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18h shows multitarget antitumor effects and better cell proliferation inhibition effect than
RO5126766 in MDA-MB-231 cells
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Abstract

A series of hybrids of MEK inhibitor and nitric ad¢ donor have been designed and synthesized.
CompoundL8h [4-(3-((3-(2-fluoro-3-((N-methylsulfamoyl)amino)beyly-4-methyl-2-oxo-2H-chromen-7-
yloxy) propoxy)-3-(phenylsulfonyl)-1,2,5-oxadiaeoR-oxide]was proven to be more potent than the
clinical compoundR05126766 in MDA-MB-231 cells. Compound8h can significantly reduce the levels
of pMEK and pERK, induce cell apoptosis in MDA-MBX cells, and release NO in cells efficiently,
suggesting that these hybrids, while displayingpiaperties of both MEK inhibitors and NO donoryda
a mechanism of action different from that of MEKiisitors and NO donors. Thus, we are able to report
series of multitarget hybrids with better antiturpotency than a known MEK inhibitor and NO donor.
Keywords. Hybrid; MEK; NO donor; multitarget; antitumor.

Introduction

The RAS/RAF/MEK/ERK system is a key signaling pagéiyvinvolved in the regulation of cell
proliferation, differentiation and apoptosis. Alzet activation of this pathway contributes to vasio
cancers and other diseases. The mitogen-activabéeirpkinase (MEK) is one of the key kinases is th
pathway and the extracellular signal-regulatedsen@&RK) appears to be the main substrate of MEK
Allosteric MEK inhibitors have demonstratbdna fide antitumor efficacy and low toxicity in clinical

trials. Two MEK inhibitorstrametinib (1) andcobimetinib (2) have received FDA approval for the
treatment of metastatic melanofa&he preliminary work showed that substituted Bayécoumarins

such as 3-benzyl-4-methyl-2-oxo0-2H-chromen-7-yl elinylcarbamated) and 3-benzyl-1,3-benzoxazine-
2,4-dione analogues are potent allosteric MEK iithib>°. The clinical compoun®05126766 (3),

which is in Phase I clinical trial, is a resultfofther optimization of the substituted 3-benzylicwrins’.
MEK inhibitors have the following characteristi¢&) they bind to the allosteric binding site of {hretein
without competing against ATP or ERK, (2) they aassveral conformational changes of MEK and lock
the unphosphorylated MEK in a catalytically inaetstate, and (3) there is no homologous sequence
between the inhibitor binding site of MEK and otpeotein kinase& These properties made MEK a
highly selective and very promising target for ddigcovery.
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Fig. 1 The structures of MEK inhibitors and NO donors

In recent years, combination therapy has gained entum over monotherapies in oncology due to a
decreased likelihood of drug resistance. The coatinin of MEK inhibitors with other drugs such as
BRAF inhibitors or PI3K/mTOR inhibitors has provitla new treatment choice for various canéelts

has been reported that the combination of an ME#bitor and a nitric oxide (NO) donor can
synergistically inhibit proliferation and invasiom cancer cell§. Hybrids of MEK inhibitor and NO donor
already showed potent antitumor effects in mangeanell line$”*%, Nitric oxide is a signaling molecule

in many physiological and pathological processdsas been reported that high levels of NO show ver
good anti-proliferation activity in various tumecelts *2. There are several classes of NO donors, including
organic nitrates, diazeniumdiolates, metal-NO caxgs, furoxanss-nitrosothiols and sydnoniminé%

Of these, furoxansf are an important class of NO donors and canseldED when thiol-containing
molecules or proteins attack either C3 or C4 abfans".

Both MEK inhibitors and NO donors have anti-pralgBve activities in cells and we have
designed and synthesized hybrids of a MEK inhilyitarotif containing the coumarin core and a
NO donor motif possessing phenylsulfonyl-substduigroxan as multitarget antitumor drugs (Fig.
2) which would be expected to have synergistictamor effects and to be more potent than the
individual known drugs1 2 or 3). Their anti-proliferative effects have been ewsdd in several
cancer cells and their effects on the RAS/RAF/MBRKEpathway. Their pro-apoptotic effects
and NO-releasing effects were also evaluated ireféort to gain a better understanding of the

mechanism of action of these hybrid compounds.
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Fig. 2 Strategy for the discovery of hybrids containinglBK inhibitor and a NO donor.




2. Results and discussion

2.1 Docking

The crystal structure of human MEK1 kinase in a plax with RO5126766 and MgAMP-PNP
(B3WIG) was used as the docking MEK protein. Figsi®ws the binding mode of 4-(2-((3-(2-
fluoro-3-((N-methylsulfamoyl)amino)benzyl)-4-methtoxo-2H-chromen-7-yl)oxy)ethoxy)-3-
(phenylsulfonyl)-1,2,5-oxadiazole 2-oxid&8g) and the MEK protein (PDB ID: 3WIG) using the
docking program GOLD. A linker was added from piosit7 of the coumarin, as this site is on the

exterior of the protein and should have no detritalesffect on the ligand-protein binding.

Fig. 3 (a) Binding mode ofl8a to the MEK protein (3WIG).H) Superposition of the docked
conformation ofl8a (pink) andRO5126766 (purple) in the protein 3WIG crystal structure.

2.2 Chemistry

A series of hybrids of the MEK inhibitor and the Nd@nor with different substituents at the 3-
benzyl group of the coumarin was synthesized ugiegsynthetic route outlined in Scheme 1. The
synthesis of the intermediate phenylsulfonyl-substd furoxan 10) in three steps from
benzenethiol 7) was reported previously ** Briefly, benzenethiol ) was reacted with
chloroacetic acid to afford 2-(phenylthiol) acegicid 8), which was then oxidized by 30%,6,

to form compoun® which was converted t0 by treatment with fuming HN§ Compound4.6a-
16c were prepared according to the synthetic routevedobelow in Scheme 1. Commercially
available 1-Methyl- 2-fluoro-3-nitrobenzen#&lj was allowed to react witN-bromosuccinimide
(NBS), to give 1-(bromomethyl)-2-fluoro-3-nitrobesree (2). Compoundl2 was reacted with
ethyl acetoacetate affording the alkylation procdettiyl 2-(2-fluoro-3-nitrobenzyl)-3-oxobutanoate
(13). The coumarini4) was synthesized by reacting compouddwith resorcinol in a Pechmann
reactior”>. Compound15, which was obtained by reaction of coumati and halo alcohol (2-
chloroethanol, 3-chloro-1-propanol or 4-chloro-ltdnol), was converted tt6a-16c by reduction
of the nitro group. Chlorosulfonylisocyanate wasated with 2-bromoethanol followed by

reaction of the in situ generated halogenosulfoxgtolidinone with the appropriate primary



amine, in the presence of;Stto yield substituted oxazolidin-2-ori®a-19g*>. Compoundl7a-

6 was allowed to react with

17i, which were made by reaction dfa-16c with 19a-19g *
compoundlO affording the final productlBa-18i) using 8-diazabicyclo[5.4.0Jundec-7-ene (DBU)
as a catalyst in Ci€l,.

Scheme 1 Synthetic routes of target compounds.
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17a: R=NHSO,NHCH; n=1 18a: R=NHSO,NHCH; n=1
17b: R=NHSO,NHCH,CF; n=1 18b: R=NHSO,NHCH,CF; n=1
17c: R=NHSO,NH(CH,),CN n=1 18c: R=NHSO,NH(CH,),CN n=1
17d: R=NHSO,NHCH(CHj3), n=1 18d: R=NHSO,NHCH(CHj3), n=1
17e: R=NHSO,NHCH,CH; n=1 18e: R=NHSO,NHCH,CH; n=1
17f: R=NHSO,NHOCH, n=1 18f: R=NHSO,NHOCH; n=1
17g: R=NHSO,NHCH,0OCH;  n=1 18g: R=NHSO,NHCH,0OCH;  n=1
17h: R=NHSO,NHCH, n=2 18h: R=NHSO,NHCH;3 n=2
17i: R=NHSO,NHCH; n=3 18i: R=NHSO,NHCH; n=3
o. S\ o ) )L " 19a: R'. SO,NHCH, 19e: R'=SO,NHCH,CH,
\\C\\N’s’\f — = N 19b: R'=SO,NHCH,CF3 19f: R'=SO,NHOCH;,
o) J 19¢: R'=SO,;NH(CH,),CN 19g: R'=SO,NH(CH,),0CHs

19d: R'=SO,NHCH(CH3),

Reagents and conditions: (a) (i) NaOH (aq.), CICH,COOH, rt, 3 h; (ii) 6 mol/L HCI; (b) 30% H,0,, AcOH,
rt, 3 h; (¢) fuming HNO;,100 °C, 4 h. (d) NBS, benzoyl peroxide, CCly, reflux, 13 h; (e) NaH (1.0 equiv),
ethyl acetoacetate (1.0 equiv), THF, 0 °C, 12 h (2 steps); (f) resorcinol (1.0 equiv), conc. H,SOy, 0 °C, 12h;
(g) 2-chloroethanol or 3-chloro-1-propanol or 4-chloro-1-butanol, K,CO3, acetone or DMF, reflux; (h) 10%
Pd/C, H,, MeOH, rt, 12 h. (i) pyridine or EN, 12 h; (j) CH,Cl,, 1,8-Diazabicyclo[5.4.0Jundec-7-ene
(DBU), -15 °C, 3 h; (k) 2-bromoethanol, amine, Et;N, CH,Cl,.

