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Synthesis of New Semisynthetic Analogs of Epi-xanthatin by Modification
of the Side Chain and Their Cytotoxic Activity
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Abstract — Epi-xanthatin analogs containing hydrophilic substituents such as carboxylic acid, alcohol, morpholine, amino

acid, and glucose derivatives were synthesized and their i vitro cytotoxicity and i vivo antitumor activity were evaluated.
The target compounds were generally cytotoxic against tumor cell lines of human origin with ED g, values of 0.1~30 pg/
ml, except the highly hydrophilic analog 6 containing aspartic acid. Contrary to the potent cytotoxicity, weakly hydrophilic

analogs 2 and 8 were not active iz vivo, or even toxic to the test animals. As a result, hydrophilic analog of epi-xanthatin

did not show i vitro cytotoxicity and hydrophobic analogs did not show # vive antitumor activity, thus it is presumed that
amphiphilic analogs or those with medium hydrophilicity would exhibit the antitumor potency in vivo.

Keywords [ epi-xanthatin analogs, sesquiterpene, o-methylene-y-lactone, i vitro cytotoxicity, iz vive antitumor activity,
hydrophilicity
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F-7}(Magnoliaceae) 2E2HE] FE2EUT o2 AEF| Of
A AEEA ] o] YA gom o)F dH = P38
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e 1 727} sesquiterpene lactone AE? epi-xanthatin
olg 3w o] EAE %3t o-methylene-y-lactone rings ¥3
B QUeh? o] A i vitro FAFEAT AXBAEL A549
@), SK-OV-3(d4=%}), SK-MEL-2(3 %), XF498(F5417
A, HCT-15EFANY) 578 YAEFE o] &3l SA3leE
v} o} 3l8HE9] EDg, 3k 0.1~1.5 pgmi=H 5-FU Y adriamycin
7 njwsle] FEolt 25007k4) 2] 2 G¥e Bolil gl wt
A i vivo FLETRE VERA] AdSkeS Baslglet) o] RS
sletEe] Zof didt W& gl QA oA gEolgtn &
D3t uwets B dFid e 1 EAEE JIAs] ¢k
HEEH] S BEl] REAES BEIST olYS fEAE
o] ek gl BEAHAS B 27) 7284 daEAE g

Hataat sgick.

Ay wy

Alek & 7171

Thin layer chromatography(TLC)= Merck silica gel 60 F-
254 glass plateZ ARSI A}9)A, 2 =, phosphomolybdic
acid, anisaldehyde® *¥r23to] T3S th Flash column
chromatography= Merck silica gel 60(40~63 um)& ARE-3hd
Stille] 9Ja) B wHog F3sigictY 'H NMR A9EY
2 Bruker AMX-R300 Spectrometer(300 MHz)°ll4] CDCl, &
£ DMSO-4s=E &ri=2 AHg-sto} 74313109, chemical shift
£ 8 AE2A ppmeE F|3I30 T I IE oS3 ol oF
22 B718100): s, singlet; d, doublet; dd, doublet of doublets;
t, triplet; g, quartet; m, multiplet; br, broad. Mass Spec-
trometry(MS)= Extrel ELQ-400 Mass Spectrometerir] &5
Yol carrier gas® ARE-319] electospray ionization® 2 =%
31T}, Brgof ARgE £0lS tetrahydrofuran(THF)} dioxane
< sodium benzophenone ketylZ 7% 55311 dimethylfor-
mamide(DMF)= MgSO,E 1F Z731%.29 dichloromethane
2 calcium hydride® AFAA S53510] ARSI

