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Graphical abstract

Novel resveratrol-based flavonol derivatives: synthesis and anti-inflammatory

activity in vitro and in vivo

Acute lung injury
inflammation

New resveratrol-based flavonol derivatives with anti-inflammatory were
synthesized. Among them, one compound could significantly decreased production
of NO, IL-6 and TNF-0 LPS-stimulated. Preliminary mechanism indicated that it
could inhibit expression of TLR4, resulting in activation cell signaling pathway
NF-xB and MAPK. The in vivo anti-inflammatory activity was determined by
LPS-induced acute lung injury.
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Abstract: In order to discover novel anti-inflammatory ageritstal thirty-seven new
resveratrol-based flavonol derivatives were desigamad synthesized. All compounds have
been screened for their anti-inflammatory actiloty evaluating their inhibition effect of
LPS-induced NO productiom RAW 264.7 macrophageBheir toxicity was also assessed
in vitro. Structure-activity relationships (SARs) have beeoncluded, and finally
2-(2,4-dimethoxy-6-(4-methoxystyryl)phenyl)-3-hydye4H-chromen-4-one was found to
be the most active scaffold with low toxicity. Traempound could significantly decrease
productionsof NO, IL-6 and TNFe with 1C5o values of 1.35, 1.12 and 1.92 uM,
respectivelyin RAW 264.7 macrophagePreliminary mechanism studies indicated that it
could inhibit the expression of TLR4 protein, résg in activation of the NReB cell
signaling pathwayThein vivo anti-inflammatory activity of this compourabuld reduce
pulmonary inflammatiorby mouse model of LPS-induced acute lung injury (AMWe
believe these findings would further support stadi rational design of more efficient
acute lung injury regulatory inhibitors.
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1. Introduction

Pro-inflammatory cytokines play an important rotethe defense of disease,7.
however, uncontrolled and excess release of ptaamhatory mediators such as NO,
interleukin-6 (IL-6), interleukin-12 (IL-12), intexukin-13 (IL-1pB), tumor necrosis factor
alpha (TNFe) and IL-8 can lead to multiple types of inflamnrgtdiseases such as acute
lung injury (ALI) [3-6]. ALl is a critical illness caused by excessivammation, with the
manifestations of acute respiratory distress, remdiogenic pulmonary edema and
hypoxemia 7-9]. Many cytokines, such as IL-6, ILBland TNFe have been confirmed to
regulate the pathogenesis of ALI through a seriesetl cytokine signaling pathways
[10,17. Despite airway management and protective vditdnastrategies have been
advanced, the mortality rate among ALI patients a&s high due to lack of effective
drugs [L2,13. Therefore, discovery of highly effective drugsdatherapies inhibiting the
production and release of pro-inflammatory cytokifa treatment of ALI is urgent.

It has been reported that LPS works by activatiagnajor receptor TLR4, triggering
the innate immune system$4] 15, with subsequent activation of nuclear factor {R&)
and mitogen-activated protein kinag®$APK) to induce the release of pro-inflammatory
cytokines [L6]. Upon stimulation with LPS, TLR4 initiates theries of signaling cascades
that result in activation of NkB and MAPK to induce the release of pro-inflammgtor
cytokines such as NO and IL-&7].

Resveratrol, a natural product with stilbene moietftich plays an important
anti-inflammatory role 18-22] is the most famous lead template for the druggdeand
discovery [23-25]. In our previous study, baseditsngood safety profile, diversified
derivatives containing resveratrol were designed aynthesized. Among them,
resveratrol-based cinnamic ester hybrids indicgtemtl anti-inflammatory activity through
reducing proinflammatory cytokines due to its intaby effect on the NReB signaling
pathway. Unfortunately, the activity of these commpdsin vivo is not satisfactory. We
focused on this structure and speculated tha& tffeunsaturated ketone moiety was prone
to Michael addition reaction iwvo, which should be affect activity (Figure 1). Based
this, we intend to retain the resveratrol skeldtagments while forming a rigid plane of
S unsaturated ketone, and look forward to improviciydy. So, as part of our continuous



interest in search of novel resveratrol analogsamts-inflammatory agents with good
bioavailability, other active unit was considerediritroduce. As is knowrflavonoids in
citrus have been widely studied for their poterdiati-inflammatory actionsubclasses of
dietary flavonoids can alter both bioavailabilitydabioactivity[26-28]. Therefore, based
on these two naturally and pharmaceutically actiwaffolds, some new resveratrol-based
flavonoid were synthesizedrigure J), in-house compounds library screening showed that
most compounds had no toxicity against tumor aedld. Further activity tests showed that
the toxicity of RAW 264.7 cells was also low. Westhevaluated their anti-inflammatory

activity in vitro andin vivo.

Figurel

2. Results and discussion

2.1 Chemistry

The synthesis of resveratrol aldehyde derivativdes-3d) fragment was exhibited in
Scheme 1Compoundsda~2d) were obtained by reacting pterostilbene with@nated
alkane in the presence of potassium carbonat€@K) and tetrabutylammonium bromide
(TBAB) in acetone under reflux condition. With thélsmeier reaction of compounds
2a~2d using POG and DMF afforded the key aldehyde intermedi&ges3d.

Resveratrol-based flavone derivativEss-5v were outlined inrScheme 2Reaction of

resveratrol aldehyde derivative®3a{-3d) with hydroxyacetophenone derivatives in ethanol
in the presence of pyrolidine resulted to compoufasdv. Then, resveratrol chalcone
derivatives were treated with iodine)(In DMSO under reflux, compound®~5v were
obtained, their structures weshown inTable 1 Resveratrol flavonol derivativesg+70)
were prepared following the procedure describedsblyeme 3The synthesis method of
compounds$a~60 is the same as compountts-4v. Then, resveratrol flavonol derivatives
(7a~70) were prepared from compounés~60 by treatment with NaOH and 30%® in
the presence of methanol at 40 “The structures of @70 shown inTable 2 All

compounds were purified by recrystallization oruroh chromatography and characterized



by *H NMR, **C NMR and HRMS (ESI).

Schemes 1~3
Tables 1~2

2.2 Crystal structure of compounds 5r and 5u.

The structure of compourtet was determined by X-ray crystallograptiyigure 2)
Crystallographical data: #H300e, Triclinic, space groupp.; a = 9.8786 (7),b =
11.6966(11)c = 22.6393 (17) (A)r = 93.908 (7),3= 98.968 (6),y= 94.751 (6) (), V=
2566.3 (4) nm T =293 (2) K,Z = 4, Dc = 1.259 g/cm, F(000) = 1032, Reflections
collected/unique =17725/10093, Data/restraintsfpatars = 10093/0/657, Goodness of fit
on F? = 1.073, FineR, = 0.1167,wR(F?) = 0.1589. Compoun8u: CsaH»s0s, Triclinic,
space group.;; a = 10.1966 (13)b = 16.739 (3)c = 17.174(3) (A);a = 65.938 (16)8=
76.808 (14)y= 88.373(12))), V= 2599.0(7) nm T=293(2) K,Z=4,Dc = 1.33 g/cr,
F(000) = 1096, Reflections collected/unique = 17809/10N&a/restraints/parameters =
10212/0/709, Goodness of fit oR> = 1.025, Fine,R, = 0.1646, wR(F>) = 0.23.
Crystallographic data (excluding structure factdos)the structures have been deposited
into the Cambridge Crystallographic Data Center.

(Figure 2)

2.3 Inhibitory activities against LPS-induced NO release

NO is an important pro-inflammatory mediat@®]. Excessive production of NO was
found play an important role in many inflammatorisedises 30]. So NO inhibitors
accepted that may offer potential opportunity teeanflammatory disease81,33. RAW
264.7 cells as useful cell model in screening mfi@mmatory drugs, since their
stimulation by LPS induces and secretion of préammmatory cytokines such as NO, IL-6
and TNFe. In order to evaluate the anti-inflammatory adyivof synthetic compounds,
RAW 264.7 cells were pre-incubated with all compa&iiL0 M) for 1 h and treated with



LPS (0.5 pg/mL ) for 24 h. The cell conditioned nued was collected, the NO in the
media was detected by Griess Reagent assay. Téensug results indicated that most of
the synthetic compounds could reduce the LPS-irdiiNs@ secretion at 10 pMr{gure 3)
Among them, compoundse and5h showed moderate inhibition of NO compared to that
of the positive control Celecoxib. It is notewortthat compound3d, 7f, 7i, 7k and7m
exhibited stronger inhibition of NO production coaned with the referece compounds
celecoxib and resveratrol. According to this, SARs can be easily concludedt th

introduction of the hydroxyl group to flavonoidbgneficial to NO release activity.

Figure 3

2.4 Assessment of toxicity

Preliminary screening results showed that some oomgs had good
anti-inflammatory activity. To confirm the need flurther evaluation, we then evaluated
the cytotoxicity of selected compounds using theTMassay on the RAW264.7 cell. As
showned irFigure 4 most of the compounds shown low toxicity at 20. . ddmpound&f,
50, 5u, 5v, 7b and7n show weak cytotoxicity. Therefore, these compouaigsvaluable

for further evaluation.

Figure4

2.5 Inhibition of cytokine production by the active compounds

Two important cytokines, IL-6 and TNé&have been shown to exert regulating effects
on the pathogenesis of ALI through a series of kag® signaling pathways [33,34]. So,
compounds with good NO activity were further tedtadnhibition of others inflammatory
factors as IL-6 and TNk- Cells were pretreated with different concentratioof
compounds. The results indicated that most compotiad good IL-6 and TNE-activity.
Among them, compoundsd, 7f and 7i were selected for further assessment of their
concentration dependent inhibitory effects agalif®$-induced NO, TNFe, IL-6 release.
Macrophages were pretreated with compourais/f and7i, in a series of concentrations



(10, 5, 2.5, 1.25 and 0.625 uM) for 1 h and wittSL®.5 pg/ mL) for 24 h. As shown in
Figure 5 these compounds significantly decreased NQ{IC.78, 1.35 and 4.83 uM,
respectively), IL-6 (IGps 2.37, 1.12 and 5.06 uM, respectively) and TdNBCsos 5.00,
1.92 and 7.34 uM, respectively) secretion in a eatration-dependent manner. Based on
above, compoundf is the most prominent one. Thus, compouhavas used as the title

compound for next mechanism exploration.

Figure5

2.6 Mechanism expl orations of anti-inflammatory activity
2.6.1 Suppression of LPS-induced inflammatory response

NO, being an important signaling molecule, whichaiso importantly related to
modulation expression of INOS and COX35]. Activation of cellular pathways leads to
high expression of INOS and COX-2 protein. Thusjbitory effects of compound@f on
LPS-mediated expressions of INOS and COX-2 weréyaed by Western blot. As shown
in Figure 6 the LPS (0.5 pg/mL) stimulation for 24 h couldrbarkedly augmented iNOS
and COX-2 expression. However, compourfdconcentration dependently suppressed
LPS-induced iINOS and COX-2 expression. This resatise more demonstrated that

compoundrf prevented LPS-induced inflammatory response in opd@ges.