2.3 Inhibition effects on cell proliferation.

We tested inhibition effects of compouniéiga-17g on the cell growth in HCT116, A549, MDA-
MB-231, A375 and HL60 cell lines (Table 1). The mmit KRAS was found in HCT116 and A549
cells, mutant KRAS and BRAF in MDA-MB-231 cells, tant BRAF in A375 cells and NRAS



variants in HL60 cell$" 8 In three cell lines, HCT116, A549 and MDA-MB-234e found that
the 1Gq values of compoundkBa-18g are better than the intermediatégd-179). In the A375 and
HL60 cell lines the final products with a NO dorsitowed similar or reduced potency than the
intermediates, suggesting that these NO-coupled Ntblibitors have better effects in several but
not all the cell lines. The HCT116, A549 and MDA-MB1 cell lines are more sensitive than the
A375 and HL60 cell lines to the compounds tested.

Table 1 Inhibition of cell viability by compounds in diffent cell lines jgM).?

O-N
PN ()
= R
F

PhO,S

R MDA-MB-231 HCT116 AB549 A375 HL60
(KRAS®EP IBRAFC®Y)  (KRASC™P)  (KRASS®) (BRAFY®0E) (NRASL)

18a NHSO,NHCH; 0.093+0.05 0.67+0.31 1.10+0.57 0.33+0.05 0.53+0.27
18b NHSO:NHCH.CF; 0.13+0.09 0.61+0.16 2.51+1.31 0.5+0.09 0.27+0.11
18c NHSO,NH(CH,).CN 0.27+0.16 0.76+0.28 2.61+1.31 0.66+0.21 0.6420.1
18d NHSO,NHCH(CH) 0.86+0.59 1.23+0.82 2.99+0.70 0.97+0.22 0.55+0.53
18e NHSG,CH,CH;s 0.18+0.11 0.72+0.18 2.57+1.24 0.54+0.18 0.29+0.10
18f NHSO,NHOCH; 0.31+0.23 1.01+0.13 3.75+1.89 0.87+0.31 5.64+1.13
189 NHSO:NHCH,OCHs 0.38+0.24 0.71+0.23 2.27+0.97 0.54+0.15 0.31+0.25
Trametinib 0.018+0.011 0.019+0.012 0.46+0.27 0.0024+0.00076 .0033+0.0002
PD0325901 0.082+0.06 0.09+0.053 0.06+0.05 0.00077+0.00055 001B8+0.0003
JSK 2.90+1.65 0.50+0.18 0.69+0.08 1.99+0.37 0.53+0.02
RO5126766 0.17+0.17 0.053+0.017 1.24+0.06 0.017+0.009 0.0081
17a NHSO,NHCH; 2.19+1.33 3.47+2 >5 0.15+0.03 0.10+0.05
17b NHSGNHCH,CF; 7.72+3.90 10.3345.26 >5 0.93+0.14 0.78+0.23
17c NHSO,NH(CH).CN 5.49+2.55 15.40+3.79 >5 0.65+0.17 0.39+0.04
17d NHSO,NHCH(CH), 2.38+1.45 5.09+2.61 >5 0.15+0.08 0.14+0.06
17e NHSG,CH>CHs 2.48+1.33 5.79+2.08 >5 0.2+0.06 0.15+0.03
17f NHSO,NHOCH; ND ND ND ND ND
179 NHSO:NHCH,OCHs 2.99+1.45 6.50+1.85 >5 0.36+0.05 0.25+0

& Data are representative of 2-3 independent exgetsnND: not determined. MDA-MB-23human breast cancer cell line.
HCT116: human colorectal carcinoma cell line. A54fiman non-small cell lung cancer cell line. A37%uman

malignant melanoma cell line. HL6Buman promyelocytic leukemia cell line.

Among these 7 substituents at the meta-positicheB8-benzyl groupl8a, which has the smallest
R substituent, is the most potent and is as p@&R05126766 in A549 cells (1.JuM vs. 1.24

uM) and more potent (0.098V) than the NO donor prodruts-K (6) (2.9uM) and MEK

inhibitor RO5126766 (0.17uM) in MDA-MB-231 cells. Compared tt8b-18g with larger
substituents, the potency t8a indicates that the protein pocket in R substitset is not very
big and small substituents are more favourednterimediate {7a) is also more potent than the
other MEK inhibitor intermediatek7b-17g, suggesting that better inhibition effect of th&KI

inhibitor motif is associated with better cell gfetation inhibition effect of the hybrid.

2.4 Compound8a reduces pMEK and pERK protein levels



We selected the most potent compoub8g] for western blot assays in the A549 cell linghet 2
h time point and compared it with the NO dod&K and the known MEK inhibitoRO5126766.
The results showed th&aBa impacts the MAPK pathway immediately. At the 2irhd point,18a
at concentrations of 10M and 1uM, efficiently reduced the levels of pMEK and pERIoteins
respectively, although somewhat less efficientBntRO5126766 (Fig.4).

JS-K RO5126766 18a(uM)
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Fig. 4 Western blot results diBa in A549 cells at the 2 h time point with glycerafiyde 3-phosphate

ut

dehydrogenase (GAPDH) used as the loading control.

The effects of the best compouth were further examined in MDA-MB-231 cells throuthte
dose-dependent and the time-dependent assay$aFsgows that8a can efficiently reduce pMEK
and pERK levels at 1, 3 and i after treatment for 24 h. Fig. 5b shows thatléwel of pERK and
pPMEK is obviously reduced biBa at a concentration of 1M at 2 h post-treatment. Almost

complete depletion of these proteins was obseniting h.

. . . b p RO JSK 18a (10 uM)
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Fig. 5 (a)24 h dose-dependent western blot result8afwith 1 uM JS-K andRO5126766 as negative
and positive control, respectivelyp)(time-dependent western blot resultd 8 with 10uM JS-K and
RO5126766 in MDA-MB-231 cells.

2.5 Optimization of the linker

Focusing on the substituent groupl8k we further optimized the linker connecting the H@nor
moiety and the MEK inhibitor. Two compounds3h and 18i, with a longer linker (n=2-3) were

made and compared wifl8a (n=1). The results in Table 2 show tli&h with three carbons in the



linker has similar or better activity thd®a, with I1Csq values of 0.64 vs. 0.6M in HCT116, 1.35
vs. 1.10uM in A549, and 0.034 vs. 0.098M in MDA-MB-231 cells. CompoundS8i, with the

longest linker, displayed lower potency suggestimgt longer linkers are not beneficial. It was
concluded that a linker with 2-3 carbons is optifiealthe activity.

Table 2 ICso (uM) of compounds on cell viability against differessl lines®

b O 0 e
F

n MDA-MB-231 HCT116 A549 Vero HL7702
RO5126766 0.17 £0.17 0.053 +£0.017 1.24 +0.06 >50 17.27621
18a 1 0.093 +0.05 0.67+£0.31 1.10+0.57 4.34+0.32 2.78 £ 0.49
18h 2 0.034 +0.007 0.64 +£0.30 1.35+0.94 21.07 £21.3 5.62+0.82
18i 3 0.20 +0.068 2.78+1.08 3.49+3.08 2.98+0.14 1.93+0.12

17a 1 2.19+1.33 347+2 >5 ND ND

17h 2 1.90 £1.00 5.34+3.10 >5 ND ND

17i 3 3.20+1.54 7.35+2.15 >5 ND ND
JSK 2.90£1.65 0.50+0.18 0.69+0.08 1.16 +1.62 1.99220

*Data are representative of 2-3 independent expatsne ND: not determined. Vero:

normal African green monkey kidney cell line. HLZ7Guman normal liver cell line.