Epi-xanthatinic acid(2)2] &M

Epi-xanthatin(1) 1.0 g(4.00 mmol)& dioxane 30 m@ll =31 3
£ 15miE o] Yol mekstaAl 0°Celd] 12% sodium hypochlorite
84 1bmiE FA7ksta A=A 1217 o wRksksivt. AHg
9] KI 8l #5395 o5& o jodineo] WA= &
S W7 ¥3 NaHSO, §4g whg-allo] 7)5k the 0°CollA
1IN G4t 892 718l pHE 322 243 th Flash
column chromatography(ethyl acetate/hexane 5: 1)l 2]3}¢
AABF] 0.72 g8 72%)2) 3 M 31A)?) epi-xanthatinic acid
2 A0tk R, 0.48(ethyl acetate/ethanol 1:1); 'H NMR(CDCl,)
§ 1.13(d, J=6.8 Hz, 3H), 1.84(q, /=136 Hz, 1H), 2.10(m,
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1H), 2.35~2.60(m, 2H), 2.78(m 1H), 3.32(m, 1H), 4.59(m,
1H), 5.50(d, /=2.8 Hz, 1H), 5.78(d, /=16.0 Hz, 1H), 6.14(t,
J=6.3Hz, 1H), 6.26(d, /=3.3Hz, 1H), 7.18(d, /=16.5 Hz,
1H); Mass, m/z 249(M+1).

Epi-xanthatin aldehyde(3)2] &}

THF 3 mi°ll epi-xanthatinic acid(2) 50 mg(0.203 mmol)ys =
o]z #4714 3l triethylamine 0.070 mi(0.503 mmol)E 713+
T2 0°CollAd oxalyl chloride(2.0 M solution in dichloromethane)
0.10 m/(0.200 mmol)& A7}5k 10°CE YA o= 2504 30
B3 wikESiT) Sodium borohydride® DMF/THF 3-8
(10:1) 5miel] =<0 &ho] 9 Whg-8HeE -78°Cold] AA3] &
7Fsta 3087 wRkISict Whe-8-olS £3 E3PAEsE A
& o MgSOE 7Ax3ta oifete] &uilE A SH3ATH
Ao]A ZAALE preparatory TLC(ethyl acetate/hexane 3: 1)°]]
23] AAsto] 16 mg(e=S 35%)°] epi-xanthatin aldehydeE
&glth: R, 0.59(ethyl acetate/hexane 3:1); 'H NMR(CDCly)
6 1.20(d, /=69Hz, 3H), 1.93(ddd, J=11.6, 12.1, 14.0 Hz,
1H), 2.20(ddd, /=23, 6.9, 14.1 Hz, 1H), 2.40~2.79(m, 2H),
2.84(dq, J=7.0, 182 Hz, 1H), 3.44(ddt, j=3.2, 8.6, 17.1 Hz,
1H), 4.67(ddd, /=2.3, 8.8, 12.2 Hz, 1H), 5.59(d, /=3.0 Hz,
1H), 6.15(dd, /=75, 15.9Hz, 1H), 6.28(dd, /=6.3, 8.9 Hz,
1H), 6.33(d, /=3.4 Hz, 1H), 6.94(d, /=15.9 Hz, 1H), 9.56(d,
J=75Hz, 1H).

Epi-xanthatinic acid methyl ester(4)2] 4]

Epi-xanthatinic acid(2) 30 mg(0.120 mmol)$- dichloromethane
3mjoll =°]1 triethylamine 0.020 mi(0.143 mmol), methyl
chloroformate 0.010 mi(0.129 mmol), 4-(dimethylamino)pyridine
(DMAP) 3 mg(0.024 mmol)& 713 th2 A-2ofA] 2417t wwks}
2t} Dichloromethane 10miE © 7}3lw wh-gdg X3}
NaHCO,; &, 0.1N @489, L3P P52 AT o
f71%5-2 MgSO,E 7zxsta ojFsie] {vilg 72 F53sict.
o)A ZAAFE preparatory TLC(ethyl acetate/hexane 2 : 3)°]]
oJ3le] gAIEId 18 mgErg 57%)2] T4 249! epi-xanthatinic
acid methyl ester® €3It} R; 0.60(ethyl acetate/hexane 1: 1);
'H NMR(CDCly) & 1.15(d, /=7.0 Hz, 3H), 1.82(q, /=11.5 Hz,
1H), 2.07(m, 1H), 2.40~2.45(m, 2H), 2.72(m, 1H), 3.30(m,
1H), 3.68(s, 3H), 4.58(m, 1H), 5.51(d, /=2.9 Hz, 1H), 5.80(d,
J=16.0Hz, 1H), 6.10(t, /=6.3 Hz, 1H), 6.24(d, J=3.4 Hz, 1H),
7.08(d, /=16.1 Hz, 1H).

