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ro
I

A
=]

e

13 A19FS AFE3l9tl. TLC platex Kieselgel 60 Fugy (Art. 5715) MerckAl A|ES AMg3sl9a A

A RutE 798 Ay 7AL MerckAle] Silica gel 60 (0.040-0.063 mm ASTM) S A}-&-3}%iT).

1H—NMRE} Fe-NR spectrum< Varian gemini spectrometer 200MHz, Bruker 250MHz spectrometer Y+ Varian

NMR AS 400MHzE AF&-3led 93 chemical shift (8)E TMS (tetramethylsilane)S Wi ZFEZZ ppnl =
e O™ coupling constant ()= Hz T2 FEAISHSITE. Melting pointi Barnstead International MEL-
TEMP 1202DE AF&3te] SAA oM 2% B2 344 FdTt.

T Y X+ parr hydrogenation apparatusS AF&3F oM MASS spectrume electrospray ionization
source’} F&E LCQ advantage-trap mass spectrometer (Thermo Finnigan, San Jose, CA, USA)$} electron
ionization &7} A& GC-2010 (Shimadzu)E AF&3le] Q).

<Al 1> 3-(3-EERE-2-3| EFA| Z R ZA])-1-3| EFA|-5-H| B A -9 ’-9-2[3-(3-Chloro—-2-
hydroxypropoxy)-1-hydroxy-5-methoxy-9HFxanthen-9-onel ¢ ¥4 (33=1)

Ad Ax3 52 Zg230] 2,3-UHEA W ZEAH0.91 g, 5 mmol), TEEZIF A= (phloroglucinol, 0.95 g,
4.69 g, 30 mmol)¢} POCls (20 mL)S ¥l 80 TolA 4A17F B¢t wuksla, whg F3 %

2 A% o 500 mL o ESEo| olF HHI HUlEGT. wheES deEdd e I%

s 25 oY, AP HAES 4TolA =9 WA 3%

o}

Azste] e Aol 1A 3HeHE(1.22 g, 94.8%)2 LAt}

'H-NIR (250MHz, DMSO-ds) & 3.96 (s, 3H, C5-0CH;), 6.21 (d, J = 2.1 Hz, 1H, C2-H), 6.40 (d, J = 2.1

Hz, 1H, C4-H), 7.36 (dd, J = 8.0, 7.9 Hz, 1H, C7-H), 7.49 (dd, J = 1.3, 8.0 Hz, 1H, C6-H), 7.64 (dd, J
= 1.3, 7.9 Hz, 1H, C8H), 11.06 (br s, 1H, C3-OH), 12.8 (s, 1H, C1-OH).

@A 2: 1-3] = 2 A]-5-1) EA]-3- (& A] S-2-A | E A ) -9 F 2 el-9—- [ 1-Hydroxy-5-met hoxy—-3-(oxiran-2-
ylmethoxy)-9Hxanthen-9-onel ¢ A
28 Axs T2 gk AAd 19 dA 1oA Az 1,3-U3| EFA-5-wSA-9/FHeI-9-2(1.13 g,

4.39 mmol), KyCO; (1.52 g, 10.98 mmol)o] &%= FF oMAE (25 L) EFEC oIS==23 ="
(epichlorohydrin, 1.73 mL, 21.95 mmol)< 7}t T8 55-60ColA] 6413+ &-F mukA Y.
AE odsta, &vE 7 stollA AAS & T2 Fe A7t dga=2atE 29 (A7]& ) o oAl El
O|E:n-&lak=1:1 (v/v)) &2 &g AAlste] A9 2 XA 9 3}3E(443.2 mg, 32%) & AU

i)
oo
rlo

o
il
lo
R

-

2
>~

A

Kl

=

m.p. 182 T; R; 0.43 (A7H&) olDopAlElo]E:&qt = 1:1(v/v));

'H-NMR (250 MHz, CDCl3) & 2.93 (dd, J = 4.3, 4.8 Hz, 1H, C3'-Hy), 2.76 (dd, J = 2.6, 4.8 Hz, 1H, C3'-
H), 3.36-3.40 (m, 1H, C-2'H), 3.99 (dd, J = 6.0, 11.0 Hz, 1H, C1'-H,, 4.01 (s, 3H, C5-OCH;), 4.31
(dd, J = 2.9, 11.0 Hz, 1H, C1'-H,), 6.36 (d, J = 2.3 Hz, 1H, C2-H), 6.56 (d, J = 2.3 Hz, 1H, C4-H),
7.20-7.32 (m, 2H, C6,7-H), 7.80 (dd, J = 1.7, 7.7 Hz, 1H, C8-H), 12.81 (s, 1H, C1-OH);

PO-NMR (62.5 MHz, CDCls) 44.6 (C3'), 49.7 (C2'), 56.4 (C5-0CH;), 69.2 (C1'), 93.3 (C4), 100.0 (C2),

104.2 (C9a), 115.7 (C6), 116.7 (C8), 121.5 (C8a), 123.7 (C7), 146.3 (Cl0a), 148.3 (C5), 157.5 (C4a),
163.3 (C1), 165.4 (C3), 180.9(C9) ppm;

+

LC-EST: m/e 315.3 [M+1]
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34 3: 3-(3-FE2-2-3|TEA XL ZEA])-1-5| = EA|-5-H| EA-9F FE-9-29] A (FIFE 1)

A 19 @AI20 A A 1-3| =FA -5 EA]-3- (S A &#-2-L W EA] ) -9/~ 7' -9-2 (30 mg, 0.10 mmol)ell
4 dlEobAEl ol = lM—HCI (3 ml)E Wi, AeM 308 FF wwd F g Gvis stskelA
A AR, AL E|Z2E Ba, AUAo|M(sonication) 3 T LWE A A, A4 uAE TAY 3}

FHE(31 mg, 92%)S AUrt.

m.p. 184 C;

'H-NVR (400MHz, CDCl;) & 3.60-3.73 (m, 2H, C3'-H), 3.95 (s, 3H, C5-OCH;), 4.09 (m, 2H, Cl'-H), 4.13-
4.19 (m, 1H, C-2'H), 6.30 (s, 1H, C2-H), 6.52 (s, 1H, C4-H), 7.16,-7.27 (m, 2H, C6,7-H), 7.72 (dd, J =
2.0, 7.6 Hz, 1H, C8-H);

FC-NMR (62.5 MHz, CDCl;) 45.5 (C3'), 56.3 (C5-0CH;), 69.1 (C1'), 69.1 (C2'), 93.2 (C4), 97.9 (C2),
104.0 (C9a), 115.8 (C6), 116.6 (C8), 121.3 (C8a), 123.7 (C7), 146.2 (Cl0a), 148.1 (C5), 157.5 (C4a),
163.3 (C1), 165.4 (C3), 180.8 (C9) ppm;

LC-ESI: m/e 351.1 [M+1]".

<AAd 2> 3-(3-FRE-2-3E=FAZLZEA)-1-3=F A -9 -9-2[3-(3-Chloro-2-hydroxypropoxy)-1-
hydroxy-9Fxanthen-9-onel ¥ A (FFEE 2)

24 1: 1,3-Y 3 =EZA-9FZEl-9-2[1, 3-Dihydroxy-9HFxanthen-9-one ¢ 4

Ad Ax3 T2 Zgado] AgAs(1.25 g, 9.1 mmol), ZEEEI1FAE(phloroglucinol, 1.26 g, 10
mmol), ZnCls (3.1 g, 22.8 mmol)&} POCls (8 mL)E ¥il, whe E3ES 80ToA 447 HoF uyhs

Fa ukg

T3 § nks iﬂ%% Aoz A3 tg d5Ed ofF M3 Hrrede. weES 43 e 44 F

of HAFA ZA A& Y LoFUY. AdE HAES 4TolA 35 UX & JHAES Boxw HA
5S B OMEE A og 2 dxzste] A4 uASHEE(1.94 g, 93%) S UG,

'H-NMR (250MHz, DMSO-dg) & 6.21 (d, J = 2.0 Hz, 1H, C2-H), 6.40 (d, J = 2.0 Hz, 1H, C4-H), 7.45 (dd, J

= 7.7, 8.1 Hz 11, C7-H), 7.58 (d, J = 8.1 Hz, 1H, C5-H), 7.84 (dd, J = 7.7, 7.9 Hz, 1H, C6-H), 8.12
(dd, J=1.3, 7.9 Hz, 1H, C8-H), 11.08 (s, 1H, C3-OH), 12.8 (s, 1H, C1-OH).

G4 2: 1-3|EFA-3- (A F-2-L H| EA] )-9FZEl-9-2 [ 1-Hydroxy-3- (oxiran—2-ylmethoxy)-9HFxanthen-9-
one 9 ¥4

A9 Axd F Zgazel AAle 29 GAlA AxF  1,3-U8] =2 A-9FFE-9-(1 g, 4.39 mmol)}
KsCOs (1.52 g, 10.98 mmol)S Y31 F5 ofAE (25 ml)E 713ith. o] Hhe Z3Ed| o uF2 23| =2 (1.73
mL, 21.95 mmol)S #7}ebar, ¥HSES 55-60 TollA 6A12F B¢t ghF wntalivh, vks F8 5 w2 7hets}
AN AAEAL, F FAME A7 AdazvtE gy (AL, ddeoldElolE - ik=111(v/v)) 2 e

g Al 5t ﬂ%_”—'.‘gl FEA e aA sHFHE (0.28 g, 22%)S AAT).

m.p. 197 C; R; 0.42 (A 7)€ ethylacetate :hexane=1:1(v/v));

'H-NVR (250MHz, CDCls) & 2.77 (dd, J = 2.6, 4.6 Hz, 1H, C3'-H,), 2.93 (dd, J = 4.3, 4.6 Hz, 1H, C3'-
H,), 3.36-3.39 (m, 1H, C-2'H), 3.99 (dd, J=5.9, 11.1 Hz, 1H, C1'-H,), 4.33 (dd, J = 2.8, 11.1 Hz, 1H,
Cl'-H,), 6.34 (d, J = 2.2 Hz, 1H, C2-H), 6.44 (d, J = 2.2 Hz, 1H, C4-H), 7.3-7.42 (m, 2H, C5, 7-H),

7.70 (ddd, J = 1.4, 7.8, 7.8 Hz, 1H, C6-H), 8.22 (dd, J = 1.4, 7.9 Hz, 1H, C8-H), 12.85 (s, 1H, Cl-
OH);
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PC-NMR (62.5MHz, CDCly) 44.6 (C3'), 49.7 (C2'), 69.2 (C1'), 93.4 (C4), 97.4 (C2), 104.2 (C9a), 117.6
(C5), 120.6 (C8a), 124.1 (C7), 125.9 (C8), 135.1 (C6), 156.0 (Cl0a), 157.6 (C4a), 163.3 (C1), 165.4
(C3), 180.9 (C9) ppm; LC-ESI: m/e 285.2 [M+1] .

