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Novel phthalide derivatives: synthesis and anti-inflammatory activity in vitro and

in vivo
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Thirty-one novel phthalide derivatives were synthesized and evaluated to discover
novel agents with anti-inflammatory activity. Among them, compound 90 was the
most one with potent NO inhibitory activity and without obvious cytotoxicity. The
preliminary mechanism of anti-inflammatory activity was revealed. The further in
vivo anti-inflammatory studies showed that this title compound had a good therapeutic

effect against AlA rats.
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Abstract: Phthalide is a promising chemical scaffold and basn proved to show
potent anti-inflammatory efficacy. In this studyrée series, total of 31 novel
phthalide derivatives were designed and synthesizédir anti-inflammatory
activities were screened witro and invivo. The anti-inflammatory activity of all the
compounds were screened on LPS induced NO produdtoevaluating their
inhibitory effects. Structure-activity relationshipas been concluded, and finally
3-((4-((4-fluorobenzyl)oxy)phenyl)(hydroxy)methyb)7-dimethoxyisobenzofuran-1
(3H)-one (compound®o) was found to be the active one with low toxicityhieh
showed 95.23% inhibitory rate at 1M with ICs, value of 0.76uM against
LPS-induced NO over expression. Preliminary medmanstudies indicated that
compound9o activated Nrf2/HO-1 signalling pathway via accuatidn ROS and
blocks the NR<B/MAPK signaling pathway. Then vivo anti-inflammatory activity
shown that compoun@lo had obvious therapeutic effect against the adjuwatuced

rat arthritis model.
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1. Introduction

Inflammation is a series of complex defense-relagedtions caused by invading
microbes or physical injuries [1]. In the innatenmme response, macrophages
mediate most of the inflammatory cellular and molac pathophysiology by
producing various pro-inflammatory mediators, anldypan important role in
promoting cellular repair and protection [2-4]. ©gulated production of these
pro-inflammatory mediators such as nitric oxideO{Ninterleukin-6 (IL-6), tumor
necrosis factot: (TNF-a), interleukin-B (IL-1p) and interleukin-12 which can lead
to wide range of diseases, including rheumatoidrisis, sepsis and inflammatory
bowel disease[5,6]. Therefore, there is an urgesgdnto find effective drugs or
therapies that can inhibit the production and #eaaf pro-inflammatory cytokines.

Toll-like receptors are transmembrane proteins aifgpn recognition receptors
of lipopolysaccharide (LPS) [7]. It controls theitial inflammatory response and
plays an important role in innate immune system[8f complex formed by LPS and
TLR4 leads to the activation of intracellular signg pathway [9]. The pathway
mediates the activation okB kinases, p38, c-Jun NH2-terminal kinase (JNK) and
(ERK)-1/2 mitogen-activated protein kinases (MAPK®&ading to activation of
transcription factors nuclear factoB (NF-xB) and AP-1 enter the nucleus[10, 11].
The nuclear factor erythroid 2-related factor 2 fR)\ris a key and important
transcription factor, which contributes to antilamhmatory processes and regulates
the expressions of a series of antioxidant enzyti&s13]. In macrophages, Nrf2 can
inhibit the inflammatory response by blocking thanscription of pro-inflammatory
cytokines [14]. The activation of Nrf2 activatiomd regulation of HO-1 are
considered to be the main anti-inflammatory andpgsdtective enzymes [15, 16].
Therefore, targeting Nrf2/HO-1 pathway may be anpsing strategy for the
treatment of inflammatory diseases [17].

Butylphthalide (NBP) is ghthalide extracted frorAngelicae Sinensis Radix,
which is one of the most important traditional Giga medicines (TCM). Due to its
effects on protecting nerve cells, antioxidatior amproving brain circulation, the

racemic 3n-butylphthalide has been approved by the SFDA dh&las a new drug



mainly for the treatment of ischemic stroke sinB@2 It is well-known that NBP can
inhibit platelet aggregation and thrombosis, imgrawicrocirculation, and reduce
brain infarct volume, thus benefiting patients wghhemic stroke[18]. Besides NBP,
some other natural phthalides have been shown tea@gainst ischemic
stroke-induced brain injury.

Previous studies show that NBP and its derivatbassuppress the inflammatory
response caused by cerebral ischemia, which isecel@ the inhibition of NReB
signaling pathway (Figure 1). Zat al have investigated the effects of a phthalide
derivative CD21 on ischemic brain injury. The résiduggest that the anti-stroke of
CD21 appear to be mediated partially via the indacof MSR1-promoted DAMP
(PRX1) clearance, TLR4/nuclear facid- pathway inhibition, and the resolution of
inflammation [19]. Several groups have determinbdt t¢)-Ligustilide, another
natural compound with phthalide skeleton, can eamti-inflammatory effects by
regulating the NReB, MAPK pathways, or by regulating the AP-1 and H(R0-24].
Among them, Gueet al found that Levistilide A, a phthalide dimer is@dtfrom
Ligusticum chuanxiongndAngelica sinensisould suppress NLRP3 gene expression
by blocking the Syk-p38/JNK pathway [25]. Lee al also found that Cnidilide, an
alkylphthalide isolated the roots @midium officinale could suppress LPS-induced
NO, PGE2, IL-B, IL-6 and TNFe production by AP-1 and MEKB inactivation in
RAW 264.7 macrophages [26]. Therefore, phthalide pgomising chemical scaffold

to discovery new anti-inflammatory drugs.

Figure 1

Herein three series of phthalide derivatives wdesigned and synthesized
through above finding. The first one is hybridpbthalide and 1,2,4-oxadiazole core,
inspired by the anti-inflammatory activity of sormempounds with 1,2,4-oxadiazole
moiety ©Series A). In order to investigate the effects of hydropleoliteraction and
steric configuration, the second series of 3-hyghoenzhydrolphthalidesSéries B)

were synthesized. Based on the activity Hfl(igustilide, the third one, a series of



(2)-3-benzylidene-phthalides by eliminating the chingdroxy group of series B
(Series C) were constructed at last (Figure 2). On the badisbalancing
anti-inflammatory activity and toxicity, the titlphthalide derivative was used to

explore ameliorate inflammation in a CFA-inducethatis (AIA) mouse model.

Figure 2

2. Resultsand discussion
2.1 Chemistry

The synthesis of the first series of derivativeshwl,2,4- oxadiazole moiety
(5a~5€) was outlined in Scheme 1. Compoun8a~3e) were obtained by reacting
different nitriles with hydroxylamine hydrochloridie the presence of triethylamine in
methanol under reflux. Amide coupling of the regpec oximes with
phthalide-3-acetic acid), following by subsequent cyclization and affordkd title

compoundba~5e.

Scheme 1

The synthesis of the second series of phthalidévateres was exhibited in
Scheme 2. Actually, this series of compounds arprbgucts of Pinnick oxidation. At
first, we wanted to convert the aldehyde grouphlnfa derivative of resveratrdip the
corresponding carboxyl group. When the reaction easied out at 0 °C, the main
product was the carboxylic acid [27]. However, wihla reaction temperature went
up to 50 °C, a new main product was obtained wathdgyield. After characterized by
NMR, MS and the X-ray single crystal diffractioneviound that a new phthalide
derivative was synthesize8h) in the single-step reaction. The possible mecmani

of this reaction was proposed and outlined in Fegar

Scheme 2

Figure 3



To understand the influence of the chiralitytleé second series of compounds, the
hydroxy groups of compoundSb, 9n and 90 were eliminated to afford the
corresponding 3-benzylidenephthalidelOl; 10n and 100) Scheme 3 [28]. The
double bond ofl10b, 10n and 100 were found to beZ)-configuration. This was
indicated byoy of the vinyl protons oflOb, 10n and10o (6 6.31, 6.32 and 6.29 ppm,
respectively) because the chemical shifts of tinglprotons of unstableEj-isomers
of 3-benzylidenephtha-lides are shifted downfietdni the corresponding stable

(2)-isomers [29].