MEpi-xanthatinyl morpholine(5)2] &4
H4 DMF 0.5m/°] epi-xanthatinic acid(2) 50mg(0.20
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mmol)= 7}st A A47)A] &kl triethylamine 0.056 mi(0.40
mmol)E- 71310 19l v} 0°CellA ethyl chloroformate 0.024
mi(0.25 mmolyZ Z7}5k] 583+ wrRsITE. Morpholine 0.018
m/(0.20 mmol)E 0°CellA] $19] whg-g-oholl A1A3] A7}t ths
1022 wNkssich, 0°Ce) H2 Akgde® pHE 28 248}
1L ethyl acetate? 53 ths 7152 o] 1N NaHCO;
|HoF ofe] H MFGILE F715-5 PR A-s o
+ MgSO,& 7xsty st g A% T3tk 49
Z ZkAME flash column chromatography(ethyl acetate/hexane
4: 1)l gJste] AISt] 43 mg(+E 68%)2] N-epi-xanthatinyl
morpholineg A2t} R; 0.30(ethyl acetate/hexane 4:1); 'H
NMR(CDCL;) 6 1.20d, /=6.9 Hz, 3H), 1.91(ddd, /=11.6, 12.0,
13.9Hz, 1H), 2.16(ddd, j=2.3, 6.9, 14.0 Hz, 1H), 2.41~2.64
(m, 2H), 2.82(m, 1H), 3.40(ddt, /=3.3, 8.6, 17.0Hz, 1H),
3.63(br, 4H), 3.70(br, 4H), 4.65(ddd, /=2.3, 8.8, 12.2 Hz, 1H),
5.56(d, /=29 Hz, 1H), 6.13(dd, /=6.3, 8.9 Hz, 1H), 6.23(d,
J=15.4Hz, 1H), 6.30(d, /=3.3 Hz, 1H), 7.15(d, /=15.4 Hz, 1H).

M-Epi-xanthatinyl L-aspartic acid(6)2] 4]

4 DMF 10 m/°l] epi-xanthatinic acid(2) 500 mg(2.0 mmol)
& =0]3! triethylamine 0.42 m/(3.0 mmol}Z Y& th3 A7)
A ol benzyl chloroformate 0.35 ml(2.42 mmol)E & 7}35}od
A2ofA 10%7F RIS}, L-Aspartic acid 268 mg(2.0 mmol)
3} triethylamine 0.56 m/(4.0 mmol)®] ¥<= DMF £ 15 miZ
9] vhE-gde)) Xx3}] A7pst The Aolx 4A]17F mHkEkA
o §9E At S/ ¥olF ZHAFE preparatory TLC
(acetonitrile/methanol/acetic acid 20 : 10 : 1)el] 2J3k] AA5lo]
150 mgE 21%)°] v|&A TAIR] N-epi-xanthatinyl L-aspartic
acidE Atk Ry 0.52(acetonitrile/methanol/acetic acid 20 :
10:1); 'H NMR(DMSO-dg) & 1.12(d, /=7.4 Hz, 3H), 1.90(m,
1H), 1.97(m, 1H), 2.43~2.56(m, 2H), 2.77(m, 1H), 2.98(d,
J=6.3 Hz, 2H), 3.42(m, 1H), 4.34(br, 1H), 4.68(m, 1H), 5.70
(d, J=5.0Hz, 1H), 6.07(d, /=16.0 Hz, 1H), 6.10(t, /=5.0 Hz,
1H), 6.18(d, J=4.7 Hz, 1H), 6.83(d, J=15.8 Hz, 1H), 7.92(s,
1H); Mass, m/z 364(M+1).

