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prostate cancer, Walsh & Worthington, 2005, PP. 473). o]213F T2 A3 APMUYY F$ F71 =3
Bekslo] AE 7)7ko] 1-2\d0] E3sla, @A A EA(docetaxel ) ¥ o| AE#F-~H (estramustine) 53 #&
gdobstst ool Al JAT HHEES 1202 A IFFaINE Hola A o} o|ujFEHE IdA T F
o9 I TFE ehshste] Hol S wolv RS AR HAHOE Al v AAR v, g4 =27
A dgaded digh gk Aol A3 QI ).

o kel FA o] Hi= AENTADA 7Feu Wnt/B-7 e AZAGA o]do] Ik Aga I il

tlo 2L

/\
7AW, B-ZHld HAAH(CTNNBL) 9] o] m-ek-2laks)l =r|ole] & | 3] p-7telde] <HA 3}
7F e, o3t kst Ay dEkate] of 5ol A i EE Ao2 Bus i 9Jth(Cancer Res. 1998,
16.

=)
o 12

58(12), 2520-2523.; Genes Chromosomes Cancer. 2002, 34(1), 9-16.).

w3, A9 T FAAY nt ASAE v R s 27 d94AG 8y dgAAd aFddA E4d3)
H B-7Hd &9 FoAAS & & Ao, F Iu BT AYA 2FeA HgstE p-7HHd 7t UE
Wi, 53] 7] A9 dRo g Ay delA vAdAE] B-7HEY Y SV & RER #Ed Ao
2 Bu%3 JoH(Curr. Drug Targets. 2008, 9(7). 571-580.).

int/B-7Feld ASdEAE=, Wnt7h o8 FE&A HUEz 2&3te] AX Ul Asdg FA=2E A5To=H

g R ki L /‘ﬂ}_%&u s ek HAolA Fag H3E s, Wnt7} ligand® #-&3HA] 282 wi= GSK3
B, CKla, Anexin, Z22JaL APC7} HJAE olFo] B-7HHdS QI4kst A17]ar 14Fste B-7hEl 2 E3 ligase
of o3 fH|F s} (ubiquitination)¥ o] 265 ZZ2H 2 (proteosome)ol] 23] FalEA =& WHH, Wnt7} ZE
== 83 (Frizzled receptor)®} B 248 (co-receptor)] LRP5(lipoprotein receptor-related protein5)
L= LRP6%F 7““2 st AsE Hli’\ GgstE o o]Z QI3 AlE Hol7l EabH R dojuy] AlAste] B-
FHedol felEo] o

factor) @WMAEH Agste] B3l Fdxte] ddS @Ad3sta =4dstA "k, olu, 1 Udo] st =
EZl frrAtEo]l 4y T Aol #AHE dHHAR] c-mye, cyelin D1, metalloproteinase-7 &< Wnt/B-
e 88 A AH(Wnt/ B-catenin-responsive genes)$! Zoz d#A  Ati(Science. 1998, 281(5382),
1509-1512.; Nature. 1999, 398(6726), 422-426.; Oncogene, 2002, 21(38). 5861-5867.).

W= 5947 3,  B-7Felde LEF(Lymphoid Enhancer-Binding factor)®} TCF(T cell

ER, vggE posbEdel Fbe ARAge] BB 4Gyl fEstd, p-rtade] B4% mdgo
2 Avade 49 528 A4 A9t 4ol andor Asdu: Aow dA o), p-AH @
Wae] Bl T2E AY ARG o FoAl Agel g E3Hel el 9 5 e,

oo, B wEAEe Fa FYANA B (D-dT2A((D-decursin)e] B-rHEY BHE EHlste] ez
b AAEgS AA HEx=2 Bagk v t(Mol. Pharmacol. 2007, 72(6),
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g, "F2AE HdE 27l o] E(decursinol phenylthiocarbamate, DPTC)7F A#H Ao X8 52 ALg
g = 9ol Bug H 9l ov}(Invest Nes Drugs. 2012, 30(5), 1820-1829), o}&A7tA] & wrdorjel 7o
O F2 A5 FHbHolE {54 e ol9] 39 X8 §xo daiA = JIAE vk fiTh.

wgh, e E5s A8120938dE HFEL FEA, o] A 9 olE xFete 3 X5 B oot
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[0065]

[0066]

[0067]
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o
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nt/ B-7Feld

m 2 3n¥, CGK-062 3}3=-S HEK293 A|EFol] A |3}3]

7= @ e, ® o
A4 2AHE gl A

ZAoltt.

Ao A=

Jel whet, vk Ad7E

= 35HE 3a WA 30E

x 1

SS90l 10-1674145

A7%E HEK293 Aol 1 Boabg o] g F 2l Fhub

AlFglel= o= vpekdl e sto|tt

NsAG AR A A4S, (GK-062 3HgH= 7}

2 W9 p-rted RaEe

g AP GAEFPCI) O AEstiS

Bodge o}r)4 HysEE A
A3t g

SEC TS

[ONg e o .
(i)
. + O=C=N—R
OH

) Ay
3

R
1
(i) TEA, 4-DMAP, Dry MC or Dry Benzene, reflux
AA ) B3e 2, 3 Ry
(Ro] ZE= A87])
A 1 2a, 3a -pheny]l -4-COCH;
AAld 2 2b, 3b -pheny]l -3-NO,
2 A4 3 2¢, 3c —phenyl -2-NO,
Ao 4 2d, 3d —-phenyl =4-NO,
A 5 2e, 3e —phenyl -4-Cl
e 6 2f, 3f -phenyl -4-0CH;
A 7 2g, 3g —phenyl -
Ao 8 2h, 3h —phenyl 4-CH;
Ao 9 2i, 3i -pheny]l -3-0CH;
A Al 10 2j, 3j —phenyl -2-0CH;
AAd 11 2k, 3k —phenyl -1-naphthyl
2A 4 12 21, 31 —pheny| -2-0H
Ao 15 2m, 3m —cyclopentyl -
AAA 13 2n, 3n —cyclohexyl -
AN 14 20, 30 —-phenyl -4-CH,CH;
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[0068]

[0069]

[0070]
[0071]
[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]
[0080]
[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

SS50ol 10-1674145

<AAld 1. (79)-(H)-4-olAEzld Fhutelst 8,8-twlEe-2-824-6,7-U 35| = 2-2H, 8F-H 8= [3,2-g| A2 9-7-Y
o] 2B Z((7S)-(+)-4-acetylphenyl carbamic acid, 8,8-dimethyl-2-oxo0—6,7-dihydro-2H,8Hpyranol3,2-
glchromen-7-yl-ester: 3}gE 3a)9 A|=>

A7) [9H&2] 110 YERG blel o], 2t ZetaFe (H)-HFEAE(200mg, 0.812mmol)S HAx HEAZR2
gdol=(Dry MC) 20mlel &)X F 4-olxgzEld o] AA|olo]E(1.827mmol), E]olE o} (TEA, 204440,
1.462mmol), 4-(tjm|€o}n] )]l 1 (DMAP, 59.5mg, 0.487mmol)S Wil 40Co|A 24A1%F FoF wt

& |AS A FF AL WAE AgkA 29 EEE Tt AAS Yk AHEY 3

t}.

F& 1 80.1%;

ofo] e A A4 (ivory solid);
mp: 223.4C;

Rf = 0.45 (n-HX:EA=1:1);

17
D 4110.0667 (c=0.3, DMSO);

[

i NMR(400MHz, DMSO-dg): 10.129(s, NH), 7.931(d, J=9.6Hz, 1H), 7.887(d, J=8.4Hz, 2H), 7.595(d, .J=8.4Hz,

2H), 7.515(s, 1H), 6.826(s, 1H), 6.272(d, J=9.6Hz, 1H), 5.102(t, J=3.4Hz, 1H), 3.295(dd, J=4.4,
17.6Hz, 1H), 2.973(dd, J=3.2, 17.6Hz, 1H), 2.499(s, Ac), 1.425(s, CH3), 1.341(s, CH3);

IT-TOF/MS 430.1153[M+Na]+.

<AAld 2. (79)-(H)-3-UE=Z3¥d 7Fhutelst 8,8-twlEg-2-824-6,7-U 3| =2-20, 8- ¥ &= [3,2-g| A2 9-7-Y
—o] 28| Z((7S)-(+)-3-nitrophenyl carbamic acid, 8,8-dimethyl-2-oxo—6,7-dihydro-2H, 8#pyranol3,2-
glchromen-7-yl-ester: 3}§= 3b)9 Al=>

d-ob =AY o 2AoklolE Bl 3-UERSAY o] hAohoER v Hut ASSuE HFE 3a TP

F LT S FAE, s =AE e dde 3bE doddh

= A A (vellow solid);
mp: 138.1C;
Rf = 0.56 (n-HX:EA=1:1);

(] 26
D 187.0867 (c=3, CHCl3);

I NMR(400MHz, DMSO-ds): 10.282(s, NH), 8.490(s, 1H), 7.932(d, J=9.2Hz, 1H), 7.848(dd, J=1.2, 8.0Hz,

1), 7.782(d, J=7.6Hz, 1), 7.557(m, 1H), 7.514(s, 1H), 6.825(s, 1H), 6.271(d, J=9.6Hz, 1H), 5.127(t,
J=3.4Hz, 1H), 3.303(dd, J=4.4, 17.6Hz, 1H), 2.985(dd, J=3.2, 17.6Hz, 1H), 1.427(s, CH3), 1.343(s,
CH3);

IT-TOF/MS 433.1085[M+Na]+.

