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B, BETH ARAORCEROE AL ¥ Lo T BEFR T, K%< OFuE#l
R LFRIEDORFEEZ B> TLTH, RERBRERRVERE SN TW5, BOIRE
IRESHETD L. (1) AABIRIE. Q) BEBREE. 3) AGWEE., @) k%
FIE. (5) RERBICST LI ENTED Y, BETIE. (LFREL VWO SETEL
PUBATRRO Z & L ETE DI, BIRRICKRL 2EYPFER SN TE TV D, Bl
IEFMEE B2 RECHEBETLZEAMLNTRY, FUBAIOZ iRk
WHEAMASBEZEMICT 2D THD, LNLRRL, BAICHEET S EMaIL
LARPUBEAI OB I X > THEEIIMZA D22, EE QM OHEIE G FRIZMmE L,
ENOEEZ IR LT 0/Rk4 RBEORHAL KL, BB, R, BRTR, BEK
R ERIICORA REWERDBERND, £lo. 20X REWEROMIC, FUBHIDERR
FEACREE SN TWVWD Z EIZEAIME (multidrug resistance (MDR)) ORIERH 5,
ZhiE, EFEEE G IERBF b R 5B OPUEANI L OREMBEN B LR 2
ET, BRETDFEETLHDITITIVE OREEPLEICRY | BxBIFEAOR
BPKREL 2B LN, R COFUESIEAD Dose limiting factor & H72 > T3,
BIE, ZOZAMMET. BEEICE L TRRITEERIELZIT S £ T REREE
oTRY, BEFILREIN-E YN EBEMEE LD MDRI (P-#F 17,
P-glycoprotein; P-gp) 72 & Do D FEW)R I H LIEHE (efflux system) DIEFIFHIC
L0, EY3SEMRICER Y A ENTHERZRE ST 5 LENCHRASBHI LT LEWN,
ZTOMENBETE 20D, DREBET H7-DICL 0 ZL OFEYTEPMLEITRY |
TORER, BHERSERESNTLED 9, ZoZHIMMEOTRICET 2 MEfRR O
eIt RAEE TR INTBY . ITEDE Y 2 L—4 — (modulator) BIFIZIE LW
HEZZRTTVWD, ZOEVa b—F—3, ESBEMAREEMENEEZ 220D,
P-WEX N DEYRAHE L 2 IMA DR EFEDL, TOMR, &ESNTEDH+4
EMEZRT IR LDTH D, BFEE TIZ, calcium channel blockers, calmodulin
antagosints, steroidal agents, protein kinase inhibitors, immunosuppressive drugs, protein
kinase b ABOREEER R ENET 2 L—F —DFEME B> TNAE Y, —F,
UEERED(LFEMRETIE, FEEEFE L TOMREEZFLRAPOHEBEL )K=
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YOTTY a OB EEREEL OFEOHRARICL AN FEEEIT> T, ZNET
FFEEEZD R 1D R UL HIV 1EME ' O - [EEEEIC S TR LBRE L TE T,

AR, ERLZE2i1C, HEIEDORAT oA FERRAEREINES 2 L—F —1ZR
VRTINS D Z b, BEHIX, B - A OBEEIT 5 F TR
R MENEEDRBE LTV o L—F — O BEMICET 5 — A 2R 2 R
BB EED -, £ LT, ZOERNEREZE S DI B B EaHEE
BNEHZIZEAEREROD, HDEVEBRWVEEEZRL, BEICAFLESL Y~ /4
FEDEMRSTTHDAT A FLEYW diosgenin R UNFFF T rn=bHEEELTZ
aloenin VU — NbLEHE L THEASFEBEL, TbDEE LTE MNEB EEEMH
JAECHY PHEX LRI BIEEAEREE LTV HCT 116 Mg v MTFEEEM
MTHY P-FEX T BEEL TS Hep G2 #la%E FHWT, EHEOFM- LB %217
Sfry TORER, TV a L —F —OBBITITRTZEGZE L) > 228, EHImito—R
LR DM DORED PHESX N IR EME . BEE AR SRS A FE O
WaRHE LT, £72. HepG2 MILICHBWT, AR RZ VAR OMABEIC A g%
Bov 4 I D BFEEMET p53 REMIZ, —F., 7u X URIFBERT p53 FEK
FRINZT R P =V REFEHELTWDLZ EEZHLNIT L,

BRI, FED, CNET—BLTROTERL, IVEEZED»O LV EIER
FRRLU-EY, HDOIESHIMEE R L= ORRE B L EROETH
D, B—RMELTY~/ A EDERS THD diosgenin DIFEELHIZ X AR HARIETE
MEEEORER, E2HE L TXFFAF Tz ERSTHS aloenin OBAM: - R
TEMEME & BB TR EIE M L OB EE Z B L2 LD TH D,



H—# Diosgenin DREELT YA B L K I 88 FEPN H 15 2

Diosgenin 1" 1%, ¥~/ 1 & (ILZE, L% ZEFE, BRE) (Dioscorea joponica Thunb.
Dioscoreaceae) M AT 1A RH7R=1 (steroid saponin) @7 7'V 2> (aglycone) TH
59, A7 aA FHR=E 2 VRRY~ /AR, UV avBY T UoRe oY
MM Ro, EREFEL LTIIHE (dnemarrhena asphodeloides Bunge,
Liliaceae) °FF84 (Ophiopogon japonicus Ker-Gawler, Liliaceae) 72 Ei’d 5,

AT aA FPR=OFEBEHICE L T, £EAEPOHEBIN-AY R R F v
(spirostane) %! T3 % timosaponin A-II (Figure 1) (ZI/IMRESEMFITER 20 28, £z,
Z®O F BOBERLEZ 72 R F 2 (furostane) B D pseudoprototimosaponin A-II
(Figure 1) \ZHUBERISIER 20 3580 6T 5, 2 U BHES D Liriope muscari 7513

z
~Z 0 Gic-0
~
(¢] o]
OH_oH OHOH
o 0 o 0
HO&%@/ H HO&%@/ H
OH b OH o
=8/ o2/
HO HO
OH OH

OHoH O -

0

HO

OH

0 HO O 0 _0oH O =

o} Hoﬂ/ HO 0 6‘%@/ i

@ﬁfo o o e OH oﬂow
OH on OH

OH o HO 0

HO"% :/ HO

HO o

OH

Tomatine Esculeoside A

Fig. 1. Steroid saponins



(25R)-ruscogenin-1-O-[ Fo-glycopyranosyl-(1—2)]-[ fo-xylopyranosyl-(1—3)]-S-o-fucopyra
noside (Lm-3) (Figure 1) 2SHEE S, BME T /B WO COBEERTAEER 2 2358
HHNTWDS, &5, Wu b P2k v, WRIF =" (ruscogenin) & Z DV R=
¥ Lm-3 OIFEET v Mt 2R BEEARHRES N TS, AL, =V F
EY)  Ornithogalum saundersicze 7> 5 BB Z 1172 3B,16B,17a-trihydroxycholest-5-en-
22-one-16-0-(2-0-4-methoxybenzoyl-B-p-xylopyranosyl)-(1—3)-2-O-acetyl-a-L-arabinipyran
oside (OSW-1) (Figure 1) i%, t MBHIMFEMIZ HL-60 &~ 7 X HIMFHE P388 (%t
L CHR THELNL TV AIERITH D ~A h~A T C (mitomycin C) (MMC), R
7"Z F . cisplatin (CDDP), % > b7 1 > camptothecin (CPT), = h A I/ R etoposide
(VP-16), 7 F U T~ A ¥ (adriamycin, ADM) KT A k b L FE— [ methotrexate
(MTX) 72 £ 10-100 S5\ EMBEFEIMENEHE > 2/ @EIN T B, 20
fll, AR b= NOENSHEEEI h~F 2 tomatine (Figure 1) IZIZNN7 T U T
REBEOBBEEMETHER P, £, BRE M NEE,LOHBIILL
esculeoside A (Figure 1) 12, FLIEHMIFALR MCF-7 (23 A HEEIMEIER 2 2853850
W5,

IDESIZ, A RZ UAEITHD tomosaponin A-III & Lm-3, ~7T B2AE R X
% > (heterospirostane) % T# % tomatine & esculeoside A, 72, A TERNEHR L
7m7u A& EITH D pseudoprototimosaponin A-IIL 1L, FE4 DAY IEMEIER 234
SNTVDED, ZOEBEEOEBENRZND DFOEEL EO L9 BERPH DT
DWTIIRTEAATH > 7=,

SEL FET, EREOCEYOEE LIEEOBEE 2R LPHIIEE LTA YR
2B BITHD diosgenin 1 Dy FREEDEMRIZ L > CTHEFEROEEESEL, B
AR ETE I REME AR L L CRHMAE L, BE LG OMBE®EmET T2 & LT,

......................

(I) Hydroxyl group at the C-3 position.
(II) Olefin bond at the C-5 position.

(II1) Tetrahydropyran F ring.

(IV) E/ F spiro ring at the C-22 position.

Fig. 2. Structure of diosgenin 1
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Diosgenin 1 /& Figure 2 (/R L7c &k 912, £D4FHIZ, (DA BBD 3 (LICKEEE,
(ID) ARE BRIZELDNS 5 LICZERES., (D FEOTFT M7k Fues
(tetrahydropyran) B8, (IV) E & F BB 22 fi CHRARTIAY RBAR Y, (L¥LHh
LEDPBERELZE LTS, ZNLEREEZFA L T diosgenin 1 D#EE L LAY
TS HZ LIZEY, Figure3 IR THIIE, ARAZ VB 702 Z VBB IO
MG A nBEEZEHEOEZ I D BO 3 SO FOFEEZEHRL. FRbDE
N BB HCT 116 XUt MF EECEMAL Hep G2 MRRIZ KT 2 MARHEFEHN
FIVEME L (LAEE L ORMBIMEEZRET Uiz, SHiZ, PHEX X7 D REHEL WD
Hep G2 2% MIIC 31T ZHEFEMBER DO A D = X L& AT HEM T, 7R b—2 R
(apoptosis) > DOREEEEF TH D p53. p2l. Bax BEL Bel-2 © mRNA EDZE
{b% RT-PCR ¥ *? CFf L7z,

HO\\~ OH Vitamin D type

Fig. 3. Structures of spirostane, furostane and vitamin D type.



B KRBEATORZURROR7uxX oRFEEOSKE E VEB LK
PEAHIRY HCT 116 12k 2 RN &1

Ikeda & 3, ACBRX RO F BOSLEEED diosgenin 1 & FEETH D A
TuA RYR=0d, b MNER LB HCT 116 [Z%Fd 5 BEEMENEME D HE5RIC
FELTWDLEREL TN D, EFITHET Tkeda DDA EEIZ, diosgeninl D F
BONAEELZELIET, AR, B RBOBELEHREO F BLECto~T o E T
DEAZITV, FEAC 0 RZ VEFEEREL AT 52 LI L, RIZ, F BIHA
BLZAIED 26 (LICEBEEZREREDEAZTR> T, FE 7 u 2 ¥ L BIFEE
ZER L. Th b OEMETEMEIEE 2 70 - hgk Lz,

1 Aoy URBEEEOLSR Y
% 1 I Diosgenone2 3 XN dienone3 DH X

£9. diosgeninl @ A T ED 3 fLOKBELIO 5 O _EFEGERIGER L
LT, E& FRTERINDALYRREOYAEELXHRD, F RIEBRETEZET
DAL RAZ VFEEOERET ST,

Diosgenin 1 ¢ aluminum fert-butoxide % FV 7= Oppenauer B2{t *¥ {2 LY FABMS
WZBWT mz 435 12 [M + Na]' DA F v E—7 277 ap-REEFT7 o THD
(208,22R,25R)-spirost-4-en-3-one 2 % 73% DIXE TH= (Figure 4), L&Y 2 i,
SM2Kﬁ@ma)ﬁi@fzwwfmﬁyﬁﬁﬁéh\%NMRx&9FW
(Table 1) IZHBWT, 81992 IZ C3 DINKR= N I—R T FAnn, §123.7 B
L1709 IZENEN C4 BEV C5 fLOE=— NI =RV 7T ABBEI N
2o DWT, {k&# 2 % 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) Tk LT
FABMS (28T m/z 433 IZ [M + Na]" DA 4> '~ %7R77F (208,22R,25R)-spirost-
1,4-dien-3-one 3 % 49% DU THT= (Figure 4),

1 0
Oppenauer D
oxidation ox1danon

Fig. 4. Preparations of o, p-unsaturated ketone 2 and dienone 3 from diosgenin 1.
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Table 1. *C-NMR spectral data of compounds 1-3, 10 and 14 2.

1 2 3 10 14
C-1 37.2 35.5 155.7 372 37.2
C-2 31.6 33.8 127.5 314 31.1
C-3 71.7 199.2 186.2 71.7 71.6
C-4 422 123.7 123.9 42.2 422
C-5 140.8 170.9 168.9 140.8 140.8
C-6 1214 32.6 32.7 121.4 121.3
C-7 32.0 312 33.7 31.6 31.5
C-8 314 35.1 35.1 333 34.0
C-9 50.0 53.6 52.4 50.0 50.0
C-10 36.6 38.5 43.5 36.6 36.6
C-11 20.8 20.7 22.7 20.8 20.8
C-12 39.7 39.5 39.5 39.7 39.7
C-13 40.2 40.2 40.7 40.3 40.4
C-14 56.5 55.5 55.3 56.6 56.6
C-15 31.8 31.6 31.5 31.7 32.0
C-16 80.8 80.4 80.6 81.6 82.7
C-17 62.0 61.9 61.9 62.8 62.9
C-18 16.2 16.2 16.4 16.6 16.6
C-19 194 17.2 16.5 194 19.4
C-20 41.6 41.5 42.1 44.4 454
C-21 14.5 14.4 14.5 16.2 17.7
C-22 109.3 109.1 109.3 97.5 97.9
C-23 31.3 32.0 31.3 38.5 40.1
C-24 28.7 28.6 28.8 32.0 32.6
C-25 30.2 30.1 30.3 314 314
C-26 66.8 66.7 66.9 32.1 24.8
C-27 17.1 17.0 17.1 22.5 23.7

& Spectra were obtained in CDCls.
Chemical shifts were in ppm from internal (CH;),Si. Signal assignments were based on DEPT, 'H-'H, 'H-3C
COSY, 'H-'3C long-range COSY and HMBC spectral data.

H2H ~TOAHRZURFEEEOERK

Diosgeninl @ F B EDBREFEMO~NT OETF (S, Se KN N) KEX =W
WHANT BAE R R CRIFEEDOEMBI T 5 EEMH IR E T2 BRI TU
T OMFEEEIT T,



9. F IRIC S FEFOEALRART, Diosgenin1 % ME/KEEELHINETMEL T
3,26-diacetoxypseudodiosgenin 4°% % 70% DR THEZ, LAY 4 ZIKSELTY
A= 5 BE, ODWT LEY 5 2 Y DUBHEH,. p- bz A= LB T
A K (TsCl) THE L TH 7= 26-toluenesulfonylpseudodiosgenin 6 > Nal & DREZE#
Bz &y, BEERTREETH D 26-iodopseudodiosgenin 7°7 #4537 (Figure 5), (L&
¥ 7 % KSAc & EIASJEEFTVY 26-thioacetylpseudodiosgenin 8 % 71% DUIVETH:
7o (Figure 5)o 2 W T, {b&EW®W 8 OT B U MAKLLSBEILLEDY
26,26’~(bispseudodiosgeninyl) disulfide 9 % 55% DINETHE=, {LEW 9 X, FABMS
T m/z881 1T [M+Nal” DA AL =27 BEBHBIL, iz, PC-NMR A7 hLiZ
BWC, FATEFNEOI—R v T FARER L s, ZEBETHHZ L
FHALNTH D, KOT ALEY 9 ZEBRTEMNR & MBGER L. FABMS Tm/Zz
453 12 M + Na]” oA F =27 Z T EBOLEY 10 2 71% DONETHE
(Figure 5),

=~ ~
e} o}
R HO 2

4 R, =R,=0Ac 9 X=8§
5 R,=R,=0OH 13 X=Se
6 R,=O0H,R,=0Ts
7 R=0H,R,=1I
8 R;{=O0H,R,=SAc

12 R, =OH, R, = SeCN
[e]

15 R, =OH, Rzz_Ni]@

o
-~
iz

R\

S

0 O

BnO HO
10 X=S
11 14 X=Se
16 X=NH

Fig. S. Structures of compounds 4-16.



FERETIE. 6B 9 75 Figure 6 12779 & 91T 10a (normal F ring, 21a-CHy),
10b (normal F ring, 21B-CH;), 10¢ (iso F ring, 21a-CHs) 3 XU} 10d (iso F ring, 213-CH;)
DE/DLNDFREMENR H D, B—OHER 10 MELNZ Lid, béd® 10 1TEh
ONTNIDILO—D2ThbEEZ LN, LAY 10 OEEIX. TTICZ 0
KHEEN X RN TH D IZ S 7z 3B-O-benzyl-(20S,22S,25R)-22-thiospirost-5-ene
11°Y @ 'THNMR 2~ ML EHE L THRE L, b, (L&% 10 DRXT a1 RE
BEOETOTa X 11 OFTNLEIFEALERTEESNZ, t&% 11 13,
3 10a & THER 3B-O-benzyl & 3B-OH OEWEITTH Y, fiE D 'HNMR A
~R7 MV ETOERIZ, FEAERVIVIINWEEZ LN, - T, L&Y 10 13,
(20S,225,25R)-22-thiospirost-5-en-33-ol 10a #HF&E TH D L HEE L7-, 10a XOHEEL,
SFETNDDL, 4 BORME (10a~10d) OF CTHRLEANZMCHE DL LRERIEEL
EoTNB LEEIND,

e 2
S
(0]
HO HO
10a (normal F ring, 21a-CHjy) 10b (normal F ring, 21B-CHs)
i) NaOH / EtOH
i)Zn/AcOH Z \\3] \\J
iii) KOH / EtOH S S
(0] (0]
HO HO
10c (iso F ring, 210-CHay) 10d (iso F ring, 213-CHs)

Fig. 6. Possible structures of compound 10 obtained from 8 by alkaline hydrolysis followed
by Zn / AcOH reduction and further alkaline hydrolysis.

{E&# 7 ® KSeCN (2 L BZEHKHTIL, FABMS T m/z 526 12 [M+Na]" OA
F =2 &7™Y 26-selenocyanopseudodiosgenin 12 % 71% DINE TR (L&Y 12
7 VA HIKS#E LT 26,26 -(bispseudodiosgeninyl) diselenide 13 & L7=t4. Hfe
RS L AL L CBAIDILEY 14 2457 (Figure 5), LAY 13 13 FABMS 125
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WT m/z 997 12 M+ Na]" DA T E—2Z %KL, “CNMR Z2Z7 bW T,
SeCN ED I —R T FARHERLIZZ D, ZEBETHLZEIIHLLTH S,
LA 14 1Z. FABMS 2BV T m/kz501 IZ [M+Na]' DA F v —7 &KL, 'HB-
BEO PCNMR A7 hL (Table 1) ix, 1L&% 10 OFNHLIZLEALRALLD
WBEINTZZ &35, (208,225,25R)-22-selenospirost-5-en-3B-0l 14 TH 5 Z & %8
LN TH D,

FRONTHREFEZER (N) CEBRIELHEIL LTICRT LT, F
FTLALE 7T LT Z A 2 KB U A (potassium phthalimide) D FNZ & 0 LEH
15 % 68% DINETHE- (Figure 5), RWT, LAY 15 % NHNH,-H,0 & & &
B, 10% DR THASAE LT, solasodine 16 % 50% DINRTH-, (LEW
16 (X, Puri b *® 0L L7 "H- BLU PCNMR (Table2) DFNLE & EAIC—FK
L7,

F3IWE AuRFURBEERD A BOBR

KETIE. B 2 HTARLEZEA~T oA 0 X7 VAGHEED A BOBLRS
IZED o BRI P BLOVZ ) VOEAEZITW.E 1 BEDY 2 BHTELLE
Y & &Y CR MG RN R 2T EERBRIC A LT,

E&® 10, 14 & 16 @ Oppenaver B{LIZL V. op-FEFIT b 17, 18 B
IOV 19 ZENEN 81, 74 BIW 68% DINETHE7= (Figure 7).

< <
~ X -~ S
W\ m
0 o
20

17 X=8
18 X=Se
19 X=NH

Fig. 7. Structures of a,B-unsaturated ketones 17-19 and dienone 28.

b&M 17 13, PCNMR A7 hb (Table2) IZBWT, 81994 1T C3 IZFEE
ENDINVKR=NEOH R T FAREESNE, 'HNMR A7 RLTiE, §
572 |Z singlet ® H-4 o =—7a bV T FARBEINTZZ END,
(20S,225,25R)-22-thiospirost- 4-en-3-one 17 THH Z LIIALNTH D, (LEW 18 &

10



Table 2. *C-NMR spectral data of compounds 16-20.

16 17 18 19 20
C-1 37.2 35.6 35.7 35.7 155.7
C-2 31.6 33.9 33.9 33.9 127.5
C-3 71.6 1994 199.5 1994 186.2
C-4 422 123.9 123.9 123.9 123.9
C-5 140.9 171.0 171.0 171.1 168.9
C-6 121.3 32.8 32.8 32.8 32.7
C-7 32.1 313 31.0 32.0 33.7
C-8 314 352 34.0 352 35.1
C-9 50.1 53.7 53.7 53.8 524
C-10 36.6 38.5 38.6 38.6 435
C-11 20.9 20.8 20.8 20.9 22.7
C-12 39.9 39.6 39.6 39.8 39.5
C-13 40.5 40.4 40.5 40.6 40.7
C-14 56.5 557 55.7 55.6 553
C-15 322 31.7 32.1 32.1 315
C-16 78.7 81.4 82.5 78.5 81.3
C-17 62.8 62.7 62.9 62.7 62.7
C-18 16.4 16.6 16.7 16.5 16.7
C-19 194 17.4 174 174 18.8
C-20 41.2 44.4 45.5 412 444
C-21 15.3 16.2 17.7 152 16.1
C-22 98.2 97.4 97.8 98.3 97.4
C-23 34.0 38.6 40.1 34.1 38.5
C-24 303 32.1 32.7 30.3 31.7
C-25 313 332 352 314 332
C-26 47.6 32.1 24.9 47.7 32.1
C-27 19.3 225 23.7 19.3 225

# Spectra were obtained in CDCl3.
Chemical shifts were in ppm from internal (CH;),Si. Signal assignments were based on DEPT, 'H-!H, IH-13C
COSY, 'H-13C long-range COSY and HMBC spectral data.

T 19 1Z. FABMS ICIVTZNEN mz499 BLOE 436 12 [M+Na]' DA 4 ¥
— 2 %R Uik, BLAMIE. 'HNMR A2 MUACBWT, A% 17 0&THT
O RV T FNEIEBEEALERSTCBESNRTEZZIENL, TR EFN
(208,228,25R)-22-selenospirost-4-en-3-one 18 33 LT solasodinone 19 TH D Z LI L
NTHD,

11



ShiZ L& 17 ® DDQ EB{LIZ LV {LEW 20 % 21% DIETHE7= (Figure
Mo bE# 20 1X, FABMS IZBWT m/kz449 12 [M+Nal" DA A4 —2 %ZRLT,
PC-NMR A7 kL (Table 2) IZBWT, C3 DUAR=AVEDH—RL 7 F L
28 1862 ITBIES L, BT, C1. C2, C4 BIOCS5 D 4 HOE=—1%
—RUV TR, 8 1557, 1275, 1239 BEWN 1689 icBEENk, T4,
'THNMR A7 hZEBWT, 1-H, 2-H BEU 4H @ 3 Hor=—171 b
23, 87.04(d,J=10.1Hz), 622 (dd,J=10.1,1.8Hz) BL 6.07(s) BB &N
b ALEY 20 1% (208,228,25R)-22-thiospirost-1,4-dien-3-one T 25 Z &1L 5
Thd,

b&w 17 LEERIZ, (e 18 BL Y 19 @ DDQ ELaRAA-B, Zh b D
{LEERIL, BB u~ /97 4— (TLC) LTRE—XRy FE2RLEZR, BEF
Wik a~ N77 74— (HPLC) CIXHBERFRERIBAMEE 2, BO Y/ V1K
DRERIIBT S LT,

FTA4H SRLERAYORFUVEIFOANTOR YR R Y URISREEREO e MER LR
FEAIRE HCT 116 (2R3 2 $EFHIMEITE I3 2 g

T 2T, diosgenin 1 XU 1-3 HTAMK L E/F AU RREFEOFERE 2 B
FW3 L E/F ~FurtrRy ARFHFER 10, 14 KL 1620 Dt MER EEE
AR HCT 116 23t 2 BEFEINHNEME 2 5240 L (Table 3). LA OBFZEDOfEE & LT,

Table 3. Cytotoxic activities of compounds 1-3, 10, 14 and 16-20 against HCT 116
cell lines.

2 2

X

,'\ "\ S
HO ¢} o

compound  ICso (uM) | compound  ICso(uM) | compound  ICso (uM)

1 X=0 > 100 2 X=0  >100 3 X=0 52
10 X=§ 64 17 X=S$ >100 | 20 X=S 31
14 X=Se 7 18 X=Se 37
16 X=NH 6 19 X=NH »

2]Cs, values indicated that the 50% of inhibitory concentration.
3]Cs, values more than 100 uM were indicated as > 100.
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AR L7z X 912, HCT 116 HifalL, ZAIMMEDO—R L7225 PAELZ /37 32 DR
FARE RICIZ & A ERBE L TR WD P (LAY ORI EIE M 2 B X
LZHDEEZ LN, BB, ThDHOEMEOFMIL, Takenouchi H D MTT ¥k 49
Ko TV, b MEBREMI HCT 116 OBEIEDN 50% Ml S bbeamoBREL
ICso fE& L7z,

%3 A RIS ap-REEFIS U ERFEFICT. F BROANT R F0 &2 BRE (0). 1
Z7 (S, Bl (Se) BLWN #F (NH & LT) 28 otaé®W 1. 10, 14 BLOY
16 OIEMEZ B LZ, Table3 IZRLEZEHIZ, ZThbD(bEHD 5B, F BIZA~
FuEFE LTEREF (NH £ L) 2824 16 1% HCT 116 MBI LT
B WEETEINSIE S (ICs = 6 uM) 2R L, MLOFEEDEMIIED > 72 (ICs) = 64 ~>
100 uM),

FAEMERIZ. A BRIC oB-FREf7 F U 2FH, F BICEX4 O, S, Se B&
N B+ oé 2. 17, 18 KU 19 KBV TbhEEs 7, B, F 8
2 N BFE2EAY 19 OFEME (Cs =14 uM) 1T ofbét 2. 17 B 18 &
DEVMERZ R LT, ZDLHIT, A RX LUAGEEACE, FBEOD~ATOE
FN N DLDOR, ho~FTaEF (0. S BLD Se) OFEED L DIZH~THEM
WBEhoTe, TOZ LI, AvrRF ARFEERD HCT 116 MR 2 HEEIMEH
WELTIE, F RBROZRETFOFEEN, LVHRNTHS LRI, £/, AR
WP ) UHEEREORYEME 3 F BOAToEFN O HF) K20 (F BO~
TuEFN S BT OFEMEIK, S TS A RIC op- R MRV 1 K
W10 & A BY af-FeEfir b ThD 2 KN 17 OFE®LVEN-Z, Ll
RL, ZhbonThg F RIEERREFEZFOLEY 16 XU 19 OEEEEET
HHOTEAoTc, ZTOLHIC, AR JEFEARTIE, F RICEFRET NH
ELT) 2 OL 0N HCT 116 MBEIC) L CRhRAVIBHEMGENEEZ /O Z LR
m®x s,

T2 H TuoXFURFEMK (pseudodiosgenin 33 X ¥ pseudodiosgenone
M) oam Y

Diosgenin 1 @ F BROBAHEHLLEW 5 XL 57270 A& EEITEEICREE
T, 26 i3 OH £ Thd L, BEBIOHFHUETESICHR L THEURAER A X
BEICENT D O, LrLRnlb, 20 26 MIICEYRBREZEATLIZ LT, 7
0 AKX EITH S pseudodiosgenin 33 L U8 pseudodiosgenone FHERNLEEICIFET
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Do FBEIL., TOMEEFALT, 7rAZ EED 26 (LIl DEEREREY
AL THEHE pseudodiosgenin 33 & N pseudodiosgenone FHEMEEZ AL L. FHH D
MR HE TR AR 200 3R 2 B D BEERTE R I BE LT,

% 1  Pseudodiosgenin 3 X} Pseudodiosgenone F5EM DAL

B 1HTREREAT AR RS VAIGFGHEEKAKROTEETH D
26-iodopseudodiosgenin 7 @ 26 fiLid, BHICEHRRISEZTV, KEITIE, (L&D
7T BELOEDBILIETH S 26-iodopseudodiosgenone 21 @ 26 ALDISHEEFIA L T,
26 (LICFEAX DEERBEREDEAR{To72, 728, 26-iodopseudodiosgenone 21 {3,
k&% 7 % Oppenauver F2{t LT 73% DU THE 7= (Figure 8),

R R x
= _— ~
0 0 0
HO o) HO

23 R=SCN 21 R=I 25
27 R=CN 22 R=SeCN
24 R=SCN
28 R=CN
x NC
T S
e} (0]

26 CN 3¢

Fig. 8. Structures of compounds 21-30.

T AR CBIEEER (pseudodiosgenin ¥ KUY pseudodiosgenone FEEAR) DEFKIX,
4T 26-iodopseudodiosgenin 7 3 LN 26-iodopseudodiosgenone 21 % HFEME & LT
FAVVT, Tabled 2R L7244 T (runs 1 ~22) TITo 77,

L&¥ 7 O KSeCN 12X 2 E#HMRIGIT, BEICE 1 HiTh~, RETIE, L&Y
7 @ KSCN BX U KOCN IZ X BHKS &, L& 21 @ KSeCN, KSCN #B &
Y KOCN 12 L DB %#1T>7- (Figure 8), {L&% 21 & KSeCN OEBKIGT
X (run 11), BESZICERDLED 22 % 70% DILETHEI,
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Table 4. The reaction conditions and products of the substitutions of compounds
7 and 21 with various nucleophiles.?

Run Substrate N?géi?ggﬂe %?;‘gté%l Product(s) (%)

1 7 KSCN (4) 12 23 (40)

2 7 KOCN (4) 12 25 (25)

3 7 NaCN (4) 12 27 (75)

4 7 diethylamine (4) 12 31 (58)

5 7 pyrrolidine (4) 1 32(70)

6 7 piperidine (4) 2 33 (80)

7 7 morpholine (4) 5 34 (54)

8 7 1-methylpiperazine (4) 4 35 (62)

9 7 imidazole (4)° 3 41 (33),25 (47)
10 7 NaNj (4) 12 44 (43)

11 21 KSeCN (4) 12 22 (70)

12 21 KSCN (4) 12 24 (79)

13 21 KOCN (2) 24 26 (40)

14 21 NaCN (4) 12 29 (18), 30 (18)
15 21 NaCN (4) 2.5 28 (33),29 (12), 30 (17)
16 21 diethylamine (4) 3 36 (64)

17 21 pyrrolidine (4) 2 37027)

18 21 piperidine (4) 12 38(79)

19 21 morpholine (4) 12 39 (73)
20 21 1-methylpiperazine (4) 12 40 (61)
21 21 imidazole (4) 3 42 (18),26 (27)
22 21 NaNj (4) 12 45 (61)

2 Reaction 21 with KOCN was performed at 30 °C (run 13) and the other reaction at 60 °C.
b Potassium catbonate (10 equiv.) was added in these reactions.