G4 3: 3-(3-FRB-2-3T2A TR EA])-1-3 =2 A|-9F-FAe-9-29] A

AAe 29 @A 204 AFF 1-3]| =EFA|-3- (A E-2-L v E A )-9F-ZEl-9-2(30 mg, 0.11 mmol)ol 4 o€
olAElO]E IM-HCI (3 mL)E 7F8lar 2ol A 308 FoF wwket 5 wke SmlS 7Htstol A Al A AT, At
=S 9, ~yAolA(sonication)d ¥ SWlE A AL, 2 TAZ XA IFFTE(32 mg, 9%4.1 9=

At

m.p. 144 C;

'H-NVR (250 MHz, CDCl;) & 3.70-3.83 (m, 2H, C3'-H), 4.16 (m, 2H, C1'-H), 4.24-4.26 (m, 1H, C-2'H),
6.34 (d, J=1.9 Hz, 1H, C2-H), 6.44 (d, J = 1.9 Hz, 1H, C4-H), 7.34-7.43 (m, 2H, C5,7-H), 7.71 (dd, J
=7.9, 8.2 Hz, 1H, C6-H), 8.23 (d, J=7.9 Hz, 1H, C8H), 12.85 (s, 1H, C1-OH);

FC-NMR (62.5 MHz, CDCl3) 46.0 (C3'), 69.1 (C1'), 69.6 (C2'), 93.4 (C4), 97.6 (C2), 104.4 (C9a), 117.7
(C5), 120.7 (C8a), 124.2 (C7), 126.0 (C8), 135.2 (C6), 156.1 (Cl0a), 157.8 (C4a), 163.3 (Cl), 165.2
(C3), 180.9 (C9) ppm;

LC-ESI : m/e 321.2 [M+1]".

<AAd 3> 1-3|=EA-5-HEA-3-(E| o] #-2-d W EA] ) -9 -9-2[ 1-Hydroxy-5-methoxy-3-(thiiran-2-
yimethoxy)-9Hxanthen-9-onel¥] A (3FE3)

2E Az T2 ZF=Fd A9 dAldA Az 1,3-938] =FA]-5-1 5 A]-9H- =
dihydroxy-5-methoxy-9H-xanthen-9-one,513 mg, 1.99 mmol), K.,CO; (548 mg, 3.96 mmol)o] Eo]dE= = oAl

E (15 mL) = I e F =23 = (epithiochlorohydrin, 1.08 g, 9.93 mmol)<S 73k
A 6A1ZE FQF B wkekgitt. WREERES IAE oHsta, §ulE T StelA AAg <

A 7HA AP 2vtE DRI AN A EolMEH ol E - k=1 1(v/v)) 2 &8, AA s =M IARE &
Aol 3FE (104 mg, 15.9%)& LA}

m.p. 187 CT; R 0.69 (g olAElo]E:p-& At = 1:1(v/v));

'H-NMR (200 MHz, CDCl3) & 2.37 (dd, J = 0.8, 5.2 Hz, 1H, C3'-H,), 2.66 (d, J = 5.2 Hz, 1H, C3'-Hy),
3.30-3.34 (m, 1H, C-2'H), 4.01 (dd, J = 6.9, 10.4 Hz, 1H, C1'-H,), 4.04 (s, 3H, C5-OCH;), 4.28 (dd, J =
5.6, 10.4 Hz, 1H, C1'-Hy), 6.37 (d, J = 2.2 Hz, 1H, C2-H), 6.55 (d, J = 2.2 Hz, 1H, C4-H), 7.24-7.32
(m, 2H, C6,7-1), 7.82 (dd, J = 1.8, 7.6 Hz, 1H, C8-H), 12.83 (s, 1H, C1-0H);

PC-NMR (50 MHz, CDCls) 24.0 (C3'), 30.9 (C2'), 56.6 (C5-0CHs), 73.1 (C1'), 93.2 (C4), 98.1 (C2), 104.3

(C9a), 115.8 (C6), 116.8 (C8), 121.6 (C8a), 123.8 (C7), 146.3 (Cl0a), 148.3 (C5), 157.6 (C4a), 163.3
(C1), 165.3 (C3), 180.8 (C9) ppm;

LC-ESI: m/e 331.1 [M+1]".

<AAd 4> 1,3-H|A(E]o] @-2-Ad | EA])-9F FE-9-2[1,3-Bis(thiiran-2-ylmethoxy)-9HFxanthen-9-onel e &
A (33E4)
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AA o2 @A1A A 1,3-T] 8] == A-9H-FEl-9-2 (1, 3-dihydroxy-9H-xanthen-9-one, 0.18 g, 0.79 mmo
D3 Cs00; (1.55 g, 4.76 mmol)°] E°%Ue= F5 ofME (10 nl) o] oI 23| =
=
k3

(epithiochlorohydrin, 0.86 g, 7.94 mmol)< % 7}sh 55-60 TeollA 6A17F &9t 3F wwteldieh. Whs 8
5 A =4S ofdtste]l AlAstaL, AN GulE FAstelA SRS, B DALE AEIHA Zéﬂ*liu}iz
Aa] (AAE, cddotElo|E: -4k = 111(v/v)) 2 2 XM]%}O% Zael A Ao wAel 31§E(46 mg,
15.6%) < ATt

Ri 0.68 (o] ofAlElo]=:p-314F = 1:1(v/v)); H-NMR (400 MHz, CDCly) & 2.30 (dd, J = 1.6, 5.2 Hz, 1M,
C3'-H,), 2.45 (d, J = 5.6 Hz, 1H, C3''-H,), 2.59 (d, J = 6.4 Hz, 1H, C3'-H,), 2.64 (d, J=5.6 Hz, 1H,
C3''-Hy), 3.19-3.26 (m, 1H, C-2'H), 3.38-3.45 (m, 1H, C2''-H), 3.88 (dd, J = 7.4, 10.2 Hz, 1H, C1''-
H), 3.98 (dd, J = 7.0, 10.0 Hz, 1H, C1'-H,), 4.19 (dd, J = 5.8, 10.0 Hz, 1H, C1'-H,), 4.39 (dd, J =
4.6, 10.2 Hz, 1H, C1''-H,), 6.30 (d, J = 2.4 Hz, 1H, C2-H), 6.44 (d, J = 2.4 Hz, 1H, C4-H), 7.25-7.31
(m, 2H, C5,7-H), 7.57 (ddd, J =1.7, 7.2, 8.4 Hz, 1H, C6-H), 8.22 (dd, J = 1.7, 7.8 Hz, 1H, C8-H);

FC-NMR (100 MHz, CDCl3) 23.9 (C3'), 24.7 (€3''), 30.9 (C2'), 31.2 (C2''), 73.1 (C1'), 73.9(73.8)
(C1''), 94.4 (C4), 97.4 (C2), 108.1 (C9a), 117.2 (C5), 123.2 (C8a), 124.2 (C7), 126.9 (C8), 134.1
(C6), 155.2 (Cl0a), 159.9 (C4a), 163.3 (C1), 163.6 (C3), 175.5 (C9) ppm; LC-ESI: m/e 373.0 [M+1]t

395.0 [MHNa]'.

<A Ao 5> 1,3-8]A(E o] &-2-AdHEA])-5-H|EA|-9FZ€-9-2[1,3 -Bis(thiiran-2-ylmethoxy)-5-methoxy—
9F-xanthen-9-onel9] A (ZIE 5)

AA 1l @Al AZRI 1,3-Y3| =FA-5-w S A -9H-FHel-9--2-(1, 3-dihydroxy-5-met hoxy-9H-xant hen-9-
one,256 mg, 0.99 mmol)¥} Csy,C0s; (1.94 g, 5.96 mmol)o] EiYs= F4 olAE(10mL) EF N oFE| T2

3| =& (epithiochlorohydrin, 1.08 g, 9.91 mmol)& A7}t ¥ 55-60 TelA 6A1ZF &7 wuksilct. whg &
5 % 34 2E& AFste] AAS A, A9 §ulE etstolA FHEA, & At dea 2}
Ea(Agu] g ofAlHolE -t = 1:1(v/v))E AHASY dgAe A=z #Ae FE (31 mg,
7.5%)& AT},

ot
rlo
zi
N
>

m.p. 240 T>;

R; 0.65 (o€l o}lAH|o]|E : p-3NAF = 1:1(v/v));

'H-NVR (400 MHz, CDCl;) & 2.28 (dd, J = 1.2, 5.2 Hz, 1H), 2.45 (d, J = 5.6 Hz, 1H, C3''-H,), 2.57 (d,
J=16.0 Hz, 1H, C3'-Hy), 2.64 (d, J = 5.6 Hz, 1H, C3''-H,), 3.20-3.25 (m, 1H, C-2'H, C3'-H,), 3.37-3.43
(m, 1H, C2''-H), 3.87 (dd, J = 7.4, 10.2 Hz, 1H, C1''-H,), 3.94 (s, 3H, C5-OCH;), 3.97 (dd, J = 3.6,
10.2, Hz, 1H, C1'-H,), 4.17 (dd, J = 6.0, 10.2 Hz, 1H, C1'-H,), 4.38 (dd, J = 4.6, 10.2 Hz, 1H, C1''-
H,), 6.31 (d, J= 2.4 Hz, 1H, C2-H), 6.56 (d, J = 2.4 Hz, 1H, C4-H), 7.10 (dd, J = 1.2, 8.0 Hz, 1H,
C6-H), 7.18 (dd, J = 8.0, 8.0 Hz, 1H, C7-H), 7.79 (dd, J = 1.2, 8.0 Hz, 1H, C8-H);

FC-NMR (100 MHz, CDCl3) 23.9 (C3'), 24.7 (C3''), 30.9 (C2'), 31.1 (C2''), 56.6 (C5-OCH3;), 73.2 (C1'),

73.9 (C1''), 94.4 (C4), 97.7 (C2), 108.0 (C9a), 114.8 (C6), 117.9 (C8), 123.6 (C7), 124.2 (C8a), 145.5
(C10a), 148.2 (C5), 159.7 (C4a), 163.3 (C1), 163.6 (C3), 175.4 (C9) ppm;

LC ESI: m/e 403.0 [M+11°, 425.1 [M+Nal'.