We next determined the activity ®8a, 18h-i on normal cell lines including Vero cell line and
HL7702 cell line. All the three compounds showeelitlactivities at micromolar level8h showed
the lowest toxicity with IGyvalues of 21.07 and 5.iM in these two cell lines, which possess
lower toxicity than NO donor JS-K (1.98M). Therefore 18h may have a good therapeutic
window in MDA-MB-231 breast cancer therapy in tlwuire.

2.6 The reduction effect dBh on the levels of pERK and pMEK

We performed western blot assays in a dose-depéaentime-dependent manner of compound
18h, the compound with the best cell growth inhibit@fyect in MDA-MB-231 cells. Figure 6a
shows that at the 2 h time poigh at 1uM and 10uM concentrations can reduce the pMEK and
PERK levels as efficiently aR0O5126766. Figure 6b shows that a majority of pERK or pMEK i
reduced byl8h at 1uM in 1 h or less.

a RO5126766  JS-K 18h(uM) b 18h (1uM) UT RO5126766 (1uM) JS-K (1uM)

01 1 10 ut 10 10 1 01 th 2h 4h 6h 6h 1h 2h 4h 6h 2h 4h 6h
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pMEK - .l L. p—— pMEK - e e . .—---.-l
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Fig. 6 (a)The effects 0R0O5126766, JS-K or 18h on the levels of pERK and pMEK in MDA-MB-231
cells for 2 hours at different concentration abydt different time points.

2.7 Compound8a and18h induces apoptosis in MDA-MB-231 cells

Apoptosis assays in MDA-MB-231 cells showed thda and18h, each at 1M and 1uM can
obviously induce cell apoptosis after treatmentZdrh. The NO donodS-K at 10uM can have
similiar effects on cell apoptosis comparedl8a and18h (Figure 7). In comparisoiR05126766
has no obvious apoptotic effect on the cells, sstigg that hybrid and the MEK inhibitor may
have different mechanisms of action.

ut . RO5126766 1 pM RO5126766 10 uM JSK 10 pM
1.084% 3.54... 0.870% 1.92... 0.570% 2.37... 2.444% 19.2...
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Fig. 7 18a and18h can induce cell apoptosis in MDA-MB-231 cells aftdrh treatment. MDA-MB-231
cells were treated witbM SO, RO5126766, JS-K, 18a or 18h at the concentrations indicated for 24 h for

flow cytometry analysis. Data are representativ mfdependent experiments. PI: propidium iodide.

2.8 NO release evaluation

NO release was evaluated in HCT116 cells virth5126766 andJS-K as negative and positive
controls, respectively. The final compound84d-i) containing a NO donor can induce release of
NO after 2 h treatment compared to the intermedififéa-i). Compoundl8h can induce release of
the highest amount of NO, even higher thERK (Fig.8a). Fig.8b shows the intracellular NO
levels after 2 h treatment wittBa or 18h or the positive NO donalS-K in HCT116 cells using
the fluorescent indicator 4-Amino-5-methylamino-2*;difluorofluorescein diacetate (DAF-FM-

DA). These data suggest that our synthetic compe&h-i) can significantly induce NO release
in cells.
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Fig. 8 Evaluation of NO releasea)(The NO-releasing effect in HCT116 cells after 2datment with the
compounds at 100M. The statistical significance was determined gdimway ANOVA. P value style
GP:0.1234 (ns). 0.0332 (*). 0.0021 (**). 0.0002%*<0.0001 (****). (b) Intracellular NO levels in
HCT116 cells changed 2 h treatment with the comgs@as detected using the commercial fluorescent
indicator DAF-FM DA. Experiments were repeated ®vic

3. Conclusion

We have designed and synthesized a series of lsyfi8d-i) containing an MEK inhibitor motif
and a NO donor motif. The structure-activity reaship indicated that small substituents at R
position of the protein are more favoured. The dinkonnecting the NO donor moiety and the
MEK inhibitor with 2-3 carbons is optimal for thectavity. Better inhibition effect of the MEK
inhibitor motif is associated with better cell gfetation inhibition effect of the hybrid. The relse

of NO can increase the anti-proliferation effectMEK inhibitor.

Compoundl8h with 3 carbon linker induced five-fold more poténhibition of cell proliferation
than the MEK inhibitorRO5126766 in MDA-MB-231 cells and showed low toxicity to moal
cell lines tested, suggesting a broad therapeutidaw. MDA-MB-231 cell line has been proved
to be more sensitive to compoutlh than other cell lines tested in this paper. Furtlesearch
will be done to determine whether the compoundiy specific to MDA-MB-231 cell line or also
effective in other breast cancer cell lines.

Western blot analysis results in MDA-MB-231 and A5dells demonstrated that compouth
efficiently reduces the levels of pMEK and pERK & dose-dependent and time-dependent
manner. Most of pERK and pMEK can be reduced&lyat 1uM in 1 h, andl8h is as efficient as
the clinical candidat®k05126766 in MDA-MB-231 cells while the NO donors do not affehis
pathway. In contrast tRO5126766, 18a and18h can also induce cell apoptosis in MDA-MB-231
cells. Qualitative and quantitative analysis of N&@els show thatl8a and 18h can efficiently
induce NO release in cells, suggesting that thgbeids have mechanism of action different from
that in MEK inhibitors and NO donors since they gwoe the effects of both MEK inhibitors and

NO donors. Thus, we are reporting a series of mangfet antitumor hybrids that have the



synergistic effects of both MEK inhibitors and NOmbrs. Further optimization d8h to improve

its potency and PK/PD properties for in vivo stgdi®in progress.



4. Experimental section

4.1 Chemistry

4.1.1 General conditions

All reactions were carried out in oven-dried glaasyy and monitored by thin layer chromatographyQ).L
All reagents were reagent grade and purchaseddoonmercial sources unless otherwise indicated. NMR
spectra were recorded with a 400 MHz spectrometétf NMR, 100 MHz for**C NMR. Chemical shifts
3 are given in ppm relative to the residual protigmals of the deuterated solvent DMSGHhand**C
NMR spectra. Multiplicities are reported as sing#®t doublet (d), doublet of doublets (dd), trigk,
guartet (g) or multiplet (m). High resolution magectra were recorded on an AB SCIEX FTMS ESI
spectrometer. For column chromatography, silica2@0-300 mesh) was used as the stationary phase.
4.1.2 Synthetic procedur es

3-(2-Fluor 0-3-nitr obenzyl)-7-hydr oxy-4-methyl-2H-chr omen-2-one (14).

The synthesis of the intermedidi®from 2-fluoro-1-methyl-3-nitro-benzene has bequoréed

previously®.

General procedurefor compounds 15a-15c.

The corresponding halo alcohol (2-chloroethanah®ro-1-propanol, 4-chloro-1-butanol) (2 mmol) and
K>CO; (3 mmol) were added to a stirred solutiorléf(1 mmol) in DMF (5 mL) at 70 °C . The mixture
was refluxed for about 10 h and then poured ind0 K60 mL). After filtration, the residue was washed
with H,O (3 x 10 mL) and dried with an infrared lamp, gliafy 15a-15c as a white solid.

3-(2-Fluor 0-3-nitr obenzyl)-7-(2-hydr oxyethoxy)-4-methyl-2H-chr omen-2-one (15a)

The title compound was obtained frddhand 2-chloro-1-ethanol as a white solid (60% yielp 163-

165 °C). 'H NMR (400 MHz, [Q]DMSO): 5 2.49 (s, 3H, Ch), 3.78 (dd,J = 9.9, 5.2 Hz, 2H, CHDH),
4.07 (s, 2H, Ch), 4.14 (t,J = 4.8 Hz, 2H, OCH), 4.96 (t,J = 5.5 Hz, 1H, OH)7.03 (dd,J = 4.6, 2.3 Hz,
2H, ArH), 7.35 (t,J = 8.0 Hz, 1H, ArH)7.61 (t,J = 6.6 Hz, 1H, ArH)7.80 (d,J = 9.6 Hz, 1H, ArH)8.02

(t, J=7.0 Hz, 1H, ArH);**C NMR (100 MHz, [R]DMSO): § 15.62, 26.26, 59.83, 70.79, 101.47, 113.09,
113.83, 118.85, 124.5525.09 (dJcr= 4.6 Hz, 1C), 127.31, 129.65 @.r = 14.7 Hz, 1C), 136.31 (d¢-

¢ = 5.3 Hz, 1C), 137.76 (dc.r = 8.1 Hz, 1C), 150.25, 153.19 (@, = 259.4 Hz, 1C), 154.00, 161.28,
161.90; HRMS: exact mass calcd forldisFNOg [M+H] ™ 374.1040; found 374.1042.