<AAld 3. (79)-(H)-2-HE=Z3¥d Fhutelst 8,8-twlEg-2-824-6,7-U 3| =220, 8F-H &= [3,2-g| A2 9-7-Y
o] 2B Z((7S)-(+)-2-nitrophenyl carbamic acid, 8,8-dimethyl-2-oxo—6,7-dihydro -2H,8Hpyranol3,2-
glchromen-7-yl-ester: 3}g= 3c)9 Al=>

d-opAEdad o]&AofdlolE thAl 2-HERIY o]&Alotdlo]ER nhprE ARk Al9jstale 3HgtE 3a S

LT NS FAE, V] =AE e ddE 3cE d9dTh

& 1 90.0%;
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[0089]
[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]
[0098]
[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]
[0107]
[0108]

[0109]

[0110]

[0111]

SSS0dl 10-1674145

A A A (vellow solid);
mp: 113.17TC,
Rf = 0.42 (n-HX:EA=1:1);

26
af
D 438.2600 (c=3, CHCl3);

I NMR(400MHz, DMSO-dg): 10.054(s, NH), 7.938(m, 2H), 7.658(t, J=7.8Hz, 1H), 7.531(s, 1H), 7.495(d,

J=8.4Hz, 1H), 7.334(t, J=7.8Hz, 1H), 6.830(d, J=1.2Hz, 1H), 6.284(dd, J=1.6, 9.6Hz, 1H), 5.057(s, 1H),
3.270(dd, J=4.0, 18.0Hz, 1H), 2.898(d, J=17.2Hz, 1H), 1.408(s, CH3), 1.315(s, CH3);

IT-TOF/MS 433.1078[M+Na]+.

<AAld 4. (79)-(H)-4-HE=Z3d Fhtelst 8,8-twlEg-2-824-6,7-U 3| =220, 8F-H 8= [3,2-g| A2 9-7-Y
- 28 Z((7S)-(+)-4-nitrophenyl carbamic acid, 8,8-dimethyl-2-oxo—6,7-dihydro-2H, 8#pyranol3,2-
glchromen-7-yl-ester: 3}g= 3d)9 Al=>

4ok =AY o 2AoklOlE Bl - ERIAY o] hAohoER v Hut ASSuE HEE 3a TP

F EdT S FAE, s =AE Ze dde 3dE d9ddh

= A A (yellow solid);
mp: 265.7C;
Rf = 0.52 (n-HX:EA=1:1);
17
[e] D
+131.2000 (c=0.3, DMSO);
1H NMR(400MHz, DMSO-dg): 10.450(s, NH), 8.217(d, J=8.8Hz, 1H), 8.188(d, J=9.2Hz, 2H), 7.932(d, J=9.6Hz,

1), 7.726(d, J=9.6Hz, 1H), 7.702(d, J=9.2Hz, 2H), 7.512(s, 1H), 6.827(s, 1H), 6.273(d, J=9.6Hz, 1H),
5.129(t, J=3.2Hz, 1H), 3.296(dd, J=4.4, 12.4Hz, 1H), 2.984(d, J=15.2Hz, 1H), 1.424(s, CH3), 1.338(s,
CH3);

IT-TOF/MS 433.1082[M+Nal+.

<AAd 5. (79)-(H)-4-22=ud Fhtgt 8,8-TWE-2-54-6,7-1 8| =220, 8- 2H=[3,2-g] A2 W-7-¢
-o] 28| 2 ((7S)-(+)-4-Chlorophenyl carbamic acid, 8,8-dimethyl-2-oxo0-6,7-dihydro-2ZH,8Hpyranol3,2-
glchromen-7-yl-ester, 3E 3e)e A|Z>

d-otAEdd o]2AoHdolE thAl 4-SFREIAE o]Aloldo]ER nprE ANt Al9fstals BHghe 3a S

W A3 RS FAste], 3] SARXE e SFE 3eE: FUT
& 1 30.5%;

Al 513 (white solid);

mp: 233.5C;

Rf = 0.62 (n-HX:EA=1:1);

18
[a]
D 470.8667 (c=0.3, DMSO);

i NMR(400MHz, DMSO-dg): 9.876(s, NH), 7.909(d, J=9.6Hz, 1H), 7.485(m, 3H), 7.305(d, J=8.8Hz, 2H),

6.807(s, 1H), 6.260(d, J=9.6hz, 1H), 5.074(t, J=3.6Hz, 1H), 3.270(dd, J=4.0, 8.0Hz, 1H), 2.945(dd,
J=2.8, 17.6Hz, 1H), 1.410(s, CH3), 1.326(s, CH3);
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[0112]

[0113]

[0114]

[0115]
[0116]
[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]
[0125]
[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]
[0133]

[0134]

SS50dl 10-1674145

IT-TOF/MS 422.0786[M+Na]+.

<AAld 6. (79)-(H)-4-HEA=d Fhutelst 8,8-twWlE-2-824-6,7-U 3| E2-2H, 8- M &= [3,2-g| A2 9-7-Y
- 28 Z((7S)-(+)-4-Met hoxyphenyl carbamic acid, 8,8-dimethyl-2-oxo-6,7-dihydro—-2H, 8#pyranol3,2-
glchromen-7-yl-ester: 3}g= 3f)9 A|l=>

d-opA o d o]&Aofd[olE thAl 4-mF5AHd o] &Aloldlo] ER wbE ARE Al9jstales 3a AU s

E
& WS Fdste], s BAAE e seE 3fE AT

F& 1 65.4%;

o

WA 1A S (white solid);
mp: 180.1C;
Rf = 0.40 (n-HX:EA=1:1);
fo] °2
+95.4533 (c=3, CHCl3);
'l NUR(400MHz, DMSO-ds): 9.515(s, NH), 7.928(d, J=9.6Hz, 1H), 7.507(s, 1H), 7.364(d, J=8.0Hz, 2H),

6.835(d, J=8.4Hz, 2H), 6.810(s, 1H), 6.267(d, J=9.6Hz, 1H), 5.037(t, J=3.8Hz, 1H), 3.262(dd, J=4.4,
17.6Hz, 1H), 2.926(dd, J=3.2, 18.0Hz, 1H), 1.407(s, CH3), 1.328(s, CH3);

IT-TOF/MS 418.1249[M+Na]+.

<AA 7. (7S)-(H)-3d At 8, 8-t E-2-82-6,7-U 3 E2-2H, -7 2= [3,2-g] A2 A-7-L-o] 2]
Z((7S)-(+)-Phenyl carbamic acid, 8,8-dimethyl-2-oxo—6,7-dihydro—2H, 8#pyranol3,2-g]chromen-7-yl-
ester: 3EE 3g)9 A|Zx>

Off

d-obAEdad oliAjopdlo]E tial #Hd o]iAlofd[o]ER mb = Ak Alelstales ShekE 3a

E
& WS Fdste], s BAAE e 3eE 3gE AT

fﬂ

P 5

hun

F& 1 57.0%;

s) A 3134 (gray-white solid);
mp: 153.7C;

Rf = 0.55 (n-HX:EA=1:1);

26
[d]<D
+103.2667 (C=3y CHCI;),

I NMR(300MHz, DMSO-ds): 9.690(s, NH), 7.917(d, J=9.6Hz, 1H), 7.499(s, 1H), 7.483-7.450(m, 2H),

7.250(t, J=7.8Hz, 2H), 6.974(t, J=7.3Hz, 1H), 6.811(s, 1H), 6.262(d, J=9.3Hz, 1H), 5.068(t, J=3.75Hz,
1), 3.277(dd, J=3.9, 17.7Hz, 1H), 2.942(dd, J=3.3, 17.7Hz, 1H), 1.418(s, 3H), 1.336(s, 3H); IT-
TOF/MS 388.1135[M+Na]+.