<AAd 6> 3-(2,3-T3EEAXZZZA])-1-3| EZA-9FZE-9-2 [3-(2,3-Dihydroxypropoxy)-1-hydroxy-9H
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[0173]

[0174]

[0175]

[0176]

[0177]

[0178]

[0179]

[0180]

[0181]

[0182]

[0183]

[0184]

[0185]
[0186]

[0187]
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xanthen-9-onel® A (F4E 6)

S2 Zgaad AN 29 @A204 A3 1-3| EEA]-3- (A TF-2-A | EA]) -9 FEl-9-2 (30 mg, 0.11
mol) ¥} 50% Eg]ZEFQ ROIAEANTFA) (5 mL)E ¥l 50CoA 447 EoF wykelgit). wke 28 & g2
AASIAL, 7Ht AFste] AxdAe] nAZ xA 33HE(20 mg, 62.7

m.p. 170 C;

Ri 0.12 (o2 opAlElo]E:n-&3F = 1:1(v/v));

H-NMR (400 MHz, DMSO-di) & 3.39 (dd, J = 5.4, 5.4 Hz, 2H, C3'-H), 3.75-3.37 (m, 1H, C-2'H), 3.97 (dd,
J=6.4, 10.4 Hz, 1H, C1'-H,), 4.11 (dd, J = 3.6, 10.4 Hz, 1H, C1'-H,), 4.70 (t, J = 5.6 Hz, 1H, C3'-
OH), 5.01 (d, J =5.2 Hz, 1H, C2'-OH), 6.35 (d, J = 2.0 Hz, 1H, C2-H), 6.59 (d, J = 2.0 Hz, 1H, C4-H),
7.44 (dd, J=7.0, 7.6 Hz, 1H, C7-H), 7.56 (d, J = 8.4 Hz, 1H, C5-H), 7.82 (ddd, J = 1.6, 7.0, 8.4 Hz,
1, C6-H), 8.07 (dd, J = 1.6, 7.6 Hz, 1H, C8-H), 12.73 (s, 1H, C1-OH):

PC-NMR (100 MHz, DMSO-d) 63.2 (C3'), 70.5 (C1'), 71.4 (C2'), 94.0 (C4), 98.3 (C2), 103.8 (C9a), 118.5
(C5), 120.6 (C8a), 125.3 (C7), 126.0 (C8). 136.6 (C6), 156.2 (C10a), 158.0 (C4a), 163.3 (C1), 166.9
(C3), 180.8 (C9) ppm;

LC-ESI: m/e 303.2 [M+11".

<A Al 4] 7> 3-(2,3-Y3 EEANEZ R EA|)-1-3| EZA|-5-H|EA|-9F-ZHEl-9-2[3-(2, 3-Dihydroxypropoxy)-1-
hydroxy-5-methoxy-9#-xanthen-9-onel9] &4 (3= 7)

A 1] @AI20 A A 1-3| EF A -5 EA]-3- (S A &#-2-L W EA] ) -9/~ 7' -9-2 (20 mg, 0.06 mmol)ell
50% TFA (5 mL)& 7}skaL, o] ®k& 3 %“ 50 CollA 4 Az &< wtslglel. &ulE AAsS, A Axsh
o] e AR EAY 33E(10 mg, 47.3%)S AUt

m.p. 189 CT; R; 0.14 (o€ olAMH o] E: p-AAF = 1:1(v/v));

'H-NVR (400 MHz, acetone-Ds) & 3.41 (dd, J=5.6, 5.6Hz, 2H, C3'-H), 3.76-3.80 (m, 1H, C-2'H), 3.95 (s,
3H, C5-0CH;), 4.00 (dd, J = 5.2, 10.1 Hz, 1H, C1'-H,), 4.14 (dd, J = 3.6, 10.1 Hz, 1H, Cl1'-Hy), 4.71

(t, J=5.6 Hz, 1H, C3'-OH), 5.04 (d, J = 5.2 Hz, 1H, C2'-0H), 6.37 (d, J = 2.0 Hz, 1H, C2-H), 6.65
(d, J=2.0Hz, 1H, C4-H), 7.38 (dd, J = 7.8, 8.0 Hz, 1H, C7-H), 7.50 (dd, J = 1.5, 8.0 Hz, 1H, C6-
H), 7.65 (dd, J = 1.5, 7.8 Hz, 1H, C8-H), 12.74 (s, 1H, C1-OH);

FC-NMR (100 MHz, acetone-ds) 63.2 (C3'), 56.1 (C5-OCH;), 70.4 (C1'), 70.6 (C2'), 93.2 (C4), 98.0 (C2),

103.7 (C9a), 116.1 (C6), 116.6 (C8), 124.2 (C7), 124.2 (C8a), 146.7 (10a), 148.8 (C5), 157.9 (C4a),
163.5 (C1), 165.8 (C3), 180.9 (C9) ppm;

LC-ESI: m/e 333.2 [M+1]".

<HAld 8> 1-3=EFA|-3-(E o] F-2-UHIFA| )-9FE] 2. 7el-9-29] T4 (FFE 8)
@A 1: 1,3-Dihydroxy-9#thioxanthen-9-one

Phosphorous pentoxide(3.71 g, 26.15 mmol)¥} W& <E*F(methane sulfonic acid, 27.05 mL, 0.42 mmol) &
tEo] FwWsk folo] =H ujzlx] 90T oF 1’\]& B wyHkERgIT. o] HkE &do] E oA

(thiosalicylic acid, 1.04 g, 6.76 mmol)¥} X =& FAl& (phloroglucinol, 1.02 g, 8.11 mmol)& ARE3}o]
70CAA 103F wHksta g TE F Bk %?}%% d5E 1 Lol B, AdE HAHAES 4 CollA &
WA & AHdES Bod HAAES B2 A u& 49 1xste] 34 1A S3gES 4. o] st
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[0188]

[0189]

[0190]

[0191]

[0192]

[0193]

[0194]

[0195]

[0196]

[0197]

[0198]

[0199]

[0200]
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A7 A azvteada(d70E, olE opAlHolE: -3tk = 1i1(v/v)) = 2] AASHe] mea e
sHetE(1.14 g, 51.1%) < AUt

mlo

Koo

A

lH—NMR(ZOOMHz, acetone-ds) & 6.38 (d, J = 2.2 Hz, 1H, C4-H), 6.64 (d, J = 2.2 Hz, 1H, C2-H), 7.55

(ddd, J = 1.8, 6.8, 8.2 Hz, 1H, C7-H), 7.64-7.79 (m, 2H, C5-H, C6-H), 8.50 (dd, J = 1.2, 8.0 Hz, 1H,
C8-H), 14.42 (s, 1H, C1-OH).

94 2: 1-Hydroxy-3-(thiiran-2-ylmethoxy)-9K-thioxanthen-9-onel 9] A (Z3E8)

ALE Azx3 S ST AAd 89 wAloA A2 1,3-v8] =2 A-9H-F] & ZHel-9-2(1,3-dihydroxy-
9H-thioxanthen-9-one, 100 mg, 0.41 mmol)¥} K,CO; (113 mg, 0.82 mmol)o] S F= olAE (15 nL) &

Eo] oYE|LTFR 23 =7(0.22 g, 2.05 mmol)S Hrlstar 19 F<F 55-60 CollA FF nnkskic).

8 2UE TAE GAR2, kT AN AARGT. e WIS WA FFa2dEaAN
NEul o€l oAHO|Ep-EA4t = 1:1(v/v)) 2 &8 AAsIe] A7 A2 A9 33HE(43 mg, 33.20)S &
9ieh,

m.p. 149 T; R; 0.89 (o€ oA EIO)E -t = 1:1(v/v));

'H-NWR (400 MHz, CDCl,) & 2.27 (dd, J = 1.4, 5.7 Hz, 1, C3'-H,), 2.56 (d, J = 5.7 Hz, 1H, C3'H,),
3.16-3.21 (m, 11, C-2'H), 3.92 (dd, J = 7.2, 10.0 Hz, 1H, C1'-H,), 4.13 (dd, J = 5.6, 10.0 Hz, 1H,
Cl'-H,), 6.12 (d, J = 2.4 Hz, 1H, C4-H), 6.50 (d, J = 2.4 Hz, 1H, C2-H), 7.36 (ddd, J = 1.4, 6.8, 7.8
Hz, 1, C7-1), 7.37 (d, J = 8.2 Hz, 1H, C5-H), 7.49 (ddd, J = 1.6, 8.0, 8.2 Hz, 1H, C6-H), 8.43 (dd, J
= 1.4, 7.8 iz, 1, C8-H);

FC-NMR (100 MHz, CDCI,) 24.0 (C3'), 31.0 (C2'), 72.9 (C1'), 100.2 (C4), 102.2 (C2), 109.8 (C9a), 125.6

(C5), 126.5 (C7), 128.4 (C8a), 129.4 (C8), 132.8 (C6), 137.3 (Cl0a), 140.6 (C4a), 163.4 (Cl), 167.5
(C3), 184.3 (C9) ppm;

LC-ESI: m/e 317.1 [M+1]".

<A A4 9> 3-(3-E22-2-3| =EEANZ ZEZA])-1-HEA|-9F A El-9-2[ 3-(3-Chloro—2-hydroxypropoxy)-1-
methoxy-9Fxanthen-9-onel ¢ FA (FFE 9)

94 1: 3-AASA-1-3| EZA]-9F-ZEe-9-2 [3-Benzyloxy-1-hydroxy-9# xanthen-9-onel9] A
o Skl AAld28] @AM e sheE (1.77 g, 7.75 mmol) ¥ K,CO5 (2.76 g, 0.02
E3Eo] HlABE(1.38 mL, 11.63 mmol)S ¥ 60 C
g%ﬂ%1ﬁﬂa1&%%&s§@%giéﬁw$%%ammﬁé%ﬂswmuéﬂﬂﬂﬂﬂ
23] FE39. F715S Hob &, BHEll(brine) o2 A% AAHI F F Na,SO,E
AAATE. ol Astatoll A AAG & AEgbA AhazvteEds] (A7)E CHCl) R 28 A sk
Sl Ao wA EE(1.05 g, 42.6%)S AUT).

tlo ot

re

'H-NVR (250MHz, CDCl;) & 5.14 (s, 2H, CHy of benzyl group), 6.42 (d, J = 2.3 Hz, 1H, C2-H), 6.49

(d, J = 2.3 Hz, 1, C4-H), 7.24-7.44 (m, 7H, C5-H, C7-H, proton of benzyl group), 7.70 (ddd, J =
1.6, 7.2, 8.3 Hz, 1H, C6-H), 8.23 (dd, J=1.6, 7.9 Hz, 1H, C8-H), 12.85 (s, 1H, C1-OH).

G4 2: 3-AASA-1-H 5 A -9F- A "l-9-2-[ 3-Benzyl oxy—1-methoxy-9F xanthen—9-one]
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[0201]

[0202]

[0203]

[0204]

[0205]

[0206]

[0207]

[0208]

[0209]

[0210]

[0211]

[0212]

[0213]

[0214]
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A9 1Az T2 Ed=Id AAo9e] dA1e 3}
535.68 mg, 3.77 mmol), DMF (10 mL)E il
50CelA 3AIZF F<t mwkebar, wkhgo] £
o=z Aol A T
S (10 mL) 23 AgdEFzgol=r wkE FZE9. #7158 o
Na,S0,2 F&& AAg & &vjE 7HestallA AAstL BdE sludge e & Oﬂ‘i}%i Y3l trituration

ste] A 1A 2SS ofyste] Ao 1A 33E(0.41 g, 97.3%) S L)

o

FE (0.40 g, 1.26 mmol)¥ HE L Q2 =(methyl iodide,
WHFSFAE A CsyC05 (0.82 g, 2.52 mmol)S 7}atdvt. W& ES

F MRS A7Zaage &7 Ha we £ l—é g A==}
2 A & =3 e CHCl, (20 nL) 9} &

1H—NMR (250MHz, CDCls) & 3.95 (s, 3H, C1-0OCHs), 5.15 (s, 2H, CH; of benzyl group), 6.42 (d, J = 2.2 Hz,

1H, C2-H), 6.56 (d, J = 2.2 Hz, 1H, C4-H), 7.24-7.47 (m, 7H, C5-H, C7-H, proton of benzyl group), 7.61
(ddd, J=1.4, 6.9, 7.0 Hz, 1H, C6-H), 8.27 (dd, J = 1.4, 7.9 Hz, 1H, C8-H).