Scheme 3

2.2 Crystal structure of compou®d

The structure of compourgdb was determined by X-ray crystallography (Figure
4). Crystallographical data: Crystallographic datagH:50s, Triclinic, space group
P.1; a=9.635(2)b = 9.956(2)c = 10.257(2) (A):a = 65.318(2),3 = 68.283(2) )=
68.615(2) ), V = 804.4(3) nm, T = 298 (2) K,Z = 2, Dc = 1.364 g/crm, F(000) =
348, Reflections collected/unique = 5506/2223, Dastraints/parameters =
2808/0/221, Goodness of fit off = 1.082, Fine,R, = 0.053,wR(F?) = 0.1448.
Crystallographic data (excluding structure factofg) the structures have been

deposited into the Cambridge Crystallographic [zater (CCDC no: 844477).

Figure 4

2.3 Anti-inflammatory activity of compounds
Firstly, we determined the intrinsic cytotoxicity the title compounds against

RAW264.7 cells by MTT assay, and found that thgaaicompounds displayed low
intrinsic cytotoxicity. As shown in Figure 5 (A ari8). All compounds showed no
significant intrinsic cytotoxicity at 2QuM. Subsequently, the anti-inflammatory
activity of all compounds were determined accordinghe previous method [30],

and LPS stimulated RAW264.7 cells as an evaluatimondel. Excessive NO



production has been found to play an important rmlemany inflammatory
diseases[31]. Here, all compounds were tested Heir tability to inhibit NO
overexpression. Griess reagent was used to detertimenconcentration of NO in cell
supernatant. As shown in Figure 5 (C and D) theesung results showed that most
of the compounds could reduce the LPS-induced N@e8en at a dose of 10 pM. It
is noteworthy that most compounds exhibited stromgleibition of NO production
compared with the references Celecoxib and Indoacgth Therefore, these

compounds are valuable for further evaluation.

Figure 5

2.41nhibitory effect of NO production and expressidmpm-inflammatory mediators
Different concentrations (0.625, 1.25, 2.5, 5, g®l) of compounds were
selected for further study. Compounds dose-depéiydehibited NO production in
LPS-stimulated RAW264.7 cells (Table 1). On the lghahe toxicity of all
compounds, lower than 4QM, which were acceptable. The structure-activity
relationships of the three series against NO itdwipiactivity were clear. Compounds

5a~5e (Series A) had no obvious inhibitory activity against NO, iRless than 25%
and with 1Go > 10 puM. After hydroxymethylation optimization Sgries B,

compound9a~9v), which significantly improve the inhibitory actiy against NO,
among them the IR values of compourtis 9f, 9i, 90, 9p, 99, 9R, 9t and 9u
(62.24~95.23%) are better than that of Indometh&1n59%); the I (NO) values
of above compounds ranging from 0.76 to M), which also surpassing of
Indomethacin. What's more, thespcof compound®e, 9i, 9m and9o is lower than
2.0 uM, which show strong activity against NO, among theries, benzyl substitution
is the best, such as compoual

Unfortunately, the design based d&f)-(igustilide failed. Compound4Ob, 10n
and 100 (Series C) exhibited inhibitory activity against NO rangiraf 36%~48%,

which was significantly worse than that$dries B.



It is interesting, title compoun@b could significantly decreased production of NO
with 1Csp values of 0.76 pM. At the same time, theo®alue of compound®o
cytotoxicity exceeds 40 uM. In addition, the inkiby effect of compoun®o on
pro-inflammatory mediators INOS and COX-2 expressiere analyzed by Western
blot. Treatment of RAW264.7 cells with compoufid decreased the LPS-induced
expression levels of INOS and COX-2 in a concelumatlependent manner (Figure
6). These results prove that compou®a prevents LPS-induced expression of

inflammatory mediators. So, it is worthy of furtretudy.

Table 1
Figure 6

2.5Effect of compounélo on the intracellular ROS generation

Previous studies have shown that the increase & RQelated to the activation
of inflammation[32]. On this basis, we investigatin effect of compoun@o on
ROS production by analyzing the fluorescence intgredf DCF-DA. As expected,
LPS stimulated ROS accumulation compared with ateéck cells. Interestingly, ROS
production was significantly increased in a congdmn dependent manner in the
compound9o (0.5, 1 and 2iM). The results showed that compou®a could not
inhibit ROS production in LPS-pretreated RAW264elic(Figure 7).

Figure 7

2.6 Compoundo activates Nrf2/HO-1 pathway via ROS

ROS are products of normal cell metabolism [33].céwulation ROS may
destroy the balance between antioxidant and prdamtisystems, and then activate
various defense mechanisms in cells [33, 34]. Catiud evidence suggests that ROS
has an important effect on Nrf2 activation [35].fNiis considered to be a key
transcription factor for cell homeostasis, and as theen confirmed that Nrf2 has

antioxidant and anti-inflammatory effects by intdnag with various signaling



pathways[36]. To investigate the anti-inflammatargchanisms of compourgb, we
further determined whetheompound9o activated Nrf2/HO-1 signaling pathway in
RAW264.7 cells. The effect of compou®d on Nrf2 / HO-1 signal pathway was
studied by Western blot. As we expected, compo@adtreatment significantly
increased Nrf2 protein expression in the nucleus HO®-1 protein expression in
RAW264.7 cells (Figure 8A). At the same time, tbedlization of nuclear factor Nrf2
in RAW264.7 cells was examined by immunofluoreseerfs shown in the Figure
8B, Nrf2 was obviously transferred to the nuclefisracompoundo treatment, and
the highercompoundo concentration, the more obvious Nrf2 nuclear tiem3hese
results indicated thatompound9o-mediated Nrf2/HO-1 pathway activation. To
verify whether ROS is involved in the activation thfe Nrf2/HO-1 pathway by
compound9o. NO production in RAW264.7 cells co-treated wittmgpound9o and
NAC (ROS scavenger) were examined. Moreover, NA@niBcantly reversed
compound9o-mediated suppression of NO production in LPS-statead RAW264.7
cells (Figure 8C), suggesting that compo@admay exert anti-inflammatory effects
by activates Nrf2/HO-1 pathway via accumulation RG&m Figure 8C, we found
that although NAC reversed the inhibitory effectcompoundo on NO production,
compound9o still had a certain ability to inhibit NO secratioSo we think that this

compound can also exert anti-inflammatory actitlippugh other pathways.

Figure 8

2.7 Compoundo inhibits LPS-induced activation of NéB and MAPKs

Activating Nrf2 can suppress activation of KB-signalingpathway [37, 38]. In
addition, inhibition of NF«B and MAPKSs signaling activation is considered &damn
important target for the development of anti-infraatory drugs [39]. Thus, we
examined whether compoursd suppressed LPS-induced activation of fB--and
MAPKs. Here, we analyzed it by Western blottingeTesults showed compou@d
inhibited LPS-induced degradation and resynthesis® protein. Meanwhile it could

effect of p65 phosphorylation and inhibit MB- p65 translocate into the nucleus



(Figure 9A). We examined the effect of compo@acbn LPS-mediated MAPK signal
activation with phosphorylated antibodies. As wepeoted, compound9o

time-dependently blocked LPS-induced ERK phospladigrh, INK phosphorylation
and p38 phosphorylation (Figure 9B). These findindgmsmonstrated that this

compound blocked NkB and MAPKs signaling activation.

Figure 9

2.8In vivo activity of compounéo

Rheumatoid arthritis (RA) is a chronic inflammatogutoimmune disease
characterized by joint swelling, synovitis, andgmessive joint injury of cartilage and
bone [40]. The complete Freund's adjuvant (CFAuo®dl arthritis (AA) is widely
used model to study RA because of its similar pgehesis [41]. Male SD rats,
weighing 140-160 g, were randomly divided into grewvith 10 rats in each group.
CFA consists of in-complete Freund's adjuvant amattivated BCG vaccine (10
mg/mL). Rat was induced by a single intradermatatipn of 0.1 mL CFA and saline
(0.9% sodium chloride, as normal) into the righhchipaw. After 2 weeks, we
observed that 70-80% of the rats showed obvioudliageof the left hind paw,
pathological nodules in the tail and ears, andwibeght gain of the rats was slowed
down and part of the weight was lost. From the l1ddy to the 28th day, all
experimental group AIA rats were given intragastadministration of different
concentrations compour@b (20 mg/kg, 40 mg/kg) and Sinomenine (60 mg/kg)eonc
a day. All rats measured the left hind swellingeleand weight change every three
days. The results were shown in Figure 10A andV&),0bserved that compouSd
attenuate paw swelling and weight loss in ratstdpgathological analysis of the ankle
joints was performed at the end of the experimerasisess the level of inflammation
and tissue changes. The representative histologieatbs of the tissue sections were
shown in the Figure 10C. Compared with normal rai#y rats showed extensive
inflammatory cell infiltration, synovial hyperplasiand cartilage destruction (Figure

10C normal). AA rats treated with compou®d (20 mg/kg) showed moderate



synovial hyperplasia, inflammatory cell infiltraticand cartilage destruction (Figure
10 C, 90 L). Compound9o (40 mg/kg) ameliorated cartilage destruction and
inflammatory cell infiltration (Figure 10Co H). Sinomenine (60 mg/kg) showed
moderate synovial hyperplasia and keep intact joavity. In conclusion, the results

indicate that compoun@b has an anti-inflammatory effect on AA rats.