<AAd 8. (79)-(+)-p-EFHY st 8,8-UnlE-2-24-6,7-U 3 =224, 89 &= [3,2-g] A2 W-7- Y-
N 2H Z((7S)-(+)-p-tolylphenyl carbamic  acid, 8,8-dimethyl-2-o0x0-6,7-dihydro-2H, 8#pyranol3, 2-
glchromen-7-yl-ester: 33E 3h)9 A|=>

rr

d-obAlE e o] Aloldlo]E thAl p-EH olnAlofdlo]ER whrE AW Aelstals shghE 3a AW 5

=<
A3 WS Fdste], 8] BHAE = 39E ShE AU

1o

& 35.0%;
WA A A (white solid);

mp: 215.9C;
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[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

[0141]
[0142]
[0143]

[0144]

[0145]

[0146]

[0147]

[0148]

[0149]

[0150]
[0151]
[0152]

[0153]

[0154]

[0155]

[0156]

SS50ol 10-1674145

Rf = 0.43 (n-HX:EA=1:1);

26
D 196.7133 (c=3, CHCly);

(o]

I NMR(300MHz, DMSO-ds): 9.576(s, NH), 7.922(d, J=9.6Hz, 1H), 7.503(s, 1H), 7.335(d, J=7.5Hz, 2H),

7.049(d, J=8.1Hz, 2H), 6.808(s, 1H), 6.263(d, J=9.6Hz, 1H), 5.043(t, J=3.4Hz, 1H), 3.266(dd, J=3.9,
17.7Hz, 1H), 2.930(dd, J=3, 17.7Hz, 1H), 2.212(s, 3H), 1.409(s, 3H), 1.330(s, 3H);

IT-TOF/MS 402.1296[MtNa]+.

<HAld 9. (79)-(+)-3-wEAlgEd FHlE4t 8,8-UHIE-2-&4-6,7-U 3| =E2-2H, 89 = [3,2-g] A2 W-7-Y
o 28| Z((7S)-(+)-3-methoxyphenyl carbamic acid, 8,8-dimethyl-2-ox0—6,7-dihydro-2H, 8Hpyranol3,2-
glchromen-7-yl-ester: 33E 3i)9 A|=>

ol AEA ol &Aool B 3l AA

TGS WES sk, 7] BEAAE 2
T 44.0%;
WA A A (white solid);
mp: 171C;
Rf = 0.461 (n-HX:EA=1:1);
o 28
P +100.4867 (c=3, CHCls);
I NMR(400MHz, DMSO-dg): 9.670(s, NH), 7.925(d, J=9.6Hz, 1), 7.507(s, 1H), 7.147(t, J=8.2Hz, 2I),

7.019(d. J=6.8Hz, 1H), 6.811(s, 1H), 6.561(dd, J=2, 8Hz, 1H), 6.265(d, J=9.6Hz, 1H), 5.060(t, J=3.8Hz,
1H), 3.686(s, 3H), 3.274(dd, J=4.4, 18Hz, 1H), 2.94(dd, J=3.2, 17.6Hz, 1H), 1.412(s, 3H), 1.334(s,
3H);

IT-TOF/MS 418.1200[M+Na]+.

<AA 10, (79)-(+H)-2-HEAHE FHHyAL 8,8-UHE-2-82-6,7-U 3| = 2-20, 83| &} =[3,2-g] T =H-
7-L-o| 28| 2 ((7S)-(+)-2-methoxyphenyl carbamic acid, 8,8-dimethyl-2-oxo-6,7-dihydro-2H, 8#pyranol3,2-
glchromen-7-yl-ester: ZgE 3j)2 A|=>

4-olMEd o] AJoldlo]E 4l 2-WEAIHY o] A& /\]O}Lﬂ OJER uiteE A AQstae sEE 3a FAEUH
I} U3 WSS T, 7] %éﬂi Z2r= 33E 3iE d9ld.

F& 1 77.6%;

o,

2 31 % (white solid);
mp: 199.1C;
Rf = 0.26 (n-HX:EA=2:1);

28
D 172.8867 (c=3, CHCly);

(o]

I NMR(400MHz, DMSO-ds): 8.466(s, NH), 7.901(d, J=9.6Hz, 1H), 7.617(s, 1H), 7.473(s, 1H), 7.054(t,

J=7.2Hz, 1H), 6.976(d, J=8Hz, 1H), 6.883(t, J=7.2Hz, 1H), 6.792(s, 1H), 6.253(d, J=9.2Hz, 1H),
5.010(t, J=4Hz, 1H), 3.743(s, 3H), 3.244(dd, J=4.4, 17.2Hz, 1H), 2.909(dd, J=4, 17.6Hz, 1H), 1.394(s,
3H), 1.331(s, 3H);

IT-TOF/MS 418.1222[M+Nal+.
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[0157]

[0158]

[0159]
[0160]
[0161]

[0162]

[0163]

[0164]

[0165]

[0166]

[0167]

[0168]
[0169]
[0170]

[0171]

[0172]

[0173]

[0174]

[0175]

[0176]

[0177]

[0178]

SS50dl 10-1674145

<AA 11, (79)-(H)-1-vyzEHd  FhEyAr 8,8-tHe-2-84-6,7-U 3| = 2-20, 83| &} =[3,2-g] T =H-
7-4-o| 28| 2(7S)-(+)-1-naphthylphenyl carbamic acid, 8,8-dimethyl-2-oxo-6,7-dihydro-2H, 8#pyranol3,2-
glchromen-7-y1 -ester: 3gE: 3k)9 A|=>

4-obAEHAY o 2AoholE Al 1-EY oliAlohiol ER HAE Hu ASldut 3a BPWNS FAD
WS A, 7] BYAE 2t TR KE

& 1 47.3%;
Z-A 1A A (brown solid);
mp: 120.6C;

Rf = 0.281 (MeOH:H,0=5:1);

[a] 28

D 143.4667 (c=3, CHCl,);

I NMR(400MHz, DMSO-dg): 9.680(s, NH), 7.994-7.916(m, 3H), 7.745(d, J=7.6Hz, 1H), 7.514(s, 5H),

6.825(s, 1H), 6.280(d, J=9.2Hz, 1H), 5.091(s, 1H), 3.293(d, J=15.2Hz, 1H), 3.001(d, J=16.8Hz, 1H),
1.461(s, 3H), 1.352(s, 3H);

IT-TOF/MS 438.1322[M+Nal+.

<HAld 12, (79)-(+)-2-3|=8Add At 8,8-tHE-2-84-6,7-U 3 =2-24, 8 ¥ &= [3,2-g] A= -
7-A-o| 28| Z((7S)-(+)-2-hydroxyphenyl carbamic acid, 8,8-dimethyl-2-oxo—6,7-dihydro-2H,8Hpyranol3,2-
glchromen-7-yl-ester: 33E 31)9 A|=>

g Zgtad (7S)-(+)-2-WEAFY Fhupulak 8 8-TlWE-2-8 -6, 7-U) 8| =2 -2, 89 2} = [3,2-g] A=
w-7-L-o| 2~H Z(3j, 50mg, 0.126mmol)E ¥ AZ wWEHAZFZo]|=(Dry MC) 20mlol] *F<lt}. BBry (464l

0.378mol) % H3 Feo|A 3A%E WG UC FY F AHopAHIEEN G T2 FEH 4715
&g B T BY ROE a0l ] BN 2 ATE 312 29

FE L T2%;

2 A 3143 (brown-white solid);
mp: 118.4C;

Rf = 0.41 (n-HX:EA=1:1);

o] 24
P 471.7000 (C=1, CHCls):

I NMR(400MHz, DMSO-d¢): 9.651(s, NH), 8.347(s, 1H), 7.929(d, J=9.2Hz, 1H), 7.505(s, 2H), 6.927-

6.885(m, 1H), 6.823-6.800(m, 2H), 6.738(t, J=7.4Hz, 1H), 6.267(d, J=9.6Hz, 1H), 4.997(t, J=4.2Hz, 1H),
3.253(dd, J=4.4, 17.6Hz, 1H), 2.929(dd, J=4, 17.6Hz, 1H), 1.397(s, 3H), 1.333(s, 3H);

IT-TOF/MS 404.1102[MtNa]+.

<HAl 13. (79)-(H)-AIZ2AA At 8,8-teld-2-%4-6,7-U 3| =2- 24, 8- 2 = [3,2-g] A= ¥l-7-YU-
N 2" Z((7S)-(+)-cyclohexyl carbamic acid, 8,8-dimethyl-2-oxo-6,7-dihydro-2H, 8Hpyranol3,2-g]chromen-
7-yl-ester: 3}gE 3n)9 A|=>

d-otAEdd ol AoHd[o]E thAl AR o]nAlofdlo]ER uht= AWk Alefstale: Bgte 3a AW

A3 9 S Fsle], 7] BEAAE 2t sgE sng AUt
2% 1 10.2%;

WAl 7 A A (white solid);
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[0179]

[0180]

[0181]

[0182]

[0183]

[0184]

[0185]

[0186]
[0187]
[0188]

[0189]

[0190]

[0191]

[0192]

[0193]

[0194]

[0195]
[0196]
[0197]

[0198]

[0199]

[0200]

[0201]

SSS0ol 10-1674145

mp: 170.5C;
Rf = 0.44 (n-HX:EA=1:1);

19
P 432.1600 (c=2.5, CHCls):

[a]

I NMR(400MHz, DMSO-dg): 7.915(d, J=9.6Hz, 1H), 7.475(s, 1H), 7.153(d, J=8Hz, 1H), 6.760(s, 1H),

6.252(d, J=9.6Hz, 1H), 4.904(t, J=4Hz, 1H), 3.212-3.155(m, 2H), 2.807(dd, J=4, 17.6Hz, 1H), 1.738-
1.473(m, 10H), 1.331(s, 3H), 1.281(s, 3H);

IT-TOF/MS 394.1635[M+Na]+.