Figure 6

2.6.2 Inhibition of LPS-induced ERK and P38 signaling activation

Protein TLR4 is a key protein of the LPS-activatetlular signaling pathway and has
been reported as critical for the inflammatory mse to LPSJ0]. When LPS stimulate
cell, TLR4 initiates series of signaling cascades tesult in the activation cell signaling
pathway including NRB and MAPK to induce expression pro-inflammatorptpms
[14,3]. Recent studies found that inhibition of TLR4 exgsion could decrease the
expressions of NO, IL-6, TNE-and IL-13. So we investigated whether compourfd
inhibited the expression of TLR4 by Western bloheTresults confirmed that TLR4



expression was up-regulated in LPS-induced RAW264I5, which wageversedin a
concentration-dependent manner by pretreated witipoundrf.

NF«kB and MAPKs are also known to participate in regota the inflammatory
process. MAPK, including ERK, p38, and JNK weretguignificant in the regulation of
inflammation B5,39. LPSstimulatedmacrophages can activate MAPKs signaling path,
allowing the transcription factors AP-1 translocatéo the nucleus and bind to target
promoters turn on transcriptions of inflammatorynge including production of NO,
TNF-a, IL-6 and other inflammatory mediator30]. Therefore, we detected the effects of
compound7f on LPS-mediated MAPK signaling activation by Westelot. Consistent
with previous reports of LPS time dependently atton MAPK (JNK, p38 and ERK) and
caused a peak level of phospho-rylated MAPK (JNB3B and ERK) at 15 or 30 min in
RAW264.7 cells. Interestingly, compound only concentration-dependenblocked
LPS-induced ERK phosphorylation and p38 phosphboylabut not INK phosphorylation.
Moreover, total protein levels of ERK, JNK and P&@re not affected by LPS and

treatment otompoundrf (Figure 7)

Figure7

2.6.3 Inhibition of activation of LPS-induced NF-kB signaling pathway
NF-kB is one of the principal factors for the produntiproinflammatory cytokines
associated with LPS-induced signalipgathways 36]. Among NF«B family, the
transcription factor P65 plays the most importae iin the development of inflammation
[37-39. A large number of inflammation cytokines stimsiich as LPS, TNE-and IL-13
can activation ofdB kinase (IKK), which in turn phosphorylatesBl. PhosphorylatesxB
results in its ubiquitination and degradation by hroteasome, allowing the liberated
NF-«kB to translocate into the nucleus and bind to tapgemoters turn on transcriptions of
inflammatory genes. Herein, we analyzed them by t¥vesblot. The results showed
compound7f could be effect ofdB proteins phosphorylation and degradatibigre §.
Meanwhile, it maybe inhibits NkB p65 translocate into the nucleus.
Figure 8



2.7 Molecular docking

It has been reported that Takl is traditionallyeqted as the primary LPS receptor and
critical for the inflammatory response to LPBH17. Upon stimulation with LPS, TLR4
initiates series of signaling cascades that rasuttivation of TAK1 signal pathway. Takl
could activate NReB and MAPK, then induce the release of pro-inflartonacytokines.

In order to elucidate the mechanism by which compod can induce the release of
pro-inflammatory cytokine. Molecular docking of shcompound into binding site of
human TAK1 was performed (Discovery Studio 2018)e Tesult shows that compourid
may well bind to TAK1 and caform interaction with Val42, Val50, Cys174, Leul6
4-position carbonyl forms a stable hydrogen bortdraction with Tyrl06. These results
suggested that the anti-inflammatory activity ofngpmund 7f might be bind to TAK1
protein(Figure 9.

Figure 9

2.8 In vivo activity of compound 7f

To evaluate the activityn vivo, compound/f was next evaluated with the ALI rat
model. C57/BL6 mice were treated by intraperitonegction with compoundrf (15
mg/kg), and after 30 min, were challenged with Ykgd_PS by intratracheal injection.
Myeloperoxidase (MPO) is released from the cytapiagranules of activated phagocytes,
and as such, measurement of MPO activity in whaleg|homogenates reflects the
accumulation of neutrophils in the lungs. As shoavime Figure 10A LPS significantly
increased MPO activity of lung tissue compared te tontrol group, in which the
administration of compoundf effectively prevented the increase. Besides, @u€RS
challenge significantly reduce body weight, howewempound/7f seemed to have little
effect on the weight loss induced by LPS. Lung drgtAveight ratio was calculated to
assess pulmonary edema. LPS significantly incredsedlung Wet/Dry ratio (W/D).
However, compoundf was able to reduce or prevent lung injury in ALicen(Figure
10B). In addition, to further research the protectiilect of compound7f against
LPS-induced ALI. As depicted iRigure 10C with the challenge of LPS, the survival rate



of ALI mice at 24 h was 60% while administrationa@mpound/f improved the survival
rate of 90%. When LPS challenge was extended th,48ost mice dead. Compoufiti
(20 mg/kg) could markedly increase the survivakraf ALI mice from 10% to 50%
(Figure 10D) To assess histological changes in LPS-challengied following treatment
with compound7f, we performed hematoxylin and eosin (H&E) stain{fggure 10B.
LPS instillation led to significant pro-inflammayoralterations, alveolar hemorrhage,
including lung edema, inflammatory cell infiltratipand destruction of alveolar structure.
These histopathological changes were improved trgditment of either 10 and 20 mg/kg
of compound7f. These studies showed that compouthidnad a protective effect on
LPS-induced histopathological changes in a mousdehuf ALI.

In order to determine what is the toxicity profdéthe most active compourd on
experimentalanimals, micewere treated with compound (20 mg/kg) solutions by
intraperitoneal injection. The mice live normalhg differences compared to the control
group. lung sections were subjected to hematoxatid eosin staining. we couldn’t find
significant pro-inflammatory alterations, alveolaemorrhage, including lung edema,
inflammatory cell infiltration, and destruction alveolar structure. Lung tissues showed a

normal structure and no histopathological changkeua light microscopé=(gure 1).

Figures 10~11

3. Conclusions

In summary, based on finding novel compounds withivily of acute lung injury,
thirty-nine resveratrol-based flavonol derivativegre designed and synthesized. The
initial evaluation results showed that mosimpounds had good NO inhibitory activity and
low toxicity. According to SARSs, the introduction oftgdroxyl group into flavonoid is
beneficial to anti-inflammatory activity. Specifliba the title compoundrf could inhibit
IL-6, NO and TNFe secretion in a dose-dependent manner. The preimimechanism
indicated that this compourslippressed.PS-induced expressions of iING®d COX-2,
and productions oflL-6, TNF-o and NO through NR<B/MAPK signaling pathway in a
concentration dependent manneigre 12) Thefurtherstudyin vivo showed that the title



compound7f effectively reduced LPS-induced pulmonary inflamioatand acute lung
injury in mouse model. Compared to resveratrol-dasennamic ester hybrids (our
previous work) and the title compounds synthesizedhis resveratrol-based flavonols
(this work), the anti-inflammatory activity of the title compalinwas dramatically
enhanced at the cellular level, and the activityaaidite lung injury was further confirmed
by animal experiments vivo. In addition, the toxicity of these compoundsawér than

previous compound2].
Figure 12
4. Experimental section

4.1 Chemistry

In general, all reagents used in the synthesis wbtained from Aladdin. Adamas,
Tan sooleet al. without further purifications. Reactions were ntored by analytical
thin-layer chromatography (TLC) and visualized undl®/ light (A=254 or 365 nm).
Purification by chromatography column were caroedusing silica gel (200-300 meshes).
Fourier transform mid-infrared spectra were measwsng a Nicolet 6700 spectrometer
(Thermo Fisher Scientific Inc., Madison, WI) withM8RT IiTR attenuated total
reflectance (ATR) accessorfll the *H and **C NMR (Nuclear Magnetic Resonance)
spectra were recorded either with a Agilent 406@0 MHz spectrometer. The ESI-MS
spectra were recorded on a Mariner System 5304 Blasstrometer. Melting points were

determined on a XT4MP apparatus (Taike Corp., BgjjChina), and uncorrected.

4.2 Crystallographic studies

Compoundsor and 5u were chosen for X-ray diffraction analysis perfodnen a
BRUCKER SMART APEX-CCD diffractometer equipped wahgraphite monochromatic
MoKa radiation § = 0.71073 A) radiation at 293(2) K. A total refliens were collected in
the range of 0.9M«26.1° by using ay-o scan mode with independent ones, of which

I>26(l) were observed and used in the succeeding reénés. The data set were corrected

10



by SADABS program and the structure were solvedlibgct methods with SHELXS-97
and refined by full-matrix least-squares method m with SHELXL-97 [B9]. The
non-hydrogen atoms were refined anisotropicallyd #me hydrogen atoms were added
according to theoretical models. The structuresewefined by full-matrix least-squares
method orF* with SHELXT-97.

4.3 Synthesis of resveratrol-based flavone derivatives 5a~5v

A solution containing of compound&~4v (1 mmol, 1.0 equiv) and (0.01 mmol,
0.01 equiv) in dimethyl sulfoxide (15 mL) was st for 4-6 h at 130 °C. Then the
resulting mixture was slowly added to a solutioncefwaterstirred for 2 h and filtered to
obtain the crude product. Which was purified byuooh chromatography on silica gel
(EtOAc/petroleum ether = 1:3), to afford the cop@sding pure productsa~5v (Scheme
1). The final products provided the following data.

(E)-2-(2,4-dimethoxy-6-(4-methoxystyryl)phenyl)-4H-chromen-4-one (5a). White solid,
Yield: 90%, Mp: 193-197 °C'H NMR (600MHz, CDC}) & 8.27 (d,J = 7.8 Hz, 1H), 7.65
(t, J=7.7 Hz, 1H), 7.43 (ddl = 14.9, 7.8 Hz, 2H), 7.28 (d,= 8.5 Hz, 2H), 7.07-6.98 (m,
1H), 6.92-6.83 (m, 2H), 6.80 (d,= 8.6 Hz, 2H), 6.44 (d] = 21.6 Hz, 2H), 3.92 (s, 3H),
3.78 (t,J = 5.8 Hz, 6H)*C NMR (151 MHz, CDGJ): § 173.36 (s), 163.97 (s), 162.31 (s),
160.96 (s), 157.47 (s), 146.85 (s), 142.56 (s),89(s), 135.75 (s), 133.61 (s), 132.11 (s),
130.51 (s), 127.14 (s), 127.04 (s), 124.85 (s),028s), 120.15 (s), 115.78 (s), 113.98 (s),
103.94 (s), 100.63 (s), 57.61 (s), 57.46 (s), 59 MS (ESI): 415.1440. MS(ESI):
415.1440 (GeH230s, [M+H]™).