3-(2-Fluor 0-3-nitr obenzyl)-7-(3-hydr oxypropoxy)-4-methyl-2H-chr omen-2-one (15b)

The title compound was obtained frddh and 3-chloro-1-propanol as a white solid (50%dyiehp 117-
118 °C). 'H NMR (400 MHz, [Q]DMSO): 5 1.92 (t,J = 6.3 Hz, 2H, CH), 2.48 (s, 3H, Ck), 3.59 (qJ =
6.0 Hz, 2H, CHOH), 4.07 (s, 2H, Ch), 4.18 (t,J = 6.3 Hz, 2H, OCHh), 4.64 (tJ = 5.1 Hz, 1H, OH), 7.01
(d,J = 3.6 Hz, 2H, ArH), 7.35 (f] = 8.0 Hz, 1H, ArH), 7.61 (] = 6.9 Hz, 1H, ArH), 7.84 — 7.74 (m, 1H,
ArH), 8.01 (t,J = 7.6 Hz, 1H, ArH);*C NMR (100 MHz, [R]DMSO): § 15.60, 26.22 (dJc.r = 3.6 Hz,
1C), 32.31, 57.57, 65.87, 101.40, 113.01, 113.78,82, 124.53, 125.08 (ds.r = 4.6 Hz, 1C), 127.29,
129.64 (dJcr= 14.6 Hz, 1C), 136.30 (de.r = 5.2 Hz, 1C), 137.75 (dcr = 8.3 Hz, 1C), 150.22, 153.18
(d, Jer = 259.5 Hz, 1C), 154.00, 161.27, 161.85; HRMSceraass calcd for gH1gFNOs [M+H] "
388.1196; found 388.1187.



3-(2-Fluor o-3-nitr obenzyl)-7-(4-hydr oxybutoxy)-4-methyl-2H-chr omen-2-one (15c)

The title compound was obtained fr@&wand 4-chloro-1-butanol as a white solid (20% yiehgp 93-94 °C).
'H NMR (400 MHz, [Q]DMSO): 8 1.66 — 1.50 (m, 2H, C}}, 1.88 — 1.73 (m, 2H, CHi 2.49 (s, 3H, Ch),
3.49 (ddJ = 11.7, 6.3 Hz, 2H, C}D), 4.07 (s, 2H, Ch), 4.12 (tJ = 6.5 Hz, 2H, OCH), 4.52 (tJ = 5.1
Hz, 1H, OH), 7.01 (d) = 7.5 Hz, 2H, ArH), 7.35 (1 = 8.0 Hz, 1H, ArH), 7.61 (11 = 6.6 Hz, 1H, ArH),
7.80 (d,J = 9.5 Hz, 1H, ArH), 8.02 (] = 7.0 Hz, 1H, ArH);*C NMR (100 MHz, CDGJ): § 15.40, 25.52,
26.41, 29.19, 62.45, 68.32, 101.09, 112.93, 113.72,14, 124.01 (dl = 4.8 Hz, 1C), 124.27, 125.96,
129.23 (dJ = 14.8 Hz, 1C), 136.57 (d,= 5.4 Hz,1C), 149.10, 153.75 Jt= 131.4 Hz, 1C), 154.02,
161.70, 161.97,; HRMS: exact mass calcd faHGFNOs [M+H]" 402.1353; found 402.1355.
3-(3-Amino-2-fluor obenzyl)-7-(2-hydr oxyethoxy)-4-methyl-2H-chr omen-2-one (16a-16c)

A catalytic amount of Pd/C (0.12 mmol) was added stirred solution of5a-15c¢ (1.2 mmol) in MeOH
(20 mL). The mixture was stirred under a hydrogmmogphere (0.4 MPa) for 12 h at room temperature
then the catalyst was removed by filtration, arelfthrate was concentrated under reduced pres$hee.
fluoroaniline intermediatedl6a-16c) were obtained without further purification.

General procedurefor compounds 17a-17i.

Compoundl9a-19g (2.66 mmol) and BN (3.99 mmol) were added to a solutioril6a-16c (1.33 mmol)
in anhydrous MeCN (15 mL) at room temperature. fdaetion mixture was heated to %Sfor 5 -12 h
and then the mixture was cooled to room temperamndediluted with EtOAc. The mixture was washed
with 1 mol/L aqueous HCI, saturated aqueous Naki1@ brine. The organic layer was dried over
NaSQ,, filtered and evaporated. The residue was purbigdilica gel chromatography (GEI,/CH;OH)
to give compound&7a-17i.

3-(2-Fluor 0-3-(N-methylsulfamoylamino)benzyl)-4-methyl-7-(2-hydr oxyethoxy)-2H-chr omen-2-one
(17a)

The title compound was obtained frdreacting withl9a as a white solid (65% yield, mp 85-86 °CM
NMR (400 MHz, [)DMSO): 3 2.40 (s, 3H, Ch), 2.53 (dJ = 5.0 Hz, 3H, NHCH), 3.75 (ddJ=9.8, 5.1
Hz, 2H, CHOH), 3.94 (s, 2H, Ch}, 4.10 (t,J = 4.8 Hz, 2H, OCH), 4.94 (t,J = 5.5 Hz, 1H, OH), 6.85 (fl
= 6.8 Hz, 1H, ArH), 7.05 - 6.93 (m, 3H, ArH), 7.34.15 (m, 2H, ArH)7.74 (d,J = 9.4 Hz, 1H, NH),
9.37 (s, 1H, NH)*C NMR (100 MHz, [R]DMSO0): § 15.52, 25.99, 28.78, 59.83, 70.75, 101.44, 113.01,
113.85, 119.65, 122.6924.35 (dJcr= 4.1 Hz, 1C), 125.23, 126.30 @.r= 13.4 Hz, 1C), 126.70 (d¢-
g=14.4 Hz, 1C), 127.12, 149.65, 153.08J¢l; = 240.0 Hz, 1C), 153.90, 161.42, 161.77; HRMScéexa
mass calcd for §H,:FN,OgS [M+H]" 437.1183 ; found 437.1173.

3-(2-Fluor 0-3-(N-(2,2,2-trifluor oethyl)sulfamoyl-amino)benzy)-1-4-methyl-7-(2-hydr oxyethoxy)-2H-
chromen-2-one (17b)

The title compound was obtained frd@ reacting with19b as a white solid (52% yield, mp 101-102 °C).
'H NMR (400 MHz, [Q]DMSO0): § 2.40 (s, 3H, Ch), 3.73 — 3.64 (m, 2H, Ci€F;), 3.75 (t,J = 4.8 Hz,
2H, CH,0OH),3.94 (s, 2H, CH), 4.10 (t,J = 4.8 Hz, 2H, OCh), 6.91 (tJ = 6.7 Hz, 1H, ArH), 7.06 — 6.94
(m, 3H, ArH), 7.29 (ddJ = 7.7, 6.7 Hz, 1H, ArH)7.81 — 7.68 (m, 1H, ArH), 8.35 @,= 6.8 Hz, 1H, NH),
9.60 (s, 1H, NH)*C NMR (100 MHz, [R]IDMSO): § 15.52, 26.03, 43.78 (dc.r = 34.3 Hz, 1C), 59.84



(2C), 70.77, 101.45, 113.03, 113.87, 119.63, 12@3¥%..- = 8.0 Hz, 1C)124.44 (d Jc.r = 4.2 Hz, 1C),
125.60 (dJc.r = 13.4 Hz, 1C), 126.11 (dc.r = 15.4 Hz, 1C), 126.85 (dc.r = 14.4 Hz, 1C), 127.14,
149.67, 153.54 (dlc.r = 244.78 Hz, 1C), 153.92, 161.43, 161.79; HRM%icexnass calcd for
Co1H18FNOs [M+H]* 505.1056; found 505.1055.

