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Abstract:

Chromosome region maintenance 1 (CRM1) is the sotdear exporter of several tumor suppressor, athro
regulatory protein as an attractive cancer drugetain the present work, a novel CRM1 degrader dissovered
from newly synthesized, B-unsaturated-lactone based on a natural product Goniothalathinduces apoptosis
of both MGC803 and HGC27 cell lineda degrading CRM1. Selective inhibition was observed the
proliferation of gastric cancer cell lines MGC8G85C27 comparing to Human Gastric Mucosal Epitheliall
Line (GES1). For the first time, CRM1 inhibitor alegrader inducing apoptosis in gastric carcinoma wa
investigated.
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1.Introduction

Chromosome region maintenance 1 (CRM1), also krasvexportin 1 (XPO1), is the protein transportes |
responsible for the nucleocytoplasmic shuttlingnadst of the tumor suppressor proteins (TSP) andavthro
regulatory factors(GRP), which belongs to the kphgyinp super family of transport receptors[1, 2]. CRMig t
sole nuclear exporter of TSP, GRP including p531 Rid so on, is an attractive cancer drug targef[@irently, an
increasing number of drug-like compounds that ta@RM1 have been isolated or synthesized such pi®irg/cin
B (LMB)[4, 5], KPT-330 (selinexor)[6, 7], KPT-335%vdinexor)[8, 9], KPT-185[9, 10], KPT-276[11, 12],
KPT-251[13], S109[14] and CBS9106[15]. Some of tHeme been investigated in clinical trials as glsiragent
or in combination with bortezomib, selinexor, orxdmethasone[16], while CRML1 inhibitors have not
demonstrated adequate potency in the clinicalnggstti Among them, CBS9106 is a novel reversible CRM1
inhibitor with unique CRML1 degrading activity [18hd it is the only reported CRM1 degrader. Therfibiis

needed to discover and research new CRM1 inhibitdegrader.
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Gastric cancer (GC) is a highly aggressive maligghamor, especially in East Asia such as Chinafis&orea and
Japan. Its high mortality rate prompts the urgeetcdfor novel therapeutic agents[17]. In our sdregrof
therapeutic drugs against GC, some synthesized @amas showed apoptosis activity in MGC803. Amorgth
compoundl led to the downregulation of CRM1 in a dose depahdnanner in MGC803. The downregulation of
CRML1 led by compoundl was for the degradation of CRM1 through proteaspatbway. It was approved to be a
novel CRM1 degrader with a different skeleton & finst degrader CBS9106[15], had selective ardlfgration
and induced apoptosis activity on MGC803, HGC2T lseds comparing with Human Gastric Mucosal Eplitie
Cell Line (GES1).
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2. Results and Discussion
2.1. Chemistry

n=1,2
X=0,8, N, CON;

Goniothalamin General structures designed

Natural products LMB, Goniothalamin and their agales showed CRM1 inhibition and anti-proliferation
activity on cancer cell lines. They were reportedind to CRM1 through the, B-unsaturated lactone moiety[18,
19]. Based on the pharmacophorenpf-unsaturated lactone, a series of compounds wilbuglinkers and aryl
groups were designed and synthesized to investigat8AR for their anti-proliferation on MGC803.
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Scheme 1Synthesis ofR)-6-(phenyloxidemethyl)-5, 6-dihydr@H-pyran-2-onesi@a-1n)

Compoundsla~1nwith phenoxymethyl groups were synthesized shaw8aheme 1 They were prepared
from key intermediates6f6~6r) via olefin metathesis reaction catalyzed by grubb&@mpounds6a~6n were
obtained by the acylation of compouriis-5nwith Vinylmagnesium chloridevhich were synthesized by grignard
reaction of compoundéa-4n. Compoundsta-4nwas prepared by the reaction of substituted plse@al2n) and
S-epoxy chloropropanes)[20].
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Scheme 2Synthesis ofR)-6-((1H-indol-1-yl)methyl)-5,6-dihydro-2H-pyran-@res {a~7d)
Compound¥a~7dwere synthesized in a similar way with compoubasln and the only difference was in
the first step where indol analogues instead ofptienyl derivatives were used as the start masetdateact with
S-epoxy chloropropaned)] (Scheme 2 Compoundl2 with phenyl sulfane was synthesized by the samatesty,
which was oxidized usingiCPBA to yield compound3 (Scheme 3).
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Scheme 3ynthesis ofR)-6-(((4-chlorophenyl)sulfinyl) methyl)-5,6-dihydi2H- pyran-2- onesl@, 13

Compoundd 8a-18dand19a~19dwith a linker of 3 atoms length were synthesizexinf compound®0 which
can be obtained commerciallpgcheme 4 Compound20 was transfer to compoundda-d by the acylation.
Compoundsl8a-18dand19a~19dwere prepared by an intramolecular esterificatiotoluene under refluxing in
the present ghTSA.
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Scheme 4. Synthesis of compoud@s-dand19a-d
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2.2. Biology

The anti-proliferation of all synthesized compoundsre evaluated on MGC803 by MTT assay (Table 1).
Compounds Xa~1n) containing benzyl groups and a two atoms lengtkeli showed moderate anti-proliferation
activity on MGC-803 with G of 2.3 - 47.7uM. The most potent compourdd had an 1G, of 2.31M. Compounds
7a~7ewith aniline or indole groups and compount8a~18dwith a linker of 3 atoms length linker led to
significantly decreasing of efficacy with 4&50uM. Compoundsl9a~19ddid not inhibit the proliferation of
MGCB803. The SAR data clearly suggested that theyweagroups and the two atoms length linker wereyver
important for their anti-proliferation on MGC803hé steric hindrance at the terminal of the linked #he more
atoms length linkers (compounds-7d and 18a-18d were not beneficial for efficacy. Thus compoubidwas
chosen for further study based on all the abova. dat

Table 1 the anti-proliferation of synthesized componds on MGC803
Comp. MGCB803/ICso(uM)  Comp.  MGC803/ICse(HM)

la 10.353+1.015 7a >50uM
1b 24.159+1.383 7b 25.620+1.409
1c 22.978+1.36 7c >50uM
1d >50 7d >50uM
le 12.425%1.094 Te >50uM
1f 16.950+1.229 13 >50uM
19 10.593+1.025 18a >50uM

1h >50uM 18b >50uM



1i 8.489+0.929 18c >50uM

1j 35.439+1.549 18d >50uM
1k >50uM 19a >50uM
1l 2.314+0.364 19b >50uM
im 47.687+1.678 19¢ >50uM
1in 11.976+1.078 19d >50uM

5-Fu 24.803+1.395

The anti-proliferation activity of compourid (Fig 1A) was then evaluated on human gastric carelélines.
Two gastric cancer cell lines (MGC803 and HGC2%) haman gastric epithelial cells lines(GES1) wemibated
with it (24 h) at different concentrations, andrthibe effects of compountl on reducing cell viabilities were
assayed by MTT. As shown in Fig.1B, following traant with compoundl, the viability of the gastric cancer cell
lines decreased in a dose dependent manner. MG&RDBIGC27 cells lines showed the sensitivity to poamd
1l'in related to control treatment, causing 40~60%bwity reduction at 1M for 24 h. However, it is almost no
toxicity to human gastric epithelial cells (GESE)jg. 1B). Taken together, these results suggesiidcbompound
1l has selective anti-proliferation on gastric caroeghlines versus normal human gastric epithekdll lmes.
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Figure 1. the structure of compourid and its anti-proliferation activity on MGC803 aH&GC27
2.2.1 Compound 1l induced apoptosis by the activation of Bcl-2 family proteins in gastric cancer cell lines

Further experiments were conducted to determinghehé¢he anti-proliferation of compourid on the gastric
cancer cell lines were the result of apoptotic dethth. The inducing apoptosis of compodhdn MGC803 and
HGC27 were evaluated by Annexin V and PI (Propidimaide) staining. As shown in FRA, the numbers of
Annexin V positive cells gradually increased in @& dependent manner in these two cell lines. €halts
exhibited that exposure to compoubidfor 24 h significantly upregulated the levels of3p&nd apoptosis-related
proteins including Cleaved PARP and Cleaved caspaséereas downregulated CRM1 in MGC803 and HGC27
cells were observed.

In order to confirm the function of mitochondrial the apoptosis caused by compodhdIC-1 was used to
measure MMPAY). After treatment with compourt in a dose dependent manner, MM} was decreased in
MGC803 and HGC27 cell lines comparing with contrals shown in Fig. 2B. The pro-apoptotic and aptigdotic
members of the Bcl-2 super family play primary soi@ regulating mitochondrial associated apopto&fser
treatment with compoundl, the levels of the pro-apoptotic protein Bax wasréased and the levels of the
anti-apoptosis proteins such as Bcl-2 and Bcl-xkengecreased in MGC803 and HGC27 cell ines compavith
controls (Fig. 2B). In addition, it was observedtthompound. increased the expression of cleaved caspase-3 and
cleaved caspase-9 in MGC803 and HGC27 cells in eosgn with controls. These results indicated that
mitochondrial pathway is an important factor in gamundll mediated apoptosis in gastric cancer cells.
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Figure 2. Apoptosis induced by compound 1l invohseMitochondrial pathway in gastric cancer cell line.
(A) Cell apoptosis of MGC803 and HGC27 was detebieflow cytometry after treatment by compoutidor 24
h. The protein levels of CRM1, PARP, Cleaved PARRaved caspase-3 and p53 were detected at differen
concentrations by Western blot in MGC803 cells. BVIP (AY) was decreased by compoufttreatment.
Membrane potential was measured by JC-1 dye retenising Flow Cytometry. The protein levels of Bcl-
Bcl-xL, Bax and Cleaved caspase-9 were determiged/dstern blot after compourdd treatment.

2.2.2 Compound 1l-mediated CRM1 depletion depends on ubiquitin-proteasome pathway
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Figure 3. Mitochondrial p53 pathway is involved inthe inducing apoptosis of compound 11 in MGC803 clsl
and compound 1l induces CRM1 protein degradation  the ubiquitin-proteasome pathway.
(A)CRM1 bound with p53 detected by immunoprecipitatassay in MGC803 cell lines after treatment with
compoundll at 10 uM at various time points. Accumulation ofnBpl or p53 in nucleus was observed in
MGCB803 cells with treatment of compouttat 10uM for 6 h. The treated and untreated MGC803 celth w
compoundll at 10 pM for 0 and 6 h are stained with Ranbpibady (Green) and DAPI (Blue) and analyzed by
confocal microscopy. Westernblot analysis for egpi@n of Ranbpl, p53 and CRM1 in the nucleus atapasm.
(B) MTT assay detected the effect of sSiRNA targgtio p53 on the survival rate of MGC803 cells, *B3&vs
control group. (C) MGC803 cells were treated witmpoundll (10 uM) in the present or absent of MG132 (0.05
uM ), MG132 (0.1uM ) and bortezomib (2.5nM) for 24 h. Westernblotswesed to detect the expression levels of

CRML1.



The levels of CRM1 protein in MGC803 and HGC27 &eks with treatment of compouridi were analyzed.
The results showed that compoutiddecreased CRML1 protein level in a dose dependanhen and the levels of
the p53 were increased in MGC803 and HGC27 cadklicomparing with controls (Fig. 2A), which suggesthat
compoundll was possible a CRM1 degrader. Therefore, we dsteshether compoundl could regulate the
expression of p53 by acting on the CRM1 proteinmlmo precipitation indicated that CRM1 bound wit3p
dramatically decreased at 6 h (Fig. 3A). As rewdalsy immunofluorescence staining, notable nuclear
accumulation of Ranbpl and p53 occurred at 6 n aftmpoundll treatment. After exposure to compouticht 6
h, the accumulation of p53 in the nucleus increas@reas the cytoplasmic level of Ranbpl and CRbtieased,
as shown in Fig. 3A. In addition, the utilizatioh @63 siRNA with MGC803 cell lines, the cell ded#d by
compoundll were decreased evidently, as shown in Fig. 3B.r&kelts showed that p53 is required for compound
1l mediated apoptosis.

The degradation of CRM1 proceeds by the ubiquitotgasome pathway. To investigate this, MG132, a
proteasome inhibitor, was used to block the CRMdraldation led by compountl. MGC803 and HGC27 cells
were treated with compourid (5 uM) for 24h in the presence or absence of MG132(pld% Reduced CRM1
protein levels were observed in compoutdireated cell lines. In contrast, in the preseridel@132, depletion of
CRML1 protein by compountll was almost completely abolished (Fig. 3C). Simiksults were obtained with the
use of bortezomib, another proteasome inhibitoes€hdata demonstrated that compothanediated CRM1

depletion depends on ubiquitin-proteasome pathway.
2.2.3. Compound 1l synergize with MG132 to increase the apoptosis of MGC803 and HGC27 cdll lines
Some of CRM1 inhibitors have been investigatediimiaal trials, while they have not demonstrate@@uaate

potency in the clinical settings as a single agerd they are more potency in combination with @etene
inhibitor such as bortezomib[16]. In Fig. 4A, pegttment with MG132 significantly increased apogstosi
MGCB803 and HGC27 cells, whereas treatment with aamg1l or MG132 alone decreased the activity of gastric
cancer cells only slightly or not at all. In additj the data showed that pretreatment with MG122eased
expression of Cleaved PARP, Cleaved caspase-3apbBax in two gastric cancer cells (Fig.4A). Tedstigate
the role of p53 in MG132 induced enhancement of pmumd 1l mediated apoptosis. Fig. 4B revealed that p53
translocated in cytoplasm and bound with anti-apiptBcl family proteins including Bcl-2, Bcl-xl. fiese data
indicated that, combination of compourid with MG132 increased apoptosis via accumulate pb3thie
cytoplasmic, p53 translocated in cytoplasm and Howith Bcl-2 and Bcl-xl, which increased Bax exmies and
induced apoptosis, despite degradation of CRMIeprdity compoundl was completely blocked.
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of compoundL| for 24 h. Cell viability was determined by MTT agsa***P < 0.01 vs. untreated group.MGC803
and HGC27 cells were pretreated with/without Quebof MG132 for 1 h before exposure to @P of compound
1ifor 24 h. Cells apoptosis of MGC803 and HGC27 wetected by flow cytometry. Western blot assay wasl us
to detect the expression levels of CRML1. Cleave®PACleaved caspase-3, p53 and Bax after pretretimii

the MG132 (0.05uM) in MGC803 and HGC27 cells for 1 hour, followeg B4 h of compoundl|(10 uM)
incubation. (B) MGC803 cells were pretreated with50uM of MG132 for 1 h before exposure to 1M of
compoundllfor 24 h. The indicated proteins were detected tmnunoprecipitation with an antibody for
p53.MGC803 cells were pretreated with/without 0 of MG132 for 1 h before exposure to 101 of
compoundll for 6 h. p53 in the nucleus or cytoplasm was detktly Immunofluorescence analysis. The treated
and untreated samples are stained with p53antili@igen) and DAPI (Blue) and analyzed by confocal
microscopy.

3. Discussion

Gastric cancer is one of highly aggressive maligtamor, while impactful chemotherapies for it #ireited
[21]. Therefore, developing novel therapeutic drisgan attractive area of gastric cancer reseémahis study, we
examined the cytotoxic effects of a novel compouhdn gastric cancer cells. Compouddl exhibited strong
cytotoxic effect against gastric cancer cell limdth low toxic in Human Gastric Mucosal Epitheli@ell Line.
Furthermore, we discovered that p53 is requirec¢donpoundLl mediated apoptosis.

In recent years, CRML1 over expression has beemtddten gastric cancer and caused dysfunction lbfate
controls[22]. A number of studies have shown tlaatiéting CRM1 as promising therapeutic targetsctorcer
research. Our results support this suppose begai$eund that compountl showed antitumor effects in gastric
cancer cell linesn vitro. It was reported that CRM1 inhibitor KPT-185 inédcapoptosis in ovarian and breast
cancer cell lines [23]. However, the mechanismnti-gastric cancer activity of CRM1 inhibitor remainknown.
Our study showed that compoufibsuppresses proliferation and induces apoptosis@CBD3 and HGC27 cell
lines in a dose dependent manner through mitocledriithway.

Up to present, CRM1 mediates the transport of rfwaia 230 proteins, many of which are tumor suppisss
[24]. Therefore, the inhibition of CRM1 functiondaced the accumulation of tumor suppressor protieirthe
nucleus and reduced cytoplasmic degradation oétpesteins, has been thought to be as significathanism of
the anti-gastric cancer activity of CRML1 inhibitdn our study, the data suggest that the antitueiffacts of
compoundll is associate with tumor suppressor proteins p53obgerved that the expression levels of CRM1 was
decreased and p53 accumulated within nuclear efteypoundll treatment. In addition, knockdown of p53 by
specific sSiRNA in MGC803 cells, compouddinduced mitochondrial apoptotic pathway was desgdavidently.