EA-1-HE A -9FZEl-9-2-[ 3-Hydroxy-1-met hoxy-9F xanthen-9-onel®] A

3-3)=
AAld 99 ©A 29 3EE (120 mg)¥} Pd/C (60 mg), F5= olEH2 (30 mL)S ¥ 50psio] 9Eoz 447]
FS- Atk W2t E S Alglo]E(celite)® o] 3FEar 20 mLe| DMFE A o]uf
JAISEA] 3l ths WkEdd AR ARgsigltt.

GA 41 1-WEA-3- (S A B-2-L W EA) )9 A E-9-2[1-Methoxy- 3-(oxiran-2-ylmethoxy)-9HFxanthen-9-
onel® A

Ad Axd S ZpaTd 2999 @A39 3etE (87 mg, 0.36 mmol)¥ K,C0; (99.8 mg, 0.72 mmol)S
Y31 DMF(dimethylformamide, 20 mL)E 7}&}ith.

o W &
=]

T

2, o oy EF 223 =¥ (epichlorohydrin, 0.11 mL, 1.44 mmol)S A 7}slar 70 CollA 15A17F nyk
SEth. ¥ EFEC = (20 mL)E TSt ofle ofMHIO|ER FEIUTH23F]). F7]FS Eol 23 NaCl=
AFsEAL, 54 NaS0, 2 2 AASAT. &ulE #Adste] S/t @2 e A7 d9a=2ntEae

N
HCANE olE obAEle]E tEAt = 3:1(v/v)) &2 Aol Ao aA] 8hgh= (28 mg, 26%)S AUt

3]
H
[

o

=
S
3}

m.p. 122 C;

Re 0.09 (A7H-&w) ol d opAe|o] E: 84t = 1:1(v/v));

"H-NMR (400 MHz, CDCly) & 2.81 (dd, J = 2.6, 4.8 Hz, 1H, C3'-H,), 2.97 (dd, J = 4.6, 4.8 Hz, 1H, C3'-
H,), 3.39-3.42 (m, 1H, C-2'H), 3.98 (s, 3H, C1-OCHy), 4.02 (dd, J = 5.6, 11.4 Hz, 1H, C1'-H,), 4.38
(dd, J = 3.0, 11.4 Hz, 1H, C1'-H,), 6.40 (d, J = 2.2 Hz, 1H, C2-H), 6.50 (d, J = 2.2 Hz, 1H, C4-H),
7.31-7.37 (m, 2H, C5,7-H), 7.63 (ddd, J = 1.6, 7.2, 8.4 Hz, 1H, C6-H), 8.28 (dd, J = 1.6, 7.6 Hz, 1H,
C8-1);

PC-NMR (100 MHz, CDCls) 44.8 (C3'), 50.0 (C2'), 56.6 (1-0CHs), 69.4 (C1'), 93.7 (C4), 95.7 (C2), 107.8
(C9a), 117.1 (C5), 123.3 (C8a), 124.1 (C7). 127.0 (C8), 134.0 (C6). 155.1 (Cl0a), 159.9 (Cda). 162.3
(C1), 163.8 (C3), 175.7 (C9) ppm;

LC-ESI: m/e 299.1 [M+1]".

@A 5: 3-(3-FRE-2-F =ZA T2 EZA])-1-HEA-9F -ZFE-9-&

AN 99 GA 4o A AFTF 1-WEA-3-(SA] F-2-L W EA])-9F-FE-9-2(25 mg, 0.08 mmol)] A o|do}
AHCIE IM-HCI (3 mL)E Par, A2oA 308 5 wHkgl 3 uke 2w 2 zhetato) A A AT, AL 9



[0215]

[0216]

[0217]

[0218]

[0219]

[0220]

[0221]

[0222]

[0223]

[0224]

[0225]

[0226]

[0227]

[0228]

[0229]
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HEZE Y1, a~yAelX(sonication)d & &uj& AAsI, 444 A2 FA FES AUTE. (20 ng,
71.3%): m.p. 107 C;

H-NMR (400 MHz, CDCls) & 3.76-3.85 (m, 2H, C3'-H), 3.99 (s, 3H, C1-OCHs), 4.20-4.22 (m, 2H, C1'-H),
4.26-4.34 (m, 1H, C-2'H), 6.38 (d, J = 2.4 Hz, 1H, C2-H), 6.53 (d. J = 2.4 Hz, 1H. CA-H)., 7.30-7.35
(m, 2H, C5,7-H), 7.63 (ddd, J = 1.6, 7.2, 8.3 Hz, 1H, C6-H), 8.29 (dd, J = 1.6, 8.0 Hz, 1H, C8-H):
PC-NMR (100 MHz, CDCls) 46.1 (C3'), 56.6 (1-0CHy), 69.1 (C1'), 69.8 (C2'), 93.7 (C4), 95.5 (C2), 108.0
(C9a), 117.2 (C5), 123.3 (C8a). 124.1 (C7). 127.0 (C8), 134.0 (C6). 155.2 (Cl0a), 159.9 (Cda). 162.4
(C1), 163.6 (C3), 175.6 (C9) ppm;

LC-ESI: m/e 335.2 [M+1]".

<AAd 10> 3-(3-FEE-2-3|EZFA X R EZA|)-1-3| EZA|-9F-E] & ZH-9-2[3-(3-Chloro-2-hydroxypropoxy)-
1-hydroxy-9H-thioxanthen-9-one] 9 A4 (33E 10)

24 1: 13 EFA]-3-(Z A &-2-AH| 5 A )-9F-E]  Ad-9-2[1-Hydroxy-  3-(oxiran-2-ylmethoxy)-9KF
thioxanthen-9-onel ¢ &4

A Ax3 ST Zg2T0 1,3-Ys|=EEA-9H-E] 2 #El-9-2(1, 3-dihydroxy-9H-thioxanthen-9-one, 137 mg,
0.61 mmol)3} K,CO3 (169 mg, 1.22 mmol)o] EUE F4 olAlE (15 mL) E3HEC] oIS 2 23] =2(0.24 L,

.‘E"_
3.05 mmol)<S A7}sla 55-60 ColA 19 Fot 37 wwsliey. wks &3-E9] uAE of¥sta, €ulE 749t
sl Al A AR, F2 ALE AggbA A azete oy (A8 CHCl) 2 gAste] mdtd T2 7 A

o] 3}3HE-(34 mg, 18.6%) < LUrh.
m.p. 161 C;

R 0.71 (708w CHCly) 5

'H-NVR (400 MHz, CDCl3) & 2.71 (dd, J = 2.6, 4.6 Hz, 1H, C3'-H,), 2.87 (dd, J = 3.6, 4.6 Hz, 1H, C3'-
H,), 3.30-3.32 (m, 1H, C-2'H), 3.93 (dd, J = 5.6, 11.2 Hz, 1H, C1'-H,), 4.26 (dd, J = 2.8, 11.2 Hz, 1H,
C1'-H,), 6.38 (d, J= 2.6 Hz, 1H, C4-H), 6.53 (d, J = 2.6 Hz, 1H, C2-H), 7.37-7.43 (m, 2H, C5,7-H),
7.53 (ddd, J = 1.4, 7.6, 11.3 Hz, 1H, C6-H), 8.47 (dd, J = 1.4, 8.2 Hz, 1H, C8-H);

FC-NMR (100 MHz, CDCly) 43.6 (C3'), 48.7 (C2'), 68.0 (C1'), 99.0 (C4), 101.2 (C2), 108.6 (C9a), 124.4

(C5), 127.2 (C8a), 128.2 (C7), 131.6 (C6), 131.6 (C8), 136.1 (Cl0a), 139.4 (C4a), 162.4 (Cl), 166.4
(C3), 183.2 (C9) ppm;

LC-ESI: m/e 301.1 [M+1]".

94 2: 3-(3-Z22-2-3|EEA T2 ZR|)-1-3| EEA-9F-E| 2 ZEl-9-29] A

AAl 109 WA 1ol Alxg 33HE(13 mg, 0.04 mmol)ol 4 old ofAHE 1M-HCl (3 ml)E Yil, %
ZollA 30 wob wwkek & owkg EulE gekstolA AASIE. ZAbel ClHEE ¥, AyAeld
(sonication) & - &vl& AAsta, webd A2 FAS 349HE(14 mg, 96.0%) 2 AUt

m.p. 151 C;

'H-NMR (400 MHz, CDClz) & 3.68-3.75 (m, 2H, C3'-H), 4.11 (m, 2H, C1'-H), 4.18-4.22 (m,1 H, C-2'H),

6.39 (d, J = 2.4 Hz, 1H, C4-H), 6.53 (d, J = 2.4 Hz, 1H, C2-H), 7.39-7.45 (m, 2H, C5, 7-H), 7.54 (ddd,
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[0230]

[0231]

[0232]

[0233]

[0234]

[0235]

[0236]

[0237]

[0238]

[0239]

[0240]

[0241]

[0242]

[0243]

[0244]
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J=1.2,7.5, 7.5 Hz, 1, C6-H), 8.49 (dd, J = 1.2, 8.4 Hz, 1H, C8-H);

13C—NMR (100 MHz, CDCls) 46.0 (C3'), 69.0 (C1'), 69.7 (C2'), 100.3 (C4), 102.2 (C2), 110.0 (C9a), 125.6
(C5), 126.6 (C7), 128.4 (C8a), 129.5 (C8), 132.9 (C6), 137.3 (Cl0a), 140.8 (C4a), 163.3 (Cl), 167.6
(C3), 184.4 (C9) ppm;

LC-ESI: m/e 337.3 [M+1]".