FRRIZ (LA 7 BEI O 21 © KSCN [Z X AEHSUS (runs1 & 12) TlE. k&
M 23 BEO 24 2% % 40 B 79% OWERTE-, LLERBS W 7 &
21 ®KOCN Z W& (runs2 & 13) Tidk. BBRAEERIIEONTA LT ¢ UL
IR 25 BIUN 26 25 % 25 BXO 4% 252 50HTh-o7z, KOCN I[2L5
BRFEISPETET, V7 4 VKA 52 5EE L LTE, -OCN i -SeCN Bk
O -SCN FEIZHAT, SREEMENRT K D OEEMER - LR IN D,

ISHIZ SeCN B LY SCN R EDA~AT a7 ) EBE2FEALEYMDERBIEN & ~F
DBEF 2R CN EOBRPLRD 70 R E U RIEEEOZNG # BT 568
MEEDBT, LA 7 & 21 ® NaCN [ZXBEB#EIGE 60°C, 12 B TIT
Sl Z A LAY T H DI 26-cyanopseudodiosgenin 27 % 75% DN THEZ N
(run 3), {EEW 21 261X, ~ A T IATIERSY) (25R)-50,26-dicyanofurost-3-one 29 &
(25R)-5B,26-dicyanofurost-3-one 30 Z W T iLE 18% DINFETHTZ (run 14), Z I T,
&% 21 & NaCN OGS % FIRE CRIGFEM%Z 2.5 BEEICEMRELZEZA (tun
15) . 26-cyanospeudodiosgenone 28 & (25R)-50.,26-dicyanofurost-3-one 29 K
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(25R)-5B,26-dicyanofurost-3-one 30 3% % 33, 12 BLW 17% ODIRFETEHELNT,
TaAEZBROEYHD 26 fLICELADT I EOEAX,  diethylamine
pyrrolidine, piperidine, morpholine, I-methylpiperazine. imidazole 38X sodium
azide Z AW TIT>72,{L&# 7 & diethylamine, pyrrolidine, piperidine, morpholine
B 1-methylpiperazine D i (runs 4 ~8) TiX, 7 I 31, 32, 33, 34 BX
W35 =& 4 58, 70, 80, 54 BV 62% DNHETHEL, (k& 21 &
diethylamine, pyrrolidine, piperidine, morpholine 33X ' 1-methylpiperazine it~
(runs 16 ~20) TiX, 7 36, 37, 38, 39 BLT 40 &% 64, 27, 79. 73

BIO 61% DILEFETHEZ (Figure 9),

R R
S =~
o} (e}
HO e}
31 R=diethylamino 36 R =diethylamino
32 R=pyrrolidin-1-yl 37 R =pyrrolidin-1-yl
33 R = piperidin-1-yl 38 R =piperidin-1-yl
34 R =morpholino 39 R =morpholino
35 R =4-methylpiperazin-1-yl 40 R =4-methylpiperazin-1-yl
41 R = 1H-imidazol-1-yl 42 R = 1H-imidazol-1-yl
45 R= N3
NzN, N-nH
N N
0 TH,
HO HO 0
43 44

Fig. 9. Structures of compounds 31-46.

&% 7 & 21 @ imidazole & DS TIEWT IS KISHET LR o723,
imidazole DEIEMENTHNZ LEEE L, K,CO; OHFEAET TRLEIToTEZ A, fb
AW 7 BT (run 9) BEEEE 41 (33%) &AL T 4 VEIEER 25(4T%) B F T2,
L&Y 21 5 (run 21) 1, BEREER 42 (18%) &4V 7 1 VEHER 26 27%) %
B/,
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26-Azido FHEMIZEIL T, Uhle & %, 26-p-toluenesulfonylpseudodiosgenin 6
(Figure 5) & NaN; DT 3B-hydroxy-22(27)-imino-20(N)-azo-25a-5-furostene 43 %
52 5DHT, BB 26-azido FEMRIIHF LN RN EHELTCWD, 4H, &
EHZORGE, HEWEE 6 DRDVIZ, KO RISHERENEEZ ONDLEYW 7
ZHAWT 60 °C T 12 BRI L7=EZ A, 43 L3RR DAY 4 257
(Figure 9), {LAH 44 X, FABMS T m/z440 |2 [M+H]" A F v~ %2R LT,
BCNMR 2227 FLTlE, C5 & C-6 IRBEND 2 HOE=—LI—RL 7
FDs 51408 & 1211 IWEE SN, C20 & C22 Ox ) —)VED I —R 2T F
IVRENZER §77.6 & 162.9 IZBIE ST, £72. 'HNMR A7 ML TlE, 23-H
D7 FE §431(IH, 1, J=7.6Hz) {Z 1 [EOLRBESH., (LAY 7 D 23 LD A
F L (CH) MPMEEW 44 TIEAF U E (CH) ICEH L TVWD Z LR S Lz,

Fig. 10. 'H-13C HMBC correlations of compound 44.

F7/-. LAY 4 O HMBC A7 kL (Figure 10) TiE. 8431 @ 23-H O 7
FUX §77.6. 1629, 295 BLN 342 IZHITWD C20, C-22, C24 BXW
C25 v 7 FriErnZThnEE BN D, LAY 44 1T
22-((6R)-4,5,6,7-tetrahydro-6-methyl-1H-1,2,3-triazepine-4-yl)pseudodiosgenin CT&h 25 = &
AL TH D, 2B, LAY 44 O 23 fLOFBALIZOWTEBED L ZARETH
%, ARG EALEY 21 TITo72 (run 22) & 2 A, ZOHAIIE, azido LA
Y 45 OH% 61% OWETHZ, LrLEeRL, (LAY 45 % 120°C T 2 BEREM
2L 2L A, 22-((6R)-4,5,6,7-tetrahydro-6-methyl-1H-1,2,3-triazepine-4-yl)
pseudodiosgenone 46 &5 %72, ZDZ i, LAY 44 bFEIIARELENR azido L&
MER TR IO EHEEIN,
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W2 TJuRFURFEEED HCT 116 %O Hep G2 MIMRIZ - 2 BEFHINHITE

AEITER L THE7-, pseudodiosgenins 12, 23, 25, 27, 31-35, 41, 44 &
pseudodiosgenones 22, 24, 26, 28, 36-40, 42 EIZ (25R)-5,26-dicyanofurost-3-ones
29 BLV 30 @ HCT 116 B L Hep G2 MIFIZI 1T A HEAEMEITEE 2 ST Lz,

P PHEX LR MT L AERBE L TRV HCT 116 MRS 5 HEAEmENE
% TELD pseudodiosgenins (Table 5) & pseudodiosgenones (Table 6) T L7z,

Table 5. Cytotoxic activities of pseudodiosgenins ~ Table 6. Cytotoxic activities of pseudodiosgenones

against HCT 116 and Hep G2 cell lines. against HCT 116 and Hep G2 cell lines.
' ICs0 = SD (uM)* ICs0#+ SD (uM)*
Compound 30 M) Compound 20 M)
HCT 116 Hep G2 HCT 116 Hep G2
12 26 = 03 45 £ 15 22 1.7 + 04 49 = 12
23 53 + 0.7 535 £ 55 24 13 = 03 35 = 08
25 148 + 07 398 + 74 26 37 % 05 60 £ 09
7 67 4 12 . 28 64 + 03 55 £ 14
7o+ 1. 2 £ .
29 59 £ 07 124 + 4.8
31 11.6 + 13 22 = 06 30 386 + 6.1 304 £ 6.1
32 499 + 6.8 347 £ 69 36 37 £ 05 29 £ 08
33 135 + 06 64 + 28 37 28 = 02 24 £ 06
34 1069 = 56 1331 =270 38 L9 = 03 06 + 01
39 32 £ 03 37 £ 19
35 323 £ 5.1 163 + 4.1
40 26 £ 03 1.6 £ 05
4 >4+ 09 2L+ 03 ) 26 + 04 25 & 03
44 166 = 1.7 86 + 238 45 57 + 06 52 + 09
21Csg values (mean = SD) are the concentrations at which 50% #1Csq values (mean + SD) are the concentrations at which 50% of
of the cells are inhibited from growing. SD, standard deviation. the cells are inhibited from growing. SD, standard deviation.

50 pseudodiosgenin FHEMAED H BT, 4 HOLEW 12, 23, 27 BLO 41 &
BEVEMERTRD b (IC5=2.6+03~6.7x1.4uM) 23, _EFE pseudodiosgenone 7%
K (22, 24, 26, 28, 36-40 BXU 42) Tk, £ TOEMTRBWOTHRWERE
NEWO BT ICs=13£03~64+03 M), ZDXHIT, AT oA REKRDO A B
I aB-REEFI P UBNEAIND Z LICL Y HCT 116 MRS U CEEFEMEHIEME
DEEDZ ENFD LN,

WIZ AEED 26 {LIZ SeCN ExFo{bEW 12 & 22 BLU SCN Ex&Eo{ke
Y 23 & 24 O~T o R FOBMAREREMEEE~OFE LRI T2 BT, Al
26 LT B RFEFFZ2 CN ETHOLEW 27 & 28 OiEHEEERK LT, £
DFER. (LE 12 & 23 OHMFEEIETEE (B4 1C5=2.6+03 IV 53+£0.7
uM) BB 27 OFI (Cso=6.7+ 1.4 M) LV EVEMEEZRL, REIC, (L&D
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22 & 24 OHIFAEEFEMEITEME (F4 ICs =17+ 04 BXO 1.3 £ 0.3 uM) 13L& Y
28 DFN (ICso=6.7+1.4 M) K VBEWEEEZTR Lz, ZOMRIZ. —R 26 iiE#
EDY SeCN *° SCN ED L ST~ T v[RFRFET 2 2 & C MM ENE M &
ELLVCRZRITONTE, ZDOZ EiE, £72, SeCN X SCN £, &bHiZ CN £E%
B2 Mbe 25 DIEM (ICx = 14.8+ 0.7 pM) 2MEE® 12, 22, 23 BLU 24
TV EromZ b~ LT, LLARNRL, FEIZ, SeCN < SCN %, &561C
CN EZFI2MEEY 26 1Im O aETEIMGIEME (ICs =3.7+ 0.5 pM) ZR LT,
ZDZ R AT EREFNEEEROZDICIESLT LLMEDO LD TIERNE S TH
DN, HOEDILEWIZBN T, EEERICALNOESIIEETE T, 4% ORK
FERETH A D,

(25R)-5,26-Dicyanofurost-3-ones 29 & 30 ¢ HCT 116 FREHEFEMAIE M D Hil T,
5 LT o-CN ENEHT DAY 29 (ICs =59+ 0.7 uM) DOF D B-CN EDEH#H L
72L& 30 (ICso=38.6 6.1 uM) LV EVEMEZ R L7225 [UBHBB L 5, 26
LB LTe 7 v A8 AR ORI ETEE ORI ONTEH, TV a b—
H—E LTOEREZED TARICESNIZMETH S,

Wiz, A EER LT pseudodiosgenin & pseudodiosgenone FHERD P-fEH /R
MEFH LTS Hep G2 HAR >0 104 2 BEFEMHITEMEIC DWW B L7z (Table 5
LN Table 6), Pseudodiosgenin FHEMRTIX, Hep G2 Mk LT, {LE&EW 12
(ICso =4.5% 1.5 uM) & 23 (ICsp = 53.5 = 5.5 pM) DiEMEIE HCT 116 MRICx$ 5%
P (LE# 12 TlE, ICs=2.6+03 uM; L& 23 TiX, IC5=53+07puM) £V
IAET L7, (AW 12 13 PHEX /R MBI L TW5D Hep G2 MIIAIZXILTH
o3 R YEFEIERNEMEEZ R L Qe £z, {LEW 38 & 41 @ Hep G2 Mif@izxt4 5
B (B &, IC=06+01 & 2.1+£0.5uM) X HCT 116 MMEIZHT2HEME (& 4.
ICsp=19+03 & 54+£09uM) LV L7z, FIZ, pseudodiosgenin FHEM 27, 31
L33 (Fx, ICs=12+0.7, 22£06 & 6.4+28uM) BLT pseudodiosgenone %
K 37, 39, 40 L 42 (%K &, ICs=24%06, 3.7+19, 1.6+05 & 2.5+03 pM)
X Hep G2 RT3 L THIMUVNEMEEZ R LT, #iZ, {LEY 38 IX Tables5 & 6 1T
EEENEY R, RLELWEEER L, 2 DOEYIE, M~ IRk I
HULEAZITY EEZDLND PFEX 7 IZ8 LT BREEDEND, H D VITE
SZHERRNEBZ DN, PHES L RT BRELL TV AMOEMALOHETEZ E N
LB bDEEZ LI, 4%, BIEMENR, PHEX L 7ICx L TREZMED
BEWEYOREREOARO L BRY ., £z, ZAIMMEL IRT 2 Y ORIZRIZEN 5 7 HE
HERELTNDAHDEEZ BN,

19



B Diosgenin 22HAIBICA Y OREZFOESX I D HFER K URE
{bBH DA R & B EFEM A

EHEAE Y 22 Dy WLy ARBOERT LTS E LCREIFRERLE Y
W LHITIE S VY T MEFE OB T ICEEREEE R LT,
—7. M, AEOICLVEMRIE X 20 D OMASLEEER © NREShT
LIk, By o ARERREER ORI O, WE P00 eRiciRE Y, g
72 & OB OHEBEMEERCT B Y AFEER O IR ES<EbhoTnA &
B LMICENT, 4% T 1000 2#idHE472 4 32 D FHEE P BERI.,
FOEMEMENRR 7 U —= 7S8R TN 5D,

EFIL. 3 MLOKBEELLIOD S foZHEFELZFMA LT, diosgeninl @ E/F A
POREZFOEEHRFLIEEY IV D BFEFRLZERL, ZTNUODALOEREZRED
B4 I D BFBEE L ZOSRTEER EOBEMIREEMENEEEZ. HCT 116 X
" Hep G2 MR Z FVVTEHE L 72,

F1H AHATeREZFOEXY IV D BABEEOAR
FB1H ForZIv D FEEOERK

£, diosgeninl O 1 (LIZKEREDEAZIT/R 572, Diosgenin 1 Z KA F
P DDQ TEA{L LT, FABMS T m/z4091Z [M+H] DA A —7 Zmr-d b
U x> (208,22R,25R)-spirost-1,4,6-trien-3-one 47 % 40% DR TH7- (Figure 11), 1t
& 47 135, 'HNMR A7 MUZEWT, 1-H, 2-H, 4H, 6H BLW® 7-H @
S EOC=—ATHu kT FARE L §7.06(d,J=10.1Hz). 624(dd,J=10.1,1.8
Hz). 6.00(d,J=1.8 Hz). 6.23 (dd,J=9.8,3.0 Hz) 3 L% 6.03 (dd,J=9.8, 1.8 Hz) I=
BEINnT,

WNTALEY 47 % H,0, THE L T, FABMS IZ8BWT mkz425 12 [M+H] @
A F ¥ —7 &7 (208,22R,25R)-spirost-1a,2c-epoxy-4,6-dien-3-one 48 % 81% UL
T/ (Figure 11),

W, {LEY 48 @ Birch EIL ATV, FABMS [ZBWT m/iz431 12 [M+H] ©
A F 2 —7 %R (208,22R,25R)-spirost-1a,3B-dihydroxy-5-ene 49 & D= KT
D (208,22R,25R)-spirost-1a,3a-dihydroxy-5-ene 50 % ZiLE4L 44 & 6% DINHET
&7 (Figure 11),
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47 48 49 R;=R,=O0H,R3=H

50 R,=R;=O0H,R,=H

51 R,=R,=0Ac,R;=H
52 R,=R;=0Ac,R,=H
55 R;=R,=OTBS,R;=H

53 R1=R2=OAC,R3=H

56 R,=R,=OTBS,R;=H
58 R,=R;=0Ac,R,=H
59 R;=R;=OH,R;=H 54 57 R=0Ac
61 R;=R;=OH,R,=H 60 R=O0OH

Fig. 11. Structures of compounds 47-61.

t&® 49 © 'H- BL O "CNMR A7 hb (Table 7) iX, Liud * OHMEL
b & —H L, £, LAY 50 X, (LAY 49 © 'H- BLT "CNMR A
7 MV E B L CEOREE LB DM Lz,

L& 49 OTEFUETHLIEY 51 © 7 L~D_EFEGOENL, k%
DINDOBFRT N—TOHE D RHHR, WINLEROE#HEZ#EIRIETHY .
WO R CHER DT, BEEDUTIORTERD 3 DOFETRATZN BRI
BRBEond., BREMICKBEBICI - TRRTAZENTET,

4. Morisaki H ® O FEERL-, BB, {LEW 51 % 1,3-dibromo-5,5-
dimethylhydantoin % fAVNC7 = AMbtfs, Bt HBr (LT D5 FETIT R0, ZOHBE
IIERIVAER R Z <. BT MBRITEFICEETH Y. HPLC THERLZEZ A,
BHEID (20S,22R 25R)-spirost-1a.,3B-diacetoxy-5,7-diene 53 = /&7-23, {L&W 51 » D
53 DU 23% LfED o7z (Figure 11),

L& 53 1, 'HANMR A7 MUZEWT, 6H KX 7-H @ 2 DO =—)1
Ta N T FARE L2 §5.67(dd, J= 6.1, 2.7 Hz) T 5.39 (quint, J = 2.7 Hz) (28]
BINfeZ &M b 5,Tcisdiene K THDZ LITHALNTH D,

wiz, 1B 51 % Ono B  MF¥ET N-bromosuccinamide (NBS) % AV C 7 1
AME L. Bi HBr {LL CHELFREELZRERET 22 L7 <, 4-phenyl-1,2,4-triazoline-
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Table 7. 3C-NMR spectral data of compounds 47-50 and 59-61.

47 48 49 50 59 60 61
C-1 152.8 594 72.8 73.2 72.7 72.0 72.4
C-2 128.1 54.7 382 334 385 35.5 33.0
C-3 186.2 194.6 66.3 68.4 65.3 64.7 67.7
C-4 123.8 119.6 41.4 39.8 40.0 125.4 384
C-5 162.4 158.5 137.4 1353 136.3 140.8 134.0
C-6 127.7 127.9 1253 126.3 121.9 128.6 122.9
C-7 138.0 139.9 319 320 1154 131.1 115.0
C-8 37.7 37.1 314 313 140.0 36.7 141.0
C-9 48.4 46.1 41.6 41.6 37.6 44 4 374
C-10 41.2 38.9 41.8 42.9 424 39.4 43.5
C-11 21.7 21.0 20.1 19.8 20.7 20.2 20.0
C-12 394 39.3 39.5 395 39.1 39.6 39.0
C-13 41.0 41.0 40.2 40.2 41.1 41.5 40.8
C-14 533 53.0 56.4 56.4 54.5 53.8 544
C-15 31.2 31.2 31.8 319 30.9 314 30.8
C-16 80.4 80.3 80.8 80.8 80.6 80.6 80.7
C-17 61.9 61.9 62.0 62.0 61.9 62.0 61.6
C-18 16.3 16.2 16.3 16.3 16.4 16.3 16.3
C-19 20.8 18.5 19.5 19.2 16.5 19.5 16.5
C-20 41.6 41.6 41.6 41.4 42.1 41.4 42.0
C-21 14.5 14.5 14.5 14.5 14.5 14.4 14.3
C-22 109.3 109.3 109.3 109.3 109.3 109.2 109.4
C-23 313 31.3 314 314 31.3 31.3 31.2
C-24 28.8 28.8 28.8 28.8 28.8 28.7 28.7
C-25 30.2 30.2 30.3 303 303 302 30.2
C-26 66.9 66.9 66.8 66.8 66.9 66.8 66.7
C-27 17.1 17.1 17.1 17.2 17.1 17.1 17.1

2 Spectra were obtained in CDCl;.
Chemical shifts were in ppm from internal (CH;),Si. Signal assignments were based on DEPT, 'H-'H, 'H-13¢

COSY, 'H-'3C long-range COSY and HMBC spectral data.

3,5-dione (PTAD) % i\ 7z Diels-Alder I %1772 > T, (k&M 54 & LT-t&.
1,3-dimethyl-2-imidazolidinone (DMI) #LERIZ L > T{EEW 53 2157273,

IWERDTH 12% Tho7z (Figure 11),
Kubodera & ) O FET, LEH 51 © 1 4L,
%X terr-buthyldimethylsilane (TBS) THREL T 55 & L.

S b,
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n-hexane O pcollidine, xylene TRE LT mkz659 IZ M+H] DA F ¥~ %
N9 5,7-cis diene 56 Z1R7-H, 2 TR TONZEIL 36% Th-o7z (Figure 1),

T IZTEEE, VT EFNE 51 & n-hexane IZHEML. 1.3 HED NBS AWV
TT UMM E T 1 AL L RUWT, y-collidine & xylene THi HBr L7-%%. HPLC T
BRL T, kA& 51 »>51bE% 53 & (208,22R25R)-spirost-1a,3B-diacetoxy-4,6-
diene 57 ZZILEIL 53 & 5% DOWETHED Z L H¥ (Figure 1),

{b&% 57 13, FABMS 128\ C mk 513 12 [M + H]' DA 4 E—2 &5 L1,
'HNMR A7 MUZEBWTC, 4H, 6H BLW 7-H O =—1L7a hr o7
B, FAEI §5.42 (broads). 5.98 (dd, J=9.8,2.8 Hz) 3L 185.68(dd,J=9.8, 1.5 Hz)
WCBE ST,

3-Epi {LE&#ThH 5 (205,22R,25R)-spirost-1a,3a-diacetoxy-5,7-diene 58 %, L&Y
52 2 DREIBRICIER NBS TO7 1 afk, Bl HBr {LZ1T72-> T 25% DR THI,
BT ETFUE 53, 57 BEO 58 2T BT ML TEREN 59, 60 B k&
W 61 & L7z (Figure 11),

22 HE RN LBAMMCILAZEZ I D BHBEEOARK

%1 HTELEY 59 £ 61 © B BD 57-cis diene DXFRENC X 5RARE
BT ol, 9. LAY 59 OV F AT —FAEKET LI CERES T, 0°C,
200 W OFEAKET 7 (307 nm) T 2 BB L%, BVEMLLT
(208,22R,25R)~(5Z,7E)-9,10-secospirosta-5,7,10(19)-trien-10,,3B-diol 62 % 20% DILZET
B7- (Figure 12), {t&% 62 1X. FABMS 2BV T mkz429 I [M+H]' DA A ¥
— 27 %R LT, 'H-NMR A2 hAAZEWT, 6-H, 7-H, 19a-H BL 19b-H ©

62 63

Fig. 12. Structures of vitamin D derivatives 62 and 63.
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Table 8. BC-NMR spectral data of compounds 62, 63, 66, 67, 71 and 72 2.

62 63 66 67 71 72
C-1 70.7 73.3 72.4 72.5 72.7 72.7
C-2 42.7 40.5 38.4 38.4 38.4 384
C-3 66.8 68.2 66.8 66.8 65.2 65.3
C-4 452 45.6 36.4 36.4 399 39.9
C-5 133. 1323 37.0 37.1 136.4 136.4
C-6 124.5 125.2 130.5 130.3 121.7 121.8
C-7 117.7 117.7 124.6 124.7 115.6 115.6
C-8 141.8 141.9 126.2 1259 139.5 139.5
C-9 28.4 28.5 41.9 42.0 37.6 37.6
C-10 147.5 147.2 39.8 39.7 42.3 42.3
C-11 23.4 23.4 19.1 19.1 20.8 20.8
C-12 40.2 40.3 36.4 36.9 38.9 38.9
C-13 43.8 43.9 43.5 40.5 43.8 43.8
C-14 56.4 56.4 144.6 145.7 52.8 52.8
C-15 30.7 30.8 345 33.0 33.1 325
C-16 80.3 80.4 83.8 79.6 84.1 84.1
C-17 62.4 62.5 64.0 61.3 63.9 63.9
C-18 16.3 16.4 22.2 241 14.0 14.0
C-19 111.8 112.8 12.3 123 16.4 16.4
C-20 42.1 42.1 104.6 43.1 104.5 104.5
C-21 14.4 14.5 11.8 14.2 11.5 11.5
C-22 109.3 109.3 151.0 109.0 150.9 150.9
C-23 31.3 314 32.5 31.4 33.1 33.1
C-24 28.7 28.8 23.0 28.7 23.1 23.0
C-25 30.2 30.3 33.2 303 33.6 332
C-26 66.8 66.9 41.2 67.0 37.6 41.2
C-27 17.1 17.2 18.3 17.1 19.2 18.4
CN -~ -- 112.7 - 102.0 112.8

2 Spectra were obtained in CDCls.
Chemical shifts were in ppm from internal (CH;),Si. Signal assignments were based on DEPT, 'H-'H, 'H-13C
COSY, 'H-13C long-range COSY and HMBC spectral data.

4 HOE=—LTa hr Z %L §634(d,J=113Hz). 6.00(d,J=11.3 Hz).
529(d,J=18Hz) BL 497(d,J=18Hz) IZBE S, 2. 1B-H BLW 3a-H
D7 NUBRENEI § 442 (dd, J = 7.3, 43 Hz) & 8 423 (m) ITBIEINT-,
BC-NMR A7 kL Table 8 1Z7% L7z,
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FRRICALE 61 OIEFURTHE < BVEMALEIRIT L V. (208,22R25R)-(5Z,7E)-9,10-
secospirosta-5,7,10(19)-trien-1c,30-diol 63 % 20% DK THE=, (LEW 63 1L,
FABMS IZBWTILEY 62 & FAE miz429 (2 M+H] DA F B —7 &R LIz,
'HANMR A7 RUZEBWT, 6-H, 7-H, 19a-H K 19b-H ® 4 O =—/1
Fu bV T TR L §641(d,J=113Hz)., 6.02(d,J=113Hz), 525(d,J=1.8
Hz) BN 497 (d,J=1.8Hz) ICBIESNTRY, 1B-H RV 3B-H 7€~ §432 &
T 4.05 I1Z broad singlet TEE SNz, PC-NMR A2 bLid Table 8 1R L7z,
fb&8 62 & 63 IZMAIBHICA Y v REFOFHOLZ I D BFEEATHD,

28 HECA~ATerRAYeREREOEZ IV D HFBEEKOERORS

HIEIC. KA TH S diosgenin1 735 E/F DAL OREZZOEEHREFLIZE S
IV D BFEEEER LT, AEH T, TORAYRROBRRFEMDOATT (S)
KRBV (Se) IWEHBLZEX I D BHFEEDERE B LT,

E9. ki B e 5, 7-dien-10,3B-diol 59 %, MKEEEE THIZINEL T F BBEBEL
T (25R)-furost-1a.,33,26-triacetoxy-5,7,20(22)-triene 64 % 78% DINZFE TH7= (Figure
13). [bE® 64 1X. FABMS IZBWT miz555 12 [M+H] OA 4 E—27 2R LTz,
'H-NMR A7 b ZRWT, 21-CHs D71 b 7 FLa8 §1.59 12 singlet T
gBan, PCNMR 27 hUZEWT, §139.5, 1354, 121.5, 1159 & 1039
WZENER C8, C-5. C6, C7 & C20 OH—RUy T FABNBESNT, £
7o, C22 DE=—NANH =R TFAN, bEH 59 @ 51093 HbE 64 O
5151.8 LIERBEBIZT 7 P LTWDZ e, (bEW 59 © F BOBREL-Z L1138
LT D (Figure 13),

64 R;=R,=OAc 66 R=SCN 67
65 R,=R,=O0H 69 R=0Ts
68 R,=OH,R,=0Ts 73 R=1

70 R;=0H,R,=1I
71 R,;=0H,R,=SCN
72 R;=O0H, R, =SeCN Fig. 13. Structures of compounds 64-73.
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WNT, NITEFAE 64 ODBT ETNMAETHD b U A — 65 D 26 ALIT~T
RRFEAZESHICSELBEBREZEATHIENT, 26 LD 1 MkBEEE 1 Lk
U 3 (LD 2 MRAKBREDRIGHEDZEEZFIA LT, 26 fZIZ p- Pz ALK =0
(Ts ) DEAZRAT, ZORISE, BETHI T A a—/VED ML EITRRD
EEYER T HMED ST 20 [0 71 AL B| & & & 2o THERRIGNEZ Vo7
Wi O RISEEOEENZBOEBRIGEH S ENRA > FTh D L Bbhi,

T, BED N MERIEERA T, B, FUA—V 65 2B Y PUBEHF TsCl
TUE LT I b LT, AR LT PV ERORBHPRE CH -T2, IBEWER
B4 52 E72< . Nal B KSCON |2 L B EFREBBRRCE1T/->7-, L L7k
N, BRIOEY 71 13BN TET, 26 fLIZ SCN Ex2&ELH, ZEFEEN
5% L7- (25R)-Sa-furost-1a,3B-dihydroxy-26-thiocyano-6,8(14),20(22)-triene 66 (10%. 64
NHDINE) & F BAEMARLIZAERKY (225,22R,25R)-50-spirost-1a,3B-dihydroxy-
6,8(14)-diene 67 (13%. 64 »>b DULE) 257z (Figure 13), {bE# 66 L. FABMS (2
BWT miz 469 12 [M]” DA A E—27 &R LTZ, 'HNMR A7 MLZEBWT,
8535(dd, J=9.8,1.6 Hz) & 6.12(dd,J=9.8,3.1Hz) IZETNFH 6H & 7-H OF
=—7u hPEEEINT-, PCNMR A~ kL (Table 8) 2B\ T, & 151.0,
144.6. 1305, 1262, 124.6 & 104.6 \ZFNFh C22. C-14, C-6. C-8, C-7
& C2 D6 EOE=—NA—RUBBESNT, SHIT, 5-H OMFREEZRE
T35 EBTEA—N— TP =28 (NOE) ZHIE L72fER. 19-CH; O 7k
5-H & ORIZ NOE BRBEINZh->1Z b, 5-H X o lIZBEMLTEY., o
T. A, BERIZNT VR (trans) ODYEEETHD 66 DEETHDZ LITHLD
Th b, LEW 67 1Z. FABMS IZBWT mz 42912 [M+H]" OA 4 B —2 %R
L7zs 'HNMR A7 RUIZEWT, §533(dd,J=9.8,1.5Hz) & 6.12(dd, J=9.8,
3.1 Hp) WFNFN 6-H & 7-H o =—17 o b BEEINT, PCNMR A
27 Kb (Table 8) IZ8WT, §145.7, 130.3, 1259 & 1247 [ZZFNFH C-14, C-6,
C8 & C7T D 4 oDE=—LH—RUNBEEINT, bz, XEEH © o
6,8(14)-trans diene DEE L L —F LT,

CIOZEEAEOBEMESIZE LTI, BRI Windaus 5 P i3, maAFRTo—L
(ergosterol) 2% 1,4-7"1 b AGIZ L B HFEEO I NVR Y LA Z L DER., IRWNT, 7
a0 hORBEIZL YD 6,8(14),23triene (2725 EMELTWE, ZORGOT v kUK
ELTIE, KIEFIZRETH S TsCl DOAEKRT HHEEBIED p- vz Z)LR VB
(TsOH) TH H ¢ Ex b, ZOEBEKIZIEL., (25R)-furost-1a,3B-dihydroxy-
26-p-toluenesulfonyloxy-5,7,20(22)-triene 68 % 2R T 3 M HCl/MeOH & 20 RfIn
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S/ T, (25R)-5a-furost-1o,3B-dihydroxy-26-p-toluenesulfonyloxy-6,8(14),20(22)-triene 69

(49%) /=2 Ehb, 7u M AL 2 ZERAOBENISTH B Z L 25T 5
T R TE T (Figure 13),

TEREAVEBMLTWRWERO L 68 1. Yoshida B 70 OEEIIHES T,
CHCL #¥i & LTHW, P —/L 65 DIEEHEEZED D E EBIT, BT PR
DOICHEEEOBRN NI = F LT IV (EgN) SMEEE LTO NY AFAT I iR
# (MesN-HCl) ZHZFSEE#EBD T b E2IT o 2R, BBRRISHEIRIC
Mz o, (LEY 68 B VWINE (69%) THDZ LN TET,

&% 69 @ 'H- BL O PCNMR L, BEICE72 (LA 66 DTNL LIEE AL
CEOCBEINTZZ 0D, ZOEEEZHLNICLE,

te&% 68 23 VR L TILEY 70 245, BHEIT 22 L72< KSCN BIL W
KSeCN L REBHKEL, (L&Y 71 BEIW 72 #F N1 38 & 24% DOILERT
Bz, Eio. AW 69 1B I URE 73 2ERIT L L, KSCN &Ki
B EZ{T> T, (LAWY 66 % 76% DWETHT- (Figure 13),

S5, ERTHEED 71 BLO 72 DB REBEHE IO\ TOREM(L 24T
RN WTHOHREIZS BHEERFRERIEEYME 5 2T, 2D DIREW D FABMS
A7 MVTHEBOE S 2 D BFFEERICHEET M A E— 2 3 M o8Esh
Rhol, TOZEE RRISIZED B BOBRERGEDOAZ2 5T, flEHD SCN %
SeCN E RIS TR LN DOELEZIT, BEOIEME S X =D TIER &2
i, BT rAYaRBEFOoE X IV D BEHEEOSIT, BEE TRl A
HEBHEERDoT,

B 3EH AECATYnBEREOYS IV D BEEAROEE/LEY OREM
Jra HEFE AT T

B 1 BRBIO2 ETAMRLEEY I D BIFBEE (62 BLD 63), AR RF
BIEFER (47-50, 59-61 BLV 67) BLO T u R ¥ U EIFEEK (66, 71 BLO 72)
DEFAEFEIMETEMEIZ OV T, PHEZ U BIZEACRBE L TRV MNEE
FRCEAA HCT 116 & PHEX X7 D3FEH L T D MFEREME Hep G2 %
FWT, Mosmann 'V @ MTT JEICHE U CEM- Bk L7,

Table 9 1278 L72{b&# 47-50, 59-63. 66, 67. 71 BLW 72 @ HCT116 B
LU Hep G2 FRARIC X3 2 3BFEIANEMED 1ICsy fEIZ. (LAY 67 (Hep G2 I TIZ
IC5o=21.6+4.7 uM) ZFRVT, 9T diosgenin 1 (HCT 116 HHAZTIL ICso> 100 uM,

27



Table 9. Cytotoxic effects of 1, 47-50, 59-63, 66, 67, 71 and 72 against
HCT 116 and Hep G2 cell lines.