(E)-2-(2,4-dimethoxy-6-(4-methoxystyryl)phenyl)- 7-methyl-4H-chromen-4-one (5b). White
solid, Yield: 61%, Mp: 186-189 °CH NMR (600 MHz, DMSO)$ 7.95 (d,J = 8.1 Hz,
1H), 7.41 (s, 1H), 7.35 (d, = 8.7 Hz, 2H), 7.31 (d] = 8.1 Hz,1H), 7.25 (d) = 16.1 Hz,
1H), 7.01 (tJ=4.2 Hz, 1H), 6.87-6.83 (m, 3H), 6.62 (1.9 Hz, 1H), 6.23 (s, 1H), 3.88
(s, 3H), 3.75 (s, 3H), 3.69 (d,= 3.7 Hz, 3H), 2.42 (s,3H}°C NMR (101 MHz, CDGJ): &
175.27 (s), 162.78 (s), 160.29 (s), 159.73 (s)2BEs), 147.14 (s), 145.65 (s), 142.22 (s),

11



139.47 (s), 131.87 (s), 130.13 (s), 128.89(s), 426s), 124.89(s), 123.64 (s), 120.73 (s),
118.87 (s), 99.87(s), 98.79 (s), 113.18(s), 11(sJ656.85 (s), 55.81 (s), 55.95 (s), 20.95
(s). MS(ESI): 429.1697 (£H,:0s, [M+H] ).

(E)-2-(2,4-dimethoxy-6-(4-methoxystyryl ) phenyl)-6-methyl-4H-chromen-4-one (5¢). White
solid, Yield: 59%, Mp: 187-192 °CH NMR (600 MHz, CDC})  8.07(s, 1H), 7.46 (dl =
8.0 Hz, 1H), 7.34 (dJ = 8.5 Hz, 1H), 7.28 (d] = 8.5 Hz, 2H), 7.03 (d] = 16.0 Hz, 1H),
6.92-6.84 (m, 2H), 6.80 (d,= 8.5 Hz, 2H), 6.44 (d] = 29.6 Hz, 2H), 3.92 (s, 3H), 3.78 (d,
J = 1.7 Hz, 6H), 2.48 (s, 3H}’C NMR (101 MHz, CDGJ): & 168.94(s), 161.46 (s),
158.79 (s), 156.89 (s), 154.56 (s), 143.94 (s), A3BEs), 135.54 (s), 134.79 (s), 134.12 (S),
130.98 (s), 128.93 (s), 128.14 (s), 125.17 (s),82%s), 120.91 (s), 117.94 (s), 113.89 (s),
110.95 (s), 100.96 (s), 98.80 (s), 58.03 (s), 545)3 52.43 (s), 22.98 (s). MS(ESI):
429.1694 (GH50s, [M+H]™).

(E)-2-(2,4-dimethoxy-6-(4-methoxystyryl )phenyl)-6, 7-dimethyl-4H-chromen-4-one  (5d).
White solid, Yield: 72%, Mp: 203-207 °C. IR (ATR &nond Crystal, cif): v 2972, 1620,
1596, 1461, 1332, 1302, 1159, 1177, 967, 8BONMR (600 MHz, CDC}) & 7.98 (d,J =
35.8 Hz, 1H), 7.28 (d] = 8.5 Hz, 2H), 7.22 (s, 1H), 7.03 @=16.0 Hz, 1H), 6.91-6.84 (m,
2H), 6.80 (dJ = 8.5 Hz, 2H), 6.46 (s, 1H), 6.38 (s, 1H), 3.923Hd), 3.77 (s, 6H), 2.37 (d,
J=9.2 Hz, 5H)**C NMR (101 MHz, CDGCJ): & 179.68 (s), 163.59 (s), 158.97 (s), 157.81
(s), 156.16 (s), 145.27 (s), 145.00 (s), 138.98137.50 (s), 135.64 (s), 130.29 (s), 128.97
(s), 128.15 (s), 123.83 (s), 122.66 (s), 109.981@].67 (s), 106.88 (s), 103.62 (s), 101.30
(s), 99.00 (s), 57.02 (s), 56.54 (s), 56.19 (s)621(s), 20.19 (s). MS(ESI): 443.1854
(CagH270s, [M+H]™).

(E)-2-(2,4-dimethoxy-6-(4-methoxystyryl ) phenyl)-6-methoxy-4H-chromen-4-one (5e).
Yellow solid, Yield: 66%, Mp: 168-170 °CH NMR(600 MHz, CDC}) 5 7.64 (d,J = 2.9
Hz, 1H), 7.39 (dJ = 9.1 Hz, 1H), 7.28 (d] = 8.6 Hz, 2H), 7.26-7.24 (m, 1H), 7.03 (&=
16.0 Hz, 1H), 6.87 (d] = 15.9 Hz, 2H), 6.80 (dl = 8.6 Hz, 2H), 6.44 (d] = 22.9 Hz, 2H),
3.92 (s, 6H), 3.78 (s, 6H}°C NMR (101 MHz, DMSO)3 178.09 (s), 164.72 (s), 161.29

12



(s), 159.73 (), 156.44 (s), 149.82 (s), 146.9114].76 (s), 140.53 (s), 131.79 (s), 129.02
(s), 125.83 (s), 122.48 (s), 120.70 (s), 117.631(55.05 (s), 114.28 (s), 112.05 (s), 100.96
(s), 98.92 (s), 96.80 (s), 57.86 (s), 55.09 (s)553s), 45.05 (s). MS(ESI): 445.1650

(CarH2506, [M+H]").

(E)-2-(2,4-dimethoxy-6-(4-methoxystyryl )phenyl)-6, 7-dimethoxy-4H-chromen-4-one  (5f).
Yellow solid, Yield: 42%, Mp: 188-192 °CH NMR (600 MHz, DMSO)$ 7.39 (s, 1H),
7.33 (d,J = 8.7 Hz, 2H), 7.25 (d] = 16.2 Hz, 1H), 7.20 (s, 1H), 7.00 = 1.8 Hz, 1H),
6.85 (t,J = 11.6 Hz, 2H), 6.81 (dl = 16.2 Hz, 1H), 6.61 (1] = 3.0 Hz, 1H), 6.19 (s, 1H),
3.88 (s, 3H), 3.86 (s, 3H), 3.84 (s, 3H), 3.753d), 3.70 (s, 3H)*C NMR (101 MHz,
DMSO0): 5 178.09 (s), 164.72 (s), 161.29 (s), 159.73 (5,445 (s), 149.82 (s), 146.91 (s),
141.76 (s), 140.53 (s), 131.79 (s), 129.02(s), 82%s), 122.48 (s), 120.70 (s), 117.63 (s),
115.05 (s), 114.28 (s), 112.05 (s), 100.96 (sP®gs), 96.80 (s), 57.86 (s), 55.09 (s), 53.51
(s), 42.05(s), 39.67 (s). MS(ESI): 475.1760gtG:07, [M+H]").

(E)-2-(2,4-dimethoxy-6-(4-methoxystyryl)phenyl)- 7-fluoro-4H-chromen-4-one (5g). Yellow
solid, Yield: 78%, Mp: 186-191 °CH NMR (600 MHz, CDCJ) & 8.28 (dd,J = 8.5, 6.5
Hz, 1H), 7.29 (dJ = 8.5 Hz, 2H), 7.14 (dd] = 20.3, 8.8 Hz, 2H), 7.03 (d,= 16.0 Hz,
1H), 6.89-6.78 (m, 4H), 6.49-6.39 (m, 2H), 3.93 3Hl), 3.79 (dJ = 1.1 Hz, 6H).**C
NMR (101 MHz, DMSO):6 185.91 (s), 174.63 (s), 165.87 (s), 155.84 (sp.1% (s),
147.85 (s), 145.32 (s), 139.04 (s), 137.53 (s),12%s), 127.91 (s), 125.95 (s), 123.96 (8S),
123.56 (s), 120.94 (s), 118.90 (s), 115.64 (s),684.8s), 108.12 (s), 102.95 (s), 98.70 (s),
53.88 (s), 50.52 (s), 45.65 (S). MS(ESI): 433.1638H,,F0s, [M+H]™).

(E)-2-(2,4-dimethoxy-6-(4-methoxystyryl)phenyl)-6-fluoro-4H-chromen-4-one (5h). White
solid, Yield: 59%, Mp: 216-220 °C. IR (ATR Diamof@tystal, cnt): v 3002, 2936, 2836,
1640, 1568, 1474, 1340, 1240, 1085, 84BNMR (600 MHz, CDCY) & 7.91 (ddJ = 8.1,
2.4 Hz, 1H), 7.45 (dd] = 9.0, 3.9 Hz, 1H), 7.38 (dd,= 11.4, 5.1 Hz, 1H), 7.28 (d,= 8.5
Hz, 2H), 7.03 (dJ = 16.0 Hz, 1H), 6.91-6.79 (m, 4H), 6.45 (&= 25.2 Hz, 2H), 3.93 (s,
3H), 3.79 (d,J = 2.5 Hz, 6H).”*C NMR (101 MHz, DMSO):5 171.91 (s), 161.93 (s),
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159.20 (s), 158.84 (s), 157.16 (s), 151.85 (s),326s), 140.04 (s), 138.63 (s), 130.92 (s),
129.21 (s), 127.95 (s), 123.16 (s), 122.56 (s), 2R(s), 121.20 (s), 114.14 (s), 111.44 (s),
109.12 (s), 100.95 (s), 97.78 (s), 55.88 (s), 552 55.05 (s). MS(ESI): 433.1441
(C26H22FOs, [M+H]").

(E)-8-chloro-2-(2,4-dimethoxy-6-(4-methoxystyr yl ) phenyl )-4H-chromen-4-one (5i). White
solid, Yield: 58%, Mp: 231-234 °CH NMR (400 MHz, CDC}) § 8.29 (d,J = 7.9 Hz, 1H),
7.66 (t,J = 7.7 Hz, 1H), 7.47-7.40 (m, 2H), 7.31-7.24 (m,) 26188 (ddJ = 14.6, 8.7 Hz,
2H), 6.81 (dJ = 8.4 Hz, 2H), 6.47 (s, 2H), 3.93 (s, 3H), 3.78Xd 4.7 Hz, 6H)*C NMR
(101 MHz, DMSOQ):5 182.91 (s), 167.63 (s), 160.16 (s), 159.864 8,06 (s), 152.75 (s),
148.02 (s), 141.24 (s), 139.53 (s), 131.52 (s),94P&s), 128.05 (s), 122.16 (s), 121.56 (s),
120.74 (s), 120.20 (s), 115.14 (s), 112.14 (s),8D8s), 100.35 (s), 96.78 (s), 57.12 (s),
54.82 (s), 52.05 (s). MS(ESI): 449.114%4,,ClOs, [M+Na]").