The ubiquitin-proteasome system (UPS) and autophagy major intracellular protein degradation
systems[25]. The UPS pathway is essential to theyee, transcription and cell survival. Numeratadies have
revealed that blockage of proteasome mediatediprdegradative pathway stabilized the tumor summep53,
and the proapoptotic proteins Bax[16, 26]. MG1326% proteasome inhibitor, whereas inhibition of &S
proteasome lead to accumulation of non-degradegliititiated proteins in the cytoplasmic. In our stuste found
that co-incubated with the proteasome inhibitor & br bortezomib, degradation of CRM1 protein bsnpound
11 was almost completely blocked. In addition, weesbed that compoundl treatment in combination with
MG132 exhibited enhanced expression of p53, Cle®&RP, Cleaved caspase-3 and Bax and induced higher
levels of apoptosis in two gastric cancer cellsmbempared to cells treated with compodhdr inhibitors alone.
p53 transcription-independent apoptosis is iniddty interacts with anti-apoptotic Bcl family priote including
Bcl-2, Bcl-xl, induced cell apoptosis[27]. In thgidy, we found that p53 translocated in cytoplasih bound with
Bcl-2 and Bcl-xl. Pretreatment with MG132, thesgutes indicated that combined treatment signifiainicreased
apoptosis via accumulate p53 in the cytoplasmispite degradation of CRM1 protein by compoutidwas
completely blocked.

A critical component of any degrader/drug is perpildg. Passive diffusion permeability is the most
important permeability for small molecules. Celrmpeability of a drug depends on its molecular weigiolar
surface area and clogP. The permeability of theplilic molecules is better than that of polar meales. Neutral
molecules are much more permeable than their cidgens. Compound 11 is a neutral and lipophiliclecole
with clogP of 3.32 and polar surface area of 3&sbmolecular weight is 260.4. The small molecutecture and
thereasonable clogP suggest that compouiichas a good permeability possibly.

In summary, the results in this work show that comml 1l is a novel CRM1 degrader that has major
cytotoxicity in gastric cancer cells and have dittoxicity in human gastric epithelial celld. is a potential
pro-apoptotic agent for prevention and treatmermjastric cancer.

4. Experimental section
4.1.General information

Reagents and solvents were purchased from Biderfatech Ltd, Aladdin, Sinopharm Chemical Reagent Co,
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Ltd. with purities of at least 97%H NMR (400 MHz) and"*C NMR (100 MHz) spectrawere recorded with a
Bruker spectrometer. All reactions were monitorgdthin-layer chromatography (TLC) on 25.4 mmx 7@t
silica gel plates (GF-254) and UPLC-Mass on Wat&QUITY UPLC H-Class or Q-Tof Micro HRMS on waters.
Melting points were determined on a Beijing Keyi #¥ apparatus. The silica gel used for column
chromatography was 2660300 mesh or recrystallization with solvents spedifin the corresponding experiments.
4.2.General synthetic procedure for the compounds

4.2.1. General Synthesis of (R)-6-((2-ethoxyphenoxy)methyl)-5,6-dihydro-2H-pyran-2-one (1a) as a sample
Grubbs-2 (188 mg, 0.221 mmol) was dissolved in 20amhydrous DCM in an oven dried flask. Subseqyentl
compound6a (612 mg, 2.21mmol was dissolved in 2 mL DCM and added drop wise uwrate nitrogen
atmosphere. The reaction was stirred for 15 hourss®EC ~60°C. The crude product was purified by
chromatography on silica gel wittetroleumether/ ethylacetate (10:1) to affordla as a white solid (173 mg,
31.46%)'H NMR (400 MHz, CDCJ)$ 7.06 — 6.84 (m, 5H), 6.14 — 6.04(m, 1H), 4.95754m, 1H), 4.30 (ddj =
10.2, 4.5 Hz, 1H ), 4.21 (dd,= 10.2, 6.2 Hz, 1H), 4.19 — 4.00 (m, 2H), 2.79.582(m, 2H), 1.45(tJ = 7.0 Hz,
3H). **C NMR (100 MHz, CDG))8 163.48, 148.11, 144.86, 122.71, 121.34, 121.08,011 113.97, 75.69, 70.53,
64.49, 26.41, 14.96.

4.2.2. Synthesis of (R)-6-((2-methoxyphenoxy)methyl)-5,6-dihydro-2H-pyran-2-one (1b) Compoundéb (520 mg,
1.98mmol) was converted tbb(145 mg, 31.22%) as a white solid by the same phoee as described for
compoundla. m.p. 90.2~91.€; '"H NMR (400 MHz, CDC}) & 7.06 — 6.84 (m, 5H), 6.10 — 6.04 (m, 1H), 4.88 —
4.80 (m, 1H), 4.28 (ddl = 10.2, 4.6 Hz, 1H), 4.19 (dd= 10.2, 6.2 Hz, 1H), 3.85 (s, 3H), 2.75 — 2.53 2ir).°C
NMR (100 MHz, CDC}) & 163.42, 149.95, 147.78, 144.81, 122.48, 121.36,002 115.03, 112.31, 75.62, 70.19,
55.93, 26.45.HRMS: calcd for,@1,NaO, [M+Na] 'm/z: 257.0790, found: 257.0792.

4.2.3.9ynthesis of (R)-6-((2-benzylphenoxy)methyl)-5,6-dihydro-2H-pyran-2-one (1c) Compound6c (550 mg,
1.71mmol) was converted tbc(220mg, 43.81%) as a white solid by the same praeeds described for
compoundla m.p. 86.5~87.2; *H NMR (400 MHz, DMSO€g) 5 7.27 — 7.21m, 4H), 7.21 — 7.13 (m, 3H), 7.12 —
7.04 (m, 1H), 7.00 (d] = 7.9 Hz, 1H), 6.91 (1] = 7.4 Hz, 1H), 6.02-5.97 (m, 1H), 4.85 — 4.77 {iH), 4.25 - 4.14
(m, 2H), 3.91 (s, 2H), 2.50 — 2.44 (m, 2B NMR (100 MHz, DMSOdg) 5 163.26 , 155.68, 146.80, 140.85,
130.28, 129.45, 128.65, 128.16 , 127.58, 125.70,8P2 119.95, 111.85, 75.63, 68.57, 35.45, 25.RM8: calcd
for CigH1gNaO; [M+Na]* m/z: 317.1154, found: 317.1153.

4.2.4. Synthesis of (R)-6-((4-(methylthio)phenoxy)methyl)-5,6-dihydro-2H-pyran-2-one (1d) Compound6éd (500
mg, 1.80mmol) was converted fa@l(200mg, 44.32%) as a gray solid by the same proeeds described for
compoundla m.p. 100.5~101C; *H NMR (400 MHz, CDC}) § 7.26 (s, 2H), 7.02 — 6.91 (m, 1H), 6.86 Jd;
7.6 Hz, 2H), 6.08 (dJ = 9.6 Hz, 1H), 4.84 — 4.74 (m, 1H), 4.22 — 4.08 @H), 2.77 — 2.50 (m, 2H), 2.45 (s,
3H).*C NMR (100 MHz, CDGCJ) 5 163.27, 156.63, 144.61, 129.99,129.89, 121.38,30]55.47, 68.72, 26.24,
17.77.HRMS: calcd for GH1.NaO;S [M+Na]'m/z: 273.0561, found: 273.0561.

4.2.5. Synthesis of (R)-6-((4-ethylphenoxy)methyl)-5,6-dihydro-2H-pyran-2-one (1) Compound 6e (560 mg,
2.15mmol) was converted tbe(213 mg, 42.63%) as a white solid by the same phaee as described for
compoundla m.p. 65.1~66.7; *H NMR (400 MHz, CDC}) § 7.12 (d,J = 8.5 Hz, 2H), 6.98 — 6.90 (m, 1H), 6.84
(d,J=8.5Hz, 2H), 6.07 (dd1 = 9.8, 1.7 Hz, 1H), 4.83 — 4.73 (m, 1H), 4.19 (@€, 10.0, 4.5 Hz, 1H), 4.13 (dd,
=10.0, 5.6 Hz, 1H), 2.71 — 2.59 (m, 2H), 2.59492(m, 2H), 1.21 (t) = 7.6 Hz, 3H)*C NMR (100 MHz, CDG))

5 163.43 , 156.21, 144.81, 137.30, 128.85, 121.38,4¥, 75.60, 68.62, 27.99, 26.29, 15.87.HRMS: ccéic
CrH1eNaO; [M+Na] 'm/z: 255.0997, found :255.0998.

4.2.6. Synthesis of (R)-6-((4-pentylphenoxy)methyl)-5,6-dihydro-2H-pyran-2-one (1f) Compound 6f (550 mg,
1.82mmol) was converted tbf(246 mg, 49.30%) as a white solid by the same phaee as described for
compoundla m.p. 68.0~69.T; 'H NMR (400 MHz, CDC}) § 7.10 (d,J = 8.5 Hz, 2H), 6.98 — 6.92 (m, 1H), 6.83
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(d,J = 8.6 Hz, 2H), 6.14 — 6.02 (m, 1H), 4.85 — 4.75 1), 4.19 (dd)J = 10.0, 4.5 Hz, 1H), 4.13 (dd,= 10.0,
5.7 Hz, 1H), 2.72 — 2.50 (m, 4H), 1.62 — 1.56 (i),21.39 — 1.24 (m, 4H), 0.89 (= 6.9 Hz, 3H):*C NMR (100
MHz, CDCk) & 156.15, 144.75, 135.97, 129.37, 121.32, 114.33377/5.56, 68.55, 35.00, 31.43, 31.38, 26.31,
22.54, 14.05.HRMS: calcd for,@,,NaO; [M+Na] 'm/z: 297.1467, found: 297.1467.

4.2.7. Synthesis of (R)-6-((4-cyclohexylphenoxy)methyl)-5,6-dihydro-2H-pyran-2-one (1g) Compound 6g(470 mg,
1.49mmol) was converted tbg(196 mg, 45.79%) as a white solid by the same phaoee as described for
compoundla m.p. 85.5~86.8;"H NMR (400 MHz, CDC}) & 7.13(d, 7.5Hz, 2H), 6.98 —6.89(m, 1H), 6.84J¢,
8.0 Hz, 2H), 6.07 (d, 9.7Hz, 1H), 4.85 — 4.75 (iH),14.25 — 4.07 (m, 2H), 4.13 (dd = 10.0, 5.7 Hz, 1H), 2.72 -
2.50 (m, 1H), 2.50 — 2.36 (m, 1H), 1.93 — 1.794id), 1.73 (dJ = 13.0 Hz, 1H), 1.46 — 1.30 (m, 4H), 1.30 - 1.15
(m, 1H).*C NMR (100 MHz, CDG)) § 163.37, 156.22, 144.71, 141.28, 127.76, 121.34,38] 75.55, 68.56,
43.70, 34.68, 26.91, 26.33, 26.14. HRMS: calcd CigH»,NaO; [M+Na]" m/z: 309.1467, found: 309.1466.

4.2.8. Synthesis of (R)-6-((4-(2-methoxyethyl)phenoxy)methyl)-5,6-dihydro-2H-pyran-2-one (1h) Compound
6h(556mg, 1.91 mmol) was converted §223 mg, 44.40%) as a white solid by the same phareeas described
for compoundla m.p. 47.3~48.T; *H NMR (400 MHz, CDC}) § 7.14 (d,J = 8.5 Hz, 2H), 7.03 — 6.90 (m, 1H),
6.84 (d,J = 8.6 Hz, 2H), 6.06 (dd] = 9.8, 1.7 Hz, 1H), 4.84 — 4.74(m, 1H), 4.18 (dd; 10.0, 4.6 Hz, 1H), 4.13
(dd,J =10.0, 5.6 Hz, 1H), 3.56 @,= 7.0 Hz, 2H), 3.35 (s, 3H), 2.82 {t= 7.0 Hz, 2H), 2.70 — 2.59 (m, 1H), 2.58
— 2.48 (m, 1H)3C NMR (100 MHz, CDG)) 5 163.40, 156.62, 144.83, 131.91, 129.86, 121.22,48] 75.56,
73.72, 68.53, 58.64, 35.26, 26.21.HRMS: calcd fgfggNaO, [M+Na] 'm/z: 285.1103, found: 285.1104.

4.2.9. 9Ynthesis of (R)-6-((4-(trifluoromethoxy)phenoxy)methyl)-5,6-dihydro-2H-pyran-2-one (1i) Compound
6i(570 mg, 1.80mmol) was converted1i§250 mg, 48.13%) as a white solid by the same plareeas described
for compoundla m.p. 71.1~72.7; *H NMR (400 MHz, CDC}) § 7.18 (d,J = 8.7 Hz, 2H), 7.01 — 6.95 (m, 1H),
6.95 - 6.90 (m, 2H), 6.11 (dd= 9.4, 2.1 Hz, 1H), 4.88 — 4.78 (m, 1H), 4.26 +34(m, 2H), 2.75 — 2.64 (m, 1H),
2.63 — 2.50 (m, 1H)*C NMR (101 MHz, CDG)) § 163.22, 156.63, 144.59, 143.26, 122.57, 121.39.24] 115.41,
75.39, 68.96, 26.15.HRMS: calcd fae81,FsNaQ, [M+Na]'m/z: 311.0507, found: 311.0506.

4.2.10. Synthesis of (R)-6-((4-(benzyloxy)phenoxy)methyl)-5,6-dihydro-2H-pyran-2-one (1j) Compound6j (530
mg, 1.57mmol) was converted1f(210 mg, 43.20%) as a white solid by the same phaeeas described for
compoundla m.p.146.0~147.8; '"H NMR (400 MHz, CDC}) § 7.47 — 7.28 (m, 5H), 6.98 — 6.93 (m, 1H), 6.92 —
6.88 (m, 2H), 6.88 — 6.82 (m, 2H), 6.11 —6.04 (i),15.02 (s, 2H), 4.83 — 4.73 (m, 1H), 4.16 (dd; 10.0, 4.5 Hz,
1H), 4.11 (ddJ = 10.0, 5.6 Hz, 1H), 2.71 — 2.59 (m, 1H), 2.58.482m, 1H)**C NMR (100 MHz, CDG)) 5
163.42, 153.53, 152.53, 144.74, 137.14, 128.57,9127127.47, 121.34, 115.91, 115.64, 75.62, 7068627,
29.70.HRMS: calcd forGH;gNaO: [M+Na]* m/z: 333.1103, found: 333.1102.

4.2.11. Synthesis of (R)-6-((3-(diethylamino)phenoxy)methyl)-5,6-dihydro-2H-pyran-2-one (1k) Compound6k
(360 mg, 1.19mmol) was convertedltk(150 mg, 45.91%) as a white solid by the same phareeas described for
compoundla m.p. 50.2~51.€; '"H NMR (400 MHz, CDC}) § 7.11 (t,J = 8.2 Hz, 1H), 6.98 — 6.91 (m, 1H), 6.34
(dd,J=8.4, 1.8 Hz, 1H), 6.26 — 6.15 (m, 2H), 6.116846(m, 1H), 4.85 — 4.75 (m, 1H), 4.21 (dd; 10.0, 4.5 Hz,
1H), 4.13 (ddJ = 10.0, 6.0 Hz, 1H), 3.33 (d,= 7.1 Hz, 4H), 2.71 — 2.50 (m, 2H), 1.15Jt 7.1 Hz, 6H)-*C
NMR (100 MHz, CDC}) & 163.46, 159.56, 144.79, 130.01, 121.35, 105.7Q,500 98.87, 75.63, 68.30, 44.36,
29.70, 26.41, 12.58.

4.2.12. Synthesis of (R)-6-((2-isopropyl-5-methylphenoxy)methyl)-5,6-dihydro-2H-pyran-2-one (11) Compoundbl
(460 mg, 1.60mmol) was converted {186 mg, 44.79%) as a colorless oily liquid by #zme procedure as
described for compourith'H NMR (400 MHz, CDC}) & 7.11 (d,J = 7.7 Hz, 1H), 7.05 — 6.91 (m, 1H), 6.79 {d,
= 7.7 Hz, 1H), 6.65 (s, 1H), 6.09 @= 11.4 Hz, 1H), 4.90 — 4.80 (m, 1H), 4.21 (d&; 9.9, 4.3 Hz, 1H), 4.16 (dd,
J=9.9, 5.7 Hz, 1H), 3.30 — 3.20 (m, 1H), 2.76 502(m, 2H), 2.32 (s, 3H), 1.19 (@7 6.9 Hz, 6H)"*C NMR (100
MHz, CDCk) 8 163.47, 155.02, 144.76, 136.49, 134.06, 126.06,98? 121.33, 112.14, 75.63, 68.51, 26.54, 26.43,
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22.76, 22.73, 21.31.HRMS: calcd fag8,0NaO; [M+Na]” m/z: 283.1310, found: 283.1311.