Compound HCT 116 S Hep G2
1 [S]® >100° 210 £ 7.5
47 [S] 16.0 = 0.4 103 = 1.8
48 [S] 123 = 0.5 10.8 + 2.8
49 [S] 105 = 0.5 52 + 14
50 [S] 151 = 04 59 = 0.6
59 [S] 104 = 03 68 + 0.5
60 [S] 540 £ 3.6 77 + 1.5
61 [S] 95 £ 26 24 + 08
62 [V] 22.4 £ 5.1 160 = 2.1
63 [V] 169 + 03 163 = 2.9
66 [F] 13 £ 02 2.8 + 04
67 [S] 227 = 0.6 216 = 4.7
71 [F] 49 + 03 64 = 12
72 [F] 104 = 1.0 127 £ 22

#ICsp values (mean = SD) are the concentrations at which 50% of the cells are inhibited
from growing. SD, standard deviation.

b(S}, [Fland [V] represent spirostane, furostane and vitamin D derivative, respectively.

°ICs values more than 100 pM were indicated as > 100.

Hep G2 M TIX ICso =21.0 £ 7.5 uM) OF 2 DEL D /S, TN HOFEMRIT 1
A CHERRBETERNHITEE RN T & 2R LTz,

HCT 116 AR LTIk, 78 2 & UBIFFER 66 (ICsy=13+02uM) BXO 71
(ICsp=4.9+03uM) 23, X I D BIFHFEK 62 (ICso=224+5.1uM) & 63(ICs=
16.9+0.3 uM) BI AR B R & VEIFEEIK 47-50, 59-61 LT 67 (ICs0=9.5+2.6
~540+3.6 uM) KVELLSBVWESEEZRLZ, (LAY 71 & 72 1ZFNFh 26 {iL
IZ SCN & SeCN E#A D 5,7-cis diene FEETH Y, {LEW 66 1L 26 iLIZ SCN
EE2EH 6,8(14)-trans diene %%;ﬁs“—;_{zisf‘%éo TR REELBREDENIL ST
HCT 116 MARIZXT A HEFEMANEMEICENHZ L b E X bz, Blh, 26 i SCN
EDRFEL. 2> 6,8(14)-trans diene #&3EN HCT 116 MAROHEFE Z ] 5 7=
B ThireEZX LN,

Hep G2 HRIEIZIVTiX, HCT 116 M CTAHA LN K 5 G & & I FHEI D ER
D ohRno T, AMRROBEREMEIIRTT 2R CIL, 7R X UBIFER 66 DA
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b AR AL RIFFEKR 61 (5,7-cis diene FFEM) [ZBWTH, RIEERRVEME
(Fx ICso=28+04 BILU 2408 uM) HED SN,

BkHHZ Lz, SEIEMRLIAEEHD I B, (LEW 66 & 71 1X PHEX XY
PIEE A EREBL TR HCT 116 MDA BT PHEX NI REHR L TND
Hep G2 MARIZ & BV VEFEINHIEME L R L, thd{bEWIE Hep G2 MMRICX} LT HCT
116 HERRIZRT L CTE D HIWEMZR LTV, 82, SEFHME LI LEmD 5 b,
An AL RIFER 61 &7 nRAY URIFER 66 (K4 ICs = 2.4 £ 0.8 BI W
2.8+ 0.4 pM) % P-FEX LRI MFEL LTV 5 Hep G2 FAZIZRT LT LV EFREHH]
EMEER LT, £72, /L& 49, 50, 59, 60 BILU 71 H{LEW 61 & 66 &

D ITEVDS, Hep G2 MEREIZRT U CTHRVVEME (IC5o=52+14~7.7+1.5uM) ZR LT,

ZOE ST, BHIIZEBRLTWD PHEX R ICEEZEOBEWMEEDE R L
gki\%%%<\A& Z AT E AR FTRE R OB AT DBIRITM O 0% 078 5 b
DEEZLND,

FA4H APoRF LB JoxZ UBEOAIEICAYeREBOoEZ I
D ED 3 ODFATDONEMETATR =V AFEA D=
Ny s

B3 HEIT, PHEX LU RIREHEL NS Hep G2 MIIEOMEIELZE S #HIT 5 b0
EEITRVWLDORB o, ZOEMEDENEZHLNITLEMT, EMZL D 7R
h—Y R ERERE UTRE LTz,

FEOFEAE R OO RIZIL, MEEEORIERE 721 T, 7R F— /x%
HBORENEELRFEEZRZLCNEEEXLND 7, BRI B EOBEIZ
FAFASMC BRI R, NOWERIE, (LFRIE, SEEER S 503, M*‘mm;%%ma@
TRV RAZFERTDLLEEZLNTND,

Bilt, BIHEET ps3 P, A 7 U UARFEMESR T —F (CDK) FHERF p21 0.
TR = ZIHEIERF Bel2 " BLOT R F—Y REERF Bax ¥ REDT R F—
VABEBETFRR L LRESNLTWD

4[E. Hep G2 MfIZRBWNT, AERAZ U 59, [ISHICAY 0REHFOLH I
D62 ROF BBMHALILT7uXZ U8 66 O 3 DORRDIEELESLE
Y OBBEFEINFEIERA DA D= XL ETR b=V R EOBMRERELNC TS BB
T, ki 4 2OT7 R b=V ABEEBERTF D mRNA EOZE{L% RT-PCR & TR -
fEHT LT2,
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% 1 3 ps53. p2l, Box BI Bel-2 ® mRNA &

WY AT —EBESERE (PCR) iX DNA EFIZHEIET 5720, $BROEME, 7J74
~— (primer) A7 =—1Y 7 (annealing) BL VT T A ~v—DBEZEDY A 7 V5B
HEATHRIGTH D P ZORIRTIL, BERIOYV A 7V THIR S ERR OHEIE
YA 7 NDOEFERIZ2 50T, PCR IIFEHBEKNLR T o X CTHEIET 5,

SEL ERICAWZ TR b — Vv AEEEETF L LT p53. p2l., Bax, Bcl-2 %
FUORNHEEL L TCOZ VAT AT E R3-U VBT e Fusr—+¥ (G4APDH)
mRNA @ RT-PCR A7 74 ~v—i%, BERMOBEFESIZH EI2 LT, Table 10 1R
I L D ITERET LT,

Table 10. Primers of RT-PCR for apoptosis-related signals and GAPDH mRNA.

Primers Sequence Product size (bp)
53 sense: 5' - GCA CTG GTG TTT TGT TGT GG - 3' 304
p antisense: 5' - GTG GTT TCA AGG CCA GAT GT - 3'
Bax sense: 5' - AAG CTG AGC GAG TGT CTC AAG CGC - 3' 424
antisense: 5' - ACC ACT GTG ACC TGC TCC AGA AG -3’
57 sense: 5'- GAC ACC ACT GGA GGG TGA CT - 3' 172
p antisense: 5' - CAG GTC CAC ATG GTC TTCCT - 3'
Bel-2 sense: 5' - AGA TGT CCA GCC AGCTGCACCTGAC-3' 242
antisense: 5' - AGC CTC CGT TAT CCT GGATCCA - 3'
GAPDH sense: 5'- CAA TAT GAT TCC ACC CAT GGC AAA TTC CAT GGCAC -3’ 718

antisense: 5' - TGA AGT CAG AGG AGA CCA CCT GGT GCT CAG TGT AG - 3'

Table 11. Reaction mixture for RT-PCR.

Component Volume / reaction Final concentration
5 x QIAGEN OneStep RT-PCR Buffef’ 10.0 pL 1x
dNTP Mix (containing 10 mM of each dNTP) 2.0 ul 400 pM of each dNTP
QIAGEN OneStep Enzyme Mix 2.0 pL -
Primer A (sense) 1.0 uL 1.0 uM
Primer B (antisense) 1.0puL 1.0 pM
Total RNA 0.125~1.0 ug 0.125~1.0 pg/50 uL
RNase-free Water up to 50 pL —
Total volume 50 uL

* Contains 12.5 mM MgCl,
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£72. p53. Bax. p2l,
PEZFR~D5ERIT, 0.125,

Bcl-2 BTN GAPDH @ mRNA £ & #OLFRE & OER
0.25. 0.50 &UN 1.00 pg @ F—4# /L (total) RNA ‘%0)
RT-PCR S (50 pl) ZFA&IL (Table 11), XS AHIES 7 A4 ~— & HW T,

Table 12 7R L2 KB E BRI E O A 7 VT RT-PCR 21TV BREREER L7z,

Table 12. Thermal cycler conditions for one-step RT-PCR.

p33 Bax p21 Bcl-2 GAPDH
50°C, 35min 50°C, 35min 50°C,35min  50°C,35min  50°C, 35min
mRNA — ¢cDNA
95°C, 15min 95°C, 15min 95°C, 15min ~ 95°C, 15min  95°C, 15min
94°C, 1min 94°C, 1min 94°C, 1min 94°C, Imin 94°C, 30s
PCR cycling 62°C, 30s 64°C, 1min 64°C, 1min 66°C, 1min 59°C, 10s
72°C, 30s 72°C, 1min 72°C, 30s 72°C, Imin 72°C, 20s
Number of cycles 25 30 28 34 23
Final extension 72°C, 10min 72°C, 10min 72°C, 10min ~ 72°C, 10min  72°C, 10min

ZDFER.  Figure 14 (TR LT L 91T,
0.125 75 1.00 ug @ h—% /L RNA EX CTEWEMRMEEZR LTz, Z0ftl, p53, p2l
KON Bel-2 @ mRNA HEEIL, 050 pg LA ED F—4# /L RNA ETORET LA
HHENTZHEDOD, REBRDO mRNA EEEDZYERHER Sz,
KEBRTIE, WTFhb 050 pg D F—4F /L RNA B®D RT-PCR RnKx T8 L71-,

1600 —|
m Bax

a P53
1200 — 9 Bcl2
o p21
800 -

Fluorescence intensity
P-3
8
1

¢ GAPDH

R2=

R?

"""

= 0.9953

0.9998
=0.9989

0.9783
0.9927

T T

0.125 0.250 0.500

Fig. 14. Relationship between fluorescence intensity of GAPDH, p53, Bax,
Bcl-2 and p21 mRNA level and total RNA in reaction mixture for

RT-PCR.

1.000
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%2 H Hep G2 MIRIZBITAT R b— RFHFE A H = X b OFFEHT

Table 9 (TR L7z K 91, EEYOMIEFEMBEITEHEIZBNT, A X F ARG
EKIZ, HCT 116 ARARIZEH~ Hep G2 MEREIZX L C IEMEOEBERBFR O b,
—F., 7uAZ CRIEERE, HCT 116 FIRIZH~ Hep G2 MAZICHRT LT, JEHED
BETEERRLN., A8 A eBe2Eo v ¥ I D BFHEERI, mAERICHTS
HEEMEEEOBEERZIRO SN2 o1z, UEORERIV, Z0 3 20F AT
DFEERIT, BRDEAA V=X L CEMBEEELNGT 260 EE 2 btz 4H.
Hep G2 #Mifdz AT, [EER7eHERRIBREMBIESEZ R~ T 1Cs EIZR D L DT, A
2E T 59 A nBAEBEOEZ I D B 62 RINT nRE UEIEEER 66 % U
L. B 48 BFRARIZ p53. p2l1. Bax. KON Bel-2 @ mRNA E0Z{t% RT-PCR &
CHENT L7=,

T DFER. Figure 15 (TR L2 X DIC, AV RAZ VA 59 RUAERREZRFOE
Z I D AFHER 62 OFRMITE->T, p53 KU Bax mRNA DOEIEIRET, £ 4
DEMEFRML TRV aYy ha—LOZn & E LT, BERENNRD b,
—JF. TuRZ URIBEEEK 66 DIRMICE - T, p53 mRNA OEIEFEE OBEMITER
DHNT.  Bax mRNA OEIETRE DL OBMARD bl

+ -+ +
ps3
Bax [— = ]
p21 [=—=I
serz [=—= —]
GPDH = =]
59 62 66

Fig. 15. p53, Bax, p21 and Bcl-2 mRNA in Hep G2 cell with (+) or without (-)
compounds 59, 62 and 66 at IC,, in DMEM for 48h.

TN BEEMEINE D p53. Bax, p2l KON Bel-2 @ mRNA & & NEZEEL L
T®D GAPDH ® mRNA B: D E, a2 hua—LDOZFN b ED%E Table 13 IR
L7,

T, AR RZ VR 59 ROMAHICA Y nRE2Eoe ¥ I D BFERE 62 O
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Table 13. Effect of tested compounds 59, 62 and 66 on p53, Bax, p21 and Bcl-2 mRNA.

Compound p33 Bax p21 Bel-2
59 22 + 01" 2.1 + 047 0.8 =+ 0.1 0.6 + 03
62 17 + 04* 25 + 03* 09 =+ 0.1 0.7 + 03
66 1.1 + 02 24 + 03 09 =+ 02 1.0 + 0.1

Data showed the ratios for levels of these apoptosis-related signals mRNAs with drug treatment / those of
control (DMSO only). n=3. *; p<0.05.

I E->T, p53 ® mRNA EidE 4 22+ 0.1 £& 1.7+ 04 FOFEOEMN
O BIL (p<0.05). Bax mRNA EiFF % 2.1+£04 & 2.5+03 FEOFEOEMH
TOHNT (p<0.05), TDM, p2] KO Bel-2 ® mRNA EOE(LITRD B
22T, TORERENL, AuRF VA 59 FUOAYREREEZFROEH I D BFHERK
62 %, Hep G2 MEFRIZIWT, ps3 A LIERBREIZE DT R b — AFEERH 2T
TZEEHALMNI L, BB, #HIfEOD DNA BE A—U%ZF, p53 OEMEIZE
D p53 mRNA EASEIML, & 5IT Bax B F2NEMLS I Bax mRNA EOHINA
Boh-bneEZS5ND, Bax mRNA EOHEMI, FLEHNERE Fa R
TIAERAT B ATREME S RIB LT 5, Chresta & ¥ (%, = FAW T K (etoposide) T
B LUREEREMEOT R bV AFEEITBWT, p53 XKD Bax & bILHEHR T
LEBEL TS, £/, Ueno b i3, BEEBMEICTLT, b7 YU
BROEEEAY )T (CPT-11) OEERHH THS SN-38 IZLHT KR F— R
Wi, p53 KON Bax MBMEEAIZENNTWAZ EEHREL WD,

UEDZ LY, ArRAZ VA 59 ROMAISEICA Y n B2 H o84 I D &l
IR 62 1L, Hep G2 MIBIZBWT, = hAFT FX SN-38 DL I REAA =X A
TT RNV REFETLILDEEZ LN,

—JF, 7aRZ CEIFER 66 OWMIZE > T, p53 @ mRNA BEOHEMIIED L
9. Bax mRNA EOHZD 2.4+ 03 FOFEOEIMMNERD b (p<0.05), D
fit, p21 X Bcl-2 @ mRNA EOEITBEI N Rholz, ZO/RNL, 7
AL BIFER 66 (X, Hep G2 MEARIZE VT, p33 2N E&RWVER ¥ ks 7
RE—V AFEEAEZRTIEEZBALMNT LI, Takahashi & %3, KEEMEIZ
BWT, X7 U ZXE/ (paclitaxel) 1% p53 FEKTFRIIC Bax mRNA EX NS+,
TRI=VAEZEFELTCWAEREL TS, TOFBRLY, 7ax & L AFFER 66
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1L, Hep G2 MIEIZBWT, X7 UV FXBLDL I p53 FREFEMEICTE F— R
EFHELTCWAHLOEEZ LN,

N LT AR AZ VB 59 ROVAIBHICA Y nBE2EFE o4 2 D BFBERK 62
X p53 IRFFRIIZ, — ., 7 r AZ VEIFRER 66 13, pS3 FEEREMICT AR F—T R
EHELTCHWAZEEZHALMNC LI, ZOBRIT. MIRICKTHBZHOEIZT R b
—VAFEERAA D= RLNEE LTV D HEEEETREL TS,

B=E /NS

1) RBROY~ /) AEDERSTH5 diosgenin 1 ZV— FMLAHE LT, AR
AU AIBICACEREERFLEEY I D BRKRZORERBREA L2
AREED 3 ODEA T OFEEEER LT,

2) RARIFETS F RUBERT2H ALY RAZ VARFBERLE ZOBERT%
AF T (S)., BV (Se) BIUER (NH & L) ITEATAE R R VEFFEERD
PHEX LRI BRIFEAERBE L TRV E MEB EEEMIE HCT 116 1237 A5
METEMSEZ B L, F BUEZEFREF2EORCn RAY VHSGEERNELEOKRE
WZ EXRBR LML,

3) AEIEHKRLIEAT oA RHEEED I B, A BIZ ap-Raf1r b 2Fo7 2R
HURIEERIZ, PHEX VORI BEBE LTS e MFEEEME Hep G2 12X LT,
ELLEWVHEENGENEEEZ RO OLDOERH L, 202 &k, ZAIMMELES L
DEAFIZS L CO B REMORERB~ORO LR VG, SHOWRICHHFTELH
DEEZBND,

4) Hep G2 MEIZBNWT, AR Z VAR MAHICA Cn B2 o4 I D A
FEME T, BYEINE p53 BN Bax mRNA BEOEEOBEMMARD b, ps3 KF
BZ, —F, 7R AX CRIERERI, EYIRINE p53 mRNA EOHEMMARD LT,
Bax mRNA EOHOEFEOHEMMRRD b, ps3 EEFMIT R b— 2 Z2FEL
TWLZ EZHLMNITI LT,
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BTHR TASAT o=V ROT AR T e o VRRD AT
IV EE DA & BRI RS »

T OORMEL LTEASR TRz e, 7 7 U 17 I €7 #EL RE
e o2 UROLELMEY T, BE, HRSHITIENRY, K 300 BELHD LF
P Tn5b ¥, 2o, 7rx_T (dloe barbadensis Miller) 7> 5478 S K4y
FEDT = ) — N EYTHDHT a=FE T (aloe-emodin) (Figure 16) 73, %
SEARRRREIC R U CHEREIMRIE M 2R U D RS IR EERE LS L CGRIRBIIE M & FF o8
LWa A TOHEAITHD P LREST TV, —FH. BAROKERT, ¥25 E
FWHT] OB TUMOITWEXZXFT 12 (dloe arborescens Miller var. natalensis
Berger) 3. BEAMS ¥ {bHELOEE L LTHEANRDONTWAHL, BT EHT
e 0, BIEMA °). PIREER 2 R e RERRH O .. KiEHRE P SEH
REBONCT DR EBIECAROED L L THER SN TV D, BEIZ, Yagi & i,
XHFTOENLNINTEE S FEEEDOT o=~ ) (4dloe mannan) 23~ 7
RIZFEHE S 7o sarcoma-180 HERROYEFEZ A L7 L E L T\ 5, ¥4,  Shimpo
5 ®E, FEFT e OFB T T OVIMHMICREE Y 0 € — & — (promotor) T B
12-O-tetradecanoylphorbol-13-acetate (TPA) (2 & U 5% S 4172 ear oedema % #3520
RBHY ., TOMHMRSE O LIER, e A o (barbaloin), 4 V34
> (isobarbaloin), 7 &2 == (aloenin) 74 (Figure 16) @ 3 DD N EH LTV =
EEHmELTND,

B—E TAXAT = UHEEOG L EN R R R

BEIC SRR L EFRE TR I FTF 7T e flis O MEB EEEMIZHCT 116
W2t B BEFEMEIEEORIEZ T2 > CRBY ™, FE. EHHTH D aloenin 74 13
HCT 116 M3 L CHEREEZ RS RN L2RmEL TV D,

Aloenin 74 1% Figure 16 IR T X512, 7=/ —ABFEELLTOT 7Y a e
PEERD p-7 2T ) —A (o-glucopyranose) 7572 HECHEATH D, Hayashi » 7
(3, 7 7R 4R (Flavones) DOFERABEFEMBITEMEDFEBRITIIE O FITHELH RBUKEE
Bl EREETHD LRELTVD, HOOREIT, FEHFICKROL D mes
B 27z, B, HCT 116 MAZIZ% L CIEMEDTE aloenin 43 FDBEKMEZED D 2
LIZk Y, EMBEENEEEEED D I IR RNV DN EE X T2,  Aloenin 74
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OH

O  OH
! l l CH,OH
o

Aloe-emodin

l . ‘ CH,OH

Isobarbaloin 74

Fig. 16. Structures of aloe-emodin, barbaloin, isobarbaloin and aloenin 74.

W, TV a 0T = ) —AEKERE RO T Vo — U HKBEEF o T,
EEIT, £, aloenin 74 DBKMEZED D EMN T, 4AID T = 7 — /L IEKEEEIZ
KT VXV (alkyl) EDOEAZIT2o 77,

EB1H TAFLTox=oUBEEROERK

Aloenin 74 X7 7V a U ENZT = ) —AMIKBELEDOT NV a— A MKBREE A
LTHEY, KOREEREW #-fLD7 = ) — I KBELZBRROT X T 52
EMTEDHEEZBN, LTOEREIT 72, Methylaloenin 75 %, Hirata & ¥ ®
FIEIZHES T, aloenin 74 %7 2 A ¥ - (diazomethane) TA F/L{L L TH=, £
DMOTNAFALT a0, RED D U LAFEET, 4 D alkyl bromide 3 X
alkyl iodide & #E& RIS%FT>C. Figure 17 127”77 methylaloenin 75 ~ docosylaloenin
91 & benzylaloenin 92 3 LTV allylaloenin 93 D&t 19 HOT A F AT oz = FFE
EEBI, '
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75 R =Methyl
76  R=Ethyl
77 R =Propyl
78 R =Butyl
79 R =Pentyl
CH,OH 80 R =Hexyl
81 R =Heptyl
82 R=0Octyl
83 R =Nonyl
84 R=Decyl
85 R =Undecyl
86 R =Dodecyl
87 R =Tetradecyl
88 R =Hexadecyl
75-93 89 R =0Octadecyl
90 R =Eicosyl
91 R =Docosyl
92 R =Benzyl
93 R=Allyl

Fig. 17. Structure of 4'-O-alkylaloenins 75-93.

B2 #H TARANT v = RO R TR HE M

Feap Cii_7= X 5 iz, FUgRIOBERER CREL 72> T 3 ZAIMMEDOFARIZBE 3
DHFFEX. BE, HANBECIT bR TRY ., FUERIOBIERARR & & blok& 2
F—< b2 0ED, SE, BIEICER LTIV T o= U FEEDO PHEX X
7 WEHR L TCOABHIRICTT 2REZEERETHEMNT, b MEB LEEMAR
HCT 116 ROt FAF_ER /AR Hep G2 %I L TR EIT o 72, T DBHIEEIZ D
WX, Shionoya 5 *? 1, HCT 116 MEICIE PHEX VXU BIE L A ERE I
TEHTP, Lee b X, Hep G2 MARITIX P-HEX L X BREBEL T0D EHEL
TWAHHDTH B,

AR LET AT v = UFEEOMIBEEMGNEMES HCT 116 & Hep G2 #
faz V. MIT & WK DEHE- B L, 20 ICs fE (EMROMEEE 50% [
EFBHRE) % Table 14 TR LTz,

Aloenin 74 @ HCT 116 #IGIZ%3 2 HEFEIMBEITENMEIL ICso B2 293.1 £ 32.7 uM
LHEINTVWS ¥, SEERLET AR AT o=V BEED S B, 7% VIS
D%V methylaloenin 75 & ethylaloenin 76 {%, aloenin 74 & [FERIZ, 1Cso fE2Y 100
UM LLETH D | IEERTHONEER 2N EE X b7z, BIZAIHOE I EREN
T BT DO T, 4°-O-propylaloenin 77 (ICsp = 87.5 £ 9.4 uM) 726 4°-O-tetradecylaloenin
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Table 14. Cytotoxic activities of aloenin and 4'-O-alkylaloenins against
HCT 116 and Hep G2 cancer cell lines.

Compound [Cso = SD (uM)*

HCT 116 Hep G2
74 > 100° > 100
75 > 100 > 100
76 > 100 >100
77 875 + 94 > 100
78 752 £ 24 > 100
79 463 + 9.8 > 100
80 17.9 £ 5.5 362 £ 7.1
81 5.1 £ 0.8 285 = 92
82 104 = 2.5 234 =+ 22
83 57 £+ 0.5 147 £ 1.5
84 89 = 2.1 135 £ 23
85 87 = 2.1 20.1 £ 3.7
86 6.6 = 0.7 12.1 £ 3.1
87 53 £ 23 40 £ 0.6
88 162 + 4.9 16.0 £ 0.9
89 > 100 > 100
90 > 100 > 100

#1Cs, values (mean + SD) are the concentrations at which 50% of the cells are inhibited
from growing. SD, standard deviation.
®[Cs, values more than 100 uM were indicated as > 100.

87 (ICsp = 5.3 £ 2.3 uM) DJBIZIEMENEEIM L,  aloenin 74 HE DIZIE 55 FIIEMEN
EmEoT, LLRnb, BIZTAFNEDERE IPEI L 4-0O-hexadecylaloenin 88
(ICsp = 162 = 49 pM) TIEFEHOE TR A IV, 4-O-octadecylaloenin 89 K& T
4’-O-eicosylaloenin 90 TlI, {EMHEZR IR0 o7z (ICs> 100 uM), L&Y 74~87 1%
150 pM DEE CHEIERBENETEBPEThH =0zt L, ka4 88 TIEETDEE
DROOI, LEY 89 & 90 Tik, RV DOUWEEE L, 1E->T, L&YW 88 D
EFOEMEOERT LAY 89 & 90 DEERETIL., 7AFNMEDERIZIES T,
I OALEWMHEERIRICKRT T HEMRE QKR TICER L, MlaN~DOEYFZBEIMET
L7cbh D EHRI N,
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TAFNLT BT = FEEE 74~90 O Hep G2 #AMMIZ I 2 BAEMATEMEIL. 71
X URIEH O ELEGRIFE VY methylaloenin 75 >5 pentylaloenin 79 TlX, £ @ ICsy fEM,
2T 100 uM LA EOEZE R L, ZRARIEMIIEED b h o 7228, DS hexyl 7»
b tetradecyl ZEFE CTOFFEME T, IEEOHEMERAFRD H AL,  tetradecylaloenin 87 T
HEDIEME (ICso=4.0+0.6 pM) Z7R L7z, F72, HCT 116 MIITIRIT 5 L FER, &
HARZERR T hexadecylaloenin 88 DIEME (ICso=16.0£0.9 uM) X 87 LV FEI 72D,
T, D EVY octadecylaloenin 89 & eicosylaloenin 90 TiX, ICs, fEAS 100 uM
Llb&ipoiz, ZoZ &k, HCT 116 MRRADTEESHT T~ LRRIC, Zhb
FEENERRICTTAREECRTICER L2 D EEXLOND, ZDXHIT,
HCT 116 % UF Hep G2 #AZIZX D HEFEMENEIEIL.  aloenin F D 4-0- I[ZHH
BRESOTNVFRNVELZEAT LI LTI VEMTDLZEBALNE 2ol D55,
tetradecylaloenin 87 1X., HCT 116 #fa (ICso =53 23 uM) & Hep G2 HfiE (ICs =
4.0+ 0.6 M) DIETEZ B b I L7,

B3I TAXIATo=UBEROBKMEE HCT 116 XU Hep G2
HRRIZ 9 2 EEREHITE M & O BIMR

EETHANZ L 52, Hayashi 6 " iE. 7 TR EEOREARIEEIETE O SR
Wik, FOOFICEERBUKEEZ ISR EREETHLERELTWANR, TV
XAT = UHERTHZR D OBUKE & AR EREAEITE M & ORI FER 2B
BB DMIE D ERE LT,

Figure 18 27 VX N7 nx=" 38K 77 ~ 87 & benzylaloenin 92 KO
allylaloenin 93 @ HCT 116 & Hep G2 AT X3 2 HEFEMHIENE (ICs fETRT) &
FNLFEEOBKME (Clog P B * TF7T) OBRERLE, Figure 18 25, 7
LR LVENE S R BI O TBUKMEDS IS 528, 2 OBUKE & ISR R TS
LRI L OO T BIRIEEMT 2 Z EBALNE oz, £, ZOBUKME
&R SETEINHIVE M D BIRIL. BT ICE AL L7 benzylaloenin 92 & allylaloenin 93 @
HCT 116 Mz AW CHaER Sz, Alh, BUKEDORKE VW 92 (Clog P =1.81)
DOFARHEFEIMHENTENME (ICs0=32.9+4.9 uM) X, BUKMED/S VS 93(Clog P=0.82) D
ZHI (IC5=502+3.1uM) KV >7c, ZDLEHOBKME & HARSEFEINHETEED
BEMEIZ DWW TIE, FIZ, Iwase ' HickoThH, TAHaA R (alkaloid) Th b
~YL Y o (berberine) @ 8 & 13 {iLIZ alkyl BEFEATHZ LTk o T, EENE
SRAHBZEVDHRESNTEY, FED aloenin 74 O 4-0- I[ZHEY 2T L F/LEOE
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Fig. 18. Relationships between C log P and the cytotoxic effects of 4’-O-alkylaloenins against
HCT 116 and Hep G2 cells.
Closed circle: HCT 116 cells and open circle: Hep G2 cells.

