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Abstract

A library of 28 analogs of bavachinin includingpdatic and aromatic ethers, epoxide, chalcone,
oxime, semicarbazide, oxime ether and triazolevdévies have been synthesized and evaluated
for cytotoxicity against four different human cancell lines. Bio-evaluation studies exhibited
better cytotoxic profile for many analogs compardavachinin. Best results were observed for
a 1,2,3-triazole analoglTi) with ICso values 7.72, 16.08, 7.13 and 11.67 puM against lung
(A549), prostate (PC-3), colon (HCT-116) and brgd€CF-7) cancer cell lines respectively.
This analog showed three and four fold improvenmeimetytotoxicity against HCT-116 and A549
cell lines than parent molecul®) ( Structure activity relationship (SAR) study fl synthesized
analogs was carried out. Further, mechanistic sufdye lead moleculel{i) revealed that it
inhibits colony formation anah vitro migration of human colon cancer cells (HCT-11dg0A it
induced the morphological changes and mediatedgbgptotic cell death of HCT-116 cells with
perturbance in mitochondrial membrane potential (®)NMnd PARP cleavage.

1. Introduction

Flavanoids are one of largest classes of polyplegompounds that occur naturally in plants
which possess broad spectrum of biological acéisiind are considered as suitable therapeutic
agents against cancer. They generally possess @ylpeezopyrone structure (C6-C3-C6)
consisting of two aromatic rings, A and B connedbgda central pyran ring C. The saturation
level and opening of central pyran ring categoviagous classes of flavonoids namely flavones,
flavonols, isoflavones, flavanols, flavanones ataldnonols [1,2]. Unlike other flavonoids,
flavanones like bavachinih, hesperetir? and naringenir8 (Fig.1) have been potential sources
to search for new leads in the area of cancer plyd@a4].

Insert Figure 1.



The seeds oPsoralea corylifoliaare major source of bavachinin [5] and exhibit ddee
pharmacological activities including anticancer, [BPAR agonist [6], anti-inflammatory [7],
anti-alzheimer [8] and immunomodulatory [9]. Cytito effects of bavachinin have also been
studied on various cancer cell lines [3, 10] andspgs 20S proteasome inhibitory activity that
inhibits the signaling action of NB leading to cell deatlvia apoptosis [11]. Beside this
bavachinin also inhibiteoh vitro migration of human KB cells and durimngvivo studies in nude
mice with KB xenografts, it significantly reducednor volume and CD31 expression [12].
Bavachinin 1 nucleus is capable of undergoing suitable chentiGaisformation studies at
various key positions available on molecule (Fig. $everal bavachinin derivatives have
synthesized and reported for their different biadagactivities. Chen et al. prepared bavachinin
derivatives4 and5 via biotransformation to study their T cell differenioan effects [13]. Dai et
al. reported anticancer activity of bavachinin @sdenzymatically synthesized glucosial¢14]
while Du et al. reported PPAR-agonist activity of several bavachinin analogs agwhich
compounds7 and 8 were found as most potent derivatives [15] (Fig. Rpwever, further
investigation is desired to develop the potentcamicer agents based on bavachinin.

Insert Figure 2.
Therefore, the natural product bavachinin was tedlan bulk quantity from the seeds of
Psoralea corylifoliafor synthesis of its analogs being our interestswiation and structural
modification of natural products for drug discoverfypotent analogs in the area of anticancer
[16-19]. Further the synthesized analogs were sexkdor cytotoxicity against four different
human cancer cell lines (A549, PC3, HCT-116 and MQFThe most active compound was

taken further to study its cytotoxic mode of action



2. Results and discussion

2.1. Chemistry

Bavachininl was isolated in gram quantities from the seedB.daforylifolia and was used for
structural modification studies. The configurat@nC-2 an asymmetric center in the molecule
was observedS) based on NOESY (Fig. S1) which was also confirmbgdcomparing the
observed specific rotation value]f = -20 (c = 1.0, CHG) with literature [5, 20]. Different
analogs of bavachinih were synthesized with modifications at ring A,Band prenyl chain of
the molecule (Fig. 3) as shown in scheme 1 andliphatic ether analogs of bavachin(i®e-e)
were synthesized by reactidgwith appropriate alkyl halides in acetone in thesence of
potassium carbonate as base [21]. Anakfgs aromatic ethers of bavachinin were synthesized
through Chan-Lam coupling by reactiigwith various aryl boronic acids in DCM in the
presence of copper acetate and pyridine [22]. Efganalog of bavachinii@) was synthesized
by reactingl with m-chloroperbenzoic acidntCPBA) in DCM as per earlier report [23].
NOESY spectra (Fig S2) is provided in supportingimation. Compoundl, chalcone analog
of 1 was obtained by treating it with sodium hydride d@thanol. Compound?2, carbonyl
reduction analog was synthesized by reactingith sodium borohydride (NaBflin methanol
as per our earlier report [17] and its configunatiwas found 34R at C-2 and C-4 position on
the basis of 2D NMR (COSY, HSQC and HMBC) experitaaencluding NOESY (Fig S3-8).
Further the configuration was also confirmed thtoogserved specific rotation]p = +19 (c =
1.0, CHC}) which was found in comparison with literature [2€ompoundl2a, double bond
reduced product was prepared by hydrogenation whdbanin in presence of 10% Pd/C [23].

Compoundsl3 and 14, oxime and semicarbazide analogs of bavachinire sgnthesized by



treating1 with hydroxylamine hydrochloride and semicarbazigelrochloride respectively in
ethanol as solvent [25].

Insert Figure3
Insert Scheme 1.

Bavachinin triazoles were synthesized at oxime tydte prepare anticancer analogs in the light
of literature [19, 26]. For this, methyl ether ddvachinin9a was reacted with hydroxylamine
hydrochloride to prepare its oxime analtlgy Compoundl5 was reacted with propargyl bromide
in acetone in presence of potassium carbonate riasfu compoundl6é which was further
subjected to Cu (I) catalyzed 1,3-dipolar cyclo#iddireaction (click chemistry) using various
substituted aromatic azides to provide 1,2,3-ttmzterivativesl7a-k in excellent yields [27]
(scheme 2). To confirm the configuration of C=N bleubond in triazole analog$7a-k,
NOESY experiment of one compound & was recorded. On interpretation of data, the signal
atd 5.37 (-OCH) did not show any correlation with either of prnagoat C-3 (-CH) that rule out
the E configuration while the same signal &t5.37 (-OCH) showing weak correlation with
aromatic proton singlet &t7.63 (H-5) which indicate Z configuration of C=Niq. S9).

Insert Scheme 2.
2.2. Biology
2.2.1. Cell growth inhibition studies
Compoundl and its synthesized analogs were screened agapsta of four different human
cancer cell lines namely lung (A549), prostate @Ceolon (HCT-116) and breast (MCF-7) to
evaluate their cytotoxic potential using SRB adsayl8 hours. Results are shown in table 1 and
values given are the average of triplicate analysipreliminary screening at 50 pM, bavachinin
and some of its derivatives including compour®es 9i, 10, 12, 12a, 13, 17d, 17f and 17i

exhibited significant inhibition effects (>50% iftition) against all the experimental cancer cell



lines. CompoundSa-f, 9i, 13, 16, 17f and17j showed maximum inhibition effects against colon
cancer cells (HCT-116). Compoundi8, 11 12a, and 14 displayed maximum inhibition effects
against breast cancer cells (MCF-7) where as congsdlb and17c sensitized lung cancer cells
the most. Overall, compounds’d and 17i exhibited most potent cytotoxic effects (100%
inhibition) against all the cell lines examined {ghcompound®g, 12, 17a, 17b, 17e, 179 and
17h did not possess significant cytotoxicity against af the cell lines tested.

Insert Table 1.

2.2.2. IGpand structure activity relationship (SAR) studies
Compounds showing significant cytotoxic effects 34 growth inhibition) at 50 uM (Table 1)

were further screened at four different concerdregtil, 5, 1&nd 30 puM to calculate their 4
values. The calculated igvaluesare shown in Table 2. Parent molecule showed V&lues
30.5, 25.4, 20.7 and 19.5 uM against lung, prostatdon and breast cancer cell lines
respectively. Compounti3 displayed three fold more potent cytotoxicity thgarent {) against
lung cancer cell line (A549). Compoufd was found to be three and four fold more actianth
the parent against lung (A549) and colon (HCT-1d#)cer cell lines respectively.

Insert Table 2.