M-Epi-xanthatinyl tetraacetyl-D-glucosamine(7)2| &4

54 THF 3ml°] epi-xanthatinic acid(2) 56 mg(0.227 mmol)
£ 0|31 triethylamine 0.079 mi(0.567 mmoD)E Y& the A
2714 3tol benzyl chloroformate 0.040 mi(0.272 mmol)Z
2 7Fsto] 0°Col Al 1037 ket ith. THF 3miol 1,3,4,6-
tetraacetyl-D-glucosamine 79 mg(0.227 mmol)g- 35! €288 9]
9} WEZ-g-Ae]l AAfE] A71ek T A-2ellA] 12413 RSkt
HEg-olo] ethyl acetate 10 S 715te B2 38|, Taj gz

13] AFg o 7158 MgSO,2 Azx3ly ojse] $uls
et SF3IT). Aoz HAE flash column chromatography
(ethyl acetate/dichloromethane 2 : 1)l 2J3l] A5l 33 mg
@& 25%)°] N-epi-xanthatinyl tetraacetyl-D-glucosamineS 4
Stk R; 0.45(ethyl acetate/dichloromethane 2:1); 'H NMR
(CDCly) & 1.17(d, /=6.9 Hz, 3H), 1.89(dd, /=12.0, 25.6 Hz,
1H), 2.14(m, 1H), 2.04(s, 3H), 2.06(s, 3H), 2.10(s, 3H), 2.20
(s, 3H), 2.42~2.63(m, 2H), 2.77(m, 1H), 3.39(m, 1H), 4.01
(m, 1H), 4.10(m, 1H), 4.28(dd, /=4.1, 12.4 Hz, 1H), 4.57(m,
1H), 4.64(ddd, j=2.1, 9.2, 11.7 Hz, 1H), 5.26(m, 2H), 5.57
(d, J/=2.8 Hz, 1H), 5.58(m, 1H), 5.68(d, /=15.6 Hz, 1H), 6.15
(dd, /=6.3, 9.0 Hz, 1H), 6.23(d, J=3.6 Hz, 1H), 6.31(d, J=3.4
Hz, 1H), 7.10(d, /=15.6 Hz, 1H).

1-(Epi-xanthatinyl)-2-buten-1-0l(8) [Epi-xanthatin®} cro-
tonaldehyde®| aldol product]e| £

Epixanthatin(1) 42 mg(0.170 mmol)- dichloromethane 3 m/
of ol AA7|A| 3ol triethylamine 0.029ml(0.208 mmol)S
7Fe thg 0°CollA trimethylsilyl trifluoromethanesulfonate
0.040 ml(0.207 mmo)E A 7}3Fe] 1087 nRkalgict. 33
dichloromethane 3 mi°]l crotonaldehyde 0.017 m/(0.205 mmol)
¢} titanium(IV) chloride 0.022 m/(0.201 mmol)E =<1 th2 A
2714 31l 919] silyl enol ether -£982 -78°Coll4] 4A3] 2
Z¥star 2A1%F kst Whe-g-Hef| dichloromethane 15 mi&
7heta 23} J3URE FEAo7 259 pHt 70] F w7t
2 AHg oy T3P FSE AlFska MgSO,E AZ, oj#s)
of &ulE 7Y FH o7 FHAME preparatory TLC
(ethyl ether/dichloromethane/hexane 4 : 5 : 2)°l] 23] A #)|5}
&) 26 mg(=& 48%)2] aldol productE w4 2UZ AUtk R,
0.31(ethyl acetate/hexane 1:1); H NMR(CDCl,) o 1.18 (d,
J=68Hz, 3H), 1.71(d, J=63Hz, 3H), 191(q, /=119 Hz,
1H), 2.18(dd, /=7.1, 13.8 Hz, 1H), 2.45~2.67(m, 2H), 3.07
(m, 1H), 3.41(m, 1H), 4.58(m, 1H), 4.65(ddd, /=2.1, 8.6,
12.4 Hz, 1H), 5.53(dd, /=6.3, 15.3 Hz, 1H), 5.58(d, /=2.9 Hz,
1H), 5.75(dq, /=6.6, 15.2 Hz, 1H), 6.15(d, /=16.2 Hz, 1H),
6.23(dd, /=6.4, 8.8 Hz, 1H), 6.32(d, /=3.3 Hz, 1H), 7.04(d,
J=16.2 Hz, 1H).