Figure 10

3. Conclusion

In summary, thirty-one novel phthalide derivativegere synthesized and
evaluated to discover novel agents with anti-inflzemory activity. The preliminary
screening results indicated that most of the titempounds exhibited potent
anti-inflammatory activity. Among them, compou#alwas the active one with potent
NO inhibitory activity and without obvious cytotaxiy. Taken together, compound
90 showed anti-inflammatory activity through the riegion of three signalling
pathways (Figure 11). First, compoufd activated Nrf2/HO-1 signalling pathway
via accumulation ROS. Second, compo@adinhibited NF«B signalling activation
through blocking #B-a degradation and subsequent p65 nuclear accunmlatio
Finally, compound9o inhibited MAPKSs signalling activation through blang the
phosphorylation of ERK1/2, JNK and p38. The furthervivo anti-inflammatory
studies showed that this compound had a good thetiapeffect on AlA rats. These
findings suggest that this title compound may hasigpotential in the development

of anti AA drug.

Figure 11

4. Experimental section

4.1. Chemistry general

All the reagents, solvent, and other chemicals weramercially available from



Aladdin, Adamas, Tan soolet al without further purification. Reactions were
monitored by TLC using Silica Gel GF254 precoatéatgs, and compounds were
visualized under UV light ( = 254 or 365 nm). Column chromatography was
performed using silica gel 60 (40—-60 prit).and**C NMR spectra were recorded on
a Bruker Avance IIl 400 MHz spectrometer or an Agtl600 MHz spectrometer. The
NMR solvents were purchased from Sigma-Aldrich (@hi Chemical shiftss( ppm)
are reported relative to the solvent peak (Gp@1.26 [H] or 77.16 {°C]; DMSO de:
2.50 [H] or 39.52 {3C]). Proton resonances are annotated as: chentidal(8),
multiplicity (br, broad; s, singlet; d, doublet; multiplet), coupling constanf,(Hz),
and the number of protons. The ESI-MS spectra weserded on a Mariner System
5304 Mass spectrometer. Melting points were detegthion a XT4MP apparatus
(Taike Corp., Beijing, China), and are uncorreci&ii characterized compounds had
a purity of >95% as measured by analytical revepeabe high-performance liquid

chromatography (HPLC).

4.2. Crystallographic studies
Compound9b was chosen for X-ray diffraction analysis perfodnen a

BRUCKER SMART APEX-CCD diffractometer equipped witla graphite
monochromatic MoKa radiationk (= 0.71073 A) radiation at 293(2) K. A total
reflection was collected in the range of 0.8¥26.1° by using ay-» scan mode with
independent ones, of which @) were observed and used in the succeeding
refinements. The data set were corrected by SADpBg§ram and the structure were
solved by direct methods with SHELXS-97 and refimgdfull-matrix least-squares
method on F?> with SHELXL-97[30]. The non-hydrogen atoms were refined
anisotropically, and the hydrogen atoms were adaedrding to theoretical models.
The structures were refined by full-matrix least@®s method onF? with
SHELXT-97.
4.3. General procedure A: Synthesis of compobadse

A solution of appropriate nitrileslé~1e, 5.0 mmol, 1.0 equiv), hydroxylamine

hydrochloride 2, 6.0 mmol, 1.2 equiv) and & (6.0 mmol, 1.2 equiv) in methanol



(10 mL) was stirred for 6 h at 60 °C. After compat the solvent was evaporated
under reduced pressure and the crude prod@zet3¢) was used for the next step
without purification.

The appropriate oximes4~3e, 5.0 mmol, 1.0 equiv), phthalide-3-acetic acll (
0.96 g, 5.0 mmol, 1.0 equiv) and CDI (0.81 g, 5f@ah 1.0 equiv) were dissolved in
DMF (15 mL). The reaction mixture was stirred at®@overnight. After completion,
the solvent was evaporated under reduced pressheeresidue was dissolved in
EtOAc, washed twice with water and once with brifke combined organic layer
was dried over N&O, and then evaporated under reduced pressure. ddagtrwas

separated using silica gel column chromatography.

((3-methyl-1,2,4-oxadiazol-5-yl)methyl)isobenzofhiig3H)-one %a). Yellow waxy

solid, Yield: 70.5%H NMR (400 MHz, CDCJ) § 7.93 (d J= 8.0 Hz, 1H), 7.71 (t]

= 8.0 Hz, 1H), 7.58 (t) = 8.0 Hz, 1H), 7.52 (d] = 8.0 Hz, 1H), 5.91 (1) = 8.0 Hz,
1H), 3.78 (s, 3H), 2.99-2.87 (m, 2HJC NMR (101 MHz, CDG)) § 169.8, 148.7,
134.3, 129.6, 125.9, 122.1, 52.2, 39.4. ESI MS Y1280 (M+H); HRMS (ESI) (m/z)
calcd for GoH10N203,230.2230.

3-((3-phenyl-1,2,4-oxadiazol-5-yl)methyl)isobenzafdl(3H)-one  Bb). Yellow
waxy solid, Yield: 65.5%H NMR (600 MHz, CDC}) 5 8.00 (d,J = 6.0 Hz, 2H),
7.88 (d,J = 6.0 Hz, 1H), 7.64 () = 6.0 Hz, 1H), 7.52 () = 6.0 Hz, 1H), 7.47-7.41
(m, 4H), 6.03 (tJ = 6.0 Hz, 1H), 3.56-3.48 (m, 2HYC NMR (101 MHz, CDG)) &
174.7, 169.5, 168.5, 147.7, 134.6, 131.5, 130.0.a12127.5, 126.3, 126.1, 126.0,
122.1, 32.4. ESI MS (m/z) 293 (M¥H HRMS (ESI) (m/z) calcd for GH13N,0s,
293.0921, found 293.0920.

3-((3-benzyl-1,2,4-oxadiazol-5-yl)methyl)isobeneafiul (3H)-one $c). White waxy
solid, Yield: 60.5%H NMR (400 MHz, CDCJ) 6 7.88 (d,J = 8.0 Hz, 1H), 7.63 (1)
= 8.0, 1H), 7.54 (tJ = 8.0 Hz, 1H), 7.367.26 (m, 6H), 5.94 {t= 8.0 Hz, 1H),
4.09-4.01 (m, 2H), 3.49-3.39 (m, 2HYC NMR (101 MHz, CDG)) § 174.8, 169.7,



169.4, 147.6, 135.2, 134.4, 129.9, 129.0, 128.8,2,2126.0, 125.9, 122.1, 32.2. ESI
MS (m/z) 306 (M+H); HRMS (ESI) (m/z) calcd for GH14N»03,306.3210.

3-((3-(4-phenoxyphenyl)-1,2,4-oxadiazol-5-yl)meikgbenzofuran-1(3H)-one 5d).
White waxy solid, Yield: 75.8%'H NMR (600 MHz, CDC}) 6 8.01 (d,J = 6.0, 2.0
Hz, 2H), 7.93 (dJ = 6.0 Hz, 1H), 7.68 () = 6.0 Hz, 1H), 7.58 () = 6.0 Hz, 1H),
7.44 (d, 1H), 7.37 (0 = 6.0 Hz, 2H), 7.17 () = 6.0 Hz,1H), 7.05 () = 6.0 Hz, 4H),
6.05 (t,J = 6.0 Hz, 1H), 3.62-3.52 (m, 2HYC NMR (101 MHz, CDGJ) § 174.6,
169.4, 168.0, 160.4, 156.0, 147.8, 134.5, 130.0,312126.1, 124.3, 122.1, 120.9,
119.8, 118.3, 32.3. ESI MS (m/z) 385 (M3HHRMS (ESI) (m/z) calcd for
Ca3H16N204, 385.1183, found, 385.1181.