Structure activity relationship (SAR) of compouhidvas established on the basis of growth
inhibition and 1G, data and can be summarized as follows: Alkyl antlether derivatives9a-

i) affected colon cancer cells (HCT-116) the moantbther cell lines tested but did not exhibit
significant anticancer effects compared to the mar@). Epoxide analog 10) displayed
comparable cytotoxic effects where as oxit® @nd semicarbazidd4) analogs were found to
be more active as compared to the parent agaird® Aéll line. Chalcone analogl) inhibited
breast cancer cells the most. Reduction anal@ydid not display any significant cytotoxicity

against any of the examined cell line while doutsed reduced prenyl analo§26) showed



comparable cytotoxic effects to parent against lcagcer cell line (A549). Oxime ether analog
(16) displayed cytotoxic effects against lung (A54@)deacolon cancer (HCT-116) cell lines.
Among triazole derivativeslya-k), analogs with electron releasing groupga( 17b and17h)
did not reveal any significant cytotoxicity excdpt the analog havingOH substitution ap-
position (7f) showing cytotoxicity to some extent against HCIB Lell line. Loss of activity in
17e having—CH,OH group at 3-position thah7d having—CH,OH group at 2-position showed
position of substituent is essential for the attivAnalogs with electron withdrawing groups
such asCOGHs and-CN (17] and17k) showed cytotoxicity to some extent but analogitgv
benzamide moietyl{i) was found to be most potent havingd®@alues 7.72, 16.08, 7.13 and
11.67 pM against lung, prostate, colon and bremster cell lines respectively, hence chosen for
further cell death mechanistic study.
2.2.3. Compound7i inhibited cell proliferation during colony formain assay in colon cancer
cells (HCT-116)
In vitro clonogenic assay was performed to measure thepodliferation capability i.e. the
ability of a single cell to grow into a colony. Bhassay tests each and every cell in the
population for its ability to undergo unlimited dions [28]. HCT-116 cells were treated with
different concentrations df7i at 3.6, 7.2 and 14.4 uM in which colonies wererfed after 14
days treatment. It was found that compoud significantly decreased colony formation in
colon cancer cells (HCT-116) in a concentrationeshegjent manner as compared to the untreated
control (A) (Fig. 4).

Insert Figure4
2.2.4. Compound7i inhibited in vitro cell migration during wound higag assay in HCT-116

cells



In vitro scratch assay or wound healing assay is a wet#idped method for cell migration
studies. In this method, a wound is created in larmenolayer in order to monitor the cell
migration and proliferation [29]. In this experimeRCT-116 cells monolayer was scratched and
treated withl7i at different concentrations (3.6, 7.2 and 14.4 jid1)24h. The wound area was
measured at two different time points 0 and 24lwhich the percentage reduction in cell
migration was quantitatively assessed with Oh gosatch. Rate of migration was assessed as
compared to the corresponding control (A). It wasesved that cell migration was inhibited in a
concentration dependent manner (Fig. 5).

Insert Figureb.
2.2.5. Compound7i induced morphological changes in HCT-116 cells
The colon cancer cells (HCT-116) were treated dithat 3.6, 7.2 and 14.4 uNbr 24 h. Phase
contrast microscopy was used to assess the mogpbalahanges in the cells. Characteristic
morphological changes were observed in 1ffe treated cells in a concentration-dependent
manner (Fig. 6).

Insert Figure®6.
2.2.6. Compound7i triggered mitochondrial membrane potential (MMB$$
MMP loss occurs due to disruption in the mitochdaedmembrane permeabilisation with the
release of apoptogenic stimuli leading to cell Hef®0]. The changes in potential of
mitochondrial membrane of HCT-116 cells were anadiyly staining with a fluorescent cationic
dye, rhodamine-123 (RH-123). The rate of fluoreseetlecay is directly proportional to MMP
loss. When HCT-116 cells treated with different @amtrations ofl7i (3.6, 7.2 and 14.4 uM
dramatic loss in MMP was observed in a concentmatiependent manner whereas nuclei of

untreated cells (control) were having intact mitaatiria (Fig. 7).



Insert Figure?
2.2.7. Compound7i mediated PARP cleavage
PARP [poly (ADP ribose) polymerase] is a nucleart@n having the main function in repairing
DNA damage in response to cellular stress [31]a@d PARP activity in HCT-116 cells was
analyzed using Western blot analysis where it latsasick sensor function and becomes inactive
towards DNA damage. PARP cleavage started at acotration of 3.6 UM and produced 89
KDa c-terminal fragment and continued the cleavatlepn as concentration increased with
actin serving as a loading control. This shows #¥aRP played an important role in apoptotic
cell pathway (Fig. 8).

Insert Figure8.

3. Conclusion

In conclusion, a novel library of 28 analogs of &ehvinin was synthesized and evaluated for
cytotoxicity against a panel of four different humaancer cell lines namely lung (A549),
prostate (PC-3), colon (HCT-116) and breast (MCFalgng with the parent molecule.
Cytotoxicity results revealed that many compounxisitet significant cytotoxic effects against
different cancer cell lines. More significantly, mpounds13, 14 and 17i were found to be
promising derivatives with 165 <20 uM against various cancer cell lines examir@ampound

171 was found as lead compound among the synthesiaetbgs with three and four fold
improvement in cytotoxicity against colon and luzancer cell lines as compared to the parent
molecule. Moreoverl7i induced apoptotic cell death through loss of MMid 2ARP cleavage.

It also inhibited the colony formation, cell migat and induced the morphological changes in a
concentration dependent manner. All these expetsriadicated the potential of compouhd

to develop as potent anticancer agent.



4. Experimental section

4.1. Chemistry

All the reagents and solvents used for isolatianmijfigation and synthesis were purchased from
Sigma-Aldrich/E. Merck. All chemical reactions wear@nitored by TLC on silica gel 60,4z
plates (E. Merck) using 2% ceric ammonium sulplsaletion as spraying reagent for detection
of spots. All synthesized derivatives were purifid column chromatography using silica gel
60-120 mesh as stationary phase. NMR spectra weoeded on Bruker DPX 400 and DPX 500
instruments using CI®D, acetone-d6, CDglas the solvent taking TMS as the internal
standard. The chemical shifts are expressedaind coupling constant in Hertz. High Resolution
Mass Spectra (HRMS) were recorded on Agilent Teldgies 6540 instrument. Melting points
were determined (uncorrected) with a Buchi melpogt apparatus B-545. The optical rotation

[a]p values were measured with a Perkin Elmer 241 po&er.

4.1.1. Isolation of Bavachiniri)

Bavachinin was isolated in gram quantity by repgai@umn chromatography in 5-8% EtoAc/
Hexane of DCM: MeOH (1: 1) extract prepared fronedse of Psoralea corylifolia Initially,

Bakuchiol, the major constituents of the extracsvisolated [17], after that bavachinin was
obtained as crystalline compoumhich was characterized by spectroscopic techniqases

reported in literature [5, 20].

4.1.2. General procedure for the synthesis of @ihether analogs9a-e). Bavachinin (100
mg, 0.30 mmol) was dissolved in acetone and to Kh3O; (0.30 mmol) and respective alkyl
halides (0.30 mmol) were added. The reaction mixtuas stirred at room temperature for 2 h

till the completion (monitored by TLC analysis).té&f completion, mixture was extracted with



ethyl acetate and water (3 times). The combinedrocgayers were dried over sodium sulphate
and concentrated on rotavapour. The crude proditaireed was purified by column
chromatography on silica gel 60-120 mesh with 3€ibfyl acetate/hexane as the eluent to afford
the desired pure products in 90-94% vyield. The tspkdata of all the derivative®4-€) are

given below.

4.1.2.1. 7-methoxy-2-(4-methoxyphenyl)-6-(3-metiy®oen-1-yl)chroman-4-one94). Yield:
91%, gummy massg]p = -12 (c = 1.0, CHG), *H NMR (400 MHz, CDCJ): 5 1.69 and 1.74
(3H each, s, H-4” and H-5"), 2.75 and 3.02 (1Htkbam, H-3a and 3b), 3.24 (2H, 3= 7.3 Hz,
H-17), 3.83 and 3.84 (3H each, s, 2 x -8, 5.27 (1H, tJ = 8.0 Hz. H-2"), 5.37 (1H, dd] =
13.0, 4.0 Hz, H-2), 6.44 (1H, s, H-8), 6.95 (2H,Jd& 8.0 Hz, H-3' and H-5’), 7.39 (2H, d,=
8.0 Hz, H-2' and H-6'), 7.68 (1H, s, H-5}°C NMR (125 MHz, CDGJ): 5 190.86, 164.09,
162.27, 159.97, 132.89, 131.08, 127.71 x 2, 121/24,87, 121.84, 114.2 x 2, 114.04, 98.83,
79.8, 55.72, 55.34, 44.17, 27.8, 25.79 and 17./2MB m/z calcd for GoH2s04 [M + H]*

353.1747, found 353.1735.

4.1.2.2. 2-(4-ethoxyphenyl)-7-methoxy-6-(3-methy®bean-1-yl)chroman-4-one 9). Yield:
90%, gummy massp]p = -6 (¢ = 1.0, CHG), *H NMR (400 MHz, CDCJ): & 1.42 (3H, tJ =
7.0 Hz, -CHCH3), 1.69 and 1.74 (3H each, s, H-4” and H-5")72.and 3.02 (1H each, m, H-
3a and 3b), 3.24 (2H, d,= 7.3 Hz, H-1"), 3.83 (3H each, s, -Gf), 4.04 (2H, gJ = 8.0 Hz, -
CH,CH), 5.28 (1H, tJ = 8.0 Hz. H-2"), 5.35 (1H, ddj = 12.0, 4.0 Hz, H-2), 6.44 (1H, s, H-8),
6.95 (2H, dJ = 8.0 Hz, H-3" and H-5), 7.37 (2H, d,= 8.0 Hz, H-2’ and H-6'), 7.67 (1H, s, H-
5). ¥C NMR (125 MHz, CDGJ): 5 191.07, 164.09, 162.32, 159.32, 133.0, 130.81,7R% 2,
127.07, 124.84, 121.78, 114.71 x 2, 113.97, 9878288, 63.56, 55.76, 44.17, 27.83, 25.89,

17.78 and 14.82. HRM®/zcalcd for GaH,704 [M + H]*367.1904, found 367.1900.