Bak, 9S, 10ak)-2,3,3a,4a,7,9,10,10a-octahydro-7-(1-
Hydroxy-1-ethyl)-5,6-di(methoxycarbonyl)-9-methyl-3-
methylene-2-0x0-4 H-benzo[4,5]cyclohepta[1,2-blfuran(9)
[epi-xanthatinol®} dimethyl acetylenedicarboxylate2| Diels-
Alder adductle| &}

Epi-xanthatinol — Epi-xanthatin(1) 370 mg(1.49 mmol)=
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methanol 40 moll 30]1L 2N B4t F&4E 71819 pHE 3~4
52 %733 th& sodium cyanoborohydride 220 mg(3.52 mmol)
& 22X AAE] 7t 208 o RSt BB
Z31o] dichloromethaneo]] o)1 X 3AA42 A3 oS
MgSO,2 7Zxska st} s 7%k S73lIsith. fojrl &
A}Z flash column chromatography(ethyl acetate/hexane 1:2)
o ojste] AAIste] 275 mg(-& 75%)°] epi-xanthatinols: &
Atk Ry 0.25(ethyl acetate/hexane 1:2); *H NMR(CDCl,)
d 1.17(dd, /=29, 6.9 Hz, 3H), 1.30(dd, /=1.6, 6.4 Hz, 3H),
1.59(br, 1H), 1.86(dt, /=11.9, 13.7 Hz, 1H), 2.12(ddd, J=2.2,
7.0, 13.9Hz, 1H), 2.31~257(m, 2H), 2.79(ddq, /=1.7, 6.8,
17.7Hz, 1H), 3.37(ddt, /=3.2, 8.6, 17.1Hz, 1H), 4.35(m,
1H), 4.65(ddd, /=23, 8.8, 12.2Hz, 1H), 5.54(d, /=3.0 Hz,
1H), 5.66(dd, /=6.4, 16.0 Hz, 1H), 5.76(dd, /=6.2, 8.9 Hz,
1H), 6.02(d, J=16.0 Hz, 1H), 6.28(d, /=3.4 Hz, 1H).

Diels-Alder adduct(9) — 5= toluene 3 m/°}| epi-xanthatinol
134 mg(0.54 mmol)-& =°|1 AAE dimethyl acetylenedicar-
boxylate 0.20 m/(1.62 mmo)Z 713t & ¥ &5 wwkslitth
g8 F&3lo] A2 FALS preparatory TLC(ethyl
acetate/hexane 2:1)°ll 218} A A5k} 73 mg(+& 35%)2
Diels-Alder adduct® €%lth: R; 0.50(ethyl acetate/hexane
2:1); H NMR(CDCl;) 6 1.24(d, /=6.5 Hz, 6H), 1.54~1.68
(m, 2H), 2.02~2.09(m, 1H), 2.17(m, 1H), 2.28(dd, /=54,
14.1 Hz, 0.5H), 2.39(dd, /=5.5, 14.0 Hz, 0.5H), 2.95(dq, /=
4.1, 12.6 Hz, 1H), 3.31~3.36(m, 1H), 3.54(m, 1H), 3.76~3.83
(m, 1H), 3.80(t, /=2.6 Hz, 6H), 4.05(br, 1H), 4.90(ddd, /=
3.1, 88, 11.9Hz, 1H), 5.46(d, /=4.7 Hz, 0.5H), 5.53(dd, /=
2.8, 6.0Hz, 1.5H), 6.26(dd, /=32, 7.1 Hz, 1H); Mass, m/z
391(M+1).

o 1=
Ie 5

In vitro 2 Z8(SRB Assay)