<AAld 14, (7S)-(H)-4-dgsd Fhutal4sl 8,8-vwd-2-54-6,7-U 3| =2-20, 8F 9 &= [3,2-g| A= H-7-Y -
AN 2H 2 ((7S)-(+)-4-ethylphenyl carbamic  acid, 8,8-dimethyl-2-o0x0-6,7-dihydro-2H, 8#pyranol3, 2-
glchromen-7-yl-ester: 3}g= 30)9 Al=>

4ot o d o] mAjoldlo]E thAl 4-o"ud o] AAJotulo] ER wbtE Ak Al flstale 3HehE 3a AW
AT WS FHsto], 7] EAAE e FEE 30 EUh

F& 1 85.9%;

WA A (white solid);

mp: 133.2 C;

Rf = 0.312(n-HX:EA=2:1);

24
D 188.3600 (C=3, CHCl,);

(o]

I NMR(400MHz, acetone-ds): 7.858(d, J=9.2Hz, 1H), 7.485-7.433(m, 3H), 7.135(d, J=8.8Hz, 2H), 6.721(s,

1H), 6.207(d, J=9.6Hz, 1H), 5.087(t, J=4.4Hz, 1H), 3.309(dd, J=4.8, 17.6Hz, 1H), 2.986(dd, J=4,
17.6Hz, 1H), 2.575(q, J=8Hz, 2H), 1.421(s, 3H), 1.398(s, 3H), 1.175(t, J=7.6Hz, 3H)

ESI-MS m/z 394.0 [M+H] .

<AAld 15, (7S)-(H)-AE=2HE FHutej4t 8,8-Udd-2-542-6,7-U 3| =2-20, 8F 9 &= [3,2-g] A= H-7-Y -
AN 2HZ((7S)-(+)-cyclopentyl carbamic acid, 8,8-dimethyl-2-o0x0-6,7-dihydro-2H, 8#pyranol3, 2-
glchromen-7-yl-ester: 3}$= 3m)9 Al=>

1-obAEAY o] LAloho]E T AFZAY olaAlollo| S wHrE v AS|stnt 3a FPWW FAG

S-S sk, 7] =4S e dgtE s Edd

rir

FH o 43.2%;
WA T A (white solid);
mp: 158.5C;
Rf = 0.41 (n-HX:EA=1:1);

o 2
D 129.0533 (c=3, CHCl3);

I NMR(400MHz, DMSO-dg): 7.920(d, J=9.6Hz, 1H), 7.475(s, 1H), 7.254(d, J=7.2Hz, 1H), 6.759(s, 1H),

6.253(d, J=9.6Hz, 1H), 4.902(t, J=3.8Hz, 1H), 3.827-3.734(m, 1H), 3.182(dd, J=4.4, 17.6Hz, 1H),
2.810(dd, J=3.2, 17.6Hz, 1H), 1.768-1.701(m, 2H), 1.591-1.511(m, 3H), 1.484-1.390(m, 3H), 1.334(s,
3H), 1.279(s, 3H);

IT-TOF/MS 380.1468[M+Na]+.
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[0202]

[0203]

[0204]

[0206]

[0207]

[0208]
[0209]
[0210]

[0211]

[0212]

[0213]

[0214]

[0215]

[0216]

[0217]
[0218]

[0219]

SS50dl 10-1674145

B. AAld 16 WA 21: HFEA = FupdolE FEA S A=

7] [+ 2]o) wah, trekdlk X3r)E 2= 3R 53 WA 512 A2}

* 2
[9H-3-2] 2]
+ O=C=N R — )J\ /H”\
X OH X 0 N R
1 4 5 H
(i) TEA, 4-DMAP, Dry MC or Dry Benzene, reflux
A Al o 3}8E 4, 5 n R Ry
(Ro] Zt= X¥71)
2A) 4 16 4a, ba 2 —pheny! -
AN 17 4b, 5b 2 —pheny1 -4-0CH;
AAA 18 4c, 5c 1 -2-furanyl -
A 19 4d, 5d 3 —-pheny| -
2A) 4] 20 4e, 5e 4 —pheny! -
AA o 21 4f 5f 1 —pheny| -

<AAld 16, (7S)-(H)-ddeld Fiutul4l 8,8-UHE-2-&4-6,7-U S| E2-2H, 83 &= [3,2-g] A2 H-7-U -4
ZHZ((7S)-(+)-phenylethyl carbamic acid, 8,8-dimethyl-2-oxo0—6,7-dihydro—2H, 8#pyranol3,2-g]chromen-
7-yl-ester: 3}§E 5a)9 A|lZX>

4-obA g ol iAlohlo]E Hal el

|
S-S Faste], s BAEAE e B

¢

g olaAoldlolER HiAE AW Aslgat a FAMNT S
% 522 B3,

¢

TE 1 67.6%;

3|9 A A (white solid);
mp: 145.5 TC;

Rf = 0.46 (n-HX:EA=1:1);

26

la]

D427 2800 (c=3, CHCly);

I NMR(400MHz, DMSO-d6): 7.934(d, J=9.6Hz, 1H), 7.505-7.479(m, 1H), 7.357(t, J=5.2Hz, 1H), 7.270-
7.235(m, 2H), 7.196-7.149(m, 3H), 6.840-6.767(m, 1H), 6.263(d, J=9.2Hz, 1H), 4.932-4.889(m, 1H),
3.188-3.155(m, 3H), 2.890-2.765(m, 1H), 2.680(t, J=7.2Hz, 2H), 1.312(s, 3H), 1.271(s, 3H);

IT-TOF/MS 416.1355[M+Nal+.

<AA 17. (7S)-(H)-4-dEA = E FHap At 8,8-UWE-2-&24-6,7-U 3| =2-2H, 89 8= [3,2-g] A =H-
7-d-o| 2" Z((7S)-(+)-4-met hoxyphenet hyl carbamic acid, 8,8-dimethyl-2-ox0-6,7-dihydro—2H, 8H-
pyranol3,2-glchromen-7-yl -ester: 3}g}E 5b)9 A|lZ>

d-otAlE I o]iAjold|o]E thAl 4-w|EA] o ™

4- olaAletlo] ER mp = AR Al9)stals 3a AR F
A3 W& FHste], ] BYAE %= e ShE

AATt.
F& ¢ 35.2%;
ofol B ] A4 (ivory solid);

mp: 118.5 C;
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[0220]

[0221]

[0222]

[0223]

[0224]

[0225]

[0226]
[0227]
[0228]

[0229]

[0230]

[0231]

[0232]

[0233]

[0234]

[0235]
[0236]
[0237]

[0238]

[0239]

[0240]

[0241]

[0242]

SS50dl 10-1674145

Rf = 0.56 (n-HX:EA=1:1);
26
[,
+21.9933 (c=3, CHCl3);
I NMR(400MHz, CDCl3): 7.581(d, J=9.2Hz, 1H), 7.156(s, 1H), 7.063(d, J=8.0Hz, 2H), 6.804(d, J=8.8MHz,

2H), 6.754(s, 1H), 6.211(d, J=9.2Hz, 1H), 4.960(t, J=4.4Hz, 1H), 4.835(s, NH), 3.766(s, OCH3),
3.389(m, 2H), 3.155(dd, J=4.4, 17.6Hz, 1H), 2.866(dd, J=4.0, 17.2Hz, 1H), 2.732(t, J=6.8Hz, 2H),
1.371(s, CH3), 1.326(s, CH3);

IT-TOF/MS 446.1470[M+Na]+.

<AAd 18. (79)-(+)-F=2FY JMly4t 8,8-tdE-2-%4-6,7-U 3| =2-2H, 89 8 [ 3, 2-gl A2 W-7-Y -9
ZHZ((7S)-(+)-furfuryl carbamic acid, 8,8-dimethyl-2-oxo-6,7-dihydro—2H, 8#pyranol3,2-glchromen-7-
yl-ester: 3gE 5¢)9 A|=>

4ot o] aAjoplo]E Al F2FY o] pAJodlo]ER ubrE AW Al9ldtale 3a YWY Fd
= §—j]_

WS Fste], 7] EAXE e sEE ScE U
FE 1 65.7%;
ZA A (brown solid);
mp: 71.0 C;
Rf = 0.35 (n-HX:EA=1:1);
[l
+7.6000 (c=0.3, DMSO);
1H NMR(400MHz, CDCl3): 7.589(d, J=9.6Hz, 1H), 7.336(m, 1H), 7.165(s, 1H), 6.753(s, 1H), 6.214(m, 3H),

5.225(m, 1H), 5.001(t, J=4.2Hz, 1H), 4.346(d, J=5.2Hz, 2H), 3.177(dd, J=4.4, 17.2Hz, 1H), 2.900(dd,
J=4.0, 17.2Hz, 1H), 1.390(s, CH3), 1..336(s, CH3);

IT-TOF/MS 392.1118[MtNa]+.

