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Abstract

Synthesis and structure-activity relationship (SAR) analysis of
4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-phenylacetate
derivatives as 15-PGDH inhibitors

So Hee Park
Academic Advisor : Prof. Cho Hoon, Ph. D.
Department of Energy Convergence

Graduate School of Chosun University, South Korea

Background  During the wound healing, Prostaglandin E> (PGE;) as a lipid signaling
molecule which is involved in pathological conditions such as neutrophils influx into the
wound sites, angiogenesis, cell migration and proliferation synthesized by cyclooxygenase
(COX-1/2) triggered by external stimulations. However it is rapidly metabolized to 15-keto
prostaglandin E, through chemical reaction of the NAD' dependent 15-PGDH, which
prevents specific EP-receptor coupling. This phenomenon delays wound healing in the
inflammatory conditions with rapid in vivo degradation of PGE,. In this study, 15-PGDH
was selected as the target protein to increase the PGE, level which have short half-life in
human body.

Experimental procedures In this study, 95 4-((2,4-dioxothiazolidin-5-ylidene)methyl) phenyl
2-phenylacetate derivatives, the series of Thiazolidiendione (TD) which was proved to have
pharmacological effect through various research, were synthesized and analyzed for structure
activity relationship (SAR). In order to analyze the inhibition effect of 15-PGDH, cDNA of
human 15-PGDH was inserted into the pGEX-2T expression vector and transformed into E.
coli BL-21 DE3 and purified. Then, the optical density of NADH which is produced by
inhibiting the enzyme was measured. The extracellular PGE, levels was measured by

enzyme-linked immunosorbent assay (ELISA) with sample from the A549 cell line. 4 lead

- viii -
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compounds (10, 29, 31, 45, 66, 67, 69 and 86) were found by screening of the two data
sets. These compounds were used in the MTT assay using HEK293 cell line and
scratch-wound healing assay using human keratinocyte HaCaT cell line. The experimental
data were expressed as mean + standard deviation (SD) using IBM SPSS statistics version
20.0 (IBM inc., Armonk, NY, USA), and the average differences of the groups were tested
with one-way ANOVA or general linear model (GLM - repeated measures) with Dunnet-t
post-hoc test. A significance probability, P<0.05 was considered significant. Also ICsg
values were calculated from the best-fit equation obtained by removing the outlier through
the simple regression analysis. The curves were plotted and fitted using Sigmapolt for
Windows. Ver. 10.0

Results The lead compounds showed ICs, values ranging from 0.01 to 0.05 uM. They also
increased levels of extracellular PGE, in A549 cell. Especially, compounds 66, 67, 69 and
86 were significantly increased level of PGE, approximately 3 - 4 fold higher than that
of negative control. MTT assay were analyzed in confluent monolayers of human
embryonic kidney cell line HEK293. Introduction of halogen at C-2 position of
intermediate phenyl ring (66, 67, 69 and 86) showed higher IC s, values which was
represented lower cell cytotoxicity than the other substituents. They also showed
significantly improved cell migration and proliferation with respect to negative
control in the scratch - wound healing assay using confluent monolayers of human
keratinacyte HaCaT cells.

Conclusion Among the lead compounds, introduction of halogen at both terminal phenyl
ring and C-2 position of intermediate phenyl ring increased inhibitory potency of
15-PGDH. They also significantly increased extracellular PGE, levels and improved wound
closure rate with a lower toxicity. It was found that compound 69 [(Z)-2-bromo-4-((2,4
-dioxo-thiazolidin-5-ylidene)methyl)phenyl 2-(3-fluorophenyl)acetate] was the most potent
inhibitor that was effective in the nanomolar range. Thus, it can be used for the tissue

regeneration and treatment of diverse diseases caused by PGE, deficiency.

Key words PGE,, NAD", 15-PGDH, inhibitors, TD, ICsy values, halogen, wound healing
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1. Introduction

Traumatic wound S+ organ resection 52| &3I4 FEZ 213
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keratinocyte -h‘ blood vessel
neutrophil . muscle

-9
platelet «*~  macrophage
blood clot <& fbroblast
dermis ~®  myofibroblast
granulation tissue collagen matrix

» The majority of neutrophils have undergone apoptosis.

= Macrophages are abundant in the wound tissue at this stage of repair.

= Endothelial cells migrate into the clot; they proliferate and form new
blood vessels.

= Fibroblasts migrate into the wound tissue, where they proliferate and
deposit extracellular matrix. The new tissue is called granulation tissue.

= Keratinocytes proliferate at the wound edge and migrate down the
infured dermis and above the provisional matrix

» The wound is completely filled with granulation tissue.

= Fibroblasts have transformed into myofibroblasts, leading to wound
contraction and collagen deposition.

= The wound is completely covered with a neoepidermis.

Figure 1. Schematic representation of complex step of wound repair.
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isoenzyme COX-1, COX-2 183l COX-3°] EA]3}H NSAIDs 2] target ©] ¥t} COX-1
o x]iz%gi q.o]:t‘ﬂ- }_X]oﬂ/q Hl—fﬂﬂo] /\1]_\12_9] z‘sLx\L/ﬂ% %x]g}‘; a}uq COX-2=
A B AW 22 A5 A= dkgsle] W & induced enzyme ©] EE COX-2
of ola] AAH PGs o] GSHH-SI A XEF2]of] FHofsr}[17].

o>'

Membrane lipid bilayer
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— o SHOH
m R m

& HPETE Ar&chrdonﬂi:fcld
NE!«!I?S inhibition e
LTA synthazs (Aspirin) “ | cycloxygenase, COX-1and COX-2
Pl ) MWDQH
LTA, l
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LTA, hydrolass e
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THF+ e
transpeptidase i K e o~
r z
LTD, B T N, e /'f\/\/
dpepiiia=e CK/VW (:'\/\/\/\/
Thrombosxans

E synthase ;
LTE .
PGH : TxA ;
{unstatis)
prostaglandin E syr,thsasel l prostaglandin O synthase
fw - i 3 -
o H ]
4 M i

ot
e
% S
i
I—-‘;

aW H

PGE; PGD , TxB »

Figure 2. Overview of eicosanoid biosynthesis based on current knowledge from mammalian models.
Eicosanoid biosynthesis starts with the cleavage of arachidonic acid from cell membrane phospholipids by
cytosolic phospholipase A,. Three different prostaglandin E, synthases have been identified; microsomal
prostaglandin E synthase (mPGES)-1, cytosolic PGES (cPGES), and mPGES-2.
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PGs= ZHEo|E s2&E3e d 934d9S AfAeR 348 5 7] wiol
ME FHO] 5o|FQl receptor proteini}e] A3 F3| 2-8-3kti[18-21]. PGE, ,PGD,,
PGF,,, TXA; E0°|% 42842 217} EP (Ptger), DP (Ptgdr), FP (Pgfr), TP (Tbxa2r) 2}
oF7138}H, 53] PGE:9] EP receptor ©= Ul &2 subtype (EP1, EP2, EP3, EP4)S Zi+
th. PGE,7} 3% MX’F2] EP receptor & SolHola &y =2 AgS A Hd
PGE; - EP receptor 2] Ao #8072 F27} HsPHA A-S o, B,y & T4 trimer
ol G - proteinZ}2] AJFoZ TpFdt F59] signal metabolismS A ST} (Figure 3).
EP2 ¢} EP4 receptori= Gos - protein®} couplingdl®] adenylate cyclaseE 243} AlA
adenosine triphosphate (ATP)Z-E] second messenger?] cyclic adenosine monophosphate
(cAMP)E A/ 3}al, protein kinase A (PKA)E &/ 3A1Z1Y). G-protein> cAMPol| 2§
st a¥ o]9]oll EPI receptor - Go-proteinZd -5 3 /d38le] phospholipase C-3 (PLC-B)
5 gAgsit}t. o] @4F phosphatidylinositol-4,5 -bisphosphate (PIP;)oll T3l substrate
specificityS 2Y=T}. PGE, - EPI receptor &&= AA3 G - protein®] Ga 4 A
guanosine diphosphate (GDP)E guanosine triphosphate (GTP)Z 1lA|3}= HE-g-S Zul3}
H SAstE Go= GTPSE Z9d ¥, PLCE olFste] &A4stAIZIt. &43td PLC=
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specific ion channelol A Ca* S AFAZRE ANFEAZ 4l KﬂiéA Ca' s s
F7M71H, B4 DAGE 938AYS T8 CasEE SRR w3 2 - AF
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protein®} coupling® . 24 adenylate cyclaseE A5l A|XE W] cAMPE HAA]7]A
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7F, A28 o] A cell migration 2 proliferation 59 T 2 7L7L4 A3
220] EAlshs o149 EP receptorsh AE U] A5 A3 g0l o) Uehie, @4
o]# 3t EP receptorol] 5] <l /;ja}/d S %= agonist 9} antagonist® AF&3lo] ol &
receptor o] ThFgh etEo] whsxar QvH25-27]. ol g A+ AEel o 5ol A
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o] @& A AU A7E W Az A A A B EP receptor®] -85 A
g0 AAetE eSS AWstE 5 AX lﬂ PGEz«] RS At Aol 24+
gtE ks A H A=A HIWHS AlA el tH28-31].

By FHE o] 3 PGE,9] catabolic effecto]] ¥FElo] anabolic effect® 53}l —fE’E}
H 7)ol A tissue regeneration's =S TH S AF7F s o] FojA] L ATH32-34]. &
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o
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3L UTH39). PGE,©] oAlE @A oge A5l o T4 2dd =& = F
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Figure 3. G-protein coupled EP receptor signaling pathway. PGE, mediates its biological functions by
binding to four different types of membrane-bound, G-protein coupled receptors. Immediately upon
biosynthesis, PGs exit the site of production passively of through constitutively expressed facilitated
transport (MRPy).

ShH PGE, & Aoz EStAstar A Ul (in vivo)oll A w2 giALZ sl #
half lifes 2ro.m™[40], ©]#3 PGsZE olE &FA7l UWbH o2 hydroxyl (-OH) %
carboxyl (-COOH) groups 7} &HEfoll A active site= 2EO1}, NAD' - dependent
15-hydroxyprostaglandin degydrogenase (15-PGDH)°ll 2]}l W2 7] 15-ketoprostaglandin ©. =
hALE] o] EP receptore} ZA3elA] Hstal A2l EAS ClA HUH41]. PGE 2 E&43)
AL 15 ¥ (C-15) YAl hydroxyl group (-OH)S zte= T 2elZ2ddd 74 343
9] C-158 ¥ (RC(=O)R)C.E A3IAIZ) 07 18] EP receptor’} 2t Eo]Zel A

{“/Collection @ chosun



el Ao wel PGE, - EP receptori & A& A 3H* )

A Eh. A= signal moleculesZ4 9] ks ok 5 §lo] Ut =

Aol E7FssHAl Hrk. MXEE &4 (cytosolic enzyme)S! 15-PGDHT QIZHERE o}y }

theke EfHEES] Ao HAH g o W 7o ek, #H W AFomPEH F
o]

ol

Y

ol

ol

£

(o

ok
o
=)

o

i) of
i)

ol

ol

X

o W T
=50l ¥ olF ufFo AT xet YA &4s st she Be A4
o] FoyxaL gt} o] ahv AL FujEAdE 93l organic cofactor® coenzyme 2}

o] Ajts Fa Arst - Y Hb§S Fuslal, coenzymeo] ™l nicotinamide adenine
dinucleotide (NAD)¢} Z 3% 3= Type [ 3} nicotinamide adenine dinucleotide phosphate
(NADP")9} AE38h= Type 12 Wi 4 A42]. A&k o 4 714 PGsell Hs &=
4?1 Kmgke] ko] s o w2 Ao w Wsxlon, Kmgtel %55 &4 - 7]
A Fr E3A (intermediate enzyme-substrate complex)3 Aol WHE SE7F wErX 2
NAD" - dependent 15-PGDH7} 7]Z PGsell &l s}Ado] o =88 o|n|3hri[43-44].
wehA A= PGsE AB Ao w2 B85 A7 8% 8o AAAT, & AT
o] 4+ PGE,tAle] #ol3}E= 15-PGDHS Type ol 2#HS F2t} 15-PGDHO 1%
o} PGsEZ/d3l mechanisms TFH3H7] 9k B AFES Qo] MEAA 4
o] @A DNA sequencing = &3l primary structure & BT HOZHE A|ZE T
A F 2667 ol =AbES] tEstE wjdolA o] aAhv A AL
Y& (short chain dehydrogenase / eductase, SDR)Z°l <3}l 28 (
s zbe o g svh44]. B3 Giid B2 RA"S 53 AR xe d=
3 5 702 protein subunits’} homodimerE ©]Fo] A =W site-directed
mutagenesis?d TS £3] NAD 9} A3 282 = 7|5 HYS B
849 PGs 52843} Al7]= WS mechanism= Figure 4 o UEH wpe} ho] K-z}
Tl A A e, 15-PGDH-NAD " - PGE,9] 3+l & =9
3} 3l t}h. 15-PGDHS] amino acid residuesE-S NAD 9} A5 28-S 31, £3] PGE, =
15-ketoprostaglandin©. = 2F8}A] Z1 o]l 9lof Serine 138 (Ser 138), Tyrosine 151 (Tyr 151)
9 Lysine 155 (Lys 155) © vl #F-&o] v FQ3FtH45]. Lys 155 & ribose®] —~OH
S 37}9] hydrogen bondE E3] NAD' ¢ wj&dS ZAAsH, HA7|4 AZHEOZ Tyr
151 9] pKa#bs Y50 Zato]l Hrh o= FAMES] proton (H)S HA W5 2k
Aol SHEE 2 BeoH @2 8 HLh 2 F G159 -OH groupsl A
H™ S A7AS dH oz NAD o] #4&ol2 (H: ) A& 24 NADHZ 3l
5™ PGE,+T 15-ketoprostaglandin®. 2 Z%t= o] A& S oA )

i

o Mz
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Figure 4. Schematic view of the interactions of NAD' and PGE, with 15-PGDH residues. The hydrogen
bonds are indicated with dashed lines; Catalytically important triad (Ser138, Lys155 and Tryl51) is
highlighted in blue.
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Figure 5. 3D structure of the homodimer of
human 15-PGDH in complex with NAD' and
PGE, Displayed are the two protomers with
their backbones in gold color. The cofactor is
depicted in a stick and color-coded by atom
type (gray, carbon; red, oxygen; blue, nitrogen;
orange, phosphate). The C-terminus of each
protomer whose residues originate from the

cloning procedure is highlighted in green.

Z <+ Zhang, Y.G. 59 15-PGDH knockout mice®} wild type mice®] H]ul Aol A,
MHAA o2 15- PGDHZF A28 %H HY ZA oA PGE, &7} 2 - 34 o] =73l
o], g FF EZ (2% dextran sulfate sodium, DSS)F<], 7+ AA&S A3
st A g2l A Ao vlE) =5 AlEe] A&s B, i 3 A ¢ o
ol F ou o] 2t AAEHS Ho] 15-PGDHO &4 AA & AF AME
PGE,9] %7} ol A7) dAAle 9 =543 d54 F 243, o5 9 &5

s o8 ZA7Y 24 ABE A= ABRAZ ZEA AT e Tl
AA = ATH32].

uetA] e goly L9 Fm Al EAE 2F YA PGE TS A 2E AL A
T, Aol E3tE Fxlete] 24 Ao EfS Fo| wE 35S Ud & B
Us Flolm olF 9= PGEE EEA 3 A7) 15-PGDHE S A|A7]+= E
| 23t o]d B AFfoME £A4H 2219 regenerations $13 15-PGDHE target
protein®. 2 A3} om olE AAAIA AXE U PGE,HHS ?7]'/‘] 715 Aol 24&
0] 2,4-thiazolidinedione (TD)S =% =22 &= TDA oF=S AA AL o &4
£ 19549 A5 thiazolidinedione] f+X=A9] & A Gdol] gk A7 Hilg o] F

.

e FeAEs 95 A8 A4, F dw a3, 1 T4 AN 4T, At 2

(

oL

|

O

b
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S A7 2t SHE vk o] dAdolA el FEke] A B AZEA] theFsh
Aol 7IgE = 52 2[46-48], ol Zotste] TDAIE S F=AZS 4 ste] 15-PGDH
At #IHE FH ok A SH W BAS 9Tl 2,4-thiazolidinedioneS EWE AR

A
4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-phenyl
-acetate Aol FAREA Q] M A E= scheme 1 o WERA wpe} o] FoGA vk
253l scheme 2 9 scheme 3 ol Z} THAS] mechanism = A A|3}3TH49].

O
N—| NH —>

Scheme 1. Synthetic pathway for the synthesis of 4-((2,4-d10x0th1azohd1n-5-yhdene)methyl)phenyl 2-phenyl

o

-acetate derivatives

scheme 2 © YEH 1st step reaction> =<l piperidine®} acetic acide] =A] 3}l
o] Fo A qAh YAE ZE= aldehyde®} ketone2] aldol reaction®|2} H-Z2= 7] - &
ull carbonyl condensation®} AH/A7] Fufjo] o ©4ro] EFAlolA elo] A
Hk-g-olth A7) (base)Q! piperidined] ]3] TDQ| aFa YAt AAZTEH AL 2
o8 AW (1), A& ol I FIHE ZEetal dsto] =9 73_]
H7le Hr7bgo =M A2 C-C AFo] AA()EH. 1 & A AFAA 2=
s} o] FIHAIY FA HIbeE T8 5 AAES petol=FA] R she=E
sk A7 A ETh o] FFES FHRIVI7E 7] wEel sto]=FA
o] o] Y o7 dex ETstal A7) Fulel o8 A gEct 978 =1
oAM= A aFart AL, de golo]l ¥4%WA EleB RS2 -OH ©
2712 ol A 3ol = dEe] AA(v)E A -OH 7]l F8A7F ke o

=
o]%

A

-

/\(—)1 7
=

-

offt 2L o

[«

Al

o
=

&, El Wholil B2 W ARl o] WolAuztens olFAtel AX(v)HTh A7
2%} g 27 BE AY 8 B AT 2 F6E AL @ 490 4580 o &%

7] e, ¥ A3elM e g HAlA acetic acidE AHE3FI T

schem 3 ] YERd vle} o] ester bondE F = @A) 2nd reaction 4F &
9]  esterification® %, JFEAAIe] -OH 7| ¥ olely]olr]  uwjio] direct
esterification ©l| oJSA = T "é o] o]gdt}. wEbA B AFo| A= N,N'-dicyclohexylcarbo
-diimide (DCC)E AH&-3te] o] Feje] olUAE wio] whg=o] npudejel dol4dt
Bl Afo]e] o= xfo]Ql %]"‘épjr qUA (AGHE #EAF 2N HHEEES wEs
& FRom, DCCet FHE ALk FIEA] (adduct)oll A acyl group®] ©]Edhe FRESS
AAH] Yste] Evl 24 4-dimethylaminopyridine (DMAP)E AF&3F5it)h. 7H54 Alko
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o3 DCCol H'o] #7tEo] £ o £& A W7t He ZA(1)25H AlAE 7}
AN Fol22 IR H7ME carbodiimideo] FH7H(ii)ETE I & DMAPS} AdrE o
2 A (iii) dihexylurea (DHU)7} EoiA 7 (iv), 3 HAA Qg A ES] -OH7|9 X
g FA(v)ol Zdxo] DMAPZF EoJAuU7FAA 4-((2,4-dioxothiazolidin-5-ylidene)
methyl)phenyl 2-phenylacetate-= A 7} A Ad (vi)E .

\9_'0 D‘)
r< O
ppmdm acetic acid [ P— | NH
D)L T - 9\< : S\\<
5 n A ™y

o] L o]
RI
HO
.

{ o]
. |'/ -
)J\ : \j
o \
T o
\ \\\ “--.._%_________
s © it g 2= o}
)J\ Ry R1
OH
| H o-——— NH
s s
HO \< HO \<
0 =

iv iii ii

R4

4
S\< +Hz0
HO a

v R,= H OCH; OCH,CH; Br,Cl

Scheme 2. Reaction routes and mechanism of 1st step
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o Dcc 4 DMAP o \\

Ry=H.Cl

R3 =H OCH3

R,=H. CH;, CL Br, F, OCH;. OCH,CH,,
Rs, R =H CH;, Cl, Br, F. OCH,

Scheme 3. Reaction routes and mechanism of 2nd step

1] ¥h§ mechanismoll Wt 5D whEAlCA gk A371E T FEAE 4
Sl % nuclear magnetic resonance (NMR)S &3 T2E #4332 15-PGDHEA
A F7tE 98 <1z B8k f-2 15-PGDH (human placental 15-PGDH)] DNAZ} 441 %
pGEX-2T expression vectorE chemically competent E. coli BL21 - DE; cello]l 32 3k
A7 3 ek 2 AHA| Sle] BradforddHo 2 FEE A3 3L, sodium  dodecyl
sulfate - polyacrylamide gel electrophoresis (SDS-PAGE)S &3l Al 2 =25 gls}
ATHS50-51]. A gk 15-PGDHE thdst sL =2 9FES A Elste] NADHE optical
density (OD)#tS SA3sle] FAHS 50% 9AISHE &%  (half maximal inhibitory
concentration, ICs0)E ZAIAFSISItE NADH= 845 =9 AAZQ SujadAds 9 2
Q3% 84 NAD'9| 3% Fe 2 Axe] tixb 283 iAo 385 A= b

AL

_’]2_
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z

= st 5 NADHE wavelength 340nme] UVE ZAF & 4§
460nmol| Al FFS WFsl= 5SS zh= wbd, NAD'9l &5 Fdl 3 (absorption
maximum wavelength)©] 260nm®] =% NAD" <> NADH®| ¥ 3}i= 340nm3F &2 UVE =
Abste] F3EE SATo 2 gl 4 QIT}53-54]. ©]i= NAD' -dependent 15-PGDH
of 28] PGE,2] Cis - OH groupo Z5-E] H: 7} NAD'&2 o] 53to 22X AAl¥ NADH
& 535 E T3 AEE 4 Ak =, 15-PGDHE| 245 sl oA &= NADH
o] FE 74 v, NADHO| &3 %3 7F4dA ¥t 15-PGDH o Al= A%
W PGE,°® =& % st =M, ol Iz frdll #ek AlE F A549 cell lines
0] 23 cell modelS &3l enzyme-linked immunosorbent assay (ELISA)el ™2} PGE, &%=
S AEFgo =z FHellths5-57]. H19 7 APES S 9 datas A4S wE
SEoAME 15-PGDHE EstAl AgAlete] PGE,& H&XSE F7HA7]=  lead
compounds= A3 om, d4H $r EdL A3F F 2442 FA MEFTS HaCaT
cell line= ©]-&3}9] invitro’doll A AZF JF F2 o] Z+AS Adstar &84 scratch

S PJAAAZN F = w=FAA wound widthE H]WE O 2 cell migration 2

[

proliferation o Wt &S st FHAF 7HsdS AAISFATHS8]. 3 AL
B A AFAEFA HEK293  cell  lines MTT  (3-(4,5-dimethylthiazol-2

-yl)-2,5-diphenyl tetrazolium bromide)) 3+¢! (reduction)™ ol wel M¥x 53} AE=&
S48t ofEoZA ohHAS AT TH59-60]. lead compoundsE ©]-83F A
o FAAE B Fxo wmE oFY A4S TFHeE HAESNOH H A

(preclinical test) & %23} candidateS A7 5} UH61-62].