Regression lines for HCT 116 and Hep G2 cells were y = 81.4+¢0499% ; (R? = (.733,

p<0.001) and y = 147.5+"04% ; (R? = 0.827, p<0.001), respectively. Each value
shows the mean + SD.

M X DA EmmEEEOBEME — 2 L TW5B, LS, T/ LEEAD
K 2ILEMDEERBED A = X LZETAMEITISHORETH A,

BAE TAFAToz=VFEERO HCT 116 HIEE N PBEY X7 )
WRNZFHEH L TW5D HCT 116 / VCR100-1-1 FIfRIZ R % BEREHNE]
FE M D ELEk

Table 14 B LN Figure 18 IR L= L HIC, TAFAT R =V FHEE 77~86 O
B4 D HCT 116 MARIZ3d D HEAEMENENEIX Hep G2 MlAIZXT T2 2L 0 &
ICso TEZ R LTS, ZHUE Hep G2 #IBRIC PHEX X REHLTWAHZLIZLED
HLOTHDHD, vk bERAIEMIRIZE T 5EBENREVICESS LD TH S0
XA CII R o7z, 22T, HCT 116 HIOEEKRTH Y P-HEL /7 BIEFIC
FELTW5H HCT 116/ VCR 100-1-1 #Efa Y 2 FHWC, (L&Y 80 ~87 DAIRHEFE
MENEMEE HCT 116 Mifaicxtd 2 i L B L7 (Figure 19), Figure 19 1%, 7 /v
XFL7Tuxz= 80~87 OE4{LEH® HCT 116 FARIZIT 2 HEEMENEEL O |
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1Cso0 (uM)

80 81 82 83 84 85 86 87

Fig. 19. Cytotoxic activities of 4’-O-alkylaloenins 80-87 against HCT 116 and
HCT 116 / VCR100-1-1 cancer cell lines. * ; p <0.01.
Open bar ; HCT 116 cells and Closed bar : HCT 116 / VCR100-1-1.

P-FE S L% DNBRNCHIL L TV 5 HCT 116/ VCR 100-1-1 FEICRT 52N, &
W ICs [EERLTEY ., #o THEMER 12 25 14 OETRED bz (P<0.01),
O LTRERIE, PHEX NI BEB LTS Hep G2 MO R L —&LZ, 7
> T, L&Y 80~87 X Hep G2 2 O* HCT 116/ VCR 100-1-1 HEfE OIS/ I H LR
YT TCHD PHEL NI DEBERT, EENMET LTS D EEZLND,

IR TAINANT ax=URBT AT IVEEEROE R & AR SR
&

BIE T, 7% /LI8E2Y methyl 22D docosyl L TOTAF LT REZ=0D
E R E1T72 > 7233, hexadecylaloenin 88, octadecylaloenin 89 2 T} eicosylaloenin 90 (3.
BR3P DVEARMEDME < | BUKYE & MR BTEIGNENE & O—E DR 6 ThE
£ U7, BEFIE. TAFAT o= OFEMOKBREZ ANVEKALT HZ LT, FEH
DFKEEZBED, TIFNVEOIEBREIMZ L 2 EREICRT 2 BEEEOET 2 iR
LI EMTEDEEBER DIz, BT, EOHFOFEIEMENE & AR EREIHEME O]
REFRDEHT, AE TR, TAFAT R = VBT X7 VEHEERE (alkylaloenin
sulfates) Z &L, £ 5D HCT 116 KT Hep G2 MRIZx9 A HEFEIHNEE % 5T
fili- FLBZ U7z,
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w1 E TARATRTo VBT AT LREEOLSR

TARNLT BT = BT AT VHEME 94~102 1, TAF LT R= 75, 80,
84, 86 ~ 91 OPEAKE Y Y H  SO;-pyridine complex & @S K RV T D
NaHCO; & OALHEIZ L 0 &7~ (Figure 20),

OS;Na 94 R = Methyl
RO o-NaS;0 5 OS;Na 95 R =Hexyl

OS83Na 96 R = Decyl
0 ~° 97 R =Dodecyl
I 98 R =Tetradecyl
CHa A 99 R =Hexadecyl
100 R = Octadecyl
OCHs 161 R =Eicosyl
94-102 102 R =Docosyl

Fig. 20. 4'-O-alkylaloenin sulfates 94-102

B2 TARNT o= URRBRT R TV EEEAR ORI SRR HE M

B LTET VR AT o= R AT VSR OB FE I HEE 2 B L
R % Table 15 12R LT=,
Table 15 2R T L. TAFAT B U BT AT IVHEEETH S methyl - 94,

Table 15. Cytotoxic activity of 4'-O- alkylaloenin sulfates 94-102 against HCT 116,
Hep G2 and HCT 116 / VCR100-1-1 cancer cell lines.

Compound 1Cs0% SD (bM)”
HCT 116 Hep G2 HCT 116 / VCR100-1-1
94 >100° > 100 > 100
95 > 100 > 100 > 100
96 >100 994 = 9.1 >100
97 27.1 £ 6.6 214 = 46 314 + 48
98 471 +19.6 240 = 2.0 276 = 3.1
99 222 £ 45 181 = 1.6 213 = 1.3
100 232 £ 22 148 = 5.1 189 + 1.7
101 123 + 40 9.1 = 09 149 + 1.9
102 48 = 02 40 = 05 19.0 £ 2.6

3]Csq values (mean + SD) are the concentrations at which 50% of the cells are inhibited from growing.
SD, standard deviation.
P ICs; values more than 100 M were indicated as > 100.
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hexyl - 95, decyl- 96, dodecyl-97., tetradecyl - 98, hexadecyl-99, octadecyl- 100,
eicosyl - 101 &) docosylalkylaloenin-tetrasodiumsulfate 102 [, 7 V¥ LEHDIEE & &
BT EIFTEEOEBRERARD DL, TAFAEP—FEVHEEE 102 X, ICs &
23 HCT 116 MEARIZH LT 4.8+ 02 puM & Hep G2 MEIZX LT 4005 uM &5
VEMEE R LT, ZORERIE, BB X7 A LINTEROBKELEBLYRESOT
NERNVEIZE ST, ALEWOFEEEIEM L 7-/#ER I B/ (micelle) B2 Sz X
o TEY) OERER CHIEN~OR VD AL ER SN LD EHEINDS, £, 1k
A 97 ~ 102 O PHEX LR 7 BRHEB LTV D Hep G2 HIFRIZ - 2 HEFEINGHITE M
i, PHEX NI RNFEAERE LTV HCT 116 MIRICKT 52N L RBRED
EMERLIL, 61T, PHEZ AT PBENCHEBH L TWD HCT 116 / VCR100-1-1
ML TH, RBREOEEEZRLE (149£1.9~31.4£48uM), Z DT &iX, 3
MR LAEREIT/RD LB DD PHEX IR, T b(bEW 97 ~102 1%
U CREEZMEMEVWZOI, +0 /2B iammiiEtE 2 BE L b0 L HEI N,

BoE NE

1) Aloenin 74 [, HCT 116 KO Hep G2 MAIZXT L CHAE A sEsE b E M &
TRERWV, 74D 4-0- [TELEREIOTNVRNVELEATLZ LiIzk-> T, Ei
N LT, BRLETAFATEZ= 75~90 D55, LAY 80 ~ 88 1% P-4E
ZRINEEAEEBE L TR HCT 116 MEOAR BT, P-FEX /R0 BRI
LTCW5% Hep G2 KT HCT 116 / VCR 100-1-1 FAZIZRT U CRI RO 2 HEREINHITE M
EIRLT, £, D7 TH teteradecylaloenin 87 1%, i 3 S OEMIARIZR LT
B HIRVEEE TR LT,

2) 4-0- TLVXNT T VOB AT LVBEERD I L, BT VX /VEHEED
97 ~102 3. BT XA EEFD 94~96 LV HCT 116, Hep G2 XU HCT 116
/VCR100-1-1 HEfEIZ3F U CHBREMBNEER B o T, ZOZ X FFOT 7Y a
VERDBEAKNME & B OBKMEDBEE /R NT AR, T D EMIE OB I T 5 0
WWEERI L LHEESND,

3) 4-0- THAF N7z 8K 80~88 RN 4-0- T/AF /L7 ux= U fiigs
ATVHEME 97 ~ 102 1%, PHEX X7 BFEELTCD Hep G2 KU HCT 116 /
VCT 100-1-1 fHAEIZR L TE LS BMVESEEZ R L, 202 L, 2 bbeaWwids
apE Y2 b—& =012 Th P-FEX I BEBEL TOBMOBMEICHT L TH
MCTHOIEYOFREMEEZRET DD EEZI b, SHBROERLIMENLEEND,
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&

BEDLEEEICANW DN AHEANL. TOBRICBWTRE RBE 2R LTS,
LNLZRD, BRTCIHIVHREEDODZDICERBERAA I = X L EFOEHD
BRI EZFERTA 208D, LLans, ERESHRE T OEG ST
DIZ, B LI2EE R L UCERHER LR s~k o e 2 BE L, JuBAl & L
TOBEMET LIV ENC RS20 TEZ 08D 5 (SHIMEOES), @D
{LEREECHRAZEA T2 £, EYORIER L HRIC K& RBBELE 2oTWVWD, &
DEFIHHED FTRRITEE LT, BITEL < OFFFHIZ L - THIERED b, o, T
Pal—F—DRAENBEAIREN TS,

EET, ARIZY - T, TV 2 Lb— X —DERPER L AR HEIME L
Too ARFRET, BE, EVa L —F—ZDbDEFIZANLTUINRWD, ZHIMMED
FRO—2THD, BHIBICHEIL TWD PHEY 37 1Zx L TEZEOE L D
ZHE H AR AENE A OB & R LT,

F—RTIE, RARIZFETDLAT oA FFHFEETH D diosgenin 2 U — NMEEY &
LT, BxDAE R R VRFFER ToRX5 BIFHEER MBI A R REZ RO
B4 I D BFBEEEESR L. TN D OMKHEIEMGIEEE PAEX I BIEE A
ERBELLTCWARWE MNEBEREMIRTHS HCT 116 & PFEX /X7 BEH LT
Wit MNFEREMIECHD Hep G2 ZAAVWTCIEME L7z, ZDOFER, PHEX LY
DFEBELTVWD Hep G2 IZ L THEMOBVWFEERZRH L, HOBREOEE LTE
ML OMBEMEE BT Z LN TERL, 202 L, 4%, Hep G2 MlEZ 15D P-#E
Z Ry PIRFNZHEE L T A MOBHRIZT LT, LV EEOBRVEDDORE~D
ARBOWERDEEZDND, -, SEEK LI 3 2OX A4 7D{LEH. BIb, AE
nAL CBIEEER TaAy CREREERMIKICA Yo R E RO Y I D B
BEZRAWT, Hep G2 MAICKHT 2H#EMBIERA DA V=X L% MEDT R b—
VAOEMNPOBET L, AR Z URIFFEEE MISEICA Y rREFEOEZ I D
BUISBEMIT ps3 (REFANIC, —FH. AV RBEIHRAE L 7o X & CHEEERIT ps3 7
EERZT R b=V AZFTELCHWDZEEZHLNILE, ZOZ X, 2 DEE
p33 BEREZEI L TWNE EEX LNDBESCHETIE. 71 A ¥ VEEFEROERRG
ABNEEN, SHBERDIHEPFFND,

FERTIE, 7oz LEBELT aloenin 2 U —FN{EAHELT, 0 £H(D7
= )= AMKBEICESORRLIEL DT LFLELZEAL T, LEHOBKE L E
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MBI EEE 2 RN, TORR, TASVEREL RV TES L, (LAMODOE
FRMEDMET U CIEMEOFHMEIL TE R0 o 1208, RN+ 5 (LW TIiE. 7%
NWERRSBRDEEHIT, FFREKELRFD, BRGNS & BUKMEIC—E
DWBIBEERH D EERH L, ZThHDOT AT AT o=V FERIT, PHEX
URTNEEAERB L TWRY HCT 116 AR THA DAVIZTEMED, P-HEX X7 MR
FE L TW5 Hep G2 MIRRIZKI L TE< Zg oz, LOLARBL, TAF AT OZ =
FEROEMREL E O DT OIC, HEHOKBEEZRBET AT WAL LTZ{LE®H T, Hep
G2 HFRDIEIEZ +oEl T 5 b D& AHTZ LN TE 2,

4B, Hep G2 BHIILIZEIL L TS P-HEX /X7 OEMIFRAH LERICH X,
FNEBBEMROBEHEEZIE T A2E M E AT oA FHEE, 7oz = FEEROF)
LRETZENTE, 5%, PHEX L /I BRERICHEI L TV AMOBEMEE HW
TOFRL, MOBEEOREZRIT S Z EICL Y, LHMEE TR TE 2 H0EHA
DORBEO—BIL 0B LEEZLND,
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E i

ARFFEICER LT, RARFREIR D58, HEFRELZ B0 £ L BE i RFEEEE
FRIRIEMILSREIE R i BRICONGESBILER L LT ET,

AHFFEFEBROEMICERL T, RABEERTHE, HBE2IEE X L WAEKRFEE
FEEEREY(LFEE DM JE— REZOPOEIEH O ZLET,

AR XOERIZHT= 0 | #IKH EHBOREZIE D £ LEIE iR R A
ECFEE %) ERE B, WMIEREEERELEREEE BE BER B
BIFITE BB - LE T,

NMR A7 RV R MS A7 MUVDRIEZITR>TLEESWE LR AKX
FHREET L —OERICESBILER L EITET,

BB, BEOBEE2E 2 T EEVE L BEOREESERRE EME #iF
W NTIED RFFELGEE Y FRE FEE BRIGEEH N LET,

46



2 B oW



Z B 0

—HREH

Diosgenin (% SIGMA Chemical Co. Ltd £ VA L7z, Aloenin {IF ¥ F 7 o>z (=
U AR EA) O L b 0E AW %9, ZotobFEE L K OEBISEIE,

Bk & AV,

Bl (m.p.) 1X Yanagimoto micromelting point apparatus % FAVNTHIE L, £ CRMIE
Th s,

e~ 777 0— (TLC) 1X, Kieselgel 60 Fasy (Merck) % AV, TLC Eo
& AR > NI Manaslu light (254 nm) (2 THER L7ZHE.  1:9 Ce(SO4), / 10% H,SO, &
WAEEEL, 250°C T 3 HEMEL THRE L,

HT sy a<w T T 7 40—, Kieselgel 60 (70-230 mesh, E.Merck) Z{#H L, &
HI#EIT TLC [ CHERB LT,

/\fffi:foctv YBUCHWEBERE 7 v~ N/ 74— (HPLC) X, EU v =ik
8 SSC-6300, SSC auto injector 6310 33 LT} SSC fraction collector 6320 % FV>, &
Z AE DOCOSIL (10 ¢ x 250 mm) Z A/, BEMEREIZ 1.0 mL/ min, b T A4
— 7 REX 40°C IZTRE LT,

BBMESEE A7 L (H, PCNMR, 'H-'H. 'H-"C COSY. DEPT BXI WX
HMBC) %, JEOL JNM-A500FT NMR spectrometer (500 3L TX 125 MHz) % FHV 7=,
REEEIL, CDCly KUY CsDsN AV, WEEEYE & LT Tetramethylsilane
(TMS) % Fv 7z, BEEE: s (singlet), d (doublet), dd (doublet of doublets), ddd (doublet
of doublet of doublets), m (multiplet), t (triplet), q(quartet), quint (quintet), td (triplet
of doublets) & dt (doublet of triplets) % FR9 2,

HEAZ FA (MS) X, JEOL JMS-DX 300 mass spectrometer % FV>, Fast atom

bombardment mass spectra (FABMS) % H|7E L7z,
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F—Wwm FE
Diosgenone 2

Diosgenin 1 (5.2 g, 12.6 mmol) @ toluene (34 mL) BREWZIZ cyclohexanone (40 mL)
& aluminum zert-butoxide (6.3 g, 25.6 mmol) ZMZ. 12 EFRIEFE. USKE KK
(200 mL) (Z¥EM, 10% HC1 (50 mL) #/0%, CH,CL (100 mL x 3) CfiH, HHKE%
5% NaHCO; (200 mL) 3 X TN brine (300 mL) T¥eiE#. NaSO, TR, A%, &
HERELTHBIEREEZ DT L7 v~ N5 7 4 — (agradient of 0-6% ethyl acetate in
benzene) THEEL L., HEMKRO(LEYD 2 (3.8 ¢ 713%) 2HT-,

FABMS: m/z 435 [M + Na]"; '"H-NMR & Saez & "2 oF—4% L—&% L7, “C-NMR
AT MVE Table 1 (R LTz,

(208,22R,25R)-Spirost-1,4-dien-3-one 3

Diosgenone 2 (500 mg, 1.0 mmol) @ dioxane (20 mL) ¥&EIZ DDQ (90% purity) (1.0 g,
4.0mmol) ZMMZ., 36 KfEEG, RINHKEZ A1, FRE% CH,Cly (100 mL) (ZEAE L,
JIEYRX 10% NaOH (80 mL), H,0 (80 mL) 3 LT} brine (100 mL) THEHE L. Na,SO, T
B JEte . AiB, FRE% HPLC (10% H,O-acetone) THEHEL L. B 200-203 °C @ HEE
IReh (after recrystallization from methanol) 3 (224 mg, 49%) % &7z,

FABMS: m/z 433 [M + Na]’; 'H-NMR (% Takahira & ' 057 —% L —& L 7=,
BC-NMR A7 hLiE Table 1 1ZR L7z,

3,26-Diacetoxypseudodiosgenin 4

Diosgenin 1 (5.0 g, 12.1 mmol) @ acetic anhydride (50 mL) & E %= >~/ RF 2 —7
L200°C T 12 BRRENEA-DNE. RUSHR., BEEEE, BREEN T L7 vw b T
7 4 — (a gradient of 0-10% ethyl acetate in benzene) THEHEL L, HWROILE® 4 (B4 g
56%) %1537-, FABMS: m/z 523[M +Na]’; 'H- 38 L% BC-NMR (%, CBkE# ° 0%
nooL0E—E LI,
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Pseudodiosgenin 5

L& 4(11.5 g, 23.0 mmol) @ 10% KOH (H,O/EtOH =1/1) (230 mL) &K%, =
BT 1 BRI, S %E 5% NaHCO; (300 mL) (Z7EM L, CH,CL, (150 mL x 3) T
FhH, fhH A brine (300 mL) THei#%, NaSO, THiME, A%k, BELZEEL T
bE® 5059 B, BT LR RORISIZHE LT,

26-p-Toluenesulfonylpseudodiosgenin 6

1B 5(9.5g, 22.9 mmol) @ pyridine (230 mL) ¥&EIZ, TsCl(8.7 g, 45.8 mmol) %
Mz, 0°C T 4 BfIEEH, RUSIEE KK (300mL) IZHEM L, CH,Cl (150 mL x 3)
T L7z, fHEZE 5% HCL(150mL x 3), 5% NaHCO; (300 mL) 3 X O brine (300
mL) THERGEER. NaSO, THMRE, A, BELZEE, REEZ VT L0~ T
7 7 14— (a gradient of 0-15% EtOAc in toluene) THEEIL ., HRDO/ILEW 6 (125 g,
60%) =7,

FABMS: m/z 591 [M + Na]"; "H-NMR (CDCl;) (only assignable signals were listed) § 7.80
(1H, d, J= 8.2 Hz, C¢Hy), 7.34 (1H, d, J = 8.2 Hz, C¢Hy), 5.33 (1H, d, J = 5.2 Hz, H-6), 4.69
(1H, ddd, J = 10.1, 7.6, 5.8 Hz, H-16), 3.51 (1H, m, H-3), 3.89 (1H, dd, J = 9.3, 5.3 Hz,
H-26a), 3.80 (1H, dd, J= 9.3, 6.6 Hz, H-26b), 2.44 (3H, s, C¢H,CHs), 1.53 (3H, s, 21-CHs),
1.02 (3H, s, 19-CH3), 0.90 (3H, d, J = 6.7 Hz, 27-CHs), 0.64 (3H, s, 18-CH;); "C-NMR
(CDCl3) & 150.8 (C-22), 144.5 (C¢Hy), 140.8 (C-5), 132.9, 129.7 and 127.8 (C¢Hy), 121.2
(C-6), 104.0 (C-20), 84.2 (C-16), 74.8 (C-26), 71.5 (C-3), 64.0 (C-17), 54.9 (C-14), 49.9 (C-9),
43.1 (C-13), 42.1 (C-4), 39.4 (C-1), 37.1 (C-12), 36.5 (C-10), 34.0 (C-15), 32.2 (C-25), 32.1
(C-7), 31.5 (C-2), 31.1 (C-8), 29.9 (C-24), 22.8 (C-11), 21.5 (CsH,CH3), 20.9 (C-23), 19.3
(C-19), 16.3 (C-27), 13.8 (C-18), 11.5 (C-21); HRMS (FAB) m/z caled for CsHys05S [M +
HJ’, 569.3222, found: 569.3229.

26-lodopseudodiosgenin 7

&% 6 (7.8 g, 13.7 mmol) @ 3-pentanone (270 mL) ¥&E#&IZ Nal (8.6 g, 57.2 mmol)
MZ. 70°C T 7 B, BURIKE KK (1S0mL) IZHEA L,  CH)CL, (80 mL x
3) CHiH, MHIEE 10% N2,$0; (100 mL x 2) 3L brine (300 mL) TLE##%
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Na,SO; TEofE, A, BEABEL TEBLRELZ NI LI/ 0 T T 74— (a
gradient of 0-15% EtOAc in toluene) TR L. {LEW 10 (4.1 g, 58%) =&z,

FABMS: m/z 524 [M]"; "H-NMR (CDCl;) (only assignable signals were listed) § 5.35 (1H,
d, J=4.9 Hz, H-6), 4.74 (1H, ddd, J=10.1, 7.6, 5.8 Hz, H-16), 3.52 (1H, m, H-3), 3.24 (1H,
dd, J=9.5, 4.3 Hz, H-26a), 3.15 (1H, dd, J= 9.5, 6.1 Hz, H-26b), 2.47 (1H, d, /= 10.1 Hz,
H-17), 1.59 (3H, s, 21-CHj3), 1.02 (3H, s, 19-CHj3), 0.98 (3H, d, /= 6.4 Hz, 27-CH3), 0.69 (3H,
s, 18-CHs); "C-NMR (CDCL) & 150.1(C-22), 140.8 (C-5), 121.3 (C-6), 104.0 (C-20), 84.3
(C-16), 71.6 (C-3), 64.1 (C-17), 55.0 (C-14), 50.0 (C-9), 43.2 (C-13), 42.2 (C-4), 39.4 (C-1),
37.2 (C-12), 36.5 (C-10), 34.1 (C-15), 34.0 (C-25), 33.7 (C-24), 32.1 (C-7), 31.5 (C-2), 31.2
(C-8), 23.1 (C-11), 20.9 (C-23), 20.4 (C-27), 19.4 (C-19), 17.4 (C-26), 13.9 (C-18), 11.6
(C-21); HRMS (FAB) m/z calcd for Co;Hy 1O, [M]', 524.2151, found: 524.2142.

26-Thioacetylpseudodiosgenin 8

{EE® 7 (293 g, 5.5 mmol) DEEK acetone WIKIZ KSAc (705 mg, 6.2 mmol) &7l
Z. IR T 24 BEERARER, RS ZK/K (200 mL) 1Z7FEM L, CH,CL(100 mL x 3) C
fliH, #hHEZ brine (200 mL) TUEHETR., NaSO, THIE, Ak, BWELZEE, &
& % HPLC (15% H,O-acetone) THEHL L, Bl&A 9294 °C ® AEH K& (after
recrystallization from ethanol) 8 (1.86 g, 71% ) %47,

FABMS: m/z 495 [M + Na]"; '"H-NMR (CDCl;) (only assignable signals were listed) & 5.34
(1H, d, J= 5.2 Hz, H-6), 4.73 (1H, ddd, /= 10.1, 7.9, 5.8 Hz, H-16), 3.52 (1H, m, H-3), 2.93
(1H, dd, J = 13.1, 5.5 Hz, H-26a), 2.77 (1H, dd, J = 13.1, 7.3 Hz, H-26b), 2.46 (1H, d, J =
10.1 Hz, H-17), 2.32 (3H, s, SCOCHa), 1.58 (3H, s, 21-CH3), 1.02 (3H, s, 19-CHj3), 0.94 (3H,
d, J= 6.7 Hz, 27- CHs), 0.68 (3H, s, 18-CHs); "C-NMR (CDCl5) & 195.9 (SCOCH), 151.4
(C-22), 140.8 (C-5), 121.3 (C-6), 103.9 (C-20), 84.3 (C-16), 71.6 (C-3), 64.2 (C-17), 55.0
(C-14), 50.1 (C-9), 43.2 (C-13), 42.2 (C-4), 39.5 (C-1), 37.2 (C-12), 36.6 (C-10), 35.7 (C-26),
34.1 (C-15), 33.3 (C-24), 32.8 (C-25), 32.2 (C-7), 31.6 (C-2), 31.2 (C-8), 30.7 (SCOCHs),
23.3 (C-11), 21.0 (C-23), 19.4 (C-19), 19.0 (C-27), 13.9 (C-18), 11.6 (C-21); HRMS (FAB)
m/z caled for CooHyO3SNa [M + Na]', 495.2909, found: 495.2811.

26,26'-(Bispseudodiosgeninyl) disulfide 9

{LE® 8(900 mg, 1.9 mmol) % 0.2 M NaOH (H,O/EtOH = 1/9) (200 mL) IZIEfZ L.

50



BT 24 BEEE, R E 5% HCL(Q00 mL) ML, & 512k/K (200 mL) %
Mz, CH,CL (100 mL x 3) T, FHH#E % 5% NaHCO;(200 mL) & brine (300 mL)
TIER P&, NaSO, THE, A%, BELEEL, BEL HPLC (5%
H,O-acetone) THEH L CTHlA 82-84 °C @ HEEHIREL (after recrystallization from
ethanol) 9 (450 mg, 55%) % &7~

FABMS: m/z 881 [M + Na]"; "H-NMR (CDCl;) (only assignable signals were listed) & 5.35
(14, d, J=5.2 Hz, H-6), 4.73 (1H, ddd, J=10.1, 7.6, 5.5 Hz, H-16), 3.52 (1H, m, H-3), 2.75
(1H, dd, J = 12.8, 5.5 Hz, H-26a), 2.51 (1H, dd, J = 12.8, 7.9 Hz, H-26b), 2.47 (1H, d, J =
10.1 Hz, H-17), 1.59 (3H, s, 21-CH3), 1.02 (3H, s, 19-CH3), 1.00 (3H, d, J = 6.7 Hz, 27-CHj),
0.69 (3H, s, 18-CHs); "C-NMR (CDCL) & 151.5 (C-22), 140.8 (C-5), 121.4 (C-6), 103.8
(C-20), 84.3 (C-16), 71.7 (C-3), 64.2 (C-17), 55.0 (C-14), 50.1 (C-9), 46.8 (C-26), 43.3 (C-13),
42.3 (C-4), 39.5 (C-1), 37.3 (C-12), 36.6 (C-10), 34.1 (C-15), 33.4 (C-24), 32.6 (C-25), 32.2
(C-7),31.6 (C-2), 31.3 (C-8), 23.4 (C-11), 21.0 (C-23), 19.4 (C-19), 18.9 (C-27), 14.0 (C-18),
11.7 (C-21); HRMS (FAB) m/z caled for CssHgpNaO4S, [M + Na]’, 881.5552, found:
881.5538.

(205,225,25R)-22-Thiospirost-5-en-3p-ol 10

fEE% 9 (70 mg, 0.08 mmol) @ AcOH (10 mL) ¥#RIZ Zn (20 mg, 0.31 mmol)
%, 24 FEELEVE, AIEBEE A EE, RED acetone (1 mL) BEWRIZ 10% KOH (H,0
/EtOH=1/1)(5mL) &M%, TR T 24 BRI, RIS EZ KK 40mL) (ZyEmL .,
CH,Cl, (70 mL x 3) T, &% brine (200 mL) THEF L. NaSO, TEME, 5
Wik, B A B R, RE% HPLC (15% HyO-acetone) TRERI L, @& 212-214°C O H
EEHIRER (after recrystallized from ethanol) 10 (50 mg, 71%) = &7-,

FABMS: m/z 453 [M + Na]"; "H-NMR (CDCl;) (only assignable signals were listed) & 5.33
(1H, d, J= 5.2 Hz, H-6), 4.61 (1H, dd, J = 15.3, 7.6 Hz, H-16), 3.50 (1H, m, H-3x), 2.52 (1H,
dd, J = 13.1, 11.6 Hz, H-26a), 2.26 (1H, dd, J = 13.1, 2.1 Hz, H-26b), 1.01 (3H, s, 19-CHa),
1.00 (3H, d, J = 7.3 Hz, 21-CH3), 0.91 (3H, d, J = 6.7 Hz, 27-CHj), 0.82 (3H, s, 18-CH;) ;
PC-NMR A~XZ kL Tabel 2 (7R L7z, HRMS (FAB) m/z caled for CoHis05S [M +
H]', 431.2983, found: 431.2968.