3-(2-Fluor 0-3-(N-(2-cyanoethyl)sulfamoylamino)benzyl)-4-methyl-7-(2-hydr oxyethoxy)-2H-
chromen-2-one (17c)

The title compound was obtained frd®and19c as a white solid (49% yield, mp 65-66 °CH NMR

(400 MHz, [Ds)DMSO0): 8 2.44 (s, 3H, Ch), 2.70 (ddJ = 19.5, 12.9 Hz, 2H, CK¥N), 3.28 — 3.13 (m, 2H,
NHCH,), 3.78 (d,J = 4.6 Hz, 1H), 3.97 (s, 2H, GH4.13 (t,J = 4.8 Hz, 1H)4.42 (s, 2H, OCh), 5.78 (s,
1H, OH), 6.93 (dJ = 7.0 Hz, 1H, ArH), 7.09 — 6.97 (m, 3H, ArH), 7.@1,J= 7.6 Hz, 1H, ArH)7.87 —
7.67 (m, 2H, ArH, NH), 9.53 (s, 1H, NH))C NMR (100 MHz, [R]DMSO0): § 15.55, 18.24, 55.37, 59.93,
66.46, 68.22, 70.83, 101.3612.98 (dJc.r= 9.5 Hz, 1C), 114.09 (dc.Fr = 44.6 Hz, 1C) 119.80 (dJcr=
33.9 Hz, 1C), 123.26,24.43, 125.77 (dlc.r = 8.5 Hz, 1C), 125.94, 126.86 (@&,r= 5.6 Hz, 1C), 127.22
(d, Jc.r=16.3 Hz, 1C), 149.64 (dec.r= 6.1 Hz, 1C), 153.41 (dc.r = 244.09 Hz, 1C), 160.89, 161.39 (d,
Je.r= 8.0 Hz, 1C), 161.78; HRMS: exact mass calcdpH,,FN;OsS [M+H]" 476.1292 found476.1286
3-(2-Fluor 0-3-(N-isopr opylsulfamoylamino)benzyl)-4-methyl-7-(2-hydr oxyethoxy)-2H-chr omen-2-

one (17d)

The title compound was obtained frd®and19d as a white solid (48% yield, mp 178-179 °Gj NMR
(400 MHz, [D)DMSO0): 5 0.99 (d,J = 6.3 Hz, 6H, CHCH), 2.39 (s, 3H, Ch), 3.39 (ddJ = 12.9, 6.1 Hz,
1H, CH), 3.75 (tJ = 3.5 Hz, 2H, CHOH),3.94 (s, 2H, CH), 4.10 (s, 2H, OCHh), 4.93 (s, 1H, OH), 6.85
(d,J = 6.6 Hz, 1H, ArH)7.00 (q,J = 7.6 Hz, 3H, ArH), 7.30 (dl = 7.7 Hz, 2H, ArH)7.74 (d,J = 8.9 Hz,
1H, NH), 9.33 (s, 1H, NH)**C NMR (100 MHz, [R]DMSO): 5 15.53, 23.53, 25.96, 45.38, 59.84, 70.76,
101.43,113.01, 113.87, 119.78, 121.63, 124.28,76, 126.52, 126.70 (&= 7.1 Hz, 1C), 126.86,
127.10, 149.51, 152.44 (8 - = 243.3 Hz, 1C), 153.90, 161.40, 161.76; HRMScéexaass calcd for
CaH25FN06S [M+H]™ 465.1496 ; found 465.1485.

3-(2-Fluor 0-3-(N-ethylsulfamoylamino)benzyl)4-methyl-7-(2-hydr oxyethoxy)-2H-chr omen-2-one

(17e)

The title compound was obtained frdfiand19e as a white solid (58% yield, mp 87-88 °CH NMR

(400 MHz, [D;)DMSO0): 6 1.02 (t,J = 7.2 Hz, 3H, CHCHjy), 2.43 (s, 3H, Ch), 3.05 - 2.84 (m, 2H,
CH,CHjy), 3.78 (ddJ = 9.9, 5.2 Hz, 2H, CKDH),3.97 (s, 2H, CH),4.13 (t,J = 4.8 Hz, 2H, OCH), 4.96

(t, J=5.5Hz, 1H, OH), 6.88 (§ = 6.8 Hz, 1H, ArH)7.11 — 6.94 (m, 3H, ArH), 7.33 (dd= 11.2, 5.8 Hz,
2H, ArH),7.77 (d,J = 9.5 Hz, 1H, NH), 9.34 (s, 1H, NH))C NMR (100 MHz, [R]DMSO0): § 15.04,
15.53, 37.58, 59.84, 70.76, 101.44, 113.444{g¢,= 85.3 Hz, 1C), 119.7322.47124.31 (dJcr = 4.1 Hz,
1C), 125.14, 126.41, 126.57 @,r= 5.3 Hz, 1C), 126.74, 127.12, 149.59, 151.73,953154.17, 161.42,
161.77; HRMS: exact mass calcd forld,sFN,OgS [M+H]" 451.1339; found 451.1332.

3-(2-Fluor 0-3-(N-methoxylsulfamoylamino)benzyl)-4-methyl-7-(2-hydr oxyethoxy)-2H-chr omen-2-

one (17f)



The title compound was obtained frdéand19f as a white solid (45% yield, mp > 300 °CH NMR
(400 MHz, [D;)DMSO0): 6 2.09 (s, 1H, NHO), 2.40 (s, 3H, GK13.62 (s, 3H, OCH}, 3.74 (dJ = 4.6 Hz,
2H, CH,0H),3.93 (s, 2H, CH), 4.10 (t,J = 4.7 Hz, 2H, OCh), 4.94 (s, 1H, OH), 6.89 (s, 1H, ArH),10
—6.93 (m, 3H, ArH), 7.27 (8 = 7.3 Hz, 1H, ArH)7.76 (d,J = 8.8 Hz, 1H, ArH)9.95 (s, 1H, NH);
HRMS: exact mass calcd fopgEl;sFNOg [M+H]" 453.1132; found 453.1138.

3-(2-Fluor 0-3-(N-methoxyethylsulfamoylamino)benzyl)-4-methyl-7-(2-hydr oxyethoxy)-2H-chr omen-
2-one (179)

The title compound was obtained frdand19g as a white solid (56% yield, mp 56-57 °CH NMR
(400 MHz, [Bs]DMSO0): 6 2.43 (s, 3H, Ch), 3.08 (dJ = 5.9 Hz, 2H, CHO), 3.19 (s, 3H, OCH}, 3.35 (dd,
J=8.1, 3.9 Hz, 2H, NHC}), 3.78 (dd,J = 9.9, 5.1 Hz, 2H, OC}), 3.96 (s, 2H, CH),4.13 (t,J = 4.8 Hz,
2H, OCH), 4.95 (tJ = 5.5 Hz, 1H, OH), 6.88 (§ = 6.9 Hz, 1H, ArH)7.08 — 6.96 (m, 3H, ArH), 7.34 (t,
J=7.4Hz, 1H, ArH)7.50 (t,J = 5.8 Hz, 1H, ArH)7.77 (d,J = 9.6 Hz, 1H, NH), 9.38 (s, 1H, NHY'C
NMR (100 MHz, [)DMSO0): 6 15.51, 26.02, 26.79, 42.19, 58.30, 59.83, 70.80,42, 113.00, 113.85,
119.69, 122.35,24.32 (dJc.r = 4.0 Hz, 1C), 125.15, 126.39 @@,r= 13.3 Hz, 1C), 126.64 (d¢c.r= 14.2
Hz, 1C), 127.11, 149.58, 152.89 (d,- = 243.7 Hz, 1C), 153.89, 161.40, 161.76; HRMScéexraass
calcd for GH,sFN,O;S [M+H]™ 481.1445; found 481.1439.