% o o
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2. Experimental procedures

2.1. Reagents and analysis apparatuses
2.1.1. Chemical

XA Al AFEE AR Sigma aldrich(USA), TCl(Japan), Alfa aesar(UK),
Acros(USA)E A& 53 e AFS Tt Abgsision g4 2 AAel AHE #
Sl Tl A RAFETE 99%0]de] &£k & AoR st Mo Ax 8 S
FHEE AAA & ARl A | FEAS] 'H-NMRTZ 246 ARgE 7]
7] % 8ul= FT-NMR spectroscopy (JEOL JNM-LA 300 spectrometer, 300MHz, Japan),
DMSO(dimethyl sulfoxide) Sigma aldrich(USA)E AF&3}31 2™ chemical shift = ppm
(part per million; §), signal<> s (singlet), d (doublet), t (triplet), dd (double of doublet), dt
(double of triplet), td (triple of doublet), m (multiplet) &= 3EA|3}FA T}

2.1.2. Biological

15-PGDH &S 93 DNAT GST gene fusion (BamH 19} EcoR I siteol] 15-PGDHE
2491 3h) pGEX-2T expression vector (pharmacia, USA)E AF8-3}91 2™ competent E. coli
+ BL21-DE; (Novagen, Germany)E AF&3}Sith A g ol AFE-3E Aok LB broth miller,
Ampicillin sodium salt, Tris(hydroxymethyl)aminomethane + Bioshop (Canada), agar —
Difco (USA), isopropyl-3-D-thiogalactopytanoside (IPTG), L-Glutathione reduced minimum,
Mitomycin C from Streptomyces caespitosus, NAD", PGE,, dithiothreitol (DTT), Sodium
Dodecyl Sulfate (SDS), ethylenediaminetetraacetic acid (EDTA)= Sigma aldrich (USA),
Glutathione Sepharose-4B+= GE Healthcare (UK), Bio-rad Protein assay dye reagent
concentrate, Coomassie brilliant blue - R250-> (BIO-RAD, USA), Fetal bovine serum
(FBS) ,Dulbecco's phosphate-buffered saline without Calcium chloride, magnesium chloride
(DPBS(-))== Welgene (Korea)#|32 AF83Fom, FBSS 49 s $ 56°C water bath
ol A 307 heat-inactivation ¥4S A 50ml conical tube ©l E=F3}e] -20°Coll H.
a9 "o uwat sfFste] ALEEYTE RPMI-1640 medium (1X) [with 2.05mM
L-Glutamine, 0.1um sterile filtered], Dulbecco’s Modified Eagle’s Medium (DMEM) / HIGH
GLUCOSE [with 4.00mM L-Glutamine, 4500mg L-Glucose, sodium pyruvate, 0.1um sterile
filtered] & Hyclone (USA), 0.25% Trypsin-EDTA (1X), Antibiotic-Antimycotic (100X) =
Gibco (USA), Pageruler prestained protein ladder <= Thermo Fisher scientific (USA), TGF-

_’]4_
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B1-> Biovision (USA)ZL2] 3l abl133021-Prostaglandin E, ELISA Kiti= abcam (UK)#|3&<
ARSI T A Ah 2= 3R dH A (fluorescence spectrophotometer; data analysis
software: RF-5301 PC, Shimadzu, Japan), micro plate spectrophotometer (Epoch Microplate
Spectrophotometer; BioTek, USA; light source: Xenon flash; data analysis software: Gen 5
™y Fst dwr]7  (biological microscope IX71; light source: TH4-200; data analysis
software : DP2-BSW; Olympus, Japan)= A}-8-3}31 T}

_15_
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2.2. Synthesis of 4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-phenylacetate

derivatives

2.2.1. General procedures for the synthesis of compounds a - e

S FHE A FSHE a - e TA HPH LS Scheme 4 o] =213 st A2

A8 PEe @ o deEhigom UnA sgEe 45 @4 Wl a o FUHmR

80C, 18h, reflux

o o
piperidne/ acstic add
$\<N—I + H '
O

X=H, OCH,, OCH,OH;, Br, A

Scheme 4. Synthesis of compounds a-e. reagents and conditions; piperidine, acetic acid, 80°C, reflux, 18h

with dean-stark trap

5-(4-hydroxy-benzylidene)-1,3-thiazolidine-2,4-dione (a)

O )
'/(N—I N H piperidine / aoalcmd
5\\< 80°C, 18h, reflux

(@)

100ml &< flask o 24-thiazolidinedione 1g (8.54mmol)¥} 4-hydroxy benzaldehyde
1.043g (1.0eq; 8.54mmol) &  toluene 20mlo| &3|A]7]3L piperidine 0.422ml (0.5eq;
427mmol) ¥} acetic acid 0.247 (0.5eq; 4.27mmol) = HH3] %7}t $ dean-stark trap
FAE o]83to] 80°Col A 18/\]7} 0]’2} reflux Al Th WHE-9] 9FE+= Hexane : Ethyl
acetate = 1:1 =
Rom, e % < A w55t &HE AAG & XH} methanol (CHgOH)
= AR&ete] AolFoda A o § AxAA e e 24S AT

19 A 3l FMe A4 A AT Rf = 0.4 (Hexane : Ethyl acetate =
1:1); yield : 95.7% ; "H NMR (DMSO-d;, 300 MHz) & 12.46 (s, 1H), & 10.32 (s, 1H),

i&*

F

mlo
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6 7.69 (s, 1H), § 7.46 (d, J= 8.79 Hz, 2H), ¢ 6.92 (d, J=8.40 Hz, 2H)

5-(4-hydroxy-3-methoxy benzylidene)-1,3-thiazolidine-2,4-dione (b)

O e}
H piperidine / aceticadd N
NH + H - N-
S\< 80°C, 18h, reflux S\<

O b (@)
e a 9 TUS wrgow Ao A b & ATk Rf = 043 (Hexane :

Ethyl acetate = 1:1); yield : 92.4% ; '"H NMR (DMSO-d,;, 300 MHz) 6 12.46 (s, 1H),
5 995 (s, 1H), 6 7.71 (s, 1H), § 7.17 (d, J= 2.22 Hz, 1H), § 7.08 (dd, J=8.43 and
8.07 Hz, 1H), 6 6.93 (d, J= 8.04 Hz, 1H), § 3.82 (s, 3H)

5-(4-hydroxy-3-ethoxy benzylidene)-1,3-thiazolidine-2,4-dione (c)

o o o
|_b
'/< H 1y Piperidine / aosticacid N

NH + - N+

5\< 80°C, 18n, refiux S\<

e} c e}
SHE a 9 TUS ¥vrgow A A ¢ & IUTt. Rf = 049 (Hexane :
Ethyl acetate = 1:1); yield : 93.8% ; 'H NMR (DMSO-d;, 300 MHz) § 12.47 (s, 1H),

5 9.89 (s, 1H), § 7.70 (s, 1H), § 7.15 (d, /= 1.83 Hz, 1H), § 7.08 (dd, J=8.43 and
8.07 Hz, 1H), § 6.94 (d, J= 8.07 Hz, 1H), § 4.10 (m, 2H), § 1.38 (t, 3H)

o

5-(3-bromo-4-hydroxy benzylidene)-1,3-thiazolidine-2,4-dione (d)

o o o
B
Br L Piperidine/ acsticacid N
5\\< 80°C, 18, reflux $\<
o g o

LT

a o sUS WFoR FA] AH d & AU Rf = 0.41 (Hexane : Ethyl
acetate = 1:1); yield : 91.4% ; 'H NMR (DMSO-d;, 300 MHz) § 12.54 (s, 1H), &

_17_
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11.16 (s, 1H), § 7.78 (d, J= 2.19Hz, 1H), § 7.69 (s, 1H), § 7.45 (dd, J=8.79 Hz, 1H),
§ 7.10 (d, J= 8.40 Hz, 1H)

5-(3-cholro-4-hydroxy benzylidene)-1,3-thiazolidine-2,4-dione (e)

o o o
a
a L Piperidine/ acsticacid N
5\\< 80°C, 18n, refiux $\<
o o o

SItE a 9f U Wk o = Ao A e E AAYh Rf = 0.44 (Hexane : Ethyl
acetate = 1:1); yield : 91.9% ; 'H NMR (DMSO-d;, 300 MHz) § 12.51 (s, 1H), &
11.16 (s, 1H), & 7.69 (s, 1H), & 7.63 (d, J= 2.19Hz, 1H), & 7.42 (dd, J=8.79 Hz, 1H),
5 7.12 (d, J= 8.43 Hz, 1H)

_’]8_
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2.2.2. General procedures for the synthesis of compounds 1-19

SeHE 1-19 o &4 WS Scheme 5 o =213} T FAIXQA AY WHLE (1)
A ehRR e deiA e A G4 wUel 1% FAsn e
Re R o
R R o 1.0sqDOC Fo R o W
10TOI% 4 DVAP
+ a N
O°C(ETiny—£.t (3h)
Ri oH Ri \\<
L o)
R=a
R =QCH;
Ro=Crb, Q, B, F, OO, OOHICHs
Ry, Ro=Ci, O, Br, F, OG0,

Scheme 5. Synthesis of compounds 1-19. reagents and conditions; DCC, 4-DMAP, methylenechloride, o°C
(5min)—r.t(3h)

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(o-tolyl)acetate (1)

o 1.0eq DOC
+ __10Mi%dDvee
o Q&rTin)—r1 (3h)
oH

Tt flask o 3HE a 1g (4.52mmol)S Y Il o-tolyl acetic acid 0679g (1.0eq;
4.52mmol) ¥} 4-dimethylaminopyridine (4-DMAP) 55mg (10mol%; 0.45mmol) < Y2
-1l methylene chloride (CH.Cly) 20mlS 7}8}] ice bathol| A 5& b wdbelich 1 &
N,N'-dicyclohexylcarbodiimide (DCC) 0.93g (1.0eq; 4.52mmol) = 2] Ao °F 347+
FoF WS A HE-S-o] 71302 Hexane : Ethyl acetate = 1:12 A7l&v]= 3} thin
layer chromatography (TLC)’JollA &<l sk 4= glglom Hkgo] FAHS 813
d ¥ dihexylurea (DHU)E 7t o8ttt o3 & AL 05
NaHCO; &9 +o =2 zd2 FEF31% o, F1tol brine 44- E 2 H-Es}
HAS T E-ES AASS AL unhydrous MgSO,= EA171 &
2 AAsAT A B A= ethanolS AME3te] AAA dlo] &

}\ }\}\)\}\q—

e ™
o oo [r b ox
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e 4 WS FE At AAH 1 & dATE Rf = 0.59 (Hexane : Ethyl
acetate = 1:1); yield : 78.13% ; 'H NMR (DMSO-dg, 300 MHz) § 12.64 (s, 1H), &
7.79 (s, 1H), § 7.66 (dt, J/=8.79 and 1.83 Hz, 2H), § 7.30 (m, 3H), § 7.23 (m, 3H), §
400 (s, 2H), 5 2.31 (s, 3H)

(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(m-tolyl)acetate (2)

e}
o 1.0eq DOC o X
10mol%4-DVAP
+ a ———>» N-
0°C(Bin)—rt (3n)
oH
e}
2

o

e 1 B B9 wrsow Ao AA 2 = ATk Rf = 0.72 (Hexane :
Ethyl acetate = 1:1); yield : 75.47% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.63 (s, 1H),
5 7.79 (s, 1H), § 7.66 (d, J=8.79 Hz, 2H), ¢ 7.31 (d, J=8.79 Hz, 2H), ¢ 7.25 (d,
J=7.32 Hz, 2H), ¢ 7.18 (d, J=9.15 Hz, 2H), § 7.12 (d, J=7.32 Hz, 1H), ¢ 3.94 (s, 2H),
o 2.31 (s, 3H)

(Z)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl2-(2-chlorophenyl)acetate (3)

o)
o 1.0eq DOC o X
10mo%4-DVIAP
+ a———>» N-
0°OBiN)—t (3h)
o
o)
3

o

e | 7 593 oz Ao AA 3 & AU Rf = 0.69 (Hexane :
Ethyl acetate = 1:1); yield : 74.77% ; 'H NMR (DMSO-d;, 300 MHz) & 12.63 (s, 1H),
60 7.82 (s, 1H), 6 7.66 (d, J=7.26 Hz, 2H), ¢ 7.30 (t, J=8.79 Hz, 4H), § 7.18 (d,
J=8.04 Hz, 2H), 6 3.93 (s, 2H), § 2.29 (s, 3H)
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(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl2-(2-chlorophenyl)acetate (4)

o 1.0q
4+ a tmeog /04—D\MP
oqun)—n(sh)
oH

et | 3 Y3 Wtgow odgMe] AX 4 2 Al Rf = 0.68 (Hexane :
Ethyl acetate = 1:1); yield : 78.06% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.65 (s, 1H),
6 7.79 (s, 1H), § 7.66 (d, J/=8.43 Hz, 2H), § 7.54 (m, 2H), § 7.38 (m, 4H), § 4.13
(s, 2H)

o

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl2-(3-chlorophenyl)acetate (5)

(@]
o 1.0eq DOC o X
10n0l%4-DVIAP
+ a ——>» N+
O°C(Bmin)—+.t (3n)
a CH a
(@]
5

o

et | 3 Y3 wtgow odge] AA 5 2 Al Rf = 0.67 (Hexane :
Ethyl acetate = 1:1); yield : 67.73% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.63 (s, 1H),
5 7.80 (s, 1H), 6 7.67 (d, J=8.79 Hz, 2H), § 7.48 (s, 1H), 6 7.43 (m, 5H), § 4.05 (s,
2H)

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl2-(4-chlorophenyl)acetate (6)

e}
a a
o 1.0eq DOC o X
10mol%4-DVieP
+a ————— N-
O°C(Bmin)—+.t (3n)
oH
e}

6

shgt= 1 ¥ Fdg whgo=m Aol A 6 S ATk Rf = 0.64 (Hexane :
Ethyl acetate = 1:1); yield : 68.07% ; 'H NMR (DMSO-d;;, 300 MHz) § 12.64 (s, 1H),
60 7.80 (s, 1H), ¢ 7.67 (d, J=8.79 Hz, 2H), 6 7.42 (m, 4H), 6 7.32 (dt, J=8.79 and
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1.83 Hz, 2H), § 4.02 (s, 2H)

(Z)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl2-(2,6-dichlorophenyl)acetate (7)

mu%zz-nvysp
0°QBEin)—rt (31)

33 | ¥ A wgoz Ao A 7 & AUl Rf = 0.67 (Hexane :
Ethyl acetate = 1:1); yield : 71.23% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.63 (s, 1H),
5 779 (s, 1H), 6 7.67 (d, J=8.79 Hz, 2H), 6 7.55 (d, J=7.68 Hz, 2H), & 7.41 (4,
J=7.68 Hz, 1H), § 7.32 (d, 8.79 Hz, 2H), § 4.30 (s, 2H)

o

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl2-(2-bromophenyl)acetate (8)

101D|%4—DVN3 N—
0°QBEin)—rt (31)

shgt= 1 ¥ Fds 3o = A AA 8 5 AT Rf = 0.67 (Hexane :
Ethyl acetate = 1:1); yield : 82.38% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.65 (s, 1H),
60 7.80 (s, 1H), 6 7.68 (d, J=8.43 Hz, 3H), ¢ 7.54 (d, J=7.71 Hz, 1H), 6 7.43 (4,
J=17.32 Hz, 1H), 6 7.32 (m, 3H), § 4.14 (s, 2H)

o

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl2-(3-bromophenyl)acetate (9)

(@]
o 1.0eq DOC o X
10n0l%4-DVIAP
+ a ———— > N+
0°C(GMN)—+.t (3n)
B H B
(@]
9

shgt= 1 ¥ Fdg whgo=m Aol A 9 F Atk Rf = 0.69 (Hexane :
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Ethyl acetate = 1:1); yield : 81.69% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.64 (s, 1H),
§ 779 (s, 1H), § 7.67 (m, 3H), 6 7.51 (d, J=7.71 Hz, 1H), § 7.41 (d, J=7.71 Hz, 1H),
§ 7.35 (m, 3H), 6 4.04 (s, 2H)

(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl2-(4-bromophenyl)acetate (10)

(@]
B B
o 1.0eqDOC o X
10n0l%4-DVIAP
+~ a —> N-
0°C(GMN)—+.t (3n)
CH

@]

10

e 1 3 BI3 g or dgtAe AA 10 & AUl Rf = 0.68 (Hexane :
Ethyl acetate = 1:1); yield : 81.32% ; '"H NMR (DMSO-d;, 300 MHz) ¢ 12.64 (s, 1H),
0 7.80 (s, 1H), 6 7.67 (d, J8.79 Hz, 2H), § 7.58 (dt, J/=8.43 and 1.86 Hz, 2H), ¢
7.37 (m, Hz, 4H), § 4.01 (s, 2H)

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl2-(2-fluorophenyl)acetate (11)

o 1.0eq DOC
__10moi%aDvee
+ a "*
T odemt@y OGNy —.t (3)
oH

shgtE 1 3 wd3s wgox AgAe] A4 11 & HAUTE Rf = 0.75 (Hexane :
Ethyl acetate = 1:1); yield : 81.92% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.65 (s, 1H),
6 7.79 (s, 1H), § 7.66 (d, J/=8.76 Hz, 2H), 6 7.49 (td, J=7.32 and 1.44 Hz, 1H), § 7.41
(m, 5H), § 4.06 (s, 2H)

jus
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(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl2-(3-fluorophenyl)acetate (12)

o)
o 1.0eqDOC o X
10mol%4-DVIAP
+a——— » N-
00BNt (3)
o
O
12

saE | 3 BI3 g or dgtAe AA 12 & ATl Rf = 0.70 (Hexane :
Ethyl acetate = 1:1); yield : 74.75% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.64 (s, 1H),
5 7.80 (s, 1H), 6 7.67 (d, J=8.79 Hz, 2H), § 7.45 (m, 1H), § 7.33 (d, J=8.43 Hz, 2H),
6 727 (t, J/=8.79 Hz, 2H), § 7.17 (td, J=8.43 and 2.19 Hz, 1H), § 4.05 (s, 2H)

(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl2-(4-fluorophenyl)acetate (13)

o)
o 1.0eqDOC o X
10mo%4-DIVAP
+a—— » N-
00BNt (3)
o
o)
13

o

}FE 1 3} 593 whgom AFMe AA 13 S AQTh Rf = 0.72 (Hexane :
Ethyl acetate = 1:1); yield : 74.87% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.64 (s, 1H),
§ 779 (s, 1H), § 7.66 (d, J=8.79 Hz, 2H), § 7.45 (m, 2H), ¢ 7.32 (dt, J=8.43 and
1.83 Hz, 2H), 6 7.21 (m, 2H), ¢ 4.00 (s, 2H)

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl2-(2-methoxyphenyl)acetate (14)

o 1.0eq DOC
__10Mi%d4Dvee
+ a
0 qsmn)—n (3n)
oH

35 1 ¥ 53 bk o7 Azl AA 14 2 LAt Rf = 0.65 (Hexane :
Ethyl acetate = 1:1); yield : 83.36% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.64 (s, 1H),
5 7.80 (s, 1H), § 7.66 (d, J=8.76 Hz, 2H), § 7.31 (m, 4H), 6 7.04 (m, 1H), ¢ 6.95 (t,

oo+
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J=7.35 Hz, 1H), & 3.88 (s, 2H), & 3.83 (s, 3H)

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl2-(3-methoxyphenyl)acetate (15)

o 1.0eq DOC
+ __10moi%4Dvee
o "O(Ein)—r.t (3h)
oH

15

shgt= 1 3 Tds Rbgo= Ao AA 15 & AAUTE Rf = 0.64 (Hexane :
Ethyl acetate = 1:1); yield : 72.94% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.64 (s, 1H),
§ 779 (s, 1H), 6 7.66 (d, J=8.79 Hz, 2H), § 7.31 (m, 3H), § 6.96 (m, 2H), § 6.88
(dd, J= 8.43 and 1.83 Hz, 1H), § 3.96 (s, 2H), § 3.75 (s, 3H)

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl2-(4-methoxyphenyl)acetate (16)

o)
o 1.0eq DOC o X
10mol%4-DVIAP
+a———— = N-
0°OGmin)—r.t (3n)
oH
o
16

o

shgt= 1 3 Tds Rbgo =R Ao AA 16 & LUTE Rf = 0.65 (Hexane :
Ethyl acetate = 1:1); yield : 71.33% ; '"H NMR (DMSO-d;, 300 MHz) ¢ 12.64 (s, 1H),
60 7.80 (s, 1H), 6 7.66 (d, J=8.43 Hz, 2H), § 7.30 (d, J=7.71 Hz, 4H), § 6.93 (d,
J=8.79 Hz, 2H), 6 3.91 (s, 2H), § 3.74 (s, 3H)

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl2-(3,4-dimethoxyphenyl)acetate (17)

o 1.0eq DOC
md%m
+ a
o "O(Ein)—r.t (3h)
oH

17

shgt= 1 3 Tds Rbgo=R Ao AA 17 & FAUTE Rf = 033 (Hexane :
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Ethyl acetate = 1:1); yield : 68.05% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.65 (s, 1H),
5 7.80 (s, 1H), 6 7.67 (d, J=8.79 Hz, 2H), § 7.31 (d, J=8.79 Hz, 2H), § 6.98 (m, 3H),
5 3.90 (s, 2H), § 3.75 (s, 6H)

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl2-(3,4,5-trimethoxyphenyl)acetate (18)

OCH,
o 1.0eq DOC
+ __10m0i%4Dvee
o "O(Ein)—r.t (3h)
oH

18

shgt= 1 3 Tds Rkgo=R Aol AA 18 & PUTE Rf = 031 (Hexane :
Ethyl acetate = 1:1); yield : 67.02% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.66 (s, 1H),
5 7.80 (s, 1H), § 7.67 (d, J=8.79 Hz, 2H), § 7.34 (d, J=8.79 Hz, 2H), § 6.70 (s, 2H),
§ 392 (s, 2H), 6 3.77 (s, 6H), § 3.64 (s, 3H)

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl2-(4-ethoxyphenyl)acetate (19)

Hy Hy
o 1.0eq DOC o X
100 %4-DVIAP
+Aa— N-
0°C(Emin)—rt (3h)
oH

o
19

e | 3 BI3 g or dgtAe AA 19 E ATl Rf = 0.49 (Hexane :
Ethyl acetate = 1:1); yield : 72.75% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.66 (s, 1H),
§ 7.80 (s, 1H), § 7.66 (d, J=8.79 Hz, 2H), § 7.30 (m, 4H), 6 6.91 (d, J=8.79 Hz, 2H),
0 4.03 (q, J=6.96 Hz, 2H), 6 3.90 (s, 2H), § 1.33 (t, J=6.96 Hz, 3H)
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2.2.3. General procedures for the synthesis of compounds 20-38

shetE 20-38 o A W2 Scheme 6 o =213} ATt FAIAQ A W

(20) o VeI on i sgEe] 49 4 el 209 FUstm Ak

o)
Rs Ry Hy
1.0eq DOC o X
_10m0l%ADVAR N~
oqann)—rt(sh)
R{
o)
Res
Ry =a
R,=CCH
Rs =0, Q, B, F, OCHs, OCHOH,
Ry, Rs=CH, O, Br, F, OO