4.1.2.3. 7-methoxy-6-(3-methylbut-2-en-1-yl)-2-(dpgoxyphenyl)chroman-4-one9d). Yield:
91%, gummy massg]p = -12 (c = 1.0, CHG), *H NMR (400 MHz, CDCY): § 1.04 (3H, tJ =
7.0 Hz, -CH), 1.69 and 1.74 (3H each, s, H-4” and H-5"), 1.2H, q,J = 8.0 Hz, -G,CHy),
2.76 and 3.02 (1H each, m, H-3a and 3b), 3.25 (¢Hd,= 8.0 Hz, H-1"), 3.83 (3H, s, -Od3),
3.94 (2H, g,J = 8.0 Hz, - G1,CH,CHs), 5.27 (1H, tJ = 8.0 Hz. H-2"), 5.37 (1H, ddJ = 13.0,
4.0 Hz, H-2), 6.44 (1H, s, H-8), 6.94 (2H,Xk 8.0 Hz, H-3" and H-5’), 7.38 (2H, d,= 8.0 Hz,
H-2' and H-6"), 7.67 (1H, s, H-5)}3C NMR (125 MHz, CDCJ): 5 191.07, 164.09, 162.32,
159.52, 132.99, 130.75, 127.73 x 2, 127.06, 124182,78, 114.74 x 2, 113.97, 98.83, 79.87,
69.61, 55.76, 44.16, 27.82, 25.88, 22.56, 17.7818&n84. HRMSm/z calcd for G4H2904 [M +

H]*381.2060, found 381.2064.

4.1.2.4. 2-(4-butoxyphenyl)-7-methoxy-6-(3-methy®an-1-yl)chroman-4-one 9¢). Yield:
92%, gummy massg]p = -12 (¢ = 1.0, CHG), *H NMR (400 MHz, CDCJ):  0.98 (3H, tJ =

7.0 Hz, -CH), 1.51 (2H, qJ = 8.0 Hz, -G1,CHs), 1.7 and 1.74 (3H each, s, H-4" and H-5"),
1.78 (2H, m, -®,CH,CHj3), 2.77 and 3.05 (1H each, m, H-3a and 3b), 3224 (1,J = 8.0 Hz,
H-1"), 3.84 (3H, s, -OGls), 3.98 (2H, tJ = 8.0 Hz, -G1,CH,CH,CHs), 5.28 (1H, tJ = 8.0 Hz.
H-2"), 5.39 (1H, dd,J = 12.0, 4.0 Hz, H-2), 6.44 (1H, s, H-8), 6.94 (2 = 8.0 Hz, H-3’ and
H-5"), 7.37 (2H, dJ = 8.0 Hz, H-2’' and H-6"), 7.67 (1H, s, H-5C NMR (125 MHz, CDCJ):
0191.11, 164.1, 162.32, 159.54, 133.01, 130.72,7B2% 2, 127.06, 124.83, 121.77, 114.74 x 2,
113.97, 98.82, 79.88, 67.81, 55.77, 44.16, 27.888, 19.25, 17.78, 13.87 and 10.54. HRMS

m/zcalcd for GsH310,4 [M + H]* 395.2217, found 395.2234.

4.1.2.5. 7-methoxy-6-(3-methylbut-2-en-1-yl)-2 e p-2-yn-1-yloxy)phenyl)chroman-4-one
(9e). Yield: 94%, gummy masse¢]p = -14 (¢ = 1.0, CHG), *H NMR (400 MHz, CDC}): § 1.7

and 1.75 (3H each, s, H-4” and H-5"), 2.54 (1HJ& 4.0 Hz=CH), 2.77 and 3.03 (1H each,



m, H-3a and 3b), 3.25 (2H, d= 8.0 Hz, H-1"), 3.85 (3H, s, -Od3), 4.72 (2H, s;OCH,), 5.28
(1H, t,J = 8.0 Hz. H-2"), 5.39 (1H, ddJ = 12.0, 4.0 Hz, H-2), 6.45 (1H, s, H-8), 7.05 (2H)

= 8.0 Hz, H-3 and H-5'), 7.42 (2H, d,= 8.0 Hz, H-2" and H-6), 7.68 (1H, s, H-5YC NMR
(125 MHz, CDCH): 5 190.97, 164.13, 162.26, 157.82, 133.05, 131.92,7Rx 2, 127.08,
124.92, 121.73, 115.16 x 2, 113.95, 98.81, 79.883 75.8, 55.85, 55.79, 44.16, 27.83, 25.9,

17.79. HRMSm/zcalcd for G4H»504 [M + H]*377.1747, found 377.1762.

4.1.3. General procedure for the synthesis of aftmether analogs 9f-i). To a solution of
bavachinin (0.30 mmol) in dichloromethane, Cu(OA€).45 mmol), pyridine (0.60 mmol) and
respective boronic acids (0.90 mmol) were addee. rfEaction mixture was kept on stirring at
r.t. for 2-3 h till the completion (monitored by TLanalysis). After completion of the reaction,
usual workup and purification was done which afe@t@¢ompoundSf-i in 85-90% yield.

4.1.3.1. 7-methoxy-6-(3-methylbut-2-en-1-yl)-2-f@mpoxyphenyl)chroman-4-onedf). Yield:
85%, gummy massp]p = -18 (¢ = 1.0, CHG), 'H NMR (400 MHz, CDCJ): § 1.7 and 1.74
(3H each, s, H-4” and H-5"), 2.77 and 3.05 (1Hkam, H-3a and 3b), 3.24 (2H, 3= 8.0 Hz,
H-17), 3.85 (3H, s, -O®ls), 5.27 (1H, tJ = 8.0 Hz, H-2"), 5.44 (1H, dd] = 12.0, 4.0 Hz, H-2),
6.46 (1H, s, H-8), 7.05 (4H, m, H-3’, H-5’, H-2’and H-6""), 7.13 (1H, tJ = 8.0 Hz, H-4""),
7.35 (2H, m, H-3" and H-5""), 7.44 (2H, tJ = 8.0 Hz, H-2’ and H-6"), 7.68 (1H, s, H-5YC
NMR (125 MHz, CDCJ): 6 190.73, 164.15, 162.19, 157.81, 156.79, 133.58,043 129.86 x 2,
127.87 x 2, 127.12, 125.01, 123.68, 121.75, 119.24118.85 x 2, 113.99, 98.81, 79.69, 55.78,

44.27,27.82, 25.87, 17.78. HRMSzcalcd for G/Hp704 [M + H]", 415.1009 found 415.1029.

4.1.3.2. 2-4-(4-fluorophenoxy)phenyl)-7-methoxyB-6rethylbut-2-en-1-yl)chroman-4-on8gj.
Yield: 87%, gummy massg]p = -16 (¢ = 1.0, CHG), *H NMR (400 MHz, CDCJ): & 1.69 and

1.74 (3H each, s, H-4” and H-5"), 2.78 and 3.QH(each, m, H-3a and 3b), 3.24 (2HJd& 8.0



Hz, H-1"), 3.84 (3H, s, -O€ls), 5.27 (1H, tJ = 8.0 Hz, H-2"), 5.44 (1H, ddJ = 12.0, 4.0 Hz,
H-2), 6.45 (1H, s, H-8), 7.0 (6H, m, H-3', 5", 2"3™, 5" and H-6""), 7.42 (2H, t, J= 8.0 Hz,
H-2' and H-6"), 7.68 (1H, s, H-5)"*C NMR (125 MHz, CDGJ): & 190.58, 164.14, 162.14,
160.3, 158.17, 152.47, 133.51, 132.98, 127.89 227,13, 125.03, 121.77, 120.89, 120.81,
118.26 x 2, 116.53, 116.3, 114.02, 98.8, 79.6, 5542.24, 27.81, 25.81, 17.74. HRMSz

calcd for G/H,6FO4 [M + HJ 433.1810, found 433.1808.

4.1.3.3. 7-methoxy-6-(3-methylbut-2-en-1-yl)-2g4itrophenoxy)phenyl)chroman-4-onghy.
Yield: 88%, gummy massg]p = -22 (c = 1.0, CHG), *H NMR (400 MHz, CDCJ): § 1.7 and
1.74 (3H each, s, H-4" and H-5"), 2.84 and 3.@3(each, m, H-3a and 3b), 3.25 (2H,)&; 8.0
Hz, H-1"), 3.87 (3H, s, -O6l3), 5.27 (1H, tJ = 8.0 Hz, H-2"), 5.48 (1H, ddJ = 12.0, 4.0 Hz,
H-2), 6.48 (1H, s, H-8), ), 7.11 (2H, d= 8.0 Hz, H-3' and 5), 7.35 (1H, ddJ = 8.0 Hz, 4.0
Hz, H-6™), 7.52 (3H, m, H-2', 6’ and 5™"), 7.691H, s, H-5), 7.82 (1H, tJ = 4.0 Hz, H-2),
7.96 (1H, m, H-4").*C NMR (125 MHz, CDG)): & 190.54, 164.23, 162.1, 158.13, 155.9,
149.35, 135.4, 133.11, 130.46, 128.28 x 2, 127128,16, 124.47, 121.68, 119.91 x 2, 118.03,
113.95, 113.11, 98.8, 79.46, 55.82, 44.3, 27.818&5.7.77. HRMSn/z calcd for G7H26NOg

[M + H]* 460.1755, found 460.1750.