4.2.13. Synthesis of (R)-6-((naphthalen-1-yloxy)methyl)-5,6-dihydro-2H-pyran-2-one (1m) Compoundém (480
mg, 1.70mmol) was converted 1on(153 mg, 35.39%) as a white solid by the same plureeas described for
compoundla. m.p. 87.0~88.T; *H NMR (400 MHz, DMSOsj) & 8.33 — 8.10 (m, 1H), 7.93 —7.87 (m, 1H), 7.61
—7.48 (m, 3H), 7.44 (] = 7.9 Hz, 1H), 7.20 — 7.13 (m, 1H), 7.03 J& 7.5 Hz, 1H), 6.08 — 6.02 (m, 1H), 5.05 —
4.95 (m, 1H), 4.46 — 4.34 (m, 2H), 2.78 — 2.60 2#).*C NMR (100 MHz, DMSQdg) 5 163.36, 153.53, 146.95,
133.99, 127.47, 126.53, 126.14, 125.43, 124.80,482120.39, 120.03, 105.45, 75.68, 68.90, 25.30818Rcalcd
for CigH1.NaO;[M+Na]* m/z: 277.0841, found: 277.0842.

4.2.14. Synthesis of (R)-6-((benzo[d][1,3]dioxol-5-yloxy)methyl)-5,6-dihydro-2H-pyran-2-one (1n) Compoundén
(530 mg, 1.92mmol) was convertedlin(198 mg, 41.58%) as a white solid by the same phareeas described for
compoundla m.p. 96.5~97.€; *H NMR (400 MHz, CDC}) § 7.00 — 6.90 (m, 1H), 6.71 (d= 8.4 Hz, 1H), 6.50
(d,J =25 Hz, 1H), 6.33 (ddl = 8.5, 2.5 Hz, 1H), 6.10 — 6.06 (m, 1H), 5.9324), 4.83 — 4.72 (m, 1H),4.13 (dd,
J=10.0, 4.6 Hz, 1H), 4.08 (dd,= 10.0, 5.4 Hz, 1H), 2.70 — 2.46 (m, 2K% NMR (100 MHz, CDGCJ) & 163.36,
153.66, 148.35, 144.68, 142.25, 121.33, 107.95,.7P05101.28, 98.34, 75.53, 69.59, 26.22.HRMS: calcd
forCysH1,NaQs [M+Na]'m/z: 271.0582, found: 271.0582.

4.3.General Synthesis Procedure for analogues of (R)-2-(phenoxymethyl)oxirane (4a~4n) phenol derivatives
2a~2n(1 equvi) and NaOH (3 equvi) was dissolved in 5 HYO in a flask.Subsequently, The reaction mixture
was stirred at room temperature for 30min. Thetreasystem was added drop wise to a 50 mL rourttbivo
flask containing (s)-epichlorohydrin (3 equvi) aettabutylammonium bromide (0.05 equvi). The reacthixture
was stirred at room temperature. After the readocompleted, The resulting mixture was dilutethwiater (10
mL) and extracted wittethylacetate (20 mL x 3).The combined organic phases were drvidh NaSO,
concentrated to afford a crude product. The crugelyct was purified by chromatography on silica géth
petroleum ether andethylacetate to aff@d4n.

44. General Synthesis Procedure for analogues of (R)-1-phenoxypent-4-en-2-ol  (5a~5n)
(R)-2-(phenoxymethyl)oxirane derivativda~4n(1 equvi) and Cul (0.2 equvi) was dissolved inn20 anhydrous
THF in a flask. The reaction mixture was stirred@+0C for 10 min and ethylene magnesium chloride (1.5/8qu
was added drop wise under an argon atmospherea.tA&eeaction is completed, The resulting mixtwess diluted
with saturated ammonium chloride (50 mL) and thetesy was suction filtered with celite, and thenpevated
and extracted witlkthylacetate(15 mL x 3).The combined organic phases were dvidd Na,SO, concentrated to
afford a crude product.The crude product was madifby chromatography on silica gel with petroleutinee
andethylacetate to affofsh~5n

4.5, General Synthesis Procedure for analogues of (R)-1-phenoxypent-4-en-2-yl acrylate (6a~6n) A solution of
5a~5r(1 equvi), anhydrousMgSQ2 equvi), and TEA (1.5 equvi) in Anhydrous @Hb (20 mL) was stirred at
room temperature. Acryloylchloride (1.5 equvi) vaaided drop wise. The reactionmixture waswas stiatetdfor
2h. After the reaction is completed, The resultimixture was diluted with water (20 mL) and extracteith
CH,CI, (20 mL x 3), dried (MgSg), and concentrated to afford acrude product. Thdecproduct was purified by
chromatography onsilica gel with petroleum ethéy/letcetate to afforda~6n

4.6. General Synthesis of (R)-6-((1H-indol-1-yl)methyl)-5,6-dihydro-2H-pyran-2-one (7a)as a sample Grubbs-2
(126 mg, 0.219 mmol) was dissolved in 20 mL anhydrBDCM in an oven dried flask. Subsequently, complou
11a (380 mg, 1.49mmol was dissolved in 2 mL DCM and added drop wise ugenitrogen atmosphere. The
reaction was stirred for 15 hours at®860°C. The crude product was purified by chromatographysilica gel
with petroleumether/ ethylacetate (10:1) to aff@alas a colorless oily liquid(143 mg, 42.28%4).NMR (400
MHz, CDCk) 8 7.63 (d,J = 7.8 Hz, 1H), 7.33 (d] = 8.2 Hz, 1H), 7.26 — 7.19 (m, 1H), 7.19 — 7.04 2id), 6.89 —
6.66 (m, 1H), 6.54 (d] = 2.5 Hz, 1H), 5.99 (d] = 9.7 Hz, 1H), 4.90 — 4.68 (m, 1H), 4.46 (dds 15.1, 4.8 Hz,
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1H), 4.39 (dd,) = 15.0, 5.5 Hz, 1H), 2.36 — 2.17 (m, 2K& NMR (100 MHz, CDG)) § 163.17 (s), 144.32, 136.28
128.66, 128.57, 122.02, 121.30, 121.22, 119.83,080902.46, 76.35, 48.99, 26.88.

4.6.1.9ynthesis of (R)-6-((5-methoxy-1H-indol-1-yl)methyl)-5,6-dihydro-2H-pyran-2-one (7b) Compound
11b(430 mg, 1.51mmol) was converted #b(176 mg, 45.39%) as a paleyellow solid by the sameeedure as
described for compoun?b_lH NMR (400 MHz, CDCJ) 6 7.22 (d,J = 8.9 Hz, 1H), 7.14 (d] = 3.1 Hz, 1H), 7.09
(d,J = 2.4 Hz, 1H), 6.89 (dd] = 8.9, 2.4 Hz, 1H), 6.84 — 6.73 (m, 1H), 6.46J¢; 3.1 Hz, 1H), 6.05 — 5.95 (m,
1H), 4.85 - 4.70 (m, 1H), 4.43 (ddi= 15.1, 4.9 Hz, 1H), 4.37 (dd,= 15.1, 5.6 Hz, 1H), 3.85 (s, 3H), 2.30 — 2.19
(m, 2H)**C NMR (100 MHz, CDG)) & 163.16, 154.27, 144.28, 131.56, 129.09, 121.32,3B] 109.82, 102.83,
102.03, 76.37, 55.86, 49.20, 26.86.HRMS: calcd feGGNNaO; [M+Na] ‘m/z: 280.0950, found: 280.0951.

4.6.2. Synthesis of (R)-6-(indolin-1-ylmethyl)-5,6-dihydro-2H-pyran-2-one (7c) Compoundllc (500 mg, 1.94
mmol) was converted t8c(210 mg, 47.14%) as a colorless oily liquidby tleens procedure as described for
compound?a,lH NMR (400 MHz, CDC)) 6 7.08 (dd,J = 13.3, 7.1 Hz, 2H), 6.98 — 6.85 (m, 1H), 6.681( 7.3
Hz, 1H), 6.44 (dJ = 7.8 Hz, 1H), 6.05 (dd} = 10.1, 2.0 Hz, 1H), 4.78 — 4.60 (m, 1H), 3.59.463m, 2H), 3.38 (d,

J = 5.2 Hz, 2H), 3.00 (t) = 8.4 Hz, 2H), 2.64 — 2.39 (m, 2C NMR (100 MHz, CDG)) § 163.84, 152.14,
144.95, 129.48, 127.35, 124.65, 121.29, 117.98,.210655.13, 53.38, 29.69, 28.77, 27.25.HRMS: calcd
forCy4H1sNNaQ, [M+Na]‘m/z: 252.1000, found: 252.1003.

4.6.3. Synthesis of (R)-6-(((6-chloro-1H-benzo[d] [1,2,3]triazol-1-yl)oxy)methyl) -5,6-dihydro-2H-pyran-2- one

(7d) Compoundl1d(450 mg, 1.46 mmol) was converted7d(55 mg, 13.45%) as a grey-green solid by the same
procedure as described for compoifiadn.p. 109.5~110:C; *H NMR (400 MHz, CDC}) 5 7.94 (d, 8.8Hz, 1H),
7.72 (d,J= 1.3 Hz, 1H), 7.43 - 7.35 (m, 1H), 7.07 — 6.92 {iH), 6.13 (ddJ = 9.8, 1.9 Hz, 1H), 4.95 — 4.84 (m,
1H), 4.81 — 4.68 (m, 2H), 2.80 — 2.65 (m, 1H), 2:6550 (M, 1H}’C NMR (101 MHz, CDG)) 5 162.47, 144.04,
141.94, 135.22, 127.76, 126.40, 121.54, 121.26,64080.29, 73.96, 25.49 .HRMS: calcd foitd;(CINsNaO;
[M+Na]"m/z: 302.0308, found: 302.0308.

4.6.4. Synthesis of (R)-6-((methyl(m-tolyl)amino)methyl)-5,6-dihydro-2H-pyran-2-one (7€) Compoundlle (500
mg, 1.93 mmol) was converted 76210 mg, 47.09%) as a yellow oily liquidby the sapnecedure as described
for compoundZa.'H NMR (400 MHz, CDC}) 5 7.19 — 7.06 (m, 1H), 6.97 — 6.80 (m, 1H), 6.57)(d,7.4 Hz, 1H),
6.52 (d,J = 6.2 Hz, 2H), 6.11 — 5.90 (m, 1H), 4.76 — 4.6Q 1), 3.68 (dd,) = 15.4, 5.8 Hz, 1H), 3.60 (dd,=
15.4, 5.8 Hz, 1H), 3.04 (s, 3H), 2.46 — 2.37 (m),2H32 (s, 3H)’C NMR (100 MHz, CDG)) 5 163.79, 148.86,
144.68, 139.12, 129.21, 121.47, 117.96, 112.89,.3B0)976.15, 55.96, 39.96, 27.45, 21.95.HRMS: calcd
forCy4H1/NNaO, [M+Na]'m/z:254.1157, found: 254.1156.

4.7. General Synthesis Procedure for analogues of (S)-1-(oxiran-2-ylmethyl)-1H-indole (9) Indole analogue8 (1
equvi) and NaH (3equvi) was dissolved in 20 mL Me&tNce-bathin a flask.Subsequently, The reactidrture
was stirred at room temperature for 30min. (S)tdpiohydrin (3 equvi) was added drop wise. The tieac
mixture was stirred at room temperature. After i&ction is completed, The resulting mixture wdsted with
water (10 mL) and evaporated, and then extractéll ethylacetate (20 mL x 3).The combined organic phases
were dried with NgSO, concentrated to afford a crude product. The cruddyct was purified by chromatography
on silica gel with petroleum ether / acetone toraf®.

4.8. General Synthesis Procedure for analogues of (R)-1-(1H-indol-1-yl)pent-4-en-2-0l (10) Compounds® (1
equvi) and Cul (0.2 equvi) was dissolved in 20 nmhydrous THF in a flask. The reaction mixture waged
at-10~0C for 10 min and ethylene magnesium chloride (1.5vgqwas added drop wise under an argon
atmosphere. After the reaction is completed, Thaltieag mixture was diluted with saturated ammonicimoride
(50 mL) and the system was suction filtered witliteeand then evaporated and extracted withylacetate (15
mL x 3).The combined organic phases were dried WN#850, concentrated to afford a crude product.The crude
product was purified by chromatography on silichvgéh petroleum ether andethylacetate to affbed
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4.9. General Synthesis Procedure for analogues of (R)-1-(1H-indol-1-yl)pent-4-en-2-yl acrylate (11) A solution of
10(1 equvi), anhydrousMgS{2 equvi), and TEA (1.5 equvi) in Anhydrous @&Hb, (20 mL) was stirred at room
temperature. Acryloylchloride (1.5 equvi) was addedp wise. The reactionmixture was stirred atrtZb. After
the reaction is completed, The resulting mixture diduted with water (20 mL) and extracted with £ (20 mL

x 3), dried (MgS@), and concentrated to afford acrude product. Thedec product was purified by
chromatography onsilica gel with petroleum ethéy/ketcetate to afford 1.

4.10. General Synthesis Procedure for(R)-6-(((4-chlorophenyl)thio)methyl)-5,6-dihydro-2H-pyran-2-one(12)
Grubbs-2 (270 mg, 0.318 mmol) was dissolved in 20amhydrous DCM in an oven dried flask. Subseqyentl
compound17 (900 mg, 3.18 mmol was dissolved in 2 mL DCM and added drop wise urate nitrogen
atmosphere. The reaction was stirred for 15 hours®EC ~60°C. The crude product was purified by
chromatography on silica gel with petroleumethéinykacetate to afford2 as a white solid (305 mg, 37.62%).
4.11. Synthesis of (6R)-6-(((4-chlorophenyl)sulfinyl)methyl)-5,6-dihydro-2H-pyran-2-one (13) A solution of 12
(2.00g, 3.93 mmol) in CKLI, (20 mL),subsequently, m-chloroperoxybenzoic agit?(ng, 4.71mmol) is added to
the system under ice bath conditions. After thetiea is complete, a mixture of saturated solutibiNaS,0; (10
mL) and NaHCQ (10 mL) was added. The organic phase was washbdwaiter (3 x 10mL) and brine (10 mL),
dried (NaS0O,), and concentrated to afford a crude product. dfhde product was purified by chromatography on
silica gel with petroleum ether/acetone (8:1) tioraf 13 as a gray solid (145 mg, 13.64%). m.p. 80.5~8%.&
NMR (400 MHz, CDCY)) 6 7.62 (d,J = 8.5 Hz, 2H), 7.54 (d] = 8.5 Hz, 2H), 6.99 — 6.84 (m, 1H), 6.11 J& 10.0
Hz, 1H), 5.17 — 5.01 (m, 1H), 3.11 (d#i= 13.4, 9.4 Hz, 1H), 2.95 (dd,= 13.4, 3.2 Hz, 1H), 2.62 — 2.28 (m,
2H).*C NMR (101 MHz, CDG)) & 162.74, 144.29, 142.20, 137.74, 129.89, 125.14,.622 71.67, 63.20,
29.24 HRMS: calcd forGH;,CINaO;S [M+Na]" m/z: 293.0015, found: 293.0016.

4.12. General Synthesis Procedure for (R)-2-(((4-chlorophenyl)thio)methyl)oxirane (15)4-chlorobenzenethid#
(2.00 g, 13.83mmol) and NaOH (1.66 g, 41.49mmol}¥ wasolved in 5 mL pD in a flask.Subsequently, The
reaction mixture was stirred at room temperature3imin. The reaction system was added drop wige30 mL
round bottom flask containing (s)-epichlorohydi&84 g, 41.49mmol) and tetrabutylammonium brom#8(mg,
0.69mmol). The reaction mixture was stirred at raemperature. After the reaction is completed, fdsilting
mixture was diluted with water (10 mL) and extracteith ethylacetate (20 mL x 3).The combined orgatiases
were dried with NgSO, concentrated to afford a crude product. The crudduyct was purified by chromatography
on silica gel with petroleum ether andethylacetatafford colorless oil liquitl5 (1.05 g, 37.83%).

4.13. General Synthesis Procedure for (R)-1-((4-chlorophenyl)thio)pent-4-en-2-ol (16) Compoundl5 (1.00g, 4.98
mmol) and Cul (190 mg, 0.99 mmol) was dissolve@0rmL anhydrous THF in a flask. The reaction migtwas
stirred at-10~@ for 10 min and ethylene magnesium chloride(648 Tgjf mmol) was added drop wise under an
argon atmosphere. After the reaction is completféd, resulting mixture was diluted with saturatedhamium
chloride (50 mL) and the system was suction fillergith celite, and then evaporated and extractetth wi
ethylacetate (15 mL x 3).The combined organic phagere dried with N&O, concentrated to afford a crude
product.The crude product was purified by chromeatplly on silica gel with petroleum ether andethstate to
afford colorless oil liquid6 (970 mg, 85.10%).