Scheme 6. Synthesis of compounds 20-38. reagents and conditions; DCC, 4-DMAP, methylenechloride, o°C
(5min)—r.t(3h)

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(o-tolyl)acetate (20)

o 1.0eq DOC
+ __10Mi%4DvRe
0 qun)—n (3n)
oH

Tt flask o SEE b 1g (3.98mmol)S Y3l o-tolyl acetic acid 0.598g (1.0eq;
3.98mmol) ¥} 4-dimethylaminopyridine (4-DMAP) 49mg (10mol%; 0.40mmol) < Y2
.&uﬂ methylene chloride (CH,Cl) 20mlS 7}3}4] ice bath oA 5% 3+ uwWksIATE 1
< N,N'-dicyclohexylcarbodiimide (DCC) 0.82g (1.0eq; 3.98mmol) = 2o -4l <F 3

AlZE Bor WS A F T WkS-o] 21312 Hexane : Ethyl acetate = 1:1S A7/|&v] 2 3}o]
thin layer chromatography (TLC) “dellA &<l & 4= gQllomn nkgo] FAHES gt
S A4 H dihexylurea (DHU) & 7#H¢t o3&kt o3t & ofde 0.5M HCl 89,
X3} NaHCO; =89 o2 iz FE319 o1, T3t brine ¥ &= HHslo] A

A
o= A4S Fdl =x=S AASHIAL unhydrous MgSOs 2 EAIR] & F9F &5
stol grlE AAST B4 F uA = ethanolS ARSIl AAA o] #43 A

o
ne
o
+
X0
52
iu}

Ao FAE HHE B3 AN A 20 & EATE Rf = 0.62 (Hexane : Ethyl
acetate = 1:1); yield : 80.42% ; 'H NMR (DMSO-d;, 300 MHz) § 12.65 (s, 1H), &
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780 (s, 1H), § 7.37 (d, J=1.83 Hz, 1H), § 7.31 (m, 1H), § 7.27 (s, 1H), § 7.24 (m,
4H), § 3.98 (s, 2H), § 3.80 (s, 3H), § 2.31 (s, 3H)

(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(m-tolyl)acetate (21)

o 1.0eqDOC
+ 10‘70|%4—D\/N=’
o OEmin)—r.t (3h)
o

21

e 20 I FUS Mo Ao AA 21 & ATl Rf = 0.65 (Hexane :
Ethyl acetate = 1:1); yield : 83.95% ; '"H NMR (DMSO-d;, 300 MHz) ¢ 12.64 (s, 1H),
6 7.80 (s, 1H), § 7.37 (d, J=1.83 Hz, 1H), 6 7.27 (m, 2H), 6 7.19 (m, 3H), ¢ 7.14 (4,
J=6.96 Hz, 1H), 6 3.92 (s, 2H), § 3.80 (s, 3H), 6 2.31 (s, 3H)

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(p-tolyl)acetate (22)

o 1.0eq DOC
+ _10mo%anvee
o Q(5min)—r.1 (3h)
oH

2

shetE 20 3 U 3o A AA 22 & AUk Rf = 0.63 (Hexane :
Ethyl acetate = 1:1); yield : 84.86% ; 'H NMR (DMSO-ds, 300 MHz) § 12.64 (s, 1H),
6 7.79 (s, 1H), 6 7.37 (d, J/=1.83 Hz, 1H), § 7.26 (d, J=8.04 Hz, 3H), 6 7.19 (m, 3H),
0 3.91 (s, 2H), 6 3.79 (s, 3H), ¢ 2.29 (s, 3H)

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(2-chlorophenyl)acetate (23)

o 1.0eq DOC
+ __10Mi%4DvRe
0 qun)—n (3n)
oH
a
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3HE 20 ¥ U3 wrgow Aol AA 23 & AArt Rf = 0.6]1 (Hexane :
Ethyl acetate = 1:1); yield : 71.04% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.65 (s, 1H),
5 7.80 (s, 1H), § 7.54 -7.32 (m, 5H), § 7.27 (d, J= 8.04 Hz, 1H), 6 7.20 (dd, J=8.43
and 1.83 Hz, 1H), § 4.12 (s, 2H), ¢ 3.81 (s. 3H)

(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(3-chlorophenyl)acetate (24)

o 1.0eq DCC
10rm|%4—DVPP
-+ N—
[0} CX&nn)—rt @)
a cH

24

SgHE 20 ¥ TS Wb o g Aol AA 24 & AL Rf = 0.63 (Hexane :
Ethyl acetate = 1:1); yield : 67.79% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.64 (s, 1H),
5 7.80 (s, 1H), 6 7.47 (s, 1H), § 7.41 (m, 4H), § 7.3 (d, J=8.4 Hz, 1H), § 7.20 (dd,
J=8.43 and 1.83 Hz, 1H), ¢ 4.03 (s, 2H), § 3.80 (s, 3H)

(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(4-chlorophenyl)acetate (25)

a
o 1.0eq DOC
+ _lomo%eanvee
0 qsnn)—n (3n)
o

25

32 20 ¥ FAs v o Mo AA 25 Z Al Rf = 0.63 (Hexane :
Ethyl acetate = 1:1); yield : 72.39% ; 'H NMR (DMSO-d;, 300 MHz) ¢ 12.64 (s, 1H),
0 7.80 (s, 1H), 6 7.45 (m, 5H), 6 7.28 (d, J=8.43 Hz, 1H), § 7.19 (dd, J=8.43 and
1.83 Hz, 1H), § 4.00 (s, 2H), § 3.79 (s, 3H)
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(Z2)-4-((2 ,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(2,6-dichlorophenyl)acetate (26)

a 1.0eq
O O,
+ 10m| /04—D\MP
o O(&rTin)—r.t (3h)
oH
a

BFSHE 20 ¥ FU3 Wk o g A AR 26 S AUt Rf = 0.65 (Hexane :
Ethyl acetate = 1:1); yield : 74.69% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.64 (s, 1H),
6 7.79 (s, 1H), 6 7.55 (d, J=8.43 Hz, 2H), § 7.41 (m, 2H), § 7.30 (d, J=8.43 Hz, 1H),
5 7.20 (dd, J=8.07 and 1.83 Hz, 1H), § 4.28 (s, 2H), § 3.81 (s, 3H)

(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(2-bromophenyl)acetate (27)

o 1.0eq DOC
+ __10Mi%4DvRe
o O(&rTin)—r.t (3h)
oH
B

e 20 ¥ TS vk o g Aol AA 27 & AL Rf = 0.57 (Hexane :
Ethyl acetate = 1:1); yield : 65.92% ; 'H NMR (DMSO-d;, 300 MHz) § 12.65 (s, 1H),
6 7.80 (s, 1H), 0 7.67 (dd, J=7.68 and 1.11 Hz, 1H), § 7.54 (dd, J=7.71 and 1.47 Hz,
IH), § 7.42 (m, 2H), § 7.29 (d, J=8.43 Hz, 2H), § 7.20 (dd, J=8.43 and 1.83 Hz, 1H),
5 4.12 (s, 2H), ¢ 3.81 (s, 3H)

(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(3-bromophenyl)acetate (28)

Q@ 10rm|%4—D\MP
+
/@\)‘\ 0 qann)—rt @ W
B OoH

28

shgt= 20 3 5L g om Ao AH 28 & AATE Rf = 0.62 (Hexane :
Ethyl acetate = 1:1); yield : 74.17% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.65 (s, 1H),
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5 7.80 (s, 1H), § 7.61 (s, 1H), § 7.52 (t, J=7.41 Hz, 1H), § 7.40 (m, 4H), § 7.20 (dd,
J=8.43 and 1.83 Hz, 1H), § 4.03 (s, 2H), & 3.81 (s, 3H)

(Z7)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(4-bromophenyl)acetate (29)

Br
o 1.0eq DCC
10mol A;4—DV1°P
-+ N—
[0} q5mn)—rt 3
H

29

BFSHE 20 ¥ FU3 Wk o g AZAe] AR 29 = At} Rf = 0.62 (Hexane :
Ethyl acetate = 1:1); yield : 72.02% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.65 (s, 1H),
5 7.80 (s, 1H), § 7.58 (d, J=8.43 Hz, 2H), § 7.37 (m, 2H), 6 7.28 (d, J=8.04 Hz, 1H),
§ 7.19 (dd, J=8.43 and 1.83 Hz, 1H), ¢ 3.99 (s, 2H), ¢ 3.79 (s, 3H)

(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(2-flouorophenyl)acetate (30)

o 1.0eq DOC
Orm|%4—D\MP
-+ N—
[oX qa'nn)—ft (€))]
CcH
F

e 20 I FUS WL oT Ao AA 30 & ATl Rf = 0.59 (Hexane :
Ethyl acetate = 1:1); yield : 85.23% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.64 (s, 1H),
0 7.80 (s, 1H), 0 7.48 (t, J=7.68 Hz, 1H), 6 7.40 (m, 2H), § 7.28 (m, 4H), § 4.04 (s,
2H), ¢ 3.80 (s, 3H)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(3-flouorophenyl)acetate (31)

1 oy
+
F/O\)‘\ O Asmn—wL @) W
oH

31

BFSHE 20 ¥ FU3 Wk o g A AR 3] S AArt Rf = 0.64 (Hexane :
Ethyl acetate = 1:1); yield : 84.70% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.65 (s, 1H),
6 7.80 (s, 1H), § 7.45 (m, 2H), § 7.30 (m, 5H), ¢ 4.03 (s, 2H), ¢ 3.80 (s, 3H)

(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(4-flouorophenyl)acetate (32)

Orm|%4—DMAP r\r
foY O(Smn)—rt (@)

R

et 20 3 TAF Wgow dAgde] A4 32 = ATl Rf = 0.62 (Hexane
Ethyl acetate = 1:1); yield : 78.48% ; 'H NMR (DMSO-d;, 300 MHz) § 12.65 (s, 1H),
6 7.79 (s, 1H), § 7.43 (m, 3H), § 7.28 (d, J=8.43 Hz, 1H), ¢ 7.22 (t, J=8.79 Hz, 3H),
0 3.99 (s, 2H), § 3.79 (s, 3H)

(Z2)-4-((2.,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(2-methoxyphenyl)acetate (33)

o 1.0eq DOC
10rm|%4—D\MP
-+ N—
0 C(Bmin)—r.t (3h)
CH
OO

BFSHE 20 ¥ FU3 Wk o g Al AR 33 S At Rf = 0.54 (Hexane :
Ethyl acetate = 1:1); yield : 84.29% ; 'H NMR (DMSO-d;, 300 MHz) & 12.65 (s, 1H),
6 7.80 (s, 1H), 6 7.37 (d, J=1.47 Hz, 1H), § 7.31 (m, 4H), 6 7.03 (d, J=8.07 Hz, 1H),
5 695 (t, /=7.32 Hz, 1H), § 3.87 (s, 2H), ¢ 3.82 (s, 6H)
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(Z)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(3-methoxyphenyl)acetate (34)

o <
4+ p  OmO%ADMR 10rm| /04-|:MoP
o "O(Ein)—r.t (3h)
oH

A

SgHE 20 ¥ TS Wb o g Aol AA 34 & ATt Rf = 0.55 (Hexane :
Ethyl acetate = 1:1); yield : 87.13% ; 'H NMR (DMSO-d;;, 300 MHz) § 12.65 (s, 1H),
0 7.80 (s, 1H), 6 7.37 (d, J=1.83 Hz, 1H), § 7.30 (m, 2H), § 7.19 (dd, J=8.43 and
1.87 Hz, 1H), 6 6.95 (m, 2H), ¢ 6.88 (d, J=8.43 Hz, 1H), § 3.94 (s, 2H), ¢ 3.80 (s,
3H), § 3.75 (s, 3H)

(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(4-methoxyphenyl)acetate (35)

o 1.0eq DOC
+ _lomd%dnvie
o "O(Gmin)—rt (3h)
oH

35

e 20 I FUS WS oT Ao AA 35 2 ATl Rf = 0.55 (Hexane :
Ethyl acetate = 1:1); yield : 79.81% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.65 (s, 1H),
6 7.80 (s, 1H), 6 7.29 (d, J=1.83 Hz, 1H), ¢ 7.29 (d, J=8.79 Hz, 2H), ¢ 7.19 (s, 1H),
0 7.19 (dd, J=8.43 and 1.83 Hz, 1H), § 6.94 (dt, J/=8.79 and 2.19 Hz, 2H), § 3.89 (s,
2H), ¢ 3.79 (s, 3H), 6 3.74 (s, 3H)

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(3,4-dimethoxyphenyl)acetate (36)

o 1.0eq DOC
4+ p  OmO%ADMR 10mol%4-DVIAP
OO(&nn)—rt(Sh)
oH

36

ot
i
i
)
=)
_\3
offt
e
[-4 |
rn‘.
ole
o
t
r (o3
oldh
=
1o
it
o
(98)
1o
o
ne
32

T} Rf = 0.41 (Hexane :
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Ethyl acetate = 1:1); yield : 71.65% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.66 (s, 1H),
5 7.80 (s, 1H), § 7.38 (d, J/=1.83 Hz, 1H), § 7.27 (d, J/=8.4 Hz, 1H), ¢ 7.19 (dd, /=8.4
and 1.83 Hz, 1H), 6 6.96 (m, 3H), ¢ 3.89 (s, 2H), § 3.80 (s, 3H), & 3.75 (s, 3H), §
3.74 (s, 3H)

(Z)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(3,4,5-trimethoxyphenyl)acetate (37)

OCH,
o 1.0eq DOC
+ 107:1%44:1\/1613
o "O(Ein)—r.t (3h)
OoH

37

BFSHE 20 ¥ FU3 Wk o g AZAe] AR 37 S At Rf = 0.42 (Hexane :
Ethyl acetate = 1:1); yield : 73.24% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.66 (s, 1H),
5 7.80 (s, 1H), 6 7.38 (d, J=1.83 Hz, 1H), § 7.29 (d, J=8.04 Hz, 1H), § 7.20 (dd,
J=8.43 and 1.83 Hz, 1H), § 6.68 (s, 2H), 6 3.90 (s, 2H), § 3.80 (s, 3H), § 3.77 (s,
6H), § 3.64 (s, 3H)

(Z)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(4-ethoxyphenyl)acetate (38)

1om| /ommp
o "QBErmin)—r.t (3h)

38

s3HE 20 W TS Rbgo R AsMe] AA 38 & ASTE Rf = 0.64 (Hexane :
Ethyl acetate = 1:1); yield : 87.63% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.66 (s, 1H),
6 7.80 (s, 1H), 6§ 7.37 (d, J=1.83 Hz, 1H), § 7.27 (m, 3H), § 7.19 (dd, J=8.43 and
1.83 Hz, 1H), ¢ 6.92 (d, J=8.43 Hz, 2H), ¢ 4.04 (q, J=6.96 Hz, 2H), § 3.89 (s, 2H), §
3.79 (s, 3H), 0 1.34 (t, J/=6.96 Hz, 3H)
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2.2.4. General procedures for the synthesis of compounds 39-57

3l E 39-579] A WS Scheme 7 o =213} dFdth A H e AE S (39)
of Jepilom ym A shetEe] A9 g Wiel 39 o sdstn= At
R O
Hy
1.0eq DOC Fo R o X
1(h'd%4—DVPP N-
oqann)—rt(sh)
RY
Rs o
R =Q
Ry=CCH
Rs =0, O, Br, F, OCHs, OOHCHs
Ry, Rs=CH;, 4, Br, F, OCH;

Scheme 7. Synthesis of compounds 39-57. reagents and conditions; DCC, 4-DMAP, methylenechloride, o°C
(5min)—r.t(3h)

(Z)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(o-tolyl)acetate (39)

o 1.0eq DOC
+ __10Mi%4DvRe
0 qun)—n (3n)
oH

Tt flask o 33E ¢ 1g (3.77mmol) S Y3il o-tolyl acetic acid 0.598g (1.0eq;
3.77mmol) ¥} 4-dimethylaminopyridine (4-DMAP) 47mg (10mol%; 0.38mmol) < >
.&uﬂ methylene chloride (CH.Cl) 20ml = 7}8}¢] ice bath oA 5+ I wwbelITh 1
% N,N'-dicyclohexylcarbodiimide (DCC) 0.805g (1.0eq; 3.77mmol) & ¥ o] A2ollA ¢F 3

AlZF FotF ¥b-SAIFTh W9 21312 Hexane : Ethyl acetate = 1:1S A7/|&v]2 3o
thin layer chromatography (TLC) “JollA &<l & 4 9l e U:] Hk-S-o] FAE S gQlsh
< A ¥ dihexylurea (DHU) & #¢t oHsldct. o3} & o2 0.5M HCl 789,
323} NaHCO; & ¢£o 8 Ae= FEs3lem, T3t brine 3 =% yHgsto] 4

_

oAy= FAS T3 E-ES AASS L unhydrous MgSO, & EFA171 & 79 55
st Sl E A AT A @ 1A= ethanol & AFESte] AAA st =43k 2
A& 45 F Ui

A9 A WS FE At AA 39 & AUk Rf = 0.67 (Hexane : Ethyl
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acetate = 1:1); yield : 94.87% ; 'H NMR (DMSO-d;, 300 MHz) & 12.63 (s, 1H), ¢
7.78 (s, 1H), § 7.33 (m, 2H), § 7.24 (s, 1H), § 7.22 (m, 4H), § 4.08 (q, J/=6.96 Hz,
2H), § 3.97 (s, 2H), § 2.33 (s, 3H), 6§ 1.27 (t, J/=6.96 Hz, 3H)

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(m-tolyl)acetate (40)

o 1.0eqDOC
10rm|%4-D\MP
—+ N—
0 C(BMin)—.t (3)
CH

40

e 39 of EA uks oz gt AA 40 & AUUh Rf = 0.63 (Hexane :
Ethyl acetate = 1:1); yield : 75.11% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.63 (s, 1H),
6 7.78 (s, 1H), 0 7.32 (d, J=1.83 Hz, 1H), § 7.27 (m, 5H), ¢ (d, J/=7.32 Hz, 1H), ¢
4.07 (q, J/=6.96 Hz, 2H), § 3.90 (s, 2H), ¢ 2.30 (s, 3H), ¢ 1.25 (t, J/=6.96 Hz, 3H)

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(p-tolyl)acetate (41)

o 1.0eq DOC
10md /04—DMAP
-+ N—
0 QGrrin)—.t (3h)
CH

M1

3}SHE 39 9oF FU3 Uk o g A AR 4] S AUtk Rf = 0.68 (Hexane :
Ethyl acetate = 1:1); yield : 69.25% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.64 (s, 1H),
60 7.78 (s, 1H), 6 7.33 (d. J=1.83 Hz, 1H), § 7.26 (d, J=8.04 Hz, 3H), § 7.17 (d,
J=8.07 Hz, 3H), ¢ 4.07 (q, J=6.96 Hz, 2H), ¢ 3.90 (s, 2H), § 2.29 (s, 3H), § 1.26 (t,
J=6.96 Hz, 3H)
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(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(2-chlorophenyl)acetate (42)

100
Q 4 1(}m|%4—D\MP
o C(Ein)—rt (3)
oH
a

st3tE 39 ¢ T whgom AGMe AA 42 F EAT. Rf = 0.66 (Hexane
: Ethyl acetate = 1:1); yield : 74.18% ; 'H NMR (DMSO-d;, 300 MHz) § 12.64 (s,
1H), § 7.78 (s, 1H), § 7.55 (m, 2H), § 7.37 (m, 3H), § 7.27 (d, J=8.04 Hz, 1H), ¢
7.19 (dd, J=8.4 and 1.83 Hz, 1H), ¢§ 4.11 (s, 2H), ¢ 4.10 (q, J=6.96 Hz, 2H), § 1.31
(t, J=6.96 Hz, 3H)

(Z)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(3-chlorophenyl)acetate (43)

o 1.0eqDOC
10rm|%4—DVPP
-+ N—
[0} CX&nn)—rt @)
a cH

43

3}SHE 39 9oF FU3 Uk o g A AR 43 S Atk Rf = 0.69 (Hexane :
Ethyl acetate = 1:1); yield : 74.46% ; 'H NMR (DMSO-d;, 300 MHz) § 12.64 (s, 1H),
6 7.78 (s, 1H), 6 7.46 (s, 1H), 6 7.43 (m, 4H), 6 7.30 (d, J=8.07 Hz, 1H), § 7.19 (dd,
J=8.43 and 1.83 Hz, 1H), ¢§ 4.07 (q, J/=6.96 Hz, 2H), § 4.01 (s, 2H), 6 1.25 (t, J/=6.96
Hz, 3H)

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(4-chlorophenyl)acetate (44)

a
o 1.0eq DOC
4+ ¢ Jomo%dnvee
0 qsnn)—n (3n)
o

a4

shgt= 39 9F e W3 o= Ao A 44 5 AJTE Rf = 0.66 (Hexane :
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Ethyl acetate = 1:1); yield : 78.60% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.63 (s, 1H),
5 7.78 (s, 1H), 6 7.45 (m, 4H), § 7.33 (d, J/=1.83 Hz, 1H), § 7.28 (d, J=8.43 Hz, 1H),
6 7.19 (dd, J=8.43 and 1.83 Hz, 1H), ¢ 4.07 (q, J=6.96 Hz, 2H), § 3.98 (s, 2H), ¢
1.24 (t, J=6.96 Hz, 3H)

(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(2,6-dichlorophenyl)acetate (45)

a 1.0eq
O O,
+ 10m| /04—D\MP
o O(&rTin)—r.t (3h)
oH
a

3}SHE 39 9oF FU3 Uk o g A AR 45 = At} Rf = 0.64 (Hexane :
Ethyl acetate = 1:1); yield : 72.95% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.65 (s, 1H),
6 7.78 (s, 1H), 6 7.55 (d, J=8.43 Hz, 2H), § 7.41 (m, 2H), 6 7.30 (d, J=8.04 Hz, 1H),
6 7.19 (dd, J=8.04 and 1.83 Hz, 1H), ¢ 4.28 (s, 2H), ¢ 4.10 (q, J=6.96 Hz, 2H), ¢
1.32 (t, J=6.96 Hz, 3H)

(Z)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(2-bromophenyl)acetate (46)

100
Q 4 1(}m|%4—D\MP
0 qun)—n @)
oH
B

sht= 39 9F sUS g om AP AH 46 & AATE Rf = 0.62 (Hexane :
Ethyl acetate = 1:1); yield : 81.68% ; 'H NMR (DMSO-d;, 300 MHz) ¢ 12.64 (s, 1H),
60 7.79 (s, 1H), 6 7.68 (d, J=8.04 Hz, 1H), 6 7.54 (dd, J=7.68 and 1.47 Hz, 1H), ¢
742 (t, J=7.71 Hz, 1H), § 7.35 (d, J=1.47 Hz, 1H), 6 7.29 (m, 2H), ¢ 7.19 (dd,
J=8.04 and 1.44 Hz, 1H), § 4.12 (s, 2H), 6 4.08 (q, J/=6.96 Hz, 2H), § 1.31 (t, J/=6.96
Hz, 3H)
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(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(3-bromophenyl)acetate (47)

o 1.0eqDOC
+ 1crm%4_nvmv
0 qann)—rt (3n)
B o

47

3FstE 39 9oF FUSE kg ow Aol AH 47 S Atk Rf = 0.71 (Hexane :
Ethyl acetate = 1:1); yield : 74.29% ; 'H NMR (DMSO-d;, 300 MHz) § 12.65 (s,
1H), § 7.78 (s, 1H), § 7.60 (s, 1H), 6 7.52 (dt, J=7.68 Hz, 1H), 6 7.41 (m, 4H), ¢
7.19 (dd, J=8.43 and 1.83 Hz, 1H), § 4.07 (q, J=6.96 Hz, 2H), ¢ 4.00 (s, 2H), ¢ 1.25
(t, J=6.96 Hz, 3H)