<AAld 19, (79)-(+)-3-dd==2" Jhalyit 8,8-tuE-2-&4-6,7-0 3| =2-2H, 8F-¥ & = [3,2-g] A= Hl-
7-A-o| 28| Z((7S)-(+)-3-Phenylpropyl carbamic acid 8,8-dimethyl-2-oxo—6,7-dihydro-2H, 8#pyranol3,2-
glchromen-7-yl-ester: 33E 5d)<9 A|=>

d-otAEdd o]2AoMdolE thAl 3-ddZ R o]iAloldo]ER nprE ANt Al9fstals 3Hghe 3a S

I FdE S Tk, 7] EAAE Ze SE 5dE EAUT
F& 69.7%;
WA A A (white solid);
mp: 135.6 C;
Rf = 0.35 (n-HX:EA=1:1);
P 24
D 431.9733 (C=3, CHCly);
'H NMR(400MHz, acetone-ds): 7.839(d, J=10Hz, 1H), 7.399(s, 1H), 7.286-7.146(m, 5H), 6.684(s, 1H),

6.479(t, J=6Hz, 1H), 6.193(d, J=9.2Hz, 1H), 4.968(t, J=4.4Hz, 1H), 3.255-3.138(m, 3H), 2.909-2.829(m,
1), 2.638(t, J=7.6Hz, 2H), 1.813(quin, J=7.2Hz, 2H), 1.363(s, 3H), 1.353(s, 3H);

+

ESI-MS m/z 407.9 [M+H]

<AAld 20. (7S)-(+)-4-d5E Tt 8,8-TIHE-2-%4-6,7-T| 3| =2-24, 8- ¥ & e [3,2-g] A= H-7-L-
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[0243]

[0244]
[0245]
[0246]

[0247]

[0248]

[0249]

[0250]

[0251]

[0252]

[0253]
[0254]
[0255]

[0256]

[0257]

[0258]

[0259]

[0260]

[0261]

SEE3d 10-1674145
N 2" Z((7S)-(+)-4-Phenylbutyl carbamic  acid, 8,8-dimethyl-2-o0x0-6,7-dihydro-2H, 8#pyranol3, 2-
glchromen-7-yl-ester: 33E 5e)9 A|=>

d-otAEHd ol AoMd[olE thAl 4-ddFE oA ofd[o]ER wptE Ak Alefstal: Bgte 3a AW
H

o1 =
TdE

mp: 106.9 TC;
Rf = 0.35(n-HX:EA=1:1);
24
[@]D
+29.1933 (C=3, CHCl3);
'y NMR(400MHz, acetone-ds): 7.797(d, J=9.6Hz, 1H), 7.340(s, 1H), 7.270-7.131(m, 5H), 6.663(s, 1H),

6.428(t, J=5.6Hz, 1H), 6.179(d, J=9.6Hz, 1H), 4.958(t, J=4.4Hz, 1H), 3.228-3.138(m, 3H), 2.924-
2.831(m, 1H), 2.602(t, J=7.6Hz, 2H), 1.659-1.582(m, 2H), 1.561-1.487(m, 2H), 1.346(s, 3H), 1.338(s,
3H);

+

EST-MS m/z 422.1 [M+H]

<AA A 21. (7S)-(+)-¥1A Fhgal 8 8-THd-2-24-6,7-U) 8| =2- 21, 81 2} = [3,2-g] A 2 Wll-7-L-o| A H|
2((7S)-(+)-Benzyl carbamic acid, 8,8-dimethyl-2-oxo-6,7-dihydro-2H, 8#pyranol3,2-glchromen-7-yl-
ester: 3}§HE 5f)9 A|=>

4ol G o) iAlohilo]E Tl WA olhAlohilol B whe 4w AL 3a FHPHI FAE W

=

< 75k, 7] BAAE ZE g§E 518 4.
& 60.6%;
WAl 3 A (white solid);
mp: 89.5 C;
Rf = 0.32(n-HX:EA=1:1);

24
(o] n

+20.6933 (C=3, CHCI3);

1H NMR(300MHz, acetone-ds): 7.815(d, J=9Hz, 1H), 7.38(s, 1H), 7.29-7.22(m, 6H), 6.67(s, 1H), 6.18(d,

J=12Hz, 1H), 4.99(t, J=6Hz, 1H), 4.37-4.32(m, 2H), 3.235(dd, J=6, 18Hz, 1H), 2.93-2.87(m, 1H), 1.36(s,
6H)

+

ESI-MS m/z 380.1 [M+H]

C. AN 22 A 31: HFEAE FhtHo|E FEA 4 Az

sk7] [Rbg-2) 3]ol wel, gget AgrE 2t sekE 9a WA 9j5 Akl
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[0262]

[0264]

[0265]

[0266]
[0267]
[0268]

[0269]

[0270]

[0271]

[0272]

SS50ol 10-1674145

(o) (0]
R/\)J\ OH L R/\)L Ns L R N:C/,O
6 7 8
040 0 AR i) O30 o/ o
“ 4+ O=C=N _— - )]\ «__R
OH 0" SN Y
H
1 8 9

(i) TEA, DPPA, Dry Benzene, reflux; (ii) Dry Benzene, reflux;
(i) TEA, 4-DMAP, Dry Benzene, reflux

2 Ao 3= 6,7, 8,9 R R

(Ro] ZE AF7))
2 A o 22 6a, 7a, 8a, 9a —-pheny| -
AAld 24 6c, 7c, 8¢, 9c -phenyl -3-0CH;
Ao 25 6d, 7d, 8d, 9d -phenyl -4-0CH,
AAldl 26 6e, 7e, 8e, 9e -phenyl -2-0CH,
A 27 6f, 7f, 8f, 9f -pheny -3,4~-(0CHy)5
A A o] 28 6g, 7g, 8g, 9g —pheny! -4-C1
2 Ao 29 6h, 7h, 8h, Sh —pheny]l -3-F
A Al 30 6i, 7i, 8i, 9i ~pheny]l -3,4,5-(0CH3)3
2 Ald 31 6i, 7i. 8j, 9j -(2-furanyl) -

<AAd 22, (79)-(+H)-(E)-2-sddeld FIupe]4t 8,8-tdE-2-24-6,7-t] 3| = 2-24, 83 8= [3,2-g] 2=
-7-d-A 2" Z((7S)-(+)-(E)-2-phenylethenyl  carbamic acid, 8,8-dimethyl-2-oxo-6,7-dihydro—2H, 8
pyrano[3,2-glchromen-7-yl-ester: &¢E 9a)2] A|Z>

ghe= Zekaae trans—A'EAH(500mg, 3.37mmol)E & WAl 20mlel &AIX] - E]oldolvI(TEA, 23440,
1.683mmol), ©l¥ld EA¥Z o}Ax=(Diphenyl phosphoryl azide, DPPA, 362x¢, 1.683mmol)<S Y il 80To|A] 3
AIZE RESAIZ Y. B3 d"olAEH O E(EA) R F&% U SAMUYERSR E& AAT & Y 558 = 84
E(crude product)E THA] AZx HlAlo] o] 30ColA &F 7tdgF AZY. 7)o (+)-tlF2A]=(207mg,
0.841mmol )< Y Egjo "lo}vl(TEA, 28140, 2.019mmol), 4-(tv|obu) i) 3 2] | (4~
(dimethylamino)pyridine, DMAP, 82mg, 0.673mmol)S il 80°CollAl 3A|F WHSAJ AT, WHg &4 A9} 55
st d& FALE AEFtA 29 288 Fste] ZAE 3FE 925 2.

FE 1 13.8%;

1}

2

J=s}
N
iy

Al .42 (brown-white solid);
mp: 112.4 C;
Rf = 0.45 (n-HX:EA=1:1);

26
D 193.4467 (c=3, CHCly);

(o]

I NMR(400MHz, DMSO-d6): 9.876(d, J=10.4Hz, NH), 7.928(d, J=10.1Hz, 1H), 7.504(s, 1H), 7.258(m, 4H),
7.121(m, 2H), 6.809(s, 1H), 6.269(d, J=9.6Hz, 1H), 6.019(d, J=14.8Hz, 1H), 5.055(s, 1H), 3.261(dd,
J=3.6, 18.0Hz, 1H), 2.920(d, J=17.2Hz, 1H), 1.392(s, CH3), 1.322(s, CH3);

IT-TOF/MS 390.1346[M+Nal+.
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[0273]

[0274]

[0275]

[0276]

[0277]

[0278]

[0279]

[0280]

[0281]

[0282]

[0283]

[0284]
[0285]
[0286]

[0287]

[0288]

[0289]

[0290]

[0291]

[0292]

SS50ol 10-1674145

A

2

A

2

2

2

2

AL

A

<HAld 24, (79)-(+)-(E)-2-(3-dEA=Ed)eleld Fhutulil 8,8-twlE-2-8-2-6,7-U 3| =221, 8F-¥ =
[3,2-g] a2 2W-7-L-o| 2B Z((7S)-(+)-(E)-2-(3-methoxyphenyl )ethenyl carbamic acid, 8,8-dimethyl-2-oxo-
6,7-dihydro-2H, 8#pyranol3,2-glchromen-7-yl-ester: &&E 9c)2 A|Z>

trans—AEAE Al 3-vlEA e 2wt AR Alelstals shghe 9a AU 49 WS Y

at7] EAE e ek 9cE FAH

el

ol

=3
egA-m A 3134 (yel low-white solid);
mp: 116.9 C;
Rf = 0.39 (n-HX:EA=1:1);
[ ]26

o
D $109.4333 (¢=3, CHCl,);

i NMR(400MHz, DMSO-d6): 9.895(d, J=10.0Hz, NH), 7.926(d, J=9.2Hz, 1H), 7.501(s, 1H), 7.153(m, 2H),
6.838(d, J=7.6Hz, 1H), 6.809(s, 1H), 6.685(dd, J=2.0, 8.4Hz, 1H), 6.269(d, J=9.2Hz, 1H), 5.991(d,
J=14.81z, 1H), 5.058(t, J=3.8Hz, 1H), 3.260(dd, J=4.0, 18.0Hz, 1H), 2.920(dd, J=2.8, 17.6Hz, 1H),
1.390(s, CH3), 1.320(s, CH3);

IT-TOF/MS 444.1422[M+Na]+.