4.14. General Synthesis Procedure for (R)-1-((4-chlorophenyl)thio)pent-4-en-2-yl acrylate (17) A solution of
16(950mg, 4.15mmol), anhydrousMg$®99.79mg, 8.31mmol), and TEA (630.43mg, 6.23mjrial anhydrous
CH,CI, (20 mL) was stirred at room temperature. Acrylbideide (563.85mg ,6.23mmol) was added drop wise.
The reactionmixture was stirred at r.t. for 2h.ekfthe reaction is completed, The resulting mixwes diluted
with water (20 mL) and extracted with @El, (20 mL x 3), dried (MgS§), and concentrated to afford acrude
product. The crude product was purified by chromegphy onsilica gel with petroleum ether/ethylateeta afford
17(970mg, 83.44%).
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4.15. General Synthesis of (R)-N-(2-(6-oxo-3,6-dihydro-2H-pyran-2-yl)ethyl) benzamide(18a) Compound2la
(2.49¢g, 6.6mmol) was dissolved in 25 mL toluenaifiask. Subsequently, the p-TSA (56.79mg, 0.33rmals
added. The reaction was stirred at Tl0or 6 hours, reflux. The reaction mixture wasefitdd and the toluene was
removed by rotaryevaporation. The resulting mixtuvas diluted with water (20 mL) and extracted with
ethylacetate (20 mL x 3). The combined organicsphavere dried with N80, concentrated to afford a crude
product. The crude product was purified by chrometphy on silica gel with petroleum ether/acetopd)(to
afford 18a as a white acicular crystal (650 mg, 40.17%).M%1~80.7C. *H NMR (400 MHz, CDC}) & 7.86 —
7.76 (m, 2H),7.57 — 7.38 (m, 3H), 6.98 — 6.87 (M),16.80 (s, 1H), 6.11 — 5.95 (m, 1H), 4.69 — 452 1H), 3.78

— 3.58 (m, 2H), 2.46 — 2.37 (m, 2H), 2.19 — 2.09 {iH), 2.06 — 1.95 (m, 1HJC NMR (100 MHz, CDG)) &
145.28, 131.54, 128.60, 126.91, 121.22, 76.67,5384.35, 29.38.

4.15.1. Synthesis of (R)-4-fluoro-N-(2-(6-oxo-3,6-dihydro-2H-pyran-2-yl)ethyl)benzamide (18b) Compound21b
(1.53 g, 3.87 mmol) was convertedl8p(185 mg, 18.16%) as a white acicular crystalby game procedure as
described for compourtBam.p. 128.2~1298. *H NMR (400 MHz, DMSOs) 5 8.57 (t,J = 5.6 Hz, 1H), 8.01
—7.83 (m, 2H), 7.29 (1 = 8.9 Hz, 2H), 7.12 — 6.97 (m, 1H), 5.95 (dds 9.8, 1.8 Hz, 1H), 4.58 — 4.48(m, 1H),
3.54 —3.35 (m, 2H), 2.48 — 2.26 (m, 2H), 1.99811(m, 2H)**C NMR (100 MHz, CDG)) & 166.60, 164.72(d] =
250 Hz), 164.01, 145.45, 130.41 (d= 2.8 Hz ), 129.33 (d] = 8.9 Hz), 121.13, 115.55 (d,= 21.8Hz), 76.78 ,
36.62, 34.29, 29.37.HRMS: calcd fqu81sFNO; [M+Na]* m/z: 264.1036, found: 264.1036.

4.15.2. Synthesis of (R)-N-(2-(6-oxo-3,6-dihydro-2H-pyran-2-yl)ethyl) cinnamamide(18c) Compound21c (1.79 g,
4.44 mmol) was converted &Bd265 mg, 22.02%) as a white acicular crystalbyshme procedure as described
for compoundl8am.p. 113.1~1142. *H NMR (400 MHz, DMSOdg) & 8.22 (t,J = 5.6 Hz, 1H), 7.56 (d] = 6.8
Hz, 2H), 7.50 — 7.29 (m, 4H), 7.15 — 6.97 (m, 16150 (d,J = 15.8 Hz, 1H), 5.95 (dd,= 9.8, 1.8 Hz, 1H), 4.61 —
4.40 (m, 1H), 3.46 — 3.34 (m, 1H), 3.30 — 3.17 i), 2.48 — 2.42 (m, 1H), 2.40 — 2.24 (m, 1H), 1-97.75 (m,
2H).*C NMR (100 MHz, DMSQds) & 164.96, 163.71, 147.09, 138.59, 134.83, 129.38,8R2 127.45, 122.06,
120.15, 75.45, 34.63, 34.18, 28.69.HRMS: calcd ffGNNaO; [M+Na]* m/z: 294.1106, found: 294.1105.
4.15.3. Synthesis of (R)-5-chloro-N-(2-(6-oxo-3,6-dihydro-2H-pyran-2-yl)ethyl)thiophene-2-carboxamide (18d)
Compound21d (1.60 g, 3.83 mmol) was converted1®d(305 mg, 27.88%) as a white acicular crystalbysiume
procedure as described for compouB&m.p. 145.0~145C. *H NMR (400 MHz, CDCJ) 6 7.31 (d,J = 4.0 Hz,
1H), 6.95 — 6.91 (m, 1H), 6.89 (d= 4.0 Hz, 1H), 6.70 (br, 1H), 6.08 — 5.99 (m, 1#)%6 — 4.52 (m, 1H), 3.75 —
3.64 (m, 1H), 3.63 — 3.50 (m, 1H), 2.47 — 2.36 2), 2.15 — 1.94 (m, 2H)’C NMR (100 MHz, CDG)) § 163.80,
161.17, 145.31, 137.53, 135.35, 127.11, 127.04,.18176.86, 36.65, 34.19, 29.37.HRMS: calcd for
C1-H1,CINNaO;S [M+Na] m/z: 308.0124, found: 308.0123.

4.16. General Synthesis of N-(2-((29)-4-hydroxy-6-oxotetrahydro-2H-pyran-2-yl)ethyl)benzamide (19a)
Compound2la (2.49g, 6.6mmol) was dissolved in 25 mL toluenaifiask. Subsequently, the p-TSA(56.79mg,
0.33mmol) was added. The reaction was stirred @t"1¥or 6 hours, reflux. The reaction mixture wasefitid to
afford 19a as a white acicular crystal (728 mg, 41.92%) diyen.p. 178.8~179.2. ‘H NMR (400 MHz,
DMSO-dg) 6 8.56 (t,J = 5.3 Hz, 1H), 7.85 (d] = 7.1 Hz, 2H), 7.59 — 7.41 (m, 3H), 5.21 (br, 1¥B0 — 4.59 (m,
1H), 4.22 — 4.07 (m, 1H), 3.56 — 3.26 (m, 2H), 2(66,J = 17.3, 4.5 Hz, 1H), 2.41 (dd=17.3, 1.7 Hz, 1H), 1.94
—1.80 (m, 3H), 1.79 — 1.65 (m, 1HC NMR (101 MHz, DMSOdg) § 170.12, 166.17, 134.47, 131.04, 128.20,
127.09, 73.51, 61.23, 38.53, 35.44, 35.07, 34.98/8Rcalcd for GH:;NNaO, [M+Na]" m/z: 286.1055, found
m/z: 286.1058.

4.16.1. Synthesis of 4-fluoro-N-(2-((2S)-4-hydroxy-6-oxotetrahydro-2H-pyran-2-yl)ethyl)benzamide  (19b)
Compound21b (1.53 g, 3.87 mmol) was converted1i@b(810 mg, 74.43%) as a white acicular crystalbysime
procedure as described for compodrig&m.p. 182.7~1836. *H NMR (400 MHz, DMSO#dg) & 8.66 — 8.50 (m,
1H), 7.92 (ddJ) = 8.7, 5.6 Hz, 2H), 7.29 (§,= 8.8 Hz, 2H), 5.20 (br, 1H), 4.82 — 4.58 (m, 14p2 — 4.01 (m, 1H),
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3.53-3.38 (m, 2H), 2.65 (dd~= 17.3, 4.5 Hz, 1H), 2.40 (dd=17.3, 1.7 Hz, 1H), 1.84 (dd~ 13.5, 6.5 Hz, 3H),
1.77 — 1.64 (m, 1H)*C NMR (100 MHz, DMSQOdg) 5 170.11, 165.10, 163.75 (@ = 248.2 Hz), 130.92 (d,= 2.8
Hz), 129.72 (dJ = 9.0 Hz), 115.11 (dJ = 21.7 Hz), 73.47, 61.22, 38.52, 35.48, 35.0698#4HRMS: calcd
forCi4H16FNNaQ, [M+Na]” m/z: 304.0961, found: 304.0961.

4.16.2. Synthesis of N-(2-((2S)-4-hydroxy-6-oxotetrahydro-2H-pyran-2-yl)ethyl)cinnamamide (19c) Compound
21q1.79 g, 4.44 mmol) was convertedli®810 mg, 63.11%) as a white acicular crystalbysthime procedure as
described for compourt®am.p. 171.6~1728. *H NMR (400 MHz, DMSOs)  8.23 (t,J = 5.3 Hz, 1H), 7.56
(d,J=7.2Hz, 2H), 7.49 — 7.30 (m, 4H), 6.62 Jd; 15.8 Hz, 1H), 5.21 (br, 1H), 4.78 — 4.59 (m, 1#13 (s, 1H),
3.46 — 3.35 (m, 1H), 3.29 — 3.17 (m, 1H), 2.65 @d,17.3, 4.4 Hz, 1H), 2.40 (dd,= 17.3, 1.2 Hz, 1H), 1.95 —
1.62 (m, 4H)°C NMR (100 MHz, DMSOdg) & 170.11, 164.93, 138.55, 134.84, 129.38, 128.89,48 122.10,
73.33, 61.23, 40.08, 38.52, 35.02, 34.84.HRMS:cctdoC gH:dNNaQ, [M+Na]” m/z: 312.1212, found: 312.1210.
4.16.3. Synthesis of 5-chloro-N-(2-((2S)-4-hydroxy-6- oxotetrahydro-2H-pyran-2-yl)ethyl)thiophene-  2-
carboxamide(19d) Compound?21d (1.60 g, 3.83 mmol) was convertedlt®d(650 mg, 55.90%) as a white acicular
crystalby the same procedure as described for contit®am.p. 172.4~173:C. *H NMR (400 MHz, DMSO#)

6 8.67 (t,J = 5.5 Hz, 1H), 7.62 (d] = 4.1 Hz, 1H), 7.18 (d] = 4.0 Hz, 1H), 5.19 (br, 1H), 4.79 — 4.55 (m, 1H),
4.20 — 4.05 (m, 1H), 3.48 — 3.37 (m, 1H), 3.33193m, 1H), 2.65 (dd] = 17.3, 4.5 Hz, 1H), 2.39 (dd,= 16.5,
3.9 Hz, 1H), 1.91 — 1.77 (m, 3H), 1.75 — 1.61 (i#).£*C NMR (100 MHz, DMSQdg) & 170.03, 160.09, 139.15,
132.71, 127.95, 127.75, 73.33, 61.23, 38.52, 38315, 34.95.HRMS: calcd for;&1,,CINNaQ,S [M+Na] m/z:
326.0230, found: 326.0231.

4.17. General Synthesis Procedure for analogues oftert-butyl 2-((4S,6S)-6-(2-benzamidoethyl)-2, 2-dimethyl-1,3-
dioxan-4-yl) acetate(21) A solution of compoun@0(1 equvi), anhydrousMgS{2 equvi), and TEA (1.5 equvi) in
anhydrous CbLCl, (20 mL) was stirred at room temperature. Acyl ddie analogue(1.5 equvi) was added drop
wise. The reactionmixture was stirred atrt for &fter the reaction is completed, The resulting migtwas diluted
with water (20 mL) and extracted with @El, (20 mL x 3), dried (MgS€), and concentrated to afford acrude
product. The crude product was purified by chromegphy onsilica gel with petroleum ether/ethylateeta afford

21

5. Material and Methods
5.1. Reagent and antibodies

Fetal bovine serum (FBS), Roswell Park Memoriaitasg 1640 (RPMI-1640) medium, and
penicillin-streptomycin were purchased from HyClgjwictoria,Australia). DAPI,MTT,JC-1 was purchasewrh
Sigma-Aldrich (St.Louis,MO).MG132and bortezomibwgrachased fromMCE (MedChem Express, New Jersey,
USA). The FITC/Annexin V Apoptosis DetectionKit wparchased from BestBio (Shanghai, China). The &arcl
and Cytoplasmic Protein Extraction Kit was purcldag®m Beyotime (Shanghai, China). The ECL Western
blotting kit was purchased from ThermoFisher(WatttidA).Antibodies against CRM1, Ranbpl, p53 andCéehv
PARP , were purchased form Cell Signaling Technpld®anvers, MA). Antibodies against Bcl-xl,
PARP,LaminB1, Tubulin, Actin, Cleaved caspase-3wauechased formSanta Cruz Biotechnology (Santa ,Cruz
CA). Antibodies against Bax,Bcl-2, p53 siRNA,Cledwaspase-9 were purchased form Abcam (Cambridgég, M
5.2 Céll lines and culture

The human gastric cancer cell lines MGC803 and HG&#I gastric epithelial cells (GES1) were purctiase
from the American Type Culture Collection (Manassés). The cells were maintained in RPMI-1640 mediu
supplemented with 10% heat-inactivated FBS, and wegintainedat 37°C in an incubator under an athrersp
containing 5% CO2.

5.3. Cdll viability assay

Cells were seeded into a 96-well plate at a derwityx1d/well,cultured overnight and then treated with

compoundll. Then, 2L of MTT solution (5 mg/mL) wasadded tothe cellseiach well,and maintained at 37°C
14



for 4h.Finally, formazan crystals were solubilizéthwi50ul of DMSO ,and the absorbance intensity wasanalyzed
with a96-well platereader at 490 nm. Every expeninveasduplicated three times .
5.4Immunofluorescence analysis
MGC803 cells were treated with compoutidand fixed for 30 minutes with 4% paraformaldehydext, cell
member were permeabilized by 0.1% Triton X-1001f@minutes. After blocked with 10% normal goat seffor
30 min, MGC803 cells incubation with relevant aatly.In order to locate the cell, DAPI was used rioclei
labeling,slides were analyzedusing Nikon confociakrascopy.
5.5. Western blot
Cells were seeded ata 100-mm tissueculture platecaltured for 24 h. After culturing, the cellsatedwith
different concentrations of compouddl for 24 h. Cells then were collected and lysed wékiold RIPA buffer
(Beyotime, P0013B), followed by centrifugation. f&io concentration was quantified and normalizedgu8CA
assay kit.Thetotal cellular protein extracts weilgloo with 5xloading buffer and resolved by 10% &%
SDS-PAGE and blotted onto PVDF membranes. The memasrwere blockedwith5% skimmed milk in PBST for
2 hat 37 °C, they were wash and treated withovatngy 4°C with appropriate antibodies, followed HRP
conjugated anti-mouse, anti-goat or anti-rabbitsdagy antibodies. followed by HRP conjugated artiise,
anti-goat or anti-rabbitsecondary antibodiesfora® 37 °C. Finally, each protein were visualizedulsing an ECL
Western blotting kit.
5.6. Apoptosis analysis
Cells were seeded at 50%confluency in a 6-wellepktd overnight incubation, followed by treatment
withdifferent concentration of compountl for 24 h. Cells then washedwith PBS twice,and extid by
centrifugation.After that, cells incubated with ftaeceinisothiocyanate (FITC) conjugated Annexinnd &1 by
use of FITC Annexin V/Plapoptosis kit accordinghie manufacturer’s instructions .
5.7.Measurement of loss of mitochondrial membrane potential
Mitochondrial membrane potential was assed usiBgRIIC-1.In brief, cells were plated into a 6-well tela
at a density of 2xTcells/well and cultured overnight. Cells exposed¢dmpoundLifor 1, 3, 6, 12 and 24 h.After
that,cells were collected and stained with 2.5 (0viLlJat 37°C for 10 min in darkness. The cells wniseice with
PBS, suspended, and measured using flow cytometer.
5.8.Satistical analysis
All data are presented as mean = SD. Statisticaluation of signifcant differences was performedgsi
theunpaired Student's t-test. *, ** and *** respi@ely represent ££0.05, p<0.02 and p<0.001.
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Highlight:

Novel small molecular CRM1 degrader with different skeleton from CBS9106.

CRM1 inhibitor or degrader induce the apoptosis in gastric carcinoma

Selective inhibition for the proliferation of gastric cancer cell line MGC803, HGC27 comparing to Human
Gastric Mucosal Epithelial Cell Line (GESL).