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(4-bromophenyl)acetate (48)

Br
o 1.0eq DCC
10rm%4—|:|\mp
-+ N—
[0} q5mn)—rt 3
H

48

3}SHE 39 9oF FU3 Uk o g Ao AR 48 S UArt. Rf = 0.69 (Hexane :
Ethyl acetate = 1:1); yield : 69.97% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.64 (s, 1H),
5§ 7.78 (s, 1H), § 7.57 (d, J=8.43 Hz, 2H), 6 7.35 (d, J=8.43 Hz, 3H), ¢ 7.28 (d,
J=8.04 Hz, 1H), § 7.18 (dd, J=8.43 and 1.83 Hz, 1H), ¢ 4.06 (q, J=6.96 Hz, 2H), §
3.96 (s, 2H), 0 1.24 (t, J/=6.96 Hz, 3H)

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(2-fluorophenyl)acetate (49)

o 1.0eq DOC
+ __10Mi%4DvRe
o O(&rTin)—r.t (3h)
oH
F

49

shtsE 39 9F sUs WS om Ao AH 49 5 AATh Rf = 0.70 (Hexane :
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Ethyl acetate = 1:1); yield : 89.23% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.64 (s, 1H),
5 7.78 (s, 1H), § 7.48 (t, JI=7.71 Hz, 1H), § 7.40 (m, 2H), § 7.28 (m, 2H), 6 7.19 (m,
2H), ¢ 4.08 (q, J/=6.96 Hz, 2H), ¢ 4.02 (s, 2H), § 1.28 (t, J/=6.96 Hz, 3H)

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(3-fluorophenyl)acetate (50)

o 1.0eqDOC
10rrd%4—D\MP
-+ N—
[oX O(S'nn)—rt @)
cH

50

33 39 o} FAUs wkg o Aol AA 50 & DALl Rf = 0.66 (Hexane :
Ethyl acetate = 1:1); yield : 80.66% ; 'H NMR (DMSO-d;;, 300 MHz) § 12.64 (s, 1H),
6 7.78 (s, 1H), § 7.34 (m, 7H), 6 4.07 (q, J/=6.96 Hz, 2H), ¢ 4.01 (s, 2H), § 1.25 (4,
J=6.96 Hz, 3H)

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(4-fluorophenyl)acetate (51)

o 1.0eq DOC
+ ¢ _fomikesovwe
o O(Bin)—f.t (3h)
o

51

33HE 39 of TSk kg o g Aol AA 51 & AJTE Rf = 0.66 (Hexane :
Ethyl acetate = 1:1); yield : 78.05% ; 'H NMR (DMSO-d;, 300 MHz) § 12.64 (s, 1H),
6 7.78 (s, 1H), 6 7.44 (m, 2H), § 7.33 (d, J=1.83 Hz, 1H), § 7.28 (d, J=8.04 Hz, 1H),
0 7.22 (m, 3H), § 4.07 (q, J/=6.96 Hz, 2H), § 3.97 (s, 2H), ¢ 1.24 (t, J/=6.96 Hz, 3H)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(2-methoxyphenyl)acetate (52)

100
Q 4 1(}m|%4—D\MP
o C(Ein)—rt (3)
oH
oo

33HE 39 of TSk "k o g Aol AA 52 & ATt Rf = 0.63 (Hexane :
Ethyl acetate = 1:1); yield : 74.18% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.64 (s, 1H),
6 7.78 (s, 1H), § 7.34 (m, 5H), § 7.03 (d, J=8.04 Hz, 1H), ¢ 6.95 (t, J=7.68 Hz, 1H),
5 4.10 (q, J=6.96 Hz, 2H), ¢ 3.87 (s, 2H), § 3.81 (s, 3H), § 1.32 (t, J=6.96 Hz, 3H)

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(3-methoxyphenyl)acetate (53)

o 1.0eq DOC
107:1%44:1\/1613
+ C
o "O(5in)—r.t (3h)
oH

53

33HE 39 of TSk kg o g Aol AA 53 & AJTE Rf = 0.69 (Hexane :
Ethyl acetate = 1:1); yield : 71.22% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.64 (s, 1H),
6 7.78 (s, 1H), 6 7.34 (d, J/=1.83 Hz, 1H), § 7.30 (m, 2H), § 7.19 (dd, J=8.4 and 1.83
Hz, 1H), § 6.96 (m, 2H), § 6.88 (d, J=8.07 Hz, 1H), § 4.07 (q, J=6.96 Hz, 2H), §
3.93 (s, 2H), 6 3.75 (s, 3H), § 1.25 (t, /=6.96 Hz, 3H)

(Z)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(4-methoxyphenyl)acetate (54)

o 1.0eq DOC
+ _lom%dnvie
0 O(&nn)—rt @
oH

%4

33HE 39 of TS kS o g Aol AA 54 5 AL Rf = 0.66 (Hexane :
Ethyl acetate = 1:1); yield : 91.76% ; 'H NMR (DMSO-d;, 300 MHz) & 12.64 (s, 1H),
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§ 7.78 (s, 1H), § 7.33 (d, J=1.83 Hz, 1H), § 7.30 (d, J=8.79 Hz, 2H), § 7.24 (s, 1H),
§ 7.18 (dd, J=8.07 and 1.83 Hz, 1H), § 6.94 (dt, J=8.79 and 2.19 Hz, 2H), & 4.07 (q,
J=6.96 Hz, 2H), & 3.88 (s, 2H), § 3.74 (s, 3H), § 1.26 (t, J=6.96 Hz, 3H)

(Z2)-4-((2 ,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(3,4-dimethoxyphenyl)acetate (55)

Q@ Orrd%4—|:MPP
+ c N
0°OGEMin)— (3n) mw
CH

55

s 39 of EAS ukg oz gt AA 55 2 AU} Rf = 0.53 (Hexane :
Ethyl acetate = 1:1); yield : 91.14% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.65 (s, 1H),
6 7.78 (s, 1H), 6 7.33 (d, J=1.83 Hz, 1H), § 7.27 (d, J=8.07 Hz, 1H), § 7.18 (dd,
J=8.43 and 1.83 Hz, 1H), 6.95 (m, 3H), § 4.07 (q, J=6.96 Hz, 2H), § 3.87 (s, 2H), §
3.74 (s, 6H), 6 1.25 (t, J/=6.96 Hz, 3H)

(Z2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(3,4,5-trimethoxyphenyl)acetate (56)

OCH,
O 0,
+ o:m /044:MAP N_
o "O(Ein)—r.t (3h)
OoH

56

3}etE 39 oF T3 W ow g A 56 & ATl Rf = 0.46 (Hexane :
Ethyl acetate = 1:1); yield : 69.82% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.65 (s, 1H),
5 7.79 (s, 1H), § 7.34 (d, J=1.83 Hz, 1H), 6 7.29 (d, J=8.4 Hz, 1H), § 7.19 (dd,
J=8.43 and 1.83 Hz, 1H), 6 6.67 (s, 2H), § 4.07 (q, J=6.96 Hz, 2H), § 3.88 (s, 2H), ¢
3.76 (s, 6H), 6 3.64 (s, 3H), § 1.23 (t, /=6.96 Hz, 3H)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(4-ethoxyphenyl)acetate (57)

e o 1.0eqDOC
4 o Jomd%anve
0 q5mn)—rt (@)
oH

57

33HE 39 of TSk kg o g Aol AA 57 & ATt Rf = 0.63 (Hexane :
Ethyl acetate = 1:1); yield : 84.95% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.64 (s, 1H),
5 7.78 (s, 1H), § 7.33 (d, J=1.83 Hz, 1H), § 7.28 (dd, J=8.43 and 4.77 Hz, 3H), ¢
7.18 (dd, J=8.43 and 1.83 Hz, 1H), § 6.91 (d, J= 8.43 Hz, 2H), § 4.07 (m, J=6.96 Hz,
4H), ¢ 3.87 (s, 2H), ¢ 1.33 (t, J/=6.96 Hz, 3H), § 1.26 (t, J=6.96 Hz, 3H)
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2.2.5. General procedures for the synthesis of compounds 58-76

31HE 58-76 o A WS Scheme 8 o =243} itk FAIA AY WHELE (58)
of et o™ ymA] setEe] A9 3 el 58 3 wdstEE Al

Re R o

Re Ry Rs R Br
o 1.0eq DOC o X
10 %4-DVIAP
+d N
00BNyt (3h)
Ry oH Ry
o)
Res Res
Ry =a
R,=CCH
Rs =0, Q, B, F, OCHs, OCHOH,
Ry, Rs=CH, O, Br, F, OO

Scheme 8. Synthesis of compounds 58-76. reagents and conditions; DCC, 4-DMAP, methylenechloride, o°C
(5min)—r.t(3h)

(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(o-tolyl)acetate (58)

o 1.0eq DOC
+ __10Mi%4DvRe
o O(&rTin)—r.t (3h)
oH

< flask o SFEE d 1g (3.33mmol) & Y3l o-tolyl acetic acid 0.50g (1.0eq;
3.33mmol) ¥} 4-dimethylaminopyridine (4-DMAP) 34mg(10mol%; 0.33mmol)S Y- F
vl methylene chloride (CH.Cl) 20ml = 7}38}¢] ice bath oA 5% 3t wHbskSIch 1
N,N'-dicyclohexylcarbodiimide (DCC) 0.632g (1.0eq; 3.33mmol) & 2o A-20A <F 34
7 Bot WS AIFYh Whg-2] &S Hexane : Ethyl acetate = 1:13 A7|&n]2 3}o]
thin layer chromatography (TLC) “JollA &<l & 4= 9}\913‘1] Hk-S-o] FAES &9l
S A ¥ dihexylure (DHU) = 7 o33ttt o3} & ofale 0.5M HCl 89,
X3} NaHCO; 89 o2 A=z F=3¥ o, 7 brine ¥ 52 WHE3S
Avle A4S &3l Bo=S AL unhydrous MgSO 42 EFAI & 749 &
ko] SulE AASSI Y A ® A= ethanolS AFE38te] AAA 3t &k A

b o 4

01'_1.,

[un—

o[o

o
ne
o
+
X0
52
i}

A9 A HHE B3 A A 58 & AATE Rf = 0.68 (Hexane : Ethyl
acetate = 1:1); yield : 70.58% ; 'H NMR (DMSO-d;, 300 MHz) § 12.71 (s, 1H), &
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7.97 (d, J= 2.19 Hz, 1H), § 7.79 (s, 1H), § 7.64 (dd, J/=8.43 and 2.19 Hz, 1H), § 7.46
(d, J=8.43 Hz, 1H), § 7.28 (m, 3H), § 7.12 (d, J/=7.32 Hz, 1H), § 4.00 (s, 2H), § 2.31
(s, 3H)

(Z2)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(m-tolyl)acetate (59)

o
Br
Q oo Q N
OC(Brminy—rt (3)
oH
o

59
shgt= 589 @4 WHE Tl A A4 59 & AATh Rf = 0.54 (Hexane :
Ethyl acetate = 1:1); yield : 73.80% ; 'H NMR (DMSO-d;, 300 MHz) ¢ 12.71 (s, 1H),

§ 7.97 (d, J= 2.19 Hz, 1H), § 7.79 (s, 1H), § 7.64 (dd, J=8.43 and 1.83 Hz, 1H), &
747 (d, J=8.43 Hz, 1H), § 7.33 - 6 7.17 (m, 4H), § 4.07 (s, 2H), § 2.34 (s, 3H)

(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(p-tolyl)acetate (60)

o
B
o oo Q N
+ d /T N
O°CSin)—rt (3)
oH
o

60

shgt= 58 I sUd WS om Ao AA 60 & AATE Rf = 0.55 (Hexane :
Ethyl acetate = 1:1); yield : 75.70% ; 'H NMR (DMSO-d;, 300 MHz) ¢ 12.70 (s, 1H),
6 797 (d, J= 2.19 Hz, 1H), 6 7.79 (s, 1H), 6 7.64 (dd, J=8.4 and 2.19 Hz, 1H), ¢
7.46 (d, J=8.43 Hz, 1H), § 7.29 (d, J=8.04 Hz, 2H), § 7.18 (d, J=8.07 Hz, 2H), ¢ 3.99
(s, 2H), 6 2.29 (s, 3H)
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(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(2-chlorophenyl)acetate (61)

o
B
Q ey Q N
+ d—— N-
O°C(ETIn)—rt (3)
oH
a a o

61

shgts 58 I U WS o= Ao AA 61 & AATh Rf = 0.52 (Hexane :
Ethyl acetate = 1:1); yield : 73.80% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.71 (s, 1H),
6 797 (d, J= 1.83 Hz, 1H), 6 7.79 (s, 1H), 6 7.64 (dd, J=8.79 and 2.22 Hz, 1H), §
7.56 (m, 2H), 6 7.47 (d, J=8.43 Hz, 1H), § 7.39 (m, 2H), § 4.20 (s, 2H)

(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3-chlorophenyl)acetate (62)

e}
Br
o 1.0eq DOC o X
10Mo%4-DVieP
+d —M N-
0°O(Brrin)—r.t (3)
a o a
e}

(54

shgt= 58 I U WS o= Ao AA 62 & AATh Rf = 0.67 (Hexane :
Ethyl acetate = 1:1); yield : 78.26% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.71 (s, 1H),
6 798 (d, J= 222 Hz, 1H), 6 7.79 (s, 1H), 6 7.66 (dd, J=8.43 and 1.83 Hz, 1H), ¢
7.50 (s, 1H), 6 7.47 (s, 1H), § 7.40 (m, 3H), § 4.11 (s, 2H)

(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(4-chlorophenyl)acetate (63)

O
a a Br
o e o N
+d ——— N-
O°'QGMin)—rt (3n)
cH
(@]

63

shgt= 58 I sUd WS o= Ao AA 63 5 AATh Rf = 0.65 (Hexane :
Ethyl acetate = 1:1); yield : 70.76% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.71 (s, 1H),
5 798 (d, J= 2.19 Hz, 1H), 6 7.79 (s, 1H), 6 7.65 (dd, J=8.79 and 2.19 Hz, 1H), §
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749 (s, 1H), & 7.46 (d, J=7.32 Hz, 4H), § 4.09 (s, 2H)

(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(2,6-dichlorophenyl)acetate (64)

o
a B
Q vy Q N
+ d—— N-
O°C(ETin)—rt (3)
oH
a 4 o

&4
shgt= 58 I U WSo= Ao AH 64 5 AATE Rf = 0.62 (Hexane :
Ethyl acetate = 1:1); yield : 72.50% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.70 (s, 1H),
60 798 (d, J= 2.19 Hz, 1H), 6 7.79 (s, 1H), 6 7.65 (dd, J=8.79 and 2.19 Hz, 1H), ¢

7.56 (d, J=7.68 Hz, 2H), § 7.49 (d, J=8.43 Hz, 1H), § 7.43 (dd, J=8.79 and 7.32 Hz
1H), § 4.36 (s, 2H)

(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(2-bromophenyl)acetate (65)

o
B
Q ey Q N
+ d—— N-
O°C(ETin)—rt (3)
oH
B B o

65

shgts 58 I U WS o= Ao AA 65 & AATH Rf = 0.61 (Hexane :
Ethyl acetate = 1:1); yield : 74.26% ; 'H NMR (DMSO-d;, 300 MHz) ¢ 12.72 (s, 1H),
60 799 (d, J= 1.83 Hz, 1H), § 7.79 (s, 1H), § 7.68 (m, 2H), & 7.55 (d, J=5.85 Hz,
1H), 6 7.48 (d, J=8.43 Hz, 1H), § 7.43 (t, J=7.32 Hz, 1H), ¢ 7.30 (t, J/=7.68 Hz, 1H),
5 421 (s, 2H)
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(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3-bromophenyl)acetate (66)

o)
Br
o 1.0eq DOC o X
10M0%4-DVIAP
+d ——» N
0°OGTin)—rt (3h)
B o B
o

66

et 58 3 A wgow dAgae A 66 & ATk Rf = 0.62 (Hexane :
Ethyl acetate = 1:1); yield : 70.84% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.72 (s, 1H),
5 798 (d, /= 1.83 Hz, 1H), § 7.79 (s, 1H), § 7.64 (m, 2H), § 7.53 (m, 2H), ¢ 7.43
(d, J=7.68 Hz, 1H), § 7.36 (t, J=7.68 Hz, 1H), ¢ 4.11 (s, 2H)

(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(4-bromophenyl)acetate (67)

O
Br Br Br
o e o N
+d ——— > N-
O°'QGMin)—t (3n)
OoH
o

67

e 58 3} EA uks oz g AA 67 & AUTh Rf = 0.60 (Hexane :
Ethyl acetate = 1:1); yield : 73.01% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.72 (s, 1H),
6 798 (d, J= 2.19 Hz, 1H), 6 7.79 (s, 1H), 6 7.65 (dd, J=8.79 and 2.22 Hz, 1H), §
7.58 (d, J=8.43 Hz, 2H), ¢ 7.48 (d, J=8.43 Hz, 1H), ¢ 7.38 (d, J=8.4 Hz, 2H), § 4.07
(s, 2H)

(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(2-fluorophenyl)acetate (68)

o
B
Q ey Q N
+ d—— N-
O°C(ETin)—rt (3)
oH
F F ©

68

s3E 58 I
Ethyl acetate = 1:

OHT

At whg o Aol AH 68 = AAUU. Rf = 0.60 (Hexane :
); yield : 84.22% ; 'H NMR (DMSO-d,, 300 MHz) 6 12.72 (s, 1H),

—_
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5 7.98 (d, J= 1.83 Hz, 1H), § 7.79 (s, 1H), § 7.65 (dd, J=8.4 and 2.19 Hz, 1H), §
7.50 - 7.19 (m, SH), § 4.12 (s, 2H)

(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3-fluorophenyl)acetate (69)

e}
Br
o 1.0eqDOC o X
100l %4-DIVIAP
+d — > N
0CGEMiN)—.t (3n)
oH
e}

89

shgtE 58 I U WS o= Ao AH 69 & AATh Rf = 0.59 (Hexane :
Ethyl acetate = 1:1); yield : 77.15% ; '"H NMR (DMSO-d;, 300 MHz) & 12.72 (s, 1H),
60 798 (d, J= 2.19 Hz, 1H), 6 7.79 (s, 1H), 6 7.65 (dd, J=8.79 and 2.19 Hz, 1H), ¢
7.50 (m, 2H), 6 7.28 (m, 2H), ¢ 7.18 (td, J=9.15 and 2.15 Hz, 1H), § 4.11 (s, 2H)

(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(4-fluorophenyl)acetate (70)

e}
Br
o 1.0eq DOC o X
10Moi%4-DVAP
+d—mm > N-
0°O(BiN)—.t (3h)
oH

e}

70
shgtE 58 I U WS o= Ao AA 70 & AATh Rf = 0.52 (Hexane :
Ethyl acetate = 1:1); yield : 75.55% ; 'H NMR (DMSO-d;, 300 MHz) ¢ 12.72 (s, 1H),

5 798 (d, J= 1.83 Hz, 1H), § 7.79 (s, 1H), & 7.65 (dd, J=8.4 and 1.83 Hz, 1H), &
748 (m, 3H), § 7.23 (t, J/=8.79 and 2.19 Hz, 2H), § 4.07 (s, 2H)

(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(2-methoxyphenyl)acetate (71)

o
B
Q ey Q N
+ d— N
O°C(ETin)—rt (3)
oH
OOy ooy o

4
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slete 58 3 TAd WS o gl AR 71 & Al Rf = 049 (Hexane :
Ethyl acetate = 1:1); yield : 72.30% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.72 (s, 1H),
5 798 (d, J= 2.19 Hz, 1H), 6 7.79 (s, 1H), 6 7.64 (dd, J=8.43 and 1.83 Hz, 1H), §
7.42 (d, J=8.43 Hz, 2H), § 7.33 (m, 2H), ¢ 7.03 (d, J=8.07 Hz, 1H), § 6.96 (t, J=7.32
Hz, 1H), 6 3.94 (s, 2H), § 3.82 (s, 3H)

(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3-methoxyphenyl)acetate (72)

o 1.0eq DOC
4 4 om%ADwe 10mol%4-DVIAP N_
OO(&nn)—rt(Sh)
oH

72

et 58 3 T wrgow Ao A4 72 2 ATl Rf = 0.45 (Hexane
Ethyl acetate = 1:1); yield : 71.02% ; '"H NMR (DMSO-d;, 300 MHz) ¢ 12.72 (s, 1H),
6 798 (d, J= 1.83 Hz, 1H), § 7.79 (s, 1H), ¢ 7.65 (d, J=8.4 Hz, 1H), & 7.48 (d,
J=8.43 Hz, 1H), § 7.31 (t, J=8.07 Hz, 1H), § 6.97 (m, 2H), ¢ 6.89 (d, J=8.43 Hz,
1H), § 4.02 (s, 2H), § 3.75 (s, 3H)

(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(4-methoxyphenyl)acetate (73)

O

Br
Q@ 1011ﬂof/q4-m ? N
+ d —="" 5 N
(BN —rt (3)
oH

e}
73

3}3HE 58 ¥ TdSk "k o g AstAlol AA 73 & AUrTE Rf = 0.63 (Hexane :
Ethyl acetate = 1:1); yield : 71.27% ; 'H NMR (DMSO-d;, 300 MHz) ¢ 12.72 (s, 1H),
60 797 (d, J= 1.83 Hz, 1H), 6 7.79 (s, 1H), 6 7.64 (dd, J=8.43 and 1.83 Hz, 1H), ¢
7.46 (d, J/=8.43 Hz, 1H), § 7.32 (d, J/=8.4 Hz, 2H), § 6.94 (d, J/=8.4 Hz, 2H), § 3.97
(s, 2H), ¢ 3.74 (s, 3H)
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(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3,4-dimethoxyphenyl)acetate (74)

o o
4 om%ADwe 10rm| /044:MAP N_
0 O(&nn)—r t(3h)
oH

74

3}SHE 58 ¥ FU3 Uk o g Aol AR 74 = Atk Rf = 0.48 (Hexane :
Ethyl acetate = 1:1); yield : 72.08% ; 'H NMR (DMSO-d;, 300 MHz) § 12.71 (s, 1H),
60 798 (d, J= 2.19 Hz, 1H), 6 7.79 (s, 1H), 6 7.65 (dd, J=8.79 and 2.19 Hz, 1H), ¢
7.47 (d, J=8.4 Hz, 1H), § 6.98 (m, 3H), § 3.96 (s, 2H), § 3.75 (s, 3H), ¢ 3.74 (s, 3H)

(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3,4,3-trimethoxyphenyl)acetate (75)