3-((3-([1,1'-biphenyl]-4-yl)-1,2,4-oxadiazol-5-ylpthyl)isobenzofuran-1(3H)-one

(5e). White waxy solid, Yield: 73.6%'H NMR (600 MHz, CDC}) ¢ 8.13 (d,J = 6.0
Hz, 2H), 7.94 (dJ = 6.0 Hz, 1H), 7.71 (t) = 6.0 Hz, 3H), 7.63 (d] = 6.0 Hz, 2H),
7.59 (t,d = 6.0, 1H), 7.47 (t) = 6.0, 3H), 7.39 (tJ = 6.0 Hz, 1H), 6.08 (] = 6.0 Hz,
1H), 3.57 (dt,J = 16.0, 9.4 Hz, 2H)**C NMR (101 MHz, CDGJ) ¢ 175.0, 174.1,
169.9, 169.1, 148.0, 147.2, 144.5, 144.0, 143.8.514134.4, 134.0, 131.3, 130.1,
129.6, 129.0, 128.33 (s), 128.1, 128.0, 127.7,6,227.2, 127.1, 126.6, 126.1, 125.9,
33.4. ESI MS (m/z) 368 (M+}); HRMS (ESI) (m/z) calcd for £H1¢N»0s, 368.3920.

4.4. General procedure B: Synthesis of compo@aeBy
CompoundsBa-8v were obtained according to the procedure as destriThe

appropriate aldehyde compoun@la{8v, 2.0 mmol, 1.0 equiv) was dissolved in
DMSO and saturated sodium dihydrogenphosphateisol(8.0 mmol, 4.0 equiv) at
0 °C. Saturated sodium chlorite solution (30.0 mnid&.0 equiv) was then added
dropwise with vigorous stirring, and the reactioixtore was stirred at 50 °C for 6 h.
When TLC indicated complete consumption of thetistgrmaterial, the resulting
mixture was extracted with EtOAc (x3), and the argdayers were combined dried

over NaSQ,. After the solvent was evaporated, the product segmrated using silica



gel column chromatography.

3-(hydroxy(4-hydroxyphenyl)methyl)-5,7-dimethoXyeswofuran-1(3H)-one  94).
White waxy solid, Yield: 62.6%H NMR (400 MHz, DMSOsdg) § 9.32 (s, 1H), 7.13
(d, J = 8.0 Hz, 2H), 6.69 (d] = 8.0 Hz, 2H), 6.54 (s, 1H), 6.23 (s, 1H), 5.79J¢
4.0 Hz, 1H), 5.51 (dJ = 4.0 Hz, 1H), 4.92(t) = 4.0 Hz, 1H), 3.82 (s, 3H), 3.78 (s,
3H).13C NMR (101 MHz, DMSOdg) 6 167.6, 165.9, 159.2, 157.1, 152.3, 130.6,
128.6, 115.0, 107.1, 100.3, 99.2, 82.7, 73.0, 3H3, 42.6.

3-(hydroxy(4-methoxyphenyl)methyl)-5,7-dimethodgeaofuran-1(3H)-one  9b).
White solid, Yield: 73.3%, MP:202.3-203G. *H NMR (400 MHz, DMSO#ds) § 7.25
(d, J = 8.0 Hz, 2H), 6.87 (d] = 8.0 Hz, 2H), 6.54 (s, 1H), 6.24 (s, 1H), 5.89J¢
4.0 Hz, 1H), 5.54 (dJ = 4.0 Hz, 1H), 4.97 (t) = 4.0 Hz, 1H), 3.82 (s, 3H), 3.77 (s,
3H), 3.73 (s, 3H)*C NMR (101 MHz, CDGCJ) 6 166.1, 159.5, 151.2, 130.4, 127.8,
113.8, 99.4, 99.3, 82.5, 73.4, 71.48 (s), 55.98,555.3, 42.6. ES| MSn{/2 353
(M+Na); HRMS (ESI) (n/2 calcd for GgH180sNa, 353.0996, found, 353.1004.

3-((4-ethoxyphenyl)(hydroxy)methyl)-5,7-dimethafyenzofuran-1(3H)-one  9¢).
White solid, Yield: 64.4%, MP:154.1-154°8 *H NMR (600 MHz, DMSO€k) 0 7.21
(d,J = 12.0 Hz, 2H), 6.83 (dl = 12.0 Hz, 2H), 6.51 (s, 1H), 6.21 (s, 1H), 5.85)(=
6.0 Hz, 1H), 5.50 (s, 1H), 4.94 (= 6.0 Hz, 1H), 3.98-3.95 (d,= 6.0, 2H), 3.79 (s,
3H), 3.75 (s, 3H), 1.28 (1] = 6.0 Hz, 3H)*C NMR (101 MHz, CDG)) ¢ 168.1,
166.1, 159.4, 159.0 (s), 151.1, 130.0, 127.7, 1407.6, 99.3, 82.4, 73.6, 63.5, 55.9,
55.8, 14.8. ESI MSni/2 345 (M+H); HRMS (ESI) /2 calcd for GoH210s,
345.1333, found, 345.1361.

3-(hydroxy(4-propoxyphenyl)methyl)-5,7-dimethoXyeswofuran-1(3H)-one  9¢).
White solid, Yield: 62.6%, MP:148.6-149%. 'H NMR (600 MHz, DMSO+dg) J
7.22 (d,J = 6.0 Hz, 2H), 6.84 (d] = 12.0 Hz, 2H), 6.52 (s, 1H), 6.23 (s, 1H), 5.83 (
J=6.0 Hz, 1H), 5.51 (d] = 6.0 Hz, 1H), 4.93 (] = 6.0 Hz, 1H), 3.88 (] = 6.0 Hz,
2H), 3.80 (s, 3H), 3.76 (s, 3H), 1.72-1.66 (m, 26185 (t,J = 6.0 Hz, 3H)**C NMR



(101 MHz, CDC}) ¢ 168.2, 166.1, 159.4, 159.2, 151.1, 130.0, 127145 107.6,
99.3, 82.5, 73.6, 69.61 (s), 55.9, 55.8, 22.6,.1BH MS (/2 381 (M+H); HRMS
(ESI) (m/2 calcd for GiH2306, 381.1309, found, 381.1337.

3-((4-butoxyphenyl)(hydroxy)methyl)-5,7-dimethoslgenzofuran-1(3H)-one  9¢).
White solid, Yield: 58.9%, MP:205.8-206°%€C. 'H NMR (600 MHz, DMSOeg) ¢
7.21 (d,J = 6.0 Hz, 2H), 6.84 (d] = 6.0 Hz, 2H), 6.51 (s, 1H), 6.21 (s, 1H), 5.85)d

= 6.0 Hz, 1H), 5.50 (dJ = 6.0 Hz, 1H), 4.94 (t) = 6.0 Hz, 1H), 3.91 () = 6.0 Hz,
2H), 3.79 (s, 3H), 3.75 (s, 3H), 1.67-1.62 (m, 2H%2-1.36 (m, 2H), 0.90 (t, J = 6.0
Hz, 3H)."*C NMR (101 MHz, CDGJ) ¢ 168.3, 166.1, 159.4, 159.2, 151.1, 130.0,
127.7, 114.4, 107.6, 99.4, 99.3, 82.5, 73.6, @58, 55.8, 31.3, 19.2, 13.8. ESI MS
(m/2 395 (M+Na); HRMS (ESI) ro/2 calcd for GiH230s, 395.1465., found,
395.1494.