Combination treatment of compound 11 and MG132 resulted in synergistic effects.
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Abstract:

Chromosome region maintenance 1 (CRM1) is the sotdear exporter of several tumor suppressor, athro
regulatory protein as an attractive cancer drugetain the present work, a novel CRM1 degrader dissovered
from newly synthesized, B-unsaturated-lactone based on a natural product Goniothalathinduces apoptosis
of both MGC803 and HGC27 cell lineda degrading CRM1. Selective inhibition was observed the
proliferation of gastric cancer cell lines MGC8G85C27 comparing to Human Gastric Mucosal Epitheliall
Line (GES1). For the first time, CRM1 inhibitor alegrader inducing apoptosis in gastric carcinoma wa
investigated.

Keywords: CRM1/XPOL1; synthesis; gastric cancer; degradaiciire-activity relationship

1. Introduction

Chromosome region maintenance 1 (CRM1), also krasvexportin 1 (XPO1), is the protein transportes |
responsible for the nucleocytoplasmic shuttlingnadst of the tumor suppressor proteins (TSP) andavthro
regulatory factors(GRP), which belongs to the kpherinp super family of transport recepttréd. CRM1, the
sole nuclear exporter of TSP, GRP including p53l Ribd so on, is an attractive cancer drug tﬁ%g@urrently, an
increasin? number of drug-like compounds that ta@RM1 have been isolated or synthesized such pi®irg/cin
B (LMB)™ ® KPT-330 (selinexofy ' KPT-335(verdinexoff ¥, KpT-18%" % KpT-276™ 4 KPT-2513
5109 and CBS9106”. Some of them have been investigated in clinitalstas a single agent or in combination
with bortezomib, selinexor, or dexamethasthewhile CRM1 inhibitors have not demonstrated addeyotency
in the clinical settings. Among them, CBS9106 iso&el reversible CRM1 inhibitor with unique CRM1gidading
activity[15] and it is the only reported CRM1 degrader. Therefbis needed to discover and research new CRM1

inhibitor or degrader.
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Gastric cancer (GC) is a highly aggressive maligghamor, especially in East Asia such as Chinafis&orea and
Japan. Its high mortality rate prompts the urgeeechfor novel therapeutic agéhs In our screening of
therapeutic drugs against GC, some synthesized mamas showed apoptosis activity on MGC803. Amorgyrth
compoundl led to the downregulation of CRM1 in a dose depahdnanner in MGC803. The downregulation of
CRML1 led by compoundl was for the degradation of CRM1 through proteaspatbway. It was approved to be a
novel CRM1 degrader with a different skeleton of flrst degrader CBS915@F,) had selective anti-proliferation
and induced apoptosis activity on MGC803, HGC2T lseds comparing with Human Gastric Mucosal Eplitie
Cell Line (GES1).
1



2. Results and Discussion
2.1. Chemistry

n=1,2
X=0, 8, N, CON;

Goniothalamin General structures designed
Natural products LMB, Goniothalamin and their agales showed CRM1 inhibition and anti-proliferation
activity on cancer cell lines. They were reporithind to CRM1 through the, B-unsaturated lactone moi€fy*.
Based on the pharmacophore igfp-unsaturated lactone, a series of compounds wittous linkers and aryl

groups were designed and synthesized to investigat8AR for their anti-proliferation on MGC803.
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g: R=4-Cyclohexy] h: R =4-CH;OCH,CH,; i: R=4-CR0 ;j: R=4-PhCHO; k: R = 3-(CH,CH,),N ;
I: R = 2-Isopropyl-5-Me m: R =[2, 3]Ph;n: R =[3, 4]dioxole.

Scheme 1Synthesis ofR)-6-(phenyloxidemethyl)-5, 6-dihydr@H-pyran-2-onesla-1n)

Compoundsla ~ 1nwith phenoxymethyl groups were synthesized shawBdhemel. They were prepared
from key intermediates6é ~ 6r) via olefin metathesis reaction catalyzed by grubb&@npounds$a ~ 6nwere
obtained by the acylation of compourisis ~ 5nwith acryloyl chloride which were synthesized by the reaction of
compound#ta-4n and vinylmagnesium chlorid€Ccompoundsta-4n was prepared by the reaction of substituted
phenols 2a-2n) andS-epoxy chloropropane)?°..
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Scheme 2Synthesis ofR)-6-((1H-indol-1-yl)methyl)-5, 6-dihydro-2H-pyran-@nes {a ~ 7d)
Compound¥a ~ 7dwere synthesized in a similar way with compoubds- 1n and the only difference was
in the first step where indol analogues insteathefphenyl derivatives were used as the start iaktdo react
with S-epoxy chloropropane3) (Scheme 2). Compount with phenyl sulfane was synthesized by the same
strategy, which was oxidized usingCPBA to yield compound3 (Scheme 3).
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Scheme Fynthesis ofR)-6-(((4-chlorophenyl)sulfinyl) methyl)-5, 6-dihydi2H- pyran-2- onesl, 13

Compoundsl8a-18dand 19a ~ 19dwith a linker of 3 atoms length were synthesizesimf compound20
which can be obtained commercially (Scheme 4). Gamg20 was transfer to compouné&a-dby the acylation.
Compoundd 8a-18dand19a ~ 19dwere prepared by an intramolecular esterificaimotoluene under refluxing in
the presence @FTSA.
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Scheme 4 Synthesis of compoud@s-dand19a-d

2.2. Biology

The anti-proliferation of all synthesized compoundsre evaluated on MGC803 by MTT assay (Table 1).
CompoundsXa ~ 1n)containing benzyl groups and a two atoms lengtkeli showed moderate anti-proliferation
activity on MGC-803 with IG, of 2.3 - 47.7uM. The most potent compourddihad an IG, of 2.3uM. Compounds
7a ~ 7ewith aniline or indole groups and compouri®a ~ 18dwith a linker of 3 atoms length linker led to
significantly decreasing of efficacy with 4&50uM. Compoundsl9a ~ 19ddid not inhibit the proliferation of
MGCB803. The SAR data clearly suggested that theyweagroups and the two atoms length linker wereyver
important for their anti-proliferation on MGC803hé steric hindrance at the terminal of the linked #he more
atoms length linkers (compounds-7d and 18a-18d were not beneficial for efficacy. Thus compoubidwas
chosen for further study based on all the abova. dat

Table 1 the anti-proliferation of synthesized componds on MGC803

Comp. MGCB803/ICso(uM)  Comp.  MGC803/ICse(HM)
la 10.353+1.015 7a >50uM

1b 24.159+1.383 7b 25.620+1.409

1c 22.978+1.36 7c >50uM

1d >50 7d >50uM

le 12.425%1.094 Te >50uM

1f 16.950+1.229 13 >50uM

19 10.593+1.025 18a >50uM

1h >50uM 18b >50uM



1i 8.489+0.929 18c >50uM

1j 35.439+1.549 18d >50uM
1k >50uM 19a >50uM
1l 2.314+0.364 19b >50uM
im 47.687+1.678 19¢ >50uM
1in 11.976+1.078 19d >50uM

5-Fu 24.803+1.395

The anti-proliferation activity of compourid (Fig 1A) was then evaluated on human gastric carelélines.
Two gastric cancer cell lines (MGC803 and HGC27) d&uman gastric epithelial cells lines (GES1) were
incubated with it (24 h) at different concentrapand then the effects of compoutidn reducing cell viabilities
were assayed by MTT. As shown in Fig.1B, the vigbibf the gastric cancer cell lines decreased idoae
dependent manner after treatment with compalindMGC803 and HGC27 cells lines showed the sertsitia
compoundll in related to control treatment, causing 40 ~ 6@8bility reduction at 1M for 24 h. However, it is
almost no toxicity to human gastric epithelial siIGES1) (Fig. 1B). Taken together, these resuligasted that
compoundll has selective anti-proliferation on gastric careel lines versus normal human gastric epithekl ¢
lines.
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Figure 1. the structure of compourd and its anti-proliferation activity on MGC803 aHGC27
2.2.1 Compound 1l induced apoptosis by the activation of Bcl-2 family proteins in gastric cancer cell lines

Further experiments were conducted to determingheh¢he anti-proliferation of compouridi on the gastric
cancer cell lines were the result of apoptotic detith. The inducing apoptosis of compodhdn MGC803 and
HGC27 were evaluated by Annexin V and PI (Propidimaide) staining. As shown in FRA, the numbers of
Annexin V positive cells gradually increased in @sel dependent manner in these two cell lines. €balts
exhibited that exposure to compoutidfor 24 h significantly upregulated the levels of3p&nd apoptosis-related
proteins including cleaved PARP and cleaved caspasdereas downregulated CRM1 in MGC803 and HGC27
cells were observed.

The MMP (AY) was measured by using JC-1 to confirm the functib mitochondrial in the induction of
apoptosis caused by compouticon MGC 803 and HGC27 cell lines. After treatmeithwompoundll in a dose
dependent manner, MMRAY) was decreased in MGC803 and HGC27 cell lines eoimg with controls, as
shown in Fig.2B. The pro-apoptotic and anti-apdptatembers of the Bcl-2 super family play primaojes in
regulating mitochondrial associated apoptosis. rAtiteatment with compountll, the levels of the pro-apoptotic
protein Bax was increased and the levels of thieaguiptosis proteins such as Bcl-2 and Bcl-xL wadgereased in
MGCB803 and HGC27 cell ines comparing with cont(@lig. 2B). In addition, it was observed that compadl
increased the expression of cleaved caspase-3leaned caspase-9 in MGC803 and HGC27 cells in casgra
with controls. These results indicated that theodtibndrial pathway is an important factor in commbudl
mediated apoptosis in gastric cancer cells.
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Figure 2. Apoptosis induced by compound 1l involvelslitochondrial pathway in gastric cancer cell lines
(A) Cell apoptosis of MGC803 and HGC27 was detebigflow cytometry after treatment by compoutidor 24
h. The protein levels of CRM1, PARP, Cleaved PARRaved caspase-3 and p53 were detected at differen
concentrations by Western blot in MGC803 cells. BVIP (AY) was decreased by compouftbtreatment.
Membrane potential was measured by JC-1 dye retentsing Flow Cytometry. The protein levels of Bcl-
Bcl-xL, Bax and Cleaved caspase-9 were determiged/éstern blot after compourdd treatment.

2.2.2 Compound 1l-mediated CRM1 depletion depends on ubiquitin-proteasome pathway
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Figure 3. Mitochondrial p53 pathway is involved inthe inducing apoptosis of compound 11 in MGC803 clsl

and compound 1l induces CRM1 protein degradation  the ubiquitin-proteasome pathway.

(A)CRM1 bound with p53 detected by immunoprecipitatassay in MGC803 cell lines after treatment with
compoundll at 10 uM at various time points. Accumulation ofnBpl or p53 in nucleus was observed in
MGCB803 cells with treatment of compouttat 10uM for 6 h. The treated and untreated MGC803 celth w
compoundll at 10 pM for 0 and 6 h are stained with Ranbpibady (Green) and DAPI (Blue) and analyzed by
confocal microscopy. Westernblot analysis for egpi@n of Ranbpl, p53 and CRM1 in the nucleus atapasm.
(B) MTT assay detected the effect of sSiRNA targgtio p53 on the survival rate of MGC803 cells, *B3&vs
control group. (C) MGCB803 cells were treated witmpoundll (10 uM) in the presence or absence of MG132
(0.05uM ), MG132 (0.1uM ) and bortezomib (2.5nM) for 24 h. Westernblotswesed to detect the expression

levels of CRM1.



The levels of CRM1 protein in MGC803 and HGC27 &eks with treatment of compouridi were analyzed.
The results showed that compoutiddecreased CRML1 protein level in a dose dependanhen and the levels of
the p53 were increased in MGC803 and HGC27 cadklicomparing with controls (Fig. 2A), which suggesthat
compoundll was possible a CRM1 degrader. Therefore, we dsteshether compoundl could regulate the
expression of p53 by acting on the CRM1 proteinmlmo precipitation indicated that CRM1 bound wit3p
dramatically decreased at 6 h (Fig. 3A). As rewdalsy immunofluorescence staining, notable nuclear
accumulation of Ranbpl and p53 occurred at 6 hr afimpoundl| treatment. Whereas the cytoplasmic level of
Ranbpl and CRM1 decreased, as shown in Fig. 3Adtiition, the utilization of p53 siRNA with MGC8a&=2l|
lines, the cell death led by compouhbwere decreased evidently, as shown in Fig. 3B.rékalts showed that
p53 is required for compourid mediated apoptosis.

The degradation of CRM1 proceeds by the ubiquitotgasome pathway. To investigate this, MG132, a
proteasome inhibitor, was used to block the CRMdralgation led by compount. MGC803 and HGC27 cells
were treated with compourid (5 uM) for 24h in the presence or absence of MG1325(QM). Reduced CRM1
protein levels were observed in compoutdireated cell lines. In contrast, in the preseridel@132, depletion of
CRML1 protein by compountll was almost completely abolished (Fig. 3C). Simiksults were obtained with the
using of bortezomib, another proteasome inhibiitrese data demonstrated that compolihchediated CRM1
depletion depends on ubiquitin-proteasome pathway.

2.2.3. Compound 1l synergize with MG132 to increase the apoptosis of MGC803 and HGC27 cell lines

Some of CRM1 inhibitors have been investigatediimiaal trials, while they have not demonstrate@@aate
potency in the clinical settings as a single agerd they are more potency in combination with @etene
inhibitor such as bortezomib[16]. In Fig. 4A, pegtment with MG132 significantly increased apogsosi
MGCB803 and HGC27 cells, whereas treatment with aamg1l or MG132 alone decreased the activity of gastric
cancer cells only slightly or not at all. In additj the data showed that pretreatment with MG122eased
expression of cleaved PARP, cleaved caspase-ZambBax in two gastric cancer cells (Fig.4A). Tedstigate the
role of p53 in MG132 induced enhancement of comgdoiinmediated apoptosis. Fig. 4B revealed that p53
translocated in cytoplasm and bound with anti-apiptBcl family proteins including Bcl-2, Bcl-xl. fiese data
indicated that, combination of compourid with MG132 increased apoptosis via accumulate pb3thie
cytoplasmic, p53 translocated in cytoplasm and Howith Bcl-2 and Bcl-xl, which increased Bax exmies and
induced apoptosis, despite degradation of CRMleprdity compoundl| was completely blocked.
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Figure 4. Compound 1l work synergistically with MG132increased apoptosis
(A) MGCB803 and HGC27 cells were pretreated withaitt 0.05uM of MG132 for 1 h before exposure to iM
of compoundL| for 24 h. Cell viability was determined by MTT agsa***P < 0.01 vs. untreated group.MGC803

|
L

|

6



and HGC27 cells were pretreated with/without Qubof MG132 for 1 h before exposure to iM of compound
1ifor 24 h. Cells apoptosis of MGC803 and HGC27 wetected by flow cytometry. Western blot assay wasl us
to detect the expression levels of CRM1. Cleave®PACleaved caspase-3, p53 and Bax after pretraatmih

the MG132 (0.05uM) in MGC803 and HGC27 cells for 1 hour, followeg B4 h of compoundl|(10 uM)
incubation. (B) MGC803 cells were pretreated witA50uM of MG132 for 1 h before exposure to 1M of
compound1lfor 24 h. The indicated proteins were detected tmninoprecipitation with an antibody for
p53.MGC803 cells were pretreated with/without 0 of MG132 for 1 h before exposure to 101 of
compoundll for 6 h. p53 in the nucleus or cytoplasm was detetly Immunofluorescence analysis. The treated
and untreated samples are stained with p53antii@igen) and DAPI (Blue) and analyzed by confocal
microscopy.

3. Discussion

Gastric cancer is one of highly aggressive maliggriamor, while impactful chemotherapies for tha¢ ar
limited®”. Therefore, development of the novel therapeutimsl is an attractive topic. The over expression of
CRML1 has been detected in gastric cancer and cahbsedysfunction of cell fate contr8f, which became a
promising therapeutic target for carfé®r In this research, compourd showed anti-proliferative activity via the
degradation of CRM1 in gastric cancer cell linesitro. For the first time, a new degradation of CRMImpound
11 suppresses proliferation and induces apoptosis G803 and HGC27 cell lines in a dose dependent erann
through mitochondrial pathway.