4.1.3.4. 2-(4-(4-bromophenoxy)phenyl)-7-methox@-Géthylbut-2-en-1-yl)chroman-4-on@ )(

Yield: 89%, gummy massg]p = -18 (c = 1.0, CHG), *H NMR (400 MHz, CDC}): & 1.69 and
1.74 (3H each, s, H-4" and H-5"), 2.82 and 3.QH(each, m, H-3a and 3b), 3.24 (2H,)&; 8.0
Hz, H-1"), 3.84 (3H, s, -O6l3), 5.27 (1H, tJ = 8.0 Hz, H-2"), 5.42 (1H, ddJ = 12.0, 4.0 Hz,
H-2), 6.45 (1H, s, H-8), 6.9 (2H, d= 8.0 Hz, H-3’ and H-5"), 7.03 (2H, d,= 8.0 Hz, H-2’ and
H-6"), 7.44 (4H, m, H-2"", 3, 5" and H-6""), 7.68 (1H, s, H-5)}*C NMR (125 MHz,

CDCl): 6 190.78, 164.24, 162.2, 157.23, 156.1, 134.12,0833.32.82 x 2, 127.98 x 2, 127.15,



125.11, 121.71, 120.76 x 2, 119.03 x 2, 116.14,96.38.8, 79.58, 55.79, 44.24, 27.82, 25.86,

17.78. HRMSm/zcalcd for G7H26BrO4 [M + H]" 493.1009, found 493.1029.

4.1.4. Synthesis of 6-((3,3-dimethyloxiran-2-ylJm8t2-(4-hydroxyphenyl)-7-methoxychroman-
4-one) (0). Bavachinin (0.30 mmol) was dissolved in 3 mL DCMOXE and to thisn-CPBA
(0.45 mmol) in 2 mL DCM was added slowly. The reatimixture was stirred for 2 h at r.t. as
per earlier report [23]. After completion, the mirg was extracted with ethyl acetate and water.
The organic layer was dried and purified with 5%yetcetate/hexane as eluent to afford desired
pure productlO in 78% yield, gummy masse]p = -16 (c = 1.0, CHG), *H NMR (400 MHz,
CDCl3): 6 1.36 and 1.42 (3H each, s, H-4” and H-5"), 2@H, m, 2 x H-1" and H-3a), 3.09
(2H, m, H-2” and H-3b), 3.83 (3H, s, -OGH 5.38 (1H, tJ = 8.0 Hz, H-2), 6.46 (1H, s, H-8),
6.78 (2H, dJ = 8.0 Hz, H-3" and H-5), 7.25 (2H, d,= 8.0 Hz, H-2’ and H-6'), 7.76 (1H, s, H-
5). 3C NMR (125 MHz, CDGJ): 5 191.76, 164.45, 163.16, 156.96, 134.61, 133.62,922x 2,
121.1, 115.7 x 2, 113.99, 99.23, 80.05, 63.86,55(3.93, 43.83, 29.1, 24.76 and 18.88. HRMS

m/zcalcd for GiH230s [M + H]* 355.1540, found 355.1571.

4.15. Synthesis of (E)-1-(2-hydroxy-4-methoxy-Bé3hylbut-2-en-1-yl)phenyl)-3-(4-
hydroxyphenyl)prop-2-en-1-on&l). Bavachinin (0.30 mmol) wagissolved in3.5 mL ethanol
and to this NaH (0.3 mmol) was added and the maxtuas kept on stirring at r.t. for half an
hour. After completion of the reaction, usual wgrkwas done and further purified with 7%
ethyl acetate/hexane to furnidh in 90% yield."H NMR (400 MHz, CDC}): & 1.69 and 1.73
(3H each, s, H-4” and H-5"), 3.2 (2H, m, H-3),83 (3H, s, -OEl3), 5.23 (1H, tJ = 8.0 Hz, H-
2), 6.37 (1H, s, H-8), 6.84 (2H, d= 8.0 Hz, H-3' and H-5'), 7.38 (1H, d,= 16.0 Hz, H-2’ and
H-6"), 7.34 (2H, dJ = 8.0 Hz, H-2' and H-6"), 7.76 (1H, s, H-5fC NMR (125 MHz, CDCJ):

0 191.76, 164.7, 164.09, 159.89, 144.57, 132.85,5I/38 2, 129.77, 126.41, 122.19, 121.76,



117.05, 115.93 x 2, 113.22, 99.05, 55.54, 27.95&8nd 17.63. HRM$&/zcalcd for Gi1H2304

[M + H]"339.1591, found 339.1594.

4.1.6. Synthesis of 2-(4-hydroxyphenyl)-7-methef@-@ethylbut-2-en-1-yl)chroman-4-al3).
Compoundl (0.30 mmol) was dissolved in 4 mL methanol anthie NaBH, (0.45 mmol) was
added slowly a0°C. The reaction mixture was stirred at r.t. forad after completion of the
reaction, the mixture was concentrated, dilutechwitater and further extracted with ethyl
acetate. The organic layer was dried and purifigd 8% EtOAc/hexane as eluent to provide
desired product2 in 70% yield, m. p. 14T, [a]p = +19 (c = 1.0, CHG). *H NMR (400 MHz,
CDCl3): 6 1.71 and 1.73 (3H each, s, H-4” and H-5"), 2drdd 2.39 (1H each, m, H-3a and 3b),
3.25 (2H, dJ = 8.0 Hz, H-1"), 3.76 (3H, s, -OCH} 4.73 (1H, tJ = 4.0 Hz, H-4), 5.15 (1H, §

= 8.0 Hz. H-2"), 5.29 (1H, dd]) = 12.0, 4.0 Hz, H-2), 6.43 (1H, s, H-8), 6.85 (2J = 8.0 Hz,
H-3' and H-5'), 7.3 (2H, dJ = 8.0 Hz, H-2’ and H-6’), 7.07 (1H, s, H-57C NMR (125 MHz,
CDCl): 6 157.48, 156.95, 153.83, 131.97, 131.16, 127.42 K2.26, 123.11, 122.36, 117.44,
114.92 x 2, 98.45, 77.11, 64.93, 54.64, 39.78,4728.84 and 16.89. HRMB\/z calcd for

C21H24NaOy [M + H]" 363.1567, found 363.15609.

4.1.7. Synthesis of 2-(4-hydroxyphenyl)-6-isopefityethoxy chroman-4-onelda). To a
solution of bavachinin (0.30 mmol) in methanol, 16%/C was added slowly while stirring at
r.t. The mixture was kept on stirring for 3 h tlbmpletion [23, 26]. Then the reaction mixture
was filtered, filtrate was concentrated and pudiftarough silica gel column chromatography
using 20% EtOAc/hexane as eluent which provitizalin 80 % yield, solid, m. p. 186, [a]p =
-21 (c = 1.0, CHG), 'H NMR (400 MHz, CDCJ): § 0.93 (6H, dJ = 6.6 Hz, H-4” and H-5"),
1.44 (2H, m, H-2"), 1.58 (1H, m, H-3"), 2.54 K& m, H-1"), 2.78 and 3.04 (1H each, m, H-

3a and 3b), 3.83 (3H, s, -Gf3), 5.39 (1H, ddJ = 13.4, 2.8 Hz, H-2), 6.44 (1H, s, H-8), 6.90



(2H, d,J = 8.6 Hz, H-3' and H-5"), 7.26 (1H, s, H-5), 7.8, d,J = 8.6 Hz, H-2’' and H-6").
13C NMR (125 MHz, CDGJ): 6 191.5, 164.47, 162.3, 156.25, 131.0, 127.98 R2Z,25, 126.36,
115.7 x 2, 113.85, 99.81, 79.83, 55.74, 44.14,888.97, 27.19, 22.58 x 2. HRM®&z calcd
for Cp1H2504 [M + H] " 341.1751, found 341.1754.

4.1.8. Synthesis of 2-(4-hydroxyphenyl)-7-methet8~®ethylbut-2-en-1-yl)chroman-4-one
oxime (L3). To a solution of bavachinin (0.30 mmol) in ethanals added pyridine (0.6 mmol)
and NHOH.HCI (0.45 mmol) dissolved in ethanol slowly dt while stirring. The mixture was
stirred for 1.5h till completion. After the usuabrk-up, mixture was dried and purified with 7%
EtOAc/hexane as eluent to proviti@ in 85% yield, gummy massy]p = -9.0 (c = 1.0, CHG),
H NMR (400 MHz, CDCJ): & 1.7 and 1.72 (3H each, s, H-4" and H-5"), 2.68da3.45 (1H
each, m, H-3a and 3b), 3.23 (2HJd 8.0 Hz, H-1"), 3.79 (3H, s, -O3), 4.98 (1H, tJ = 8.0
Hz. H-2"), 5.27 (1H, ddJ = 12.0, 4.0 Hz, H-2), 6.44 (1H, s, H-8), 6.85 (2HJ = 8.0 Hz, H-3'
and H-5), 7.31 (2H, dJ = 8.0 Hz, H-2' and H-6'), 7.6 (1H, s, H-55°C NMR (125 MHz,
CDCly): 6 159.73, 156.97, 156.33, 149.85, 131.83, 131.08,612 2, 123.99, 123.88, 122.53,
115.17 x 2, 110.38, 99.29, 77.4, 54.98, 30.0, 22814 and 17.05. HRM&/z calcd for

C21H24NO4 [M + H]* 354.1700, found 354.1718.