3-((4-(hexyloxy)phenyl)(hydroxy)methyl)-5,7-dimethsobenzofuran-1(3H)-oné&f|.
White solid, Yield: 67.1%, MP:157.6-158%. *H NMR (600 MHz, DMSO+dg) d
7.21 (d,J = 12.0 Hz, 2H), 6.84 (d] = 6.0 Hz, 2H), 6.52 (s, 1H), 6.22 (s, 1H), 5.83 (d
J=6.0 Hz, 1H), 5.50 (s, 1H), 4.93 {t= 6.0 Hz, 1H), 3.91 () = 6.0, 2H), 3.80 (s,
3H), 3.76 (s, 3H), 1.69-1.64 (m, 2H), 1.39-1.37 @H), 1.29-1.28 (m, 4H), 0.86 {,

= 6.0 Hz, 3H).13C NMR (101 MHz, CDGJ) ¢ 168.3, 166.1, 159.4, 159.2, 151.2,
130.0, 127.7, 114.4, 107.6, 99.4, 99.3, 82.5, 73361, 55.9, 55.8, 31.6, 29.2, 25.7,
22.6, 14.0. ESI MSn/2 401 (M+H); HRMS (ESI) (/2 calcd for GaHogOg,
401.1959., found, 401.1990.

3-(hydroxy(4-isobutoxyphenyl)methyl)-5,7-dimethsodgenzofuran-1(3H)-one 9d).
White solid, Yield: 53.8%, MP:155.5-156°C. *H NMR (400 MHz, DMSO€g) o
7.24 (d,J = 8.0 Hz, 2H), 6.86 (d] = 8.0 Hz, 2H), 6.54 (s, 1H), 6.20 (s, 1H), 5.86 (s
1H), 5.53 (dJ = 4.0 Hz, 1H), 4.95 (s, 1H), 4.39-4.34 (m, 1HBZA(s, 3H), 3.76 (s,
3H), 1.67-.62 (m, 2H), 1.21 (8 = 4.0 Hz, 3H), 0.91 (1) = 8.0 Hz, 3H)*C NMR
(101 MHz, DMSOsdg) 0 167.1, 165.4, 158.7, 157.1, 151.8, 131.7, 1282,9 106.6,
99.6, 98.8, 82.1, 74.0, 72.3, 55.7, 28.5, 19.0, BH MS (m/z) 373 (MH"); HRMS



(ESI) (m/z) calcd for gH250s, 373.1646, found, 373.1675.

3-(hydroxy(4-(2-methoxyethoxy)phenyl)methyl)-5edhoxyisobenzofuran-1(3H)-o
ne ©h). White solid, Yield: 66.0%, MP:102.6-103.2C. *H NMR (600 MHz,
DMSO-dg) 5 7.22 (d,J = 6.0 Hz, 2H), 6.85 (d] = 12.0 Hz, 2H), 6.51 (s, 1H), 6.21 (s,
1H), 5.86 (dJ = 6.0 Hz, 1H), 5.51 (d] = 6.0 Hz, 1H), 4.94 (t) = 6.0, 1H), 4.03 ()

= 6.0, 2H), 3.79 (s, 3H), 3.75 (s, 3H), 3.61Jt 6.0, 2H), 3.27 (s, 3H}’C NMR
(101 MHz, CDC}) ¢ 168.3, 166.1, 159.4, 158.8, 151.1, 132.7, 133,71 114.7,
114.5, 107.6, 99.3, 99.2, 82.5, 73.5, 71.0, 67932,555.9, 55.8, 40.8, 29.7. ESI MS
(m/2 375 (M+H); HRMS (ESI) (/2 calcd for GoHx0, 375.1438, found,
375.1471.

3-(hydroxy(4-(3-methoxypropoxy)phenyl)methyl)-Syiedhoxyisobenzofuran-1(3H)-
one Qi). White solid, Yield: 66.2%, MP:100.8-103.%C. *H NMR (600 MHz,
DMSO-dg) 6 7.22 (d,J = 6.0 Hz, 2H), 6.85 (d] = 6.0 Hz, 2H), 6.52 (s, 1H), 6.22 (s,
1H), 5.83 (dJ = 6.0 Hz, 1H), 5.51 (d] = 6.0 Hz, 1H), 4.94 (] = 6.0 Hz, 1H), 3.97
(t, J = 6.0 Hz, 2H), 3.80 (s, 3H), 3.76 (s, 3H), 3.44)(t 6.0 Hz, 2H), 3.22 (s, 3H),
1.92-1.89 (m, 2H)1.3C NMR (101 MHz, CDQ) 0 168.3, 166.1, 159.4, 158.9, 151.2,
130.4, 127.8, 114.4, 107.6, 99.4, 99.2, 82.6, 7@952, 64.9, 58.7, 55.9, 55.8, 29.6.
ESI MS (/2 411 (M+Na); HRMS (ESI)rfi/2 calcd for GiH»s0s, 411.1414, found,
411.1426.

3-(hydroxy(4-(4-methoxybutoxy)phenyl)methyl)-5 meathoxyisobenzofuran-1(3H)-o
ne ©j). White solid, Yield: 58.8%, MP:179.5-182.2C. 'H NMR (400 MHz,
DMSO-ds) 6 7.23 (d,J = 8.0 Hz, 2H), 6.86 (d] = 8.0 Hz, 2H), 6.54 (s, 1H), 6.24 (s,
1H), 5.89 (dJ = 4.0 Hz, 1H), 5.54 (d] = 4.0, 1H), 4.97 (t) = 4.0 Hz, 1H), 3.95 (1]

= 6.0, 2H), 3.82 (s, 3H), 3.78 (s, 3H), 3.35)(t 4.0, 2H), 3.23 (s, 3H), 1.74-1.69 (m,
2H), 1.66-1.59 (m, 2H)°*C NMR (101 MHz, DMSO) 167.1, 165.5, 158.7, 157.9,
151.7, 131.7, 128.1, 113.6, 106.6, 99.7, 98.72,822.4, 71.5, 67.1, 57.8, 55.8, 55.7,
25.6, 25.5. ESI MSni/2 425 (M+H); HRMS (ESI) /2 calcd for GiH230s,
425.1571, found, 425.1567.



3-((4-(2-ethoxyethoxy)phenyl)(hydroxy)methyl)-Smethoxyisobenzofuran-1(3H)-o
ne ©k). White solid, Yield: 48.5%, MP:192.0-192.%C. H NMR (400 MHz,
DMSO-ds) 6 7.24 (d,J = 8.0 Hz, 2H), 6.88 (d] = 8.0 Hz, 2H), 6.54 (s, 1H), 6.23 (s,
1H), 5.87 (dJ = 4.0 Hz, 1H), 5.53 (d] = 4.0 Hz, 1H), 4.96 (t) = 4.0 Hz, 1H), 4.05

(t, J = 4.0, 2H), 3.82 (s, 3H), 3.77 (s, 3H), 3.67J(t 4.0, 2H), 3.51-3.46 (g} = 4.0
Hz, 2H), 1.12 (tJ = 8.0 Hz, 3H)}*C NMR (101 MHz, DMSOds) J 167.1, 165.5,
158.7, 157.8, 151.7, 131.9, 128.1, 113.6, 106.6,,98.7, 82.2, 72.4, 68.3, 67.0, 65.7,
55.8, 55.7, 15.1. ESI MS (m/z) 389 {M"); HRMS (ESI) (m/z) calcd for §Hs05,
389.1595, found, 389.1625.

3-(hydroxy(4-(2-phenoxyethoxy)phenyl)methyl)-5meadhoxyisobenzofuran-1(3H)-o
ne @). White solid, Yield: 57.4%, MP:96.9-97%€. *H NMR (400 MHz, CDC)) &
7.34-7.29 (m, 4H), 6.96 (d,= 8.0 Hz, 5H), 6.40 (s, 1H), 6.03 (s, 1H), 5.48)¢, 4.0
Hz, 1H), 5.13 (dJ = 4.0 Hz, 1H), 4.34 (s, 4H), 3.91 (s, 3H), 3.743H).°*C NMR
(101 MHz, CDC}) ¢ 166.1, 159.3, 158.6, 151.2, 131.0, 129.5, 12729,2, 114.7,
114.6, 107.50 (s), 99.4, 99.2, 82.6, 73.4, 66.74,665.9, 55.8. ESI MSn{/2 459
(M+Na); HRMS (ESI) (n/2 calcd for GsH240;Na, 459.1414, found, 459.1419.