3B-0-Benzyl-(20S,22S,25R)-22-thiospirost-5-ene 11
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3B-O-benzyl-26-thioacetylpseudodiosgenin > (1.0 g, 1.8 mmol) ® MeOH (200 mL).
10% HC1/ MeOH (200 mL) BEE % 36 FEELEDT, KISH. KK (300 mL) [Z¥EM L.
CH,Cl, (200 mL x 3 ) THiH, il % brine (300 mL) T¥e# L. Na,SO, THLE L 7=,
HlEth, BEEAEBELTELEEE VT L7 0~ T 7 4 — (a gradient of 0-2%
ethyl acetate in benzene) THEEL L Bl 149-151°C O HEEHREE (after recrystallization
from ethanol) 11 (544 mg, 56%) % #&7-,

FABMS: m/z 543 [M + Na]"; '"H-NMR (CDCl;) (only assignable signals were listed)
8 7.35-7.24 (5H, aromatic protons), 5.34 (1H, d, J= 5.2 Hz, H-6), 4.63 (1H, dd, J=15.3, 7.6
Hz, H-16), 4.55 (2H, d, J = 2.1 Hz, CHsCH,), 3.27 (1H, m, H-3a), 2.53 (1H, dd, J = 12.8,
11.6 Hz, H-26a), 2.28 (1H, dd, J = 12.8, 1.8 Hz, H-26b), 1.03 (3H, s, 19-CHj3), 1.01 3H, d, J
=7.0 Hz, 21-CHs), 0.92 (3H, d, J= 6.4 Hz, 27-CHs), 0.80 (3H, s, 18-CH;); "C-NMR (CDCl;)
S 140.9 (C-5), 138.9 (CeHsCH,), 128.2 (CeHsCH, x 2), 127.4 (C¢HsCH, x 2), 1273
(CeHsCHy), 121.2 (C-6), 97.4 (C-22), 81.5 (C-16), 78.4 (C-3), 69.8 (CcHsCH,), 62.7 (C-17),
56.5 (C-14), 50.0 (C-9), 44.3 (C-20), 40.2 (C-13), 39.7 (C-12), 39.0 (C-4), 38.5 (C-23), 37.1
(C-1), 36.9 (C-10), 33.2 (C-8), 32.0 (C-24, C-26), 31.7 (C-15), 31.3 (C-7, C-25), 28.3 (C-2),
22.4 (C-27), 20.7 (C-11), 19.3 (C-19), 16.4 (C-18), (C-21); HRMS (FAB) m/z calcd for
C34HyO3S [M + H]', 521.3453, found: 521.3427.

26-Selenocyanopseudodiosgenin 12

{b&# 7 (1.45 g, 2.8 mmol) @ DMF (130 mL) A2 KSeCN (2.0 g, 13.9 mmol) %
Mz, 60°C T 24 BEREER, KIS E KK (150 mL) 1Z¥EM L, CH,CL (150 mL x 3)
T, R % 5% NaHCO; (300 mL) & brine (300 mL) T¥e/1% Na,SO, THLE,
AiBt ., Wit 2B, FRE% HPLC (15% HyO-acetone) CTHEHRL L CTHELA 106-108°C @
HEEsHKkEs (after recrystallization from ethanol) 12 (0.98 g, 71%) % &7-,

FABMS: m/z 526 [M + Na]"; "H-NMR (CDCl;) (only assignable signals were listed) & 5.35
(1H, d, J = 5.5 Hz, H-6), 4.75 (1H, ddd, J = 10.1, 7.6, 5.5 Hz, H-16), 3.52 (1H, m, H-3), 3.16
(1H, dd, J = 11.9, 5.2 Hz, H-26a), 2.95 (1H, dd, J = 11.9, 7.3 Hz, H-26b), 2.48 (1H, d, J =
10.1 Hz, H-17), 1.60 (3H, s, 21-CH3), 1.07 (3H, d, J = 6.7 Hz, 27-CH;), 1.02 (3H, s, 19-CH3),
0.69 (3H, s, 18-CH;); "C-NMR (CDCL) d 150.6 (C-22), 140.8 (C-5), 121.3 (C-6), 104.4
(C-20), 102.0 (SeCN), 84.4 (C-16), 71.6 (C-3), 64.0 (C-17), 54.9 (C-14), 50.0 (C-9), 43.2
(C-13), 42.2 (C-4), 39.4 (C-1), 37.6 (C-26), 37.2 (C-12), 36.5 (C-10), 34.0 (C-15), 33.6 (C-25),
33.1 (C-24), 32.1 (C-7), 31.5 (C-2), 31.2 (C-8), 23.1 (C-11), 20.9 (C-23), 19.4 (C-19), 19.2
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(C-27), 13.9 (C-18), 11.6 (C-21); HRMS (FAB) m/z caled for Cygll;O,NSeNa [M + Na]",
526.2200, found: 526.2199.

26,26'-(Bispseudodiosgenyl) diselenide 13

tA&# 12 (1.50 g, 3.0 mmol) @ DMF (70 mL) ¥EKIZ K,CO; (1.7 ) BELUVH,0 (7.2
mL) ZA0Z., 80°C, 8 WffiiE#P, RUSTREAMEIZ /2 D £ T AcOH ZANZ., KK (250
mL) (Z¥EM# CH,CL (250 mL x 3) THiIH, K% 5% NaHCO; (500 mL) 38 LW
brine (500 mL) TIERLEE % Na,SO, T e, A1B%., BEZEEL., BiEL
EtOH-H,0 THE#E&E L. @A 115-117°C O A/EEHRE 13 (091 g, 64%) #1587,

FABMS: m/z 977 [M + Na]"; 'H-NMR (CDCl;) (only assignable signals were listed) & 5.34
(1H, d, J = 5.2 Hz, H-6), 4.74 (1H, ddd, J = 10.1, 7.9, 5.8 Hz, H-16), 3.52 (1H, m, H-3), 3.03
(1H, dd, J = 11.9, 5.2 Hz, H-26a), 2.83 (1H, dd, J = 11.9, 7.9 Hz, H-26b), 2.47 (1H, d, J =
10.1 Hz, H-17), 1.59 (3H, s, 21-CHs), 1.02 (3H, s, 19-CH3), 1.01 (3H, d, J = 6.7 Hz, 27-CH3),
0.69 (3H, s, 18-CH;); "C-NMR (CDCl;) & 151.5 (C-22), 140.8 (C-5), 121.3 (C-6), 103.8
(C-20), 84.3 (C-16), 71.6 (C-3), 64.2 (C-17), 55.0 (C-14), 50.0 (C-9), 43.2 (C-13), 42.2 (C-4),
39.5 (C-1), 39.1 (C-26), 37.2 (C-12), 36.6 (C-10), 34.1 (C-15), 33.9 (C-25), 33.8 (C-24), 32.2
(C-7), 31.6 (C-2), 31.2 (C-8), 23.4 (C-11), 21.0 (C-23), 19.5 (C-27), 19.4 (C-19), 14.0 (C-18),
11.7 (C-21); HRMS (FAB) m/z calcd for CsHgNaO4Se, [M + Na]®, 977.4441, found:
977.4509.

(208,228,25R)-22-Selenospirost-5-en-33-0l 14

{b&% 13 (910 mg, 0.95 mmol) % Zn/AcOH TETH. (LAY 10 DEA L FREIC
RLEE LT, A 236-238°C D HEERIRAL (after recrystallized from EtOH-H,0) 14 (710
mg, 78%) % 1&7,

FABMS: m/z 501 [M + Na]"; '"H-NMR (CDCl;) (only assignable signals were listed)
535 (1H, d, J = 5.2 Hz, H-6), 4.64 (1H, dd, J = 15.6, 7.6 Hz, H-16), 3.52 (1H, m, H-3a),
2.59 (1H, t, J = 11.9 Hz, H-26a), 2.37 (1H, d, J = 11.9 Hz, H-26b), 1.02 (3H, s, 19-CHs),
1.01 (3H, d, J= 6.7 Hz, 21-CHs), 0.97 (3H, d, J = 6.7 Hz, 27-CHj3), 0.82 (3H, s, 18-CH;) ;
BC.NMR A7 hJLiZ Tabel 212K L7z, HRMS (FAB) m/z caled for CyHipNaO,Se
[M + Na]’, 501.2248, found: 501.2259.
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26-Phthalimidopseudodiosgenin 15

&% 7 (3.72 g, 7.1 mmol) @ DMF (190 mL) ¥&&IZ potassium phthalimide (1.5 g,
8.1mmol) ZANZ. 80°C T 4 FpfE#, RIS A KK (200 mL) IZHEML, CHCL
(100 mL x 3) THiH, f#HEE 5% NaOH (200 mL) R X" brine (250mL) THEE L.
Na,SO, THzfE L7z, A% BWIELEEL TEBLRELZ VT L7 a~ N T 74— (a
gradient of 0-5% ethyl acetate in benzene) THEHE L. {LEW 15(2.61 g, 68%) &7,

FABMS: m/z 543 [M]"; "TH-NMR (CDCl;) (only assignable signals were listed) & 7.84 (2H,
dd, J=15.5,3.0 Hz, C¢Hy), 7.71 (2H, dd, J=5.5, 3.0 Hz, C¢Hy), 5.4 (1H, d, J= 5.2 Hz, H-6),
4.70 (1H, ddd, J=10.1, 7.9, 5.8 Hz, H-16), 3.59 (1H, dd, J = 13.4, 6.7 Hz, H-26a), 3.52 (1H,
m, H-3a), 3.50 (1H, dd, J=13.4, 7.9 Hz, H-26b), 2.45 (1H, d, /= 10.1 Hz, H-17), 1.58 (3H, s,
21-CHs), 1.02 (3H, s, 19-CH;), 0.92 (3H, d, J = 6.7 Hz, 27-CH3), 0.63 (3H, s, 18-CHj3);
BC-NMR (CDCl;) 8 168.6 (CO), 151.3 (C-22), 140.8 (C-5), 133.8, 132.1 and 123.2 (C¢Hy),
121.3 (C-6), 103.9 (C-20), 84.2 (C-16), 71.6 (C-3), 64.1 (C-17), 55.0 (C-14), 50.0 (C-9), 44.0
(C-26), 43.2 (C-13), 42.2 (C-4), 39.5 (C-1), 37.2 (C-12), 36.6 (C-10), 34.0 (C-15), 32.2 (C-7,
C-25),31.8 (C-24),31.6 (C-2), 31.2 (C-8), 23.1 (C-11), 21.0 (C-23), 19.4 (C-19), 17.3 (C-27),
13.8 (C-18), 11.6 (C-21); HRMS (FAB) m/z calcd for CssHysOMN [M], 543.3349, found:
543.3340.

Solasodine 16

{E&% 15 (500 mg, 0.9 mmol) @ EtOH (10 mL) ¥&EIZ NH,NH, H,O (120 mg, 1.9
mmol) #Mz. 1 BRREM, RIS 10% HPO, (10 mL) ZA0%. &5i2 1 B
BIE L7z, BUSHZ H0 (150 mL) [ZHEM L, A, A% 10% NaOH TT /L4 Y
P& L. CHCL (100 mL x 3) THiH, #H#% brine (200 mL) T¥E# L. NaSO, T
iR, A%, BEEEEL, BEE2 27 o~ VT 7 41— (agradient of 0-40% acetone
in benzen) THREE L, A& 202-204°C @ solasodine 16 (190 mg, 50%) %157z,

FABMS: m/z 436 [M + Na]"; '"H-NMR i Puri b *® OoF—% L —% L%, “C-NMR
AT N ViE Table 2 1278 L T2,

(205,228,25R)-22-Thiospirost-4-en-3-one 17
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{b&% 2 LRI, 10 (1.50 g, 3.5 mmol) % Oppenauver (L L. Bl&E 213-215°C
DO BEEERE 17 (121 g, 81%) 2H7=,

FABMS: m/z 451 [M + Na]"; "H-NMR (CDCl;) (only assignable signals were listed) § 5.72
(1H, s, H-4), 4.63 (1H, dd, J= 15.3, 7.6 Hz, H-16), 2.52 (1H, t, J= 11.9 Hz, H-26a), 2.29 (1H,
m, H-26b), 1.20 (3H, s, 19-CHs), 1.01 (3H, d, J = 7.0 Hz, 21-CH;), 0.93 (3H, d, J = 6.4 Hz,
27-CHs), 0.84 (3H, s, 18-CH;); "C-NMR A~2Z h/Lid Tabel 2 1277 L7z, HRMS (FAB)
m/z caled for CysHy O,S [M + HJ', 429.2819, found: 429.2818.

(20S5,228,25R)-22-Selenospirost-4-en-3-one 18

&% 2 LREERIZ, 14 (710 mg, 1.5 mmol) % Oppenauer B2{L L. @l 206-208 °C
D EEERAE (after recrystallization from ethanol) 18 (520 mg, 74%) % &7z,

FABMS: m/z 499 [M + Na]"; "H-NMR (CDCl;) (only assignable signals were listed) & 5.73
(1H, s, H-4), 4.65 (1H, dd, J= 15.3, 7.6 Hz, H-16), 2.59 (1H, t, /= 11.9 Hz, H-26a), 2.37 (1H,
dd, J=11.9, 3.1 Hz, H-26b), 1.20 (3H, s, 19-CH,), 1.03 (3H, d, J= 6.7 Hz, 21-CHj,), 0.97 (3H,
d, J=6.7 Hz, 27-CHj3), 0.84 (3H, s, 18-CHs) ; BC.NMR Z2%7 R LiE Tabel 2 127 L7,
HRMS (FAB) m/z caled for Co;Hy0,Se [M + H]', 477.2272, found: 477.2260.

Solasodinone 19

&% 2 LFEERIC, 16 (280 mg, 0.67 mmol) % Oppenauer F&{L L. @ 179-181 °C
@ solasodinone 22 (190 mg, 68%) %757z,

FABMS: m/z 434 [M + Na]"; 'H-NMR % Adam & "™ 0F—% & —F L7,
PCNMR A7 h)Vid Table 2 IZR LTz,

(208,228,25R)-22-Thiospirost-1,4-dien-3-one 20

{b&% 3 LREERIC, 17 (430 mg, 1.0 mmol) % DDQ Bk L. Bl 215-217°C @
HEEHREL (after recrystallization from ethanol) 20 (87 mg, 21%) %457z,

FABMS: m/z 449 [M + Na]"; "H-NMR (CDCl;) (only assignable signals were listed) & 7.04
(1H, d, J=10.1 Hz, H-1), 6.22 (1H, dd, J = 10.1, 1.8 Hz, H-2), 6.07 (1H, s, H-4), 4.62 (1H,
dd, J=11.3, 7.6 Hz, H-16), 2.53 (1H, dd, /= 12.8, 11.6 Hz, H-26a), 2.29 (1H, dd, J = 12.8,
2.4 Hz, H-26b), 1.25 (3H, s, 19-CH,), 1.01 (3H, d, J= 7.0 Hz, 21-CH3), 0.93 (3H, d, J= 6.7
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Hz, 27-CHs), 0.87 (3H, s, 18-CH;); *C-NMR Z-27 h/LiZ Tabel 2 1257 L7-, HRMS
(FAB) m/z calcd for Cy;H300,S [M + HJ", 427.2671, found: 427.2664.

26-Iodopseudodiosgenone 21

fb&® 2 EFEERIZ, 7 (1.0 g 1.9 mmol) % Oppenaver B{k L. EE (semisolid)
DALEY 21 (725 mg, 73%) % B77,

FABMS: m/z 545 [M + Na]"; "H-NMR (CDCL;) (only assignable signals were listed) & 5.73
(1H, s, H-4), 4.74 (1H, ddd, J = 10.1, 7.9, 5.5 Hz, H-16), 3.25 (1H, dd, J = 9.8, 4.3 Hz, H-26a),
3.16 (1H, dd, /= 9.8, 6.1 Hz, H-26b), 2.48 (1H, d, /= 10.1 Hz, H-17), 1.60 (3H, s, 21-CHs),
1.20 (3H, s, 19-CHs), 0.99 (3H, d, J = 6.4 Hz, 27-CHj), 0.72 (3H, s, 18-CH;); "C-NMR
(CDCI3) & 199.4 (C-3), 171.0 (C-5), 151.3 (C-22), 123.9 (C-4), 103.9 (C-20), 84.1 (C-16),
64.0 (C-17), 54.2 (C-14), 53.7 (C-9), 43.3 (C-13), 39.3 (C-12), 38.6 (C-10), 35.7 (C-1), 35.0
(C-8), 34.1 (C-25), 33.9 (C-2), 33.7 (C-24), 32.8 (C-6), 32.3 (C-7 and C-15), 23.1 (C-11), 20.9
(C-23), 20.5 (C-27), 17.4 (C-19 and C-26), 14.1 (C-18), 11.6 (C-21) ; HRMS (FAB) m/z calcd
for CysHyolO, [M + HJ', 523.2073, found: 523.2070.

{bE 22-42, 44 & 45 O—FEIRUS

LB 7 B XV 21 (200 mg, 0.38 mmol) ® DMF (15 mL) k% Table 4 2R L7-
KT, BEREBVRIICEZIT o7z, Kbtk RIGKZKAK (S0 mL) 23, CH,ChL
(30 mL x 4) THH, % brine (100 mL) TEHEH%., Na,SO, TR, A1,
B AEEL, BiES HPLC, #5470~ N5 7 4 —RUOBEELCREREL,
BT LK (EMEERT,

26-Selenocyanopseudodiosgenone 22

ft&% 21 % KSeCN & KJixL. semisolid {bA&# 22 (270 mg, 67%) % 1&7=,
FABMS: m/z 524 [M + Na]"; "TH-NMR (CDCl;) (only assignable signals were listed) & 5.73
(1H, s, H-4), 4.75 (1H, ddd, J = 10.1, 7.9, 5.8 Hz, H-16), 3.16 (1H, dd, J = 11.9, 5.5 Hz,
H-26a), 2.96 (1H, dd, J = 11.9, 7.3 Hz, H-26b), 2.49 (1H, d, J= 10.1 Hz, H-17), 1.60 (3H, s,
21-CHs), 1.20 (3H, s, 19-CH3), 1.08 (3H, d, J = 6.7 Hz, 27-CH3), 0.72 (3H, s, 18-CHs);
BCNMR (CDCl3) § 199.5 (C-3), 171.0 (C-5), 150.8 (C-22), 123.9 (C-4), 104.3 (C-20), 102.0
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(SeCN), 84.2 (C-16), 64.0 (C-17), 54.2 (C-14), 53.7 (C-9), 43.3 (C-13), 39.3 (C-12), 38.6
(C-10), 35.6 (C-26), 35.7 (C-1), 35.0 (C-8), 33.9 (C-2 and C-5), 33.6 (C-25), 33.2 (C-24), 32.8
(C-6), 32.3 (C-7), 23.1 (C-11), 20.9 (C-23), 19.2 (C-27), 17.4 (C-19), 14.1 (C-18), 11.6
(C-21) ; HRMS (FAB) m/z caled for CosHigNO,Se [M + H]*, 502.2224, found: 502.2218.

26-Thiocyanopseudodiosgenin 23

&% 7 % KSCN & &t L. HPLC (15% HyO-acetone) CTHEBLL . semisolid @
L& 23 (70 mg, 40%) %=1&7-,

FABMS: m/z 478 [M + Na]"; 'TH-NMR (CDCl;) (only assignable signals were listed) & 5.34
(1H, d, J=5.5 Hz, H-6), 4.75 (1H, ddd, J=10.1, 7.9, 5.8 Hz, H-16), 3.51 (1H, m, H-3a), 3.03
(1H, dd, J = 12.8, 5.5 Hz, H-26a), 2.80 (1H, dd, J = 12.8, 7.6 Hz, H-26b), 2.48 (1H, d, J =
10.1 Hz, H-17), 1.60 (3H, s, 21-CH3), 1.07 (3H, d, J= 6.4 Hz, 27-CHj;), 1.02 (3H, s, 19-CH3),
0.69 (3H, s, 18-CHs); PC-NMR (CDCl3) & 150.5 (C-22), 140.8 (C-5), 121.2 (C-6), 112.7
(SCN), 104.4 (C-20), 84.3 (C-16), 71.5 (C-3), 64.0 (C-17), 54.9 (C-14), 50.0 (C-9), 43.2
(C-13), 42.1 (C-4), 41.1 (C-26), 39.4 (C-1), 37.2 (C-12), 36.5 (C-10), 34.0 (C-15), 33.2 (C-25),
32.5 (C-24), 32.1 (C-7), 31.5 (C-2), 31.1 (C-8), 23.0 (C-11), 20.9 (C-23), 19.3 (C-19), 18.3
(C-27), 13.9 (C-18), 11.6 (C-21); HRMS (FAB) m/z calcd for CygH, ONS [M]', 455.2858,
found: 455.2853.

26-Thiocyanopseudodiosgenone 24

&% 21 % KSCN & & L. HPLC (15% H,O-acetone) THEHL L. semisolid @
{b&% 24 (137 mg, 79%) %7577,

FABMS: m/z 476 [M + Na]*; '"H-NMR (CDCls) (only assignable signals were listed) § 5.72
(1H, s, H-4), 4.75 (1H, ddd, J = 10.1, 7.9, 5.5 Hz, H-16), 3.03 (1H, dd, J = 12.8, 5.5Hz,
H-26a), 2.81 (1H, dd, J = 12.8, 7.6 Hz, H-26b), 2.48 (1H, d, J = 10.1 Hz, H-17), 1.60 (3H, s,
21-CHs;), 1.20 (3H, s, 19-CH;), 1.08 (3H, d, J = 6.4 Hz, 27-CH3), 0.72 (3H, s, 18-CH3);
PC-NMR (CDCl) § 199.3 (C-3), 170.9 (C-5), 150.8 (C-22), 123.8 (C-4), 112.7 (SCN), 104.2
(C-20), 84.1 (C-16), 64.0 (C-17), 54.1 (C-14), 53.6 (C-9), 43.3 (C-13), 39.2 (C-12), 38.6
(C-10), 35.6 (C-1), 34.9 (C-8), 33.9 (C-2), 33.2 (C-25), 32.7(C-6), 32.5 (C-24), 32.2 (C-7 and
C-15), 23.0 (C-11), 20.9 (C-23), 18.3 (C-27), 17.3 (C-19), 14.0 (C-18), 11.6 (C-21); HRMS
(FAB) m/z caled for CosHyO,NS [M + H]", 454.2780, found: 454.2754.
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Pseudodiosgenin-25(26)-ene 25

&% 7 % KOCN EJSL., HPLC (15% HyO-acetone) THEEIL . @ls 86-88°C
DAEMROLEY 25 (38 mg, 25%) 2 ET,

FABMS: m/z 419 [M + Na]"; "H-NMR (CDCl,) (only assignable signals were listed) & 5.35
(1H, dt, J= 5.5, 2.1 Hz, H-6), 4.74 (1H, ddd, /= 10.1, 7.6, 5.8 Hz, H-16), 4.70 (2H, m, H-26),
3.52 (1H, m, H-3a), 2.48 (1H, d, J = 10.4 Hz, H-17), 1.73 (3H, s, 27-CH3), 1.59 (3H, s,
21-CH3), 1.03 (3H, s, 19-CHs), 0.69 (3H, s, 18-CHs); "C-NMR (CDCl3) § 151.3 (C-22), 145.4
(C-25), 140.8 (C-5), 121.4 (C-6), 109.9 (C-26), 103.7 (C-20), 84.3 (C-16), 71.7 (C-3), 64.2
(C-17), 55.0 (C-14), 50.1 (C-9), 43.2 (C-13), 42.2 (C-4), 39.5 (C-1), 37.2 (C-12), 36.6 (C-10),
35.2 (C-24), 34.1 (C-15), 32.2 (C-7), 31.6 (C-2), 31.2 (C-8), 24.4 (C-11), 22.4 (C-27), 21.0
(C-23), 19.4 (C-19), 13.9 (C-18), 11.6 (C-21); HRMS (FAB) m/z calcd for Cp;H40, [M],
396.3029, found: 396.3022.

Pseudodiosgenone-25(26)-ene 26

&% 21 % KOCN & &S L., HPLC (15% H,O-acetone) THEHL L. semisolid @
{LEH 26 (61 mg, 40%) =157~

FABMS: m/z 417 [M + Na]"; '"H-NMR (CDCl;) (only assignable signals were listed) & 5.73
(1H, s, H-4), 4.74 (1H, ddd, J= 10.4, 8.2, 5.8 Hz, H-16), 4.70 (2H, m, H-26), 2.48 (1H, d, J =
10.4 Hz, H-17), 1.73 (3H, s, 27-CH3), 1.59 (3H, s, 21-CHj3), 1.20 (3H, s, 19-CH3), 0.72 (3H, s,
18-CHs); "C-NMR (CDCl) 8 199.3 (C-3), 171.0 (C-5), 151.5 (C-22), 145.2 (C-25), 123.8
(C-4), 110.0 (C-26), 103.5 (C-20), 84.0 (C-16), 64.1 (C-17), 54.1 (C-14), 53.7 (C-9), 43.2
(C-13), 39.3 (C-12), 38.6 (C-10), 35.6 (C-1), 35.1 (C-15), 34.9 (C-8), 33.9 (C-2 and C-24),
32.7 (C-6), 32.2 (C-7), 24.3 (C-11), 22.3 (C-27), 20.9 (C-23), 17.3 (C-19), 14.0 (C-18), 11.5
(C-21); HRMS (FAB) m/z caled for Co;H300, [M + H]", 395.2951, found: 395.2939.

26-Cyanopseudodiosgenin 27

k&% 7 % KCN & Uit L. HPLC (15% H,O-acetone) THER L. BlA 132°C O
HEMmEROIAEY 27 (121 mg, 75%) 577,
FABMS: m/z 446 [M + Na]"; 'H-NMR (CDCl5) (only assignable signals were listed) 8 5.34
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(1H, d, J=5.2 Hz, H-6), 4.73 (1H, ddd, /= 10.1, 7.9, 5.8 Hz, H-16), 3.51 (1H, m, H-3), 2.48
(1H, d, J=10.1 Hz, H-17), 2.35 (1H, dd, J= 16.8, 5.2 Hz, H-26a), 2.24 (1H, dd, /= 16.8, 7.3
Hz, H-26b), 1.59 (3H, s, 21-CH3), 1.08 (3H, d, J = 6.7 Hz, 27-CH3), 1.02 (3H, s, 19-CHj3),
0.68 (3H, s, 18-CH3); PC-NMR (CDCl;) 8 150.5 (C-22), 140.7 (C-5), 121.2 (C-6), 118.7 (CN),
104.2 (C-20), 84.3 (C-16), 71.4 (C-3), 64.0 (C-17), 54.9 (C-14), 49.9 (C-9), 43.1 (C-13), 42.1
(C-4), 39.4 (C-1), 37.1 (C-12), 36.5 (C-10), 34.0 (C-15), 33.1 (C-24), 32.0 (C-7), 31.4 (C-2),
31.0 (C-8), 29.8 (C-25), 24.2 (C-26), 23.0 (C-11), 20.9 (C-23), 19.3 (C-19), 19.1 (C-27), 13.8
(C-18), 11.5 (C-21); HRMS (FAB) m/z calcd for CygHyOoN [M]", 423.3137, found: 423.3137.

26-Cyanopseudodiosgenone 28, (25R)-5a,26-dicyanofurost-3-one 29 & (25R)-5B,26-

dicyanofurost-3-one 30

{t&% 21 % KCN & &L, HPLC (DOCOSIL-B, 37.5% H,0O-acetone) ¥58. 1L .
semisolid D{tE4#) 28 (54 mg, 33%). 29 (20 mg, 12%) 3 LT 30 30 mg, 17%) % &/,

FABMS of 28: m/z 444 [M + Na]"; "H-NMR (CDCl;) (only assignable signals were listed) &
5.73 (1H, s, H-4), 4.74 (1H, ddd, /= 10.1, 7.9, 5.5 Hz, H-16), 2.48 (1H, d, /= 10.1 Hz, H-17),
2.35 (1H, dd, J = 16.8, 5.2 Hz, H-26a), 2.24 (1H, dd, J = 16.8, 7.3 Hz, H-26b), 1.59 (3H, s,
21-CH;), 1.20 (3H, s, 19-CH3), 1.09 (3H, d, J = 6.7 Hz, 27-CHa3), 0.72 (3H, s, 18-CHa);
BCNMR (CDCls) & 199.5 (C-3), 171.0 (C-5), 150.8 (C-22), 123.9 (C-4), 118.7 (CN), 104.2
(C-20), 84.2 (C-16), 64.0 (C-17), 54.1 (C-14), 53.7 (C-9), 43.3 (C-13), 39.3 (C-12), 38.6
(C-10), 35.7 (C-1), 35.0 (C-8), 33.9 (C-2), 33.1 (C-24), 32.7 (C-6 and C-15), 32.2 (C-7), 29.9
(C-25), 24.3 (C-26), 23.1 (C-11), 20.9 (C-23), 19.2 (C-27), 17.4 (C-19), 14.0 (C-18), 11.6
(C-21); HRMS (FAB) m/z caled for CpsHyO,N [M + H]', 422.3059, found: 422.3048.

FABMS of 29: m/z 471 [M + Na]"; '"H-NMR (CDCl;) (only assignable signals were listed) §
4.75 (1H, ddd, J= 104, 7.9, 5.8 Hz, H-16), 2.54 (1H, d, J= 15.9 Hz, H-4a), 2.51 (1H, d, J =
10.4 Hz, H-17), 2.47 (1H, d, J = 15.9 Hz, H-4b), 2.35 (1H, dd, J= 16.8, 5.5 Hz, H-26a), 2.24
(1H, dd, J=16.8, 7.3 Hz, H-26b), 1.59 (3H, s, 21-CHj3), 1.15 (3H, s, 19-CH3), 1.09 3H, d, J =
6.7 Hz, 27-CHs), 0.69 (3H, s, 18-CH;); "C-NMR (CDCls) & 206.1 (C-3), 150.9 (C-22), 122.1
(5-CN), 118.8 (26-CN), 104.2 (C-20), 84.2 (C-16), 64.0 (C-17), 53.9 (C-14), 49.3 (C-9),47.3
(C-5), 47.2 (C-4), 43.5 (C-13), 39.1 (C-12), 37.9 (C-10), 37.1 (C-1), 34.2 (C-6 and C-8), 33.8
(C-2), 33.2 (C-24), 31.4 (C-15), 29.9 (C-25), 28.3 (C-7), 24.3 (C-26), 23.1 (C-11), 21.4 (C-23),
19.3 (C-27), 14.2 (C-18), 12.1 (C-19), 11.6 (C-21); HRMS (FAB) m/z calcd for CyoHsoO,N,
[M]", 448.3090, found: 448.3087.
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FABMS of 30: m/z 471 [M + Na]"; 'H-NMR (CDCl;) (only assignable signals were listed) &
4.74 (1H, ddd, J=10.1, 7.9, 5.5 Hz, H-16), 2.99 (1H, d, /= 15.9 Hz, H-4a), 2.50 (1H, d, J =
10.1 Hz, H-17), 2.38 (1H, d, J = 15.9 Hz, H-4b), 2.34 (1H, dd, J= 16.8, 5.2 Hz, H-26a), 2.24
(1H, dd, J=16.8, 7.3 Hz, H-26b), 1.59 (3H, s, 21-CH3), 1.28 (3H, s, 19-CHj3), 1.08 (3H, d, J =
6.7 Hz, 27-CH3), 0.72 (3H, s, 18-CH;); >C-NMR (CDCl3) § 206.8 (C-3), 151.1 (C-22), 122.6
(5-CN), 118.8 (26-CN), 104.0 (C-20), 84.1 (C-16), 64.1 (C-17), 54.4 (C-14), 45.7 (C-5), 44.2
(C-4), 43.3 (C-13), 40.2 (C-9), 39.2 (C-12), 37.2 (C-10), 36.5 (C-1), 33.9 (C-8), 33.8 (C-2),
33.4 (C-6), 33.2 (C-24), 31.1 (C-15), 30.0 (C-25), 26.0 (C-7), 24.4 (C-26), 23.1 (C-11), 21.3
(C-23), 19.6 (C-19), 19.3 (C-27), 14.1 (C-18), 11.6 (C-21); HRMS (FAB) m/z calcd for
CyoHy0oN, [M], 448.3090, found: 448.3085.