<AAld 25, (7S)-(H)-(E)-2-(4-dEA = d)eleld Fhutulsl 8,8-twlE-2-5-2-6,7-U 3| =221, 8F-¥ &=
[3,2-g] a2 2W-7-L-o| 2B Z((7S)-(+)-(E)-2-(4methoxyphenyl )ethenyl carbamic acid, 8,8-dimethyl-2-oxo-
6,7-dihydro-2H, 8#pyranol3,2-glchromen-7-yl-ester: &&= 9d)2] A|=>

trans=AI'eAE Al 4-mEA ke R vt ANk Alelstaie She 9a AW BUd wes s,
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[0293]
[0294]
[0295]

[0296]

[0297]

[0298]

[0299]

[0300]

[0301]

[0302]
[0303]
[0304]

[0305]

[0306]

[0307]

[0308]

[0309]

[0310]

[0311]
[0312]
[0313]

[0314]

[0315]

[0316]

SSS0dl 10-1674145

7] =4S 2

rr

sheE 9dE It
& 1 29.0%;
2 1A% (brown solid);
mp: 107.3 C;
Rf = 0.425 (n-HX:EA=1:1);
28

[a]
D 185.3733 (c=3, CHCly);

i NMR(400MHz, DMSO-d6): 9.766(d, J=10Hz, 1H), 7.926(d, J=9.2Hz, 1H), 7.501(s, 1H), 7.197(d, J=8.8Hz,
2H), 7.009-6.947(m, 1H), 6.835-6.806(m, 3H), 6.268(d, J=9.6Hz, 1H), 5.974(d, J=14.8Hz, 1H), 5.042(t,
J=3.4Hz, 1H), 3.711(s, 3H), 3.254(dd, J=4, 17.6Hz, 1H), 2.910(dd, J=3, 17.8Hz, 1H), 1.387(s, 3H),
1.317(s, 3H);

IT-TOF/MS 444.1419[M+Na]+.

<AAld 26, (7S)-(H)-(E)-2-(2-wEA = d)eleld Fhutulsl 8,8-twlE-2-8-2-6,7-U 3| =221, 8F-¥ &=
[3,2-g] a2 2W-7-L-o| 2B Z((7S)-(+)-(E)-2-(2-methoxyphenyl )ethenyl carbamic acid, 8,8-dimethyl-2-oxo-
6,7-dihydro-2H, 8#pyranol3,2-glchromen-7-yl-ester: &= 9e)2] AZ>

trans-AgAE A 2T EANGAO T AL AT ASlat SFE 0o TAWWS FAW WS Ftol,

FE L 32.7%;

ZA 1A (brown solid);

mp: 114.7 C;

Rf = 0.45 (n-HX:EA=1:1);
28

s
+62.4933 (c=3 s CHCI;) )

I NMR(400MHz, DMSO-d6): 9.826(d, J=10Hz, 1H), 7.924(d, J=9.6Hz, 1H), 7.498(s, 1H), 7.270(d, J=7.2Hz,
1H), 7.204-7.094(m, 2H), 6.941-6.809(m, 3H), 6.279-6.200(m, 2H), 5.040(s, 1H), 3.763(s, 3H), 3.254(dd,
J=4, 18Hz, 1H), 2.918(d, J=15.2Hz, 1H), 1.389(s, 3H), 1.320(s, 3H);

IT-TOF/MS 444.1418[M+Na]+.

<AAlo] 27. (7S)-(H)-(E)-2-(3,4-dHEAH Q) eld it 8,8-tue-2-84-6,7-U 3| =2~ 20, 89 2+
=[3,2-gl A 2Al-7-L- 2B 2 ((7S)-(+)-(E)-2-(3,4-Dimethoxyphenyl )ethenyl carbamic acid, 8,8-dimethyl-
2-0x0—6, 7-dihydro-2H, 8#pyranol3,2-glchromen-7-yl-ester: & 9f)2] A)Z>

trans—AEAF A 3 4-tHEA NG o 2 uptE Huk Al9)etais 9a AN FUd wES 88k, 3§
7] BAAE Z2E gE 9fE A}

=% 14.6%;

N
N,
z

k.

A3 (brown solid);
mp: 108.3 TC;
Rf = 0.4193 (n-HX:EA=1:2);

24
(s
+85.0333 (c=3 s CHCI;) )

I NMR(400MHz, DMSO-d6): 9.774(d, J=9.6Hz, 1H), 7.929(d, J=9.6Hz, 1H), 7.504(s, 1H), 7.053-6.992(m,
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[0317]

[0318]

[0319]

[0320]
[0321]
[0322]

[0323]

[0324]

[0325]

[0326]

[0327]

[0328]

[0329]
[0330]
[0331]

[0332]

[0333]

[0334]

[0335]

[0336]

[0337]

[0338]

SS50ol 10-1674145

1H), 6.877-6.737(m, 4H), 6.270(d, J=9.6Hz, 1H), 5.963(d, J=14.4Hz, 1H), 5.049(t, J=3.6Hz, 1H),
3.752(s, 3H), 3.705(s, 3H), 3.259(dd, J=4, 18Hz, 1H), 2.911(dd, J=3, 17.8Hz, 1H), 1.388(s, 3H),
1.320(s, 3H);

IT-TOF/MS 474.1525[M+Na]+.

<AAd 28, (7S)-(H)-EB)-2-(4-Z=2=2md)deld IhtgAl 8, 8-tuE-2-84-6,7-T] 3| = 2-21, SF-H &=
[3,2-g] 3 2Hl-7-Y-o| 2B Z((7S)-(+)-(E)-2-(4-chlorophenyl )ethenyl carbamic acid, 8,8-dimethyl-2-oxo-
6,7-dihydro-2H, 8#pyranol3,2-glchromen-7-yl-ester: 3FE 9g)9 A|=x>

trans=Al'gAt Al 4-FREAIGFOR bt b Al9]stals 9a AWM BAdd wkes sk, 51

EAAE e s 98 .
& 1 30.2%;

=g A4 (yvellow solid);

mp: 103.9 TC;

Rf = 0.48 (n-HX:EA=1:1);

24
[a] D

+89.9067 (¢=3, CHCls);
'H NMR(400MHz, DMSO-d6): 9.932(d, J=9.6Hz, 1H), 7.915(d, J=9.6Hz, 1H), 7.488(s, 1H), 7.312-7.257(m,
4H), 7.190-7.129(m, 1H), 6.800(s, 1H), 6.261(d, J=9.2Hz, 1H), 6.004(d, J=14.8Hz, 1H), 5.058(t,
J=3.6Hz, 1H), 3.257(dd, J=4, 17.6Hz, 1H), 2.919(dd, J=2.6, 17.6Hz, 1H), 1.389(s, 3H), 1.320(s, 3H);

IT-TOF/MS 448.0929[M+Nal+.

<AAd 29. (7S)-(+)-(E)-2-(3-ZF2=Hd)dEd 7= 8,8-tuE-2-84-6,7-T] 3| =2-21, SF-¥ &=
[3,2-g] 3 2Hl-7-Y-o| 2B Z((7S)-(+)-(E)-2-(3-Fluorophenyl )ethenyl carbamic acid, 8,8-dimethyl-2-oxo-
6,7-dihydro-2H, 8H-pyranol3,2-glchromen-7-yl-ester: 3}$E 9h)9 A|=>

tlo

trans—A1Et Bl trans-3-EFF Q2R vt ARk Al9)stals ShghE 9a AN Bdd v

Fyato], 37 EHXE ZE FE ohE AU
& ¢ 37.3%:

=gk 1A A (yellow solid);

mp: 101.5 TC;

Rf = 0.48 (n-HX:EA=1:1);

[o] 24
D 489.1600 (c=3, CHCly);

I NMR(400MHz, DMSO-d6): 9.967(d, J=10Hz, 1H), 7.896(d, J=9.2Hz, 1H), 7.468(s, 1H), 7.284-7.078(m,
4H), 6.900(t, J=8.4Hz, 1H), 6.792(s, 1H), 6.253(d, J=9.6Hz, 1H), 6.030(d, J=14.4Hz, 1H), 5.067(s, 1H),
3.254(dd, J=4, 18Hz, 1H), 2.925(d, J=16Hz, 1H), 1.393(s, 3H), 1.321(s, 3H);

IT-TOF/MS 432.1218[M+Na]+.