3-((4-(but-3-en-1-yloxy)phenyl)(hydroxy)methyl)-8jmethoxyisobenzofuran-1(3H)-
one Om). White solid, Yield: 54.7%, MP:95.2-96.8C. '"H NMR (400 MHz,
DMSO-ds) 6 7.23 (d,J = 8.0 Hz, 2H), 6.86 (d] = 8.0 Hz, 2H), 6.54 (s, 1H), 6.23 (s,
1H), 5.89-5.82 (m, 2H), 5.53 (d,= 4.0 Hz, 1H), 5.06-4.94 (m, 3H), 3.94 Jt= 4.0
Hz, 2H), 3.82 (s, 3H), 3.77 (s, 3H), 2.19-2.14 2H).**C NMR (101 MHz, CDGJ) ¢
168.3, 166.1, 159.4, 159.0, 151.2, 137.8, 130.3,71215.2, 114.4, 107.6, 99.4, 99.2,
82.6, 73.5, 67.2, 55.9, 55.8, 30.1, 28.4. ES| Mi&)(371 (M+H"); HRMS (ESI) (/2
calcd for G1H230e, 371.1495, found, 371.1501.

3-((4-(benzyloxy)phenyl)(hydroxy)methyl)-5,7-dirogthsobenzofuran-1(3H)-one

(9n). White solid, Yield: 56.8%H NMR (400 MHz, CDC}) 6 7.81 (d,J = 8.0 Hz,
2H), 7.47-7.34 (m, 5H), 7.02 (d,= 8.0 Hz, 2H), 6.73 (s, 1H), 6.45 (@= 4.0 Hz,
1H), 6.32 (s, 1H), 5.12 (s, 2H), 3.99 (s, 3H), 3(87 3H).*C NMR (101 MHz,



DMSO-ds) ¢ 167.6, 165.9, 159.2, 158.1, 152.2, 137.6, 132.8.9.2128.6, 128.3,
128.1, 114.5, 107.1, 100.1, 99.2, 82.6, 72.8, 3633, 56.2, 49.1.

3-((4-((4-fluorobenzyl)oxy)phenyl)(hydroxy)methy|y-dimethoxyisobenzofuran-1(3
H)-one Qo). White solid, Yield: 69.9%, MP:190.5-191%C. *H NMR (600 MHz,
DMSO-dg) § 7.47 (t,J = 6.0, 2H), 7.24 (dJ = 6.0 Hz, 2H), 7.19 () = 6.0 Hz, 2H),
6.93 (d,J = 12.0 Hz, 2H), 6.52 (s, 1H), 6.21 (s, 1H), 5.851H), 5.73(s, 1H), 5.51 (d,
J = 6.0, 1H), 5.05 (s, 2H), 3.80 (s, 3H), 3.74 (4).3°C NMR (101 MHz, CDGJ) ¢
166.1, 159.5, 158.6, 151.1, 13.07, 129.3, 127.8,61115.4, 114.9, 107.6, 99.3, 82.3,
73.7, 69.4, 56.0, 55.7. ESI MSn(9 425 (M+H); HRMS (ESI) (/2 calcd for
Co4H22FOs, 425.1395, found, 425.1426.

3-((4-((4-chlorobenzyl)oxy)phenyl)(hydroxy)methylj-dimethoxyisobenzofuran-1(3
H)-one ©p). White solid, Yield: 63.5%'H NMR (400 MHz, CDC}) § 7.38 (s, 4H),
7.33 (d,J = 8.0 Hz, 2H), 6.98 (d] = 8.0 Hz, 2H), 6.41 (s, 1H), 6.00 (s, 1H), 5.48Xd
= 4.0 Hz, 1H), 5.14 (s, 1H), 5.07 (s, 2H), 3.933H), 3.73 (s, 3H)}*C NMR (101
MHz, DMSOdg) ¢ 167.5, 166.0, 159.2, 157.9, 152.2, 136.7, 13228.9, 128.9,
128.7, 114.6, 100.2, 99.3, 82.6, 72.9, 68.7, Hb3.

3-((4-((4-bromobenzyl)oxy)phenyl)(hydroxy)methyl)-8imethoxyisobenzofuran-1(3
H)-one @g). White solid, Yield: 65.5%'H NMR (400 MHz, CDC}) ¢ 7.54 (d,J =
8.0 Hz, 2H), 7.34-7.33 (m, 4H), 6.98 @@= 8.0 Hz, 2H), 6.41 (s, 1H), 6.01 (s, 1H),
5.49 (d,J = 4.0 Hz, 1H), 5.14 (d] = 4.0 Hz, 1H), 5.06 (s, 2H), 3.94(s, 3H), 3.73 (s,
3H). **C NMR (101 MHz, DMSOds) § 167.5, 166.0, 159.2, 157.9, 152.2, 137.1,
132.7, 131.8, 130.2, 128.7, 121.3, 115.7, 115.8,6.1107.1, 100.2, 99.3, 82.6, 72.9,
68.7, 56.3.

3-(hydroxy(4-((4-methylbenzyl)oxy)phenyl)methyh-&imethoxyisobenzofuran-1(3H
)-one Or). White solid, Yield: 58.5%'H NMR (400 MHz, CDCY) ¢ 7.34-7.31 (m,
4H), 7.21 (dJ = 8.0 Hz, 2H), 6.99 (d] = 8.0 Hz, 2H), 6.40(s, 1H), 5.96 (s, 1H), 5.47
(d,J = 4.0 Hz, 1H), 5.15 (d] = 4.0 Hz, 1H), 5.05 (s, 2H), 3.92 (s, 3H), 3.7031),



2.38 (s, 3H).°C NMR (101 MHz, DMSOsdg)  164.5, 163.4, 159.2, 157.7, 152.2,
143.5 137.5, 134.5, 129.4, 128.2, 119.2, 114.%,$R.5, 56.2, 21.2.

4-((4-((4,6-dimethoxy-3-0x0-1,3-dihydroisobenzofufayl)(hydroxy)methyl)phenoxy
)methyl)benzonitrile9s). White solid, Yield: 56.6%'H NMR (400 MHz, CDC}) &
7.70 (d,J = 8.0 Hz, 2H), 7.57 (d] = 8.0 Hz, 2H), 7.34 (d] = 8.0 Hz, 2H), 6.96 (d]

= 8.0 Hz, 2H), 6.41 (d] = 4.0 Hz, 1H), 6.10 (s, 1H), 5.46 @= 8.0 Hz, 1H), 5.15 (s,
2H), 5.09 (dJ = 4.0, 1H), 3.92 (s, 3H), 3.76 (s, 3HIC NMR (101 MHz, DMSOd)

0 167.5, 166.0, 159.2, 157.7, 152.2, 143.5, 1328,71, 128.5, 119.2, 114.6, 110.9,
107.1, 100.2, 99.3, 82.6, 72.9, 68.6, 56.3, 560297440.40 (m), 40.11 (d = 21.2
Hz), 39.72 (dJ = 15.5 Hz), 39.38 (s).

3-(hydroxy(4-((4-(trifluoromethoxy)benzyl)oxy)phBmethyl)-5,7-dimethoxyisobenzo
furan-1(3H)-one $t). White solid, Yield: 54.3%'H NMR (400 MHz, CDC}) 6 7.49
(d, J = 8.0 Hz, 2H), 7.35 (d] = 8.0 Hz, 2H), 7.26 (d] = 8.0 Hz, 2H), 6.99 (d] = 8.0
Hz, 2H), 6.41 (s, 1H), 6.04 (s, 1H), 5.49 Jc& 4.0 Hz, 1H), 5.14 (d] = 4.0 Hz, 1H),
5.09 (s, 2H), 3.93 (s, 3H), 3.74 (s, 3} NMR (101 MHz, DMSOds) 6 167.5,
166.0, 159.2, 157.9, 152.2, 148.3, 137.1, 132.8.(13128.7, 121.5, 114.5, 107.1,
100.2, 99.3, 82.6, 72.9, 68.6, 56.3, 56.2, 49.1.

3-((4-((4-(difluoromethoxy)benzyl)oxy)phenyl) (hydrmethyl)-5,7-dimethoxyisobenz
ofuran-1(3H)-one qu). White solid, Yield: 59.3%H NMR (400 MHz, CDCJ) §
7.35-7.31 (m, 5H), 7.22 (d, = 8.0 Hz, 2H), 7.00 (dJ = 8.0 Hz, 2H), 6.40 (s, 1H),
5.96 (s, 1H), 5.49 (dl = 4.0 Hz, 1H), 5.16 (d] = 8.0, 1H), 5.06 (s, 2H), 3.93 (s, 3H),
3.71 (s, 3H)*C NMR (101 MHz, DMSOds) J 167.6, 1656.0 (s), 159.2, 158.0, 152.2,
150.9, 134.6, 132.7, 129.9, 128.7, 119.2, 116.8,511107.1, 100.2, 99.3, 82.6, 72.9,
68.8, 60.2, 56.5, 56.3, 5.2.