26-Diethylaminopseudodiosgenin 31

&% 7 % diethylamine LIS L., #7527 v~ 777 4 — (a gradient of
0-90% acetone in toluene) THEEL L, FiA 115-117°C O HEKEDO{LEY 31 (104 mg,
58%) #&7-,
 FABMS: m/z 492 [M + Na]*; '"H-NMR (CDCl;) (only assignable signals were listed) & 5.34
(1H, d, J= 5.2 Hz, H-6), 4.72 (1H, ddd, /= 10.1, 7.9, 5.8 Hz, H-16), 3.51 (1H, m, H-3a), 2.47
(4H, q, J= 7.0 Hz, NCH,CH; X2),2.46 (1H, d, /= 10.4 Hz, H-17), 2.23 (1H, dd, J=12.5, 5.8
Hz, H-26a), 2.09 (1H, dd, J = 12.5, 7.6 Hz, H-26b), 1.59 (3H, s, 21-CH;), 1.02 (3H, s,
19-CH3), 0.98 (6H, t, J = 7.02 Hz, NCH,CHj; x 2), 0.90 (3H, d, J = 6.4 Hz, 27-CHj3), 0.69 (3H,
s, 18-CH;); "C-NMR (CDCl;) 8 152.0 (C-22), 140.8 (C-5), 121.2 (C-6), 103.2 (C-20), 84.1
(C-16), 71.4 (C-3), 64.1 (C-17), 60.1 (C-26), 55.0 (C-14), 50.0 (C-9), 47.4 (NCH,CHa), 43.2
(C-13), 42.2 (C-4), 39.5 (C-1), 37.2 (C-12), 36.5 (C-10), 34.1 (C-15), 32.7 (C-24), 32.1 (C-7),
31.5 (C-2), 31.2 (C-8), 31.1 (C-25), 23.4 (C-11), 20.9 (C-23), 19.3 (C-19), 18.3 (C-27), 13.8
(C-18), 11.6 (C-21 and NCH,CH;); HRMS (FAB) m/z caled for C3Hs,O,N [M + HJ,
470.3998, found: 470.3992.

26-(Pyrrolidin-1-yl)pseudodiosgenin 32

&% 7 % pyrolidine & KIS L. BiA 181-183 °C @ H & # K& (after
recrystallization from acetone) 32 (125 mg, 70%) %157,
FABMS: m/z 468 [M + H]"; '"H-NMR (CDCl;) (only assignable signals were listed) 6 5.35
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(1H, d, J= 5.2 Hz, H-6), 4.73 (1H, ddd, J= 10.1, 7.9, 5.8 Hz, H-16), 3.51 (1H, m, H-301), 2.46
(1H, d, J=10.1 Hz, H-17), 2.43 (2H x 2, m, pyrrolidine-2), 2.25 (2H, d, J = 6.7 Hz, H-26),
1.75 (2H x 2, m, pyrrolidine-3), 1.59 (3H, s, 21-CHs), 1.02 (3H, s, 19-CHz), 0.93 (3H, d, J =
6.7 Hz, 27-CHs), 0.69 (3H, s, 18-CHs); *C-NMR (CDCls) & 152.0 (C-22), 140.8 (C-5), 121.3
(C-6), 103.3 (C-20), 84.2 (C-16), 71.5 (C-3), 64.2 (C-17), 63.6 (C-26), 55.0 (C-14), 54.4
(pyrrolidine), 50.1 (C-9), 43.2 (C-13), 42.2 (C-4), 39.5 (C-1), 37.2 (C-12), 36.6 (C-10), 34.1
(C-15), 32.8 (C-24), 32.1 (C-7), 32.0 (C-25), 31.6 (C-2), 312 (C-8), 23.4 (C-11 and
pyrrolidine), 21.0 (C-23), 19.4 (C-19), 18.3 (C-27), 13.9 (C-18), 11.6 (C-21); HRMS (FAB)
m/z caled for CyHsoO,N [M + H]", 468.3842, found: 468.3836.

26-(Piperidin-1-yl)pseudodiosgenin 33

& 7 % piperidine IS L, T L7~ 87T 7 14— (a gradient of 0-90%
acetone in toluene) THEEL L, BlA 170-172 °C O HEHKRDOILAY 33 (148 mg, 80%)
21T,

FABMS: m/z 504 [M + Na]"; '"H-NMR (CDCl;) (only assignable signals were listed) § 5.34
(1H, d, J=5.2 Hz, H-6), 4.72 (1H, ddd, J=10.1, 7.6, 5.5 Hz, H-16), 3.51 (1H, m, H-3a), 2.46
(14, d, J = 10.1 Hz, H-17), 2.28 (2H x 2, m, piperidine-2), 2.11 (1H, dd, J = 12.2, 6.4 Hz,
H-26a), 2.02 (1H, dd, J = 12.2, 7.9 Hz, H-26b), 1.59 (3H, s, 21-CH3), 1.54 (2H x 2, m,
piperidine-3), 1.41 (2ZH, m, piperidine-4), 1.02 (3H, s, 19-CHj3), 0.89 (3H, d, J = 6.4 Hz,
27-CHs), 0.69 (3H, s, 18-CHs); PC-NMR (CDCls) & 152.0 (C-22), 140.8 (C-5), 121.2 (C-6),
103.3 (C-20), 84.2 (C-16), 71.5 (C-3), 66.2 (C-26), 64.2 (C-17), 55.0 (C-14 and piperidine),
50.0 (C-9), 43.2 (C-13), 42.2 (C-4), 39.5 (C-1), 37.2 (C-12), 36.6 (C-10), 34.1 (C-15), 32.8
(C-24), 32.1 (C-7), 31.5 (C-2), 31.2 (C-8), 29.8 (C-25), 25.9 (piperidine), 24.5 (piperidine),
23.3 (C-11), 21.0 (C-23), 19.4 (C-19), 18.3 (C-27), 13.9 (C-18), 11.6 (C-21); HRMS (FAB)
m/z caled for C3Hs,O,N [M + H], 482.7608, found: 482.4003.

26-Morpholinopseudodiosgenin 34

{t&¥ 7 % morpholine &L, 7k b THiEL L. BiA 185-187 °C @
MERDOILAEY 34 (100 mg, 54%) #1577,

FABMS: m/z 484 [M + H]"; 'TH-NMR (CDCl) (only assignable signals were listed) & 5.34
(1H, d, J= 5.2 Hz, H-6); 4.72 (1H, ddd, J=10.1, 7.9, 5.8 Hz, H-16), 3.67 (2H x 2, td, J = 4.9,
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1.5 Hz, morpholine-2), 3.51 (1H, m, H-3a), 2.47 (1H, d, J= 10.1 Hz, H-17), 2.37 @H x 2, m,
morpholine-3), 2.15 (1H, dd, J = 12.2, 6.7 Hz, H-26a), 2.07 (1H, dd, J= 12.2, 7.6 Hz, H-26b),
1.59 (3H, s, 21-CHs), 1.02 (3H, s, 19-CHj), 0.91 (3H, d, J = 6.7 Hz, 27-CH,), 0.69 (3H, s,
18-CH;); PC-NMR (CDCls) & 151.9 (C-22), 140.9 (C-5), 121.3 (C-6), 103.5 (C-20), 84.2
(C-16), 71.6 (C-3), 67.0 (morpholine), 65.8 (C-26), 642 (C-17), 55.0 (C-14), 54.0
(morpholine), 50.1 (C-9), 43.2 (C-13), 42.3 (C-4), 39.5 (C-1), 37.3 (C-12), 36.6 (C-10), 34.1
(C-15), 32.5 (C-24), 32.2 (C-7), 31.6 (C-2), 31.2 (C-8), 29.4 (C-25), 23.2 (C-11), 21.0 (C-23),
19.4 (C-19), 18.1 (C-27), 13.9 (C-18), 11.7 (C-21); HRMS (FAB) m/z calcd for C5;HsoOsN [M
+H]", 484.3791, found: 484.3787.

26-(4-Methylpiperazin-1-yl)pseudodiosgenin 35

{E&% 7 % 1-methylpiperazine & XJ& L. acetone CH#Eda L CHELA 207-209 °C
DOHABEKROILEY 35 (117 mg, 62%) &5z,

FABMS: m/z 497 [M + H]"; '"H-NMR (CDCl:) (only assignable signals were listed) 8 5.34
(1H, d, J=5.2 Hz, H-6), 4.72 (1H, ddd, /= 10.1, 7.9, 5.8 Hz, H-16), 3.51 (1H, m, H-3a), 2.46
(1H, d, J=10.1 Hz, H-17), 2.41 (2H x 4, m, piperazine), 2.27 (3H, s, CHs-N), 2.17 (1H, dd, J
=12.2, 6.4 Hz, H-26a), 2.07 (1H, dd, /= 12.2, 7.9 Hz, H-26b), 1.59 (3H, s, 21-CH3), 1.02 (3H,
s, 19-CH,), 0.89 (3H, d, J = 6.4 Hz, 27-CHj), 0.69 (3H, s, 18-CH;); C-NMR (CDCl;) 8 151.9
(C-22), 141.0 (C-5), 121.2 (C-6), 103.5 (C-20), 84.2 (C-16), 71.4 (C-3), 65.3 (C-26), 64.2
(C-17), 55.1 (piperazine), 55.0 (C-14), 53.4 (piperazine), 50.1 (C-9), 46.0 (N-CHj), 43.2
(C-13), 42.3 (C-4), 39.5 (C-1), 37.3 (C-12), 36.6 (C-10), 34.1 (C-15), 32.6 (C-24), 32.2 (C-7),
31.6 (C-2), 31.2 (C-8), 29.7 (C-25), 23.3 (C-11), 21.0 (C-23), 19.4 (C-19), 18.2 (C-27), 13.9
(C-18), 11.7 (C-21); HRMS (FAB) m/z caled for C3Hs30,N, [M + HJ', 497.4107, found:
497.4106.

26-Diethylaminopseudodiosgenone 36

{b&# 21 % diethylamine & RIG#R, T L7~ 75 74— (a gradient of
0-90% acetone in toluene) THEHEL L, semisolid DILEH 36 (115 mg, 64%) % &7,

FABMS: m/z 490 [M + Na]"; '"H-NMR (CDCl;) (only assignable signals were listed) § 5.73
(1H, s, H-4), 4.72 (1H, ddd, /= 10.1, 7.6, 5.5 Hz, H-16), 2.48 (4H, q, J= 7.3 Hz, NCH,CHj; %
2), 2.47 (1H, d, J = 10.1 Hz, H-17), 2.24 (1H, dd, J = 12.5, 5.8 Hz, H-26a), 2.11 (1H, dd, J =
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12.5, 7.6 Hz, H-26b), 1.59 (3H, s, 21-CHj3), 1.20 (3H, s, 19-CH;), 0.99 (6H, t, J = 7.0 Hz,
NCH,CH; x 2), 0.90 (3H, d, J = 6.4 Hz, 27-CH;), 0.72 (3H, s, 18-CH;); *C-NMR (CDCls) &
199.2 (C-3), 170.9 (C-5), 152.1 (C-22), 123.7 (C-4), 103.0 (C-20), 83.9 (C-16), 64.0 (C-17),
60.0 (C-26), 54.1 (C-14), 53.6 (C-9), 47.3 (NCH,CH3), 43.2 (C-13), 39.2 (C-12), 38.5 (C-10),
35.6 (C-1), 34.9 (C-8), 33.9 (C-2), 33.8 (C-24), 32.7 (C-6), 32.3 (C-7), 31.0 (C-25), 23.3
(C-11), 20.8 (C-23), 18.2 (C-27), 17.3 (C-19), 13.9 (C-18), 11.5 (C-21 and NCH,CH;); HRMS
(FAB) m/z caled for C3;HsoO,N [M + HJ", 468.3842, found: 468.3858.

26-(Pyrrolidin-1-yl)pseudodiosgenone 37

{b&® 21 % pyrrolidine & RISk, W T L7 v~ h27T 7 4 — (agradient of 0-90%
acetone in toluene) THERL L. semisolid D{LEHW 37 (55 mg, 23%) %157,

FABMS: m/z 466 [M + H]"; "H-NMR (CDCls) (only assignable signals were listed) & 5.73
(1H, s, H-4), 4.37 (1H, ddd, /= 10.1, 7.9, 5.8 Hz, H-16), 2.47 (1H, d, /= 10.1 Hz, H-17), 2.40
(2H x 2, m, pyrrolidine-2), 2.28 (2H, d, J = 7.3 Hz, H-26), 1.77 (2H x 2, m, pyrrolidine-3),
1.59 (3H, s, 21-CH3), 1.20 (3H, s, 19-CH3), 0.95 (3H, d, J = 6.7 Hz, 27-CH3), 0.72 (3H, s,
18-CH;); PC-NMR (CDCl3) & 199.3 (C-3), 171.0 (C-5), 152.2 (C-22), 123.8 (C-4), 103.2
(C-20), 84.0 (C-16), 64.1 (C-17), 63.6 (C-26), 54.8 (pyrrolidine), 54.1 (C-14), 53.7 (C-9), 43.3
(C-13), 39.3 (C-12), 38.6 (C-10), 35.7 (C-1), 35.0 (C-8), 33.9 (C-2 and C-15), 32.8 (C-24),
32.7 (C-6), 32.2 (C-7), 32.0 (C-25), 23.4 (C-11 and pyrrolidine), 20.9 (C-23), 18.3 (C-27),
17.3 (C-19), 14.0 (C-18), 11.6 (C-21); HRMS (FAB) m/z caled for C3Hy0.N [M + HY',
466.3686, found: 466.3680.

26-(Piperidin-1-yl)pseudodiosgenone 38

&% 21 % piperidine & Kintk, W7 L7 v~ 7T 74— (agradient of 0-90%
acetone in toluene) THEEL L. semisolid DfLE# 38 (146 mg, 79%) = &7~,

FABMS: m/z 502 [M + Na]"; 'TH-NMR (CDCls) (only assignable signals were listed) & 5.72
(1H, s, H-4), 4.72 (1H, ddd, J = 10.1, 7.9, 5.8 Hz, H-16), 2.47 (1H, d, J = 10.07 Hz, H-17),
2.29 (2H x 2, m, piperidine-2), 2.11 (1H, dd, J = 11.9, 6.4 Hz, H-26a), 2.02 (1H, dd, J= 119,
82 Hz, H-26b), 1.59 (3H, s, 21-CHy), 1.55 (2H x 2, m, piperidine-3), 1.41 (2H, m,
piperidine-4), 1.20 (3H, s, 19-CH3), 0.89 (3H, d, J = 6.7 Hz, 27-CHjs), 0.72 (3H, s, 18-CHs);
BCNMR (CDCL) 8 199.3 (C-3), 171.0 (C-5), 152.3 (C-22), 123.9 (C-4), 103.2 (C-20), 84.0
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(C-16), 66.3 (C-26), 64.1 (C-17), 55.0 (piperidine), 54.2 (C-14), 53.7 (C-9), 43.3 (C-13), 39.3
(C-12), 38.6 (C-10), 35.7 (C-1), 35.0 (C-8), 34.0 (C-15), 33.9 (C-2), 32.8 (C-6 and C-24), 32.3
(C-7), 29.9 (C-25), 26.0 (piperidine), 24.6 (piperidine), 23.3 (C-11), 21.0 (C-23), 18.4 (C-27),
17.4 (C-19), 14.0 (C-18), 11.6 (C-21); HRMS (FAB) m/z caled for C5HsO,N [M + HJ,
480.3842, found: 480.3838.

26-Morpholinopseudodiosgenone 39

{b&% 21 % morpholine & Kk, W o767 va~ k757 4— (a gradient of
0-50% acetone in toluene) THEEL L, semisolid DILE#) 39 (135 mg, 73%) %157,

FABMS: m/z 482 [M + Na]"; '"H-NMR (CDCl;) (only assignable signals were listed) 8 5.73
(1H, s, H-4), 4.72 (1H, ddd, J = 10.1, 7.9, 5.8 Hz, H-16), 3.69 2H x 2, t, J = 4.0 Hz,
morpholine-2), 2.83 (2H x 2, t, J = 4.0 Hz, morpholine-3), 2.47 (1H, d, J = 10.1 Hz, H-17),
2.17 (1H, dd, J = 12.2, 4.9 Hz, H-26a), 2.07 (1H, dd, J = 12.2, 7.6 Hz, H-26b), 1.59 (3H, s,
21-CHj), 1.20 (3H, s, 19-CH3), 091 (3H, d, J = 6.4 Hz, 27-CHj), 0.72 (3H, s, 18-CH;);
PC-NMR (CDCls) 8 199.2 (C-3), 170.8 (C-5), 152.0 (C-22), 123.7 (C-4), 103.2 (C-20), 83.9
(C-16), 66.9 (morpholine), 65.7 (C-26), 64.0 (C-17), 54.1 (C-14), 53.9 (morpholine), 53.6
(C-9), 43.2 (C-13), 39.2 (C-12), 38.5 (C-10), 35.6 (C-1), 34.9 (C-8), 33.8 (C-2 and C-15), 32.6
(C-6 and C-24), 32.2 (C-7), 29.3 (C-25), 23.3 (C-11), 20.8 (C-23), 18.0 (C-27), 17.3 (C-19),
13.9 (C-18), 11.5 (C-21); HRMS (FAB) m/z caled for C3;HysO3N [M + H]', 482.3635, found:
482.3618.

26-(4-Methylpiperazin-1-yl)pseudodiosgenone 40

{t&% 21 % 1-methylpiperazine &R, #7527 va< N7 77 4 — (a gradient
of 0-100% acetone in toluene) THEZL L, semisolid DILE# 40 (115 mg, 61%) 1577,

FABMS: m/z 495 [M + Na]*; '"H-NMR (CDCl;) (only assignable signals were listed) 6 5.73
(1H, s, H-4), 4.72 (1H, ddd, J=10.4, 7.9, 5.8 Hz, H-16), 2.47 (1H, d, /= 10.4 Hz, H-17), 2.42
(2H x 4, m, piperazine), 2.30 (3H, s, N-CH3), 2.17 (1H, dd, /= 12.2, 5.5 Hz, H-26a), 2.08 (1H,
dd, J =122, 7.9Hz, H-26b), 1.59 (3H, s, 21-CHs), 1.20 (3H, s, 19-CHs), 0.90 (3H, d, J = 6.4
Hz, 27-CHy), 0.72 3H, s, 18-CHa); “C-NMR (CDCL) & 1993 (C-3), 170.9 (C-5), 152.0
(C-22), 123.7 (C-4), 103.2 (C-20), 83.9 (C-16), 65.2 (C-26), 64.0 (C-17), 55.0 (piperazine),
54.1 (C-14), 53.6 (C-9), 53.2 (piperazine), 45.9 (NCH), 43.2 (C-13), 39.2 (C-12), 38.5 (C-10),
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35.6 (C-1), 34.9 (C-8), 33.9 (C-15), 33.8 (C-2), 32.7 (C-24), 32.5 (C-6), 32.2 (C-7), 29.6
(C-25), 23.2 (C-11), 20.8 (C-23), 18.1 (C-27), 17.2 (C-19), 13.9 (C-18), 11.5 (C-21); HRMS
(FAB) m/z caled for C,Hs,0,N, [M + HJ', 495.3951, found: 495.3942.

26-(1H-Imidazol-1-yl)pseudodiosgenin 41

{b&# 7 % imidazole &G, BT L7 a~< 757 4 — (a gradient of 0-100%
acetone in toluene) THEHL L. Bl 181-184 °C O HEMEDILEY 41 (59 mg, 33%)
IR,

FABMS: m/z 465 [M + H]"; "H-NMR (CDCl;) (only assignable signals were listed) 8 7.43
(1H, s, imidazole-2), 7.04 (1H, s, imidazole-4), 6.87 (1H, s, imidazole-5), 5.34 (1H,d, J=5.5
Hz, H-6), 4.73 (1H, ddd, J = 10.1, 8.1, 5.5 Hz, H-16), 3.52 (1H, m, H-3a), 2.47 (1H, d, J =
10.1 Hz, H-17), 3.89 (1H, dd, /= 13.7, 5.8 Hz, H-26a), 3.67 (1H, dd, /= 13.7, 7.9 Hz, H-26b),
1.58 (3H, s, 21-CH3), 1.02 (3H, s, 19-CHj3), 0.87 (3H, d, J = 6.7 Hz, 27-CHj3), 0.68 (3H, s,
18-CHs); *C-NMR (CDCL3) § 150.8 (C-22), 141.0 (C-5), 137.3 (imidazole), 128.9 (imidazole),
121.0 (C-6), 119.3 (imidazole), 104.2 (C-20), 84.3 (C-16), 71.3 (C-3), 64.0 (C-17), 54.9
(C-14), 53.1 (C-26), 50.0 (C-9), 43.2 (C-13), 42.2 (C-4), 39.4 (C-1), 37.2 (C-12), 36.5 (C-10),
34.3 (C-25), 34.0 (C-15), 32.21 (C-7), 31.5 (C-2), 31.4 (C-24), 31.2 (C-8), 23.0 (C-11), 20.9
(C-23), 19.3 (C-19), 17.2 (C-27), 13.9 (C-18), 11.6 (C-21); HRMS (FAB) m/z caled for
CioHusON, [M + HI, 465.3481, found: 465.3470.

26-(1H-Imidazol-1-yl)pseudodiosgenone 42

{b&® 21 % imidazole & JSth, BT L7 va~< N7 57 4 — (agradient of 0-100%
acetone in toluene) THEH L, HEHMERDOILEY 42 (32 mg, 18%) % 1&7-,

FABMS: m/z 463 [M + H]"; '"H-NMR (CDCl;) (only assignable signals were listed) § 7.44
(1H, s, imidazole-2), 7.05 (1H, s, imidazole-4), 6.88 (1H, s, imidazole-5), 5.73 (1H, s, H-4),
4.73 (1H, ddd, J=10.1, 7.9, 5.8 Hz, H-16), 3.89 (1H, dd, J = 13.7, 5.8 Hz, H-26a), 3,68 (1H,
dd, J=13.7, 7.9 Hz, H-26b), 2.48 (1H, d, /= 10.1 Hz, H-17), 1.58 (3H, s, 21-CH3), 1.20 (3H,
s, 19-CH;), 0.88 (3H, d, J = 6.4 Hz, 27-CHs), 0.71 (3H, s, 18-CH;); "C-NMR (CDCL;) &
199.4 (C-3), 170.9 (C-5), 151.0 (C-22), 137.4 (imidazole), 129.1 (imidazole), 123.8 (C-4),
119.3 (imidazole), 104.0 (C-20), 84.1 (C-16), 64.0 (C-17), 54.1 (C-14), 53.7 (C-9), 53.1
(C-26), 43.3 (C-13), 39.2 (C-12), 38.6 (C-10), 35.7 (C-1), 35.0 (C-8), 34.3 (C-25), 33.9 (C-2
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and C-15), 32.7 (C-6), 32.2 (C-7), 31.4 (C-24), 23.0 (C-11), 20.9 (C-23), 17.3 (C27), 17.2
(C-19), 14.0 (C-18), 11.6 (C-21); HRMS (FAB) m/z caled for C3H430,N, [M + H]', 463.3325,
found: 463.3322.

22-((6R)-4,5,6,7-Tetrahydro-6-methyl-1H-1, 2, 3-triazepin-4-yl)pseudodiosgenin 44

L& 7 % NaN; ERUG#, BT L7 v~ 757 4 — (a gradient of 0-30% ethyl
acetate in toluene) THEELL . JHIRDILEY 44 (50 mg, 43%) T,

FABMS: m/z 440 [M + H]"; "H-NMR (CDCl;) (only assignable signals were listed) 8 5.30
(1H, d, J= 5.2 Hz, H-6), 4.93 (1H, ddd, J= 7.6, 6.4, 3.7 Hz, H-16), 4.31 (1H, t, /= 7.6 Hz),
3.52 (1H, m, H-3), 3.25 (1H, dd, J = 11.9, 5.8 Hz, H-26a), 2.09 (1H, dd, J = 11.9, 7.0 Hz,
H-26b), 2.03 (2H, td, J = 7.6, 1.2 Hz, H-24), 2.00 (1H, d, J = 6.4 Hz, H-17), 1.79 (1H, m,
H-25), 1.54 (3H, s, 21-CHj), 1.02 (3H, s, 19-CHj), 0.96 (3H, d, /= 6.4 Hz, 27-CHy), 0.82 (3H,
s, 18-CH;); PC-NMR (CDCLy) & 162.9 (C-22), 140.8 (C-5), 121.2 (C-6), 91.2 (C-23), 84.2
(C-16), 77.6 (C-20), 71.6 (C-3), 66.2 (C-17), 57.4 (C-26), 56.8 (C-14), 49.8 (C-9), 42.2 (C-4),
40.2 (C-13), 39.0 (C-12), 37.2 (C-1), 36.5 (C-10), 34.2 (C-25), 33.1 (C-15), 31.8 (C-7), 31.6
(C-2), 30.9 (C-8), 29.5 (C-24),21.2 (C-21), 20.3 (C-11), 19.4(C-19), 17.7 (C-27), 13.2 (C-18);
HRMS (FAB) m/z calcd for C,;Hy,0O,N;3 [M + H]', 440.3277, found: 440.3255.

26-Azidopseudodiosgenone 45

{bE&® 21 % NaN; & KJ5#%. HPLC (15% HyO-acetone) THEEL L, semisolid D1k
A4 45 (103 mg, 61%) BTz,

FABMS: m/z 438 [M + H]"; "H-NMR (CDCl;) (only assignable signals were listed) & 5.72
(1H, s, H-4), 4.74 (1H, ddd, J = 10.1, 7.9, 5.8 Hz, H-16), 3.23 (1H, dd, J = 11.9, 5.5 Hz,
H-26a), 3.11 (1H, dd, J = 11.9, 7.0 Hz, H-26b), 2.49 (1H, d, /= 10.1 Hz, H-17), 1.59 (3H, s,
21-CHj), 1.20 (3H, s, 19-CH3), 0.97 (3H, d, J = 6.7 Hz, 27-CH3), 0.72 (3H, s, 18-CH,);
BCNMR (CDCls) 8 199.2 (C-3), 170.8 (C-5), 151.3 (C-22), 123.7 (C-4), 103.7 (C-20), 84.0
(C-16), 63.9 (C-17), 57.5 (C-26), 54.0 (C-14), 53.6 (C-9), 43.2 (C-13), 39.2 (C-12), 38.5
(C-10), 35.6 (C-1), 34.9 (C-8), 33.8 (C-2 and C-15), 32.9 (C-25), 32.6 (C-6), 32.2 (C-7), 23.0
(C-11), 20.8 (C-23), 17.4 (C-27), 17.3 (C-19), 13.9 (C-18), 11.5 (C-21); HRMS (FAB) m/z
caled for CyyHyoO,N; [M + HJ', 438.3121, found: 438.3109.
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22-((6R)-4,5,6,7-Tetrahydro-6-methyl-1H-1,2,3-triazepin-4-yl)pseudodiosgenone 46

L& 45 (200 mg, 0.46 mmol) @ DMF (20 ml) ¥E# % 120°C T 20 FRfEHE#, X
e R AR R L TE-EBE % HPLC (30% H,0-acetone) THEHL L T semisolid M1k,
&4 46 (62 mg, 31%) &7,

FABMS: m/z 438 [M + H]"; '"H-NMR (CDCL;) (only assignable signals were listed) & 5.73
(1H, s, H-4), 4.92 (1H, ddd, J = 10.1, 6.1, 3.7 Hz, H-16), 4.30 (1H, t, J = 7.6 Hz, H-23), 3.23
(1H, dd, J=11.9, 5.8 Hz, H-26a), 3.08 (1H, dd, J= 11.9, 7.0 Hz, H-26b), 2.03 2H, t,J=17.6
Hz, H-24), 1.99 (1H, d, J= 6.4 Hz, H-17), 1.79 (1H, m, H-23), 1.52 (3H, s, 21-CH3), 1.18 (3H,
s, 19-CH;), 0.95 (3H, d, J = 6.7 Hz, 27-CH3), 0.84 (3H, s, 18-CH;); >C-NMR (CDCl;) &
199.4 (C-3), 170.8 (C-5), 162.7 (C-22), 123.8 (C-4), 91.1 (C-23), 83.8 (C-16), 77.3 (C-20),
66.1 (C-17), 57.3 (C-26), 55.9 (C-14), 53.3 (C-9), 40.1 (C-13), 38.6 (C-12), 38.4 (C-10), 35.5
(C-1), 34.5 (C-8), 34.1 (C-25), 33.8 (C-2), 32.8 (C-15), 32.6 (C-6), 31.8 (C-7), 29.4 (C-24),
21.1 (C-21), 20.1 (C-11), 17.6 (C-27), 17.2 (C-19), 13.1 (C-18); HRMS (FAB) m/z calcd for
Cy7HyO,N3 [M + HJ', 438.3121, found: 438.3117.