OCH;
o 1.0eq DCC
Qrd%4—DVIAP
—+ N—
(0) O(&nn)—r t (3h)
CH

75

shgts 58 I U WS o= Ao AH 75 & AATh Rf = 0.47 (Hexane :
Ethyl acetate = 1:1); yield : 71.98% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.72 (s, 1H),
6 799 (d, J= 2.19 Hz, 1H), 6 7.80 (s, 1H), 6 7.65 (dd, J=8.4 and 1.83 Hz, 1H), ¢
7.49 (d, J=8.4 Hz, 1H), § 6.71 (s, 2H), § 3.98 (s, 2H), ¢ 3.77 (s, 6H), § 3.64 (s, 3H)

(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(2-ethoxyphenyl)acetate (76)

o
Hy Hy Br
o 1.0eq DOC o X
100 %4-DVIAP
+d———— N-
0°C(Emin)—rt (3h)
oH
o
76

3}3HE 58 ¥ U3k Hkgo g Aol AA 76 S AUTE Rf = 0.58 (Hexane :
Ethyl acetate = 1:1); yield : 79.08% ; 'H NMR (DMSO-d;, 300 MHz) ¢ 12.71 (s, 1H),
60 797 (d, J= 2.19 Hz, 1H), 6 7.79 (s, 1H), 6 7.64 (dd, J=8.43 and 2.22 Hz, 1H), ¢
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745 (d, J=8.43 Hz, 1H), § 7.30 (d, J/=8.4 Hz, 2H), § 6.92 (dt, J=8.79 and 2.19 Hz,
2H), ¢ 4.04 (q, J=6.96 Hz, 2H), ¢ 3.96 (s, 2H), ¢ 1.33 (t, J/=6.96 Hz, 3H)
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2.2.6. General procedures for the synthesis of compounds 77-95

3etsE 77-95 o A WS Scheme 9 ©] =213 vt A AE WS
(77) YERlew Um A sigtEe] 49 A WHol 77 3 TdstnE Al

f O
Rs R, Q
OeqDCC o \
10Td°A)4—DVPP N-
(o) O(&nn)—rt @3n)
Ry
(@]
Rs

01

R‘]:

Rp=CCH

Rs=CH;s, Q, Br, F, OCHz, OOHOH;
Ry, Rs=CH;, 4, Br, F, OCH;

Scheme 9. Synthesis of compounds 77-95. reagents and conditions; DCC, 4-DMAP, methylenechloride, o°C
(5min)—r.t(3h)

(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(o-tolyl)acetate(77)

o 1.0eq DOC
+ __10Mi%4DvRe
0 qun)—n (3n)
oH

Tt flask © F3FE e 1g (3.91mmol) & 3l o-tolyl acetic acid 050g (1.0eq;
3.91mmol) ¥} 4-dimethylaminopyridine (4-DMAP) 40mg (10mol%; 0.39mmol) = Y2 ¥
41l methylene chloride (CH.Cl) 20ml = 7}3}¢] ice bath oA 5¥& 3F kSIS
< N,N'-dicyclohexylcarbodiimide (DCC) 0.743g (1.0eq; 3.91mmol) & Yo 204 <F 3
AlZF BotF ¥k-SAIF T WkS-o] 21302 Hexane : Ethyl acetate = 1:1S A7/|&v] 2 3}o]
thin layer chromatography (TLC) “dellA <1 & 4= gQllomn nhZo] FAHES gl
< A4 ¥ dihexylurea (DHU) & 7t o 73t} 04?% % N2 0.5M HCl 589,

Llﬁ

¥} NaHCO; 89 o= ez FE330m, 3] brine & B2 WHEste] A
oAy= A4S B3 ETES AASA L unhydrous MgSO,2 A7 & 749 55
sto] &wiE AASATE A ¥ LA = ethanol & AF&st] AAA sto] =g 4

45 45 T AATh
A9 A HHE B3 A A 77 & EATE Rf = 0.58 (Hexane : Ethyl

acetate = 1:1); yield : 77.78% ; 'H NMR (DMSO-d;, 300 MHz) § 12.72 (s, 1H), &
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7.84 (d, J= 1.83 Hz, 1H), § 7.79 (s, 1H), § 7.61 (dd, J=8.79 and 2.19 Hz, 1H), § 7.50
(d, J=8.4 Hz, 1H), § 7.32 - 7.16 (m, 4H), § 4.07 (s, 2H), § 2.32 (s, 3H)

(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(m-tolyl)acetate (78)

e}
a
o 1.0eqDOC o X
10M0l%4-DVIAP
+ e — N-
0CGEmin)—.t (3n)
oH
e}

78

e 77 ¥ T3 kg o g AtAlol AA 78 & ATt Rf = 0.58 (Hexane :
Ethyl acetate = 1:1); yield : 73.14% ; 'H NMR (DMSO-d;, 300 MHz) & 12.72 (s, 1H),
0 7.84 (d, J= 1.83 Hz, 1H), 6 7.79 (s, 1H), 6 7.61 (dd, J=8.43 and 2.19 Hz, 1H), §
7.50 (d, J=8.4 Hz, 1H), § 7.28 (m, 4H), § 4.01 (s, 2H), § 2.30 (s, 3H)

(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(p-tolyl)acetate (79)

o)
a
o 1.0eq DOC o X
10M0%4-DVIAP
4+ e — 2T N-
0 QBN —r.t (3)
oH
o)

7

shgt= 77 B s4d WS om Ao A4 79 & AATh Rf = 0.64 (Hexane :
Ethyl acetate = 1:1); yield : 70.37% ; '"H NMR (DMSO-d;, 300 MHz) ¢ 12.72 (s, 1H),
0 7.83 (d, J= 2.19 Hz, 1H), 6 7.78 (s, 1H), 6 7.60 (dd, J=8.43 and 2.22 Hz, 1H), ¢
7.48 (d, J=8.43 Hz, 1H), § 7.28 (d, J=7.71 Hz, 2H), § 7.18 (d, J=8.04 Hz, 2H), ¢ 4.00
(s, 2H), 6 2.29 (s, 3H)
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(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(2-chlorophenyl)acetate (80)

a
1.0eq DOC o AN
__10mo%4Dvee .
0 OGNy —r.t (3h) \<
5 o
80

SgE 77 ¥ TSk kg o g AtAlol AA 80 S AUTE Rf = 0.59 (Hexane :
Ethyl acetate = 1:1); yield : 73.47% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.72 (s, 1H),
6 7.85 (d, J= 222 Hz, 1H), 6 7.79 (s, 1H), 6 7.62 (dd, J=8.79 and 2.19 Hz, 1H), §
7.56 - 7.33 (m, 5H), 6 4.21 (s, 2H)

(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3-chlorophenyl)acetate (81)

O
a
o 1():‘:;310314{]\/@ Q \
(e}
+ e — N+
O Gmin)—+.t (3n)
a H a
o

81

SgE 77 ¥ T3 kg o g AtAlol AA 81 & AUTE Rf = 0.63 (Hexane :
Ethyl acetate = 1:1); yield : 73.15% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.72 (s, 1H),
6 7.85 (d, J= 1.83 Hz, 1H), 6 7.79 (s, 1H), 6 7.62 (dd, J=8.43 and 2.19 Hz, 1H), ¢
7.48 (d, J=8.4 Hz, 2H), ¢ 7.44 (m, 3H), § 4.12 (s, 2H)

(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(4-chlorophenyl)acetate (82)

o
a a a
o 1.0eq DOC o X
10mol%4-DVieP
+ e —m > N-
O°'QGMin)—rt (3n)
o

e}

8

s 77 3} U ukg oz gt AA 8 = AUk Rf = 0.59 (Hexane :
Ethyl acetate = 1:1); yield : 72.90% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.72 (s, 1H),
5 7.83 (d, J= 2.19 Hz, 1H), 6 7.78 (s, 1H), 6 7.61 (dd, J=8.79 and 2.22 Hz, 1H), §
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7.50 (d, J=8.4 Hz, 1H), § 7.42 (m, 4H), § 4.09 (s, 2H)

(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(2,6-dichlorophenyl)acetate (83)

a o 1.0eq DOC
+ __10Mi%4DvRe
o O(&rTin)—r.t (3h)
oH
a

3E 77 ¥ A3 wrgow Aol AA 83 S UArt. Rf = 0.61 (Hexane :
Ethyl acetate = 1:1); yield : 70.31% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.72 (s, 1H),
6 7.85 (d, J= 2.19 Hz, 1H), § 7.79 (s, 1H), 6 7.62 (m, 4H), 6 7.43 (m, 1H), 0 4.37
(s, 2H)

(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(2-bromophenyl)acetate (84)

100
Q 4 1(}m|%4—D\MP
o (Emin)—rt (3)
oH
B

SgE 77 ¥ T3 kg o g Aol AA 84 & ATt Rf = 0.58 (Hexane :
Ethyl acetate = 1:1); yield : 70.52% ; 'H NMR (DMSO-d;, 300 MHz) ¢ 12.72 (s, 1H),
0 7.85 (d, /= 1.83 Hz, 1H), 6 7.79 (s, 1H), 6 7.68 (m, 4H), § 7.43 (td, J=7.32 and
1.11 Hz, 1H), § 7.30 (td, /=7.71 and 1.83 Hz, 1H), § 4.21 (s, 2H)

(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3-bromophenyl)acetate (85)

O
a
s e 0 \
(e}
+ e —— N-
0°C(GMN)—+.t (3h)
Br OoH Br
(@]

85

shgt= 77 B s4d WS om Ao A4 85 & AATh Rf = 0.63 (Hexane :
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Ethyl acetate = 1:1); yield : 70.56% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.72 (s, 1H),
5 7.85 (d, J= 2.19 Hz, 1H), § 7.79 (s, 1H), § 7.64 (m, 2H), § 7.53 (d, J=8.43 Hz,
2H), 6 7.42 (d, J=7.68 Hz, 1H), 6 7.36 (t, J=7.71 Hz, 1H), § 4.11 (s, 2H)

(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(4-bromophenyl)acetate (86)

o
Br B a
o 1.0eq DOC o X
10mol%4-DVieP
+ e —m > N-
O°'QGMin)—t (3n)
oH
e}

86

shgt= 77 B s4d WS om Ao AA 86 = AAUTH Rf = 0.63 (Hexane :
Ethyl acetate = 1:1); yield : 70.67% ; 'H NMR (DMSO-d;, 300 MHz) ¢ 12.72 (s, 1H),
0 7.84 (d, J= 1.83 Hz, 1H), § 7.79 (s, 1H), § 7.61 (m, 3H), § 7.50 (d, J=8.43 Hz,
1H), 6 7.37 (d, J=8.43 Hz, 2H), § 4.07 (s, 2H)

(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(2-fluorophenyl)acetate (87)

o)
a
o 1.0eq DOC o X
10M0I%4-DVIAP
+~ e — >» N-
0°OGiN)—.t (3)
o
F F ©

87

shgt= 77 B s4d WS om Ao A4 87 & AATh Rf = 0.63 (Hexane :
Ethyl acetate = 1:1); yield : 70.85% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.73 (s, 1H),
5 7.85 (d, J= 2.19 Hz, 1H), 6 7.79 (s, 1H), 6 7.61 (dd, J=8.43 and 2.19 Hz, 1H), §
7.50 (m, 2H), 6 7.42 (m, 1H), § 7.27 (m, 2H), ¢ 4.13 (s, 2H)
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(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3-fluorophenyl)acetate (88)

o)
a
o 1.0eqDOC o X
10M0i%4-DVAP
+e ——— > N
00BNt (3)
o
o)

88

SgE 77 3 T3 kg o g AskAlol AA 88 S AUTE Rf = 0.63 (Hexane :
Ethyl acetate = 1:1); yield : 76.95% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.73 (s, 1H),
5 7.84 (d, J= 2.19 Hz, 1H), 6 7.79 (s, 1H), § 7.61 (dd, J=8.43 and 1.83 Hz, 1H), §
7.52 (d, J=8.4 Hz, 1H), 6 7.45 - 7.23 (m, 3H), ¢ 7.18 (td, /=8.4 and 1.83 Hz, 1H), ¢
4.12 (s, 2H)

(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(4-fluorophenyl)acetate (89)

o)
a

o 1.0eq DOC o X

10mol%4-DVIAP
+ e ——————  » N-
00BNt (3)
o
o)

89

shgt= 77 B s4d 3o m Ao A4 89 & AATh Rf = 0.64 (Hexane :
Ethyl acetate = 1:1); yield : 77.27% ; 'H NMR (DMSO-d;, 300 MHz) ¢ 12.73 (s, 1H),
0 7.85 (d, J= 1.83 Hz, 1H), 6 7.79 (s, 1H), 6 7.61 (dd, J=8.79 and 2.19 Hz, 1H), ¢
7.51 (d, J=8.4 Hz, 1H), § 7.46 (m, 2H), § 7.23 (t, J=8.79 Hz, 2H), ¢ 4.08 (s, 2H)

(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(2-methoxyphenyl)acetate (90)

o)
a
o 1.0eq DOC o X
10M0I%4-DVIAP
+ e ——— —  » N-
0°OGiN)—.t (3)
o
o O+ o

DO

et 77 3 TAF oz dAgde A4 90 & ATk Rf = 0.61 (Hexane :
Ethyl acetate = 1:1); yield : 86.15% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.72 (s, 1H),

_58_

Collection @ chosun



§ 7.84 (d, J= 2.19 Hz, 1H), § 7.79 (s, 1H), § 7.61 (dd, J=8.43 and 2.19 Hz, 1H), &
745 (d, J=8.43 Hz, 1H), § 7.32 (m, 2H), § 7.03 (d, J=8.43 Hz, 1H), § 6.95 (t, J=7.35
Hz, 1H), 6 3.95 (s, 2H), & 3.81 (s, 3H)

(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3-methoxyphenyl)acetate (91)

Q@ 10Td°/o4—|]\/l°P
+ e N
0 CGNiN)—.t (3n) “@W
(@]

N
BFSHE 77 ¥ FLS Uk o g AZAe] AR 9] S Utk Rf = 0.61 (Hexane :
Ethyl acetate = 1:1); yield : 73.73% ; 'H NMR (DMSO-d,;, 300 MHz) § 12.72 (s, 1H),
6 7.85 (d, J= 1.83 Hz, 1H), 6 7.79 (s, 1H), 6 7.61 (dd, J=8.43 and 1.83 Hz, 1H), §
7.50 (d, J=8.43 Hz, 1H), § 7.31 (t, J=8.07 Hz, 1H), § 6.97 (m, 2H), § 6.89 (dt, J/=6.96
and 2.19 Hz, 1H), § 4.03 (s, 2H), ¢ 3.75 (s, 3H)

(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(4-methoxyphenyl)acetate (92)

O

Hy a
o 1.0eq DOC o X
10mol%4-DVIAP
+ e ————  » N-
0°OGTin)—rt (3n)
oH
o
xr

SgE 77 ¥ T3 vk o g Aol AA 92 & ATt Rf = 0.59 (Hexane :
Ethyl acetate = 1:1); yield : 79.25% ; 'H NMR (DMSO-d;, 300 MHz) ¢ 12.73 (s, 1H),
0 7.85 (d, J= 1.83 Hz, 1H), 6 7.79 (s, 1H), 6 7.61 (dd, J=8.79 and 2.19 Hz, 1H), ¢
7.51 (d, J=8.4 Hz, 1H), § 7.46 (m, 2H), § 7.23 (t, J=8.79 Hz, 2H), ¢ 4.08 (s, 2H)
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(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3,4-dimethoxyphenyl)acetate (93)

o 101d°/o4—D\/W3
+ e N
0°OGEMin)—t (3n) D@\/H\;O/\((
CH

B

BSHE 77 ¥ FL3 Wk o g Ao AR 93 S Ut} Rf = 0.45 (Hexane :
Ethyl acetate = 1:1); yield : 70.11% ; '"H NMR (DMSO-d;, 300 MHz) § 12.71 (s, 1H),
0 7.84 (d, J= 1.83 Hz, 1H), 6 7.79 (s, 1H), 6 7.60 (dd, J=8.76 and 2.19 Hz, 1H), ¢
7.48 (d, J=8.43 Hz, 1H) ,6 7.31 (dt, J/=8.79 Hz, 2H), § 6.95 (dt, J=8.76 and 2.19 Hz,
1H), 6 3.98 (s, 2H), § 3.74 (s, 3H)

(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3,4,5-trimethoxyphenyl)acetate (94)

OCH,
o o
+ 10rm| /044:MAP
o "O(Ein)—r.t (3h)
OoH

A

BFSHE 77 ¥ FLS Wb o g Ao AR 94 = At} Rf = 0.44 (Hexane :
Ethyl acetate = 1:1); yield : 69.29% ; 'H NMR (DMSO-d;, 300 MHz) § 12.73 (s, 1H),
6 7.86 (d, J= 1.83 Hz, 1H), 6 7.80 (s, 1H), & 7.62 (dd, J=8.43 and 2.19 Hz, 1H), ¢
7.52 (d, J=8.4 Hz, 1H), § 6.71 (s, 2H), § 3.99 (s, 2H), ¢ 3.77 (s, 6H), § 3.64 (s, 3H)

(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(4-ethoxyphenyl)acetate (95)

o
Hy Hy a
o 1.0eq DOC o X
100 %4-DVIAP
+e——  » N-
0°C(Emin)—rt (3h)
oH
o
(5]

shgt= 77 B s4d 3o m Ao AH 95 & AATh Rf = 0.63 (Hexane :
Ethyl acetate = 1:1); yield : 77.06% ; 'H NMR (DMSO-d;;, 300 MHz) § 12.73 (s, 1H),
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5 7.84 (d, J= 1.83 Hz, 1H), § 7.79 (s, 1H), § 7.60 (dd, J=8.43 and 1.83 Hz, 1H), &
748 (d, J=8.43 Hz, 1H), § 7.30 (d, J=8.79 Hz, 2H), § 6.92 (d, J=8.79 Hz, 2H), § 4.04
(q, J=6.96 Hz, 2H), § 3.99 (s, 2H), § 1.33 (s, 3H)
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2.3. Expression and purification of 15-PGDH
2.3.1. [1 day] Transformation

15-PGDH & E. coli®l| transformation 3}7] 9]3}o], WA - 80 °Coll A7 ¥ chemically
competent E. coli BL21 — DE; cell 50 & ice batholl 4] 353+ ¥ BamH I ¥} EcoR I A}
oo <IzF Ej¥t F 15-PGDH (human placental 15-PGDH) 2] DNA 7} 4¢id
pGEX-2T expression vector 2.5 plE round bottom tube o ¥ mix 3}iL 20 &7} ice ©l
W80 24 DNA 7F cell 9 pore & E°(7FA Atk 21 & 42 °ColA] 2 #ZF heat
shock &} pore & Zola & THA] ice oAl 2 #3F obAst AlF T HAZAS A cell
2 SOC medium 250 ul & Yo 37 °C2 shaking incubator o4 1 A|ZF &<k ajF 5,
kel F= 100 pl & LB agar plate (1/1000 AMP+) o] =23}o] overnight &2 ks
At

2.3.2. [2 day] Pre-cultivation

E. coli o plasmid 7} =1%o @2 ¥ colony oAl FX]A] &2 & colony THS A
H3lo] LB medium (1/1000 AMP+) 15 ul o HZF3kal 37 °C, 220 RPM 9] shaking
incubator 9|4l ©. & overnight ©. & ¥l %3} T}

2.3.3. [3 day] IPTG induction

ArjekelS LB medium (1/1000 AMP+) 1.5 L o] 5E3le] 37 °C, 150 RPM ¢
shaking incubator Al v]L3FATE. oF Y]l A]ZF - spectrophotometer = wave length
600 nm ¢ wWe] FHFE FA Al ODe #°] 0.6 - 0.8 o] 23S wl IPTG IM stock
1.5 ml & AF3F3L 20 °C, 150 RPM 2] shaking incubator ©|A] .2 overnight &2
induction 3}l th.