3-(2-Fluor 0-3-(N-methylsulfamoylamino)benzyl)-4-methyl-7-(3-hydr oxyethoxy)-2H-chr omen-2-one
(17h)

The title compound was obtained frdsb and19a as a white solid (60% yield, mp 59-60 °CH NMR
(400 MHz, [D;)DMSO0): 6 1.97 — 1.87 (m, 2H, Chl, 2.43 (s, 3H, Ch), 2.56 (s, 3H, NHCH), 3.59 (qJ =
5.8 Hz, 2H, CHO), 3.96 (s, 2H, Ch), 4.18 (tJ = 6.3 Hz, 2H, OCH), 4.61 (t,J = 4.9 Hz, 1H, OH), 6.88 (t,
J=7.1Hz, 1H, ArH), 7.02 (ddl = 17.1, 7.3 Hz, 3H, ArH), 7.22 (d,= 5.0 Hz, 1H, ArH), 7.30 (1) = 8.0
Hz, 1H, ArH), 7.78 (dJ = 9.6 Hz, 1H, NH), 9.36 (s, 1H, NHY'C NMR (100 MHz, [Q]DMSO): § 15.53,
26.83, 28.77, 32.32, 57.57, 65.85, 101.40, 112.98,82, 119.63, 122.68, 124.35 Jdr = 4.2 Hz, 1C),
125.21 (dJcr= 3.0 Hz, 1C), 126.30 (dc.r= 13.1 Hz, 1C), 126.70 (de.r = 14.6 Hz, 1C), 127.15,
149.67, 153.07 (dlc.r = 245.5 Hz, 1C), 153.93, 161.43, 161.74; HRMSceraass calcd for
C2H23FN,06S [M+H]" 451.1339; found 451.1336.

3-(2-Fluor 0-3-(N-methylsulfamoylamino)benzyl)-4-methyl-7-(4-hydr oxyethoxy)-2H-chr omen-2-one
(17i)

The title compound was obtained frdc and19a as a white solid (40% yield, mp 57-58 °&).NMR
(400 MHz, CDC}): 6 1.81 —1.71 (m, 2H, Chi 1.97 — 1.83 (m, 2H, Ci 2.40 (s, 3H, Ch), 2.75 (dJ =
5.2 Hz, 3H, NHCH), 3.64 (t,J = 7.9 Hz, 2H, CHD), 3.74 (tJ = 6.0 Hz, 2H, CH), 4.46 (t,J = 7.9 Hz, 2H,
OCH,), 4.71 (dJ = 5.0 Hz, 1H, OH), 6.75 (s, 1H, ArH), 6.81 (s, liH), 6.87 (d,J = 8.6 Hz, 1H, ArH),
7.04 — 6.89 (m, 2H, ArH), 7.38 @,= 7.5 Hz, 1H, ArH), 7.53 (d] = 8.9 Hz, 1H, NH)>*C NMR (100
MHz, CDCk): 4 15.28, 25.54, 29.21, 40.59, 62.43, 64.96, 68.63,14, 112.79, 113.84, 119.57, 119.92,
124.48 (dJcr= 4.3 Hz, 1C), 125.44 (dc.r= 3.9 Hz, 1C),125.77, 126.40 @.r= 14.3 Hz, 1C), 148.70,
151.47 (dJcF=242.5 Hz, 1C), 154.01, 160.29, 161.57, 162.(RIS: exact mass calcd for
CaH25FN06S [M+H]" 465.1496; found 465.1483.



General Procedurefor the preparation of 18a-18i.

CompoundlO (1 mmol) was added to a stirred solution of cormublira-17i (1.2 mmol) in the presence
of 8-diazabicyclo[5.4.0lundec-7-enBBU) (3 mmol) in CHCl,. The reaction mixture was stirred at room
temperature for 2-5 h and then washed wi® 3 x 10 mL). The organic layer was dried with yous
NaSQ,, and the solvent was removed in vacuo. The resigigepurified by silica gel chromatography to
give compound48a-18i.

4-(2-((3-(2-Fluor 0-3-((N-methylsulfamoyl)amino)benzyl)-4-methyl-2-oxo-2H-chr omen-7-
yl)oxy)ethoxy)-3-(phenylsulfonyl)-1,2,5-oxadiazole 2-oxide (18a)

The title compound was obtained frd®and17a as a white solid (80% yield, mp 167-168 °GH NMR
(400 MHz, [D;)DMSO0): 6 2.43 (s, 3H, Ch), 3.96 (s, 2H, CHD), 4.51 (s, 2H, Ch), 4.77 (s, 2H, OCh),
6.86 (d,J = 6.8 Hz, 1H, ArH)7.14 — 6.96 (m, 3H, ArHY.33 — 7.14 (m, 2H, ArHY.67 (t,J = 7.7 Hz, 2H,
ArH), 7.83 (ddJ = 14.8, 8.0 Hz, 2H, ArHY.98 (d,J = 7.5 Hz, 2H, ArH, NH), 9.38 (s, 1H, NHYC NMR
(100 MHz, [B;)DMSO0): 6 15.58, 25.99, 28.78, 31.15, 66.57, 70.18, 101.74,00, 113.10, 114.35,
120.03, 122.69,24.36 (dJcr = 4.4 Hz, 1C), 125.22, 126.33 (@,r= 13.5 Hz, 1C), 126.67 (d¢c.r= 14.5
Hz, 1C), 127.32, 128.73, 130.41 (2C), 136.57, 137149.62, 151.87, 153.89, 154.31, 160.31¢q,=
214.77 Hz, 1C), 161.00; HRMS: exact mass calcCigtosFN,010S, [M+Na]* 683.0894; found
683.0874.

4-(2-((3-(2-Fluor 0-3-((N-(2,2,2-trifluor oethyl)sulfamoyl)amino)benzyl)-4-methyl-2-oxo-2H-chr omen-
7-yhoxy)ethoxy)-3-(phenylsulfonyl)-1,2,5-oxadiazol e 2-oxide (18b)

The title compound was obtained frdfiand17b as a white solid (78% yield, mp 188-190 °Gj NMR
(400 MHz, [D]DMSO0): 5 2.43 (s, 3H, Ch),3.71 (dd,J = 9.4, 6.9 Hz, 2H, C}CF), 3.96 (s, 2H, CkD),
4.57 — 4.43 (m, 2H, C§), 4.78 (dd,J = 4.0, 1.6 Hz, 2H, OC}), 6.91 (t,J = 6.7 Hz, 1H, ArH)7.12 — 6.96
(m, 3H, ArH),7.30 (t,J = 7.3 Hz, 1H, ArH)7.66 (dd,J = 10.8, 5.0 Hz, 2H, ArH);.88 — 7.75 (m, 2H,
ArH), 8.04 — 7.93 (m, 2H, ArH), 8.38 @,= 6.8 Hz, 1H, NH), 9.63 (s, 1H, NHYC NMR (100 MHz,
[D]DMSO): 6 15.57, 26.02, 43.76 (de.r = 33.6 Hz, 1C), 66.56 (2C), 70.17, 101.72, 11110@3.09,
114.34, 119.98, 123.37 (@.r = 9.5 Hz, 1C)124.45 (dJc.r = 4.2 Hz, 1C), 125.62 (dc.r = 13.3 Hz, 1C),
126.00, 126.81 (dlc.r= 14.2 Hz, 1C), 127.30, 128.74, 130.40 (2C), 186137.62, 149.63, 153.53 (@
F=244.12 Hz, 1C), 153.90, 159.24 (2C), 161.00,3%1HRMS: exact mass calcd fopg,4FsN4O10S,
[M+Na]" 751.0768; found 751.0742.

4-(2-((3-(3-((N-(2-Cyanoethyl)sulfamoyl)amino)-2-fluor obenzyl)-4-methyl-2-oxo-2H-chr omen-7-
yl)oxy)ethoxy)-3-(phenylsulfonyl)-1,2,5-oxadiazole 2-oxide (18c)

The title compound was obtained frd®and17c as a white solid (81% vyield, mp 161-162 °Gj NMR
(400 MHz, [D;JDMSO0): 6 2.43 (s, 3H, Ch), 2.66 (t,J = 6.5 Hz, 2H, CHCN), 3.16 (9J = 6.4 Hz, 2H,
NHCH), 3.96 (s, 2H, CkD), 4.56 — 4.43 (m, 2H, Gi} 4.82 — 4.70 (m, 2H, OCHi 6.89 (t,J = 6.7 Hz,
1H, ArH),7.13 — 6.95 (m, 3H, ArHY.29 (t,J = 7.2 Hz, 1H, ArH)7.67 (dd,J = 8.3, 7.6 Hz, 2H, ArH),
7.88 —7.73 (m, 2H, ArHY.98 (dd,J = 8.5, 1.1 Hz, 2H, ArH, NH), 9.53 (s, 1H, NHJC NMR (100 MHz,
[D¢]DMSO): & 15.50, 18.24, 25.89, 38.81, 66.54, 69.97, 1011.69,01, 113.10, 114.36, 119.33, 119.99,
123.26, 124.43, 125.72, 125.89 Jd.-= 13.5 Hz, 1C), 126.78 (dcr = 14.5 Hz, 1C), 127.32, 128.74 (2C),



130.41 (2C), 136.57, 137.63, 149.63, 153.41{¢,= 245.4 Hz, 1C), 153.90, 159.24, 161.00, 161.38;
HRMS: exact mass calcd forgEl,6FNsO10S, [M+H] " 722.1003; found 722.1002.