<A 11> 3-(3-FZ2-2-mZAEIXZZA])-1-3| =2 A-9F-E] 2 Zdl-9-2 [3-(3-Chloro-2-mercaptopropoxy)-
1-hydroxy-9#-thioxanthen-9-onel el A (FFE 11)

X el 8ol A A 1-5] =2 A|-3-(E] o] 2h-2- ] 5 A))-0#-E] © 2 81-9-£(10 mg, 0.03 mol)ol 4 ol & o}
] 1‘5 M- HCl (B ul)E Wi, 2elA 3 AIRF F<¢F g &ulE kel A AlA ST, xbatel] o
E ‘474] ‘I}é _‘6"_ %‘UH% Xﬂ7%—8}57—, —‘T;‘El' Eﬂﬂ ﬂ'%]—%(g ng, 71 8%)a = X Tj[‘

m.p. 134 C;

H-NMR (400 MHz, CDCls) & 2.12 (d, J=10.0Hz, 1H, C2'-SH), 3.37-3.42 (m, 1H, C-2'H), 3.84 (dd. J = 6.8,
11.3 Hz, 1H, C3'-H,), 3.97 (dd, J = 4.2, 11.3Hz, 1H, C3'-H,), 4.20 (dd, J = 6.0, 9.6 Hz, 1H, C1'-H,)

4.35 (dd, J = 4.4, 9.6 Hz, 1H, C1'-H,), 6.45 (d, J = 2.2 Hz, 1H, C4-H), 6.59 (d, J = 2.2 Hz, 1H, C2-
H), 7.26-7.51 (m, 2H, C5,7-H), 7.61 (ddd, J = 1.2, 7.4, 7.5 Hz, 1H, C6-H), 8.55 (d, J = 7.6 Hz, 1H,
C8-1);

PC-NMR (100 MHz, CDCls) 40.0 (C2'), 46.9 (C3'), 69.0 (C1'), 100.3 (C4), 102.3 (C2), 110.0 (C9a), 125.6
(C5), 126.6 (C7), 128.4 (C8a), 129.4 (C8). 132.9 (C6), 137.3 (Cl0a), 140.7 (Cda), 163.2 (C1), 167.6
(C3), 184.4 (C9) ppm;

LC-ESI: m/e 353.1 [M+11".

<AAd 12> 8,10-BH] (o] @-2-U | EA)-THFHZ[ ] AHA-7-2[8,10-Bis  (thiiran-2-ylmethoxy)-7H
benzol clxanthen-7-onel &) A (FFE 12)

94 1: 8,10-43| =FA-7TH-AZX[c]ZH-7-2[8,10-dihydroxy-7H-benzo [clxanthen-7-onel2] A

I ~¥H~HAEA = (Phosphorous pentoxide, ZMg 0.02 mol)¥} WEr<&EAH(40 mL)o] &3ES FH3 &
o] & wi7}x] 90 TolA oF 1AZF FoF wuksl & kg gdo] 1-3]| =2 A]-2-1 3= EAF(1-hydroxy-2-naphthoic
acid , 3.76 g, 0.02 mol)¥} ZEZZFFA|E(phloroglucinol, 3.02 g, 0.02 mmol)E YiL 70CNA 30&E7F oL
Hetal Bkhg FE O SEFES 1L 9 ice-waterel Huh. AAE 1A XS U = (1D, 1A F
Ae oliste] o, ER AAHT ths A Adxste] H24 SstES AUtk o] sEES AgsA Axla
ZulEad ] (A]Ew, ol€olAHolE  p-3it = 1:3(v/v)) 2 8 AHASI =@t 1A 35tE (535 mg,
9.61%)2 ATt

Ri: 0.43 (o€l o}AEH|o]E : n-3N2= 1:3(v/v));

'H-NVR (400 MHz, DMSO-ds) & 6.16 (s, 1H), 6.35 (s, 1H), 7.52 (dd, J = 7.2, 6.8 Hz, 1H), 7.65 (dd, J =
7.2, 6.8 Hz, 1H), 7.99 (s, 2H), 8.17 (d, J = 8.0 Hz, 1H), 8.76 (s, 1H), 12.84 (s, 1H).

A 2: 8,10-H| = (o] F-2-L M A -THZ [ c] ZH-7-29 A

AAE 129 WA 1o)A FAeE 3EE (200 mg, 0.72 mmol)Z K,CO; (198.67 mg, 1.44 mmol)Z} DMF (20 mL),
JdugeZzas|=d  (0.39 g, 3.59 mmol)E Al AstA AP EatEady(dqed  oE
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[0245]

[0246]

[0247]

[0248]

[0249]

[0250]

[0251]

[0252]

[0253]

[0254]

[0255]
[0256]

[0257]

ZIHSd 10-2011-0020078

obAElClEp-Ett = 2:1(v/v)) = 2] AAlste] Ao uA= FA9] 8Hgh=(40 mg, 13.2%)& AU
m.p. 202 C;

R 0.59 (el® opAlH ol E =34t = 1:1(v/v));

HNMR (400 Mz, CDCly) & 2.39 (dd, J = 1.4, 5.0 Hz, 1, C3'-H,), 2.55 (d, J = 5.2 Hz, 1H, C3''-H,),
2.68 (d, J= 6.4 Hz, 1M, C3'-1,), 2.73 (d, J = 6.0 Hz, 1H, C3''-1,), 3.30-3.35 (m, 1H, C-2'H), 3.47-
3.53 (m, 1H, C2''-1), 3.97 (dd, J = 7.6, 10.1 Hlz, 1H, C1''-H,), 4.09 (dd, J = 6.6, 10.3 Hz, 1H, Cl'-
H,), 4.31 (dd, J = 5.6, 10.3 Hz, 1H, C1'-H,), 4.47 (dd, J = 4.6, 10.1 Hz, 1, C1''-H,), 6.42 (d, J =
2.4 Hz, 1, C2-H), 6.71 (d, J= 2.4 Hz, 1H, C4-H), 7.66-7.69 (m, 2H, C6,7-H), 7.72 (d, J = 8.6 Hz, i,
Co-H), 7.92 (d, J = 2.0, 8.8 Hz, 1H, C8-H), 8.25 (d, J = 8.6 Hz, 1H, C10-H), 8.57 (dd, J = 1.6, 8.8
Hz, 1H);

FC-NMR (100 Mz, CDCl3) 23.9 (C3'), 24.7 (C3''), 30.9 (C2'), 31.1 (C2''), 73.2 (C1'), 74.0 (C1'"),

94.5 (C4), 97.8 (C2), 108.7 (11la), 118.9 (Cl0a), 121.9 (C10), 122.7 (C5), 123.8 (Cha), 124.1 (C9),
126.9 (C6), 128.2 (C8), 129.3 (C7), 136.3 (C8a), 152.3 (12a), 159.5 (C4a), 160.8 (Cl), 163.2 (C3),
175.4 (C11) ppm;

LC-EST: m/e 423.0 [M+1]" 445.1 [M+Na] .

<A Ao 13> 3-(3-ER2E2-2-HPEIL ZZA])-1-3]| EFA|-5-H| EA|-9F-Zel-9-2 [3-(3-Chloro-2-
mer captopropoxy)-1-hydroxy-5-met hoxy-9Hxanthen— 9-one] ¢ ¥4 (FIFE 13)

ﬁﬂﬂBIilxﬂl 8] =5 A)-5-0] 5 2] -3-(E] o] @-2- A v ZA))-0 - R E-9-(30 mg, 0.09 mmol)ell 524 o &
oPAIEIOIE IFHCL (3 nl) % W3l ARolA 347 ok mukd ¥ g §ulE perelelA AASGAT. @Al
o !

[e]
ﬂﬂLflél ZyA o] (sonication)3r & LS A AS AL 2 aA R 3EE(30 mg, 90.1%)S AT).
m.p. 125 C;

'H-NVR (400 MHz, CDCl3) & 2.12 (d, J = 10.0 Hz, 1H, C2'-SH), 3.38-3.44 (m, 1H, C-2'H), 3.84 (dd, J =
6.8, 11.2 Hz, 1H, C3'-H,), 3.98 (dd, J = 4.4, 11.2 Hz, 1H, C3'-H,), 4.03 (s, 3H, C5-OCH;), 4.20 (dd, J

6.4, 9.6 Hz, 1H, C1'-H,), 4.35 (dd, J = 4.6, 9.4 Hz, 1H, C1'-Hy), 6.38 (d, J = 2.2 Hz, 1H, C2-H),
6.60 (d, J= 2.2 Hz, 1H, C4-H), 7.25 (dd, J = 1.6, 8.0 Hz, 1H, C6-H), 7.32 (dd, J = 8.0, 8.0 Hz, 1H,
C7-H), 7.83 (dd, J = 1.6, 8.0 Hz, 1H, C8-H);

FC-NMR (100 MHz, CDCly) 39.9 (C2'), 47.0 (C3'), 56.7 (C5-0CH;), 69.2 (C1'), 93.3 (C4), 98.2 (C2),
104.4 (C9a), 115.9 (C6), 116.8 (C8), 121.6 (C8a), 123.8 (C7), 146.3 (Cl0a), 148.3 (C5), 157.6 (C4a),
163.4 (C1), 165.1 (C3), 180.9 (C9) ppm;

LC-ESI: m/e 367.2 [M+1]".

<HAld 14 2 15 > 11-3| =FA-9-(El o] #-2-L W EA)-12F- A Z [ 2] ZE-12-2(FFE 14) 2 9,11-°H] 2 (E] o]
—2-A | EA ) -12FNZ [ 2] AE-12-2(3FE15)9  FA[11-Hydroxy-9-(thiiran-2-ylmethoxy)-12Hbenzol a]
xanthen-12-one®} 9,11-Bis(thiiran-2-ylmethoxy)-12/benzo[ alxanthen-12 -one2] 431
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[0258]

[0259]

[0260]

[0261]

[0262]

[0263]

[0264]

[0265]

[0266]

[0267]

[0268]

[0269]

ZIHSd 10-2011-0020078

94 1 : 9,11-U3| =2 A- 12 [ 4] #e1-12-2[ 9,11-Dihydroxy-12H benzolalxanthen-12-one] & A

2,4,6-EF 3 =FAMIZ4H1.88 g, 0.01 mol), 2-Y>2E(1.44 g, 0.0lmol), ZnCl, (5.0 g, 0.036mol)<} POCI;
(40 nl)e) EFEL 807 ColA] 5T B FFWWHAL WSES AeolA A b 119 Ayl ofF A
A8 Arhalsit.

HeES deed e A T HAHA @A dE5s 254 golFiu. AdE aAsESs AT 51

d), ojFsta, =2 AHE va 4G Axste] w24 dges dd. o] dgteE dephd 4dd ARviE

2 GG, olEHopAlE ol Ein-Ft = 1:3(v/v)) = el AAste] meAe] Aol aAskgtE (202 mg,
(3]

Rt 0.28 (ol” ofAlElo]Ein-8at = 1:3(v/v));

'H-NMR (400 MHz, CDCl;) & 6.26 (s, 1H), 6.38 (s, 1H), 7.42 (d, J = 8.8 Hz, 1H), 7.52 (dd, J = 7.6, 6.8

Hz, 1H), 7.69 (dd, J = 7.2, 7.2 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 8.04 (d, J = 8.8 Hz, 1H), 9.87 (d,
J=28.4 Hz, 1H).