(E)-7-chloro-2-(2,4-dimethoxy-6-(4-methoxystyryl ) phenyl )-4H-chromen-4-one (5j). White
solid, Yield: 68%, Mp: 221-225 °CH NMR(400 MHz, CDC}) 6 8.17 (d,J = 8.4 Hz, 1H),
7.29 (d,J = 8.5 Hz, 2H), 7.25 (s, 1H), 7.04 @= 16.1 Hz, 1H), 6.89 (dl = 18.3 Hz, 2H),
6.81 (d,J = 8.4 Hz, 2H), 6.46 (s, 2H), 3.93 (s, 3H), 3.794H). °C NMR (101 MHz,
CDCl): 6 187.51 (s), 175.63 (s), 168.26 (s), 159.84 (S8, 1% (s), 156.15 (s), 149.12 (S),
145.14 (s), 140.43 (s), 133.62 (s), 129.91 (s),228s), 122.46 (s), 120.86 (s), 119.74 (s),
118.20 (s), 115.64 (s), 112.04 (s), 109.62 (sBD%s), 95.78 (s), 58.12 (s), 52.82 (s), 50.05
(s). MS(ESI): 471.0970 (fgH2:ClOs , [M+NaJ").

(E)-6-chloro-2-(2,4-dimethoxy-6-(4-methoxystyryl ) phenyl )-4H-chromen-4-one (5k). White
solid, Yield: 71%, Mp: 227-229 °CH NMR (400 MHz, CDC}) § 8.01 (s, 1H), 7.31-7.25
(m, 2H), 7.03 (dJ = 16.1 Hz, 1H), 6.88 (d] = 16.8 Hz, 2H), 6.80 (d = 8.5 Hz, 2H), 6.45
(d,J = 7.3 Hz, 1H), 6.39 (s, 1H), 3.92 (s, 3H), 3.786(d).:*C NMR (101 MHz, CDGJ): &
179.51 (s), 170.73 (s), 168.66 (s), 160.24 (s),568s), 154.65 (s), 148.12 (s), 146.34 (s),
137.73 (s), 134.62 (s), 128.93 (s), 127.85 (s),424s), 119.86 (s), 113.84 (s), 110.78 (s),
108.64 (s), 100.04 (s), 98.62 (s), 78.35 (s), 745)8 46.88 (s), 45.82 (s), 41.65 (s).
MS(ESI): 471.0970 (&H21ClOs, [M+Na]™).
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(E)-7-bromo-2-(2,4-dimethoxy-6-(4-methoxystyryl ) phenyl )-4H-chromen-4-one (51). White
solid, Yield: 75%, Mp: 219-220 °C. IR (ATR Diamof@tystal, cnt): v 2988, 2900, 1647,
1595, 1511,1418, 1333, 1080, 963, 829NMR (600 MHz, CDCY) & 8.13 (d,J = 8.5 Hz,
1H), 7.64 (s, 1H), 7.54 (d, = 8.5 Hz, 1H), 7.29 (d] = 8.5 Hz, 2H), 7.03 (d] = 16.0 Hz,
1H), 6.87-6.80 (m, 3H), 6.43 (d,= 31.4 Hz, 2H), 3.93 (s, 3H), 3.79 (s, 6KC NMR
(101 MHz, CDCY): 6 181.51 (s), 172.87 (s), 169.16 (s), 161.34 (9,46 (s), 154.35 (S),
150.32 (s), 147.64 (s), 134.73 (s), 130.12 (s),2A28s), 126.55 (s), 124.36 (s), 118.86 (s),
113.54 (s), 111.78 (s), 109.74 (s), 101.02 (sBB%s), 86.35 (s), 79.28 (s), 56.88 (s), 55.12
(), 40.25 (s). MS(ESI): 515.046548,.BrOsNa, [M+Na]").

(E)-6-bromo-2-(2,4-dimethoxy-6-(4-methoxystyr yl ) phenyl )-4H-chromen-4-one (5m). White
solid, Yield: 88%, Mp: 225-229 °CH NMR (600 MHz, DMSO)$ 8.14 (d,J = 2.1 Hz,
1H), 7.93 (dd, = 8.9, 2.2 Hz, 1H), 7.61 (d,= 8.9 Hz, 1H), 7.39 (d] = 8.6 Hz, 2H), 7.25
(d,J = 16.1 Hz, 1H), 7.01 (s, 1H), 6.91-6.86 (m, 1HBH(d,J = 8.6 Hz, 2H), 6.62 (s, 1H),
6.34 (s, 1H), 3.89 (s, 3H), 3.75 (s, 3H), 3.7034). *C NMR (101 MHz, CDGJ): 5
180.51 (s), 176.87 (s), 162.96 (s), 160.34 (s),9%68s), 154.15 (s), 151.32 (s), 148.34 (s),
136.73 (s), 131.12 (s), 129.53 (s), 126.65 (s),12%s), 119.86 (s), 113.44 (s), 110.78 (s),
106.74 (s), 101.32 (s), 98.32 (s), 85.35 (s), 77.28, 55.84 (s), 53.42 (s), 50.25 (s).
MS(ESI): 515.0465 (&H2:BrOsNa, [M+NaJ").

(E)-2-(2-(4-ethoxystyryl)-4,6-dimethoxyphenyl)-4H-chromen-4-one  (5n). White solid,
Yield: 93%, Mp: 178-180 °C. IR (ATR Diamond Crystahi’): v 2981, 2901, 1636, 1600,
1566, 1461, 1238, 1178, 1051, 756; NMR (400 MHz, DMSO0)3 8.11 (d,J = 7.1 Hz,
1H), 7.81 (tJ= 7.7 Hz, 1H), 7.63 (d] = 8.4 Hz, 1H), 7.53 (1] = 7.5 Hz, 1H), 7.37 (d] =

8.6 Hz, 2H), 7.27 (d) = 16.1 Hz, 1H), 7.03 (d = 1.5 Hz, 1H), 6.87 (dd] = 19.3, 12.4 Hz,
3H), 6.66 (s, 1H), 6.31 (s, 1H), 3.99 (o= 6.9 Hz, 2H), 3.92 (s, 3H), 3.78 (s, 3H), 1.29 (t
J = 6.9 Hz, 3H)*C NMR (101 MHz, CDGCJ): 5 181.53 (s), 174.57 (s), 163.46 (s), 161.24
(s), 159.74 (s), 153.45 (s), 150.46(s), 149.201(37,.93 (s), 130.56 (s), 128.78 (s), 125.93
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(s), 123.59 (s), 118.05 (s), 111.97 (s), 109.641(35.89 (s), 100.98 (s), 96.83 (s), 84.96 (s),
74.95 (s), 54.43 (s), 52.34 (s), 50.29 (s), 42)8MAS(ESI): 451.1516 (SH.0sNa,
[M+Na]*).

(E)-2-(2-(4-ethoxystyryl)-4,6-dimethoxyphenyl )-6-methoxy-4H-chromen-4-one (50). White
solid, Yield: 83%, Mp: 167-169 °C. IR (ATR Diamof@tystal, cnt): v 2971, 2901, 1639,
1592, 1568, 1486, 1331, 1156, 1074, 1037, 829, 846NMR (600 MHz, CDC)): &
8.03(d,J = 3.1 Hz, 1H), 7.86 (s, 1H), 7.55 (s, 1H), 7.31Jd&; 8.2 Hz, 1H), 7.18 (s, 2H),
6.80 (d,J = 16.1 Hz, 1H), 6.61 (s, 2H), 6.51 (= 16.1 Hz, 1H), 6.34 (s, 1H), 6.21 (s, 1H),
3.53 (d,J = 3.2 Hz, 6H), 3.23 (s, 3H), 3.01 (dd, 2H), 1.58J(&3.2 Hz, 3H).}*C NMR
(101 MHz, CDCY): 6 180.24 (s), 175.23 (s), 165.85 (s), 161.97 (9,241 (s), 143.45 (s),
139.56(s), 128.97 (s), 126.43 (s), 124.56 (s), 220s), 118.93 (s), 113.59 (s), 107.05 (s),
102.97 (s), 100.64 (s), 98.89 (s), 86.98 (s), 84s3380.96 (s), 67.95 (s), 45.43 (s), 42.34
(s), 40.89 (s), 40.09(s), 35.27(s). MS(ESI): 4822165¢H260sNa, [M+NaJ).

(E)-6-bromo-2-(2-(4-ethoxystyryl)-4,6-dimethoxyphenyl)-4H-chromen-4-one  (5p). White
solid, Yield: 88%, Mp: 243-244 °C. IR (ATR Diamof@tystal, cnt): v 3017, 2978, 2931,
2882, 1633, 1568, 1428, 1237, 1085, 883NMR (400 MHz, DMSO) 8.17 (d,J = 2.5
Hz, 1H), 7.96 (dd) = 8.9, 2.5 Hz, 1H), 7.63 (d,= 8.9 Hz, 1H), 7.40 (d] = 8.7 Hz, 2H),
7.27 (d,J =16.1 Hz, 1H), 7.03 (dl = 2.0 Hz, 1H), 6.94-6.87 (m, 1H), 6.85 ( 8.7 Hz,
2H), 6.65 (dJ = 2.0 Hz, 1H), 6.36 (s, 1H), 3.99 @@= 7.0 Hz, 2H), 3.91 (s, 3H), 3.78 (s,
3H), 1.29 (tJ = 7.0 Hz, 3H)**C NMR (101 MHz, CDGJ) § 179.64 (s), 175.13 (s), 163.45
(s), 162.97 (s), 152.85 (s), 150.45 (s), 149.43(8%.34 (s), 125.83 (s), 123.78 (s), 121.53
(s), 119.53 (s), 115.73 (s), 108.25 (s), 103.521B8).47 (s), 100.89 (s), 98.25 (s), 91.33 (s),
83.32 (s), 75.95 (s), 52.55 (s), 49.43 (s), 47.8p B9.96(s). MS(ESI): 529.0621
(C27H23BrOsNa, [M+NaJ).