4.1.9. Synthesis of 2-(2-(4-hydroxyphenyl)-7-matt&(3-methylbut-2-en-1-yl)chroman-4-
ylidene)hydrazinecarboxamidd4). To a solution of bavachinin (0.3 mmol) in ethanahs
added pyridine (0.6 mmol) and NEFONHNH,.HCI (0.45 mmol) dissolved in ethanol slowly at
r.t. while stirring. The mixture was stirred for51h till completion. After the usual work-up,
mixture was dried and purified with 10% EtOAc/heaaas eluent to provid&4 in 85% yield,
white solid, m. p. 15°C, [o]p = +38.0 (c = 1.0, CHG), *H NMR (400 MHz, CDCJ): & 1.73

(6H, s, H-4” and H-5"), 2.67 and 3.03 (1H each, Ht3a and 3b), 3.26 (2H, d,= 8.0 Hz, H-



1"), 3.8 (3H, s, -O®l3), 5.02 (1H, dd,]J = 12.0, 4.0 HzH-2), 5.27 (1H, tJ = 8.0 Hz, H-2"),
6.45 (1H, s, H-8), 6.87 (2H, d,= 8.0 Hz, H-3' and H-5'), 7.32 (2H, d,= 8.0 Hz, H-2’ and H-
6), 7.69 (1H, s, H-5)1°C NMR (125 MHz, CDCJ): § 161.5, 160.25, 158.65, 158.42, 144.25,
133.5, 131.92, 129.08 x 3, 125.85, 124.1, 116.8] ¥1.3.24, 100.79, 78.7, 56.69, 33.26, 29.53,

26.81 and 18.87. HRM®&/zcalcd for G,H26N304 [M + H]*396.1918, found 396.1901.

4.1.10. Synthesis of (Z)-7-methoxy-2-(4-methoxypjxéA3-methylbut-2-en-1-yl)chroman-4-
one oxime 15). To synthesize compountb, firstly 9a was prepared in gram quantities by
reactingl (2.0 g, 5.9 mmol) with CH (5.9 mmol) following the same procedure as merd

in section 4.1.1. Then, to a solution of compo@ad1.9 g, 5.39 mmol) in ethanol was added
pyridine (10.79 mmol) and NDH. HCI (8.09 mmol) dissolved in ethanol slowlyrdt while
stirring. The mixture was stirred for 1.5 h tillropletion. After the usual work-up, mixture was
dried and purified with 8% EtOAc/hexane as eluenpttovide15 in 90% yield, gummy mass,
[a]o = O (c = 1.0, CHG), *H NMR (400 MHz, CDCJ): & 1.68 and 1.72 (3H each, s, H-4” and
H-5"), 2.7 and 3.52 (1H each, m, H-3a and 3b)43(2H, d,J = 8.0 Hz, H-1"), 3.79 and 3.82
(3H each, s, 2 x -Of3), 5.01 (1H, ddJ = 12.0, 4.0 Hz, H-2), 5.28 (1H,1,= 8.0 Hz. H-2"),
6.44 (1H, s, H-8), 6.93 (2H, d,= 8.0 Hz, H-3’ and H-5’), 7.4 (2H, d,= 8.0 Hz, H-2' and H-
6'), 7.56 (1H, s, H-5)*C NMR (125 MHz, CDGJ): 5 160.08, 159.73, 156.54, 150.2, 132.76,
132.01, 127.73 x 2,124.32, 123.97, 122.25, 11421 209.81, 90.56, 77.26, 55.47, 55.36, 30.14,

27.91, 25.81 and 17.75. HRM&/zcalcd for GsHo6NO4 [M + H] " 368.1856, found 368.1868.

4.1.11. Synthesis of (Z)-7-methoxy-2-(4-methoxypxén3-methylbut-2-en-1-yl)chroman-4-
oneO-prop-2-yn-1-yl oximé§). Compoundl5 (5.17 mmol) waslissolved in acetone and to this
K2COs (5.17 mmol) and propargyl bromide (5.17 mmol) wadeled. After the usual work-up,

mixture was dried and purified with 8% EtOAc/hexaaseeluent to providé6 in 94% vyield,



colorless solid, m.p. 18@, [a]p = +5.0 (c = 1.0, CHG), *H NMR (400 MHz, CDCJ): § 1.73
(6H each, s, H-4” and H-5"), 2.49 (1H, 3,= 4.0 Hz, =CH), 2.7 and 3.43 (1H each, m, H-3a
and 3b), 3.26 (2H, dl = 8.0 Hz, H-1"), 3.79 and 3.83 (3H each, s, 20CH;), 4.77 (2H, dJ =
4.0 Hz, N-O-CH), 4.9 (1H, ddJ = 8.0 Hz, 4.0 Hz, H-2), 5.28 (1H, 1,= 8.0 Hz, H-2"), 6.43
(1H, s, H-8), 6.93 (2H, d] = 8.0 Hz, H-3' and H-5"), 7.38 (2H, d,= 8.0 Hz, H-2' and H-6),
7.66 (1H, s, H-5)C NMR (125 MHz, CDG)): 5 160.16, 159.72, 156.7, 150.46, 132.18,
131.91, 127.75 x 2, 124.56, 124.42, 122.71, 114.06109.61, 99.52, 79.95, 77.24, 74.33, 61.6,
55.47, 55.37, 30.94, 28.28, 25.84 and 17.85. HRM3 calcd for GsHzgNO4 [M + H]*

406.2013, found 406.2037.

4.1.12. General procedure for the synthesis ofztigl derivatives {7a-k). Compoundg17a-k)
weresynthesized by reactirip (1 eq) with respective freshly prepared organidez (1.1 eq) as
per literature [27], in 6 mL watet:butanol (1:1) mixture followed by the addition sdédium
ascorbate and copper (Il) sulphate pentahydratem(@®6 each). The heterogeneous reaction
mixture was stirred vigorously at room temperattite the completion of reaction. After
completion, the reaction mixture was extracted vathyl acetate and water. The combined
organic layer was dried, concentrated and puriffedugh column chromatography using 10-
30% EtOAc:hexane mixture as eluent to furnish panaducts in excellent yields. The spectral
data of all triazolyl derivativedl{a-k) is given below.

4.1.12.1. Synthesis of (Z)-N-(4-(4-((((7-methox¢-2nethoxyphenyl)-6-(3-methylbut-2-en-1-
yl)chroman-4-ylidene)amino)oxy)methyl)-1H-1,2, &r0l-1-yl)phenyl)acetamidel7a). Yield:
95%, gummy massg]p = +2 (c = 1.0, CHG), *H NMR (400 MHz, CDCJ): § 1.67 (6H, s, H-
4" and H-5"), 2.13 (3H, s, -NHCO#s3), 2.66 and 3.35 (1H each, m, H-3a and 3b), 3.2 (bl

= 8.0 Hz, H-1"), 3.74 and 3.75 (3H each, s, 2 *CHR), 4.95 (1H, dd,) = 12.0, 4.0 Hz, H-2),



5.23 (1H, tJ = 8.0 Hz. H-2"), 5.3 (2H, s, -OB,C-), 6.38 (1H, s, H-8), 6.86 (2H, d= 8.0 Hz,
H-3’ and H-5’), 7.31 (2H, d) = 8.0 Hz, H-2' and H-6’), 7.6 and 7.71 (2H each)] €,8.0 Hz, H-
2™, 3", 5" and 6™ ), 7.62 (1H, s, H-5), 8.07 (1H, s, =&-N-). *C NMR (125 MHz, CDCJ):

0 170.31, 160.19, 159.61, 156.62, 150.34, 145.29,383 132.39, 132.12, 131.85, 127.62 x 2,
124.34, 124.14, 122.53, 121.81, 121.17 x 2, 128.24113.92 x 2, 109.81, 99.47, 77.12, 66.85,
55.27, 55.12, 28.07, 25.54, 23.53, 22.59, 17.52MBRn/z calcd for GaH3eNsOs [M + H]*
582.2711, found 582.2699.

4.1.12.2. Synthesis of (2)-N-(4-(4-((((7-methox¢#-2nethoxyphenyl)-6-(3-methylbut-2-en-1-
yl)chroman-4-ylidene)amino)oxy)methyl)-1H-1,2, &0l-1-yl)phenyl)benzamidel 4b). Yield:
91%, white solid, m. p. 208, [o]p = +5 (c = 1.0, CHG), H NMR (400 MHz, CDC}): § 1.72
(6H, s, H-4” and H-5"), 2.69 and 3.44 (1H each, H¥3a and 3b), 3.25 (2H, d,= 8.0 Hz, H-
1), 3.78 and 3.8 (3H each, s, 2 x -6§), 4.95 (1H, dd,J = 12.0, 4.0 Hz, H-2), 5.3 (1H,d,=
8.0 Hz, H-2"), 5.38 (2H, s, -OB,C-), 6.43 (1H, s, H-8), 6.91 (2H, d,= 8.0 Hz, H-3' and H-
5’), 7.36 (2H, dJ = 8.0 Hz, H-2' and H-6"), 7.5 (2H, 8§ = 8.0 Hz, H-3"” and 5""), 7.57 (1H,

t, J = 8.0 Hz, H-4""), 7.66 (1H, s, H-5), 7.72 and8R (2H each, dJ = 8.0 Hz, H-2"", 3",

5™ and 6™ ), 7.89 (2H, d,J = 8.0 Hz, H-2"" and 6"), 8.0 (1H, s, =G&i-N-). °C NMR (125
MHz, CDCk): 6 165.79, 160.14, 159.7, 156.61, 150.06, 145.62,51384.46, 133.19, 132.29,
132.24,131.88, 128.92 x 2, 127.73 x 2, 127.11 ¥4,39, 124.26, 122.65, 121.43 x 2, 121.28,
120.99 x 2, 114.04 x 2, 109.78, 99.59, 77.3, 6755/5, 55.32, 28.23, 25.87, 22.72, 17.86.
HRMS m/zcalcd for GgHzgNsOs [M + H]* 644.2867, found 644.2853.