Up to present, CRM1 mediates the transport of e 230 proteins, many of which are tumor suppirsss
1. Therefore, the inhibition or degradation of CRMduced the accumulation of tumor suppressor prstei the
nucleus and reduced cytoplasmic degradation ofetl@steins. This has been thought to be as signific
mechanism of the anti-gastric cancer activity ofMRinhibitor or degrader. In our study, the expiasdevels of
CRM1 was decreased and p53 accumulated in thearumlédGC803 and HGC27 cell lines treated by conmabu
1I. In addition, the mitochondrial apoptotic pathwagtuced by compountll was decreased evidently in MGC803
cell lines with knockdown of p53 by specific siRNAhe result suggest that the anti-proliferationivitgt of
compoundll is associate with the accumulation of the tumorpsessor proteins p53 in the nuclear. The
ubiquitin-proteasome system (UPS) and autophagynajer intracellular protein degradation syst@FhsThe UPS
pathway is essential to the cell cycle, transaiptind cell survival. Numerous studies have redetiat blockage
of proteasome mediated protein degradative pathstalyilized the tumor suppressor p53 and the prdatiop
proteins Bak® ?®l MG132, a 26S proteasome inhibitor, whereas itibiiof the 26S proteasome lead to
accumulation of non-degraded ubiquitinated prot@mghe cytoplasmic. In our study, it was obsertedt the
degradation of CRM1 protein induced by compodhevas almost completely blocked by co-incubatiorhwite
proteasome inhibitor MG132 or bortezomib. The carabon treatment with MG132 and compouticenhanced
expression of p53, cleaved PARP, cleaved caspaselBax, and induced more apoptosis in two gasticer
cells compared to cell lines treated with compotihalr proteasome inhibitors alone. p53 transcriptiaependent
apoptosis is initiated by interacts with anti-amtiot Bcl family proteins including Bcl-2, Bcl-%1). In this study,
p53 translocated in cytoplasm and bound with Bak#& Bcl-xl by pretreatment with MG132, which indea that
the treatment by combination with compoutidand proteasome inhibitors significantly increas@optosis via
accumulate p53 in the cytoplasmic, despite degi@idaf CRM1 protein by compourid was completely blocked.

A critical component of any degrader/drug is perpildg. Passive diffusion permeability is the most
important permeability for small molecules. Cellpeability of a drug depends on its molecular weigiolar
surface area and clogP. The permeability of thepliflic molecules is better than that of polar reales. Neutral
molecules are much more permeable than their cidgens. Compoundl is a neutral and lipophilic molecule
with clogP of 3.32 and polar surface area of 3ksSmolecular weight is 260.4. The small molecutecture and
the reasonable clogP suggest that compdulihds a good permeability possibly.

In summary, the results in this work show that commq 11 is a novel CRM1 degrader that has major
cytotoxicity in gastric cancer cells and have dittoxicity in human gastric epithelial cells. i a potential
pro-apoptotic agent for prevention and treatmermgastric cancer.

4. Experimental section
4.1. General information

Reagents and solvents were purchased from Biderfatech Ltd, Aladdin, Sinopharm Chemical Reagent Co,
Ltd. with purities of at least 97%H NMR (400 MHz) and**C NMR (100 MHz) spectrawere recorded with a
Bruker spectrometer. All reactions were monitorgdtiin-layer chromatography (TLC) on 25.4 mmx 7@
silica gel plates (GF-254) and UPLC-Mass on Wat&QUITY UPLC H-Class or Q-Tof Micro HRMS on waters.
Melting points were determined on a Beijing Keyi 44 apparatus. The silica gel used for column

chromatography was 2660300 mesh or recrystallization with solvents spedifin the corresponding experiments.
7
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4.2.General synthetic procedure for the compounds
4.2.1. General synthesis of (R)-6-((2-ethoxyphenoxy)methyl)-5, 6-dihydro-2H-pyran-2-one (1a)

Grubbs-2 (188 mg, 0.221 mmol) was dissolved in 20amhydrous DCM in an oven dried flask. Subsequyentl
compound6a (612 mg, 2.21 mmol was dissolved in 2 mL DCM and added drop wise urafemitrogen
atmosphere. The reaction was stirred for 15 howr&0C ~ 60C. The crude product was purified by
chromatography on silica gel with petroleumethéykicetate (10:1) to afforda as a white solid (173 mg,
31.46%)."H NMR (400 MHz, CDC})  7.06 — 6.84 (m, 5H), 6.14 — 6.04 (m, 1H), 4.95754m, 1H), 4.30 (dd]
=10.2, 45Hz, 1H), 4.21 (dd,= 10.2, 6.2 Hz, 1H), 4.19 — 4.00 (m, 2H), 2.79.582(m, 2H), 1.45(t) = 7.0 Hz,
3H). *C NMR (100 MHz, CDGJ) & 163.48, 148.11, 144.86, 122.71, 121.34, 121.08,011 113.97, 75.69, 70.53,
64.49, 26.41, 14.96.

4.2.2. Synthesis of (R)-6-((2-methoxyphenoxy)methyl)-5, 6-dihydro-2H-pyran-2-one (1b)

Compound6b (520 mg, 1.98 mmol) was converted 1b (145 mg, 31.22%) as a white solid by the same
procedure as described for compodad m.p. 90.2 ~ 91.6; *H NMR (400 MHz, CDC}) & 7.06 — 6.84 (m, 5H),
6.10 — 6.04 (m, 1H), 4.88 — 4.80 (m, 1H), 4.28 @d,10.2, 4.6 Hz, 1H), 4.19 (dd,= 10.2, 6.2 Hz, 1H), 3.85 (s,
3H), 2.75 — 2.53 (m, 2H}’C NMR (100 MHz, CDGCJ) & 163.42, 149.95, 147.78, 144.81, 122.48, 121.36,00
115.03, 112.31, 75.62, 70.19, 55.93, 26.45. HRM&cdc for GaH;/NaO, [M+Na]'m/z: 257.0790, found:
257.0792.

4.2.3. Synthesis of (R)-6-((2-benzyl phenoxy)methyl)-5, 6-dihydro-2H-pyran-2-one (1c)

Compoundéc (550 mg, 1.71 mmol) was convertedlim(220mg, 43.81%) as a white solid by the same prreed
as described for compourié. m.p. 86.5 ~ 87.2; *H NMR (400 MHz, DMSOdg) § 7.27 — 7.21m, 4H), 7.21 —
7.13 (m, 3H), 7.12 — 7.04 (m, 1H), 7.00 Jd; 7.9 Hz, 1H), 6.91 (] = 7.4 Hz, 1H), 6.02-5.97 (m, 1H), 4.85 - 4.77
(m, 1H), 4.25 — 4.14 (m, 2H), 3.91 (s, 2H), 2.5D.44 (m, 2H)*C NMR (100 MHz, DMSOdq) 5 163.26 , 155.68,
146.80, 140.85, 130.28, 129.45, 128.65, 128.16 582 125.71, 120.82, 119.95, 111.85, 75.63, 68545, 25.10.
HRMS: calcd for GgH:gNaO; [M+Na]* m/z: 317.1154, found: 317.1153.

4.2.4. Synthesis of (R)-6-((4-(methylthi o) phenoxy)methyl)-5, 6-dihydro-2H-pyran-2-one (1d)

Compoundéd (500 mg, 1.80 mmol) was convertedlit (200mg, 44.32%) as a gray solid by the same praeedu
as described for compour@. m.p. 100.5 ~ 101:Z; *H NMR (400 MHz, CDCJ) 5 7.26 (s, 2H), 7.02 — 6.91 (m,
1H), 6.86 (dJ = 7.6 Hz, 2H), 6.08 (d] = 9.6 Hz, 1H), 4.84 — 4.74 (m, 1H), 4.22 — 4.08 2H), 2.77 — 2.50 (m,
2H), 2.45 (s, 3H)**C NMR (100 MHz, CDG)) 5 163.27, 156.63, 144.61, 129.99, 129.89, 121.38,30]. 75.47,
68.72, 26.24, 17.77. HRMS: calcd forg8:.NaO;S [M+Na]'m/z: 273.0561, found: 273.0561.

4.2.5. Synthesis of (R)-6-((4-ethylphenoxy)methyl)-5, 6-dihydro-2H-pyran-2-one (1€)

Compoundée (560 mg, 2.15 mmol) was convertedl®(213 mg, 42.63%) as a white solid by the same phaee
as described for compourdd. m.p. 65.1 ~ 66.7; *H NMR (400 MHz, CDC}) § 7.12 (d,J = 8.5 Hz, 2H), 6.98 —
6.90 (m, 1H), 6.84 (d] = 8.5 Hz, 2H), 6.07 (dd} = 9.8, 1.7 Hz, 1H), 4.83 — 4.73 (m, 1H), 4.19 (@, 10.0, 4.5
Hz, 1H), 4.13 (ddJ = 10.0, 5.6 Hz, 1H), 2.71 — 2.59 (m, 2H), 2.59.492(m, 2H), 1.21 (t) = 7.6 Hz, 3H)*C
NMR (100 MHz, CDC)) 5 163.43 , 156.21, 144.81, 137.30, 128.85, 121.30,47, 75.60, 68.62, 27.99, 26.29,
15.87. HRMS: calcd for GH1gNaO; [M+Na] 'm/z: 255.0997, found: 255.0998.

4.2.6. Synthesis of (R)-6-((4-pentyl phenoxy)methyl)-5, 6-dihydro-2H-pyran-2-one (1f)

Compoundsf (550 mg, 1.82 mmol) was convertedltio(246 mg, 49.30%) as a white solid by the same phoee
as described for compourdd. m.p. 68.0 ~ 69.C; *H NMR (400 MHz, CDC}) § 7.10 (d,J = 8.5 Hz, 2H), 6.98 —
6.92 (m, 1H), 6.83 (d] = 8.6 Hz, 2H), 6.14 — 6.02 (m, 1H), 4.85 — 4.75 1), 4.19 (dd,) = 10.0, 4.5 Hz, 1H),
4.13 (dd,J =10.0, 5.7 Hz, 1H), 2.72 — 2.50 (m, 4H), 1.62.561(m, 2H), 1.39 — 1.24 (m, 4H), 0.89Jt 6.9 Hz,
3H). *C NMR (100 MHz, CDG)) & 156.15, 144.75, 135.97, 129.37, 121.32, 114.38377/5.56, 68.55, 35.00,
31.43, 31.38, 26.31, 22.54, 14.05. HRMS: calcdlgH,,NaO; [M+Na] 'm/z: 297.1467, found: 297.1467.
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4.2.7. Synthesis of (R)-6-((4-cyclohexyl phenoxy)methyl)-5, 6-dihydro-2H-pyran-2-one (19)

Compound6g (470 mg, 1.49 mmol) was converted 1g (196 mg, 45.79%) as a white solid by the same
procedure as described for compourzd m.p. 85.5 ~ 86.8; 'H NMR (400 MHz, CDCY)) & 7.13(d, 7.5Hz, 2H),
6.98 —6.89(m, 1H), 6.84 (d,= 8.0 Hz, 2H), 6.07 (d, 9.7Hz, 1H), 4.85 — 4.75 (H), 4.25 — 4.07 (m, 2H), 4.13
(dd,J=10.0, 5.7 Hz, 1H), 2.72 — 2.50 (m, 1H), 2.50362m, 1H), 1.93 — 1.79 (m, 4H), 1.73 {ds 13.0 Hz, 1H),
1.46 — 1.30 (m, 4H), 1.30 — 1.15 (m, 1FC NMR (100 MHz, CDG)) § 163.37, 156.22, 144.71, 141.28, 127.76,
121.34, 114.36, 75.55, 68.56, 43.70, 34.68, 2626133, 26.14. HRMS: calcd for;,,NaO; [M+Na]" m/z:
309.1467, found: 309.1466.

4.2.8. Synthesis of (R)-6-((4-(2-methoxyethyl)phenoxy)methyl)-5, 6-dihydro-2H-pyran-2-one (1h)

Compoundsh (556mg, 1.91 mmol) was convertedltio (223 mg, 44.40%) as a white solid by the same piaee
as described for compourd@. m.p. 47.3 ~ 48.C; *H NMR (400 MHz, CDC}) § 7.14 (d,J = 8.5 Hz, 2H), 7.03 —
6.90 (m, 1H), 6.84 (dJ = 8.6 Hz, 2H), 6.06 (dd] = 9.8, 1.7 Hz, 1H), 4.84 — 4.74(m, 1H), 4.18 (d& 10.0, 4.6
Hz, 1H), 4.13 (ddJ = 10.0, 5.6 Hz, 1H), 3.56 @,= 7.0 Hz, 2H), 3.35 (s, 3H), 2.82 Jt= 7.0 Hz, 2H), 2.70 — 2.59
(m, 1H), 2.58 — 2.48 (m, 1H}*C NMR (100 MHz, CDG)) § 163.40, 156.62, 144.83, 131.91, 129.86, 121.22,
114.48, 75.56, 73.72, 68.53, 58.64, 35.26, 26.RMB8: calcd for GsH gNaO, [M+Na] 'm/z: 285.1103, found:
285.1104.

4.2.9. Synthesis of (R)-6-((4-(trifluoromethoxy) phenoxy)methyl)-5, 6-dihydro-2H-pyran-2-one (1i)

Compoundbi (570 mg, 1.80 mmol) was converted1io(250 mg, 48.13%) as a white solid by the same pharee
as described for compourdd. m.p. 71.1 ~ 72.¢; *H NMR (400 MHz, CDC}) § 7.18 (d,J = 8.7 Hz, 2H), 7.01 —
6.95 (m, 1H), 6.95 — 6.90 (m, 2H), 6.11 (dd; 9.4, 2.1 Hz, 1H), 4.88 — 4.78 (m, 1H), 4.26 £34(m, 2H), 2.75 -
2.64 (m, 1H), 2.63 — 2.50 (m, 1HYC NMR (101 MHz, CDG)) 5 163.22, 156.63, 144.59, 143.26, 122.57, 121.37,
119.24, 115.41, 75.39, 68.96, 26.15. HRMS: caledigH;1FsNaQ, [M+Na]* m/z: 311.0507, found: 311.0506.
4.2.10. Synthesis of (R)-6-((4-(benzyl oxy)phenoxy)methyl)-5, 6-dihydro-2H-pyran-2-one (1)

Compoundsj (530 mg, 1.57 mmol) was convertedlfo(210 mg, 43.20%) as a white solid by the same phoee
as described for compourid. m.p. 146.0 ~ 147:8; *H NMR (400 MHz, CDC}) § 7.47 — 7.28 (m, 5H), 6.98 —
6.93 (m, 1H), 6.92 — 6.88 (m, 2H), 6.88 — 6.82 2iM), 6.11 —6.04 (m, 1H), 5.02 (s, 2H), 4.83 — AmM3 1H), 4.16
(dd,J = 10.0, 4.5 Hz, 1H), 4.11 (dd= 10.0, 5.6 Hz, 1H), 2.71 — 2.59 (m, 1H), 2.5848¢m, 1H)."*C NMR (100
MHz, CDCk) & 163.42, 153.53, 152.53, 144.74, 137.14, 128.57,942 127.47, 121.34, 115.91, 115.64, 75.62,
70.66, 69.27, 29.70. HRMS: calcd fordd:gNaO, [M+Na]* m/z: 333.1103, found: 333.1102.

4.2.11. Synthesis of (R)-6-((3-(diethylamino)phenoxy)methyl)-5, 6-dihydro-2H-pyran-2-one (1k)

Compoundsk (360 mg, 1.19 mmol) was convertedlio (150 mg, 45.91%) as a white solid by the same pharee
as described for compour@. m.p. 50.2 ~ 51.6; *H NMR (400 MHz, CDCJ) 5 7.11 (t,J = 8.2 Hz, 1H), 6.98 —
6.91 (m, 1H), 6.34 (dd] = 8.4, 1.8 Hz, 1H), 6.26 — 6.15 (m, 2H), 6.11 846(m, 1H), 4.85 — 4.75 (m, 1H), 4.21
(dd,J =10.0, 4.5 Hz, 1H), 4.13 (dd,= 10.0, 6.0 Hz, 1H), 3.33 (4,= 7.1 Hz, 4H), 2.71 — 2.50 (m, 2H), 1.15Jt,
= 7.1 Hz, 6H)."*C NMR (100 MHz, CDGCJ) & 163.46, 159.56, 144.79, 130.01, 121.35, 105.70,500) 98.87,
75.63, 68.30, 44.36, 29.70, 26.41, 12.58.