(E)-2-(2-(4-butoxystyryl)-4,6-dimethoxyphenyl)-4H-chromen-4-one  (59). Yellow solid,

Yield: 89%, Mp: 167-169 °C. IR (ATR Diamond Crystaii®): v 2958, 2931, 2871, 1640,
1596, 1574, 1463, 1350, 1248, 1203, 1156, 1075, B2&'H NMR (600 MHz, DMSOY»
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8.08 (ddJ=7.9, 1.2 Hz, 1H), 7.78 (,= 7.8 Hz, 1H), 7.60 (d] = 8.4 Hz, 1H), 7.50 (1] =
7.5 Hz, 1H), 7.34 (dJ = 8.6 Hz, 2H), 7.24 (d] = 16.1 Hz, 1H), 7.01 (d] = 1.7 Hz, 1H),
6.89- 6.84 (m, 1H), 6.83 (d,= 8.5 Hz, 2H), 6.62 (dJ = 1.6 Hz, 1H), 6.28 (s, 1H), 3.92-
3.89 (m, 2H), 3.89 (s, 3H), 3.75 (s, 3H), 1.65-1(B0 2H), 1.40-1.33 (m, 2H), 0.87 =

7.4 Hz, 3H).X*C NMR (101 MHz, CDGCJ): § 181.21 (s), 172.65 (s), 159.27 (s), 149.08 (s),
145.09 (s), 140.47 (s), 139.05 (s), 135.67 (s),280s), 129.53 (s), 123.33 (s),120.63 (s),
120.34 (s), 119.38 (s), 116.91 (s), 114.83 (s),74.(s), 100.66 (s), 100.15 (s), 99.85 (s),
97.30 (s), 66.49 (s), 57.01 (s), 55.17 (s), 53.8% 48.57 (s), 44.78 (s). MS(ESI):
457.2016 (GoH0s, [M+H] ™).

(E)-2-(2-(4-butoxystyryl)-4,6-di methoxyphenyl )-6-methoxy-4H-chromen-4-one (5r). Yellow
solid, Yield: 78%, Mp: 169-171 °C. IR (ATR Diamof@tystal, cnt): v 2959, 2900, 2869,
1637, 1592, 1568, 1334, 1198, 1153, 1076, 1016, &8 'H NMR (600 MHz, DMSO)%
7.57 (ddJ=9.1, 1.2 Hz, 1H), 7.45 (d,= 2.9 Hz, 1H), 7.36 (ddd} = 9.1, 3.0, 1.3 Hz, 1H),
7.32 (d,J=7.8 Hz, 2H), 7.23 (d] = 16.1 Hz, 1H), 7.00 (s, 1H), 6.85-6.80 (m, 3HHX(S,
1H), 6.26 (s, 1H), 3.91-3.89 (m, 2H), 3.88 Jd= 0.7 Hz, 3H), 3.86 (d]) = 1.0 Hz, 3H),
3.75 (s, 3H), 1.65-1.59 (m, 2H), 1.36 @@= 13.7, 3.7 Hz, 2H), 0.87 (td, = 7.4, 1.3
Hz,3H). *C NMR (101 MHz, CDGJ): 5 186.21 (s), 171.65 (s), 162.87 (s), 160.24 (s),
157.29 (s), 143.98 (s), 141.75 (s), 139.82 (s),28%s), 134.13 (s), 129.36(s), 128.94 (s),
127.18 (s), 124.41 (s), 123.45 (s), 122.63 (s),534.%s), 114.86 (s), 110.05 (s), 101.75 (s),
99.90 (s), 65.49 (s), 56.51 (s), 52.57 (s), 50)A48.02 (s), 44.57 (S),14.78 (S). MS(ESI):
487.2115 (GoH3106, [M+H] ™).

(E)-6-bromo-2-(2-(4-butoxystyryl)-4,6-dimethoxyphenyl )-4H-chromen-4-one (5s). Yellow
solid, Yield: 79%, Mp: 265-267 °C. IR (ATR Diamof@tystal, cnt): v 2959, 2900, 1652,
1597, 1567, 1459, 1331, 1248, 1160, 1082, 963, T9NMR (600 MHz, DMS0)5 8.14
(d,J = 2.3 Hz, 1H), 7.93-7.90 (m, 1H), 7.60 (Ws 8.9 Hz, 1H), 7.36 (d] = 8.5 Hz, 2H),
7.24 (d,J =16.1 Hz, 1H), 6.99 (dl = 16.5 Hz, 1H), 6.87 (1] = 12.4 Hz, 1H), 6.83 (d =
8.5 Hz, 2H), 6.62 (s, 1H), 6.34 (s, 1H), 3.90 (@, 10.9, 4.3 Hz, 2H), 3.88 (s, 3H), 3.75 (s,
3H), 1.66-1.60 (m, 2H), 1.41-1.34 (m, 2H), 0.88J(t 7.4 Hz, 3H)*C NMR (101 MHz,

17



CDCly): § 181.91 (s), 162.65 (s), 157.27 (), 156.08 (s5,0% (s), 140.48 (s), 139.05 (s),

138.67 (s), 137.28 (s), 130.53 (s), 128.63 (s),328s), 127.08 (s), 121.91 (s), 120.86 (S),
120.13 (s), 118.74 (s), 115.16 (s), 110.65 (s),.3DFs), 98.90 (s), 66.19 (s), 57.11 (s),
55.27 (s), 53.62 (s), 52.12 (s), 15.28 (s). MS(ESBY.0834 (GeH2/BrOsNa, [M+Na] ).

(E)-2-(2-(4-(benzyl oxy)styryl)-4,6-dimethoxyphenyl)-4H-chromen-4-one (5t). Yellow solid,
Yield: 92%, Mp: 156-157 °C. IR (ATR Diamond Crystahi'): v 2970, 2900, 1656, 1595,
1572, 1462, 1315, 1215, 1172, 1079, 830, AENMR (600 MHz, DMS0)5 8.08 (d,J =

7.9 Hz, 1H), 7.80-7.74 (m, 1H), 7.59 Jt= 9.9 Hz, 1H), 7.50 () = 7.5 Hz, 1H), 7.36 (dt,
J=14.2, 7.5 Hz, 6H), 7.29 3,= 7.2 Hz, 1H), 7.24 (d] = 16.1 Hz, 1H), 7.01 (s, 1H), 6.92
(d, J = 8.6 Hz, 2H), 6.88 (d) = 16.1 Hz, 1H), 6.63 (s, 1H), 6.28 (s, 1H), 5.83 XH),
5.08-5.01 (m, 2H), 3.89 (s, 3H), 3.75 (s, 3HC NMR (101 MHz, CDJJ): 6 181.91 (s),
162.65 (s), 160.27 (s), 159.48 (s), 157.09 (s),.45gs), 152.05 (s), 151.67 (s), 145.28
(s),140.05 (s), 139.67 (s), 136.28 (s), 131.531(29.33 (s), 128.04 (s), 127.98 (s), 122.91
(s), 122.86 (s), 120.63 (s), 117.74 (s), 114.661(H).75 (s), 101.35 (s), 97.90 (s), 63.49 (s),
56.01 (S), 55.57 (s). MS(ESI): 491.18534d570s , [M+H]™).

(E)-2-(2-(4-(benzyl oxy)styryl)-4,6-dimethoxyphenyl)-6-methoxy-4H-chromen-4-one  (5u).
Yellow solid, Yield: 76%, Mp: 231-232 °C. IR (ATRi@mond Crystal, cif): v 2969, 2900,
1635, 1570, 1486, 1452, 1337, 1076, 1030, 968, 847;,'H NMR (600 MHz, DMSO)5
7.57 (d,J = 9.1 Hz, 1H), 7.45 (dJ = 3.1 Hz, 1H), 7.38 (dd) = 10.1, 5.2 Hz, 3H),
7.36-7.31 (m, 4H), 7.29 (§,= 7.0 Hz, 1H), 7.24 (d] = 16.1 Hz, 1H), 7.00 (d] = 2.0 Hz,
1H), 6.92 (d,J = 8.8 Hz, 2H), 6.86-6.81 (m, 1H), 6.62 M= 2.1 Hz, 1H), 6.26 (s, 1H),
5.04 (d,J = 8.0 Hz, 2H), 3.88 (s, 3H), 3.86 (s, 3H), 3.753H). °C NMR (101 MHz,
CDCl): 6 181.67 (s), 163.72 (s), 160.62 (s), 158.98 (s7,1%(s), 156.36 (s), 152.17 (s),
150.81 (s), 145.28 (s), 140.05 (s), 138.82 (s),286€s), 131.53 (s), 129.33 (s), 128.04 (s),
127.98 (s), 122.91 (s), 122.86 (s), 120.63 (s),74L{s), 114.66 (s), 110.75 (s), 101.35 (s),
97.90 (s), 66.52 (s), 56.91 (S), 53.61 (), 4NER(ESI): 521.1959 (6H2906, [M+H]").

(E)-2-(2-(4-(benzyl oxy)styryl)-4,6-dimethoxyphenyl)-6-bromo-4H-chromen-4-one (5v).

18



Yellow solid, Yield: 78%, Mp: 259-260 °C. IR (ATRi@mond Crystal, ci): v 2988, 2900,
1654, 1597, 1453, 1393, 1239, 1084, 974, 8HONMR (600 MHz, DMSO) 8.14 (d,J =

2.5 Hz, 1H), 7.93 (dd] = 8.9, 2.5 Hz, 1H), 7.59 (§ = 11.9 Hz, 1H), 7.41-7.37 (m, 4H),
7.35 (t,J = 7.5 Hz, 2H), 7.29 (t) = 7.3 Hz, 1H), 7.24 (d] = 16.1 Hz, 1H), 7.00 (1 = 6.8
Hz, 1H), 6.92 (dJ = 8.8 Hz, 2H), 6.89 (d] = 16.2 Hz, 1H), 6.62 (d] = 2.0 Hz, 1H), 6.33
(s, 1H), 5.73 (s, 1H), 5.06 (s, 2H), 3.88 (s, 3HY5 (s, 3H)**C NMR (101 MHz, CDG)):

5 182.69 (s), 164.92 (s), 161.82 (s), 157.54 (s¥,.Ab (s), 156.36 (s), 152.17 (s), 150.81
(s), 145.28 (s),140.05 (s), 138.92 (s), 136.281(3),.53 (s), 129.33 (s), 128.14 (s), 127.26
(s), 122.73 (s), 122.86 (s), 121.63 (s), 117.521(E4.74 (s), 110.16 (s), 101.54 (s), 100.83
(s), 67.62 (s), 55.73 (s), 50.96 (s). MS(ESI): BIT8 (GH2sBrOsNa, [M+NaJ").