4.1.12.3. Synthesis of (Z)-(7-methoxy-2-(4-methoeyyl)-6-(3-methylbut-2-en-1-yl)chroman-4-
oneO-((1-(2-chloropyridin-3-yl)-1H-1,2,3-triazoll)methyl)oxime X7c). Yield: 90%, gummy

mass, §]o = +6 (c = 1.0, CHG), *H NMR (400 MHz, CDCJ): § 1.69 (6H, s, H-4” and H-5"),



2.67 and 3.42 (1H each, m, H-3a and 3b), 3.24 (¢H,= 8.0 Hz, H-1"), 3.78 and 3.81 (3H
each, s, 2 x -0OB3), 4.96 (1H, ddJ = 12.0, 4.0 Hz, H-2), 5.27 (1H, 1,= 8.0 Hz. H-2"), 5.41
(2H, s, -O®,C-), 6.42 (1H, s, H-8), 6.91 (2H, d~= 8.0 Hz, H-3" and H-5’), 7.36 (2H, d,= 8.0

Hz, H-2’ and H-6'), 7.46 (1H, dd] = 8.0, 4.0 Hz, H-3"™), 7.64 (1H, s, H-5), 8.04c8.54 (1H
each, dd,J = 8.0, 4.0 Hz, H-2""and 4'™), 8.17 (1H, s, #6-N-). °C NMR (125 MHz, CDG)): &
160.14, 159.7, 156.65, 150.2, 145.29, 144.83, 23d@.82.24, 132.13, 131.88, 127.7 x 2, 125.07,
124.42 x 2, 124.23, 123.38, 122.64, 114.06 x 2,7)99.59, 77.24, 67.09, 55.47, 55.34, 30.94,

28.21, 25.8, 17.8. HRMB/zcalcd for GoH3:CINsO4 [M + H]*560.2059, found 560.2034.

4.1.12.4. Synthesis of (Z)-(7-methoxy-2-(4-methoeyyl)-6-(3-methylbut-2-en-1-yl)chroman-4-
oneO-((1-(2-hydroxymethyl)phenyl)-1H-1,2,3-triadefd)methyl)oxime 17d). Yield: 92%,
gummy mass,d]p = +3 (c = 1.0, CHG), *H NMR (400 MHz, CDC)): 1.7 (6H, s, H-4” and
H-5"), 2.69 and 3.42 (1H each, m, H-3a and 3b243(2H, d,J = 8.0 Hz, H-1"), 3.78 and 3.8
(3H each, s, 2 x -Of3), 4.47 (2H, s, -6,0H), 4.98 (1H, ddJ = 12.0, 4.0 Hz, H-2), 5.27 (1H, t,
J=8.0 Hz. H-2"), 5.4 (2H, s, -OB,C-), 6.43 (1H, s, H-8), 6.91 (2H, d~ 8.0 Hz, H-3" and H-
5", 7.35 (2H, d,J = 8.0 Hz, H-2’ and H-6"), 7.39 (1H, 4,= 8.0 Hz, H-4"), 7.48 (2H, m, H-3"
and 6"), 7.62 (1H, m, H-5"), 7.66 (1H, s, H-5Y7.99 (1H, s, =@-N-). *°C NMR (125 MHz,
CDCl3): 6 160.17, 159.71, 156.65, 150.15, 145.17, 135.9%.613132.28, 131.86, 131.55,
130.01, 129.09, 127.73 x 2, 124.61, 124.44, 124122,65, 114.05 x 2, 109.74, 99.61, 77.23,
67.26, 61.78, 55.48, 55.34, 30.92, 28.22, 25.8[2217.82. HRMSn/z calcd for GzH3sN4Os
[M + H]"555.2602, found 555.2588.

4.1.12.5. Synthesis of (Z)-(7-methoxy-2-(4-methoeyyl)-6-(3-methylbut-2-en-1-yl)chroman-4-
oneO-((1-(2-hydroxymethyl)phenyl)-1H-1,2,3-triadeyd)methyl)oxime 17e). Yield: 94%,

gummy mass, oo = +7 (¢ = 1.0, CHG), *H NMR (400 MHz, CDC}): & 1.7 (6H, s, H-4” and



H-5"), 2.7 and 3.42 (1H each, m, H-3a and 3b)432H, d,J = 8.0 Hz, H-1"), 3.77 and 3.8 (3H
each, s, 2 x -OBg), 4.76 (2H, s, -6,0H), 4.97 (1H, ddJ = 12.0, 4.0 Hz, H-2), 5.28 (1H,1=

8.0 Hz. H-2"), 5.36 (2H, s, -0B,C-), 6.42 (1H, s, H-8), 6.9 (2H, d,= 8.0 Hz, H-3" and H-5’),
7.34 (2H, dJ = 8.0 Hz, H-2’ and H-6), 7.38 (1H, §,= 8.0 Hz, H-5"™), 7.45 (1H, tJ = 8.0 Hz,
H-4"), 7.57 (1H, d,J = 8.0 Hz, H-6""), 7.65 (1H, s, H-5), 7.74 (1H, B-2'"), 8.01 (1H, s,
=CH-N-). € NMR (125 MHz, CDGJ): & 160.15, 159.66, 156.61, 150.11, 143.36, 137.1,
132.24, 131.88, 129.78, 127.73 x 2, 126.99, 124124.3, 122.68, 121.46, 119.49, 118.89,
114.03 x 2, 109.76, 99.58, 77.19, 67.3, 64.2, 5555733, 30.88, 28.25, 25.84, 22.72, 17.84.
HRMS m/zcalcd for GoHzsN4Os [M + H]*555.2602, found 555.2596.

4.1.12.6. Synthesis of (Z)-(7-methoxy-2-(4-methoeyyl)-6-(3-methylbut-2-en-1-yl)chroman-4-
oneO-((1-(4-hydroxyphenyl)-1H-1,2,3-triazol-4-ylimd)oxime {7f). Yield: 93%, gummy
mass, §]p = +4 (c = 1.0, CHG), *H NMR (400 MHz, CDCJ): § 1.62 (6H, s, H-4” and H-5"),
2.64 and 3.37 (1H each, m, H-3a and 3b), 3.13 bBi= 8.0 Hz, H-1"), 3.69 and 3.7 (3H each,
s, 2 x -OG43), 4.87 (1H, ddJ = 12.0, 4.0 Hz, H-2), 5.21 (1H,1= 8.0 Hz. H-2"), 5.3 (2H, s, -
OCHC-), 6.33 (1H, s, H-8), 6.89 (2H, dd~ 8.0, 16.0 Hz, H-3"" and 5™), 6.9 (2H, dJ = 8.0
Hz, H-3' and H-5’), 7.21 (1H, tJ = 8.0 Hz, H-2""), 7.26 (2H, dJ = 8.0 Hz, H-2' and H-6),
7.57 (1H, s, H-5), 7.98 (1H, s, H-6""), 8.04 (1, =CH-N-). *C NMR (125 MHz, CDCJ): &
160.2, 159.66, 158.72, 156.65, 150.43, 145.29,513R2.26, 131.88, 130.44, 130.42, 127.74 %
2,124.4,124.33, 122.67, 121.17, 116.85, 114.03209.67, 108.98, 99.57, 77.16, 66.82, 55.47,
55.33, 28.25, 25.84, 22.72, 17.84. HRM& calcd for GiH3aN4O0s [M + H]* 541.2384, found
541.2358.

4.1.12.7. Synthesis of (Z)-(7-methoxy-2-(4-methoeyyl)-6-(3-methylbut-2-en-1-yl)chroman-4-

oneO-((1-(4-chloro-2-methylphenyl)-1H-1,2,3-triazbyl)methyl)oxime 17g). Yield: 91%,



gummy mass,do = +6 (¢ = 1.0, CHG), *H NMR (400 MHz, CDCJ): & 1.74 (6H, s, H-4” and
H-5"), 2.22 (3H, s, -®13), 2.72 and 3.47 (1H each, m, H-3a and 3b), 3.25 ¢J = 8.0 Hz, H-
1), 3.81 and 3.83 (3H each, s, 2 x -84}, 5.03 (1H, dd,J = 12.0, 4.0 Hz, H-2), 5.32 (1H,3~

8.0 Hz. H-2"), 5.42 (2H, s, -08,C-), 6.45 (1H, s, H-8), 6.94 (2H, dd~= 8.0, 16.0 Hz, H-3™
and 5™), 7.31 (2H, d,J = 8.0 Hz, H-3' and H-5’), 7.39 (3H, m, H-3"", 5"and 6"), 7.66 (1H,

s, H-5), 7.78 (1H, s, =@-N-). °C NMR (125 MHz, CDGJ): § 160.18, 159.78, 156.61, 150.01,
144.98, 135.59, 135.03, 132.18, 131.93, 131.36,682¥ 2, 127.24, 126.99, 124.65, 124.38 x 2,
124.2, 122.67, 114.07 x 2, 109.82, 99.61, 77.283%755.46, 55.33, 30.9, 28.25, 25.84, 17.86,
17.76. HRMSm/zcalcd for GoHz4CIN4O4 [M + H]*573.2263, found 573.2278.