A EYL NCPIA 744} sulforhodamine B(SRB) assay*l
& ARSI Aol AMRS ATEL B vE FUYAT
ANCDEHFE Fofire: AAf-8d HHEFER 37°C 2 T
% 5% CO, incubator®llA] Alt] vjoFatsar vk o2 = 5%
fetal bovine serum®. 2 279 RPMI 1640 mediums A3}
ok AA ARFEA NESE trypsin-CDTA(rans-1,2-diamino-
cyclohexanetetraacetic acid) 84& AR3l] FAHOFTHE] B
2] A]7] 31 96-well flat bottom microplateo]] welld A E4=7}
5,000(A549, HCT-15) 10,000(SK-MEL-2, XF498), 20,000(SK-
OV-3)°] HEF 53t th8 CO, incubator oA 244]7F Hj
st} B MEEE vl FaA2in) oFEE 6 529 log
doseZ medium®] 3413+ the ME7} R2F wellell 217+ 3wl
TE PolFa 4827 vislgith oHE 83E Hlste] Heae
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w2} DMSOE ARl ojm] DMSO02] 5%+ 0.5% ©l517} =
EE &9} vk & 10% trichloroacetic acid(TCAYE 7}t
4°CollA 1M7L Bt B ste] MEES plateol] T2 o
1% acetic acid 4ol 0.4% SRBE 59 F4gHS 7}311 30
B2 AEZE GA5HATE 10 mM Tris base(unbuffered) 2992
7V&}o] titer plate shaker% 10%-7t shakingdlo] HMAekS &
Z2217] % microplate reader® AFE31S] 520 nmollA SGEE
27313t A thgt okE2] BHE APIsE] sl ok
5 7R A9 MEF(T2)Y o] EAUA &2 medium
= 7hste] 48A1%F MRS wel MES(C) 2 F TR okE
T} 3 48A1ZE WiFRE wle] AIES(T) & S8k vl
FAe) ol FHEPAS ARt Tz>T <1 3¢ (T-T2)AC-
T2)1X100; Tz<T A 25 [(T-Tz)/Tz]x 100. Zt 50l A] o]&
Al d& Lo RHE] oFEo] ME2 S 50% JABH= %
Q1 EDy, a2 ANt

In vivo AN &3

vl f8 leukemia L1210& M¥F2 A8t BDF, vt
SA5 AN FABYE FA5E” 653 BDF, v~
gl E 3 AT OF 3o DBA/Z vR-AollAd AriEel L1210
AEZ 2}2}o] upe o) 1x10° cells/0.1 mR B2} U2 o)Alst
Ak APk 1~10Y6]] Z421e] FE2A BU T8t
ok e AE wid BEsEA AELTE S8t 2 AT
o] FAAEYRHE =T (Cel uidt T (D)) HABEY
o] 71 vlEQl TC%E AXksle] Atass gsiola 125
oS TC%E B AE Fod e SLEH T st
k.

A0 o I

)

¥ Aol AF23) epi-xanthatin =52 Scheme 101 wat
sdsiolt. slghE 2t 31449 X219 carboxylic acid’l £
¥ FZAZEA epi-xanthatin(1)9} terminal methyl ketone©]
sodium hypochloriteZ AF§-¥ haloform reaction®l] 2|3}
carboxylic acid® ¥A3E 1t} Aldehyde 32 carboxylic acid 2
£ oxalyl chloride®} RFg-A17AHA] acid chlorideZ Yha1l o173
ZH}2 sodium borohydride2 E-A|AA AT =3
carboxylic acid® Fuj2Ee] DMAP2}F €7 methyl chloroformate
9} B A AX® methyl ester 42 A3} 1, heterocycle?)
FgS dolrr] 95le] ethyl chloroformate®] &) s}ell
morpholine2 ZTAAA amide 52 TAIBIGIT]. o2} FAISH
aspartic acid?} tetraacetylglucosamine 242} ATAA 3=

6 % 72 WIAE oleie FEATE S 710 B4 7
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72 WFF - ]
o]
R = Epi-xanthatin (1)
Q R = CHj
o]
a J 72%
3 b 2 f 7
R=H 35% R=OH 2%5% Rr= OQAC
AONS=2
C e
P dj 8% 21% Ao NF OAc
4
R = OCH, 5 R=  C0H
R=0O N— HO,CN—
s
1
h OH
75% 1
35% CHy
o]
CHZ0,C
CO,CH;
9

Scheme 1 - Synthesis of epi-xanthatin analogs.

(a) i. NaOCl, dioxane-H,0, 0°C, 1 h; ii. HCI; (b) i. (COCI),, Et;N, THE
0~10°C, 30 min; ii. NaBH,, DMF-THE, -78°C, 30 min; (c) CICO,CHj,
Et;N, DMAF, CH,Cl,, rt, 2h; (d) CICO,Et, Et;N, Morpholine,
DME 0°C, 10 min; (¢) CICO,CH,Ph, Et;N, L-Asp, DME rt., 4 h;
) CICO,CH,Ph, Et;N, 1,34,6-Tetraacetyl D-glucosamine, THE,
rt., 12 h; () i. Et;N, TMSOTY, CH,,Cl,, 0°C, 10 min; ii. crotonaldehyde,
TiCl,, CH,Cl,, -78°C, 2h; (h) Na(CN)BH,, CH,OH, rt., 20 min;
(i) CH30,C-C=C-CO,CHj,, toluene, reflux (overnight).