<AAld 30, (79)-(+)-(E)-2-(3,4,5-EFWIEAHALD)Ed Fmlygit  8,8-yuE-2-&4-6,7-H 3 ==~
OH, 8- &}=[3,2-g] A2 dl-7-L- ZH E((79)-(+)-(E)-2-(3,4,5-Tr imet hoxyphenyl )ethenyl carbamic acid,
8,8-dimethyl-2-oxo-6, 7-dihydro-2H, 8Fpyranol 3,2-glchromen-7-yl-ester: 3g&E 9i)2] A|Z=>

trans=21'g2t tiAl 3,4, 5-EHIEA Ao R vt e AR AlQlstie 3RHE 9a

o
FHate], 57l BAAE 2t sk 9iE A

s

= O O
P e vESS

b

T8 1 79.8%;
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[0339]
[0340]

[0341]

[0342]

[0343]

[0344]

[0345]

[0346]

[0347]
[0348]
[0349]

[0350]

[0351]

[0352]

[0353]
[0354]
[0355]

[0356]

[0357]

[0358]

SSS0dl 10-1674145

A A A (vellow solid);
mp: 59.1 C;
Rf = 0.54 (n-HX:EA=1:2);

19

[@]D
+59.5000 (C=3y CHCI;),

I NMR(400MHz, DMSO-d6): 9.861(d, J=10.4Hz, 1H), 7.928(d, J=9.6Hz, 1H), 7.502(s, 1H), 7.146-7.085(m,
1), 6.809(s, 1H), 6.549-6.512(m, 2H), 6.271(d, J=9.6Hz, 1H), 5.959(d, J=14.4Hz, 1H), 5.060(t,
J=3.6Hz, 1H), 3.764(s, 6H), 3.607(s, 3H), 3.266(dd, J=6, 18.8Hz, 1H), 2.916(dd, J=3.6, 18Hz, 1H),
1.392(s, 3H), 1.321(s, 3H);

IT-TOF/MS 504.1627[MtNa]+.

<AA 31. (79)-(H)-(E)-2-(FF-2-L)dHd 7Ftutelit 8,8-twld-2-&4-6,7-03| =2-24, 89 &= [3,2-
glaZ2d-7-d-o 2H = ((7S)-(+)-(E)-2-(furan-2-yl )ethenyl  carbamic acid, 8,8-dimethyl-2-oxo0-6,7-
dihydro-2H, 8#pyranol3,2-glchromen-7-yl-ester: & 9j)¢ A=x>

trans-Agt T 3-(2-FA)okAP Mo R e Fw Adsut AT 92 G FAT WS
sl om EME 2 e 9% 2AT

s

tjo

TE& 1 69.7%;
2 1A% (brown solid);
mp: 58.5 C;
Rf = 0.47 (n-HX:EA=1:1);

19
[o]

D 179.6933 (c=3, CHCl);
'H NMR(300MHz, DMSO-d6): 9.894(d, J=10.2Hz, 1H), 7.920(d, J=9.6Hz, 1H), 7.493(s, 2H), 6.984(dd,
J=10.2, 14.7Hz, 1H), 6.798(s, 1H), 6.401-6.383(m, 1H), 6.264(d, J=9.6Hz, 1H), 6.197-6.185(m, 1H),
5.912(d, J=14.4Hz, 1H), 5.056(t, J=3.6Hz, 1H), 3.254(dd, J=4.2, 18Hz, 1H), 2.917(dd, J=3.3, 17.7Hz,
1H), 1.384(s, 3H), 1.313(s, 3H);

ESI-NS m/z 382.2 [M+I]'.

<AEd 1. dFEAE FHE F=A S Wnt/B-7tEld 2 2= A=Y Bk
(1) A3As ¢ E2v =9 &4
7] AN S FYE BFEAE Futo]E SEAS DNSO(Signath) 2 LiCl= Sastelch. oz ez

#= cDNA(Human Frizzled cDNA): PCR(polymerase chain reaction)ol]l &l zF A 3Eo|A EHA|=<%1a, pCDN3.1
WE  (Invitrogen) W= ABE-2A%Ac}. pTOPflash T ¥H ZgAn =% Upstate Biotechnology(Lake
Placid, NY, USA)ellA <1t TH(FEBSLet t20054213). CyclinDl ZRZEEE ¥§38 @ ¥H Zghan| == PCR
I pRL-null e AFdel] o)sf Eu]%¥ TCF-4 response elements®] promoter resionsS SZA|7AH 4|3},
pCyclin DI-RL 5<& ¢3dt}.

(2) AZ wg, 25U 2 FAHH = ofAo]

HEK293 2 Wnt3a-#4H] L AlEXF+= ATCC(American Type Culture Collection, Manassas, VA)olA FY3}H o,
10% $-elobd H(FBS), 120ng/ml YA 2 200pg/ml ~EFAEvrFo] S BF3H DMEM(Dulbecco’ s modified
Eagle’ s medium)oll A w3} th.  Wnt-3a 2% ®lA](Wnt3a conditioned medium, Wnt3a CM)& Wnt3a-3#4H] L
MEE 10%[v/v] FBS7} 3238 DMEMO Al 443t HH sl & A7) wldE DMEM WX S $=Aste] 0.22pm ZEZ
Fatslste]l EH13FAtk. Al DMEM(10%[v/v] FRB 23HE F7lste], AIXE 393t o Wigs &, mixE F335k
oA wjx|e} g, A ZO‘(transfectlon)‘:’ AzZAFe] Awo wha} Lipofectamine 2000(Invitrogen)<-

_25_



[0359]

[0360]

[0361]

[0362]

[0363]

[0364]

[0365]

SS=50ol 10-1674145

7bA 3 e, FAHYool= oMol (Luciferase assays)E 7Y FAHH o= F)E(Dual Luciferase
Assay kit, Promega, Madison, WI)Z AF&3}ic).

(3) AlE719F 233234 (Screening for a Small-Molecule inhibitor of Wnt/B-catenin Signaling)

HEK 293 2|38 (TOP-Flash) MEFE G418(1 mg/ml)S &3 wiA S A}-8381o), hFz-13} TOPFlashE & s}
v =)l 3 - AE H3E HEK293S MAFo=H FHFEHATE. A7) AMEFE 2407kE 5
Asko] ZF well vith 15,00070] AIEEE 96-well plateol A ¥t Wnt3a CM& F7Fste] Har, o7
F2Awm ol E F A (33E 3b, 3¢, 3d, 3e, 3m, 3n, 5b, 5¢c, 5f, 9g, 9h)= 30uMe == Z well
of Yol Advro R 33t 15A17F & EHo|EE AME3te] FAAH |2 A4S SHU.

= Ynt/B-7tEIUe AZALS zb7] 9sle], HEK293 AXEE <tg¥om FAAS A,
TOPFlash #]¥ 8 2 hFz-1 #3d ZetAv|=2 3= HEK293 8 AES w5t HEK293 2] EE Alx7}
Wnt3a CMZ} 7l 2ol =AS o

3}

= gy 4L vg STl o] ¥, "FEAE FhibHolE
fEAZ Agste] oAl BHS BISAT. YRTS Wnida MY EA E= REAStlA BAw T
TOPFlashe] &AL Cell titer @ ® FF3H(normalize) AT},

2 AY Axe, 7] = 1o velhd vlel o, HFEAIE JMWolE {FEAE A A &2 e AlE
S (HEK293)°ll Ligand(Wnt3a)E A &]& A§ &Alo] S71ES & <+ U,

(4) Wnt/B-7 el AsAY A=29 oAGA AFdA4

FA o]z ofAle] Ak, Wnt/B-7FEIA AR AAEAHS S A = 1 F &) & 49 Zh

I 4
<FhileolE Feo gF=AE FEAY Wnt/B-7Hd A= A 84 23>
[3H8+4] 1]
@) O O
)(J)\
(@) N m R
H
3EE m n R R % of inhibition
(R] &= X87])

3b 0 0 phenyl -3-NO, 61.55
3c 0 0 phenyl -2-NO, 71.69
3d 0 0 phenyl —-4-NO, 73.43
3e 0 0 phenyl -4-Cl 75.70
3m 0 0 N-cyclopentyl - 92.36
3n 0 0 N-cyclohexyl - 79.57
5b 0 2 phenyl -4-0CHs 49.35
5¢ 0 1 2-furanyl - 70.01
5f 0 1 phenyl - 70.56
9g 1 0 phenyl -4-Cl 60.85
%h 1 0 phenyl -3-F 47.32