F—wm BE
(208,22R,25R)-Spirost-1,4,6-trien-3-one 47

Diosgenin 1 (40 g, 0.10 mol) D EJK dioxane (600 mL) ¥&E#IZ DDQ (75 g, 0.33 mmol)
ZMA 72 RERELEGL. AW, BEEEEE, 7REZ CHClL (500 mL) IZEMEL. 1%
NaOH (500 mL) ¥ X TN brine (300 mL) T¥EH. Na,SO, Tz, A%, B2 E+E
L, B2 5L a~< 757 14— (agradient of 0-5% acetone in toluene) THEHRL L
THEUR 211-214 °C OYEBEHREE (after recrystallization from ether-petroleum ether) 47
(15.68 g, 40%) %157z,

FABMS: m/z 409 [M + H]"; "H-NMR (CDCl;) (only assignable signals were listed) 8 7.06
(1H, d, /= 10.1 Hz, H-1), 6.24 (1H, dd, J = 10.1, 1.8 Hz, H-2), 6.23 (1H, dd, /= 9.8, 3.0 Hz,
H-6), 6.03 (1H, dd, J= 9.8, 1.8 Hz, H-7), 6.00 (1H, d, J= 1.8 Hz, H-4), 4.44 (1H, dd, J= 15.0,
7.6 Hz, H-16), 3.48 (1H, ddd, J = 11.0, 4.3, 1.8 Hz, H-26a), 3.37 (1H, t, J= 11.0 Hz, H-26b),
2.47(1H, m, H-8), 1.22 (3H, s, 19-CH3), 0.98 (3H, d, J = 7.0 Hz, 21-CH;), 0.90 (3H, s,
18-CHs), 0.80 (3H, d, J = 6.4 Hz, 27-CHs); C-NMR A2 ki Table 7 125 L7z,
HRMS (FAB) m/z calcd for C,7H3,05 [M + H]", 409.2742, found: 409.2751.
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(208,22 R,25R)-Spirost -1a,2a-epoxy-4,6-dien-3-one 48

{t&® 47 (2.0 g 4.9 mmol) @ dioxane (27 mL) B X THF (11 mL) BIKIZ.
methanol (54 mL) & NaOH (44 mg) /% 10 ZR#HEHE, RWT, 30% H,0, (8 mL)
Z 15°C TR TH, &56IT 24 FBREE, JUSKAZKK (200 ml) [ZEML, A,
FED CH,Cl, (200mL) YA % brine (150 mL) TEE% Na,SO, TEERE, A%, A
BWrEEL, BEEX VT L7 a< b5 7 4 — (a gradient of 0-5% acetone in toluene)
TR L TRELR 235-236 °C O EEEPIRE (after recrystallization from ether-petroleum
ether) 48 (1.69 g, 81%) %757z,

FABMS: m/z 425 [M + H]"; 'TH-NMR (CDCl;) (only assignable signals were listed) & 6.10
(1H, dd, J = 9.8, 2.4 Hz, H-6), 6.05 (1H, dd, J= 9.8, 1.5 Hz, H-7), 5.65 (1H, d, /= 1.8 Hz,
H-4), 4.45(1H,dd,J=14.6,7.6 Hz, H-16), 3.58 (1H, d, J=4.3 Hz, H-1pB), 3.47 (1H, ddd,
J=11.0, 4.3, 1.8 Hz, H-26a), 3.44 (1H, dd, J=4.3 1.8 Hz, H-2B3), 3.37 (1H, t, J= 11.0 Hz,
H-26b), 2.44 (1H, m, H-8), 1.20 (3H, s, 19-CH,), 0.99 (3H, d, /= 7.0 Hz, 21-CH3), 0.90 (3H,
s, 18-CH3), 0.80 (3H, d, J = 6.41 Hz, 27-CH;); "C-NMR A< h /L% Table 3 127 LTz,
HRMS (FAB) m/z caled for C,,H3,0,4 [M + H]", 425.2692, found: 425.2693.

(208,22R,25R)-Spirost-1a,3B-dihydroxy-5-ene 49 & (208,22R,25R)-Spirost-1a,3 0~
dihydroxy-5-ene 50

THAAKIRT -40 ~-50 °C T, A& NH; (160 mL) ([ZHN< Elo=&B T MU T
L (10.0g) Nz 20 HEER, ZORIGEZRIZ. LAY 48 (4.0 g, 9.4 mmol) & THF
(90 mL) WK% 40 3T THET Liztk, GHBZBRV RS, ER T 1 BEER, K
SAERREBWN -60~-70°C IZHAIL, NHCl(4g) % 4 BT CHMLEE, =
BT 2 B, TAIVERT. BEOT VEST W ALRERE, B EtOH &
Mz BEIOTFT Y U LEHME, SDHIZ. 5% HCI(00mL) 27N, CH,CL (100 mL x
3) THIH, #IH#K % brine (200 mL) TY¥EHEHE NaSO, THLE, A1B% IEEAEEL.,
BEZ DT L a~ NI 7 4 — (agradient of 0-50% acetone in toluene) THEHL, Bl
242-244 °C O A EEHIRE (after recrystallization from EtOH-H,0) 49 (1.79 g, 44%) & @t
AL 245248 °C D HEEHIREE (after recrystallization from EtOH-H,0) 50 (240 mg, 6%) %
B,

FABMS of 49: m/z 431 [M + H]"; "TH-NMR (CDCl;) (only assignable signals were listed) &
5.58 (1H, d, J = 5.2 Hz, H-6), 4.41 (1H, dd, J = 15.0, 7.6 Hz, H-16), 3.98 (1H, m, H-3a), 3.84
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(1H, broad s, H-1B), 3.47 (1H, ddd, J = 11.0, 4.0, 1.5 Hz, H-26a), 3.37 (1H, t, J = 11.0 Hz,
H-26b), 1.04 (3H, s, 19-CH3), 0.97 (3H, d, J = 7.0 Hz, 21-CH,), 0.79 (3H, s, 18-CH;), 0.79
(3H, d, J = 5.8 Hz, 27-CHs); P"C-NMR A-XZ kL% Table 7 127~ L7z, HRMS (FAB) m/z
caled for Cp7Hy304 [M + HY', 431.3161, found: 431.3153.

FABMS of 50: m/z 431 [M + H]"; "H-NMR (CDCl;) (only assignable signals were listed) &
5.58 (1H, d, J = 5.2 Hz, H-6), 4.42 (1H, dd, J = 14.6, 7.3 Hz, H-16), 4.14 (1H, s, H-3B), 3.75
(1H, broad s, H-1B), 3.47 (1H, ddd, J = 11.0, 6.4, 1.8 Hz, H-26a), 3.37 (1H, t, J = 11.0 Hz,
H-26b), 0.99 (3H, s, 19-CH3), 0.97 (3H, d, J = 7.0 Hz, 21-CHs;), 0.79 (3H, s, 18-CH;), 0.79
(3H, d, J=6.10 Hz, 27-CHs); "C-NMR A-XZ k)L Table 7 127 L7z, HRMS (FAB) m/z
caled for C,;Hy304 [M + H]', 431.3161, found: 431.3151.

(208,22R,25R)-Spirost-1a,3 3-diacetoxy-5-ene 51

{EE4% 49 (491 g, 11.4mmol) @ pyridine (100 mL) ¥EW#KIZ acetic anhydride (100 mL)
ZZ 95°C T 2 K #, RICBBRELZEEREL, REZV T LI n~< NS T 74
— (a gradient of 0-3% acetone in toluene) THEHL, FlA 171-173°C O HEEIKEE (after
recrystallization from ethanol-water) 51 (5.46 g, 95%) % 1&7=,

FABMS: m/z 515 [M + H]"; "H-NMR (CDCl;) (only assignable signals were listed) & 5.53
(1H, d, J = 5.5 Hz, H-6), 5.05 (1H, broad s, H-1B), 4.91 (1H, m, H-300), 4.41 (1H, dd, J =
15.0, 7.3 Hz, H-16), 3.47 (1H, ddd, J = 11.0, 4.3, 1.8 Hz, H-26a), 3.37 (1H, t, J = 11.0 Hz,
H-26b), 2.05 (3H, s, COCHs), 2.02 (3H, s, COCHs), 1.10 (3H, s, 19-CH), 0.96 (3H, d, J = 6.7
Hz, 21-CHs), 0.79 3H, d, J = 6.4 Hz, 27-CHs), 0.78 (3H, s, 18-CHy); "C-NMR (CDCl3) &
170.3 (COCH; x 2), 136.1 (C-5), 124.9 (C-6), 109.3 (C-22), 80.7 (C-16), 74.5 (C-1), 69.3
(C-3), 66.8 (C-26), 62.1 (C-17), 56.4 (C-14), 42.1 (C-9), 41.6 (C-20), 40.5 (C-10), 40.3 (C-13),
39.5 (C-12), 373 (C-2), 31.9 (C-7), 31.8 (C-4), 31.8 (C-15), 31.4 (C-23), 313 (C-8), 30.3
(C-25), 28.8 (C-24), 213 (COCHs), 21.1 (COCH), 20.1 (C-11), 19.4 (C-19), 17.1 (C-27),
163 (C-18), 14.5 (C-21); HRMS (FAB) m/z caled for CsHesOg [M + HY', 515.3373, found:
515.3360.

(208,22R,25R)-Spirost-1a,3 a-diacetoxy-5-ene 52

{E&% 51 LFEEEIC. 50 (1.60 g, 3.72 mmol) 27 EF /L L L., BiE 191-193°C @
HE#HREL (after recrystallization from acetone-water) 52 (1.50 g, 78%) % 1&7-,
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FABMS: m/z 515 [M + H]"; "H-NMR (CDCL;) (only assignable signals were listed) 8 5.47
(1H, d, J = 5.50 Hz, H-6), 5.00 (1H, broad s, H-33), 4.89 (1H, broad s, H-18), 4.42 (1H, dd, J
=15.0, 7.6 Hz, H-16), 3.47 (1H, ddd, J = 11.0, 4.6, 2.1 Hz, H-26a), 3.37 (1H, t, J = 11.0 Hz,
H-26b), 2.03 (3H, s, COCHj3), 2.01 (3H, s, COCH3), 1.08 (3H, s, 19-CH3), 0.96 (3H, d, J=7.0
Hz, 21-CHs), 0.79 (3H, d, J = 7.9 Hz, 27-CHs), 0.78 (3H, s, 18-CH;); "C-NMR (CDCl3) §
170.4 (COCHj3), 170.4 (COCHj3), 134.5 (C-5), 124.5 (C-6), 109.2 (C-22), 80.7 (C-16), 73.1
(C-1), 68.6 (C-3), 66.8 (C-26), 62.0 (C-17), 56.4 (C-14), 41.8 (C-9), 41.5 (C-20), 40.6 (C-10),
40.2 (C-13), 39.5 (C-12), 35.4 (C-4), 31.8 (C-7), 31.8 (C-15), 31.3 (C-23), 31.2 (C-8), 30.2
(C-25), 29.1 (C-2) 28.7 (C-24), 21.4 (COCH3), 21.2 (COCH,), 19.8 (C-11), 19.3 (C-19), 17.1
(C-27), 16.2 (C-18), 14.5 (C-21); HRMS (FAB) m/z calcd for C3Hy,Os [M + H]", 515.3373,
found: 515.3363.

(208,22R,25R)-Spirost-1a,3 B-diacetoxy-5,7-diene 53

ft&% 51 (142 g, 2.8 mmol) @ n-hexane (35 mL) &I, 1,3-dibromo-5,5-
dimethylhydantoin (460 mg, 1.6 mmol) %1% 15 ZRIE. B4, A1 L B Z 8B %,
FRIE% xylene (14 mL) (Z¥EfE L.  2,4,6-trimethylpyridine (y-collidine) (S mL) @ xylene
(11mL) &K%z 165°C T10 2T TH T L, 5612 10 ML, JSHE%E
AL, WA EE, RE% diethyl ether (100 mL) (Z¥AEfE L. 1 MHCI(S0mL x2) ¥
£ O brine (70 mL) TYEHHE, NaSO, THR, SBR. BELEE, KiEL HPLC
[DOCOSIL, 10 ¢ x 250 mm, 20% H,0O-Acetone)] THERL L. BS 216-218°C O HEEIK
gn (after recrystallization from ethanol-water) 53 (330 mg, 23%) % %&7-,

FABMS: m/z 513 [M + HJ"; '"H-NMR (CDCl3) (only assignable signals were listed) 8 5.67
(1H, dd, J = 6.1, 2.7 Hz, H-6), 5.39 (1H, quint, J = 2.7 Hz, H-7), 4.99 (1H, broad s, H-1pB),
499 (1H, m, H-3w), 4.51 (1H, dd, J = 14.3, 7.6 Hz, H-16), 3.48 (1H, ddd, J = 11.0, 4.3, 1.8
Hz, H-26a), 3.38 (1H, t, J = 11.0 Hz, H-26b), 2.43 (1H, m, H-9), 2.09 (3H, s, COCHj3), 2.04
(3H, s, COCH3), 1.03 (3H, s, 19-CH3), 0.98 (3H, d, J = 6.72 Hz, 21-CH3), 0.80 (3H, d, /= 6.4
Hz, 27-CHs), 0.72 (3H, s, 18-CH;); *C-NMR (CDCl3) § 170.4 (COCH3), 170.3 (COCHS3),
139.9 (C-8), 135.2 (C-5), 121.5 (C-6), 115.6 (C-7), 109.3 (C-22), 80.5 (C-16), 74.2 (C-1), 68.4
(C-3), 66.9 (C-26), 61.9 (C-17), 54.4 (C-14), 42.1 (C-20), 41.1 (C-10), 40.9 (C-13), 389
(C-12), 37.7 (C-9), 35.8 (C-2), 32.0 (C-4), 31.4 (C-23), 30.9 (C-15), 30.3 (C-25), 28.8 (C-24),
21.3 (COCHj;), 21.2 (COCH3), 20.1 (C-11), 17.1 (C-27), 16.4 (C-18), 16.2 (C-19), 14.5
(C-21); HRMS (FAB) m/z caled for C3HysOs [M + HJ", 513.3216, found: 513.3205.
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(208,22R,25 R)-Spirost-5a,8a-(4-phenyl-1,2-urazolo)- 1o, 3 B-diacetoxy-6-ene 54

{bE% 51 (200 mg, 0.39 mmol) DK n-hexane (5 mL) I IZ, N-bromosuccinamide
(NBS) (87 mg, 0.49 mmol) I LT 2,2'-azo-bis-isobutyronitrile (AIBN) (20 mg, 0.12 mmol)
ZMZ 1 BERER, |k, A, B EEE, FRED toluene (2 mL) ¥FIEIZ y-collidine
(0.2 mL, 1.51 mmol) Mz 1 K&, AEBRBEELZEE, KiEE EOAc I[ZEE
L. 5%HCl 5%NaHCO; 33 X" brine (100 mL) T¥EM#. NaSO, THME, A
%, Wit 8B+E, RiE% CHClL, (2 mL) (Z¥f# L. 4-phenyl-1,2,4-triazoline-3,5-dione
(PTAD) (35 mg, 0.20 mmol ) %, T|IET 15 BEHEE, ok, BHE2EEL,
EEHITA7a~< N T 74— (agradient of 0-10% acetone in toluene) THEEL L, Fl/E
143-145 °C DEFEEENIRA (after recrystallization from ethanol-water) 54 (64 mg, 24%)
=

FABMS: m/z 688 [M + H]"; 'TH-NMR (CDCl;) (only assignable signals were listed) &
7.30-7.48 (5H, m, C¢Hs), 6.45 (1H, d, J = 8.2 Hz, H-6), 6.33 (1H, d, J = 8.2 Hz, H-7), 5.86
(1H, m, H-3), 5.11 (1H, broad s, H-1B), 4.58 (1H, dd, J = 15.0, 7.3 Hz, H-16), 3.45 (1H, ddd,
J =11.0, 4.3, 1.8 Hz, H-26a), 3.32 (1H, t, J = 11.0 Hz, H-26b), 1.06 (3H, s, 19-CHj3), 0.98
(3H, d, J = 7.0 Hz, 21-CH3), 0.92 (3H, s, 18-CH3), 0.78 (3H, d, J = 6.1 Hz, 27-CH);
PC-NMR (CDCl5) & 170.4 (COCHs3), 169.6 (COCH3), 145.7 (CO), 144.5 (CO), 136.3, 131.9,
129.4 and 128.8 (phenyl carbons), 127.5 (C-7), 125.7 (C-6), 109.2 (C-22), 79.6 (C-16), 73.3
(C-1), 67.1 (C-3), 66.7 (C-26), 63.4 (C-8), 62.8 (C-5), 61.6 (C-17), 48.1 (C-14), 45.6 (C-10),
44.4 (C-13), 41.2 (C-20), 41.1 (C-2), 38.4 (C-12), 31.3 (C-23), 31.2 (C-4), 30.6 (C-15), 30.2
(C-25), 30.0 (C-9), 28.8 (C-24), 22.1 (C-11), 21.3 (COCH,), 21.2 (COCH3), 18.9 (C-19), 17.1
(C-27), 17.0 (C-18), 14.5 (C-21); HRMS (FAB) m/z calcd for C30HseOgN3 [M + H]", 688.3598,
found: 688.3589.

(208,22R,25 R)-Spirost-1a,3 3-diacetoxy-5,7-diene 53 from 54

{bE&Y 54 (46 mg, 0.07 mmol) @ 1,3-dimethyl-2-imidazolidinone (DMI) (3 mL, 29.57
mmol) YK % 140°C C 2 FFEE#ER, BUSHKZ KK (50 mL) (ZiEM L. n-hexane (30
mL x 3) CHitH, #HE% brine (100 mL) THEH Na,SO, THE, A%, B %
BEL, BEE T 570~ 7T 7 4 — (agradient of 0-2% acetone in toluene) THE
B, 53(15mg, 44%) =7,
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(208,22 R,25R)-Spirost-1a.,3 B-bis(tert-butyldimethylsilyloxy)-5-ene 55

{EE&% 49 (200 mg, 0.46 mmol ) @ DMF (7 mL) ¥A#RIZ, imidazole (640 mg, 9.30
mmol) . tert-buthyldimethylchlorosilane (600 mg, 2.80 mmol) ¥ X O
1-hydroxy-1H-benzotriazole (25 mg, 0.14 mmol) Zfx. 70°C T 45 BFfE#EH, Ko
WA (100 mL) (2L, diethyl ether (150 mL) T, % brine (100 mL)
TEE L. NaSO, THZE, A%, BWEZEEL, BEZ VT L0~ NI 7 4
— (a gradient of 0-2% ethyl acetate in n-hexane) CTHEHE L, A 205-206 °C D BHEEHK
gn (after recrystallization from acetone) 55 (249 mg, 81%) *757-,

FABMS: m/z 659 [M + H]"; '"H-NMR (CDCL;) (only assignable signals were listed) 8 5.45
(1H, d, J= 5.8 Hz, H-6), 4.41 (1H, dd, J=15.3, 7.6 Hz, H-16), 3.98 (1H, m, H-3a), 3.77 (1H,
broad s, H-1B), 3.47 (1H, ddd, J= 11.0, 4.7, 1.8 Hz, H-26a), 3.37 (1H, t, J = 11.0 Hz, H-26b),
0.98 3H, s, 19-CH), 0.97 (3H, d, J = 7.3 Hz, 21-CHs), 0.88 (12H, s, (CH:);C-), 0.87 (6H, s,
(CH;»:C-) 079 (3H, d, J = 6.40Hz, 27-CHs), 0.79 (3H, s, 18-CH), 0.07 (3H, s,
(CH3)sCSi(CHz)y-), 0.05 (3H, s, (CH;)sCSi(CHs)y-), 0.04 (3H, s, (CHs);CSi(CHs),-), 0.02 (3H,
s, (CH;):CSi(CHs),); C-NMR (CDCly) & 138.4 (C-5), 123.0 (C-6), 109.2 (C-22), 80.8
(C-16), 73.5 (C-1), 67.5 (C-3), 66.8 (C-26), 62.2 (C-17), 58.8 (C-14), 42.3 (C-4), 42.3 (C-10),
41.6 (C-20), 41.1 (C-9), 40.3 (C-13), 39.7 (C-12), 38.9 (C-2), 31.9 (C-7), 31.8 (C-23), 31.6
(C-25), 314 (C-15), 303 (C-8), 288 (C-24), 259 ((CH;:CSi(CHs)-), 25.9
((CH3):CSi(CHy)y), 257 ((CH3):CSi(CHs)), 203 (C-11), 194 (C-19), 18.1
((CH;):CSi(CH3)y-), 18.1 ((CH3):CSi(CH3)y), 17.1 (C-27), 16.4 (C-18), 14.5 (C-21), -3.7
((CH3):CSi(CH3)-),  -4.4 ((CH3)CSi(CH3)-),  -4.5  ((CH3)sCSi(CHs)-),  -5.3
((CH:);CSi(CHs)-); HRMS (FAB) m/z caled for CsoHyO4Sh, [M + HJ', 659.4901, found:
659.4872.

(208,22R,25R)-Spirost-1a,3 B-bis(tert-butyldimethylsilyloxy)-5,7-diene 56

{b&# 55 (500 mg, 0.76 mmol) DK n-hexane (8 mL) EHRIZ NBS (160 mg, 0.90
mmol) 33X T AIBN (40 mg, 0.25 mmol) ZMMZ. 90°C T 1.5 BRRIEN. A%, &
WEEELTELEEYL xylene (10 mL) IZ¥fZ L, y-collidine (1.0 mL, 7.55 mmol) %
Mz, 165°C T 1.5 Fef&EM. KUn. A8 L., diethyl ether (200 mL) (ZIEA L,
5% HCl 3" brine (150 mL) TP, Na,SO, THLME, A%, BWEEZEEL, &
#ED acetone 75 FEHES L CRALE 195-196 °C @ B EEHIRE 56 (230 mg, 46%) %157,
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FABMS: m/z 657 [M + H]"; '"H-NMR (CDCl;) (only assignable signals were listed) & 5.57
(1H, d, J = 5.5 Hz, H-6), 5.31 (1H, quint, J = 2.7 Hz, H-7), 4.50 (1H, dd, J = 14.3, 7.6 Hz,
H-16), 4.01 (1H, m, H-3a), 3.69 (1H, d, J= 11.8 Hz, H-1B), 3.47 (1H, ddd, /= 11.0, 4.3, 1.8
Hz, H-26a), 3.39 (1H, t, J = 11.0 Hz, H-26b), 0.99 (3H, d, J = 6.7 Hz, 21-CH3), 0.92 (3H, s,
19-CH3), 0.88 (18H, s, (CH3);CSi-), 0.79 (3H, d, J = 6.41 Hz, 27-CH;), 0.73 (3H, s, 18-CHj3),
0.10 (3H, s, (CH;»xCSi(CHs)-), 0.07 (3H, s, (CH3);CSi(CHs)-), 0.06 (3H, s,
(CH;);CSi(CHs),-), 0.05 (3H, s, (CH;);CSi(CHs),-); *C-NMR (CDCls) & 139.1 (C-8), 137.7
(C-5), 120.0 (C-6), 115.1 (C-7), 109.2 (C-22), 80.6 (C-16), 73.9 (C-1), 66.8 (C-26), 66.3 (C-3),
62.0 (C-17), 54.8 (C-14), 42.8 (C-13), 42.0 (C-20), 41.0 (C-10), 40.8 (C-4), 39.2 (C-12), 39.0
(C-2), 37.3 (C-9), 31.4 (C-23), 30.9 (C-15), 30.3 (C-25), 28.8 (C-24), 26.0 (CH;);CSi-), 25.9
(CH;);CSi-), 20.6 (C-11), 18.2 (CH3);CSi-), 18.0 (CH;3):CSi-), 17.1 (C-27), 17.0 (C-19), 16.5
(C-18), 145 (C-21), -3.8 (CH;)sCSi(CH3)-), -4.3 ((CH3);CSi(CH3),-), -4.5
((CH;);CSi(CH3)5-), -5.0 ((CH3);CSi(CHs),-); HRMS (FAB) m/z caled for C3oH704Si, [M +
H]', 657.4735, found: 657.4733 ‘

(20S,22R 25 R)-Spirost-1c,33-diacetoxy-5,7-diene 53 & (20S,22R,25R)-Spirost-1a,33-
diacetoxy-4,6-diene 57

{b&% 51 (1.10 g, 2.1 mmol) DK n-hexane (50 mL) ¥HRIZ NBS (495 mg, 2. 8
mmol) ZA1x 2 BFELER, @M%, ABL, BWELEE, HRED xylene (50 mL) B
IZ y-collidine (8 mL, 60.4 mmol) #/1% 2 FFRELEDR, KIGHE., A1, FRIED diethyl ether
(200 mL) &% 5% HCI (50 mL x 2) 33X T brine (100 mL) TEEE#% Na,SO, THLMR,
A, B A B E L, % HPLC [DOCOSIL-B, 10 ¢ x 250 mm, 20% H,0-Acetone)]
THREHELL T 53 (581 mg, 53%) & @l 152-154 °C D HEEHRE (after recrystallization
from acetone-H,0) 57 (52 mg, 5%) % &7,

FABMS of 57: m/z 513 [M + H]"; "H-NMR (CDCl;) (only assignable signals were listed) &
5.98 (1H, dd, J = 9.8, 2.8 Hz, H-6), 5.68 (1H, dd, J = 9.8, 1.5 Hz, H-7), 5.43 (1H, broad s,
H-3a), 5.42 (1H, broad s, H-4), 5.03 (1H, broad s, H-1B), 4.43 (1H, dd, J = 14.6, 7.6 Hz,
H-16), 3.47 (1H, ddd, J = 11.0, 4.0, 1.5 Hz, H-26a), 3.37 (1H, t, J = 11.0 Hz, H-26b), 2.06
(3H, s, COCH3), 2.03 (3H, s, COCHs3), 1.09 (3H, s, 19-CH3), 0.96 (3H, d, J = 7.0 Hz, 21-CH3),
0.84 (3H, s, 18-CHs), 0.79 (3H, d, J = 6.1 Hz, 27-CH;); PC-NMR(CDCl;) & 170.7 (COCHa),
170.6 (COCH3), 142.5 (C-5), 131.5 (C-7), 127.9 (C-6), 121.1 (C-4), 109.2 (C-22), 80.5 (C-16),
73.9 (C-1), 68.0 (C-3), 66.8 (C-26), 62.0 (C-17), 53.8 (C-14), 44.5 (C-9), 41.5 (C-13), 41.4
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(C-20), 39.6 (C-12), 38.2 (C-10), 36.7 (C-8), 31.3 (C-15), 31.3 (C-23), 30.2 (C-25), 28.7
(C-24), 28.4 (C-2), 21.2 (COCH3), 21.0 (COCH3), 20.1 (C-11), 19.0 (C-19), 17.1 (C-27), 16.3
(C-18), 14.4 (C-21); HRMS (FAB) m/z caled for CsHysOs [M + HJ', 513.3216, found:
513.3215.

(20S,22R,25R)-Spirost-1ct,3a-diacetoxy-5,7-diene 58

{E&% 53 LEAEIZ, 52 (100 mg, 0.19 mmol) ZJEK NBS LT y-collidine T
L, BA 152-155°C OB EEHRE (after recrystallization from acetone-H,0) 58 (21 mg,
25%) &1,

FABMS: m/z 513 [M + H]"; 'TH-NMR (CDCl;) (only assignable signals were listed) & 5.68
(1H, dd, J = 5.5, 2.4 Hz, H-6), 5.43 (1H, quint, J = 2.4 Hz, H-7), 5.08 (1H, broad s, H-3(3),
4.89 (1H, m, H-1PB), 4.51 (1H, dd, J = 14.3, 7.6 Hz, H-16), 3.49 (1H, ddd, J = 11.0, 4.6, 1.8
Hz, H-26a), 3.39 (1H, t, J = 11.0 Hz, H-26b), 2.57 (1H, m, H-9), 2.07 (3H, s, COCHj3), 2.02
(3H, s, COCHa), 1.02 (3H, s, 19-CH3), 0.99 (3H, d, J = 6.7 Hz, 21-CH3), 0.80 3H, d, J = 6.4
Hz, 27-CHs), 0.72 (3H, s, 18-CH;); C-NMR (CDCl;) 8 170.5 (COCH3), 170.4 (COCHs3),
139.9 (C-8), 134.2 (C-5), 121.2 (C-6), 115.8 (C-7), 109.3 (C-22), 80.5 (C-16), 72.5 (C-1), 67.7
(C-3), 66.8 (C-26), 61.9 (C-17), 54.5 (C-14), 42.0 (C-20), 41.0 (C-10), 40.9 (C-13), 38.8
(C-12), 37.7 (C-9), 34.1 (C-4), 31.3 (C-23), 30.8 (C-15), 30.2 (C-25), 30.0 (C-2), 28.8 (C-24),
21.4 (COCHs), 21.3 (COCHj3), 20.0 (C-11), 17.1 (C-27), 16.4 (C-19), 16.3 (C-18), 14.5 (C-21);
HRMS (FAB) m/z caled for C3,Hys06 [M + H]', 513.3216, found: 513.3199.

(208,22 R,25R)-Spirost-1a,3 3-dihydroxy-5,7-diene 59

&% 53 (270 mg, 0.53 mmol) @ MeOH (8 mL) 3 L " benzene (9 mL) WIKIZ, 2
M KOH (H,0/MeOH=1/9) (10 mL) #/0%. 65°C T 1 EReff#E#:, KLk, KoK
(100 mL) 23 L, CH,Cl, (70 mL x 3) CTHiH, &% brine (150 mL) TyeidE
Na,SO, THzIRE, Ak, BWEAEE L, FRE%L EtOH-H,0 TH#EMRE L. BlA 233-234
°C DIREEEHRE 59 (210 mg, 93%) BT,

FABMS: m/z 429 [M + H]"; '"H-NMR (CDCl;) (only assignable signals were listed) § 5.70
(1H, dd, J = 5.8, 2.4 Hz, H-6), 5.37 (1H, quint, J = 2.4 Hz, H-7), 4.50 (1H, dd, J = 14.4, 7.6
Hz, H-16), 4.05 (1H, m, H-3a), 3.75 (1H, broad s, H-1B), 3.48 (1H, ddd, J = 11.0,4.3, 2.1 Hz,
H-26a), 3.39 (1H, t, J = 11.0 Hz, H-26b), 2.73 (1H, m, H-9), 0.99 (3H, d, J = 6.7 Hz, 21-CHs),

74



0.95 (3H, 5, 19-CHz), 0.80 (3H, d, J = 6.4 Hz, 27-CHj), 0.74 (3H, s, 18-CHy); BC-NMR A+
7 VI Table 7 1278 L7z, HRMS (FAB) m/z caled for CyyHy Oy [M + HJ', 429.3005,
found: 429.2977.

(208,22R,25 R)-Spirost-1a.,3 B-dihydroxy-4,6-diene 60

{L&® 59 LEFEIZ, 57(64 mg, 0.12 mmol) &7 /L0 UMAKAHE L, B 208-210
°C DY aEHRE (after recrystallization from acetone) 60 (42 mg, 76%) % 157=,

FABMS: m/z 429 [M + H]"; "TH-NMR (CDCl;) (only assignable signals were listed) & 5.97
(1H, dd, J = 9.8, 2.4 Hz, H-6), 5.64 (1H, d, J = 9.8 Hz, H-7), 5.48 (1H, broad s, H-4), 4.52
(1H, m, H-3w), 4.43 (1H, dd, J = 15.0, 7.6 Hz, H-16), 3.89 (1H, broad s, H-1P), 3.47 (1H, ddd,
J =110, 4.3, 1.5 Hz, H-26a), 3.37 (1H, t, J = 11.0 Hz, H-26b), 1.02 (3H, s, 19-CHj3), 0.97
(3H, d, J = 7.0 Hz, 21-CH3), 0.85 (3H, s, 18-CH;), 0.79 (3H, d, J = 6.4 Hz, 27-CH);
BCNMR A7 hJLiZ Table 7 1277 L7z, HRMS (FAB) m/z caled for CyHy Oy [M +
H]", 429.3005, found: 429.2998.

(208,22R,25R)-Spirost-1a,3a-dihydroxy-5,7-diene 61

&% 59 & FERFIC, 58 (210 mg, 0.41 mmol) % 7 /L0 UMK R L. BhA
212-214°C O HEEHREL (after recrystallization from acetone) 61 (142 mg, 81%) %157~

FABMS: m/z 429 [M + H]"; "H-NMR (CDCL) (only assignable signals were listed) & 5.71
(1H, dd, J = 5.5, 2.4 Hz, H-6), 5.37 (1H, quint, J = 2.4 Hz, H-7), 4.51 (1H, dd, J = 14.6, 7.3
Hz, H-16), 4.23 (1H, broad s, H-3B3), 3.63 (1H, broad s, H-18), 3.49 (1H, ddd, J = 11.0, 4.6,
1.8 Hz, H-26a), 3.40 (1H, t, J = 11.0 Hz, H-26b), 3.06 (1H, m, H-9), 0.98 (3H, d, J = 6.7 Hz,
21-CH3), 0.92 (3H, s, 19-CH;), 0.80 (3H, d, J = 7.1 Hz, 27-CH;), 0.72 (3H, s, 18-CHa3);
BC.NMR A~XZ kL Table 7 IZR L7z, HRMS (FAB) m/z caled for CyHy O [M +
H]', 429.3005, found: 429.2997.