4.1.12.8. Synthesis of (Z)-(7-methoxy-2-(4-methoeyyl)-6-(3-methylbut-2-en-1-yl)chroman-4-
oneO-((1-(3,4,5-trimethoxyphenyl)-1H-1,2,3-triaZe}d)methyl)oxime 17h). Yield: 92%,
gummy mass,d]p = +12 (¢ = 1.0, CHG), *H NMR (400 MHz, CDCJ): & 1.73 (6H, s, H-4"
and H-5"), 2.72 and 3.41 (1H each, m, H-3a and 387 (2H, dJ = 8.0 Hz, H-1"), 3.8, 3.81,
3.9 and 3.92 (3H each, s, 5 x -Bg, 4.98 (1H, dd,J = 12.0, 4.0 Hz, H-2), 5.29 (1H,1,= 8.0
Hz, H-2"), 5.4 (2H, s, -OEl,C-), 6.44 (1H, s, H-8), 6.92 (2H, dd= 8.0 Hz, H-3' and 5), 6.95
(2H, s, H-2"" and 6™), 7.37 (2H, dJ = 8.0 Hz, H-2' and H-6"), 7.66 (1H, s, H-5), 7.68H, s,
=CH-N-). ¥®C NMR (125 MHz, CDGCJ): § 160.09, 159.72, 156.64, 153.9 x 3, 150.02, 145.45,
132.93, 132.14, 131.9, 127.68 x 2, 124.36, 12422, 711, 121.66, 114.04 x 2, 109.82, 99.61,
98.85, 77.18, 67.4, 61.01, 56.45 x 3, 55.45, 55383, 28.25, 25.77, 17.86. HRM&z calcd
for C34H3gN4O7 [M + H]*615.2813, found 615.2831.

4.1.12.9. Synthesis of (2)-4-(4-((((7-methoxy-2na@thoxyphenyl)-6-(3-methylbut-2-en-1-
yl)chroman-4-ylidene)amino)oxy)methyl)-1H-1,2, &0l-1-yl)benzamide 17i). Yield: 90%,

white solid, m.p. 19% , [a]p = +8 (c = 1.0, CHG), *H NMR (400 MHz, CDCJ): 6 1.44 (6H, s,



H-4” and H-5"), 2.42 and 3.13 (1H each, m, H-3ada8b), 2.98 (2H, dJ = 8.0 Hz, H-1"), 3.52
and 3.53 (3H each, s, 2 x -@l), 4.74 (1H, ddJ) = 12.0, 4.0 Hz, H-2), 5.0 (1H,1= 8.0 Hz. H-
2"), 5.1 (2H, s, -O®1,C-), 6.16 (1H, s, H-8), 6.64 (2H, ddi= 8.0 Hz, H-3' and 5'), 7.09 (2H, s,
H-2' and 6), 7.37 (1H, s, H-5), 7.58 (2H, 3= 8.0 Hz, H-3" and H-5""), 7.77 (2H, d,) = 8.0

Hz, H-2" and H-6"), 7.94 (1H, s, =&I-N-). *C NMR (125 MHz, CDGJ): § 170.64, 161.66,
161.05, 158.05, 151.86, 147.21, 140.58, 135.09,5633.33.28, 130.72 x 2, 129.03 x 2, 125.82,
125.59, 123.98, 122.96, 121.59 x 2, 115.4 x 2,08,1100.96, 78.52, 68.32, 56.75, 56.61, 32.21,

30.9, 26.97, 18.98. HRM®&/zcalcd for GoHzaNsOs [M + H] " 568.2554, found 568.2548.

4.1.12.10. Synthesis of (2)-4-(4-((((7-methoxy-2agthoxyphenyl)-6-(3-methylbut-2-en-1-
yl)chroman-4-ylidene)amino)oxy)methyl)-1H-1,2, &0l-1-yl)phenyl)(phenyl)methanoni7j).
Yield: 87%, white solid, m. p. 182, [o]o = +6 (c = 1.0, CHG), *H NMR (400 MHz, CDC}): &
1.72 (6H, s, H-4” and H-5"), 2.71 and 3.42 (1Hcbam, H-3a and 3b), 3.26 (2H, d7= 8.0 Hz,
H-17), 3.79 and 3.8 (3H each, s, 2 x -6}, 5.0 (1H, dd,J = 12.0, 4.0 Hz, H-2), 5.29 (1H,%~

8.0 Hz. H-2"), 5.41 (2H, s, -0OB,C-), 6.43 (1H, s, H-8), 6.91 (2H, dd= 8.0 Hz, H-3’ and 5’),
7.36 (2H, dJ = 8.0 Hz, H-2' and H-6"), 7.52 (2H, 4,= 8.0 Hz, H-3"" and H-5""), 7.62 (1H,

m H-4""), 7.66 (1H, s, H-5), 7.81 (2H, d] = 8.0 Hz, H-2"" and H-6""), 7.89 (2H, d,J = 8.0
Hz, H-3" and H-5""), 7.97 (2H, d,J = 8.0 Hz, H-2"" and H-6™), 8.11 (1H, s, =B-N-). ’C
NMR (125 MHz, CDC)): 6 195.26, 160.19, 159.71, 156.65, 150.2, 146.12,6B39137.5,
137.05, 132.92, 132.28, 131.84, 131.77 x 2, 138.03128.54 x 2, 127.73 x 2, 124.41, 124.24,
122.66, 121.15, 120.02 x 2, 114.05 x 2, 109.716,987.22, 67.3, 55.5, 55.36, 30.92, 28.25,
25.88, 17.87. HRM$n/zcalcd for GgHa/N4Os [M + H]*629.2758, found 629.2752.

4.1.12.11. Synthesis of (2)-4-(4-((((7-methoxy-Pagthoxyphenyl)-6-(3-methylbut-2-en-1-

yl)chroman-4-ylidene)amino)oxy)methyl)-1H-1,2, &0l-1-yl)benzonitrile X7k). Yield: 86%,



gummy mass,d]p = +10 (c = 1.0, CHG), *H NMR (400 MHz, CDCY)): & 1.72 (6H, s, H-4"
and H-5"), 2.71 and 3.42 (1H each, m, H-3a and 3#5 (2H, dJ = 8.0 Hz, H-1"), 3.79 and
3.81 (3H each, s, 2 x -0G), 4.99 (1H, ddJ = 12.0, 4.0 Hz, H-2), 5.28 (1H,1,= 8.0 Hz, H-
2"), 5.41 (2H, s, -OGI,C), 6.43 (1H, s, H-8), 6.92 (2H, dd= 8.0 Hz, H-3' and 5'), 7.36 (2H,
d,J = 8.0 Hz, H-2' and H-6"), 7.64 (1H, s, H-5), 7.88d 7.91 (2H each, d,= 8.0 Hz, H-2"",

3™, 5" and H-6""), 8.06 (1H, s, =CH-N-). 3C NMR (125 MHz, CDCJ): § 164.09, 163.58,
160.49, 154.1, 150.4, 143.57, 137.72 x 2, 136.3%,68, 131.5 x 2, 128.27, 128.06, 126.51,
124.64, 124.49 x 2, 121.51, 117.89 x 2, 116.28,5,1193.45, 81.0, 71.05, 59.31, 59.17, 34.72,
32.06, 29.65, 21.65. HRM@/zcalcd for GoHzNsO4 [M + H]*550.2449, found 550.2444.

4.2. Biology

4.2.1. Cell culture and growth conditions

Human cancer cell lines A549 (Lung), PC-3 (Pro3taMCF-7 (Breast) and HCT-116 (Colon)
were obtained from National Cancer Institute (NQIFA. 5-fluorouracil was used as positive
control and purchased from Sigma-Aldrich (Bangalundlia). All four cancer cell lines were
grown in tissue culture flasks in complete growtbdim (RPMI-1640) supplemented with 10%
fetal bovine serum, 100 pg/mL streptomycin and L@@ts/mL penicillin (New Brunswick,

Galaxy 170R, Eppendorf) at 37°C, 5% £&nd 98% RH.
4.2.2. Cytotoxicity Assay

The SRB assay [32] was executed to assess theoxigiqgiotential of the potent inhibitors in
which optimum cell density per well was seeded énv&ll flat bottom plates. 100 pL of cell
suspension of a panel of human cancer cell line§ PT00), MCF-7 (8000), A549 (7500), and

HCT-116 (7000) was plated. Following 24 h of inclifya under culture conditions, the cells



were exposed to different concentration (1, 5,3W,and 50 pM) of test materials containing
complete growth medium along with 5-fluorouracil @ssitive control. The plates were kept

under incubation under the same conditions for 48 87°C. Further, cells were fixed with ice

cold TCA for 1 h at 4°C. After 1 h, the plates werashed three times with water and allowed to
air dry. Afterwards, 100 pL of 0.4% SRB dye wasexdidor half an hour at room temperature.
Plates were then washed three times with wateovi@tl by 1% v/v acetic acid to remove the
unbound SRB. After drying at room temperature,liband dye was solubilised by adding 100
pL of 10 mM Tris buffer (pH-10.4) to each well. Tptates were retained on the shaker for 5
min in order to dissolve the protein bound dye. ®@&s taken at 540 nm in a microplate reader

(Thermo Scientific) and 1§ was determined by using GraphPAD Prism Softwaresiga 5.0

(D).