3-((4-(cyclohexylmethoxy)phenyl)(hydroxy)methyh-&imethoxyisobenzofuran-1(3H
)-one Ov). White solid, Yield: 52.6%'H NMR (400 MHz, CDCJ) ¢ 7.29 (d,J = 8.0
Hz, 2H), 6.88 (dJ = 8.0 Hz, 2H), 6.38 (s, 1H), 6.00 @= 11.0 Hz, 1H), 5.46-5.42



(m, 1H), 5.12-5.09 (m, 1H), 3.89 (s, 3H), 3.861H), 3.76-3.71 (m, 4H), 1.88-1.70
(m, 5H), 1.32-1.16 (m, 4H), 1.09-1.01 (m, 2KjC NMR (101 MHz, DMSOde) &
162.7, 158.0, 157.8, 140.0, 134.9, 131.3, 130.8,81214.7, 113.5, 107.7, 98.2, 73.6,
73.0, 56.3, 55.9, 49.1, 44.9, 37.5, 29.7, 26.9,2%5.7.

4.5. General procedure C: Synthesis of compodfds10n and100

The appropriate compoun®k 9n and 9o, 1.0 mmol, 1.0 equiv)p-TsOH (2.0
mmol, 2.0 equiv) was dissolved in benzene (5 mlhe Teaction mixture was then
stirred at 60 °C for 6 h. After completion, thewsait was evaporated under reduced
pressure. The residue was dissolved in EtOAc, whshee with water and once
with brine. The combined organic layer was drieeroMaSO, and then evaporated
under reduced pressure. The product was separatgd) ilica gel column
chromatography.
(2)-5,7-dimethoxy-3-(4-methoxybenzylidene)isobemanfl(3H)-one 10b). White
solid, Yield: 60.5%H NMR (400 MHz, CDCJ) ¢ 7.81 (d,J = 8.0 Hz, 2H), 6.94 (d,
J = 8.0 Hz, 2H), 6.72 (s, 1H), 6.43 (s, 1H), 6.311(d), 3.98 (s, 3H), 3.96 (s, 3H),
3.87 (s, 3H)X*C NMR (101 MHz, DMSOdg) § 167.5, 164.1, 159.6, 145.1, 142.9,
131.7, 126.4, 114.9, 106.9, 103.3, 100.7, 96.4,5%.5, 55.7.

(2)-3-(4-(benzyloxy)benzylidene)-5,7-dimethoxyisab&ran-1(3H)-one 10n).
White solid, Yield: 66.5%H NMR (400 MHz, CDC}) 6 7.80 (d,J = 8.0 Hz, 2H),
7.47 (d,J = 8.0 Hz, 2H), 7.42 () = 8.0, 2H), 7.37 (dJ = 8.0 Hz, 1H), 7.02 (d] =
8.0 Hz, 2H), 6.73 (s, 1H), 6.44 (s, 1H), 6.32 (4),15.12 (s, 2H), 3.99 (s, 3H), 3.97 (s,
3H). °C NMR (101 MHz, DMSOdg) § 167.5, 164.1, 159.5, 158.8, 145.1, 143.0,
137.3, 131.7, 128.9, 128.4, 128.4, 126.6, 115.8,90.03.3, 100.7, 96.4, 69.7, 56.8,
56.6.

(2)-3-(4-((4-fluorobenzyl)oxy)benzylidene)-5, 7-dinexyisobenzofuran-1(3H)-one
(100). White solid, Yield: 62.8%'H NMR (600 MHz, CDCY) 6 7.79 (d,J = 6.0 Hz,
2H), 7.38 — 7.34 (m, 4H), 6.97 (d= 6.0 Hz, 2H), 6.70 (s, 1H), 6.42 (s, 1H), 6.29 (s



1H), 5.06 (s, 2H), 3.96 (s, 3H), 3.94 (s, 3HL NMR (101 MHz, DMSOdg) 6 167.5,
164.1, 159.5, 158.6, 145.0, 143.0, 136.3, 133.0,73130.1, 128.9, 126.8, 115.8,
106.8, 103.3, 100.7, 96.4, 68.9, 56.8, 56.6.

4.6 Cell culture

Mouse peritoneal macrophages were purchased frava EBaulture Collection
Company (Beiding, China). RAW264.7 cells were aeitlin DMEM (Hyclone, USA)
supplemented with 10% heat-inactivated fetal bovseeum (Biological Industries,
Israel) in a humidified 5% C£containing atmosphere at 37°C. The cells grewl unti
they converged to 70-80% before treatment.

4.7 Determination of NO

RAW264.7 cells (7x1bcells/well) were seeded into 48-well plate anddufe
experiments 24 h later. RAW264.7 cells were prédetavith compounds (10M) for
1 h, co-treated with LPS (0i/mL) for 24 h. After 24 h collect cell supernatot
experiment. NO production was measured using Giresagent assay (Beyotime).
Griess reagent were mixed at a ratio of 1:1, aradtesl at room temperature for
15 min. Measurement of absorbance at 450 nm withirea reader.
4.8 Cell viability assayMTT)

RAW264.7 cells (1x1Dcells/well) were seeded into 96-well plate anddufee
experiments 24 h later. Compounds (@0) treated cell for 24 h. Forty microliters of
MTT solution (5 mg/mL, Sigma-Aldrich) was then addand incubated for an
additional 4 h. After 4 h, cell culture supernasawere removed and DMSO (1h0)
was added to added into per well for dissolvingrémulting crystals. Shaking about
10-15 min and the absorbance at 492 nm was measwyreml microplate reader
(MQX200, Bio-Tek, USA)

4.9 Western blotting

RAW264.7 cells were seeded into 6-well plate withl@® cells per well and
maintained about 24 h. RAW264.7 cell were pretekatgh compoundo (0.5, 1, 2
uM) for 1 h, co-treated with LPS (Ogg/mL) for 0.5 h or 24h.The cells were lysed in
300 uL RIPA cell lysis buffer (Contains PMSF and phodplsa inhibitors, Beyotime

china) and incubated on ice for 30 min. Collecsugernatant by centrifugation. The



same amount of protein was separated by SDS-PAGEtramsferred to PVDF
membrane (GE Healthcare, Amersham, UK). The blattedhbrane incubated with
the primary antibodies and allowed to react for alditional 16 h at 4 °C. All
antibodies obtain from cell signaling TechnologyAJ] The membranes incubated
with a 1:5000 dilutions of HRP-conjugated secondamyibody (Beyotime Biotech,
Nantong, China) for 1h at room temperature. Signedse visualized using ECL
system (Thermo Fisher Scientific).
4.10Determination of ROS level

RAW?264.7 cells were seeded into 6-well plate witbx10 cells per well and
maintained about 24 h. RAW?264.7 cells were presceatith compoundo (0.5, 1, 2
uM) for 1 h, co-treated with LPS (0409/mL) for 6 h. The cells were treated with
DCFH-DA (BestBio, China) for 30 min at 37 °C ceficubator, and then wash the
cells 3 times with cold serum-free fresh mediumP&S. Finally, according to the
manufacturer's instructions, use flow cytometryedenhg the intracellular reactive
oxygen species and analyze by flowjo software.
4.11 Immunofluorescence

RAW264.7 cells were seeded into on glass covenslgx well plates, fixed with
4% polyformaldehyde (w/v) for 20 minutes at roormgerature, and sealed in TBS
containing 0.1% Triton X-100 with 5% BSA for 1 hotihe cells were incubated with
a primary antibody. After the washing step, they dyed with DAPI the images were
acquired by inverted fluorescence microscope (Olysnppokyo, Japan).
4.12 In vivo experiment