(LI ;
0 OA\'/]SOO/\QA

CogH14048 CozH 15045,
Mol Wt.: 350.39 Mol Wt 422 52
(FE 14) (3§E 15)

G4 2 1 113 EFA-9-(El o] F-2-L W EA)-12F- A Z [ ] FEl-12-2(3FE 14) 2 9,11-H]| (B o] F-2-d =
A-12FAZ[ ] AE-12-2 (3 FE 15)9 A

Ad 1z f‘& T Zgaao AAd 14 9 159 WA 1o AxXTE 9, 11-T) 3 EEA-12F-H [ a] ZEHI-12-
(0.1 g, 0.18mmol)¥} CS,C05 (0.36 g, 0.54 mmol), FFolAE (13nL)S Y1 oL 6} A dIEleERE3 =Y

(epithiochlorohydrin, 0.2 g, 1.08 mmol)< 5 oAl (2mL)ell 5o 71&bqlch. wkg &E3F=S 55~60Toll A

Ao 7173 SRS 35 akA AT, Bs EFE uAEAS oy, AAs L Agsils w5 F,

< AtE Ak ﬁﬂ*ﬂiﬂkilﬂﬂ(wﬁ%wﬁ AE olAHClE : n-dk= 1:3(v/v)E w8, A
Aol 1A BFE 11-3| =2 A-9-(E o] &-2-U M| Z A )-12F- M Z [ 2] FEl-12-2 (27.3 mg, 21.7%) 3 =

A shetE 9,11- Hl*(ﬂo]a - EA)-12F- W %[ 2] FE-12-2 (31.2 mg, 20.5%)2 AAT}.

froaC
rf.*i r

=
2

11-3]| =2 A]-9-(E] o] -2-AW| EA] ) -12F-H X[ a] ZEI-12-2: m.p : 167-168 ° C; R 0.66 (o€ o}AE|o]E

&A= 1:3(v/v));

=

'H-NIR (400 MHz, CDCl3) & 2.37 (d, J=5.2 Hz, 1H), 2.66 (d, J = 5.2 Hz, 1H), 3.28-3.44 (m, 1H), 4.03

(dd, J = 10.0, 6.8 Hz, 1H), 4.29 (dd, J = 10.0, 5.6 Hz, 1H), 6.40 (d, J = 2.0 Hz, 1H), 6.49 (d, J =
2.0 Hz, 1H), 7.51 (d, J=9.2 Hz, 1H), 7.61 (dd, J = 8.0, 7.2 Hz, 1H), 7.78 (dd, J = 8.8, 7.2 Hz, 1H),
7.91 (d, J=28.0 Hz, 1H), 8.14 (d, J = 8.0 Hz, 1H), 9.96 (d, J = 8.8 Hz, 1H), 13.48 (s, 1H);

_25_



[0270]

[0271]

[0272]

[0273]

[0274]

[0275]

[0276]

[0277]

[0278]

[0279]

[0280]

[0281]

ZIHSd 10-2011-0020078
FC-NMR (100 MHz, CDCls) 24.1, 31.0, 73.1, 92.7, 98.2, 105.7, 109.8, 117.8, 126.5, 127.0, 128.8, 129.8,

130.4, 131.0, 137.3, 156.7, 157.9, 163.8, 164.7, 183.2 ppm;

GC-NS (ED): m/e 350 [M]'.
9, 11-1] 2 (€] o] @-2-A W] = A ) - 124 M2 [ 2] AEN-12-2 : m.p © 225-226 ° C: R;: 0.35 (o2 o}AE|o]E : p-al
2= 1:3(v/v));

'H-NVR (400 MHz, CDCl3) & 2.38 (dd, J = 5.0, 1.6 Hz, 1H), 2.55 (d, J = 5.0 Hz, 1H), 2.66 (dd, J = 6.0

Hz, 1H), 2.74 (d, J = 6.0 Hz, 1H), 3.28-3.34 (m, 1H), 3.51-3.57 (m, 1H), 4.02 (dd, J = 10.4, 7.2 Hz,
1H), 4.05 (dd, J = 10.4, 7.2 Hz, 1H), 4.27 (dd, J = 10.4, 5.2 Hz, 1H), 4.50 (dd, J = 10.4, 4.8 Hz,
1H), 6.45 (d, J = 2.0 Hz, 1H), 6.57 (d, J = 2.0 Hz, 1H), 7.46 (d, J = 8.8 Hz, 1H), 7.58 (dd, J = 7.6,
7.2 Hz, 1M), 7.75 (dd, J = 8.8, 8.0 Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 8.06 (d, J = 8.8 Hz, 1H), 10.06
(d, J=28.4Hz, 1H);

13C—NMR (100 MHz, CDCl;) 24.0, 24.8, 31.0, 31.3, 73.1, 74.4, 94.0, 98.4, 110.0, 115.9, 117.5, 126.1,

127.3, 128.5, 129.4, 130.6, 131.3, 135.9, 156.3, 158.4, 160.7, 162.8, 177.5 ppm;

GC-MS (ED): m/e 422 [M]'.

<A 16 E 17> 11-3| =2 A -9-(SA| &-2-A | EA] )-12FNZ [ 2] AE-12-2 (A4 16) Z 9,11-H] &(2A]
-2-AWIEA)-12FHZ[ 2] Z9-12-2 (HAd 17) 9 A [11-Hydroxy-9-(oxiran-2-ylmethoxy)-124~
benzo[ alxanthen-12-one®} 9,11-Bis(oxiran-2-ylmethoxy)-12/benzol[al xanthen-12-one 2] Al ]

0 a7 o el

CopH 1405 CogH1g05¢
Mol Wt.: 334.32 Mool Wt 390 .38
(33HE 16) (33&E 17)
A9 1x3 T2 Zgaded AAld 14 2 159 DH%]MH A%k e 9,11t 3| =EA - 12/F Wl E [ 4] 2HEl-
12-2(0.1 g, 0.18mmol)3} CS,C05(0.36 g, 0.54 mmol), FFolAlE (20 mL)E Y1 WWHIHA FAZ]|E o] &3

N
Hu

ol
ol

oo

oy F 2 23] =% (epichlorohydrin, 0.2 g, 1.08 mmol)& 7}t WHEES 55~60° CollA A4
A EHF WEAIZTH48 h). RhE ERES nAEAS o3, AAStL oANE st w55k

A AdazvtEadqy] (748, d"okAE o] Ep-Sqt= 1 :3(v/v)) 2 £, ngﬂo}@ =
sHgHE 11-8| =5 A-9- (S A d-2- A W A - 12 M 2 [ 2] F'l-12-2 (24.3 mg, 20.3%)¢F =& 14 3}
1-H] 2 (A F-2- A m S A - 129 2 [ 2] FE-12-2 (32 mg, 22.1%) S A A,

FE! ol
& e

2

1-3]| EZ2A]-9- (A &F-2-A W EA] ) - 12 Z[ 2] FE-12-& : m.p : 191-193 ° C; Rs: 0.63 (& oA H o E
A= 1:1);

'H-NMR (400 MHz, CDCl3) & 2.81 (dd, J = 4.8, 2.4 Hz, 1H), 2.97 (dd, J = 4.8, 4.4 Hz, 1H), 3.40-3.43

(m, 1H), 4.04 (dd, J = 11.2, 6.0 Hz, 1H), 4.35 (dd, J = 11.2, 3.2 Hz, 1H), 6.42 (d, J = 2.0 Hz, 1H),
6.52 (d, J=2.0 Hz, 1H), 7.51 (d, J = 8.8 Hz, 1H), 7.61 (dd, J = 8.0, 3.2 Hz, 1H), 7.78 (ddd, J =
8.4, 8.4, 1.6 Hz, 1), 7.91 (d, J = 8.0 Hz, 1H), 8.13 (d, J = 8.8 Hz, 1), 9.96 (d, J = 8.4 Hz, 1H),
13.48 (s, 1H);
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[0282]

[0283]

[0284]

[0285]

[0286]

[0287]

[0288]

[0289]

[0290]
[0291]

[0292]

[0293]

[0294]

ZIHSd 10-2011-0020078
FC-NMR (100 MHz, CDCls) 44.9, 50.0, 69.4, 92.9, 98.2, 105.8, 113.5, 117.8, 126.5, 127.0, 128.8, 129.8,
130.4, 131.0, 137.3, 156.7, 157.9, 163.8, 164.8, 183.3 ppm;

GC-NS (EI): m/e 334 [M]'.

9, 11-PF (S A H-2-L | EA] ) -12/F W Z [ a] Fel-12-=2: m.p : 198-200 ° C; R;: 0.30 (o]& o}AEo]E : n-3
{l= 1:1(v/v));

'H-NVR (400 MHz, CDCl;) & 2.80 (dd, J = 4.8, 2.4 Hz, 1H), 2.96 (dd, J = 4.4, 4.4 Hz, 1H), 3.00 (dd,

~

= 4.8, 4.0 Hz, 1H), 3.15-3.17 (m, 1H), 3.38-3.42 (m, 1H), 3.52-3.55 (m, 1H), 4.02 (dd, J =10.8, 6.2
Hz, 1H), 4.20 (dd, J = 11.2, 4.4 Hz, 1H), 4.36 ((dt, J = 11.2, 2.4 Hz, 1H), 4.47 (dt, J = 11.2, 4.2
Hz, 1H), 6.52 (d, J = 2.4 Hz, 1H), 6.57 (d, J = 2.4 Hz, 1H), 7.45 (d, J = 8.8 Hz, 1H), 7.56 (ddd, J
7.2, 7.2, 1.2 Hz, M), 7.72 (ddd, J = 7.2, 7.2, 1.2 Hz, 1H), 7.87 (d, J = 7.2 Hz, 1H), 8.05 (d, J =
8.8 Hz, 1H), 10.05 (d, J = 8.8 Hz, 1H);

13C—NMR (100 MHz, CDCl3) 44.8, 45.3, 50.0, 50.5, 69.5, 69.7, 94.0, 97.9, 109.8, 115.9, 117.5, 126.1,
127.3, 128.5, 129.4, 130.6, 131,3, 135.9, 156.2, 158.3, 160.8, 162.9, 177.5 ppm;

GC-MS (ED): m/e 390 [M]'.

<AAd 18> 1-3]=ZA]-3-(H o] #-2-U | EA] ) -12F- ¥l Z[ p] A €l-12-2[ 1-Hydroxy-3-(thiiran-2-ylmethoxy)-
12Hbenzol bl xanthen-12-one] (& 18)¢9] 34

94 1: 1,3-43 =S A-12F-AZ[p] ZEl-12-2 (1,3-Dihydroxy-12F benzol blxanthen-12-one) <] 4
O OH

Cqi7H1p0O4
Mol. Wt.: 278.26

3B EEA-2-UZEAN(2.0 g, 10.63 mmol)¥} T EZZZFFA]=(phloroglucinol, 1.34 g, 10.63 mmol)¥} ZnCl,
g, 24.24 mmol) ¢} POCly (40 mL)®] EFES 80° CollAl 5AIZF 5oF 3, unbatal whE T8 & Wk
Fd=s A2olA A3 o 1LY d5Ed ofF dHe] Hrksigitk. AAdE nAEAES WA $ (1 d),
stal, ER Mg vhe Ay dxste] FEAFES AU, o] FFES At AfaRnE LY
u, odolAge] B p-d4t = 1:3(v/v) 2 #E] A Sl gAle] uASFE (289 mg, 9.8%)%

i

A&
St
Ri: 0.47 (o€l o}AE|o]E : n-3NR= 1:3);

'H-NVR (400 MHz, DMSO-ds) & 6.16 (s, 1H), 6.35 (s, 1H), 7.52 (dd, J = 7.2, 6.8 Hz, 1H), 7.65 (dd, J =
7.2, 6.8 Hz, 1H), 7.99 (s, 2H), 8.17 (d, J = 8.0 Hz, 1H), 8.76 (s, 1H), 12.84 (s, 1H).