4-(2-((3-(2-Fluor 0-3-((N-isopr opylsulfamoyl)amino)benzyl)-4-methyl-2-oxo-2H-chr omen-7-
yl)oxy)ethoxy)-3-(phenylsulfonyl)-1,2,5-oxadiazole 2-oxide (18d)

The title compound was obtained frdfiand17d as a white solid (85% yield, mp 104-105 °Gj NMR
(400 MHz, [D;JDMSO0): 6 0.99 (d,J = 6.3 Hz, 6H, CHCHSs), 2.39 (s, 3H, Ch), 2.66 (t,J = 6.5 Hz, 2H,
CH,CN), 3.16 (gJ = 6.4 Hz, 2H, NHCH), 3.96 (s, 2H, CkD), 4.56 — 4.43 (m, 2H, G} 4.82 — 4.70 (m,
2H, OCH,), 6.89 (tJ = 6.7 Hz, 1H, ArH)7.13 — 6.95 (m, 3H, ArHY.29 (t,J = 7.2 Hz, 1H, ArH)7.67
(dd,J = 8.3, 7.6 Hz, 2H, ArH)7.88 — 7.73 (m, 2H, ArHY.98 (dd,J = 8.5, 1.1 Hz, 2H, ArH, NH), 9.53 (s,
1H, NH); **C NMR (100 MHz, [Q]DMSO): 5 15.51, 24.59 (2C), 24.09, 45.27, 66.35, 70.08,7101
110.99, 113.07, 114.35 (2C), 120.15, 121.63, 12424675, 126.54 (dlc.¢ = 14.5 Hz, 1C), 126.81 (dc.
r=13.0 Hz, 1C), 128.73, 130.40, 136.56 (2C), 13T&"), 149.46, 152.44 (d¢.r = 244.9 Hz, 1C),
153.66, 159.23, 160.97, 161.34; HRMS: exact malssl dar CoH»gFN,O10S [M+Na]" 711.1207; found
711.1180.

4-(2-((3-(3-((N-Ethylsulfamaoyl)amino)-2-fluor obenzyl)-4-methyl-2-oxo-2H-chr omen-7-
yl)oxy)ethoxy)-3-(phenylsulfonyl)-1,2,5-oxadiazole 2-oxide (18€)

The title compound was prepared frihand17e as a white solid (82% yield, mp 95-96 °CH NMR
(400 MHz, [D;JDMSO0): 6 0.99 (t,J = 7.2 Hz, 3H, CHCHjy), 2.42 (s, 3H, Ch), 2.93 (ddJ = 7.2, 5.7 Hz,
2H, CH,CHg), 3.95 (s, 2H, CKDH), 4.61 — 4.38 (m, 2H, Gi{ 4.82 — 4.69 (m, 2H, OCH 6.86 (t,J=6.6
Hz, 1H, ArH), 7.04 (dddJ] = 15.7, 15.2, 5.2 Hz, 3H, ArH), 7.31 (dtF 12.2, 6.7 Hz, 2H, ArH), 7.75 —
7.55 (m, 2H, ArH), 7.86 — 7.75 (m, 2H, ArH), 7.981(J = 8.5, 1.1 Hz, 2H, ArH, NH), 9.35 (s, 1H, NH);
%C NMR (100 MHz, [R]IDMSO): § 15.58, 26.02, 43.51, 43.83, 66.55, 70.16, 101.69,05 (dJc.r =
211.7 Hz, 1C), 114.33, 119.9%823.35 (dJc.r = 11.1 Hz, 1C), 124.43, 125.60 (&, = 13.3 Hz, 1C),
126.06 (dJcr=22.5 Hz, 1C), 126.8 (dc.r = 14.4 Hz, 1C), 127.32, 128.74, 130.41 (2C), 1836187.59,
149.66, 152.28, 153.88, 154.73, 159.23, 160.99386HRMS: exact mass calcd for
CogH27FN4O16S,[M+K] * 713.0790; found 713.0405.

4-(2-((3-(2-Fluor 0-3-((N-methoxysulfamoyl)amino)benzyl)-4-methyl-2-oxo-2H-chr omen-7-
yl)oxy)ethoxy)-3-(phenylsulfonyl)-1,2,5-oxadiazole 2-oxide (18f)

The title compound was obtained frdfiand17f as a white solid (78% yield, mp 127-128 °Gj NMR
(400 MHz, [D;JDMSO0): 6 2.45 (s, 3H, Ch), 3.65 (s, 3H, OCH), 3.98 (s, 2H, CEDH), 4.59 — 4.46 (m,
2H, CH,), 4.86 — 4.72 (m, 2H, OGH 6.96 (dJ = 6.5 Hz, 1H, ArH), 7.08 (dfl = 15.6, 5.5 Hz, 3H, ArH),
77.30 (t,J = 7.1 Hz, 1H, ArH), 7.69 (1] = 7.9 Hz, 2H, ArH), 7.90 — 7.74 (m, 2H, ArH), 8.0, J = 8.4,
1.1 Hz, 2H, ArH), 9.97 (s, 1H, NH}0.12 (s, 1H, NH)**C NMR (100 MHz, [R]DMSO): 5 15.55, 25.86,
64.06, 66.47, 69.96, 101.73, 110.99, 113.10 (20),34, 119.93, 124.43 (d:.r= 9.9 Hz, 1C), 125.11 (d,
Jor=13.4 Hz, 1C), 126.49, 126.81 @, = 14.5 Hz, 1C), 127.32, 128.73 (2C), 130.40 (A3H.56,
137.62, 149.67, 154.05 (8= 247.2 Hz, 1C), 153.89, 159.23, 161.00, 161.38M3: exact mass calcd
for CogH,sFN,01:S, [M+Na]™ 699.0843; found 699.0840.



4-(2-((3-(2-Fluor 0-3-((N-(2-methoxyethyl)sulfamoyl)amino)benzyl)-4-methyl-2-oxo-2H-chr omen-7-
yl)oxy)ethoxy)-3-(phenylsulfonyl)-1,2,5-oxadiazole 2-oxide (189)

The title compound was obtained frdfiand17g as a white solid (80% vyield, mp 72-73 °CH NMR
(400 MHz, [D;]DMSO0): 6 2.43 (s, 3H, Ch), 3.05 (qJ = 6.0 Hz, 2H, CHO), 3.16 (s, 3H, OC}), 3.32 (dd,
J=10.4, 4.3 Hz, 2H, NHC}), 3.96 (s, 2H, ChDH), 4.56 — 4.38 (m, 2H, G} 4.86 — 4.70 (m, 2H,
OCH,), 6.86 (t,J = 7.2 Hz, 1H, ArH), 7.14 — 6.94 (m, 3H, ArH), 7.81J = 7.2 Hz, 1H, ArH), 7.49 (1] =
5.9 Hz, 1H, ArH),7.75 — 7.58 (m, 2H, ArH), 7.84 (di,= 16.4, 5.0 Hz, 2H, ArH), 8.02 — 7.88 (m, 2H, ArH,
NH), 9.38 (s, 1H, NH)**C NMR (100 MHz, [RIDMSO): § 15.55, 25.74, 42.26, 58.30, 66.35, 70.07,
70.81, 101.73, 111.00, 113.09, 114.36, 120.07,362224.35, 125.13, 126.35, 126.50 Jd.- = 4.7 Hz,
1C), 126.67, 127.31, 128.73, 130.41, 136.57, 137.43.55, 151.68, 152.90 (@.r = 243.5 Hz, 1C),
153.89, 159.24, 160.99, 161.36; HRMS: exact malssl dar C;oH»oFN,01:S, [M+Na]" 727.1156; found
727.1144.