2.34. [4 day] Purification
over expression ¥ HJFNS- 250 ml tube ol H7A 6000 RPM, 4 °C, 10 3} centrifuge
T s ds $hds] AASEaL HHE E. coli 55 lysis buffer [IXDPBS buffer (pH 7.4),

1 mM EDTA, 0.1 mM DTT] & &3 A F . &3] resuspendmg Sl 2 30 sec burst (60
sec cooling), 4 °C, 37 % F7 S 2 43] sonication 3] cell S 33 tfl'oi’%i okl S
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buffer 522 &ZAIZth 34 & cell & 20000 g-force, 35 min, 4 °C centrifuge o}
o™, A dE lysis buffer & B33} A7 glutathione-sepharose 4B bead ¢} mix 3}
1 AlZF &9F rolling o 24 WA S bead © binding Al Fth. Tl do] F2% bead
+ column o] F3Z AJZ1 % 200 ml 9] washing buffer [SO mM Tris-HCI (pH 7.7)] =
washing &}%1 2™ elution buffer [SO mM Tris-HCl (pH 8.0), 20 mM L-Glutathione
reduced, 1 mM EDTA, 0.1 mM DTT] & ©]&3] &3t dilds SFA|Fth o] o
eppendorf tube © 500 pl 2 53] = 1 x Bradford reagent o] 8% ¥ i & Tz
S5u & ERs wf “5% %‘?}fli G 7 dNom FA @ Gl F

Bradford W 02 A&El9 1 SDS-PAGE & F3| purity & H7}e}Ath
2.4. Bradford protein assay

R3S A7) Y =2 24 bovine serum albumin (BSA) & i 3 2 SF
ALg

5 6}04 5 mg/ml, 2.5 mg/ml, 1.25 mg/ml, 0.625 mg/ml, 0.3125 mg/ml, 0.156
mg/ml &EE2 3]23}o] BSA standard solution = A|F3} T HEH 5 x Bradford
reagent = B 3 A} SHTE AFESIY] 1x 2 8418 & eppendorf tube o 997 pl A
559 0™ spectrophotometer 2] blank &t (0%F) = X|A3d}7] 2138 cuvette o 3|23k
A= A1k 1 ml = 33 wavelength 595 nm °|A] OD & ZA3IA) & 3 & AH

standard solution 3 pl & %713} voltex mixer 2 mixing ¢+ ¥ OD
H S 32 simple regression analysisE ©]-&3}o] 0.99 o] ”4 A
all < T AU BA # 15-PGDH ¥
W AR REIANA Qe 507 A

2.5. SDS-PAGE

spacer plate (1.0mm) ¢} short plate S casting frame © 7|9 gasket ©] Z% stand il

IAAZ 12 % separation gel [6.6 ml H,O, 8.0 ml acrylamide mix, 5.0 ml 1.5 M Tris
— HCI (PH 8.0), 200 pul 10 % SDS 200 pl 10 % APS, 8 ul TEMED] < plate A}o]oll
% 3313l isopropylalcohol 1 ml S F3sle] F7]9}e] HES Adsta LA &+
TE AT A3 2 separation gel S1H-2] alcohol & AATL 8 %
stacking gel [5.5 ml H,O, 1.3 ml acrylamide mix, 1.0 ml 1.0 M Tris — HCI (PH 8.0), 80
ul 10 % SDS, 80 ul 10 % APS, 8 pl TEMED] < YXT% F3 0™ gel 5o
7137} A71A @A 2A2HA comb (1.0 mm, 10 well) & Z2o} 3tk 73] &2
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gel = comb = A3}l casting stand 9} frame ©A] 2]3}9] electrode assembly ol
&gt A F o o]E clamping frame ©] A mini tank ©] ¥ F 1 x
running buffer [10 X running buffer (final volume 1 L)E 1/10 dilution = 1 L H,O, 30g
Tris, 144g glycin, 10g SDS] & 7}= & erH] 3 T3k @ sample < loading ¥
F& ALtste] 1 x SDSSF 1:1 e F 95 °C oA 5 E3F A ste] folding
Gl A S 3 F0m, o] gel cassette 2] well o molecular weight marker 2} 7] 6
ng, 4 pg, 2 pug FO= loading g+ F 70 Vo HASS HojFo] @A S FEAZ &
gel S cassette 4 2|3l CBB staining solution &= A 2 destaining solution ©
2 gel background & ©A3IO 24 Figure 6 ¢} 2°] band & U AYstA B3t 4
ANeH FE G ste] 3 point Rho] HE Ho] £EVF AT =5 &<l skl

=

ST S G G e—

Figure 6. SDS-PAGE of human 15-PGDH. Molecular mass
markers are on the lane 1 and the 15-PGDH protein bands

~13 are lane 2, 6 pg; lane 3, 4 pg; lane 4, 2 png. The Mw of
the pGEX-2T-GST-15PGDH fusion protein is approximately
kKDa  Marker Gug dug 2ug 54 kDa.
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2.6. 15-PGDH inhibition assay

3 59 15-PGDH &4< 50 %AstE 55 (1Cs0)E 7%]*&8}71 &
J = =& A3ste] NADH 9] OD & FHA3staL 1= —8— 2]
ES AEshA &2 e At 5 dYsto] 16, = Attt A3 &
S} HELE reagent solution X protein sample<> ice bath ©| F°] 0 - 4 CE -,-,-z] St ;3\
™ sample %7@ of <kx HFFEFF A (fluorescence spectrophotometer; RF-5301) 4
T4 cuvette = 3A THTE AHE3FY] washing & H]oJ3)= JEIZ cell blank & 6}91
t}.  sample -‘4 NADH 5% 74 Al cuvette ©] 50 mM Tris-HCl (pH 7.5), 250 pM
NAD', 0.1 mM DTT, 21 uM PGE,, "]2] t}%¥3 5= = dilution 3 = inhibitor stock 2}
84 ¥ 10 pg protein sample & EFsto] FLFF A wavelength - excitation
340 nm / emission 468 nm, reaction time 70 sec o= FHAdIF o Z}Z FEC OD
g)q& 0-5 sec®} 65-70 secE A9 3t 5-65 sec?] TS AbE3te] R* > 099 9 A=

& 39 HAe dE 4 AT ol=ZEE 2L 37 el inhibitr & A 2lHA] €
% blankJ At ks didste] 1Cse5 F4eAth
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2.7. Cell Culture

15-PGDH ¢ @45 AAFo=2ZH d& 5 e add g 2E cell based assay
itvitro 7goll Al o] Folom WA W virus ol &% oHdE WA fste] AE
sk 317] AAE zEE clean bench ©A FH A 108 o] oA A4S AR
A EY 2 ATl AR E RE AlE T 7
(monolayer cell) o™ 52 HE F AF AXE 5 (human cell line)E
d2] % polystyrene (PS) cell culture dish ©| VFH =2 jnvivo 9} A =71
Fol sl dth. Astd A (liquid nitrogen; -196 “O)U] &2 HE ¥ cell ampule <
37 °C water bath oA 2143 d)&3te] vl 37 CE &2 3 medium o HAE 3k &
2000 RPM, 200 sec, 17-25 °C centrifuge 3}%] freezing medium & #| A3}l A=
medium 10 ml o 7}k cell pellet & HEA|A 100 & culture dish ° 5 ml &3}k
3L A2 midium © % final volume 10 ml & %3] 37 °C, 5 % CO,, 90 % ©]’32
FEE FA8 &5 ¢ dYdsdth. v 9 medium & suction il A2
medium ©.2 WA on o]HEHE= =FHER (inverted microscope)
AEE #Feh 2-3 A HAo= Al sk Adel g Al medium & suction
% W3 1 xDPBS buffer () 2 AESE 3 3] washing 33, 0.25 % Trypsin —
EDTA (1x) 2 ml & A2ldte] wjdrlel] Ax7 &2 2 w 714 oF 510 ¥ F% A
stglom dAnAog Ax7t gxgS g% & A 2L medium 10 mlS 7}ate] #E
A1Z1 % 2000 RPM, 200 sec, 17-25 °C centrifuge 3} cell dissociation reagent & #| A3}
Aot =53 cell pellet TF T2 AEjol A A 22 medium 10 ml & FH7}ste] &g 3
F 100 @ culture dish ol 2 ml %3} final volume 10 ml & $3=9] CO, incubator
ol A wistlth. Al Wl PGE, Fwell thgh &4 7k QI fd #HY AlxE F
A549cell line & AR&SFRlaL, I x4 A T Hrhs QA fd A4E FA AE
7}

zd 2|
T HaCaT cell line & AF&3}%12™ inhibitor 9] AXZ =24 H7l= AZE F 21 A

s

off -y = ndt
v M e

0

[¢]

o

lo o
~

==

ofo

o

O
&

¥ 3 HEK293 cell line & AF&3}Ith (Figure 7).

Figure 7. Confluent culture in monolayer. a)A549; b)HaCaT; ¢c)HEK293 cell line.
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2.8. Determination of extracellular PGE, levels.

RPMI-1640 medium [+ 10% FBS, 1% Antibiotic-antimycotic (10,000 units/ml of
penicillin, 10,000 pg/ml of streptomycin, and 25 pg/ml of amphotericin B)] & A}8-3}<
ol Aoz 3 3 ol AgmlY 3+ A549 cellS conical tube ol 3|3}
hemocytometer = ©]-&3}o] A|XE == counting 3t ™ medium < ©]-&3}o] 2.5x10°
cells/ml 5% =2 38|43k cell suspension = 48well plate © 500 ul 2 seeding 3l CO;
incubator ©l4] 24 AJZF Fb F-AA AT B AWAS o]&ste] AETE 70-80 % T
2 g AL st T A2 medium OF wA S ow g Hi 1xDPBS buffer(-)
Z Ab8-8}o] dilution 3] = inhibitor stock 2 10 pM% L2 wjA] o} F-Eo| HZF3}
%t} $HH negative control O Zi= inhibitor stock W4l FU3F H-3o] Hit 1xDPBS
buffer(-) & A 2]8FA ). CO, incubator oAl 12 AJZF viFsE 3 wjeF A5 (culture
supernatant) = 23t medium ° % ¥ PGE, %S abl133021-Prostaglandin E,
ELISA Kit (abcam®, UK) & o]&3}o] FA 33T

=7 772 Figure 89 YERH nvle} 7HO] primary antibody (Goat anti-mouse IgG) 7+
8 ¥ 96 well palte o ©|2] dilution 3] ¥ PGE, standards ¢} H] A H &
(sample) = 100 pl A Fs+ 3 32 F F9Y <A labeled alkaline phosphatase
conjugated PGE, (AP-conjugated PGE,) ¢} &%lo] Soldo=w ZAIs= A (PGE,
antibody) & 50 pl & T3 Th sample ¥ reagent & T 3+ well plate & plate
shaker (Lv.2) & ©]&3}o] A|gt ¥ binding site o W3] F 7F¢] &4 7Fe] A ANSS
FEA Ao 2 AZF & ZF well & 400pl 1xwashing buffer & AME-3le] F 3 3
washing 3} TF 1 9 pNpp substrate 200 pl % =33l 45 & FoF A2 AX|s}3
o1 stop solution 50 ul A W=7 U3t micro plate spectrophotometer (Epoch
Microplate Spectrophotometer, BioTek®, USA; light source: Xenon flash; data analysis
software: Gen 5™)E A}F&-3}o] 405 nmolA ODE =735} t).
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Target specific |

AlkalinePhosphatase Conjugate - secondary antibody
[PGE , antibody]

\-.

5,

S "
Primary antibody e @ g

hH

Capture antibody Add standards and samples Add prepared Add PGE ; antibody Add phpp substrate
Goat anti - mouse lgG labeled AP-conjugated
PGE , Incubate at room temperature  Incubate at room temperature
for 2h for 46min
Suction and washing 3 times Add stop solution

Read immediately OD at405nm

IgG pre-coated 96 well plate

Figure 8. PGE, enzyme-linked immunosorbent assay procedure.
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2.9. MTT assay

oJoFE 0 2 A inhibitor & M-S HF37] flte], A FEl AAEF HEK293
cell line = ©]&3F normal cell o TSk cell cytotoxicity 2 viability A¥ MTT
(3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide)) ] ¥+l (reduction) *'H-=
o] &3l ZHH3Fth. HEK293 AM¥E DMEM/high glucose [+ 10% FBS, 1%
Antibiotic-antimycotic (10,000 units/ml of penicillin, 10,000 pg/ml of streptomycin, and 25
ng/ml of amphotericin B)] & A}83lo] o] FAS =R 3 3] o] Aduld & cell &
counting 3t ™ medium & ©]-&3le] 2.5x10° cells/ml, 1.5x10° cells/ml, 0.5x10°
cells/ml's =2 34313131 96 well plate © 90 pl ) seedingd}®] CO, incubator ol 4] 24
AZE FoF BAAIFT 1 ¥ medium S suctiond}il Al 22 medium 90 pl 2 nA| 3}
dom mgl "3k 1xDPBS buffer(+) o U3k 5% 2 dilution @ %+ inhibitor stock
S 1 mM, 500 uM, 250 uM, 125 uM, 62.5 uM, 31.25 uM, 15.625 uM, 7.8125 uM &%=
2 A2t} negative control = inhibitor Al FU3TE H3|o] W [xDPBS
buffer(+) & A 2]3}%] CO, incubator oA B3}t 2 Ao AL-&3 HEK293 cell
Faeo] £ XtEE medium WA R k=gl H washing A= A EFElTh 24
AlZF % culture room ¥} clean bench 2 A%3dlo] WS 2pdd AEjolA 2.5x10°
cells'ml 5 ==Z seeding 3 plate & =& well o ©32 2] MTT solution (0.5 mg/ml) <
10 ul B Y3kl CO, incubator oAl 4 AJZF FoF AT 1 3 well vl &
¥l BEA o] MTT formazan ©] A A ZA medium = FA~HA suction 3FH L
H Hiyt 3k DMSO 150 pul & FY3FaL plate shaker (Lv.2) & A}F8-3}9] formazan <
o7 10 & % micro plate spectrophotometer (Epoch Microplate Spectrophotometer,
BioTek™, USA; light source: Xenon flash; data analysis software: Gen 5™) & A}-83}o
570 nmel 4 OD 2 =43 e v ¥ oDES Sall R* > 0999 AT = AA
24E& & F AU, FEol ol AETE 50 % AETL W] vEE F=S AYs
Al %2 control & Awko] = s 374 HYFOEZHN ICs #S A= & 5 3
Atk A 1.5x10° cells/ml 5= seeding 3+ plate = 48 Al7F 5 0.5x10° cells/ml &
T2 seeding 3 plate= 72 AZF o 99} £ WHo= OD & A5 time
-concentration dependant ¥ A& E=Z3II T compound Z17+e] cytotoxity ¥ Tha 2

of wel AE&E FA ST

i

-

Cell viability _ compound OD
(%) negative control OD

%100
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2.10. Scratch-wound healing assay

invirro FollA 1ZF 37 A o] Z4H S @S] A% model A AZF FE A4HE
d4d AME F < HaCaT cell line & DMEM/high glucose [+ 10% FBS, 1%
Antibiotic-antimycotic (10,000 units/ml of penicillin, 10,000 pg/ml of streptomycin, and 25
ng/ml of amphotericin B)|E& A}83}o] o]& tA o2 3 3] o] AlhulF g+ & conical
tube ol 3]=3te] A|E 2= counting 3t O™ medium & ©]&3Fo] 2.0x10° cells/ml &
T2 348l 6 well plate ] 2 ml 2 seeding 3+ CO, incubator A 24 A7} &
oF BHAZAY. =y dAvHdE o]&ste] AELIF 7080 % T4 H AL A

o

‘Zfi;
medium <= suction 33 Bf 3k 1xDPBS buffer(-) & A¥X52 3 3] washing 332
FBS ¢ dAAE 7oA %S medium = ZF well o 2 ml ) FYAth 1 F A
X aaA 9 HAAE Aoz Ao FAS AAIAIZ]7] Y& culture room
7} clean bench & A -3dle] WS 2Fekst AJEfol A mitomycin C 1 mg/ml stock = 60
pl/well 30 pg/m) &= #2]dt & CO, incubator oA A 2|3FAT} 2A] 7+ & medium
suction ¢ B1f }4] washing 22 well o] ZFF3F= mitomycin S A AT & Ht
Sk 200 pl pipette tip = ©]&3F] ZF well o] &2 A< scratch & W Tt} scratch =
HeE FAoNA well & vpgoA "Hojx U2 MFEEL IxDPBS buffer(-) S ©]-835}¢]
2 3] o]/t washing 31 S™ FBS ¢} AA7F H7FE medium = Z+ well o] 2 ml 2
T kS AlshA] @& AdE 0A1Zh o AE S AE 2 scratch o] ZE
E 43t dv]7 (biological microscope IX71, Olympus, Japan ; light source: TH4-200 ;
software : DP2-BSW) = A}-&3Fo] #3133 scratch?] width & 743} 7153513t}
FEAY A FEHE 03 F AZE medium &= WA 21 experimental group
2 15-PGDH inhibitors (compound 10, 29, 31, 45, 66, 67, 69, 86) & 10 uME == A ]
Sk WHH inhibitor o] A A &HE A58 Y8FS] positive control & Z TGF-R1 =
1 ng/ml =2 2|3} 21, negative control ©|+= inhibitor 2l FLsH Hulo] Ht
1xDPBS buffer(-) = 23ttt =3k 15-PGDH ¢ #&=3k w&lo] 22 o] &ako] nlx|
AFS AEstaA AA 3 15-PGDHE 0.5 mg/ml X2 A3t o2 2y
M 3EE CO, incubator oAl 24 A|ZF FoF vk & F& AN HS AFE-Sle 24 A|7F
o] FelE #3t3 o™ scratch & UHIE SA3te] 7]53te] 0 Algtel] gk BlulE
3 Axs =&k

offf ok Ho rIr
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2.11. Statistical analysis

BE AY data & T £ XTHAF (mean £ SD) 2 YEF SIS ™, cell based assay
o] 79 MEE seeding A 22 well o4 SAHE OD o diste] RAHE o= 4F
A9 oE e AFe ARES AFe] Aokl WL 3 F oy

1510 (n>3), IBM SPSS statistics Ver. 20.0 (IBM inc, Armonk, NY, USA)S ©]-£&
7y AT Y F9Ad (P<0 05) A& 913l one-way ANOVA 1= general linear

model (GLM-repeated measures) 3~ Dunnet-t post-hoc test S &3 Tz H|WE AASHA

{o

T} ICso value ¢ 7d-%- simple regression analysis S ©]-83}¢] best-fit equation = A=
oo thdsle] AF=E3sA 2™, data plotting ©l = Sigmaplot for Windows. Ver. 10.0 <
AH-8-3F S Tt
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3. Results and Discussion

s (@]
Re R Ry
(©) \
N-
~ 5\(
Rs (@]

scheme 10. General structure of 4-((2,4-dioxothiazolidin-5-ylidene) methyl) phenyl 2-phenylacetate derivatives

3.1. Chemical evaluation of 4-((2,4-dioxothiazolidin-5-ylidene) methyl) phenyl
2-phenylacetate derivatives

schem 2 9 schem 3 ¢ Y% mechanism ©f] W} ester ZAgo] ETHH
4-((2,4-dioxothiazolidin-5-ylidene) methyl) phenyl 2-phenylacetate =& 33l o

FEAe HE Fx 2 sgE A4 542 Table 1-5 o Usfileon, 7}
compound®] T-ZFi= scheme 103 F3] &< & S T} Scheme 4 < Zo] TD 9
hydroxy group ©] X% ¥ phenyl group = =U3= 3 WA step olAE ¥
methanol & AF&3te] HAHES AofFo HA ETES AAZ & AdeH o
2step oAM= ARA7] FF B ethanol & AMESH AAAR S FI AYES AASt] oF
6595 % ¥ FEES 42 F AUt A @ dFEES HNMR & T 7E
5 4 3192 chemical shift & ppm (part per million; §), signal<> s (singlet), d
(doublet), t (triplet), dd (double of doublet), dt (double of triplet), td (triple of doublet), m
(multiplet) 0.2 A3} 3 Hexane : Ethyl acetate = 1:1& Z7l&uj=2 s TLC
Fell A Rf g2 Ry 9] 49 H > OCH.CH; > OCH; > Cl > Br 22 #4 UERo
™, o]:= R, ©l| halogen X|3¥ 3}3+E9] A9 ANH O Z polarity 7} F& & 4 U}
A Ut phenyl ringo] CH; — F, Cl, Br — OCH,CH; — OCH; = 2.2 Rf gko] Yo}~
T YFS Ho, Uk phenyl ringdl = halogen®. U} methoxy i ethoxy groups =9
e A9 polarity’t FoS & F UTE 53] trimethoxyE E=USIAS A5 AWHH o=
e Rf #S Hole= ZAo=R Hol g & HlE HFHdoR polarity’} oS
P4 oA o]#dk 3FEE2] polarityxo]i= target protein¥o] & ol JgFS ]
now 2o wE AgF Ao xol7k & Ao E AR HTH

)
m
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Table 1. Characterization of compounds 1-19

No. Molecular formula Substitution” Mol. Wt Rf’ Yield”
Ri R R3 R4 Rs Rs (g/mol) (%)
1 C19H1sNO4S H H H H H CHs3 35339  0.59 78.13
2 C19H1sNO4S H H H H CHs3 H 35339  0.72 75.47
3 C19H1sNO4S H H H CHs3 H H 35339  0.69 74.77
4 CisH12CINO4S H H H H H Cl 373.81 0.68 78.06
5 CisH12CINO4S H H H H Cl H 373.81 0.67 67.73
6 CisH12CINO4S H H H Cl H H 373.81 0.64 68.07
7 CisH11CL2NO4S H Cl H H H Cl 408.26  0.67 71.23
8 CisH12BrNO4S H H H H H Br 41826 0.67 82.38
9 CisH12BrNO4S H H H H Br H 41826  0.69 81.69
10 CisH12BrNO4S H H H Br H H 41826  0.68 81.32
11 CisH12FNO4S H H H H H F 35736 0.75 81.92
12 CisH12FNO4S H H H H F H 357.36 0.7 74.75
13 CisH12FNO4S H H H F H H 35736 0.72 74.87
14 CioH1sNOsS H H H H H OCHs 36939 0.65 83.36
15 CioH1sNOsS H H H H OCH3 H 369.39 0.64 72.94
16 CioH1sNOsS H H H OCH3 H H 369.39 0.65 71.33
17 C20H17NOs6S H H H OCH3 OCH3 H 39942  0.66 68.05
18 C21H1oNO7S H H OCH3 OCH3 OCH3 H 42944 031 67.02
19 C20H17NOsS H H H OCH2CH3 H H 38342 049 72.75

a) The substituent groups of each compound are shown in schem 10. b) Isolated yield after recrystalization
from ethanol. c¢) In thin layer chromatography (TLC), the Rf value is defined as the migration distance of
compound divided by the migration distance of solvent front (hexane : ethylacetate = 1:1, v/v).

Table 2. Characterization of compounds 20-38

No. Molecular formula Substitution” Mol. Wt Rf’ Yield”
Ri R R3 R4 Rs Rs (g/mol) (%)
20 C20H17NOsS OCHs H H H H CHs3 38342 0.62 80.42
21 C20H17NOsS OCHs H H H CHs H 38342 0.65 83.95
22 C20H17NOsS OCHs H H CHs3 H H 38342 0.63 84.86
23 CivHi4CINOsS OCHs H H H H Cl 403.84 0.61 71.04
24 CivH1sCINOsS OCHs H H H Cl H 403.84 0.63 67.79
25 CivHusCINOsS  OCHs H H Cl H H 403.84 0.63 72.39
26  CioHi3CkNOsS OCHs Cl H H H Cl 43828 0.65 74.69
27 CioH1sBrNOsS  OCHs H H H H Br 44829 0.57 65.92
28 CiwH1sBrNOsS  OCHs H H H Br H 44829  0.62 74.17
29 CivH1sBrNOsS  OCHs H H Br H H 44829  0.62 72.02
30 CioH14sFNOsS OCHs H H H H F 387.38 0.59 85.23
31 C1oH14sFNOsS OCHs H H H F H 387.38 0.64 84.7
32 CioH14FNOsS OCHs H H F H H 387.38 0.62 78.48
33 C20H17NOs6S OCHs H H H H OCHs 39942 0.54 84.29
34 C20H17NOsS OCHs H H H OCH3 H 39942 0.55 87.13
35 C20H17NOs6S OCHs H H OCH3 H H 39942 0.55 79.81
36 C21H1oNO7S OCHs H H OCH3 OCH3 H 42944 041 71.65
37 C22H21NOsS OCHs H  OCHs3 OCH3 OCH3 H 45947 042 73.24
38 C21H19NOs6S OCHs H H OCH2CH3 H H 41344 0.64 87.63

a) The substituent groups of each compound are shown in schem 10. b) Isolated yield after recrystalization
from ethanol. c¢) In thin layer chromatography (TLC), the Rf value is defined as the migration distance of
compound divided by the migration distance of solvent front (hexane : ethylacetate = 1:1, v/v).
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Table 3. Characterization of compounds 39-57

No. Molecular formula Substitution” Mol. Wt Rf’ Yield”
Ri R R3 R4 Rs Rs (g/mol) (%)
39 C21H1vNOsS OCH:CHs H H H H CHs 39744  0.67 94.87
40 C21H1vNOsS OCH:2CHs H H H CHs3 H 39744  0.63 75.11
41 C21H19NOsS OCH:2CHs H H CHs3 H H 39744  0.68 69.25
42 C20H16CINOsS OCH:CHs H H H H Cl 41786  0.66 74.18
43 C20H16CINOsS OCH:CHs H H H Cl H 41786  0.69 74.46
44 C20H16CINOsS OCH:CHs H H Cl H H 41786  0.66 78.6
45 C20H1sC2NOsS  OCH:2CH3 Cl H H H Cl 45231 0.64 72.95
46 C20H16BrNOsS ~ OCH2CH: H H H H Br 46231 0.62 81.68
47 C20H16BrNOsS ~ OCH2CHs H H H Br H 46231 0.71 74.29
48 C20H16BrNOsS ~ OCH2CHs H H Br H H 462.31 0.69 69.97
49 C20H16FNOsS OCH:CHs H H H H F 401.41 0.7 89.23
50 C20H16FNOsS OCH:CHs H H H F H 40141 0.66 80.66
51 C20H16FNOsS OCH:CHs H H F H H 40141 0.66 78.05
52 C21H19NOsS OCH2CHs H H H H OCHs 41344 0.63 74.18
53 C21H19NOsS OCH2CHs H H H OCH3 H 413.44  0.69 71.22
54 C21H19NOsS OCH2CH: H H OCH3 H H 413.44 0.66 91.76
55 C2H21NO7S OCH2CHs H H OCH3 OCH3 H 44347 0.53 91.14
56 C23H23NOsS OCH2CH: H OCHs3 OCH3 OCH3 H 473.5 0.46 69.82
57 C22H21NOsS OCH2CHs H H OCH2CH3 H H 42747 0.63 84.95

a) The substituent groups of each compound are shown in schem 10. b) Isolated yield after recrystalization
¢) In thin layer chromatography (TLC), the Rf value is defined as the migration distance of
compound divided by the migration distance of solvent front (hexane :

from ethanol.