@A 2 13 =EFA-3-(Eo]&-2-dH|EA)-12F-ANZ [ p] FE-12-2(31)[ 1-Hydroxy-3-(thiiran-2-ylmethoxy)-
12H-benzol blxanthen-12-onel ¥ A
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[0295]
[0296]

[0297]

[0298]

[0299]

[0300]

[0301]

[0302]
[0303]

[0304]

[0305]

[0306]

ZIHSd 10-2011-0020078

Q oOH
OO,
=
CooH1 14045
hMal. Wt 35039
3EE 18

AE Axs T ZeaFo AAd 189 wAlAA e 1,3-Ys|=EA-12/- [ h] ZFHel-12-2(0.05 g,
0.18mmol)¥} K,CO; (0.07 g, 0.54 mmol), FFolAE (18 ml)E Y WstHA oIl e F223=9

(epithiochlorohydrin, 0.07 g, 0.72 mmol)& = oFHE (2 mL)ell =21 AL 7HelFATH. W&

AlAl A 7]F3tdA 37 WREAZATE (overnight). ¥ E3HES TAEZS o3, AAS L A9S st
ol FF3rt. HS IALE AE7td Ada=rtEady GA7REH, ddolMH O E - = 1:3(v/v))E
e gAste] mdAe] Ao A sHEE(13.1 mg, 20.8%)S AUt

m.p @ 189~190 ° C; R¢: 0.61 (o€ oFAEH|OE : n-3 = 1:3(v/v));

'H-NMR (400 MHz, CDCl3) & 2.38 (d, J = 5.2 Hz, 1H), 2.67 (d, J = 6.0 Hz, 1H), 3.31-3.34 (m, 1H), 4.05

(dd, J = 10.4, 7.2 Hz, 1H), 4.30 (dd, J = 10.4, 6.0 Hz, 1H), 6.35 (d, J = 1.6 Hz, 1H), 6.47 (d, J =
1.6 Hz, 1M), 7.53 (dd, J =7.6, 7.2 Hz, 1), 7.64 (dd, J = 8.0, 7.2 Hz, 1H), 7.84 (s, 1H), 7.92 (d, J
= 8.4 Hz, 1H), 8.06 (d, J = 8.0 Hz, 1H), 8.86 (s, 1H), 12.94 (s, 1H);

FC-NMR (100 MHz, CDCl;) 24.0, 30.9, 73.2, 93.8, 96.3, 97.3, 113.5, 120.4, 126.0, 127.3, 127.9, 129.5,

129.8, 130.0, 137.0, 152.6, 158.4, 164.3, 166.0, 181.6 ppm;

<AAd 19> 1,3-M|&(Elo|&-2-Uu|EA)-12F-AZ[p] FEN-12-2  [1,3-Bis(thiiran—2-ylmethoxy)-124
benzol blxanthen-12-one] (A A 4] 19)¢] A

CozH180452
Mol Wt 422 52

3EE 19

= 7 LA TH(55~60
° C, overnight). W3 EFE] uAEAS o3}, AAsL AN st FFHT F, G AALE At
A Afazete v (ARgn), odolAEelE -t = 1:3(v/v) 2 g AAlste] gl Aol A
33 (13. 1ng, 17.2%)5 AT,

m.p : 196~197 ° C; Ri: 0.39 (o€ ofAlE|o|E : n-& = 1:3(v/v));

'H-NVR (400 MHz, CDCls) & 2.37 (d, J = 5.2 Hz, 1H), 2.53 (d, J = 4.8 Hz, 1), 2.65 (d, J = 6.0 Hz,

), 2.71 (d, J =6.0 Hz, 1), 3.28-3.31 (m, 1H), 3.46-3.50 (m, 1), 3.9), 3d, J =10.0, 7.2 Hz, 1),
4.06 (dd, J = 10.0, 7.2 Hz, 1H), 4.25 (dd, J = 10.0, 5.6 Hz, 1H), 4.44 (dd, J = 10.0, 4.4 Hz, 1H),
6.34 (d, J=2.4Hz, 1), 6.51 (d, J= 2.4 Hz, 1H), 7.46 (dd, J = 8.4, 7.2 Hz, 1H), 7.58 (dd, J = 8.0,
7.2 Hz, W), 7.75 (s, 1H), 7.87 (d, J = 8.0 Hz, 1H), 8.02 (d, J = 8.4 Hz, 1H), 8.84 (s, 1H);
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FC-NMR (100 MHz, CDCls) 23.9, 24.6, 31.0, 31.1, 73.1, 73.8, 94.4, 96.8, 107.3, 112.8, 123.6, 125.6,
127.1, 128.4, 128.9, 130.0 (x2), 136.4, 151.7, 160.4, 161.3, 164.1, 176.2 ppm;

GC-NS (E1): m/e 422 [M]'.

<AAd] 20> 1-3]EZA-3-(ZA|S-2-Au|EA])-12F- N Z[ p] ZAe-12-2  [1-Hydroxy-3-(oxiran-2-ylmethoxy)-
12HFbenzol[ blxanthen-12-one] 2] A

Q OH
‘O o O O/\AO

ConH 1405
Mol. Wht.; 334.32

A9 Az T3 ZEkaIe A 189 wAlA TS 1,3-YsEFA-120- [ p] FHel-12-2(0.1 g,

)

0.36mmol)3} K,CO3 (0.2 g, 1.44 mmol), DMF (5 mL)E Y3l WFFW A epichlorohydrin (0.19 g, 2.16 mmol)
S GFAIE olgs] HUs Y. WeERES dA )R/l WWAIATHT5° C, over night)). ¥ TR
T S35 S 7t oflE oA HCER 23] &S & fU]S5S B F, f715E brinel 2 A FHS
T 9 NapSO 2 7S AASIG Y. o] A& ot & oJdS 7 SHA sFsta, Fe E AItA
A azote gy (AL, oNEolAEolE  n-3A= 1:3 (v/v)E & AAst = xA 9 I3hE
oA 3F}FES (13mg, 10.8%)F AU},

m.p : 201~202 ° C; Rs: 0.58 (o€ ofAlE|o|E : n-& = 1:1(v/v));

'H-NMR (400 MHz, CDCl3) & 2.82 (dd, J = 4.4, 2.8 Hz, 1H), 2.98 (dd, J = 4.4, 4.4 Hz, 1H), 3.41-3.44

(m, 1H), 4.04 (dd, J = 10.8, 6.0 Hz, 1H), 4.39 (dd, J = 11.2, 3.2 Hz, 1H), 6.36 (d, J = 2.0 Hz, 1H),
6.50 (d, J = 2.0 Hz, 1H), 7.52 (dd, J = 7.2, 6.8 Hz, 1H), 7.64 (dd, J = 7.2, 6.8 Hz, 1H), 7.84 (s,
1), 7.92 (d, J=8.4 Hz, 1), 8.07 (d, J = 8.4 Hz, 1), 8.85 (s, 1H);

PC-NMR (100 MHz, CDCls+CDOD) 44.8. 50.0. 69.4, 94.0, 97.2. 113.4, 113.5. 120.3, 126.0. 127.3. 127.8.

129.6, 129.8, 129.9, 137.0, 152.1, 158.4, 163.9, 166.1, 181.7 ppm; GC-MS (EI): m/e 334 [M]ﬂ

<AAd 21> 1,3-B]A(SAE-2-LHEAD-12F-AE[ ] A -12- [1,3-Bis(oxiran—2-ylmethoxy)-124
benzol blxanthen-12-one 1(Z3E 20)9 A

0 @]
,——'\\<‘\O
seasil
Coa3H1g0s

Mol Wt 390.39

shstE 20
A9 71423 T ZEhxId AAld 189 ©AlldA e 13-t =FA-120-4
0.54mmol)3} CS,CO; (0.53g, 1.62 mmol), FFolAE (30 mL)E Y Hks}
(epichlorohydrin, 0.25g, 2.7 mmol)& FA7|E o] &3] H7tslgth, whex
3 tH(55~60° C, over night). WHe EF&E9] nAEAS o3, AAG L G 3
HE e ATt Ay a2etE g ) (dEn], old otAHolE  n-#E 1:3(v/v)E ] A
Aol FAel 1Al 3FE(15.3mg, 21.8%)= AU

oo
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m.p.: 181~182 ° C; R;: 0.26 (o€ ofAlE|O|E : n-& = 1:1(v/v));

'H-NVR (400 MHz, CDCl;) & 2.80 (dd, J = 4.8, 2.4 Hz, 1H), 2.96 (dd, J = 4.0, 2.4 Hz, 1H), 2.99 (dd, J

= 5.2, 4.4 Hz, 1H), 3.21-3.25 (m, 1H), 3.35-3.41 (m, 1H), 3.47-3.52 (m, 1H), 4.00 (ddd, J = 10.4, 5.2,
2.0 Hz, 1H), 4.18 (dd, J = 11.2, 4.4 Hz, 1H), 4.36 (dt, J = 9.6, 2.4 Hz, 1H), 4.40 (dt, J = 11.2, 2.4
Hz, 1H), 6.37 (d, J = 2.4 Hz, 1H), 6.49 (d, J = 2.4 Hz, 1H), 7.45 (ddd, J = 8.0, 6.8, 1.2 Hz, 1H),
7.56 (ddd, J = 8.0, 6.8, 1.2 Hz, 1H), 7.72 (s, 1H), 7.85 (d, J = 8.0 Hz, 1H), 8.01 (d, J = 8.4 Hz,
1H), 8.82 (s, 1H);

13C—NMR (100 MHz, CDCl3) 44.8, 45.2, 50.0, 50.3, 69.0, 69.5, 94.5, 96.6, 107.3, 112.8, 122.7, 125.5,

127.1, 128.3, 128.9, 130.0 (x2), 136.3, 151.7, 160.3, 161.2, 164.1, 175.9 ppm; GC-MS (EI): m/e 390

<ddd 1> I L A3

oo SRS P-gp @A A= dFS HESH] #18te] P-gp7b vk EEH o] ofg] FekAle] wigh
WS 7E Al et AZCF-7/ADR) oA Al E =4, kAl 54 2 wiE 23S s3Itk (Skehan et
al., J. Natl.. Cancer. Inst., 82, ppll07-1112, 1990; Critchfield et al., Biochem. Pharmacol., 48,
ppl437-1445, 1994; Harker et al., Cancer Res., 45, pp4091-4096, 1985; Yeh et al., Cancer Res., 52,
pp6692-6695, 1992; Zhang et al., J. Pharmacol. Exp. Ther., 304, ppl258-1267, 2004; Chung et al.,
Phytother Res, 21, pp565-569, 2007; Chung et al., Phytother Res, 23, ppd72-476, 2009).