4-(3-(3-(2-Fluor 0-3-((N-methylsulfamoyl)amino)benzyl)-4-methyl-2-oxo-2H-chr omen-7-yl)pr opoxy)-
3-(phenylsulfonyl)-1,2,5-oxadiazole 2-oxide (18h)

The title compound was obtained frd®and17h as a white solid (80% yield, mp 81-82 °CH NMR
(400 MHz, [D;)DMSO0): 6 2.33 — 2.18 (m, 2H, Chl 2.41 (s, 3H, Ch), 3.95 (s, 2H, CKD), 4.22 (s, 2H,
ArCH,), 4.58 (t,J = 6.0 Hz, 2H, OCH), 6.86 (d,J = 6.6 Hz, 1H, ArH), 7.08 — 6.94 (m, 3H, ArH), 7.@%,
J=21.1, 6.4 Hz, 2H, ArH), 7.70 @,= 7.9 Hz, 2H, ArH), 7.77 (d] = 8.8 Hz, 1H, ArH), 7.86 (1=7.5
Hz, 1H, ArH), 8.01 (ddJ = 8.4, 1.1 Hz, 2H, ArH, NH), 9.38 (s, 1H, NHJC NMR (100 MHz,
[Dg]DMSO): 6 15.57, 25.97, 26.82, 28.16, 28.78, 64.99, 68.00,51, 111.00, 112.94, 114.08, 119.83,
122.67, 124.37 (dlc.r = 3.6 Hz, 1C), 125.20 (dc.r = 3.3 Hz, 1C), 126.33 (dcr = 13.3 Hz, 1C), 126.69
(d,Jc.r=14.4 Hz, 1C), 127.25, 128.81, 130.45 (2C), 136137.64, 149.67, 151.85, 153.91, 159.31,
160.33 (dJcr = 205.7 Hz, 1C), 161.41; HRMS: exact mass calcdCigH,7FN,O10S, [M+Na]* 697.1050;
found 697.1068.

4-(4-((3-(2-Fluor 0-3-((N-methylsulfamoyl)amino)benzyl)-4-methyl-2-oxo-2H-chr omen-7-
yl)oxy)butoxy)-3-(phenylsulfonyl)-1,2,5-oxadiazole 2-oxide (18i)

The title compound was obtained frdfiand17i as a white solid (85% yield, mp 75-76 °CH NMR
(400 MHz, [D]DMSO): § 2.04 — 1.77 (m, 4H, C}€H,), 2.43 (s, 3H, CH), 3.97 (s, 2H, CkD), 4.21 (tJ
= 6.1 Hz, 2H, ArCH), 4.51 (tJ = 5.9 Hz, 2H, OCH), 6.87 (t,J = 6.7 Hz, 1H, ArH), 7.02 (ddd,= 8.8,
5.8, 2.5 Hz, 3H, ArH), 7.33 — 7.17 (m, 2H, ArH)83.— 7.70 (m, 3H, ArH), 7.91 {,= 7.5 Hz, 1H, ArH),
8.03 (ddJ = 8.4, 1.1 Hz, 2H, ArH, NH), 9.38 (s, 1H, NH¥C NMR (100 MHz, [R]DMSO): 5 15.54,
25.16, 25.22, 25.89, 28.78, 68.20, 71.65, 101.43,0b, 113.91, 119.68, 122.68, 124.36J)d; = 4.1 Hz,
1C), 125.18 (dJc.r = 3.1 Hz, 1C), 126.31 (dc.r= 13.4 Hz, 1C), 126.70 (d¢.r = 14.4 Hz, 1C), 127.15,
128.75, 129.61 , 130.47 (2C), 136.59, 137.65, B}4.63.08 (dJc.F = 245.4 Hz, 1C), 153.95, 159.33,
160.42, 161.56; HRMS: exact mass calcd fegHaoFN,O10S,[M+Na]* 711.1201; found 711.1154.
General Procedurefor the Preparation of 19a-19g.

The synthesis of the intermedidt®a-19g was reported previousiy

4.2 Biology



4.2.1 General

Medium. HCT116 cells were cultured in McCoy’s 5A mediuA§49, MDA-MB-231, HL60 and
HL7702 cells were cultured in RPMI-1640 medium. A3@nhd Vero cells were grown in DMEM
medium. All of the cells were supplemented with 1f#¥&al bovine serum and cultured at 37 °C in
a humidified 5% CQ@incubator.

Antibodies. Rabbit mAbs for MEK (#9126), pMEK (#9154P), ERK9(02L), pERK (#9101S)
and GAPDH (#3683S HRP conjugate) were obtained fi©ell Signaling Technology. The
secondary antibody conjugated with HRP (A16172) fkas Invitrogen.

Reagents. CellTiter Glo assay reagent was purchased frommBga. Annexin V/Dead cell
apoptosis kit (#1825833) was from Invitrogen. RIRysis buffer (#89900), protease and
phosphatase inhibitor cocktail (#78442) were olgdifrom Thermo Scientific.

4.2.2 Anti-proliferation assay

The activity was determined using CellTiter-Glo aassCells were plated in 384 well plates,
compounds were added and cells were incubated & 3@r 96 h in a humidified incubator
containing 5% C@ CellTiter-Glo Reagent was added directly to tleiscand OD values were
read in a microplate reader. Thesd€alues were calculated using GraphPad Prism.

4.2.3 Western blot assay

Cells were lysed using RIPA lysis buffer suppleneeintvith protease and phosphatase inhibitors
on ice for 20 min, and the supernatant was coltecédter centrifugation. The protein
concentrations were determined using Bio-Rad pmoésisay kit. Equal amounts of protein were
loaded into the wells of 4-20% SDS-PAGE gels (Irogen) and electrophoresed. Then the
proteins were transferred from the gels to PVDF tmemes. After blocking in 5% milk for 1 h at
room temperature, membranes were incubated witlatetl primary antibodies at 4 °C overnight,
washed with TBST and incubated with HRP conjugatedondary antibody for 1 h at room
temperature. Membranes were washed three times MB®IT. The images were obtained using
Clarity™ Western ECL Substrate from Bio-Rad.

4.2.4 Apoptosis analysis

Apoptosis analysis was performed using an AnnexiDead cell apoptosis kit according to the
manufacturer’s instruction.

4.2.5NO release evaluation

Total NO production was estimated by measurementhefaccumulation of nitrite and nitrate
using the Griess reagent in the Total Nitric Oxilesay Kit (Beyotime, China). Nitrate was
measured after enzymatic conversion to nitrite byate reductase. Briefly, the lysis buffer of
every sample was added in duplicate wells in a 88-plate at room temperature. The mixture
was incubated with bl of nicotinamide adenine dinucleotide phosphatA@R®H), 10ul of flavin
adenine dinucleotide (FAD) andub of nitrate reductase for 30 min at 37 °C. Thebullof lactate
dehydrogenase (LDH) buffer and 10of LDH were added in the above mixture for anotB8

min at 37 °C. Finally, 5@l of Griess reagent | and 50 of Griess reagent Il were added into the



wells before incubation for 10 min. Optical densitty540 nm was measured with a FlexStation 3
multi-plate reader. Concentrations were calculatsidg a standard curve (80, 60, 20, 10, 5 and

2 uM sodium nitrite).

4.2.6 Intracellular NO measur ement

A NO-specific fluorescent probe, DAF-FM DA, purcleds from Beyotime Institute of
Biotechnology (China), was diluted to a final conzation of 5uM with kit diluents. To incubate
the probe and cells sufficiently, HCT116 cells (16¢%) were pretreated with M DAF-FM DA at

37 °C for 20 min. The cells were washed 3 time$iWBS to remove the remaining DAF-FM DA
that did not enter into the cells. Compounds wereubated at 37 °C for 2 h before NO
determination using a laser confocal scanning msmope (Olympus, Japan) with excitation at 495
nm and emission at 515 nm.
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Highlights

A series of hybrids of MEK inhibitor and NO donor were designed and synthesi zed.

Compound 18h shows better cell proliferation inhibition effects than RO5126766 in MDA-MB-231 cells.
Compound 18h significantly reduceslevels of pMEK and pERK in MDA-MB-231 cdlls.

Compound 18h can induce apoptosisin the MDA-MB-231 cdll line.

Compound 18h canrelease NO in célls.
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