4.2.12. Synthesis of (R)-6-((2-isopropyl-5-methyl phenoxy)methyl)-5, 6-dihydro-2H-pyran-2-one (1)

Compound6l (460 mg, 1.60 mmol) was convertedltio(186 mg, 44.79%) as a colorless oily liquid by gaene
procedure as described for compoudrsd*H NMR (400 MHz, CDCJ)  7.11 (d,J = 7.7 Hz, 1H), 7.05 — 6.91 (m,
1H), 6.79 (dJ = 7.7 Hz, 1H), 6.65 (s, 1H), 6.09 @7 11.4 Hz, 1H), 4.90 — 4.80 (m, 1H), 4.21 (dd¢; 9.9, 4.3 Hz,
1H), 4.16 (ddJ =9.9, 5.7 Hz, 1H), 3.30 — 3.20 (m, 1H), 2.76 502(m, 2H), 2.32 (s, 3H), 1.19 (@= 6.9 Hz, 6H).
%C NMR (100 MHz, CDGJ) & 163.47, 155.02, 144.76, 136.49, 134.06, 126.06,982 121.33, 112.14, 75.63,
68.51, 26.54, 26.43, 22.76, 22.73, 21.31. HRMS:cbtdr GeHooNaO; [M+Na]* m/z: 283.1310, found: 283.1311.
4.2.13. Synthesis of (R)-6-((naphthal en-1-yloxy)methyl)-5, 6-dihydro-2H-pyran-2-one (1m)
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Compoundém (480 mg, 1.70 mmol) was converted Im (153 mg, 35.39%) as a white solid by the same
procedure as described for compourad m.p. 87.0 ~ 88.C; 'H NMR (400 MHz, DMSOsdg) § 8.33 — 8.10 (m,
1H), 7.93 —-7.87 (m, 1H), 7.61 — 7.48 (m, 3H), 7(44 = 7.9 Hz, 1H), 7.20 — 7.13 (m, 1H), 7.03 {ds 7.5 Hz,
1H), 6.08 — 6.02 (m, 1H), 5.05 — 4.95 (m, 1H), 4-48.34 (m, 2H), 2.78 — 2.60 (M, 2H)C NMR (100 MHz,
DMSO-ds) & 163.36, 153.53, 146.95, 133.99, 127.47, 126.58,1%2 125.43, 124.80, 121.48, 120.39, 120.03,
105.45, 75.68, 68.90, 25.30. HRMS: calcd feg-G.NaO; [M+Na]* m/z: 277.0841, found: 277.0842.

4.2.14. Synthesis of (R)-6-((benzo[ d][1, 3] dioxol-5-yloxy)methyl)-5, 6-dihydro-2H-pyran-2-one (1n)

Compoundsn (530 mg, 1.92 mmol) was convertedlio(198 mg, 41.58%) as a white solid by the same pharee

as described for compoudd. m.p. 96.5 ~ 97.€; *H NMR (400 MHz, CDC}) & 7.00 — 6.90 (m, 1H), 6.71 (d=

8.4 Hz, 1H), 6.50 (d] = 2.5 Hz, 1H), 6.33 (dd] = 8.5, 2.5 Hz, 1H), 6.10 — 6.06 (m, 1H), 5.932(d), 4.83 — 4.72
(m, 1H), 4.13 (ddJ = 10.0, 4.6 Hz, 1H), 4.08 (dd= 10.0, 5.4 Hz, 1H), 2.70 — 2.46 (m, 2HC NMR (100 MHz,
CDCl) 6 163.36, 153.66, 148.35, 144.68, 142.25, 121.33,98) 105.79, 101.28, 98.34, 75.53, 69.59, 26.22.
HRMS: calcd for GH-NaQ;[M+Na]* m/z: 271.0582, found: 271.0582.

4.3. General synthesis procedure for anal ogues of (R)-2-(phenoxymethyl)oxirane (4a ~ 4n)

Phenol derivativega ~ 2n(1 equvi) and NaOH (3 equvi) was dissolved in 5H30 in a flask. Subsequently, the
reaction mixture was stirred at room temperature@min. The reaction system was added drop wise30 mL
round bottom flask containing (S)-epoxy chloropnop#3 equvi) and tetrabutyl ammonium bromide (GQ&vi).
The reaction mixture was stirred at room tempeeatdfter the reaction completed, the resulting omigtwas
diluted with water (10 mL) and extracted with etigdtate (20 mL x 3). The combined organic phases drged
with NaSO, concentrated to afford a crude product. The cruddyrt was purified by chromatography on silica
gel with petroleum ether and ethylacetate to afftad- 4n.

4.4, General Synthesis Procedure for analogues of (R)-1-phenoxypent-4-en-2-ol (5a ~ 5n)

(R)-2-(phenoxymethyl) oxirane derivativé® ~ 4n (1 equvi) and Cul (0.2 equvi) was dissolved in raQ
anhydrous THF in a flask. The reaction mixture wtged at -10 ~ @ for 10 min and ethylene magnesium
chloride (1.5 equvi) was added drop wise underrgoraatmosphere. After the reaction completed réiselting
mixture was diluted with saturated ammonium chier{80 mL) and the system was filtered with celiteler
reduced pressure, and then evaporated and extraittedthylacetate (15 mL x 3). The combined orgatiases
were dried with NgSO, concentrated to afford a crude product. The cruddyct was purified by chromatography
on silica gel with petroleum ether and ethylacetatafford5a ~ 5n
4.5, General Synthesis Procedure for analogues of (R)-1-phenoxypent-4-en-2-yl acrylate (6a ~ 6n)

A solution of5a ~ 5n(1 equvi), anhydrous MgS{2 equvi), and TEA (1.5 equvi) in Anhydrous &2, (20 mL)
was stirred at room temperature. Acryloylchloride5(equvi) was added drop wise. The reaction mixiuas
stirred at room temperature for 2h. After the rigeictompleted, the resulting mixture was dilutedhwiater (20
mL) and extracted with Ci€l, (20 mL x 3), dried (MgS¢), and concentrated to afford a crude product.crbde
product was purified by chromatography on silichvgéh petroleum ether/ethylacetate to affé@al~ 6n

4.6. General Synthesis of (R)-6-((1H-indol-1-yl)methyl)-5, 6-dihydro-2H-pyran-2-one (7a)

Grubbs-2 (126 mg, 0.219 mmol) was dissolved in 20amhydrous DCM in adried flask. Subsequently, coomu
11a (380 mg, 1.49 mmol was dissolved in 2 mL DCM and added drop wise umdeitrogen atmosphere. The
reaction was stirred for 15 hours atG0~ 60C. The crude product was purified by chromatograpmgilica gel
with petroleum ether/ethylacetate (10:1) to aff@edas a colorless oily liquid (143 mg, 42.28%). NMR (400
MHz, CDCk) 6 7.63 (d,J = 7.8 Hz, 1H), 7.33 (d] = 8.2 Hz, 1H), 7.26 — 7.19 (m, 1H), 7.19 — 7.04 2id), 6.89 —
6.66 (m, 1H), 6.54 (d] = 2.5 Hz, 1H), 5.99 (d] = 9.7 Hz, 1H), 4.90 — 4.68 (m, 1H), 4.46 (dds 15.1, 4.8 Hz,
1H), 4.39 (ddJ = 15.0, 5.5 Hz, 1H), 2.36 — 2.17 (m, 25C NMR (100 MHz, CDG)) 5 163.17 (s), 144.32,
136.28 128.66, 128.57, 122.02, 121.30, 121.22881909.06, 102.46, 76.35, 48.99, 26.88.
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4.6.1.5ynthesis of (R)-6-((5-methoxy-1H-indol-1-yl)methyl)-5, 6-dihydro-2H-pyran-2-one (7b)

Compoundl1b (430 mg, 1.51 mmol) was converted®b (176 mg, 45.39%) as a paleyellow solid by the same
procedure as described for compotfiad'H NMR (400 MHz, CDC)) § 7.22 (d,J = 8.9 Hz, 1H), 7.14 (d] = 3.1
Hz, 1H), 7.09 (dJ = 2.4 Hz, 1H), 6.89 (dd} = 8.9, 2.4 Hz, 1H), 6.84 — 6.73 (m, 1H), 6.46]¢,3.1 Hz, 1H), 6.05
—5.95 (m, 1H), 4.85 — 4.70 (m, 1H), 4.43 (d&; 15.1, 4.9 Hz, 1H), 4.37 (dd,= 15.1, 5.6 Hz, 1H), 3.85 (s, 3H),
2.30 — 2.19 (m, 2H)**C NMR (100 MHz, CDG)) & 163.16, 154.27, 144.28, 131.56, 129.09, 121.32,38]
109.82, 102.83, 102.03, 76.37, 55.86, 49.20, 2648\S: calcd. for GsH1sNNaO; [M+Na]" m/z: 280.0950, found:
280.0951.

4.6.2. Synthesis of (R)-6-(indolin-1-ylmethyl)-5, 6-dihydro-2H-pyran-2-one (7¢)

Compoundl1c (500 mg, 1.94 mmol) was converted/ip(210 mg, 47.14%) as a colorless oily liquid by saene
procedure as described for compoiiadH NMR (400 MHz, CDC}) § 7.08 (ddJ = 13.3, 7.1 Hz, 2H), 6.98 — 6.85
(m, 1H), 6.68 (tJ = 7.3 Hz, 1H), 6.44 (d] = 7.8 Hz, 1H), 6.05 (dd] = 10.1, 2.0 Hz, 1H), 4.78 — 4.60 (m, 1H),
3.59 — 3.46 (m, 2H), 3.38 (d,= 5.2 Hz, 2H), 3.00 (1] = 8.4 Hz, 2H), 2.64 — 2.39 (m, 2HJC NMR (100 MHz,
CDCly) & 163.84, 152.14, 144.95, 129.48, 127.35, 124.68,292 117.98, 106.27, 55.13, 53.38, 29.69, 28.77,
27.25. HRMS: calcd for GH1sNNaQ, [M+Na]” m/z: 252.1000, found: 252.1003.

4.6.3. Synthesis of (R)-6-(((6-chloro-1H-benzo[ d] [1,2,3]triazol-1-yl)oxy)methyl) -5, 6-dihydro-2H-pyran-2- one

(7d)

Compoundlld (450 mg, 1.46 mmol) was convertedri (55 mg, 13.45%) as a grey-green solid by the same
procedure as described for compoiiadm.p. 109.5 ~ 110:C; *H NMR (400 MHz, CDC}) § 7.94 (d, 8.8Hz, 1H),
7.72 (dJ= 1.3 Hz, 1H), 7.43 - 7.35 (m, 1H), 7.07 — 6.92 1), 6.13 (ddJ = 9.8, 1.9 Hz, 1H), 4.95 — 4.84 (m,
1H), 4.81 — 4.68 (m, 2H), 2.80 — 2.65 (m, 1H), 2:6550 (M, 1H)**C NMR (101 MHz, CDGCJ) 5 162.47, 144.04,
141.94,135.22, 127.76, 126.40, 121.54, 121.26,64080.29, 73.96, 25.49. HRMS: calcd fartd;(CINsNaO;
[M+Na]" m/z: 302.0308, found: 302.0308.

4.6.4. Synthesis of (R)-6-((methyl (m-tolyl)amino)methyl)-5, 6-dihydro-2H-pyran-2-one (7€)

Compoundlle (500 mg, 1.93 mmol) was convertede (210 mg, 47.09%) as a yellow oily liquid by the gam
procedure as described for compodiadH NMR (400 MHz, CDC)) § 7.19 — 7.06 (m, 1H), 6.97 — 6.80 (m, 1H),
6.57 (d,J = 7.4 Hz, 1H), 6.52 (d] = 6.2 Hz, 2H), 6.11 — 5.90 (m, 1H), 4.76 — 4.60 1), 3.68 (dd,) = 15.4, 5.8
Hz, 1H), 3.60 (ddJ) = 15.4, 5.8 Hz, 1H), 3.04 (s, 3H), 2.46 — 2.37 BH), 2.32 (s, 3H)**C NMR (100 MHz,
CDCly) 6 163.79, 148.86, 144.68, 139.12, 129.21, 121.47.96] 112.89, 109.36, 76.15, 55.96, 39.96, 27.49%
HRMS: calcd for GH:;NNaO, [M+Na]'m/z:254.1157, found: 254.1156.

4.7. General synthesis procedure for analogues of (S)-1-(oxiran-2-ylmethyl)-1H-indole (9)

Indole analogue8 (1 equvi) and NaH (3equvi) was dissolved in 20 M&CN in a flask at ice-bath. Subsequently,
the reaction mixture was stirred at room tempeeafar 30 min. (S)-epoxy chloropropane (3 equvi) wasled
drop wise. The reaction mixture was stirred at rommperature. After the reaction completed, Theiltieg
mixture was diluted with water (10 mL) and evapedatand then extracted with ethylacetate (20 mL).xTBe
combined organic phases were dried with3@ concentrated to afford a crude product. The cruddyrt was
purified by chromatography on silica gel with pédton ether/acetone to affogd