27} BRI opr|ale] A HAE FEAY <lE2A
vintriptol®} vinleucinol®] =4 |52 Z+z} tryptophan ethyl
ester®} isoleucine ethyl ester’} 23 vinblastin -F- =] 24
S48 A7 5490] oHll o ZHAE Sl Bard v gl
o 9 ohulicAl WA glucose’}t AR oIEA] etoposide, teniposide
Z0] podophyllotoxin 5 2A F-8X0] =718t ASA
o] A FAHEo] Bk

L3} epi-xanthatin®] methyl ketone& TMS triflate®} Rh&-A]
#A enol silyl ethers T=31 ©)28- titanium tetrachloride &
A 3tell crotonaldehyde9}2] Mukaiyama reaction'Ve]l 2)aHA]
aldol product 82 FAJslict. 18] Fig. 1o Jehd v} 2+
o} tricyclic 772 7}A1L Y= sesquiterpene lactoneS©] 73

in vitro B in vivo B3E Bole Fol| 53519 epi-xanthatin

9] tricyclic =4 98 /431510 epi-xanthatin®] ketoned
sodium cyanoborohydride® &15}0] ¥ epi-xanthatinol S
dimethy! acetylenedicarboxylate®} Diels-Alder reaction A|FA]

Eeireieg

In vitro NESN % In vivo SN

In vitro 3L AAFE 571 GHETE o] 83t NZAZR
AR F2(ED)E 783ttt $E FEAES in vitro 74
< Table I A2)8}2T cisplatin® epi-xanthatin(1)& |2 E
A7 ARl 438 v msiled o] REAES 57 4A
7 ol4 EDy, 7o) 0.10~16 pgmiZA 0.9 pg/mi®] HEHS
Holx qltt.

o9} nlmsle] 338 8 EDy, gtol 0.10~0.51 ug/miZA
0.3 pg/mi] HHFkE 2ol glow 7t MEFEE tzEA of
B] 5 UiR] 7l 71 in vitro B49E JERICH 3REE 2, 3,
4, 5, 9= ED;, 30| 0.3~10 ug/miZA in vitro 8/30] 55 =
£ ozt 9 Yehaes glont 1 3Mdo] 44 Felx /A
3 5E HojF 9t 3HE F¥E 69 -9 EDg, ol
10~>100 pg/miZA in vitro BAJ0] A Za3153ed], o171
FgAdo) ul-g- 2 aspartic acid’} AT o)A Eof gk &
=7 AURIA FobR7] wWitolgta AR, of2gh A4
S Ao ARAAE glucosamine F-EAE 71X FFE 7
2] A4 AL gol 7Agt ¥hH EDg, gl 2~30 pg/milE
A in vitro 342 o= AR FAEI Sl FolM olE &
F7} 7Fssitt

o1& % in vitro B/3°] TTHEAY B FF FAHL 3

ol

Table I- In vitro cell growth inhibition data for epi-xanthatin analogs
in comparison with cisplatin and epi-xanthatin (ED g, pg/ml)

Entry A549 SK-OV-3 SK-MEL-2 XF498 HCT-15
Cisplatin 1.0 1.0 0.73 0.36 14
1 1.1 1.6 0.24 13 0.10
2 81 6.8 15 4.1 7.3
3 39 11 0.34 1.0 0.58
4 2.3 4.6 12 2.4 45
5 9.7 5.6 3.5 3.4 31
6 >100 >100 67 10 >100
7 25 13 24 58 30
8 0.35 0.51 0.10 0.31 0.33
9 8.7 9.3 3.0 3.0 4.1

Table II - In vivo antitumor activity of epi-xanthatin analogs on BDF,
mice implanted with L1210 mouse leukemia (T/C, %)

Dose (mg/kg)
Entry
10 25 50 200
2 100 96 105 Toxic
8 98 98
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