The 50 male SD rats were obtained from Animal Depant of Anhui Medical

University (China). Rats were kept in room tempae of 22 + 2°C and humidity
of around 60% and under a 12:12 h light-dark cyélk.animal protocols were
approved by the Ethics Committee in Animal Expentaéon at Anhui Medical
University (Hefei, China) following the guidelinédsr Care and Use of Laboratory
Animals. After acclimation for one week, rats wemadomly divided into groups with
10 rats in each group, including the Normal grofa,group, Sinomenine (60 mg/kg),
compound9o L (20 mg/kg) and compounfio H (40 mg/kg). Complete Freund's



adjuvant consists of incomplete Freund's adjuvsigti{a, USA) and inactivated BCG
vaccine (China) (10 mg/mL). Rat was induced bynglsi intradermal injection of 0.1
mL CFA and saline. All rats were given intragasaeministration once a day. All rats
measured the left hind swelling level and weighergvthree days. Mice were
anesthetized and sacrificed after 29 days. Theegokit was harvested fixed in 4%
neutral buffered polyformaldehyde solution, andhtkecalcified in 10% EDTA. The
ankles were cut into 4 mm thick and stained witmam®xylin and eosin (HE) for
histopathological examination. The histological gea was obtained using
3DHISTECH's Slide Converter (3DHISTECH, Hungary).
4.13 Statistical analysis

Data were expressed as the mean +SEM. Statistgrafisance was assessed by
one-way ANOVA and Turkish test, and differenceswaein the two groups were
examined by SPSS (version 14.0; SPNN Inc., Chicdgp,USA). p<0.05 was
considered to be statistically significant. All ejpnents dates were repeated at least

three times.
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The following files are available fre#d NMR and**C NMR spectra and HRMS
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Figure 5. Preliminary screening cytotoxic evaluation and lniion of NO production
in RAW264.7 by all compoundsA( B) The cytotoxic evaluation in RAW264.7 of
compounds5a~9] and 9k~10p. RAW 264.7 cells were pre-incubated with all
compounds (20 puM) for 24 hC( D) Inhibition of NO production by all compounds
5a~9] and9k~100. RAW 264.7 cells were pre-incubated with all compds (10 uM)
for 1 h and treated with LPS (0.5 pg/mL) for 24rhe concentration of DMSO is 0
uM. Ind: Positive compound Indomethacin. Cel: Pwgsiticompound Celecoxib.

*** p<0.001, **p<0.01, p<0.05vsLPS group.
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Figure 6. Inhibition of compound®o on expression of pro-inflammatory mediators in
LPS-stimulated RAW264.7 cells. RAW264.7 cell weretpeated with compoungb
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Figure 7. Treatment with LPS induced the accumulation of ROBAW264.7 cells.

RAW264.7 cells were treated with compou®al (0.5, 1 and 21M) stimulated with

LPS (0.5ug/mL) for 6 h. The effect of isochromophilone IV &DS production was

studied by analyzing the fluorescence intensityDafF-DA. **p<0.001 compared

with the control group; **H<0.001 compare with LPS-stimulated cells.



Nuclear Nrf2 -_— -

HO-1| won s D AN
et | g - - -

LPS . + + + +
90(1uM) - - 2 1 0.5

> &

Control LPS LPS+90 (H) LPS+90 (L)

DAPI

Nrf2

Merge

NA%?%‘M;I S S

s

= 201
=

o b
s

[

3 104
=

[*]

o

o

4

LPS (0.5 pg/mL)

C
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incubated with LPS (0.pg/mL) for 24 h. Protein samples of RAW264.7 cellsrev

analyzed by Western blot using anti-Nrf2 antibodyl anti-HO-1 antibodyg-actin



was used as the internal control for normalizati®). Effect of compoun®o on
immunofluorescence subcellular localization of Nggotein in RAW264.7 cells.
RAW264.7 cells were treated with compou®al for 1 h, incubated with LPS (0.5
ug/mL) for 6 h. Fixed cells were incubated with aXtf2 antibody and
FITC-conjugated anti-rabbit IgG antibody, then muckere stained with DEPI and
observed by fluorescence microscopy. Eifect of compoun®o on NO production
in presence of NAC. Cells were pretreated with gheut NAC (5 mM) for 1 h in
presence of 2M compounddo, then treated with LPS (04/mL) for another 24 h.
The culture medium was collected to detect the eotmation of NO by Griess
reagent. Data shown are the means + SD from thmdependent experiments,
#9<0.001 compared with LPS unstimulated cells, p%0.001 compared with
LPS-stimulated cell§%% p<0.001vsNAC plus.
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Figure 9. Compoundo inhibits LPS-induced activation of NéB and MAPKs

(A) Compound9o inhibiter NF«xB signaling pathway in RAW 264.7 cellsB)(
Compounddo inhibiter LPS-induced activation of MAPK signalipgthway in RAW
264.7 cells. After pretreatment with compowdal(0.5~2 uM) 1 h, RAW 264.7 cells
were stimulated with LPS (0.5 pg/mL) for 30 minlkB IKB, p-P65, P65, ERK,
JNK, p38, p-ERK, p-IJNK, p-P38ang-actin were detected by Western blot.
Bay11-7082 is the NKB inhibitors. TAK-242 is the MAPK inhibitors?*p<0.001

compared with LPS control cells, *0.001 compared with LPS-stimulated cells.
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Figure 10. Therapeutic effect of compouBd on AA rats.(A) Effect of compoun®o

on paw swelling of adjuvant arthritis rat&)Effect of compound®o on variation of



body weight in rats.) Typical histopathological images of ankle jointoifgpound
90 L) compound9o 20 mg/kg; (compoundo H) compound9o, 40 mg/kg;
Sinomenine, 60 mg/kg. Sinomenine was the positivarol.”% < 0.01 compared

with Normal; *xxp < 0.001#p < 0.05 vs AA group.
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Tablel. Inhibition rates and 1§ value of compounds
Compd (|nlr(1)i§i|:fon NO ICso (M) a’fﬁtgﬁcfg S'Q"O 3&.“?3 s
rate %)
5a 24.32+5.34 >10 >40 >40
5b 12.98+4.19 >10 >40 >40
5C 25.12+2.45 >10 >40 >40
5d 10.03+5.12 >10 >40 >40
oe 25.16+3.21 >10 >40 >40
9a 46.12+4.69 >10 >40 >40
% 38.67+2.35 >10 >40 >40
9c 43.25+3.62 >10 >40 >40
od 53.21+3.12 926 >40 >40
% 83.67+4.56 18 >40 >40
of 62.24+3.26 5 36 >40 >40
9g 48.65+3.12 >10 >40 >40
%h 41.39+4.01 >10 >40 >40
oi 89.534.12 126 >40 >40
9 50.32+2.34 8.21 >40 >40
ok 42.89+3.69 >10 >40 >40
9l 41.23+3.45 >10 >40 >40
9m 87.21+2.36 133 >40 >40
9n 41.23+3.59 >10 >40 >40
9 95.23+3.14 0.76 >40 >40
9 75.14+4.02 432 >40 >40
9q 68.1245.91 6.53 >40 >40
Or 82.09+3.21 3.12 >40 >40
9s 60.78+2.85 736 >40 >40
ot 62.84+4.62 >40 >40

8.14
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5a: R'=-CHg 5b: R'=-CeHs; 5¢c: R'=-CH,CeHs; 5d: R'=-CeHsOCeHs; 5Se:
R'=-CgH4CeHs

Scheme 1. Synthesis of phthalide-1,2,4-oxadiazole (Serigs A
Reagents and conditions: (iii) R?CH,Br, K,COs, acetone, reflux, 6 hi\) DMF,
POCk, CH:CN, 0 °C to rt, 2 h;\) DMSO, aq. NaCl@ ag. NaHPQy, 50°C, 6 h.
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Scheme 2. Synthesis of 3-hydroxy-benzhydrolphthalide (8iB)
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Reagents and conditions: (iii) RPCH.Br, K,COs, acetone, reflux, 6 h;i() DMF,
POCk, CH:CN, 0 °C to rt, 2 h;\) DMSO, aq. NaCl@ ag. NaHPQy, 50°C, 6 h.
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Scheme 3. Synthesis 0f4)-3-benzylidene-phthalides (Series C)

Reagents and conditions: (vi) p-TsOH, C¢Hg, reflux, 8 h.



Highlights

» Nove phthalide derivatives were designed and synthesi zed.

» In vivo studies showed that title compound had good therapeutic effect.

» Preliminary mechanisms of anti-inflammatory action were discovered.
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