4.8. General synthesis procedure for anal ogues of (R)-1-(1H-indol-1-yl)pent-4-en-2-ol (10)

Compounds9 (1 equvi) and Cul (0.2 equvi) was dissolved inr@0 anhydrous THF in a flask. The reaction
mixture was stirred at -10 ~@© for 10 min and ethylene magnesium chloride (1.5vquas added drop wise
under an argon atmosphere. After the reaction cetegh] the resulting mixture was diluted with satenla
ammonium chloride (50 mL) and the system was élewith celite in induced pressure, and then exapdrand
extracted with ethylacetate (15 mL x 3). The coradimrganic phases were dried with,8i@, concentrated to
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afford a crude product. The crude product was jariby chromatography on silica gel with petroleetier and
ethylacetate to affordlO.
4.9. General synthesis procedure for analogues of (R)-1-(1H-indol-1-yl)pent-4-en-2-yl acrylate (11)
A solution of 10 (1 equvi), anhydrousMgSQ2 equvi), and TEA (1.5 equvi) in anhydrous £#} (20 mL) was
stirred at room temperature. Acryloylchloride (duvi) was added drop wise. The reaction mixturs stared at
room temperature for 2h. After the reaction congaethe resulting mixture was diluted with wated ¢(aL) and
extracted with ChCI, (20 mL x 3), dried (MgSg), and concentrated to afford a crude product. &rhde product
was purified by chromatography on silica gel wigtrpleum ether/ethylacetate to affdrdd
4.10. General synthesis procedure for (R)-6-(((4-chlorophenyl)thio)methyl)-5, 6-dihydro-2H-pyran-2-one(12)
Grubbs-2 (270 mg, 0.318 mmol) was dissolved in 20amhydrous DCM in dried flask. Subsequently, coomb
17 (900 mg, 3.18 mmolwas dissolved in 2 mL DCM and added drop wise umgenitrogen atmosphere. The
reaction was stirred for 15 hours atG0~ 60C. The crude product was purified by chromatograpmgilica gel
with petroleumether/ ethylacetate to affd2las a white solid (305 mg, 37.62%).
4.11. Synthesis of (6R)-6-(((4-chlorophenyl)sulfinyl)methyl)-5, 6-dihydro-2H-pyran-2-one (13)
A solution of12 (1.00g, 3.93 mmol) in C}Cl, (20 mL), subsequentlyn-chloroperoxybenzoic acid (812mg, 4.71
mmol) is added to the system under ice bath canmditi After the reaction is complete, a mixture atusated
solution of NaS,0; (10 mL) and NaHC@(10 mL) was added. The organic phase was washtbdweiter (3 x
10mL) and brine (10 mL), dried (M&0O,), and concentrated to afford a crude product. diuele product was
purified by chromatography on silica gel with pétton ether/acetone (8:1) to affot@ as a gray solid (145 mg,
13.64%). m.p. 80.5 ~ 81/®; ‘H NMR (400 MHz, CDC}J) 5 7.62 (d,J = 8.5 Hz, 2H), 7.54 (d] = 8.5 Hz, 2H), 6.99
—6.84 (m, 1H), 6.11 (d] = 10.0 Hz, 1H), 5.17 — 5.01 (m, 1H), 3.11 (dd; 13.4, 9.4 Hz, 1H), 2.95 (dd,= 13.4,
3.2 Hz, 1H), 2.62 — 2.28 (m, 2Hy“"MR (101 MHz, CDC}) & 162.74, 144.29, 142.20, 137.74, 129.89, 125.18,
121.62, 71.67, 63.20, 29.24. HRMS: calcd f@sG,CINaO;S [M+Na] m/z: 293.0015, found: 293.0016.
4.12. General Synthesis Procedure for (R)-2-(((4-chlorophenyl)thio)methyl)oxirane (15)
4-chlorobenzenethidl4 (2.00 g, 13.83 mmol) and NaOH (1.66 g, 41.49 mma@} dissolved in 5 mL 4D in a
flask. Subsequently, the reaction mixture was eddirat room temperature for 30min. The reactionesysivas
added drop wise to a 50 mL round bottom flask dairtg (S)-epoxy chloropropane (3.84 g, 41.49 mnaoij
tetrabutylammonium bromide (223 mg, 0.69 mmol). Téaction mixture was stirred at room temperatAfeer
the reaction completed, the resulting mixture wibgtel with water (10 mL) and extracted with ettogdtate (20
mL x 3). The combined organic phases were dried W&SO, concentrated to afford a crude product. The crude
product was purified by chromatography on silichwi¢h petroleum ether and ethylacetate to affostbdess oil
liquid15 (1.05 g, 37.83%).
4.13. General synthesis procedure for (R)-1-((4-chlorophenyl)thio)pent-4-en-2-ol (16)
Compoundl5 (1.00g, 4.98 mmol) and Cul (190 mg, 0.99 mmol) gigsolved in 20 mL anhydrous THF in a flask.
The reaction mixture was stirred at -10 € Ofor 10 min and ethylene magnesium chloride (648 g7 mmol)
was added drop wise under an argon atmosphere. thffereaction completed, the resulting mixture wdisted
with saturated ammonium chloride (50 mL) and thsteasp was filtered with celite, and then evaporaad
extracted with ethylacetate (15 mL x 3). The coradimrganic phases were dried with,8i@, concentrated to
afford a crude product. The crude product was jaariby chromatography on silica gel with petroleather
andethylacetate to afford colorless oil ligléd970 mg, 85.10%).
4.14. General Synthesis Procedure for (R)-1-((4-chlorophenyl)thio)pent-4-en-2-yl acrylate (17)
A solution of 16 (950 mg, 4.15 mmol), anhydrous Mg$(®99.79 mg, 8.31 mmol), and TEA (630.43 mg, 6.23
mmol ) in anhydrous C}Cl, (20 mL) was stirred at room temperature. Acrylbideide (563.85 mg , 6.23 mmol)
was added drop wise. The reaction mixture wasestiat room temperature for 2h. After the reactiomgleted,
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the resulting mixture was diluted with water (20 )nalnd extracted with Ci€l, (20 mL x 3), dried (MgSg), and
concentrated to afford a crude product. The crudelyct was purified by chromatography on silica gith
petroleum ether/ethylacetate to affdrd(970mg, 83.44%).
4.15. General synthesis of (R)-N-(2-(6-oxo-3, 6-dihydro-2H-pyran-2-yl)ethyl)benzamide (18a)
Compound?1a(2.49 g, 6.6 mmol) was dissolved in 25 mL toluéma flask. Subsequently, tlpeTSA (56.79 mg,
0.33 mmol) was added. The reaction was stirred18tC1 for 6 hours. The reaction mixture was filtered and
concentrated. The resulting mixture was dilutechwitater (20 mL) and extracted with ethylacetate f0x 3).
The combined organic phases were dried withS®0g concentrated to afford a crude product. The cruddyzt
was purified by chromatography on silica gel witttrpleum ether/acetone (2:1) to affd@a as a white acicular
crystal (650 mg, 40.17%). m.p. 79.1 ~ 80.7"H NMR (400 MHz, CDC}) § 7.86 — 7.76 (m, 2H), 7.57 — 7.38 (m,
3H), 6.98 — 6.87 (m, 1H), 6.80 (s, 1H), 6.11 — 585 1H), 4.69 — 4.52 (m, 1H), 3.78 — 3.58 (m, 2B}6 — 2.37
(m, 2H), 2.19 — 2.09 (m, 1H), 2.06 — 1.95 (m, I#J. NMR (100 MHz, CDG)) 5 145.28, 131.54, 128.60, 126.91,
121.22, 76.67, 36.55, 34.35, 29.38.
4.15.1. Synthesis of (R)-4-fluoro-N-(2-(6-oxo-3, 6-dihydro-2H-pyran-2-yl)ethyl)benzamide (18b)
Compound21b (1.53 g, 3.87 mmol) was convertedli®b(185 mg, 18.16%) as a white acicular crystal bystime
procedure as described for compod8a m.p. 128.2 ~ 129:8. *H NMR (400 MHz, DMSOeg) § 8.57 (t,J = 5.6
Hz, 1H), 8.01 — 7.83 (m, 2H), 7.29 {t= 8.9 Hz, 2H), 7.12 — 6.97 (m, 1H), 5.95 (dds 9.8, 1.8 Hz, 1H), 4.58 —
4.48(m, 1H), 3.54 — 3.35 (m, 2H), 2.48 — 2.26 (K),21.99 — 1.81 (m, 2H}*C NMR (100 MHz, CDGCJ) & 166.60,
164.72(d,J = 250 Hz), 164.01, 145.45, 130.41 (d= 2.8 Hz ), 129.33 (d) = 8.9 Hz), 121.13, 115.55 (d,=
21.8Hz), 76.78 , 36.62, 34.29, 29.37. HRMS: catwd® H1sFNO; [M+Na]" m/z: 264.1036, found: 264.1036.
4.15.2. Synthesis of (R)-N-(2-(6-oxo-3, 6-dihydro-2H-pyran-2-yl)ethyl) cinnamamide(18c)
Compound21c(1.79 g, 4.44 mmol) was convertedl®c (265 mg, 22.02%) as a white acicular crystal bystime
procedure as described for compo8a m.p. 113.1 ~ 114:2. *H NMR (400 MHz, DMSO#dg) § 8.22 (t,J = 5.6
Hz, 1H), 7.56 (dJ = 6.8 Hz, 2H), 7.50 — 7.29 (m, 4H), 7.15 — 6.97 1), 6.60 (d,J = 15.8 Hz, 1H), 5.95 (dd,=
9.8, 1.8 Hz, 1H), 4.61 — 4.40 (m, 1H), 3.46 — 33% 1H), 3.30 — 3.17 (m, 1H), 2.48 — 2.42 (m, 1P{}0 — 2.24
(m, 1H), 1.97 — 1.75 (m, 2H)*"MR (100 MHz, DMSOds) § 164.96, 163.71, 147.09, 138.59, 134.83, 129.39,
128.88, 127.45, 122.06, 120.15, 75.45, 34.63, 342B369. HRMS: calcd for H;,NNaO; [M+Na]® m/z:
294.1106, found: 294.1105.
4.15.3. Synthesis of (R)-5-chloro-N-(2-(6-oxo-3, 6-dihydro-2H-pyran-2-yl)ethyl)thiophene-2-carboxamide (18d)
Compound21d (1.60 g, 3.83 mmol) was converted18d (305 mg, 27.88%) as a white acicular crystal by the
same procedure as described for compdial m.p. 145.0 ~ 145:Z. *H NMR (400 MHz, CDC}) & 7.31 (d,J =
4.0 Hz, 1H), 6.95 — 6.91 (m, 1H), 6.89 {d5 4.0 Hz, 1H), 6.70 (br, 1H), 6.08 — 5.99 (m, 1#H6 — 4.52 (m, 1H),
3.75 — 3.64 (m, 1H), 3.63 — 3.50 (m, 1H), 2.47362Qm, 2H), 2.15 — 1.94 (m, 2HYC NMR (100 MHz, CDG)) &
163.80, 161.17, 145.31, 137.53, 135.35, 127.11,0827121.18, 76.86, 36.65, 34.19, 29.37. HRMS: ccditn
C1-H1,CINNaO;S [M+Na] m/z: 308.0124, found: 308.0123.
4.16. General synthesis of N-(2-((29)-4-hydr oxy-6-oxotetrahydr o-2H-pyran-2-yl)ethyl)benzamide (19a)
Compound?1a (2.49g, 6.6 mmol) was dissolved in 25 mL toluema iflask. Subsequently, the p-TSA (56.79mg,
0.33 mmol) was added. The reaction was stirredhaatied at 110 for 6 hours. The reaction mixture was filtered
to afford19aas a white acicular crystal (728 mg, 41.92%). h#8.8 ~ 179.2. '"H NMR (400 MHz, DMSO#d)
8 8.56 (t,J = 5.3 Hz, 1H), 7.85 (d] = 7.1 Hz, 2H), 7.59 — 7.41 (m, 3H), 5.21 (br, 1480 — 4.59 (m, 1H), 4.22 —
4.07 (m, 1H), 3.56 — 3.26 (m, 2H), 2.66 (dds 17.3, 4.5 Hz, 1H), 2.41 (dd=17.3, 1.7 Hz, 1H), 1.94 — 1.80 (m,
3H), 1.79 — 1.65 (m, 1H}°C NMR (101 MHz, DMSOdg) & 170.12, 166.17, 134.47, 131.04, 128.20, 127.08173
61.23, 38.53, 35.44, 35.07, 34.98. HRMS: calcdJaH1,NNaO, [M+Na]" m/z: 286.1055, found m/z: 286.1058.
4.16.1. Synthesis of 4-fluoro-N-(2-((2S9)-4-hydr oxy-6-oxotetrahydr o-2H-pyran-2-yl)ethyl )benzamide (19b)
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Compound21b (1.53 g, 3.87 mmol) was converted 18b(810 mg, 74.43%) as a white acicular crystal by the
same procedure as described for compdl@al m.p. 182.7 ~ 183:6. 'H NMR (400 MHz, DMSOds) & 8.66 —
8.50 (m, 1H), 7.92 (dd] = 8.7, 5.6 Hz, 2H), 7.29 (§ = 8.8 Hz, 2H), 5.20 (br, 1H), 4.82 — 4.58 (m, 1Kp2 —
4.01 (m, 1H), 3.53 — 3.38 (m, 2H), 2.65 (dd; 17.3, 4.5 Hz, 1H), 2.40 (dd,= 17.3, 1.7 Hz, 1H), 1.84 (dd,=
13.5, 6.5 Hz, 3H), 1.77 — 1.64 (m, 1HC NMR (100 MHz, DMSQOdg) & 170.11, 165.10, 163.75 (d,= 248.2
Hz), 130.92 (dJJ = 2.8 Hz), 129.72 (d] = 9.0 Hz), 115.11 (dJ = 21.7 Hz), 73.47, 61.22, 38.52, 35.48, 35.06,
34.95. HRMS: calcd for GH1gFNNaQ, [M+Na]* m/z: 304.0961, found: 304.0961.
4.16.2. Synthesis of N-(2-((29)-4-hydroxy-6-oxotetrahydro-2H-pyran-2-yl)ethyl) cinnamamide (19c)
Compound21c (1.79 g, 4.44 mmol) was converted 18c (810 mg, 63.11%) as a white acicular crystal by the
same procedure as described for compdia m.p. 171.6 ~ 172:8. *H NMR (400 MHz, DMSO#dg) 5 8.23 (t,J
= 5.3 Hz, 1H), 7.56 (d] = 7.2 Hz, 2H), 7.49 — 7.30 (m, 4H), 6.62 Jds 15.8 Hz, 1H), 5.21 (br, 1H), 4.78 — 4.59
(m, 1H), 4.13 (s, 1H), 3.46 — 3.35 (m, 1H), 3.28.27 (m, 1H), 2.65 (dd] = 17.3, 4.4 Hz, 1H), 2.40 (dd,= 17.3,
1.2 Hz, 1H), 1.95 — 1.62 (m, 4HYC NMR (100 MHz, DMSOds) & 170.11, 164.93, 138.55, 134.84, 129.38,
128.89, 127.45, 122.10, 73.33, 61.23, 40.08, 38522, 34.84. HRMS: calcd for;§;NNaQ, [M+Na]" m/z:
312.1212, found: 312.1210.
4.16.3. Synthesis of 5-chloro-N-(2-((29-4-hydroxy-6-  oxotetrahydro-2H-pyran-2-yl)ethyl)thiophene-2-
carboxamide (19d)
Compound21d (1.60 g, 3.83 mmol) was converted 18d (650 mg, 55.90%) as a white acicular crystal by the
same procedure as described for compdia m.p. 172.4 ~ 173:C. *H NMR (400 MHz, DMSOdg) 5 8.67 (t,J
=5.5Hz, 1H), 7.62 (d] = 4.1 Hz, 1H), 7.18 (dl = 4.0 Hz, 1H), 5.19 (br, 1H), 4.79 — 4.55 (m, 1#p0 — 4.05 (m,
1H), 3.48 — 3.37 (m, 1H), 3.33 — 3.19 (m, 1H), 268,J = 17.3, 4.5 Hz, 1H), 2.39 (dd~= 16.5, 3.9 Hz, 1H), 1.91
—1.77 (m, 3H), 1.75 — 1.61 (m, 1HC NMR (100 MHz, DMSQds) & 170.03, 160.09, 139.15, 132.71, 127.95,
127.75, 73.33, 61.23, 38.52, 35.32, 35.05, 34.98M8: calcd for GH14,CINNaQ,S [M+Na] m/z: 326.0230,
found: 326.0231.
4.17. General synthesis procedure for analogues of tert-butyl 2-((4S, 6S)-6-(2-benzamidoethyl)-2, 2-dimethyl-1, 3-
dioxan-4-yl) acetate (21)
A solution of compoun@0(1 equvi), anhydrous MgS@2 equvi), and TEA (1.5 equvi) in anhydrous £ (20
mL) was stirred at room temperature. Acyl chloralealogue (1.5 equvi) was added drop wise. The iogact
mixture was stirred at room temperature for 2heAfhe reaction completed, the resulting mixture dituted with
water (20 mL) and extracted with GEl, (20 mL x 3), dried (MgS§), and concentrated to afford a crude product.

The crude product was purified by chromatographgitica gel with petroleum ether/ethylacetate foraf21.

5. Material and Methods
5.1. Reagent and antibodies

Fetal bovine serum (FBS), Roswell Park Memoriaitatst 1640 (RPMI-1640) medium, and penicillin
-streptomycin were purchased from HyClone (Victporiustralia). DAPI, MTT, JC-1 was purchased from
Sigma-Aldrich (St. Louis, MO). MG132 and bortezoméye purchased from MCE (Med Chem Express, New
Jersey, USA). The FITC/Annexin V Apoptosis DetegtiGit was purchased from Best Bio (Shanghai, Chimag
Nuclear and Cytoplasmic Protein Extraction Kit wasrchased from Beyotime (Shanghai, China). The ECL
Western blotting kit was purchased from Thermo &i@iValtham, MA). Antibodies against CRM1, Ranbp%3p
andCleaved PARP, were purchased form Cell Signalieachnology (Danvers, MA). Antibodies against BEl-x
PARP, LaminB1, Tubulin, Actin, Cleaved caspase-&yaurchased formSanta Cruz Biotechnology (Santa,Cru
CA). Antibodies against Bax, Bcl-2, p53 siRNA, Gled caspase-9 were purchased form Abcam (Cambridge,
MA).

5.2 Céll lines and culture
The human gastric cancer cell lines MGC803 and HG&#I gastric epithelial cells (GES1) were purctiase
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from the American Type Culture Collection (Manassés). The cells were maintained in RPMI-1640 mediu
supplemented with 10% heat-inactivated FBS, andcwaaintained at 37°C in an incubator under an gthwre
containing 5% CO2.
5.3. Céll viability assay

Cells were seeded into a 96-well plate at a demdityx1d/well, cultured overnight and then treated with
compoundLl. Then, 2@L of MTT solution (5 mg/mL) was added to the céfiseach well, and maintained at 37°C
for 4h. Finally, formazan crystals were solubilizadth 150 yl of DMSO , and the absorbance intensity was
analyzed with a 96-well plate reader at 490 nmr¥Ee&periment was duplicated three times.
5.4Immunofluorescence analysis

MGC803 cells were treated with compoutidand fixed for 30 minutes with 4% paraformaldehydext, cell
member were permeabilized by 0.1% Triton X-100Xf@minutes. After blocked with 10% normal goat seifor
30 min, MGCB803 cells incubation with relevant antllg. In order to locate the cell, DAPI was used fdaclei
labeling, slides were analyzed using Nikon confosi@ioscopy.
5.5. Western blot

Cells were seeded at a 100-mm tissue culture afedecultured for 24 h. After culturing, the celisdated with
different concentrations of compoudd for 24 h. Cells then were collected and lysed vgttrcold RIPA buffer
(Beyotime, P0013B), followed by centrifugation. f&io concentration was quantified and normalizeédgu8CA
assay kit. Thetotal cellular protein extracts wbmled with 5xloading buffer and resolved by 10% 1%
SDS-PAGE and blotted onto PVDF membranes. The namelsrwere blocked with 5% skimmed milk in PBST for
2 hat 37 °C, they were wash and treated with ogétnat 4°C with appropriate antibodies, followed HRP
conjugated anti-mouse, anti-goat or anti-rabbitosdary antibodies followed by HRP conjugated ardiise,
anti-goat or anti-rabbit secondary antibodies ftra 37 °C. Finally, each protein were visualibgdusing an ECL
Western blotting kit.
5.6. Apoptosis analysis

Cells were seeded at 50% confluency in a 6-welieptand overnight incubation, followed by treatmeith
different concentration of compouddifor 24 h. Cells then washed with PBS twice, antected by centrifugation.
After that, cells incubated with fluoresce in isottyanate (FITC) conjugated Annexin V and Pl by oE&ITC
Annexin V/Plapoptos is kit according to the mantdaer’s instructions.
5.7.Measurement of loss of mitochondrial membrane potential

Mitochondrial membrane potential was assed usiBgl2. JC-1. In brief, cells were plated into a 6-wdhte
at a density of 2xPcells/well and cultured overnight. Cells exposedampoundL! for 1, 3, 6, 12 and 24 h. After
that, cells were collected and stained with 2.5 J(AL at 37°C for 10 min in darkness. The cellsadntsvice with
PBS, suspended, and measured using flow cytometer.
5.8.Satistical analysis

All data are presented as mean + SD. Statisticalliation of signifcant differences was performethgishe
unpaired Student’s t-test. *, ** and *** respectiyeepresent g£0.05, p<0.02 and p<0.001.
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