Table 4. Characterization of compounds 58-76

ethylacetate = 1:1, v/v).

No.  Molecular formula Substitution” Mol. Wt Rf’  Yield'
Ri R R3 R4 Rs Rs (g/mol) (%)
58 CioH14BrNO4S Br H H H H CHs3 43229  0.68 70.58
59 C19H14BrNOsS Br H H H CHs H 43229 0.54 73.8
60 CioH14BrNO4S Br H H CHs3 H H 43229 0.55 75.7
61 CisHuCIBrNO4S Br H H H H Cl 45271  0.52 73.8
62 CisHuCIBrNO4S Br H H H Cl H 45271  0.67 78.26
63 CisHuCIBrNO4S Br H H Cl H H 45271  0.65 70.76
64 CisH10Cl2BrNO4S Br (1 H H H Cl 487.15 0.62 72.5
65 CisH11Bra2NO4S Br H H H H Br 497.16 0.61 74.26
66 CisH11Br2NO4S Br H H H Br H 497.16  0.62 70.84
67 CisH11Br2NO4S Br H H Br H H 497.16 0.6 73.01
68 CisHuuBrFNO4S Br H H H H F 436.25 0.6 84.22
69 CisHuuBrFNO4S Br H H H F H 436.25 0.59 77.15
70 CisHuuBrFNO4S Br H H F H H 436.25 0.52 75.55
71 CioH14BrNOsS Br H H H H OCHs 44829 049 72.3
72 CioH14BrNOsS Br H H H OCH3 H 44829 045 71.02
73 CioH14BrNOsS Br H H OCH3 H H 44829  0.63 71.27
74 C20H16BrNOsS Br H H OCH3 OCH3 H 47831 048 72.08
75 C21H1s8BrNO7S Br H OCH3 OCH3 OCH3 H 508.34 0.47 71.98
76 C20H16BrNOsS Br H H OCH2CH3 H H 46231 0.58 79.08

a) The substituent groups of each compound are shown in schem 10. b) Isolated yield after recrystalization
¢) In thin layer chromatography (TLC), the Rf value is defined as the migration distance of
compound divided by the migration distance of solvent front (hexane :

from ethanol.
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Table 5. Characterization of compounds 77-95

No. Molecular formula Substitution” Mol. Wt Rf  Yield
Ri R R3 R4 Rs Rs (g/mol) (%)

77 C19sH1sCINO4S Cl H H H H CHs 38784 058 77.78
78 Ci9sH1sCINO4S cl H H H CHs H 387.84 058 73.14
79 Ci9sH1sCINO4S cl H H CH3 H H 387.84 064 7037
80 CisH11CL12NO4S cl H H H H Cl 40826 059  73.47
81 CisH11CL12NO4S cl H H H Cl H 40826 0.63  73.15
82 CisH11C12NOsS cl H H cl H H 40826 059 729

83 CisH10C13NO4S cl Ccl  H H H cl 4427 061 7031
84 CisH11BrCINOsS c H H H H Br 45271 058  70.52
85 CisH11BrCINO4S cl H H H Br H 45271  0.63  70.56
86 CisH11BrCINO4S cl H H Br H H 45271  0.63  70.67
87 CisH11CIFNOsS cl H H H H F 391.8 063  70.85
88 CisH11CIFNO4S cl H H H F H 391.8  0.63  76.95
89 CisH11CIFNO4S cl H H F H H 391.8 064 7727
90 C19H14CINOsS cl H H H H OCH: 40384 061 86.15
91 C19H14CINOsS cl H H H OCHs H 403.84 061  73.73
92 C19H14CINOsS cl H H OCHs H H 403.84 059  79.25
93 C20H16CINOsS c H H OCHs OCH3 H 43386 045  70.11
94 CisHisCINO7S Cl H OCH: OCHs OCHs H 463.89 044  69.29
95 C20H16CINOsS cl H H  OCH:CH: H H 41786 0.63  77.06

a) The substituent groups of each compound are shown in schem 10. b) Isolated yield after recrystalization
from ethanol. c¢) In thin layer chromatography (TLC), the Rf value is defined as the migration distance of
compound divided by the migration distance of solvent front (hexane : ethylacetate = 1:1, v/v).
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3.2. Biological evaluation

3.2.1. Inhibition effect of human 15-PGDH

T SHHEEY 15-PGDH 242 50 % SAISE & (C)E Atst7] 9l
teke wE2 oFES A ste] NADHO ODE S5A4ak3lal, S48%42 dedlAdA s
8] R > 099 ¢ HIFE =& bestfit equations HS F Ao &S HslA
g2 o] Ant =5 tdste] 1= AALsEATt (Table 6-10).

AHEA Q] 1G5y 2 Ry o] =943 2x3+7]7F H > OCH,CH; > OCH; > Br > Cl 0. &

H
TS S e NS HYow, o]= halogenA$H compound?] H$ T AL F%
ol A target protein®] A st = &S Stk Ry o] sES AU =9 @
compound & FH oz Aol £ compound = Ry = H 1 F$ 2 phenyl ring
o] 2 ¥ ®F4 YR} -CH; %3+ ¥ (2-methyl), compound 2 (0.124 + 0.006 pM), R; =
OCH; ¢l %o+ = phenyl ring®l 4 H &4 Q4o -Br %3 ¥ (4-bromo)
compound 29 (0.011 + 0.001 uM), R; = OCH,CH; Q1 7 $-ol+= 2t phenyl ring 2] 4
et Aol -Br X3 ¥ (4-bromo), compound 48 (0.042 + 0.006 uM), R, = Br o] 4%
2 phenyl ring 9] 3 WH ¥4 Ao -F 2% ¥ (3-fluoro), compound 69 (0.014 =
0.003 uM) PHAITFO. 2 Ry = Cl 91 %9 =t phenyl ring & 4 H g4 YxAlo] -Br A
3} ® (R=4-bromo) compound 86 (0.036 + 0.002 uM)°]At}. o] g HolEE F3f, R,
o= Br = Cl ©] A3 & A5 1650 #ko] A yept &40 £5& gRIssie
v, W phenyl ring®] 41 B4 A2kl Br X3 F compound®] &/Jo] HukH o=
2 Aoz YeWt 53], Ry = Br 91 compound &= 69 ¥ ©o]e]o| % 66 (R=3-bromo,
0.032 + 0.002 uM), 67 (R=4-bromo, 0.027 = 0.002 uM), 68 (R=2-fluoro, 0.033 = 0.006
uM) & AWrA o2 Gifo] woll HA Holwkth

HEH 4ok phenyl ring®l methoxy groups =UTFF S A9 ANEH O 2 =2 ICs &t
S e S B o5 target protein o tiete] &Aool £4] XSS ¢+ UM
t}. 53] Ut phenyl ring®] methoxy group ©| 270 ©] X3+ H H$-
18, 36, 37, 55, 56, 74, 75, 93 B 94) @ A2 compound ol H] & /o] Ao gl9d
o o] F 18 M 56 ¥ compound= Z+7Z} 28.018 uM, 21.238 uM ol 3L F=7}
A A E sloFdt 50 % © A S Hof, & AP &0l glokar wdskel
31, ND (no detectable activity)= 3EA|3}SI T

o |

A
o
E

=
g
=]
o
—_
N
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Table 6. Inhibitory potency of compound 1-19

No. Substitution ” 15-PGDH scavenging activity
Ri R: -6 (Cs) , pM)**
1 H 2-methyl 0.510 +0.002
2 H 3-methyl 0.124 + 0.006
3 H 4-methyl 0.244 + 0.003
4 H 2-chloro 0.354 £ 0.011
5 H 3-chloro 0.194 + 0.006
6 H 4-chloro 0.282 + 0.011
7 H 2,6-dichloro 0.536 + 0.001
8 H 2-bromo 0.389 + 0.002
9 H 3-bromo 0.260 + 0.003
10 H 4-bromo 0.191 £ 0.010
11 H 2-fluoro 0.316 + 0.008
12 H 3-fluoro 0.192 + 0.002
13 H 4-fluoro 0.368 + 0.001
14 H 2-methoxy 0.943 +0.002
15 H 3-methoxy 0.580 + 0.002
16 H 4-methoxy 1.155 £ 0.001
17 H 3,4-dimethoxy 6.343 +£0.010
18 H 3,4,5-trimethoxy ND’
19 H 4-cthoxy 2.189 + 0.004

a) The substituent groups of each compound are shown in schem 10. b) ICsy values were determined
from the drug concentrations at which human 15-PGDH were reduced by 50% compared with negative
control; The enzyme was assayed fluorometrically, the ICso values are determined using 250uM NAD' as
coenzyme and 21uM PGE, as substrate. ¢) Reported ICsy values are given as mean =+ standard deviation
of the mean of three determinations. d) ND = No detectable activity(ICso>10).

Table 7. Inhibitory potency of compound 20-38

No. Substitution " 15-PGDH scavenging activity
Ri R -6 AC50, pM)>*
20 OCHs3 2-methyl 0.752 + 0.001
21 OCHs3 3-methyl 0.186 + 0.005
22 OCHs3 4-methyl 0.200 + 0.001
23 OCHs3 2-chloro 0.679 + 0.007
24 OCHs3 3-chloro 0.056 + 0.001
25 OCHs3 4-chloro 0.141 + 0.005
26 OCH3 2,6-dichloro 2.841 £+ 0.030
27 OCHs3 2-bromo 0.207 + 0.007
28 OCH3 3-bromo 0.610 £+ 0.021
29 OCH3 4-bromo 0.011 £ 0.001
30 OCH3 2-fluoro 0.058 + 0.001
31 OCH3 3-fluoro 0.046 + 0.008
32 OCH3 4-fluoro 0.067 £+ 0.008
33 OCH3 2-methoxy 0.452 £ 0.009
34 OCH3 3-methoxy 0.136 + 0.004
35 OCHs 4-methoxy 0.273 + 0.003
36 OCH3 3,4-dimethoxy 2.942 + 0.002
37 OCH3 3.4,5-trimethoxy 3.875 £ 0.002
38 OCH3 4-ethoxy 0.578 + 0.003

a) The substituent groups of each compound are shown in schem 10. b) ICsy values were determined
from the drug concentrations at which human 15-PGDH were reduced by 50% compared with negative
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control; The enzyme was assayed fluorometrically, the ICso values are determined using 250uM NAD' as
coenzyme and 21uM PGE; as substrate. ¢) Reported ICso values are given as mean + standard deviation
of the mean of three determinations.

Table 8. Inhibitory potency of compound 39-57

No. Substitution " 15-PGDH scavenging activity
Ri R:-s (IC50, pM)™*
39 OCH:CH3 2-methyl 0.397 £ 0.010
40 OCH:2CH3 3-methyl 0.107 + 0.007
41 OCH:2CH3 4-methyl 0.154 +0.002
42 OCH:2CH3 2-chloro 0.362 +0.010
43 OCH:2CH3 3-chloro 0.217 + 0.002
44 OCH:2CH3 4-chloro 0.128 + 0.004
45 OCH:2CH3 2,6-dichloro 1.093 £ 0.002
46 OCH:2CH3 2-bromo 0.587 + 0.011
47 OCH:CH3 3-bromo 0.089 =+ 0.003
48 OCH:CH3 4-bromo 0.042 + 0.006
49 OCH:2CH3 2-fluoro 0.253 £ 0.015
50 OCH2CH3 3-fluoro 0.122 + 0.006
51 OCH:CH3 4-fluoro 0.214 £ 0.006
52 OCH:2CH3 2-methoxy 0.674 + 0.008
53 OCH:2CHs 3-methoxy 0.469 + 0.006
54 OCH:2CH3 4-methoxy 0.454 +0.001
55 OCH:CHs 3,4-dimethoxy 5.511 +0.001
56 OCH:2CH3 3,4,5-trimethoxy ND*
57 OCH:2CH3 4-ethoxy 2.468 + 0.004

a) The substituent groups of each compound are shown in schem 10. b) ICsy values were determined
from the drug concentrations at which human 15-PGDH were reduced by 50% compared with negative
control; The enzyme was assayed fluorometrically, the ICs, values are determined using 250uM NAD' as
coenzyme and 21uM PGE, as substrate. ¢) Reported ICsy values are given as mean =+ standard deviation
of the mean of three determinations. d) ND = No detectable activity(ICso>10).
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Table 9. Inhibitory potency of compound 58-76

No. Substitution ” 15-PGDH scavenging activity
Ri R -6 (IC50, pM)>*
58 Br 2-methyl 0.471 + 0.003
59 Br 3-methyl 0.744 +0.016
60 Br 4-methyl 0.036 + 0.004
61 Br 2-chloro 0.078 £ 0.005
62 Br 3-chloro 0.047 £ 0.002
63 Br 4-chloro 0.045 + 0.002
64 Br 2,6-dichloro 0.147 £+ 0.005
65 Br 2-bromo 0.046 + 0.003
66 Br 3-bromo 0.032 £ 0.002
67 Br 4-bromo 0.027 £ 0.002
68 Br 2-fluoro 0.033 + 0.006
69 Br 3-fluoro 0.014 £ 0.003
70 Br 4-fluoro 0.056 + 0.042
71 Br 2-methoxy 0.052 + 0.006
72 Br 3-methoxy 0.044 + 0.002
73 Br 4-methoxy 0.039 + 0.005
74 Br 3,4-dimethoxy 1.122 £ 0.007
75 Br 3.,4,5-trimethoxy 5.018 +£0.003
76 Br 4-ethoxy 0.485 + 0.066

a) The substituent groups of each compound are shown in schem 10. b) ICsy values were determined
from the drug concentrations at which human 15-PGDH were reduced by 50% compared with negative
control; The enzyme was assayed fluorometrically, the ICso values are determined using 250uM NAD' as
coenzyme and 21uM PGE, as substrate. ¢) Reported ICsy values are given as mean =+ standard deviation
of the mean of three determinations.

Table 10. Inhibitory potency of compound 77-95

No. Substitution " 15-PGDH scavenging activity
Ri R: -6 AC50, pM)>*
77 Cl 2-methyl 0.040 £ 0.002
78 Cl 3-methyl 0.060 + 0.022
79 Cl 4-methyl 0.066 + 0.002
80 Cl 2-chloro 0.092 + 0.002
81 Cl 3-chloro 0.095 + 0.003
82 Cl 4-chloro 0.077 £ 0.002
83 Cl 2,6-dichloro 0.178 £ 0.003
84 Cl 2-bromo 0.084 £ 0.003
85 Cl 3-bromo 0.071 £ 0.006
86 Cl 4-bromo 0.036 + 0.002
87 Cl 2-fluoro 0.200 £ 0.003
88 Cl 3-fluoro 0.083 + 0.010
89 Cl 4-fluoro 0.089 + 0.004
90 Cl 2-methoxy 0.266 + 0.004
91 Cl 3-methoxy 0.162 + 0.010
92 Cl 4-methoxy 0.174 £ 0.005
93 Cl 3,4-dimethoxy 1.233 + 0.006
94 Cl 3.,4,5-trimethoxy 0.880 £ 0.003
95 Cl 4-ethoxy 0.523 + 0.010

a) The substituent groups of each compound are shown in schem 10. b) ICsy values were determined
from the drug concentrations at which human 15-PGDH were reduced by 50% compared with negative
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control; The enzyme was assayed fluorometrically, the ICso values are determined using 250uM NAD' as
coenzyme and 21uM PGE; as substrate. ¢) Reported ICso values are given as mean =+ standard deviation
of the mean of three determinations.
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3.2.2. Extracellular PGE, levels

experimental group = 5 pM ¥} 10 uM F+ 7H4] T2 AHE 35S 15-PGDHE
Aoz F7F H AE U9 PGEys=E Zdt7] $13+o] primary antibody (Goat
anti-mouse I1gG)7} =¥ ¥ 96 well palte®] V]2] dilutiond] = PGE, standards®} W] 4]
# FdQ 15-PGDHE FYs $ %A ¥ F9Y <l labeled alkaline phosphatase
conjugated PGE, (AP-conjugated PGE,)¥} &gl Holxoz HAstet= A (PGE,
antibody) & T38Fo] A|gk ¥ binding sited] s F 7FA] & ko] AANSS
A1 Z1 o™ pNpp substrateS T3} 405 nmol| A ODE FHH T O ZH sample W] &2
[.3 ﬁig—% Al9lsta PGE Y W A=d & AT AF 9 PGEys =9k ofE
A28kl 2 negative controltH] 3t x}o] B F7HE-S Table 11-12 o YERH A
compound 11 WS AL BE experimental group ©A F3 zolE RS oH
(P<0.05), AWA S 2 Ry = Br, C19] 4% wl %= PGE: % 5718 g1 + A
. 53] Ry =Br & 66, 67 :LFJL 69 2] A% 5 uM F=oAHE= 2+ 0 %, -6.920 %,
25208 % = A9 S HA] Z&ATE 10 uM A 2] Al negative control THH] 300-400
% sﬂ —P,—fﬂt‘ﬂ- 7 B AHE B tste] sensitivity 7F & Ao ®E UESLOH, R,

< 859 862 A% 10 uM A Al Z+7F 275713 %, 309.752 % S 7FEHe E1E}

aiu}. Sk Ry = OCH.CH; Q1 5 45 9F 46 2 10 uM A& A Z+Z} 376.526 %,
328.599% <7teha HIITh

HbA) R, = H, OCH; ¢l 4% Ak o= pGE, &7} Ao 4 &den 5 uM
Ag oiHl 10 uM A2l Al PGEy& =7} FolshAl AAask3lth. 53] Ry = OCH; ¢1 7
G-l 29, 31 2 15-PGDH A &/do] FARk, PGE, T7HE2 &ld & %,
339 A5 56359 % =7tste] 5 uM oA 7HY =2 S7FES HQl v 10 uM A g
Al 52,658 % T7HES Ko & ztolE Ho|x| ki EE 329 A9 5 uM oA =
2.520 %2 Folgh TAE HAAT 10 uM A2 Al 69.365 %2 Folgh AE B 5
uM HiH] 30% ol TAE I 4 ATk E=3, W phenyl ring®l methoxy
group®] X3 H A 5 uM 2 10 uM A& o EFol A negative control tHH| F-2] 35}
A #ZasS FgelEion, 53 15-PGDH oA Aol 74wkl 18(X=H,
R=3,4,5-trimethoxy)2} 56(X=OCH2CH3, R=34,5-trimethoxy)2] 74-%- 10 uM A2 A] Z}+Z}
=59.253%, -84.730% ol AAE AT = AN

wHebA, 15-PGDHE S+ oA = A 9Alste] PGE, 571 4] Holwd
66, 67, 69 % 86 W compoundE lead compounds@ 3} O™, 15-PGDH & A &4 o]
EIJAIT PGE, 7S &0 4 Il 29, 311 compoundE wound healing assayS &
a 1 &S vas] HE ottt
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Table 11. Effects of compound 1-48 on PGE, release

No. SpM 10pM
PGE; conc. (pg/ml)* increment PGE; conc. (pg/ml)* increment
mean + SD mean_difference”™ (%) mean + SD mean difference”™ (%)
B) 482.339 +4.507 378.992 + 0.735
1 381.321 +3.186 -101.018" -20.943 294.888 + 0.144 -84.103 " -22.191
2 439.816 +2.428 42523 -8.816 313.455 +0.328 65.537 -17.292
3 367.982 +2.615 -114.356 -23.709 298.136 + 1.352 -80.856 21.335
4 363.02 +3.789 -119.318" 24.737 183.161 +0.950 1195831 -51.671
5 414.051 +4.634 -68.287 -14.157 102.210 +3.008 276.7827 -73.031
6 473.736 +5.205 -8.602" -1.783 225326 + 1.246 -153.666 " -40.546
7 360.859 +2.638 -121.480" -25.186 261.730 +3.189 -117.2627 -30.941
8 365.76 +3.972 -116.579" -24.170 201.767 + 1.078 1772257 -46.762
9 366.868 + 5.934 115471 -23.940 157.989 +2.166 221.003" -58.313
10 377.746 +6.183 1104592 21.684 157.999 + 1.079 220993 -58.311
11 182.347 £3.126 -299.992" 62.195 376.148 +2.802 2.843 20.750
12 218.139 +4.241 264200 -54.775 147.490 +3.255 231502 -61.084
13 250.065 +3.128 2322757 -48.156 206.219 +1.733 17277127 -45.587
14 346.579 + 1.552 -135.761° -28.146 308.165 +4.850 -70.827 " -18.688
15 333.605 + 6.7 -148.734" -30.836 128.954 +5.706 -250.038" -65.974
16 293.148 +5.501 -189.1917 -39.224 188.918 +3.198 -190.074" -50.153
17 230.222 +3.588 252117 -52.270 123.475 +2.058 255517 -67.420
18 219.162 +5.935 263.178" -54.563 154.428 +1.332 224564 -59.253
19 168.88 +1.535 313.459" -64.987 197.401 + 4.640 -181.591" 47914
20 367.782 +3.904 -114.558" 23.751 416.851 £2.510 37.859 " 9.989
21 573.16 +5.258 90.821" 18.829 298.136 + 1.471 -80.856 -21.335
22 558.748 +7.362 76.409" 15.841 351.674 +1.450 27318 -7.208
23 654.196 +3.531 171.857 35.630 363.666 +5.916 -15325" -4.044
24 663.849 +2.939 181510 37.631 245.288 +2.116 -133.704" -35.279
25 530.846 +3.753 48.507 10.057 359.616 +2.983 119376 5112
26 509.388 + 2.845 27.049 5.608 504.038 +2.048 125.047 32.995
27 538.386 +6.51 56.047 11.620 480.166 + 5.106 101.174" 26.696
28 554.097 +3.646 71.758" 14.877 321.879 + 1.765 57.113° -15.070
29 431.353 +£2.219 -50.986 -10.571 100.879 + 3.688 278.1137 -73.382
30 425.69 +4.822 -56.648 -11.744 206.219 +6.930 1727727 -45.587
31 427.115 +4.065 -55.223" -11.449 165.303 +5.203 213.689" -56.383
32 470.181 +6.389 12,1577 22520 116.106 +2.843 262.886 -69.365
33 754.178 + 6.402 271.840" 56.359 578.560 +2.571 199.568 52.658
34 453.546 +4.857 28.792" -5.969 131.149 +4.784 247842 -65.395
35 408.077 +3.264 74261 -15.396 95.653 + 4.522 283339 -74.761
36 354.763 +2.962 -127.576 -26.449 80.874 +5.509 298.118" -78.661
37 382.572 +3.116 -99.766 -20.684 84.448 +2.691 -294.544" -77.718
38 416.633 +3.486 -65.705 " -13.622 109.023 +5.011 -269.969" -71.233
39 545.715 +3.455 63.377 13.140 355.619 +2.067 23373 -6.167
40 45526 +5815 27.078" -5.614 134.309 +4.987 244,683 -64.562
41 445.843 +4.817 36.496 -7.566 203.982 +5.580 -175.010" -46.178
42 469.303 + 4.909 -13.036 -2.703 285.436 +3.424 93.556 -24.685
43 444.644 +4.432 37.695 -7.815 1,256.031 + 4.806 877.039" 231.414
44 459.591 +2.969 22.748" 4716 794581 +3.207 415.589 109.656
45 520.947 +2.47 38.608 8.004 1,805.996 + 5.495 1,427.004°  376.526
46 532.753 + 1.545 50414 10.452 1,624.354 +4.408 1,245.362°  328.599
47 397.086 +3.168 -85.253" -17.675 660.393 +2.278 281.402° 74.250
48 402.087 + 7.099 -80.252" -16.638 749.253 +2.130 370.262" 97.696
- 82 -
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A549 cells were treated with 5uM and 10uM of the synthesized compound for 12hours. Extracellular
PGE, concentration was detected using ELISA kit. a)The ELISA data was represented as the mean =+
standard deviation of five independent experiments. b) Mean differences = PGE, concentration treated
compounds - PGE, concentration of negative control (-). ¢)**P<0.01 compared with the negative
control(one way ANOVA, Dunnet-t tests). d) Increment(%) = (Mean difference/PGE, concentration of
negative control)><100.
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Table 12. Effects of compound 49-95 on PGE, release