4.4 Synthesis of resveratrol-based flavonol derivatives (7a~70)

In a 50 mL round-bottom flask, a solution of compdsi6a~60 (1 mmol, 1.0 equiv) in
methanol was added NaOH (5 mmol, 5.0 equiv) and 8@ (5 mmol, 5.0 equiv), the
mixture was stirred at 40 °C until the reaction wasnpleted. The reaction was cooled
back to room temperature and added ice-water,Stadaled hydrochloric acid to adjust pH
to neutral. The suspension was then stirred andwnadiltered to provide the residue, the
crude product was purified by column chromatographgilica gel to obtained the desired

compounds.

(E)-2-(2,4-dimethoxy-6-(4-methoxystyryl ) phenyl)- 3-hydroxy-4H-chromen-4-one (7a).
White solid, Yield: 76%, Mp: 230-232 °C. 1H NMR @®WMHz, DMSO):6 8.85 (s, 1H),
8.15 (d,J= 8.0 Hz, 1H), 7.74 (t) = 7.7 Hz, 1H), 7.60 (dJ = 8.4 Hz, 1H), 7.46 () = 7.5
Hz, 1H), 7.30 (d,J = 8.6 Hz, 2H), 7.25 (d] = 16.2 Hz, 1H), 7.03 (s, 1H), 6.84 (#i= 8.6
Hz, 2H), 6.74 (dJ = 16.2 Hz, 1H), 6.61 (s, 1H), 3.89 (s, 3H), 3.7 € 20.0 Hz, 6H)*C
NMR (151 MHz, DMSO):0 175.66 (s), 164.97 (s), 162.31 (s), 161.96 (sB.45 (s),
148.85 (s), 143.43 (s), 141.68 (s), 136.50 (s),9488s), 132.35 (s), 131.01 (s), 128.08 (s),
127.54 (s), 125.75 (s), 125.28 (s), 121.55 (s),30Ts), 114.78 (s), 104.04 (s), 100.93 (s),
59.01 (s), 58.66 (s), 58.19 (S). MS (ESI): 431.1483H2,0s, [M+H]").
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(E)-2-(2,4-dimethoxy-6-(4-methoxystyryl)phenyl)- 3-hydroxy-7-methyl-4H-chromen-4-one

(7b). White solid, Yield: 78%, Mp: 210-213 °&4 NMR (600 MHz, DMSO):5 8.77 (s,
1H), 8.02 (d,J = 8.2 Hz, 1H), 7.40 (s, 1H), 7.32 — 7.23 (m, 4AHP2 (s, 1H), 6.84 (d] =

8.6 Hz, 2H), 6.71 (dJ = 16.2 Hz, 1H), 6.60 (s, 1H), 3.89 (s, 3H), 3.7 € 14.1 Hz, 6H),
2.42 (s, 3H)*C NMR (101 MHz, DMS0)5 172.37 (s), 161.80 (s), 159.18 (s), 158.83 (s),
155.49 (s), 145.24 (s), 144.25 (s), 140.12 (s),9B&s), 130.77 (s), 129.23 (s), 127.85 (8),
125.93 (s), 124.72 (s), 122.64 (s), 119.93 (s),8ATs), 100.88 (s), 97.79 (s), 114.18 (s),
111.76 (s), 55.85 (s), 55.51 (s), 55.05 (s), 21(4p MS(ESI): 445.1645.(GH240s,
[M+H] ).

(E)-2-(2,4-dimethoxy-6-(4-methoxystyryl ) phenyl)- 3-hydr oxy-6-methyl -4H-chromen-4-one

(7c). White solid, Yield: 44%, Mp: 201-204 °&4 NMR (600 MHz, DMSO):5 8.80 (s,
1H), 7.93 (s, 1H), 7.56 (d, = 8.6 Hz, 1H), 7.49 (d] = 8.5 Hz, 1H), 7.28 (d] = 8.5 Hz,
2H), 7.25 (dJ = 16.2 Hz, 1H), 7.02 (s, 1H), 6.84 (= 8.3 Hz, 2H), 6.69 (d] = 16.2 Hz,
1H), 6.60 (s, 1H), 3.89 (s, 3H), 3.70 ®= 13.1 Hz, 6H), 2.44 (s, 3H}*C NMR (101
MHz, CDChk): § 172.94(s), 162.46 (s), 159.59 (s), 159.29 (s), @%4s), 144.74 (s),
139.83 (s), 139.54 (s), 134.80 (s), 134.32 (s),1B{s), 129.63 (s), 128.04 (s), 124.57 (s),
123.31 (s), 121.01 (s), 118.44 (s), 114.09 (s),.38.1s), 101.26 (s), 98.00 (s), 56.03 (s),
55.73 (s), 55.43 (s), 20.98 (s). MS(ESI): 445.1682H:406, [M+H] ™).

(E)-2-(2,4-dimethoxy-6-(4-methoxystyryl ) phenyl)- 3-hydr oxy-6-methoxy-4H-chromen-4-one
(7d). White solid, Yield: 89%, Mp: 188-191 °¢éH NMR (600 MHz, DMSO): 8.81 (s,
1H), 7.56 (dJ = 9.1 Hz, 1H), 7.48 (d] = 2.7 Hz, 1H), 7.34 (dd] = 9.1, 2.7 Hz, 1H), 7.29
(d,J = 8.4 Hz, 2H), 7.25 (d] = 16.2 Hz, 1H), 7.02 (s, 1H), 6.84 (= 8.4 Hz, 2H), 6.69
(d,J = 16.2 Hz, 1H), 6.60 (s, 1H), 3.88 (= 8.5 Hz, 6H), 3.70 (d] = 14.7 Hz, 6H)C
NMR (101 MHz, DMSO):6 172.09 (s), 161.82 (s), 159.19 (s), 158.83 (sh.84 (s),
150.32 (s), 145.61 (s), 139.86 (s), 138.53 (s), AB(s), 129.22 (s), 127.83 (s), 123.18 (S),
122.70 (s), 122.63 (s), 120.05 (s), 114.18 (s),23.1s), 103.96 (s), 100.92 (s), 97.80 (s),
55.86 (S), 55.69 (s), 55.51 (S), 55.05 (s). MS(E&)L.1591.(GH2407, [M+H] ™).
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(E)-2-(2,4-dimethoxy-6-(4-methoxystyryl ) phenyl)- 7-fluor o-3-hydr oxy-4H-chromen-4-one

(7€). White solid, Yield: 63%, Mp: 236-239 °&H NMR (600 MHz, DMSO):d 8.94 (s,
1H), 8.20 (dd,J = 8.9, 6.5 Hz, 1H), 7.58 (dd,= 9.7, 2.1 Hz, 1H), 7.37-7.34 (m, 1H), 7.33
(d,J = 8.6 Hz, 2H), 7.26 (d] = 16.2 Hz, 1H), 7.03 (dl = 1.6 Hz, 1H), 6.84 (d] = 8.7 Hz,
2H), 6.74 (dJ = 16.2 Hz, 1H), 6.60 (d = 1.7 Hz, 1H), 3.89 (s, 3H), 3.71 @@= 13.5 Hz,
6H). *C NMR (101 MHz, CDGJ): 6 172.46 (s), 167.96 (s), 164.28 (s), 162.62 (9,85
(s), 159.29 (s), 157.37 (s), 145.24 (s), 139.811(39.62 (s), 131.43 (s), 129.57 (s), 128.17
(s), 123.16 (s), 118.43 (s), 114.13 (s), 110.841(@%.15 (s), 104.90 (s), 101.34 (s), 97.95
(s), 56.01 (s), 55.56 (s), 55.30 (s). MS(ESI): 4892.(GeH21FOs, [M+H] ).

(E)-2-(2,4-dimethoxy-6-(4-methoxystyryl ) phenyl)-6-fl uor o-3-hydr oxy-4H-chromen-4-one

(7f). White solid, Yield: 68%, Mp: 190-193 °C*H NMR (600 MHz, DMSO) 8.99 (s,
1H), 7.80 (ddJ = 22.0, 16.1 Hz, 1H), 7.72 (dd,= 8.9, 3.7 Hz, 1H), 7.64 (§,= 7.1 Hz,
1H), 7.32 (dJ = 8.3 Hz, 2H), 7.26 (d] = 16.2 Hz, 1H), 7.01 (dl = 26.2 Hz, 1H), 6.82 (t,

J = 16.7 Hz, 2H), 6.72 (d] = 16.2 Hz, 1H), 6.61 (s, 1H), 3.89 (s, 3H), 3.d0) = 15.6
Hz,6H). **C NMR (101 MHz, DMSO0): 171.91 (s), 161.93 (s), 159.20 (s), 158.84 (s),
157.16 (s), 151.85 (s), 146.32 (s), 140.04 (s),838), 130.92 (s), 129.21 (s), 127.95 (s),
123.16 (s), 122.56 (s), 121.74 (s), 121.20 (s),144s), 111.44 (s), 109.12 (s), 100.95 (s),
97.78 (s), 55.88 (s), 55.52 (s), 55.05 (S). MS(ES1P.1392.(GeH21FOs, [M+H]").

(E)-8-chloro-2-(2,4-dimethoxy-6-(4-methoxystyr yl ) phenyl )-3-hydroxy-4H-chromen-4-one

(79). White solid, Yield: 55%, Mp: 208-210 °GH NMR (600 MHz, DMSO):6 9.07 (s,
1H), 8.11 (dJ = 8.0 Hz, 1H), 7.92 (d] = 7.7 Hz, 1H), 7.45 () = 7.9 Hz, 1H), 7.34 (d] =

8.5 Hz, 2H), 7.27 (d) = 16.2 Hz, 1H), 7.04 (s, 1H), 6.84 (H= 8.5 Hz, 2H), 6.79 (d] =
16.2 Hz, 1H), 6.63 (s, 1H), 3.90 (s, 3H), 3.743H), 3.70 (s, 3H)**C NMR (151 MHz,
DMSO0): 6 175.28 (s), 165.16 (s), 162.33 (s), 162.18 (s),858s), 149.10 (s), 143.72 (s),
141.98 (s), 136.44 (s), 134.08 (s), 132.43 (s),18B1s), 127.87 (s), 127.27 (s), 126.80 (S),
125.84 (s), 125.06 (s), 117.26 (s), 114.39 (s),304s), 101.12 (s), 59.17 (s), 58.69 (s),
58.21 (s). MS(ESI): 465.1097 46E1,1CIOs, [M+H]™).
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(E)-7-chloro-2-(2,4-dimethoxy-6-(4-methoxystyr yl ) phenyl )-3-hydr oxy-4H-chromen-4-one

(7h). White solid, Yield: 48%, Mp: 209-210 °é4 NMR (600 MHz, DMSO):d 8.98 (s,
1H), 8.14 (dJ = 8.7 Hz, 1H), 7.82 (d] = 1.5 Hz, 1H), 7.50 (dd] = 8.6, 1.7 Hz, 1H), 7.33
(d,J=8.7 Hz, 2H), 7.25 (d] = 16.2 Hz, 1H), 7.03 (dl = 1.7 Hz, 1H), 6.84 (d] = 8.7 Hz,
2H), 6.73 (tJ = 12.4 Hz, 1H), 6.60 (d] = 1.8 Hz, 1H), 3.89 (s, 3H), 3.71 (@= 13.0 Hz,
6H). *C NMR (101 MHz, CDGJ): 6 172.52 (s), 162.63 (s), 159.67 (s), 159.30 (s),4®%6
(s), 145.31 (s), 140.07 (s), 139.63 (s), 139.521(3].48 (s), 129.54 (s), 128.08 (s), 126.88
(s), 125.40 (s), 123.10 (s), 120.08 (s), 118.621(%.13 (s), 110.80 (s), 101.33 (s), 97.93
(s), 56.00 (s), 55.56 (s), 55.30 (s). MS(ESI): 4682.(GgH21ClOg, [M+H]™).