1-1. A ¥ 717

ME 8 wix]e]l RPMI 1640, EHAI-EDTA (0.25% trypsin—-1mM EDTA) % Antibiotic-antimycotic A]eF2 <1H]
E=Z7 (Invitrogen) (Calsbad, USAAIZHF-E], AEjoldd (fetal bovine serum, FBS)S 3J|&F&
(Hyclone)(South Logan, USAM)AFZY-E Fdstdtt. ZXxv}o]Al  (daunomycin; Dov), wlEF3} (verapamil),
DMSO, AX=ZtiW(sulforhodamine B; SRB), ERIFAUEH, L-=2FEN, EZSZIOHNE A
(trichloroacetic acid; TCA) NaCl, KCl, MgCl,s= AlZ2v}(Sigma-Aldrich, St. Louis, USA)AFOlA F43le] A}
2319tk CaCl,= 2294318t (Showa chemica<, Tokyo, Japan)AFellA, oFd|EAF(acetic acid)®= WA (Daejung,
Siheung, Korea)AFoll Al T+43}it}. HEPES N-(2-hydroxyethyl) piperazine-N'-2-ethanesulfonic acid), Egl&
(Triton) X-100 ® Eg 2 A7](tris base)i= USB(Cleveland, USA)AFANA  F43IA3L, wlo]a2AE
(Microscint TM40, scintillation cocktail)® ¥#H=(Packard Instrument Co. Inc., Meriden, USA)A}ellA
st om, [H-DM(1-5 Ci/miol)e H71-v] (Perkin-Elmer Inc., Wellesley, USA)AFZAE] T<lalgith. 6
A Zdo]E(well plate) % 96 & Z#o]EE BD Hlo] 2 Ao]A~(Biosciences, Bedford, USA)AFZH-E <3}
of AFEEFTE. 71712 A Eu%7](3158 Forma Scientific Inc., Marietta, USA), AR =47] (Topcount
NXT, Packard Instrument Co. Inc., Meriden USA), <B|2X%7](orbital shake, SLOSb20, SLB, Seoul,

Korea), 94+ &mw| 4 (inverted microscope, Axiovert 200, Carl Zeiss, Oberkochen, Germany) = ELISA 2]t
(reader)(3550, Bio-Rad, Hercules, USA) 55 A}g38lic).

1-2. Al¥ wjg =A

gekAdl WS 7HAE A e Al E(P-gp FohEdA AE)Q MCF-7/ADR ME+E C0, 5% 2 37] 95%7F &3

= 37°Ce] AE wjgr] kel A FBS 10%, 10mM HEPES, 24mM EHIFAUER, 2nl L-22E 2 F8AS Fal
= RPMI 16408 4] ol 4wl ] Qe

1-3. AX A rA+ I

MCF-7/ADR M2 7z} 9 9 5,000 NAE EoJ7leS 96 & ZgolEo Y& 3 AFEEo] Zyo|Ed K3
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r o
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09

3

2
o

1.25%10° M ~ 7.5%10° M 5% 999 %i=n}o]Al (daunomycin: DNM) 3} 100 pM 5%
ARl Wkl (verapamil; ¥AAUZET) U £ AW IFE AISES 7ZF Lo @ofFU). o, E Wy
SIRFEE dl4lel] DMSO EWivks Y-S 158 dlE2wo® ARESIGITE. 2AI3te] A thg, MY
+ W)S AASL AEES RPMI 164002 29 Ao &
o 39 F SRB AW Fa AE SA4S AESeH O S e Aestd ohed v AlEES 10%
TCAR 1 N7+ B I & B2 4 RNo)Fm AFA AT, SRB A1¢F (0.4% w/v in 1% acetic acid)S 7zt
ol Far IAZE Fol 1% oFAEAC R 4 AojFAnt. ZHolEE AXAIX thy @i de A%E MirE

mM Bl @72 1A Bk fA1A 570 moll Y SFEE AL T [CakeS 7oA. ICoake o3k

10092 7H48klS W, Bl FES o]&ate] whg Ael V]S 5092 #TAaAZ 4 e BY

o
i)
o
lo
ot
%
it
i o
rr
= ©
_vg
o

A% A3}, £ 104 B vhel go] B wye] sitREe YEAR Pgp ASAR el WekshEwE MCE-
T/MRAZANA Ervtol el 10y e H2AWOZH Pgp AsARA ArFsAel Arka AbRE Ak,

[¥ 1] Txrfol Ay} AlZE 2417 W3t & miemho] o) ICs, %
}\] = L:_}J—‘_U}O]/‘\_]Q] IC50%)\' (U.M)
DNM_(th=+) 25.64
DNM +Verapamil (A djz) 3.54
DNM + 3}3HE 1 47.86
DNM + 3}8HE 2 3.04
DNM + 3}3HE 3 6.47
DNM + 3}3HE& 4 6.47
DNM + 3}%HE 5 5.26
DNM + 3}3E 6 19.95
DNM + 3}&HE 7 23.92
DNM + 3}¢HE- 8 34.20
DNM + 3}3HE 9 5.65
DNM + 3}E 10 4.04
DNM + 3318 11 39.51
DNM + 3}3E 12 11.17
DNM + 8}3H& 13 14.72
DNM + 3}3E 14 18.03
DNM + 3}31& 15 8.99
DNM + 3}3HE 16 19.68
DNM + 3}31& 17 7.05
DNM + 3}3HE 18 15.37
DNM + 3}31& 19 5.98
DNM + 3}HE 20 4.11

1-4. AZ W [CH-Exrto]al x| njx= g3t

W el EeEEe] Pogp jWoﬂ A= gEkel #ated AFskalab MCF-7/ADR AEE 6 9 EH o] Ed]
150,00071/ o] H =5 Yol F 72 ARF gob wiekstaint. c1Ejal A 2p el 100 pM e wekatd =
= AEsd d9E Pgp Xioﬁzﬂ?a*i 7Ferdel sivkal ddkslelxl @ o] S-S 0.05 ul vk
3

[H]-Z=xnlo)Als $H/-3}+= uptake buffer (137 mM NaCl, 5.4 mM KCl, 2.8 mM CaCl,, 1.2 mM MgCl,, 10 mM

o

HEPS, pH 7.4) 1 mL& ¥ 2A1ZF 5<t vy, 1 & 7 9] uptake bufferE A W 9H-g5A
4

(ice-cold stop solution) (137 mM NaCl, 14 mM Tris, pH 7.4)& 2o} [Hl-Ewnlo]al ZAHS ZAAZ
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&3l =N (lysis buffer)(1 % Triton X-100) 1 mL-& 2z} ol ¥ 150 rpmoll A 1A1ZF &<k A&3 & 100 n
& FHsl WA 547 (LSOZE AbsS A Y. gz *ﬂﬁ W 54 Aye} 2 ‘?j} o FJEER
AEE At & oz Ax U 54 235 2FHE A[FH(

oIS1ol T (p<0.05) AL ool Arka WAAAL. 1 A= S w29 B

K

[ 2] Z=wvpo]ilal AJEE 2213 vt § Al H48 Zxvtolile] k(%)

1 AZY HHE Zievfolale] k(%)

DNM_(tf=2t) 100

DNM +Verapamil (SFA thZxE+t) 319 + 12.54 *x
DNM + S}3HE 2 434 + 27.93 sx
DNM + st3t& 7 337 £ 8.17 =x
DNM + sH3t& 9 239 £ 33.73
DNM + s}3t& 10 707 £ 50.96 *x
DNM + s}3t&= 12 651 + 34.34 =
DNM + s}3t& 13 247 + 20.21 *x
DNM + 3}3E 14 189 + 43.66 *
DNM + s}3t& 15 529 + 140.63 =x*
DNM + s}3t& 17 346 + 52.83 xx
DNM + 3}3HE 18 211 + 110.89
DNM + s}3t& 19 697 £ 163.02 *x

(A7) ZoAlA, Z+ diol8H+= H+S.D.(n=3-4)°]3, * p value<0.01, **x p value<0.005< <Jwu]3tc})

1-5. AE2EHY [Hl-EwxrlolAl W& wxE 93

i
rsi'
mE

rye] sgusel QA =
A WES AR WEAAE AHAG] Aste] AR Eivholal WjEo] B wwe] SR
AL GG A9 e AR AP :

MCF-7/ADR AXE 6 A ZolEo] A o 150,000707F H=s Yol F 72 AlZF FoF wigst o2 0.05 uM &

o] [Hl-Exrlo]als 3Hirahi= uptake buffer ImL-& ZF €l o] 37ColA 1 AIRF F2F wigFste] Alx W=
3
s

Ertolale HHAZG. Teln A, [Hl-Ewrtol e #43Hs uwptake buffer® AASIL AZES Ao
F o7 Ao 100 i BRG] detehd Ee AESY 295 Pgp ANAZA 5ol dvkaw waseln ¥
2 - 24 T

It o] 3B ES 75 uptake buffer® Yol 1A1ZF B¢t vistie). v tizdtols o
slx] ke oFE H|TF (drug-free) uptake buffer® 2o]FYth. 1Az o] W wkg Zx) o
H HolE e f3AEN (lysis buffer) 1 mlS 2+ o @i 150 rpmol

A m?r{

stop solution) & MEES F
A AR B FAEE £ 100 pulE FHek WA 547 (LSO Z WAbs (radioactivity) S SASIATE. o] o)

ool Eiwmtoldl FolmE 1417 B 0.05 W FES] [H-Ewvloldor ATES
‘|Qr o,

1l [e]
dH Txvlo]al ¢k (total amount)olA 2 Wgo] IgHER 1AIZF B9 ANXES WY
3

3 & AE Yo dold= ¥ (remaining amount)S wWlm O ZA 1A Bk AIXZZEE wEFH [H]-Erlo]al
&5 AAtskank. 1 Aye sb7] 137 2.
[3 3] AlXUE FH5 Zevtolale] AJRR 1AIF wjYket & AEXZEE aEd F%)
A B AEZEE WEE Eimvlolalo] (%)
DNM (ohz+h) 72.79 £ 3.43
DNM +Verapamil (A djzH) 51.25 £ 3.21 ==
DNM + 3}3HE 1 62.87 £ 3.13 *
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DNM + sH3t& 2 44.88 + 8.52 ®x
DNM + st3t& 7 44.55 £ 6.76 *x
DNM + sH3t& 9 49.54 + 5.34 =x
DNM + 3}3H& 10 47.87 + 5.87 xx
DNM + s}3t& 12 40.39 + 4.38 *x
DNM + 8}3t& 13 44.58 £ 8.44 #x
DNM + 3}E 14 64.81 + 20.45
DNM + 38}3t& 15 40.04 £ 5.33 #x
DNM + s}3t& 17 51.74 + 5.80 *x
DNM + 3}3HE 18 44.15 + 5.08 =x
DNM + 3}3E 19 42.45 + 7.23 #x

JolE]= H £S.D(n=3-4)°] 1,

# p value<0.01, ** p value<0.005% ¢]m]3it})

A7 o
A% ¢ &
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