X 1olA 9 Zo], FMldolE e HFEAE AT Wnt/B-7HHY A2 A4 &4 azE Jepdd
E3], 3c, 3d, 3e, 3m, 3n, 5c, 5f FIAEL 70% oA 43 Wnt/B-7HHd AR A A
glon, ol MYEde HFEAE A dE 7MW EZI(DPTC) 2] Wnt/B-7Feld A= A &4 &
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[0368]
[0369]

[0370]

[0371]

[0372]

[0373]

[0374]

[0375]

[0376]

[0377]

[0378]

[0379]

[0380]

[0381]

[0382]

[0383]

[0384]

SSS0ol 10-1674145

o 59 o4k $5E Ao

ro

= Ak,
<A 2. FEAE FEAY FE-9F FHRp
(1) FAFHo|= &R}

Aol 19 WA oA Aol $4UW HPE an 2 el FE IF B
dihydroxy-phenyl)-acrylic acid 2,2-dimethyl-8-o0x0-3,4 -dihydro-2H, 8#pyranol3
§]_6’]— J,}, H]JJ_O}.O';‘ Jfl7}— }.Oihjr 1 /KE]fﬂH]—tH_O_ /Klfﬂo:‘ﬂ 194 _Er./\]lﬂaﬂ ]Z §]—/H 7‘é
T, 33E 3m ¥ 3nF, CGK-062L Z+ZF 2.5uM, SuM, 10uM, 20uM % 40uMe] &

ok

4L CGK-062(3(S)-(3,4-
g

2-g]chromen-3-yl-ester)

)

ek bk R )
w2 AdsE Jw 9

2004 &2l E H}E‘r 2o, 3m94 A5 53] CGK-062(% 2~4° 4] "CGK062"= ¥AIE)Y 3n HU}F ¥ 4L 5

(2) 9% &9 (western blotting)

S an % 3ol RSl WE Bzt wudel A WstE selsh) g8 Asd BREe A .
HEK293 2] H HL.—roﬂ 35E 3m % 3n3}, (GK-062< Z+ZF 2.5uM, 5uM, 10uM, 20uM 2 40uNe ==
15417+ 5k A shgie.

AED B8 oo 7|AHJA WAooz FuEJa(Nucleic Acids Res. 1983, 11(5), 14751489) wujd-e
4-12% 9] SDS-PAGE(QIMIEZA)o|A Fe|=i, YERZAEZ o= w(nulo]o-# =, d=2ZFd 2, CA, USHE
A=A, A7) 22 5% =¥ WaR E5EHAL, Id-dAe-7Hhd @A (BD E%iﬁ*ﬂ WA ED], F4E,
KY, USA), Alo]lE# D1 A (AFE}F A F = nfo] @ ]i%iﬂ, AFEF A5, CA, USA), 2 g-oded A (A A

9% "HAaszA, H¥E, MA, USHE ZAFEAT. 5 T84 A tolA] (horseradish peroxidase)
A2 F-F Ig6 FA(AHEF AF= vle|eHAEZA)E F29SH A, ECL A 2=R(AEI SR = vle|oHAER
A2+ 815 LT}

L 394 ERlEE wkey o], HEK293 Z3EE A|ZolA 3m 3= &FEA o2 -7t g AAHB-
catenin Response Transcription: (RTI)E ZAAIHoH, AXAU B-7HHUIS 3z s} .
&, s-¥E smel CGK-062¢F Wlwate] & o], ¥ @& FkolA oA &4& Hetis & + Jda, FFE
o] % a#How B-7lEdS Eajste] g-stEde] wA Y-S 9o wX Wnt/B-7tHd AsAE A
£ JAgt & 5 .
<A 3. AFAL AEF HF2AE FHHolE FEA MY AEEASH>
FA o]z ofAolo] o7k FAWE AAEAd o7k A 9l shgHE(chemical)ell Wk A (toxicity)ol ¢
g A EZAPE el W2 A7 g 4 k. Cell viability test3 ArollE Al

How, FAFY o]z ofAe] THFOEA cell viabilitydl= &S MAA @i B-7hed w3 A

AHCRT) RS mabd oz Fard o e =28 A4 5 glojoF du.

-
B,
=5

wh2ba] | cell viabilityE elR7] 98] CellTiter-Glo AssayE AASH F3 Wye &3 7149 Wi

(Mol. Pharmacol. 2006, 70, 960-966)cl w&} A& 3}3dct.

=, PC3 ME(AHEAY AE, ACTT(American type Culture Collection) . ZF-E Fuj)E 96-well plates(5000

cells)ol HE3l & 3E 3m, 3n 2 GCK-062F 48A]7FHs<t A gjskth. W7 ABE59 cell viabilityE 3

3% Cell Titer—Glo assay kit(Cat# G7570, Promega)= AR&3lo] A|ZALS] AAAN R SH3I3ATH

Cell viability ¥4 A%, & 404 ERIx+= nie} o], 313= 3m % 3na PC3 M9 AME &35 YEU

o, B3 3L 3nS GK0629t FAHE AwE PC3 AIES] viabilityE ZAA 7).

?5_, CGK-062+= Eof st Lam® FS Wuk ol 313y 2 galy Ectgio=n =&

, A&3] (H-UFEAEE A= A7 d= Aol vl&l, sgtE 3m 2 3ne =0l Uld 83
F‘%E]r shabd o giabd A E T AR FE5HA AMRE 5 e o]l A+

<Add 3. 534>

r‘j o

/\lz];jlq] 3-1. :-HE)&

& 2ge] Bgt= 3b WA 3e, 3m, 3n, 5b, 5S¢, 5f, 9g, W ShE ©Y|Ftl| FHFS HATAES Al (244
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[0386]

[0387]
[0388]

[0389]

[0390]

[0391]

[0392]
[0393]
[0394]
[0395]

[0396]

[0397]

[0398]

[0399]

[0400]

SSS0ol 10-1674145

b olu) g FEA 1A=
up$-~0l [(R ul$-~ AEL T
b

oo, A shek= 3

BE FARstaL, AARES AAst] flete]l B ARS st dnkbAQl
Zaroll suhe], Zb A skl wjAsiith. dixdel=
WA 3e, 3m, 3n, 5b, 5c, 5f, 92, @ 9hE 2.0g/kg(LHt=
|5 & 50u) Aw)e FEE AT TS Fol 24A3F Foll Zhzke] AAMES ARG A, df
2.0g/kg %9 3= 3b WAl 3e, 3m, 3n, 5b, b5e, 5f, 9g, ¥ 9hE FoJgt AT BT AE3UT.

Add 3-2 . 43T % d=TY A7) £ 24 54 43

C57BL/6] AAE o= T&9 7} A7(x24)d v = TS A7) fske] s3HE 3b WA 3e, 3m, 3n,
5b, 5¢, 5f, 9g, B 9%hE Folg AP} Fuivhs Folg tixde] TEEENE 8F F IS AFH s
GPT(glutamate-pyruvate transferase) % BUN(Blood Urea Nitrogen)®] & W F%EE Select E(Vital
Scientific NV, Netherland) 7171& o]|&3te] ZAH3AT. 1 A3, M54 a7 GPTSF Al
F=43 BANE AeR LEzl BUNG A%, dxad vlaste] A7 ETE xolE HolxA| gith.
w3t 7} TERZYH 1 A4S FHste B4 q?l 2A4H ARG S AA FeEAnFor 22T #ES

Alstglon Solgh o] o] dEE A kUt

L
=
)
%0,
s
Y
o
U

<AAS 1. ¥ AA>
AA S 1-1. ZA A=

Wge) e an((79)-(HD-A22AY ket 8 8- W H-2-52-6,7-1) 8] = 224, 8- ehie[3, 2-g] A2
T-d-ol 2B 2, AA 15) 20 FESS 175.9z, AAAR 180z R FROl=A A 323 BT,
el 108 AE 8o AN F, BANA 14 AAE FAAAT. AL AxAAT 7)ol
A% 160g, B4 50g D ek vk 5ge AN Qe EFRES A BEUG

X o@m

A A 1-2. FAIAA L A=

2 0ol S3E 3m 0.5 FHT &AAA 100mE RHEATH. o] &AqE W] Wi 20CelA 30737 7}

Asto] WA A
<AA 4 2. AF A=>
AA 2-1. ZFE Fd9 A=

2 o) 313tE 3ng 0.2~10.0 TR st A% =

)
ofo
N
)
ofo
o2
ot
o
__>‘~l_“
N
ol
32
v

RAA S 2-2. BE AE9 A=z

f
T
z
12}
Lo
o
E?‘J
(o8]
=
o
(e
R
SENSE

Fhz sto] DrbFl Hrlstal, o] =S ol&stol W, Aola, 7], A
Y
[€)

A ES Azl
AAE 2-3. 2Z 2 &F(gravies)9 AX

by ﬂﬂ% g 0.1-1.0 FF% sto] 22 W K Fo| HArhste] A THE HUbE AF, WRH 52
=

AA o 2-4. FAE(dairy products)e] A=

dme 0.1-1.0 %= ako] ol H7bstal, 471 $-f5 ol&ste] HE = ofolxayadt
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