No. SpM 10pM

PGE; conc. (pg/ml)* increment PGE; conc. (pg/ml)* increment

mean + SD mean_difference”™ (%) mean + SD mean difference”™ (%)

) 46239 +5.553 417.588 +2.949
49 435.535 £2.318 66.753 " -14.437 133.253 +1.137 284335 -75.024
50 496.519 +4.079 5769 -1.248 134.942 +2.188 282,646 -74.578
51 407.711 +3.202 54,680 -11.826 107.978 +2.755 -309.610 -81.693
52 480.606 + 5.154 18215~ 3.939 721.067 +1.134 303.479" 80.075
53 356.825 +5.947 -105.565 " -22.830 92.327 +2.799 -325.261° -85.823
54 370.032 + 1.591 92358 -19.974 228.555 + 1.858 -189.033" -49.878
55 367.324 +2.924 -95.066 -20.560 53.237 +1.823 3643517 -96.137
56 400.905 + 4.884 61.485" -13.297 96.468 + 3.599 3211207 -84.730
57 417.583 +4.847 44807 -9.690 115.537 +6.178 302,051 -79.699
58 395.165 +2.84 67.226 -14.539 239.854 +1.794 177734~ -46.897
59 394.294 +5.563 -68.096 -14.727 282.134 +2.171 -135.454" -35.741
60 401.352 + 8.246 61.038" -13.201 188.606 +2.331 228982 -60.419
61 509.496 +2.829 47.106 10.188 246.149 +2.909 -171.439" -45.236
62 449.505 + 7.085 -12.885 " -2.787 762.308 +4.279 344.720" 90.957
63 403.916 +2.485 -58.474" -12.646 403.467 +1.582 -14.1217 -3.726
64 452.591 +3.444 9.799" 2,119 762.308 +5.723 344.720" 90.957
65 459.445 +3.68 2945~ -0.637 795.542 +3.234 377.954" 99.726
66 46239 +2.779 0.000 0.000 1,819.957 +1.726 1,402.369°  370.026
67 430.391 +2.981 31.999" -6.920  2,016.651 +2.358 1,599.063  421.925
68 416.224 +2.933 46.166 -9.984 1,462.520 +4.203 1,044.932° 275713
69 438.309 +2.505 24081 -5.208 1,580.048 +2.168 1,162.460°  306.724
70 443.942 +2.898 -18.448" -3.990 1,354.302 +5.703 936.714" 247.159
71 545.801 +5.376 63.463" 13.725 1,626.872 +2.423 1,209.284"  319.079
72 497.472 +4.282 15.1337 3.273 1,741.169 +2.654 1,323.5817  349.237
73 468.603 +5.371 -13.736" 2971 469.186 + 6.269 51.598 " 13.615
74 424.586 +0.001 57.753 " -12.490 398.887 +2.632 -18.701" -4.934
75 464.695 +3.52 -17.644" 3.816 403.467 +2.082 141217 3.726
76 549.09 +3.74 66.751 14.436 485.570 +2.403 67.982" 17.938
77 547.2 +3.666 64.861 14.027 487.601 +2.722 70.012" 18.473
78 532.671 + 1.429 50.332" 10.885 469.277 +3.518 51.639 13.625
79 618.42 +2.607 136.082" 29.430 558.284 +2.162 140.696 37.124
80 609.963 +2.311 127.624" 27.601 547.489 +3.577 129.901" 34.275
81 508.274 + 1.106 25936 5.609 449.272 + 4.500 31.682° 8.360
82 548.297 +6.934 65.959 14.265 488.451 +£2.775 70.862" 18.697
83 553.598 + 6.146 71260 15.411 495.177 +1.803 77.589 " 20.472
84 514.817 +6.567 32479 7.024 466.918 +2.712 49332 13.017
85 513.278 +3.049 30940 6.691 1,462.520 + 1.749 1,044.9327 275713
86 502.85 +2.453 20512 4.436 1,591.524 + 1.419 1,173.936°  309.752
87 504.635 +7.916 22296 4.822 1,085.968 +2.175 668.380 176.357
388 532.29 +5.039 49.952" 10.803 512.168 + 1.975 94.580 24.956
89 512.643 +5.42 30.304 " 6.554 460.588 + 4.909 43.001° 11.346
90 501.38 +4.93 19.042° 4.118 480.166 + 5.106 62.578" 16.512
91 487.767 +7.623 5429 1.174 439.748 +2.510 22.160" 5.847
92 420.012 +3.195 62.326 -13.479 359.616 +2.983 579727 -15.296
93 486.977 + 6.006 4639 1.003 427.824 +4.522 10236 2.701
94 504.635 +3.216 22296 4.822 440.578 +2.722 22.990" 6.066
95 527.304 +1.621 44965 9.724 463.797 +5.916 46219 12.195

A549 cells were treated with 5uM and 10uM of the synthesized compound for 12hours. Extracellular
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PGE, concentration was detected using ELISA kit. a)The ELISA data was represented as the mean =+
standard deviation of five independent experiments. b) Mean differences = PGE: concentration treated
compounds - PGE; concentration of negative control (-). c)All data has satisfied the 95% confidence
interval; **P<0.01 compared with the negative control(one way ANOVA, Dunnet-t tests). d) Increment(%)
= (Mean difference/PGE, concentration of negative control) < 100.
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3.2.3. Cytotoxicity of the lead compounds for HEK293cell line

human normal cell line o &} 47}#] lead compound 2] cytotoxicity & o}x il
F% HaCaT cell line & ©]&3 ddolA k2 w=9f 38 5 24 H 94 A&
7Fe s AEs] flske] Akl A Al ME 5 (HEK293 cell line) off oF=
thgel =2 Hstal 24 AZE 48 AlzE 9 72 AIZE wiS gk $ mEFE=gole] &
2ol 28] 9 ¥ MTT formazan S DMSO °l &€3]A]7 OD & FAsth Ad 2
= 2.0, 22 formula o ]38l cell viability & A4S ™| withinin-subject factorol]
el &% (1000, 500, 250, 125, 62.5, 31.25, 15.625, 7.8125 uM), between-subject factorol]
ok :=F AIZF (24, 48, 72 hours) = A 3}S] GLM-repeated measures 25 SFATE
O oA o A" A4- 2 A W &3 HABolA concentration o o3 F & Is}
concentration*time 2] W& 2-g& B4 TH Povaluedk©] 0.000°.% LEFSEOS ™, post-hoc
2+ Dunnet-t S Al 3J3}o] negative control (cell viability 100%) 2} 2+ Al7F & cell
viability o] HS Hlusto 2R FoldS AAT & Ao, P-value #ko] 0.000°0.=
el =, 2 AFoA A S lead compound 2] AP FES w=F AlFo] cell

O ~

i o

viability ] ®s}7l SAH 02 fFosidlon, Es Agstes L7t FoldFS, oF
Bo| m=Z5E A7lo] AT cell viability 7} FolatAl A3 Holgtes AL &
18t = ol ol#d FAA EAS EUE o] Figure 9 o YER nwlo} o
time/dose dependent ¥+ plot & ¥& F UL, 7t point®] error bar ¥ + standard

deviation = UERHTE Z}7F9] compound oA Zdolgt ApolE ERlg 4 ot Ak
Ao Fw7t F7kgrol wal cell viability 7} +ol3HAl 74 (P<0.05) 3HS #eldtsl o
W, B w=Z A7Fo] 2447l A T2A17F 0.2 F7hEke] whEk cell viability 7} -2 &HA
A (P<0.05) Stk 53] 12AIRF wEAI AS, A s A2 cell viability 7F
e 60-80 % o TEE How 24 A7F =FAZ A9 9F 100-120 % ©] wEE

A Holl H&f F 40 % o Fg HAE BT dH X =FFHEH (1000 uM)2Q] 75
o= cell viability 7} Al7te] ®Wslo] whe} fojat x nye
Hol o sk AP A 719 BE AE7F APE & 93] des g9 Aok w

g 2 A9 lead compound & HEEell 9o A vt w=F A

¢

_ﬁ
o
N
N
X0,
o
=
o
X
=2
N
N
N
Mo
i
{

[rt

(mild) & 537 3 55 (¥ F4E 70 %) 3} 4 55 HEFo
S mya el WSSl 257 Mk 2 AN >2) AE E4o| 4
S}t o]o whEl negative control 2] 50%° | FE= AlXES] AFE
regression analysis = E3 o]4 #tS A AT O EM best-fit equation (R’
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o™, o]e] negative control & AWF 7kS st
skl Table 13 o YERHATE ol A&
compounds ¥ Hl1l EHEL 200-400 uM 7HA= A 2] <l ,

AZEE 48AIZF o]l 2 AFE sk Aol A g Rz ETE Ws Aol Als ¥

.

0
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Figure 9. The MTT cell viability with the time/dose-response relationship of compounds; A) compound 29,

B) compound 31, C) compound 66, D) compound 67, E) compound 69, and F) compound 86. HEK293
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cells were treated with compound 10, 29, 31, 45, 66, 67, 69 and 86 (1000, 500, 250, 125, 62.5, 31.25,
15.625and 7.8125pM) for 24(®, 3.0x10°cells/ml), 48(A, 1.5x10°cells/ml) and 72(®, 0.5x10°cells/ml)hours.
The MTT assay measured the reduction of MTT to a colored formazan. The X axis is log scale; Each
point, expressed as % of control, indicates the mean + SD of three independent runs; significant decrease
to the control was detected for all three exposure times as determined by general linear model
(GLM-repeated measures) with Dunnett-t post-hoc test. curves were plotted and fitted using Sigmapolt for
Windows. Ver. 10.0

Table 13. ICso values for lead compounds in the three different exposure times

No. Substitution 24 h (3.0x10° cells/ml) 48 h (1.5x10° cells/ml) 72 h (0.5x10° cells/ml)
Ri R -6 IGo (M) ICs0 (M) 1Go (uM)

29  OCH3 4-bromo 244.095 141.271 53.677

31  OCH3 3-fluoro 309.527 71.135 20.745

66 Br 3-bromo 484.813 263.803 213.788

67 Br 4-bromo 225.484 72.373 59.266

69 Br 3-fluoro 421.983 230.015 94.589

86 Cl 4-bromo 352.969 284.514 63.283

The toxicity of the tested compounds 10, 29, 31, 45, 66, 67, 69 and 86 on HEK293 cells. As an index
for citytotoxicity the ICso values is shown, describing concentration of compounds causing 50% loss of the
tested viability parameter (MTT reduction), with  the best-fit equation based on the coefficient of
determination (Rz). The simple regression analysis was performed using IBM SPSS statistics version 20.0
(IBM inc., Armonk, NY, USA).
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3.2.4. Determination of the wound healing effect

15-PGDH & oA|gtozx A A Al 45 F99 PGE, & FT7/MAHSZM cell

migration 2 proliferation 735 #As} lead compounds 7F A AH S a4
o

control group (=S A 2]dkA] % negative control Jﬂr d ]'?JZ}% TGF-B 1= # &gt
positive control)?}2] Bl E Algsldrt. FE A FEe A|ZF2 MTT assay 23E
EE sto] MEed =4 S VXA FowA & S4S A 7 I

SEE APste] 24 AR Bt =E:AIZT A A= 3 dAvAds
x100 o= °FE A2 A (0 hours) ¥ = A 24 AIZF Fo] HHE EFYsion A
7 el e AHrE TR o8 scratch ¢F @Ol UHIE =4

2 H]al #4]3} ). Figure 10 = control group¥} (C) 15-PGDHE] #J o™, Figure
11 = (D) 29, (E) 31, (F) 66, (G) 67 (H) 69 1¥]aL (I) 86 < A7 3 & ES
Elideh 2 AES Fal Qg AlEY olwd Sl w3k HAl A= compoun

2 Aggk el 24 A & 7HF g ol s Q

G
kAol 0 Az o] 7 FolbHom, 673 869 A-F-ol%E wound FHHire] 7HA o]
gt Fotds Eelatith. vk, AA g 15-PGDH & A g ] 49 24A3F
el Az o]s I TS AT T glen 23]y Fdite] Ao o=
FFes B oY dAdS FAHCE BEAer] fstel 72 ae] AR E A
F9 % @ YulE 3 3] v ARS g gEe Wy EFdAE e,

wound closure rate (%) i= negative control & 3|&HES 100 % = 315l Table 14 <}
Figure 12 o] 7] 3}t L3k one-way ANOVA 9} post-hoc © % Dunnet-t test S &
3l negative control 2] f+o]/dS BIhete]l fFolFE 95 % ool A on|E H-ofst3d
o} 22 23} compound 67, 69, 86 A7 wollA A X & o] negative control tH]
FolsHAl S7F (P=0.000)3}R o, E3] 69 W] -9 wound closure rate 7} 315.681 %
2 71 =55 gddsdth =3 669 A9 173.564 %= 7S 7 (P<0.05)E &
& dglon, A8 HJE PGE, &3 B7HE S8 o5 & B 5 A" A= v
A A Fskd Tk in vitro oA ol gt A3 A¥E F3l, lead compounds?! 66, 67, 69
2 86W compoundt= 15-PGDHE 3 Al AAAA AXE el PGE, &+ 43 =4
Ao 24 wound healings FX1ES Sl 3%le™, in vivo A% FHE Qlal] x4

of dEAdol d3 HAS W, Alxs SAAMA 2 249 A4S FAAAE

32
tlo
Py

;H; il
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olg} AlE Ht}. ¥ 15-PGDHE & A o= AAAAA T, PGES 98 2718 1
o]A] & sto] Wlnl AR AAI 29 9 319 Ao, 27t 159.347 %, 144415 % =
=7tk o, negative control THH] folgt Tk gl 4 flSdth =g AGA 3
15-PGDH A 2] ¢ 749 24597 %= negative control thH] 5-93}A 74 (P=0.019)3}
Atk o]& F3 15-PGDH7} PGE, & w&&/dst AA AE o], w3t 2 A4 It A
d s AAAA FEe] AFE HuA ke 8dds AT = AU

-

Figure 10. Fluorescent microscope image to evaluate wound healing in vitro in the scratch assay using a
confluent monolayer of HaCaT keratinocytes. Cell migration into the wound was observed in response to
an artificial injury. A single representative area is shown (A) negative control and (B) Ing/ml TGF-31
as positive control, C) 15-PGDH. The superscriopt shown as Oh is immediately after the wounding, 24h
means after 24hours incubation.
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Figure 11. Fluorescent microscope image to evaluate wound healing in vitro in the scratch assay using
a confluent monolayer of HaCaT keratinocytes. Cell migration into the wound was observed in
response to an artificial injury. A single representative area is shown lead compounds; (D) 29, (E) 31,
(F) 66, (G) 67, (H) 69 and (I) 86 as experimental group. The superscriopt shown as Oh is
immediately after the wounding, 24h means after 24hours incubation. All compounds were treated with
10pM.
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Table 14. Keratinocyte migration effect of lead compounds

No. Width of the wound area (um)? Wound closure rate”
Immediately after the wounding after 24hours incubation (%)
Control 603.769 + 9.585 455.186 + 33.619 100.000
TGF-R1 546.781 + 6.281 308.259 + 13.823 160.531
15-PGDH 553.012 + 5.448 516.465 + 11.905 24597
29 496.997 + 2.652 260.234 + 33.301 159.347
31 583.782 + 1.857 369.206 + 27.484 144.415
66 589.867 + 5.102 331.980 + 55.906 173.564"
67 552.619 + 11.823 137.211 + 16.505 279.580
69 642.160 + 21.689 173.111 + 17.654 315.681
86 561.136 + 12.697 158.792 + 42.630 270.787

a) The width of the wound area has represented as the mean + standard deviation of five independent

experiments. b) Wound closure rate (%)

((average width of the initial wound - average width of the

after 24hours incubation) / mean difference of negative control)><100; *P<0.05; **P<0.01; ***P<0.001
compared with negative control (one way ANOVA, Dunnet-t post-hoc tests). The significant decrease at
15-PGDH compared with negative control (P=0.019) was observed, while there were significant increase
(almost 2-3 fold) in compound 67, 69 and 86 compared with negative control (P=0.000).

350

300

:

‘Wound closure rate (20

Control TGS 1 15-PGDH

31

67 (] 86

Figure 12. Results of the wound closure rate (%) illustrated in plots. Error bars represent the standard
deviation of the measurements. *P<0.05; **P<0.01; ***P<0.001 compared with negative control (100 %)

(one way ANOVA, Dunnet-t post-hoc tests).
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4. Conclusion
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X : parts per Million : 1H

(Z)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3-methoxyphenyl)acetate (15)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(4-methoxyphenyl)acetate (16)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3,4-dimethoxyphenyl)acetate (17)
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N : parts per Million : LH

(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3,4,5-tridimethoxyphenyl)acetate (18)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(4-ethoxyphenyl)acetate (19)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(o-tolyl)acetate (20)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(m-tolyl)acetate (21)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(p-tolyl)acetate (22)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(2-chlorophenyl)acetate (23)
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: parts per Million : 1H

(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(3-chlorophenyl)acetate (24)

Wi
o]

/
.

abunda
100

pa it ba bu

%
0
]
A1
7%
35
]

o
1
1
261
250
16

= parts per Million : 1H

(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(4-chlorophenyl)acetate (25)
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(Z)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(2,6-dichlorophenyl)acetate (26)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(2-bromophenyl)acetate (27)
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X : parts per Million : 1H

(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(3-bromophenyl)acetate (28)
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X : parts per Million : 1H

(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(4-bromophenyl)acetate (29)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(2-fluorophenyl)acetate (30)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(3-fluorophenyl)acetate (31)
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X : parts per Million : 1H

(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(4-fluorophenyl)acetate (32)
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(Z)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(2-methoxyphenyl)acetate (33)
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N : parts per Million @ U

(2)-4-((2,4-dioxothiazolidin- 5-ylidene)methyl)-2-methoxyphenyl 2-(3-methoxyphenyl)acetate (34)
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(2)-4-((2,4-dioxothiazolidin- 5-ylidene)methyl)-2-methoxyphenyl 2-(4-methoxyphenyl)acetate (35)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(3,4-dimethoxyphenyl)acetate (36)
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(2)-4~((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(3,4,5-trimethoxyphenyl)acetate (37)
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X : parts per Million : UH

(Z)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-methoxyphenyl 2-(4-ethoxyphenyl)acetate (38)
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(Z)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(o-tolyl)acetate (39)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(m-tolyl)acetate (40)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(p-tolyl)acetate (41)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(2-chlorophenyl)acetate (42)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(3-chlorophenyl)acetate (43)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(4-chlorophenyl)acetate (44)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(2,6-dichlorophenyl)acetate (45)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(2-bromophenyl)acetate (46)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(3-bromophenyl)acetate (47)
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X 1 parts per Million : 1H

(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(4-bromophenyl)acetate (48)
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X : parts per Million : TH

(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(2-fluorophenyl)acetate (49)
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K : parts pee Million 2 1H

(Z)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(3-fluorophenyl)acetate (50)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(4-fluorophenyl)acetate (51)
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X : parts per Mllion : TH

(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(2-methoxyphenyl)acetate (52)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(3-methoxyphenyl)acetate (53)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(4-methoxyphenyl)acetate (54)
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(Z)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(3,4-dimethoxyphenyl)acetate (55)
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X : parts per Million : 1H

(Z)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(3,4,5-trimethoxyphenyl)acetate (56)
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(2)-4-((2,4-dioxothiazolidin-5-ylidene)methyl)-2-ethoxyphenyl 2-(4-ethoxyphenyl)acetate (57)
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(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(o-tolyl)acetate (58)
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(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(m-tolyl)acetate (59)
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X : parts per Million : 1H

(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(p-tolyl)acetate (60)
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(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(2-chlorophenyl)acetate (61)
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(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3-chlorophenyl)acetate (62)
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(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(4-chlorophenyl)acetate (63)
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(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(2,6-dichlorophenyl)acetate (64)
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(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(2-bromophenyl)acetate (65)
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(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3-bromophenyl)acetate (66)
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(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(4-bromophenyl)acetate (67)
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(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(2-fluorophenyl)acetate (68)
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(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3-fluorophenyl)acetate (69)
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(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(4-fluorophenyl)acetate (70)
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(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(2-methoxyphenyl)acetate (71)
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X : parts per Million : TH

(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3-methoxyphenyl)acetate (72)

L S T A O TR AN T Y (I T TN N S N ¥ S ¥ S T’

i I
& | | L l
< | , s3) |
a1ne 120 RN 10.0 .0 LP M TH -0 S0 4.0 an I o Lo

X : ports per Million : 1H

(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(4-methoxyphenyl)acetate (73)
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(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3,4-dimethoxyphenyl)acetate (74)
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(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3,4,5-trimethoxyphenyl)acetate (75)
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(Z)-2-bromo-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(4-ethoxyphenyl)acetate (76)
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(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(o-tolyl)acetate (77)
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(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(p-tolyl)acetate (79)
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(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(2-chlorophenyl)acetate (80)
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(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3-chlorophenyl)acetate (81)
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(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(4-chlorophenyl)acetate (82)
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(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(2,6-dichlorophenyl)acetate (83)
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(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(2-bromophenyl)acetate (84)
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(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3-bromophenyl)acetate (85)
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(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(4-bromophenyl)acetate (86)
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(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(2-fluorophenyl)acetate (87)
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(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3-fluorophenyl)acetate (88)
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(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(4-fluorophenyl)acetate (89)
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(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(2-methoxyphenyl)acetate (90)
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(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3-methoxyphenyl)acetate (91)
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(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(4-methoxyphenyl)acetate (92)
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(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3,4-dimethoxyphenyl)acetate (93)
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(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(3,4,5-trimethoxyphenyl)acetate (94)
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(Z)-2-chloro-4-((2,4-dioxothiazolidin-5-ylidene)methyl)phenyl 2-(4-ethoxyphenyl)acetate (95)
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