(E)-6-chloro-2-(2,4-dimethoxy-6-(4-methoxystyr yl ) phenyl )-3-hydr oxy-4H-chromen-4-one

(7i). White solid, Yield: 60%, Mp: 189-192°¢H NMR (600 MHz, CDCY): 6 8.27 (s, 1H),
7.60 (d,J = 9.0 Hz, 1H), 7.45 (d] = 8.9 Hz, 1H), 7.26 (d) = 4.7 Hz, 3H), 7.06 (d] =
16.0 Hz, 1H), 6.91 (s, 1H), 6.80 @ 8.2 Hz, 2H), 6.77 (d] = 16.1 Hz, 1H), 6.50 (s, 1H),
3.93 (s, 3H), 3.78 (d] = 6.5 Hz, 6H)*°C NMR (101 MHz, CDG)): 6 172.35 (s), 162.65
(s), 159.68 (s), 159.27 (s), 154.65 (s), 145.45140.02 (s), 139.63 (s), 133.60 (s), 131.45
(s), 130.34 (s), 129.51 (s), 128.04 (s), 124.741(33.08 (s), 122.35 (s), 120.41 (s), 114.13
(s), 110.78 (s), 101.36 (s), 97.93 (s), 56.01 §5)57 (s), 55.31(s). MS(ESI): 465.1101.
(C26H21ClOg, [M+H]").

(E)-7-bromo-2-(2,4-dimethoxy-6-(4-methoxystyryl ) phenyl)-3-hydr oxy-4H-chromen-4-one

(7j). White solid, Yield: 76%, Mp: 202-205°¢H NMR (600 MHz, DMSO):6 9.03 (s,
1H), 8.05 (dJ = 8.6 Hz, 1H), 7.94 (d] = 1.3 Hz, 1H), 7.63 (dd] = 8.6, 1.1 Hz, 1H), 7.33
(d,J = 8.6 Hz, 2H), 7.25 (d] = 16.2 Hz, 1H), 7.01 (dl = 1.5 Hz, 1H), 6.83 (d] = 8.6 Hz,
2H), 6.73 (dJ = 16.2 Hz, 1H), 6.59 (d] = 1.6 Hz, 1H), 3.88 (s, 3H), 3.70 @@= 11.5 Hz,
6H). 1*C NMR (101 MHz, CDGJ): 6 172.60 (s), 162.64 (s), 159.68 (s), 159.30 (s),34%6
(s), 145.17 (s), 140.09 (s), 139.63 (s), 131.491(29.54 (s), 128.08 (s), 127.76 (s), 126.89
(s), 123.09 (s), 121.71 (s), 120.41 (s), 114.131().78 (s), 101.32 (s), 97.93 (s), 56.01 (S),
55.56 (S), 55.31 (s). MS(ESI): 509.0590Q4d51BrOg, [M+H]").
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(E)-6-bromo-2-(2,4-dimethoxy-6-(4-methoxystyr yl ) phenyl )-3-hydr oxy-4H-chromen-4-one

(7k). White solid, Yield: 82%, Mp: 201-204 °&4 NMR (600 MHz, DMSO): 9.08 (s,
1H), 8.22 (dJ = 2.4 Hz, 1H), 7.88 (dd] = 8.9, 2.4 Hz, 1H), 7.61 (d,= 8.9 Hz, 1H), 7.33
(d,J=8.7 Hz, 2H), 7.26 (d] = 16.2 Hz, 1H), 7.03 (dl = 1.7 Hz, 1H), 6.84 (d] = 8.7 Hz,
2H), 6.72 (dJ = 16.2 Hz, 1H), 6.60 (dl = 1.8 Hz, 1H), 3.89 (s, 3H), 3.70 @= 11.1 Hz,
6H). °C NMR (101 MHz, CDGJ): 6 171.92 (s), 162.65 (s), 159.68 (s), 159.28 (5,05
(s), 145.54 (s), 140.10 (s), 139.63 (s), 136.281(3].45 (s), 129.51 (s), 128.04 (s), 123.07
(s), 122.89 (s), 120.62 (s), 117.74 (s), 114.131().79 (s), 101.36 (s), 97.93 (s), 56.01 (s),
55.57 (s), 55.31 (S). MS(ESI): 511.05724,:BrOs, [M+H] ™).

(E)-2-(2,4-dimethoxy-6-(4-methoxystyryl ) phenyl)-3-hydr oxy-6, 7-dimethyl-4H-chr omen-4-
one (71). White solid, Yield: 66%, Mp: 214-217 °éH NMR (600 MHz, CDCJ): 6 8.03 (s,
1H), 7.27 (dJ = 6.3 Hz, 1H), 7.26 (s, 1H), 7.25 (s, 2H), 7.06Xé& 16.0 Hz, 1H), 6.91 (s,
1H), 6.82-6.77 (m, 3H), 6.50 (d,= 1.4 Hz, 1H), 3.92 (d] = 8.1 Hz, 3H), 3.77 (d] = 3.9
Hz, 6H), 2.39 (dJ = 7.5 Hz, 6H)*C NMR (101 MHz, CDGCJ): § 172.88 (s), 162.39 (s),
159.57 (s), 159.31 (s), 155.16 (s), 144.27 (s),dBHs), 139.68 (s), 139.50 (s), 133.84 (s),
131.09 (s), 129.67 (s), 128.05 (s), 124.83 (s),328s), 119.38 (s), 118.67 (s), 114.08 (8),
111.52 (s), 101.20 (s), 98.00 (s), 56.02 (s), 594$H4 55.29 (s), 20.55 (s), 19.39 (s).
MS(ESI): 459.1803.(&H260s, [M+H]").

(E)-2-(2-(4-ethoxystyryl)-4,6-dimethoxyphenyl)-3-hydr oxy-4H-chromen-4-one (7m). White
solid, Yield: 77%, Mp: 244-247 °CH NMR (600 MHz, CDCJ): 6 8.31 (d,J = 7.9 Hz,
1H), 7.66 (dd,) = 11.4, 4.2 Hz, 1H), 7.50 (d,= 8.5 Hz, 1H), 7.43 (1) = 7.5 Hz, 1H), 7.26
(s, 1H), 7.24 (s, 1H), 7.07 (d,= 16.1 Hz, 1H), 6.92 (d] = 2.0 Hz, 1H), 6.81 (d] = 16.2
Hz, 1H), 6.78 (dJ = 8.7 Hz, 2H), 6.51 (d] = 2.0 Hz, 1H), 6.29 (s, 1H), 3.99 @= 7.0
Hz, 2H), 3.93 (s, 3H), 3.79 (s, 3H), 1.38J& 7.0 Hz, 3H)*C NMR (101 MHz, CDGJ):

0 173.15 (s), 162.51 (s), 159.31 (s), 159.01 (s§.45 (s), 145.02 (s), 139.93 (s), 139.63
(s), 133.32 (s), 131.35 (s), 129.45 (s), 128.0618%.54 (s), 124.38 (s), 123.14 (s), 121.55
(s), 118.69 (s), 114.64 (s), 111.22 (s), 101.3098)96 (s), 63.47 (s), 56.02 (s), 55.55 (s),
14.79 (s). MS(ESI): 445.1642 £,406, [M+H] ™).
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(E)-2-(2-(4-ethoxystyryl)-4,6-dimethoxyphenyl ) - 3-hydr oxy-6-methoxy-4H-chromen-4-one
(7n). White solid, Yield: 81%, Mp: 220-223 °¢H NMR (600 MHz, CDC})): § 7.63 (d,J

= 3.0 Hz, 1H), 7.44-7.42 (m, 1H), 7.27 (dds 9.2, 3.1 Hz, 1H), 7.24 (d,= 8.7 Hz, 2H),
7.05 (d,J = 16.1 Hz, 1H), 6.91 (dl = 2.1 Hz, 1H), 6.78 (dd] = 12.4, 3.6 Hz, 3H), 6.50 (d,
J=2.1 Hz, 1H), 6.28 (s, 1H), 3.99 (@= 7.0 Hz, 2H), 3.93 (d] = 6.1 Hz, 6H), 3.78 (s,
3H), 1.38 (t,J = 7.0 Hz, 3H).*C NMR (101 MHz, CDG)): § 172.71 (s), 162.47 (s),
159.29 (s), 159.00 (s), 156.41 (s), 151.58 (s),8014s), 139.62 (s), 139.54 (s),131.28 (s),
129.44 , 128.03 (s), 124.15 (s), 123.14 (s), 12{s94120.16 (s), 114.63 (s), 111.27 (s),
103.82 (s), 101.26 (s), 97.95 (s), 63.46 (s), 5?2 56.00 (s), 55.55 (s), 14.79 (s).
MS(ESI): 475.1747. (&H2607, [M+H]™).

(E)-6-bromo-2-(2-(4-ethoxystyryl)-4,6-dimethoxyphenyl )-3-hydr oxy-4H-chromen-4-one

(70). White solid, Yield: 78%, Mp: 200-205 °éH NMR (600 MHz, CDCJ): ¢ 8.44 (d,J

= 2.4 Hz, 1H), 7.73 (dd] = 9.0, 2.4 Hz, 1H), 7.39 (d,= 8.9 Hz, 1H), 7.24 (d] = 9.0 Hz,
2H), 7.06 (d,J = 16.0 Hz, 1H), 6.90 (dl = 2.1 Hz, 1H), 6.79 (d] = 8.7 Hz, 2H), 6.76 (]

= 16.1 Hz, 1H), 6.50 (d] = 2.1 Hz, 1H), 6.22 (s, 1H), 4.00 (@~ 7.0 Hz, 2H), 3.93 (s,
3H), 3.78 (s, 3H), 1.38 (f] = 7.0 Hz, 3H).**C NMR (101 MHz, CDGJ): § 171.91 (s),
162.65 (s), 159.27 (s), 159.08 (s), 155.09 (s),481%s), 140.05 (s), 139.67 (s), 136.28 (s),
131.53 (s), 129.33 (s), 128.04 (s), 127.98 (s),9P%s), 122.86 (Ss), 120.63 (s), 117.74 (S),
114.66 (s), 110.75 (s), 101.35 (s), 97.90 (s), B39, 56.01 (s), 55.57 (s), 14.78 (s).
MS(ESI): 525.0729.(&H23BrOs, [M+H]").

