)

comp. Con Ce0s SGCT01  CT26  SW620

1 100M 7811 8183 9328 8566
2 100M 5117 61.9 6523 7272
3 104M  -1843 283 804 1033
4 100M  77.45 848 10938  86.72
5 104M 8036  77.99 9194 826

6 104M 8848 8504 909 8242
7 100M 7686 8283 932 8688
8 104M  -868 1894 4981 6117
9 104M 8703 8644 9232 8532
10 1M 2686 2444 612 5001
11 10uM  -715 1567 3733 4809
12 10uM 5843  69.25 773 66.32
13 10uM 005 1078 5834 012

14 10uM 71 1403 8712 6567
15  104M 556 6.48 7102 27.42
16 10uM 1626 7678 10093 9352
17 10uM 8388 8612 9253  86.03
18 10uM 8664 8424 9193 8384
19  10uM 9136 8897 9025 8452
20  1uM 838 204 5863 3852
21 104M 5202 7598 8807 7845
22 104M 4455 6747 8968 8399
23 10yM 3849 7529 872 8163
24 104M 364 5161 6757  79.27
25 104M 5377 6608 7965 8475
2%  104M 59 9.22 6583  33.89
27 104M 8065 7814 8956 8359
28  10yM 8028 7526 10373  105.13
20  104M  77.64 7372 889 8214
30 104M 8014 7482 7724 8145
31 1M 7623 7871 7048 8373
32 14M 8416 7624 9065 8477
33 104M  -285 322  -2404  -321
34 104M 926  -653 5718 2247
35 10yM 8978 8638 8647 836

36  10uM 23 033 3165 2288
37 1uM 498 2074 471 3488




Solubility assay of compounds using an UV-visible spectrometer

Compound 5, 16, 18, 28 and 29 were dissolved in a mixed solution containing an equal volume of
methanol and water and the maximum absorption wavelength were tested by scan in 200 ~ 600
nm. A series concentrations of those compounds were prepared in a mixed solution with an equal
volume of methanol and water and their absorption at maximum absorption wavelength were
tested to afford a standard curve. Saturated solutions which obtained from the filtered
supersaturated aqueous solution through 0.22um microporous-membrane were diluted with an
equal volume of methanol and tested the absorption at the maximum absorption wavelength. Base
on the absorption, the concentration of the compounds are determined on the standard curve, and

then calculate the concentration of the compound in water to get the solubility.
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Original "H-NMR and *C-NMR spectra of representative compounds

'H-NMR and **C-NMR original images of compound 5
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'H-NMR and **C-NMR original images of compound 28
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