Absorbance of treated cells - Absorbance of Blank
The % of cell viability = X 100

Absorbance of control cells - Absorbance of Blank

% Growth inhibition = 100 - % of cell viability

4.2.3. Colony formation assay

HCT-116 cells (8x1®mL/well) were seeded and treated with compouTd at different
concentrations of 3.6, 7.2 and 14/ and incubated for 24 h. Then, the treated ceksew
trypsinized, counted and re-seeded at 1000 cellsiwva six well plate. The cells were left in
order to give colonies of >50 cells to assess throgenic ability. Thereafter, Cells were fixed
with 1ml of 4% formaldehyde and stained with 0.58gstal violet. Finally, crystal violet was
aspirated carefully and rinsed with water. Clonaogesurvival was expressed as the number of

colony-forming units in treated cultures in compan to untreated controls [17].

4.2.4. In vitro cell migration assay



HCT-116 cells were plated at a concentration of BBzdlls/well and allowed to reach a

conflueny upto 70-80%. Then, the cells were sertarved for 24h and monolayer was scraped
in a straight horizontal line with a sterile 200 tih. Eventually, cells were treated with different
concentrations (3.6, 7.2 and 14M) of 17i for 24 h. Wounded areas were gradually
photographed (20x magnification) at 0 and 24 h #rel percentage of wound closure was

estimated by the following equation:

% Wound closure = [1-(wound area at 0 h /wound ateZt h) x 100%)]

4.2.5. Phase contrast microscopy

HCT-116 cells were treated with 3.6, 7.2 and ldMdconcentration of compount¥i for 24 h.

Cells were simply photographed using phase contmasbscope after treatment.
4.2.6. Mitochondrial membrane potential (MMP)

Cells (1x16/1.5 mL/well) in 12 well plates were treated witfi at 3.6, 7.2 and 144M and 5-
FU at 5uM for 24 h. Rhodamine-123 (10 nM) was added 1 toilgeExperiment termination.

Cells were washed in PBS and immediately analyneigufluorescence microscopy [18].
4.2.7. Western blot analysis

Cells (HCT-116) were treated with varying concetiraof 17i at 3.6, 7.2 and 144M for 24 h.
After completion of incubation, the cells were tsypzed and washed with cold PBS. The whole
cell lysates were prepared by using RIPA buffegtgase and phosphatase inhibitor cocktail.
The lysates prepared were centrifuged at 12,0@ § fmin [33]. The total protein concentration
was determined with the Quantipro BCA assay kigii&) in which BSA (bovine serum

albumin) was taken as a standard. An equal amduptatein per lane was resolved by 10%



SDS-PAGE (sodium dodecylsulphate-polyacrylamide ejelctrophoresis) and transferred to
PVDF (polyvinylidene-di-fluoride membrane) (Millipe). Non-specific binding was blocked by
using 5% BSA in TBST solution for 1 h at r.t. Aftelocking, the membrane was probed with
primary PARP (1:1000) ang-actin (1:500) and incubated with the correspondtigP
conjugated secondantibodies (CST). Immunoreactive proteins were aetewith the ECL

western blotting detection system and exposed tayXfim.
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Legendsto Figures

Fig.1. Structures of some flavanones exhibiting anticaacgvity.

Fig. 2. Structures of various bavachinin derivatives.

Fig. 3. Design rationale of target anticancer compounds.

Fig. 4. Colony for mation assay- P) HCT-116 cells were treated with different centcations of

17i at 3.6, 7.2 and 14.4uM (B, C and D). Untreatetsagkre taken as negative control (A). 5-
fluorouracil was taken as a positive control (E). Bar diagram representation of survival
fraction of HCT-116 cells treated wittyi in a dose dependent manner for each analysis versus
positive control. Data represent means + SD (n.2*3p < 0.001, **P < 0.01 vs. control.

Fig. 5. In vitro wound healing assay- (A) HCT-116 cells treated with7i at 3.6, 7.2 and 14.4
UM for 24 h restricted the migration of the cellagrowth in a dose dependent manner. (B) Area
of the migration was evaluated with the correspogdiontrol through Image. Data represent

means = SD (n = 3). **P < 0.001, **P < 0.01 vsntml.

Fig. 6. Phase contrast microscopy. In a dose dependent manner, the microscopic asays

HCT-116 cells featured various apoptotic cells amahding of the cell due to shrinkage with
condensed cytoplasm whereas untreated HCT-116 petlsessed normal morphology (A). All
images were obtained at a magnification of 20x.

Fig. 7. Dose dependent loss of MMP in HCT-116 cells treeatéh different concentrations of
171 (3.6, 7.2 and 14.4 pM) was analyzed by Rhodamife-&taining through confocal
microscopy. 5-fluorouracil was taken as a positeatrol.

Fig. 8. Immunoblot depiction of cleaved PARP in HCT-1Hll<by17i at varying concentration &.6,

7.2 and 14.4 uM angtactin was taken as a loading control.



Tables

Table 1. Cytotoxic activity (% growth inhibition) of bavarthn (1) and its derivatives at 50uM
concentration

Tissue Lung Prostate Colon Breast
Cdl Line A549 PC-3 HCT-116 MCF-7
S.No. Compound % Cytotoxicity

1 1 85 91 100 99
2 9a 45 58 68 65
3 % 37 60 65 57
4 9 43 54 63 60
5 9d 37 48 60 57
6 % 53 52 75 68
7 of 46 53 76 69
8 9g 27 19 29 37
9 %h 37 21 46 53
1C 9i 72 55 76 68
11 10 79 92 97 98
12 11 68 44 63 73
13 12 48 13 37 49
14 12a 75 78 77 81
15 13 80 81 99 93
16 14 77 67 87 93
17 15 66 45 47 63
18 16 64 41 65 61
18 17a 19 2 6 0
2C 17b 31 22 8 4
21 17c 58 44 47 35
22 17d 100 100 100 100
23 17e 43 34 27 42
24 17f 52 64 65 63
25 179 35 49 20 37
26 17h 28 36 29 45
27 17i 100 100 100 100
28 17j 34 40 52 41
29 17k 42 50 50 4C

Bold value indicates >50 % growth inhibition effect



Table 2. ICso value in uM of bavachinin and its selected anatogghe panel of human cancer
cell lines

Compound Lung Prostate Colon Breast
A549 PC-3 HCT-116 MCF-7
1 30.t 25.¢ 20.7 19.5
10 29.¢ 27.2 29.0z 30.9¢
12a 30.t 36.31 34.32 34.t
13 11.43 31.6: 29.7¢ 23.5¢
14 25.2¢ 27.7 24.3¢ 19.52
17d 30.7 26.5¢ 29.8¢ 23.3¢

17i 7.72 16.08 7.13 11.67
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Fig. 4. Colony for mation assay- P) HCT-116 cells were treated with different centcations of

17i at 3.6, 7.2 and 14.4uM (B, C and D). Untreatetbagkre taken as negative control (A). 5-
fluorouracil was taken as a positive control (E). Bar diagram representation of survival
fraction of HCT-116 cells treated wittvi in a dose dependent manner for each analysis versus

positive control. Data represent means + SD (n.2*3f < 0.001, **P < 0.01 vs. control.
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Fig. 5. In vitro wound healing assay- (A) HCT-116 cells treated with7i at 3.6, 7.2 and 14.4
UM for 24 h restricted the migration of the celtagrowth in a dose dependent manner. (B) Area
of the migration was evaluated with the correspogdiontrol through Image. Data represent

means = SD (n = 3). **P < 0.001, **P < 0.01 vsntml.
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Fig. 6. Phase contrast microscopy. In a dose dependent manner, the microscopic asalys

HCT-116 cells featured various apoptotic cells amahding of the cell due to shrinkage with
condensed cytoplasm whereas untreated HCT-116 petlsessed normal morphology (A). All

images were obtained at a magnification of 20x.
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Fig. 7. Dose dependent loss of MMP in HCT-116 cells treeatéh different concentrations of
171 (3.6, 7.2 and 14.4 pM) was analyzed by Rhodamife-&taining through confocal

microscopy. 5-fluorouracil was taken as a positeatrol.
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Fig. 8. Immunoblot depiction of cleaved PARP in HCT-1Hi<by17i at varying concentration &.6,

7.2 and 14.4 uM angtactin was taken as a loading control.



Scheme

9a-e
R=a-CH;

b -CH,CH3

¢ -CH,CH,CH;4
e-CH,C== CH

= NNHCONH,
14

Scheme 1. Reagents and conditions: p) R-X (-I, -Br),G0Os;, acetone, rt, 2h, 90-94% q) R-
B(OH),, Cu(OAc), Pyd., DCM, rt, 2-3h, 85-90% m-CPBA, DCM, 0-rt, 2h, 78% s) NaH,
ethanol, rt, 0.5h, 90% t) NaBHMeOH, 0- rt, 0.5h, 70% u) Pd/C, MeOH, rt, 2.0h, 80% V)

NH,OH.HCI, ethanol, rt, 1.5h, 85% w) NHONHNH,.HCI, ethanol, rt, 1.5h, 85%



: o5 o™
‘\\\©/ /o (O N /O o

CHjl, K,COs NH,OH. HCI, Pyd.
acetone, rt, 92% ethanol, rt, 90%

NOH

K,CO;,, acetone,
rt, 94%

R-N3 CuSQ, Sod.ascorbate
t-butanol:HO (1:1), rt, 85-95%

Q/QWWQ

Scheme 2: Synthesis of bavachinin 1,2,3-triazole derivati([e?sa—k)




Research highlights

Synthesis of 28 Bavachinin derivatives.

Several derivatives were active against human cancer cell lines.

The molecules inhibits the colony formation and restrict the migration of HCT-116 cells
The molecule induced the morphological changes and mediated the apoptotic cell death
of HCT-116 cells.