4.5 Cdll culture

Mouse peritoneal macrophagesere obtained from BeNa Culture Collection
Company. RAW?264.7 cells were cultured in DMEM (Hyoé, USA) supplemented with
10% FBS (Biological Industries, Israel, 100 U/mlnmalin and100ug/mL streptomycin
(Beyotime) at 37 °C in a humidified atmosphere aorihg 5% CQ.

4.6 Determination secretion of NO, TNF-« and IL-6
RAW264.7 cells were seeded into 48-well plate witk1d' cells per well and
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incubated for 24. RAW264.7 cells were pretreated with compounds () for 1 h,
incubated with LPS (0.hg/mL) for 24 h.The supernatants were collected and examined
for NO production using Griess reagent (Beyotimiin@). The levels of TNFe and IL-6

in the culture medium were measured by ELISA (eBiefkce, San Diego, CA).

4.7 Cell viability assay (MTT)

RAW264.7 cells were seeded infi6-well plate with 6x10 cells per well and
maintained at 37 °C in 5% GQGbout 24 h. RAW264.7 cells were pretreated with al
compounds (2@M) for 1 h, incubated with LPS (040/mL) for 24 h. After incubation at
37 °C for 4 h, the culture media containing MTTgjpared in PBS solution, 5 mg/mL)
were removed, and then DMSO (1pD) was added into per well and the absorbance at
492 nm was measured by a microplate reader (MQXRi@dTek, USA).

4.8 W\estern blotting

RAW264.7 cells were seeded into 96-well plate wath1G cells per well and
maintained at 37°C in 5% GOabout 24 h. RAW264.%tells were pretreated with
compound7f (2, 1, 0.5uM) for 1 h, incubated with LPS (04g/mL) for 0.5 h. The cells
were lysed in 30@L RIPA cell lysis buffer (Contains PMSF and phospbkatinhibitors,
Beyotime china) and incubated on ice for 30 mimtgins were run on 12% SDS-PAGE
and then transferred to PVDF membrane (GE HeakhddK). The blotted membrane
incubated with specific primary antibodies (all ibatly obtain from cell signaling
Technology, USA) overnight at 4°C. The membraneseweashed in TBST (Beyotime
Biotech, Nantong, China), incubated with a 1:500@tions of HRP-conjugated secondary

antibody (Beyotime Biotech, Nantong, China) forathioom temperature.

4.91n vivo experiment

The 40 male C57BL/6 mice weighing 18~22 g were pased from Animal
Department of Anhui Medical University. After onesek acclimatization, mice were
randomly divided into four groups on average, ideotg the control group, LPS group,
compoundrf (10 mg/kg) +LPS group and compourffd(20 mg/kg) +LPS group.
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30 min before a 20 mg/kg LPS tail vein injectionon@ol group animals were
received only an equal volume of saline by Intrapeeal injection. Mice were
anesthetized and sacrificed 48 h after LPS injactioung tissues were harvested for
experiment. Lung tissue were fixed in 4% parafodehlde solution, embedded in
paraffin. After dehydration, sections were staimath hematoxylin and eosin (H&E) and
immunohistochemistry according to the previousiyorged method. The upper lung lobe
of the right lungs was excised, and obtain a wegkie The lungs were then placed in an
oven at 60 °C for exceed 48 h until the dry weighs constant. Lung wet/dry weight ratio
was calculated to assess tissue edema. The lwug PO activity was assessed using a
kit (Jiancheng Bioengineering Institute, Nanjinghii@) following the manufacturer's
instruction. The research was approved by the Eti@dommittee of Anhui Medical

Universityon the care.

4.10 Satistical analysis
Data are expressed as meanszSEM and were anatyagstically by analysis of
variance (ANOVE). A value 0p<0.05 was considered to be statistically significail

experiments date were repeated at least three.times
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Figure Captions

Figure 1. The continuous workflow
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Figure 3. Inhibition of NO production by all compoun8a~5v and7a~70
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Figure 5. Inhibition of the Cytokine Production production
Figure 6. Compound/f inhibited LPS-induced iINOS and COX-2 expression

Figure 7. Compound/f inhibits LPS-induced ERK and P38 signaling

Figure 8. Compound/f inhibited LPS-induced activation of NkB signaling Pathway
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Figure 11. Effects of compoundf on histopathological changes in lung tissues
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Figure 3. Inhibition of NO production by all compoun8sa~5v and7a~70 #
% RAW264.7 cells were pretreated with compoubds5v and 7a~70 (10 uM) for 1 h,
incubated with LPS (0.5ug/mL) for 24 h, NO production was measured using
Griess Reagent assay)(Effects of compoundSa~5v on NO secretion.B) Effects of
compounds7a~70 on NO secretionCel: positive compound celecoxiliRes. positive
compound resveratrol. *3<0.001, **p<0.01, *<0.05vs LPS group.
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Figure 4. The cytotoxic evaluation in RAW264cglls®

 The cell viability was evaluated by the MTT ass4y.p<0.001 compare with theontrol
group.
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Figure5. Inhibition of the cytokine productich
# RAW264.7 cells were pretreated with compoufds7f and7i, at concentrations of 10, 5,
2.5, 1.25, 0.62%0M for 1 h, incubated with LPS (0459/mL) for 24 h, NO production was
measured using Griess Reagent assay. The levENFeh and IL-6 in the culture medium
were measured by ELISA. *1<0.001, **p<0.01, #<0.05vs LPS group.
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Figure 6. Compound7f inhibited expression LPS-induced iNOS and COX-2

8After pretreatment with compourd (0.5~2 uM) 1 h, RAW 264.7 cells were stimulated
with LPS (0.5 pg/mL) for 24 h. INOS, COX-2 afieactin were detected by Western blot.
Bay11-7082 used as the NB- inhibitor. “*p<0.001 compared with LPS unstimulated
cells, ***p<0.001, **p<0.01, P<0.05 compared with LPS-stimulated cells; The blots
shown are the examples of three separate expesment
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Figure 7. Compound7f inhibited LPS-induced ERK and P38 signalihg

& Compound 7f time-dependently suppressed LPS-induced P38 and E®ivation.
RAW264.7 cells were pre-treated witbmpound7f (0.5~2 uM) for 1 h, then stimulated
with LPS (0.5ug/mL) for 30 min, the expression of phosphor artdltproteins ERK, JNK,
and p38 were analyzed by Western blot. TAK-242 wsethe TLR4 inhibitor. The results
were showed as means = SD (n=3) of at least tm@ependent experiments’p<0.001

*p<0.05, **p<0.01, **p<0.001 compare with LPS-stimulated cells.
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Figure 8. Compound7f inhibited LPS-induced activation of NkB signaling pathway in
RAW 264.7 cell$

& After pretreatment with compourid (0.5~2 uM) 1 h, RAW 264.7 cells were stimulated
with LPS (0.5 pg/mL) for 30 min. P-IKB IKB, p-P6%,65 andB-actin were detected by
Western blot. Bay11-7082 used as the ¥Finhibitor. “*p<0.001 compared with LPS
unstimulated cells, **p<0.001, **p<0.01, 1<0.05 compared with LPS-stimulated cells;

The blots shown are the examples of three sepexariments.
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Figure9. The interaction of compourd with TAK1 (PDB ID: 5V5N)
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4C57/BL6 mice were treated by intraperitoneal irigetwith compound’f (10 mg/kg, 20
mg/kg), and after 30 min, were challenged with Skgd.-PS by intratracheal injectionA)
Myeloperoxidase (MPO) activity of lung tissu®) (Body weight changesCj Pulmonary
Edema: lung wet/dry ratioD) Survival of miance in a modeE) Effects of compoundf
on histopathological changes in lung tissues by LRS&E staining and
immunohistochemical of F4/80 staining 200x).

#h<0.001 compared with control groupp<0.05, **p<0.01, ***p<0.001 compare with
LPS group.
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Figure1l. Effects of compoundf on histopathological changes in lung tissues
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Figure 12. Prelimilarymechanism#volved
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Schemel. Synthesis of compoun@s~3d

Reagents and conditionfA) TBAB, K,CQO;, Acetone, reflux, 3-6 h;B) DMF, POCH,
Acetonitrile, 0 °C, rt, 1.5 h.

/
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Scheme 2. Synthesis of compounds~5v

Reagents and conditiong& ) Pyrolidine, Ethanol, 40°C, 36 B) I,, DMSO, reflux, 4-6 h.
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Table 1. Chemical structures and yields of compoubatssv

Comp. R R* Yield (%)  Comp. R R! Yield (%)
5a Me H 90 5l Me 4-Br 75
5b Me 4-CH 61 5m Me 5-Br 88
5¢c Me 5-CH 59 5n Et H 93
5d Me 4,5-CH 72 50 Et 5-OCH; 83
5e Me 5-OCH 66 5p Et 5-Br 88
5f Me 4,5-0CH 42 5q n-butyl H 89
5g Me 4-F 78 5r n-butyl 5-OCH; 78
5h Me 5-F 59 5s n-butyl 5-Br 79
5i Me 3ClI 58 5t Benzyl H 92
5 Me 4-Cl 68 5u Benzyl 5- OCH 76
Bk Me 5-Cl 71 5v Benzyl 5-Br 78
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R=Methyl or Ethyl

Scheme 3. Synthesis of compoundsa~70

Reagents and conditions: (a) Pyrolidine, Ethan6f,C4 36 h; (b) NaOH, 30% J@,,
Methanol, 40 °C, 48 h.
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Table 2. Chemical structures and yields of compounals7o

Comp. R R? Yield (%)  Comp. R R? Yield (%)

7a Me H 76 7i Me 5-Cl 60
7b Me 4-CH 78 7 Me 4-Br 76
7c Me 5-CH 44 7k Me 5-Br 82
7d Me 5-OCH 89 7l Me 4,5-CH 66
7e Me 4-F 63 7m Et H 77
7f Me 5-F 68 7n Et 5-OCH; 81
79 Me 3-Cl 55 70 Et 5-Br 78
7h Me 4-Cl 48
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Highlights

» Nove resveratrol-based flavonol compounds were synthesized.

» Compound showed high anti-inflammatory activity against IL-6. NO and TNF-a.

» Preliminary mechanisms of anti-inflammatory action were discovered.