(208,22R,25R)-(52,7E)-9,10-Secospirosta-5,7,10(19)-trien-1¢.,3 3-diol 62

L& 59 (120 mg, 0.28 mmol) @ diethyl ether (600 mL) &% 7 /v &I T,
200 W DOEEKEET 7 (307 nm) ZHWT, 0°C T 2 BFREDERER, Kinth. Bk
RAE, FRE% EtOH (150 mL) [ZIEfiE L., & 512 90°C T 3 BF&ER, ULk, &
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BAEEE L TELERES HPLC [DOCOSIL, 10 ¢ x 250 mm (30% H,0-acetone)] TrEHl
L. HROEEY 62 (24 mg, 20%) & 57=,

FABMS: m/z 429 [M + H]"; "H-NMR (CDCl;) (only assignable signals were listed) & 6.34
(1H, d, J = 11.3 Hz, H-6), 6.00 (1H, d, J = 11.3 Hz, H-7), 5.29 (1H, d, J = 1.8 Hz, H-19a),
4.97 (1H, d, J = 1.8 Hz, H-19b), 4.48 (1H, dd, J = 15.0, 7.3 Hz, H-16), 4.42 (1H, dd, J= 7.3,
4.3 Hz, H-1B), 4.23 (1H, m, H-300), 3.48 (1H, ddd, J=11.0, 4.3, 2.1 Hz, H-26a), 3.38 (1H, t,J
= 11.0 Hz, H-26b), 0.98 (3H, d, J = 7.0 Hz, 21-CHs), 0.79 (3H, d, J = 6.4 Hz, 27-CHs), 0.67
(3H, s, 18-CH3); PC-NMR A-2% k/LiZ Figure 8 127K L7z, HRMS (FAB) m/z caled for
Co7H4O4 [M + H]™, 429.3005, found: 429.2990.

(208,22R,25R)-(52,7E)-9,10-Secospirosta-5,7,10(19)-trien-1a,3c-diol 63

fE&® 62 LREERIZ. 61 (50mg, 0.12mmol) % JERUGE L OBEM(L L, HRO(L
A% 63 (10 mg, 20%) %787,

FABMS: m/z 429 [M + H]"; "H-NMR (CDCL;) (only assignable signals were listed) & 6.41
(1H, d, J = 11.3 Hz, H-6), 6.02 (1H, d, J = 11.3 Hz, H-7), 5.25 (1H, d, J = 1.8 Hz, H-19a),
497 (1H, d, J = 1.8 Hz, H-19b), 4.49 (1H, dd, J = 15.0, 7.6 Hz, H-16), 4.32 (1H, broad s,
H-1B), 4.05 (1H, broad s, H-3B), 3.48 (1H, ddd, J= 11.0, 4.3, 2.1 Hz, H-26a), 3.38 (1H, t, J=
11.0 Hz, H-26b), 0.98 (3H, d, /= 7.0 Hz, 21-CH3), 0.79 (3H, d, /= 6.4 Hz, 27-CH;), 0.66 (3H,
s, 18-CHs); "C-NMR A2 hLid Figure 8 1277 L7=, HRMS (FAB) m/z caled for
Cy7Hy1O4 [M + HJ', 429.3005, found: 429.2987.

(25R)-Furost-1a,33,26-triacetoxy-5,7,20(22)-triene 64

&% 4 LRIERIZ, 59 (927 mg, 1.81 mmol) % acetic anhydride SFAIZVINE LT,
HIRDOILEY 64 (785 mg, 78%) % 1&7-,

FABMS: m/z 555 [M + H]"; '"H-NMR (CDCL) (only assignable signals were listed) 6 5.68
(1H, dd, J = 5.5, 2.1 Hz, H-6), 5.43 (1H, quint, J = 2.1 Hz, H-7), 5.00 (1H, broad s, H-13),
5.00 (1H, m, H-3a), 4.83 (1H, ddd, J = 10.1, 7.9, 5.8 Hz, H-16), 3.94 (1H, dd, J = 10.7, 5.8
Hz, H-26a), 3.88 (1H, dd, J = 10.7, 6.4 Hz, H-26b), 2.61 (1H, d, J = 10.1 Hz, H-17), 2.44 (1H,
m, H-9), 2.09 (3H, COCHs), 2.05 (3H, COCH;), 2.04 (3H, COCH3), 1.59 (3H, s, 21-CHj),
1.03 3H, s, 19-CH;), 094 (3H, d, J = 6.7 Hz, 27-CH3), 0.63 (3H, s, 18-CHj) ;
BC-NMR(CDCl;) & 171.3 (COCH3), 170.4 (COCH3), 170.3 (COCH3), 151.8 (C-22), 139.5
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(C-8), 135.4 (C-5), 121.5 (C-6), 115.9 (C-7), 103.9 (C-20), 84.0 (C-16), 74.3 (C-1), 69.2
(C-26), 68.4 (C-3), 64.0 (C-17), 52.8 (C-14), 43.7 (C-13), 41.1 (C-10), 38.8 (C-12), 37.8 (C-9),
35.8 (C-2), 33.2 (C-23), 32.1 (C-25), 32.0 (C-4), 30.8 (C-15), 23.2 (C-24), 21.3 (COCH,),
21.2 (COCH;), 21.0 (COCH3), 20.3 (C-11), 16.7 (C-27), 16.2 (C-19), 14.0 (C-18), 11.5
(C-21); HRMS (FAB) m/z caled for C33Hy,0, [M + H]', 555.3322, found: 555.3307.

(25R)-Furost-1a,33,26-trihydroxy-5,7,20(22)-triene 65

L&Y 64(1.08 g, 1.95mmol) ® 2MKOH (H,0/MeOH=1/9) (30 mL) &%, =
BT 2 BRRIEEE, RS, 5% NaHCO; (100 mL) ZHEAN,  CH,Cl, (80 mL x 3) THh
H, HIHEE % brine (200 mL) TH# L. Na,SO, THME, ABBIEHEEZEE, (LEW
65(0.82¢) 2%, BT 2 Z L kROKGICH LT,

(25R)-5a-Furost-10.,33-dihydroxy-26-thiocyano-6,8(14),20(22)-triene 66 & (22S,22R25R)-
S5o-Spirost-1o.,33-dihydroxy-6,8(14)-diene 67

{LE&# 65 (378 mg, 0.88 mmol) @ pyridine (11 mL) EWIZ. TsCl (473 mg, 2.49
mmol) ZH1Z., 0°C T 1.5 BefEIE#R, RIS Z KK (100 mL) (ZHEM L. CH,Cl, (80
mL x 3) CHIH, HHEZIER 5% HCI (100mL x 3). 5% NaHCO; (200 mL) 3 X}
brine (250 mL) T NaySO, THLEE, Ak, BEZEEL TELKE 363 mg,
0.62 mmol) @ 3-pentanone (12 mL) ¥ IZ Nal (187 mg, 1.25 mmol) %%, 70°C T
5 EERIFEHR, BUSTHE. kK (50mL) IZHEEM L, CH,CL (30 mL x 3) T, iK%
10% Na,S,0; (80 mL x 2) 35 LT brine (100 mL) T¥EE L. Na,SO, THiME, A&,
I AR L, RIE (342 mg, 0.64 mmol) % DMF (20 mL) (Z¥AfZ L. KSCN (124 mg,
128 mmol) ZA1Z. 70°C T 2 EfEE#R, RUSHE. KK (50 mL) IZHEM L. CHCL
(50 mL x 3) ThiH, &% brine (150 mL) T¥E# L. Na,SO, TER, AB%. &
A E, 7% HPLC (30% HyO-acetone) CTHEELIL . R DILEY 66 (38 mg, 10%)
& B EEHREL (after recrystalization from acetone) 67 (45 mg, 13%) % 4#&7-,

FABMS of 66: m/z 469 [M]"; 'TH-NMR (CDCl;) (only assignable signals were listed) & 6.12
(1H, dd, J = 9.8, 3.1 Hz, H-7), 5.35 (1H, dd, J = 9.8, 1.6 Hz, H-6), 4.82 (1H, ddd, J = 10.1,
8.2, 4.6 Hz, H-16), 4.08 (1H, m, H-3a), 3.90 (1H, broad s, H-1B), 3.04 (1H, dd, J = 12.8, 5.5
Hz, H-26a), 2.81 (1H, dd, J = 12.8, 7.6 Hz, H-26b), 2.67 (1H, d, J = 14.0 Hz, H-5), 2.59 (1H,
d, J = 10.1 Hz, H-17), 1.63 (3H, s, 21-CH3), 1.08 (3H, d, J = 6.7 Hz, 27-CHz), 0.95 (3H, s,
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19-CHy), 0.67 (3H, s, 18-CHz); "C-NMR A-<Z h/LiX Table 8 1Z7R L7z, HRMS (FAB)
m/z caled for CogHisOsNS [M], 469.2651, found: 469.2645.

FABMS of 67: m/z 429 [M + H]"; "H-NMR (CDCl;) (only assignable signals were listed) &
6.12 (1H, dd, J=9.8, 3.1 Hz, H-7), 5.33 (1H, dd, /= 9.8, 1.5 Hz, H-6), 4.38 (1H, dd, J = 15.0,
7.6 Hz, H-16), 4.08 (1H, m, H-3a), 3.89 (1H, broad s, H-1B), 3.48 (1H, ddd, J=10.7, 4.0, 1.8
Hz, H-26a), 3.39 (1H, t, J = 10.7 Hz, H-26b), 2.67 (1H, d, J = 13.1 Hz, H-5), 1.04 (3H, s,
18-CH3), 0.99 (3H, d, J = 6.4 Hz, 21-CH,), 0.80 (3H, d, J = 6.3 Hz, 27-CH,), 0.67 (3H, s,
19-CH;); "C-NMR A7 h/LiZ Table 8 1Z7% L 72, HRMS (FAB) m/z caled for CpHy O
[M + HJ, 429.3005, found: 429.2980.

(25R)-Furost-1a,3B-dihydroxy-26-p-toluenesulfonyloxy-5,7,20(22)-triene 68

{E&% 65 (0.87 g, 2.03 mmol) @ CH,Cl, (25 mL) & IZ MesN-HCI (20 mg, 0.20
mmol ), Et;N (0.56 mL, 4.08 mmol) X" TsCl (464 mg, 2.44 mmol) Z %, 0°C T
15 s, RIS, Kk (300mL) IZiEM L, CH,CL (150 mL x 3) T,
W& NEWR 5% HCI (150mL x 3), 5% NaHCO; (500 mL) 33 KT8 brine (450 mL) THE
% Na,SO, THLIE, AB%. BEZYEEL, BEEZITI LI o~ T T T 4— (a
gradient of 0-25% acetone in toluene) THEE L THIMRDILEH 68 (0.82 g, 69%) Z 1572,

FABMS: m/z 583 [M + H]"; '"H-NMR (CDCl;) (only assignable signals were listed) & 7.78
(2H, d, J = 7.9 Hz, C¢Hy), 7.34 (2H, d, J = 7.9 Hz, C¢Hy), 5.70 (1H, dd, J = 5.5, 1.8 Hz, H-6),
5.40 (1H, quint, J = 1.8 Hz, H-7), 4.78 (1H, ddd, J = 10.1, 7.6, 5.8 Hz, H-16), 4.06 (1H, m,
H-3c), 3.89 ( 1H, dd, J = 9.5, 5.2 Hz, H-26a), 3.80 (1H, dd, J = 9.5, 6.7 Hz, H-26b), 3.76( 1H,
broad s, H-1B), 2.75 (1H, m, H-9), 2.58 (1H, d, J = 10.1 Hz, H-17), 2.44 (3H, s, CsH,-CHs),
1.54 (3H, s, 21-CHs), 0.95 (3H, s, 19-CHs), 0.90 (3H, d, J = 6.7 Hz, 27-CHs), 0.60 (3H, s,
18-CH3); "C-NMR(CDCl3) & 151.2 (C-22), 144.6 (pheny! carbon), 139.5 (C-8), 136.5 (C-5),
133.0, 129.8 and 127.8 (phenyl carbons), 121.7 (C-6), 115.6 (C-7), 104.2 (C-20), 84.0 (C-16),
74.8 (C-26), 72.6 (C-1), 65.2 (C-3), 63.9 (C-17), 52.8 (C-14), 43.8 (C-13), 42.3 (C-10), 39.9
(C-4), 38.9 (C-12), 38.4 (C-2), 37.6 (C-9), 33.1 (C-23), 32.3 (C-25), 30.0 (C-15), 22.9 (C-24),
21.6 (CsH,-CH3), 20.8 (C-11), 16.4 (C-27), 16.3 (C-19), 13.9 (C-18), 11.4 (C-21); HRMS
(FAB) m/z caled for C3,H4,06S [M + HJ', 583.3093, found: 583.3110.
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(25R)-5a-Furost-10.,3B3-dihydroxy-26-p-toluenesulfonyloxy-6,8(14),20(22)-triene 69

{E&% 68 (45 mg, 0.08 mmol) ® CHCl; (2 mL) ¥ 3 M HCI/ MeOH (8 mL) Z N
Z. EIRT 20 R, FUSKIZ 5% NaHCO; 30 mL) #/51%x., CH,Cl (30 mL x 3)
T, fHEZ brine (100 mL) TYEHHE NaySO, THoMR, A%, BWEEEEL.
Pk E 7 a~ 77 7 4 — (agradient of 0-15% acetone in toluene) THEEL L. ROk
A% 69 (22 mg, 49%) Z1ET,

FABMS: m/z 583 [M + H]"; "H-NMR (CDCls) (only assignable signals were listed) 6 7.78
(2H, d, J=7.9 Hz, C¢H,), 7.34 (2H, d, J= 7.9 Hz, Cs¢Hy), 6.12 (1H, dd, /= 9.8, 3.4 Hz, H-7),
5.33 (14, dd, J=9.8, 1.6 Hz, H-6), 4.75 (1H, ddd, J= 10.1, 7.6, 5.8 Hz, H-16), 4.09 (1H, m,
H-3a), 3.90 (1H, dd, J=9.5, 4.87 Hz, H-26a), 3.89 (1H, broad s, H-1B), 3.81 (1H, dd, J=9.5,
6.4 Hz, H-26b), 2.64 (1H, d, J = 15.0 Hz, H-5), 2.59 (1H, d, /= 10.1 Hz, H-17), 2.44 (3H, s,
CsHy-CHs), 1.56 (3H, s, 21-CH3), 0.91 (3H, s, 18-CH;), 0.91 (3H, d, J = 6.7 Hz, 27-CHjy),
0.67 (3H, s, 19-CH;); "C-NMR (CDCl3) & 151.3 (C-22), 144.6 (C-14), 144.6 and 133.1
(phenyl carbons), 130.5 (C-6), 129.8 and 127.8 (phenyl carbons), 126.2 (C-8), 124.6 (C-7),
104.2 (C-20), 83.7 (C-16), 74.8 (C-26), 72.4 (C-1), 66.8 (C-3), 64.0 (C-17), 43.5 (C-13), 41.9
(C-9), 39.8 (C-10), 38.4 (C-2), 36.9 (C-5), 36.4 (C-4), 36.4 (C-12), 34.5 (C-15), 32.9 (C-23),
32.3 (C-25), 22.9 (C-24), 22.2 (C-18), 21.6 (CsH,-CH3), 19.0 (C-11), 16.3 (C-27), 12.2 (C-19),
11.7 (C-21); HRMS (FAB) m/z caled for C34Hy706S [M + HJ, 583.3093, found: 583.3079.

(25R)-Furost-1a,3 3-dihydroxy-26-i0do-5,7,20(22)-triene 70

k&8 7 LRBRIZ. 68 (0.74 g, 127 mmol) % Nal RIS L. HROIEY 70
0.619) #, HRTZZ LR KRORISITH L=,

FABMS: m/z 538 [M]"; "TH-NMR (CDCls) (only assignable signals were listed) & 5.73 (1H,
dd, J = 5.8, 2.8 Hz, H-6), 5.42 (1H, quint, J = 2.8 Hz, H-7), 4.84 (1H, ddd, J = 10.1, 7.9, 5.8
Hz, H-16), 4.07 (1H, m, H-3a), 3.78 (1H, broad s, H-1B), 3.25 (1H, dd, J = 9.8, 4.3 Hz,
H-26a), 3.16 (1H, dd, J = 9.8, 5.8 Hz, H-26b), 2.62 (1H, d, J = 10.1 Hz, H-17), 1.61 (3H, s,
21-CHs), 0.99 (3H, d, J = 6.4 Hz, 27-CH3), 0.97 (3H, s, 19-CHj3), 0.65 (3H, s, 18-CHjs);
HRMS (FAB) m/z caled for Cy;H39051 [M]", 538.1944, found: 538.1935.

(25R)-Furost-1a,3 3-dihydroxy-26-thiocyano-5,7,20(22)-triene 71
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{b&® 12 LEEEIZ, 70 (415 mg, 0.77 mmol) % KSCN L EUR L. HROILEY
71 (135 mg, 38%) %157,

FABMS: m/z 469 [M]"; '"H-NMR (CDCl;) (only assignable signals were listed) & 5.71 (1H,
dd, J = 5.5, 2.1 Hz, H-6), 5.41 (1H, quint, J = 2.1 Hz, H-7), 4.84 (1H, ddd, J = 10.1, 7.6, 5.8
Hz, H-16), 4.06 (1H, m, H-3c), 3.76 (1H, broad s, H-1B), 3.03 (1H, dd, J = 12.8, 5.5 Hz,
H-26a), 2.80 (1H, dd, J = 12.8, 7.6 Hz, H-26b), 2.75 (1H, m, H-9), 2.63 (1H, d, J = 10.1 Hz,
H-17), 1.61 (3H, s, 21-CH3), 1.07 (3H, d, J = 6.7 Hz, 27-CH3), 0.95 (3H, s, 19-CH3), 0.64 (3H,
s, 18-CH3); "C-NMR A2 /L% Table 8 1Z77x L7z, HRMS (FAB) m/z caled for
CosH3005NS [M]", 469.2651, found: 469.2658.

(25R)-Furost-1a,3 B-dihydroxy-26-selenocyano-5,7,20(22)-triene 72

b8 12 LREERIZ, 70 (174 mg, 0.32 mmol) % KSeCN & Ut L. kDAY
72 (40 mg, 24%) &=157-,

FABMS: m/z 517 [M]*; '"H-NMR (CDCl;) (only assignable signals were listed) 8 5.71 (1H,
dd, J =5.5,2.13 Hz, H-6), 5.41 (1H, quint, J = 2.1 Hz, H-7), 4.84 (1H, ddd, J = 10.1, 7.6, 5.5
Hz, H-16), 4.05 (1H, m, H-3a), 3.76 (1H, broad s, H-1B), 3.16 (1H, dd, J = 11.9, 5.5 Hz,
H-26a), 2.96 (1H, dd, J = 11.9, 7.3 Hz, H-26b), 2.75 (1H, m, H-9), 2.63 (1H, d, J = 10.1 Hz,
H-17), 1.61 (3H, s, 21-CH3), 1.08 (3H, d, J = 6.7 Hz, 27-CHs), 0.95 (3H, s, 19-CHs), 0.64 (3H,
s, 18-CHs); PC-NMR A2 h/Lid Table 8 2R L7z, HRMS (FAB) m/z caled for
C,sH300:NSe [M]", 517.2095, found: 517.2098.

(25R)- Sa-Furost-1a,33-dihydroxy-26-thiocyano-6,8(14),20(22)-triene 66 from 69 via 73
fe&M 70 EFEERIZ, 69 (18 mg, 0.06 mmol) % Nal RIS L. k&% 73 (15 mg,
0.03 mmol) %7&, FEHIHZ &722<, 71 LFEEEIC, KSCN (6 mg, 0.06 mmol) &%

IS L CTHIROILEY 66 (11 mg, 76%) %757=, L& 66 @ PC-NMR & 'H-NMR A
R7 MV (LEY 65 N/ ENLDH D E—E LT,
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BwR BE
4’-0O-Methylaloenin 75

Aloenin 74 % diazomethane & UL *®, BlA 114-116°C D&M 75 %157,
FABMS: m/z 425 [M + HI"; "TH-NMR (CsDsN) & 7.21 (1H, d, J= 2.1 Hz, H-3"), 6.57 (1H, d, J
=2.1Hz H-5"), 6.52 (1H, d, J= 1.8 Hz, H-5), 5.62 (1H, d, J= 1.8 Hz, H-3), 5.56 (1H, d, J =
7.6 Hz, H-1), 4.52 (1H, dd, J = 11.6, 2.0 Hz, H-6"a), 4.29 (1H, dd, J= 11.6, 6.1 Hz, H-6"b),
425 (1H, t, J = 8.9 Hz, H-37), 4.17 (1H, m, H-2"), 4.15 (1H, m, H-4), 4.06 (1H, m, H-5"),
3.75 BH, s, 4°-OCHs), 3.57 (3H, s, 4-OCH;), 2.31 (3H, s, 6’-CH;); "C-NMR (CsDsN) &
171.4 (C-4), 164.9 (C-2), 162.1 (C-4’), 158.8 (C-6), 157.8 (C-2*), 140.0 (C-6"), 116.1 (C-17),
110.2 (C-57), 105.1 (C-5), 103.0 (C-17), 100.4 (C-3"), 88.6 (C-3), 79.0 (C-57), 78.7 (C-3"),
74.6 (C-2), 71.3 (C-4), 62.4 (C-6), 55.8 (4-OCH3), 55.4 (4’-OCHs), 20.3 (6°-CHs); HRMS
m/z calcd for CooHasOyo [M + HJ, 425.1448, found: 425.1463.

4-0-Alkylaloenin 76-93 D —f& i

Aloenin 74 (500 mg, 1.22 mmol) DK acetone (200 mL) FIEIZEFE alkyl bromide
UM alkyl iodide (7.32 mmol) 38 L TN K,COs (555 mg, 4.02 mmol) Zh1%, 60°C C
48 FERIRIE, SIStk B Z B E, RIEAZREEIK (200 mL) (Z¥EM, EtOAc (80 mL x
3) THiH, KL Na,SO, THEBEL, A%k, BELEE, REEZ VT L7 a< b
/5 7 4 — (a gradient of 0-20% MeOH in CHCL) THH L CHYT 5T 5&LEW%

(&
4’-O-Ethylaloenin 76

Yield 67%, m.p. 151-154 °C; FABMS: m/z 495 [M + H]"; '"H-NMR (CsDsN) & 7.21 (1H, d,
J=2.0 Hz, H-3"), 6.58 (1H, d, J= 2.0 Hz, H-5"), 6.53 (1H, d, J= 2.0 Hz, H-5), 5.64 (1H, d, J
= 2.0 Hz, H-3), 5.59 (1H, d, J = 7.5 Hz, H-17), 4.51 (1H, dd, J = 12.0, 2.0 Hz, H-6"a), 4.30
(1H, dd, J = 12.0, 6.0 Hz, H-6"b), 4.27 (1H, t, J = 8.5 Hz, H-3"), 4.18 (1H, m, H-2”), 4.17 (1H,
m, H-4”), 4.01 2H, q, J = 7.3 Hz, OCH,CHs), 4.00 (1H, m, H-5”), 3.56 (3H, s, 4-OCHs), 2.32
(3H, s, 6’-CH;), 1.23 (3H, t, J = 7.3 Hz, OCH,CH; ); *C-NMR (CsDsN) § 171.3 (C-4), 165.0
(C-2), 161.4 (C-47), 158.2 (C-6), 157.8 (C-2°), 139.9 (C-6), 115.9 (C-1°), 110.6 (C-5"), 105.2

81



(C-5), 102.9 (C-1™), 100.8 (C-3%), 88.5 (C-3), 78.9 (C-5™), 78.6 (C-3”), 74.6 (C-2"), 71.1
(C-4”), 63.7 (OCH,CH3), 62.3 (C-6”), 55.9 (4-OCHj3), 20.3 (6’-CH;), 14.7 (OCH,CHs);
HRMS m/z caled for C,Hy,0,0 [M + H], 439.1604, found: 439.1601.

4’-O-Propylaloenin 77

Yield 66%, m.p. 135-138 °C; FABMS: m/z 453 [M + H]"; "H-NMR (CsDsN) § 7.22 (1H, d,
J=2.1Hz, H-3"), 6.59 (1H, d, J=2.1 Hz, H-5"), 6.53 (1H, d, J=2.4 Hz, H-5), 5.64 (1H, d, J
= 2.4 Hz, H-3), 5.58 (1H, d, /= 7.6 Hz, H-1"), 4.49 (1H, dd, J=12.2, 2.1 Hz, H-6a), 4.27
(1H, dd, J=12.2, 5.8 Hz, H-6"b), 4.24 (1H, t, /= 8.9 Hz, H-3"), 4.15 (1H, m, H-2”), 4.14 (1H,
m, H-47), 4.03 (1H, ddd, J=12.2, 5.8, 2.1 Hz, H-5”), 3.94 (2H, t, J = 6.4 Hz, OCH,), 3.58
(3H, s, 4-OCH,), 2.33 (3H, s, 6°-CHa3), 1.68 (2H, m, CH,), 0.92 (3H, t, J= 7.3 Hz, CH,CHj; );
BC-NMR (CsDsN) 8 171.4 (C-4), 164.9 (C-2), 161.5 (C-4%), 158.8 (C-6), 157.8 (C-2°), 139.9
(C-6%), 115.9 (C-17), 110.7 (C-57), 105.1 (C-5), 102.9 (C-17), 100.8 (C-3°), 88.5 (C-3), 78.8
(C-5), 78.5 (C-37), 74.5 (C-2%), 71.1 (C-4), 69.6 (OCH,), 62.3 (C-6), 55.9 (4-OCHa), 22.6
(CH,), 20.3 (6°-CH3), 10.5 (-CH,CH;); HRMS m/z caled for CypHyoOy0 [M + HJ, 453.1761,
found: 453.1748.

4’-O-Butylaloenin 78

Yield 65%, m.p. 147-150 °C; FABMS: m/z 467 [M + H]"; "H-NMR (CsDsN) § 7.28 (1H, d,
J=2.0Hz, H-3"), 6.61 (1H, d, J=2.0 Hz, H-5"), 6.56 (1H, d, J = 2.0 Hz, H-5), 5.64 (1H, d, J
=2.0 Hz, H-3), 5.63 (1H, d, J = 7.5 Hz, H-17), 4.54 (1H, dd, J = 11.9, 2.0 Hz, H-6"a), 4.33
(1H, dd, J=11.9, 5.8 Hz, H-6"b), 4.29 (1H, t, J = 8.9 Hz, H-3"), 4.22 (1H, m, H-2”), 4.20 (1H,
m, H-4), 3.99 (1H, m, H-5), 3.99 (2H, t, J = 6.4 Hz, OCIL), 3.54 (3H, s, 4-OCHs), 2.33 (31,
s, 6-CHs), 1.65 (2H, quint, J = 6.4 Hz, CHy), 1.39 (2H, m, CH,), 0.85 GH, t, J = 7.3 Hz,
CH,CH; ); *C-NMR (CsDsN) & 171.4 (C-4), 165.0 (C-2), 161.7 (C-4), 159.0 (C-6), 158.0
(C-2), 140.0 (C-6”), 116.0 (C-1), 110.8 (C-5), 105.1 (C-5), 103.1 (C-1), 100.9 (C-3°), 88.6
(C-3), 79.1 (C-57), 78.7 (C-3”), 74.7 (C-27), 71.3 (C-4”), 68.0 (OCHy), 62.4 (C-6”), 55.8
(4-OCH3), 31.4 (CHy), 20.3 (6>-CHs), 19.4 (CHy), 13.9 (-CH,CH;); HRMS m/z caled for
CysHs 050 [M + H]', 467.1917, found: 467.1917.
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4’-O-Pentylaloenin 79

Yield 69%, m.p. 155-158 °C; FABMS: m/z 481 [M + H]"; '"H-NMR (CsDsN) & 7.25 (1H, d,
J=2.0Hz, H-3"), 6.60 (1H, d, /J=2.0 Hz, H-5’), 6.55 (1H, d, /= 2.0 Hz, H-5), 5.61 (1H, d, J
= 2.0 Hz, H-3), 5.61 (1H, d, J = 7.0 Hz, H-17), 4.53 (1H, dd, J = 12.0, 2.0 Hz, H-6"a), 4.31
(1H, dd, J=12.0, 6.0 Hz, H-6"b), 4.27 (1H, t, J = 8.9 Hz, H-3"), 4.21 (1H, m, H-2"), 4.20 (1H,
m, H-4”), 3.98 (1H, m, H-5”), 3.98 2H, t, /= 6.5 Hz, OCH,), 3.54 (3H, s, 4-OCH3), 2.33 (3H,
s, 6’-CH3), 1.65 (2H, quint, J = 6.5 Hz, CH,), 1.39 (4H, m, CH, x 2), 0.85 3H, t, J= 7.5 Hz,
CH,CH; ); ®C-NMR (CsDsN) & 171.4 (C-4), 164.9 (C-2), 161.7 (C-4°), 158.9 (C-6), 158.0
(C-27), 139.9 (C-6”), 116.0 (C-17), 110.8 (C-57), 105.1 (C-5), 103.0 (C-17), 100.9 (C-3°), 88.6
(C-3), 79.1 (C-57), 78.7 (C-37), 74.7 (C-27), 71.2 (C-4"), 67.9 (OCH,), 62.4 (C-6), 55.8
(4-OCH3), 31.4 (CH,), 30.0 (CH,), 20.4 (6°-CHj3), 19.4 (CHy), 13.9 (-CH,CH;); HRMS m/z
caled for Cy3H3 040 [M + H]', 481.2074, found: 481.2079.

4’-O-Hexylaloenin 80

FABMS : m/z 495 [M + HJ'; 'H-NMR (CDCls) & 7.28 (1H, d, J = 1.8 Hz, H-3"), 6.64 (1H,
d,J=1.8 Hz, H-5"), 6.56 (1H, d, J= 2.1 Hz, H-5), 5.64 (1H, d, J = 6.1 Hz, H-1), 5.63 (1H, d,
J = 2.1 Hz, H-3), 4.53 (1H, dd, J = 11.6, 2.0 Hz, H-6"a), 4.33 (1H, dd, J = 11.6, 6.1 Hz,
H-6"b), 4.28 (1H, t, J = 8.9 Hz, H-3”), 4.21 (1H, m, H-2), 4.19 (1H, m, H-4"), 4.01 (2H, t, J
= 6.4 Hz, OCH,), 4.00 (1H, m, H-5”), 3.54 (3H, s, 4-OCHs), 2.34 (3H, s, 6’-CH;), 1.69 (2H,
quint, J = 6.4 Hz, CH,), 1.37 (2H, m, CH,), 1.21 (4H, m, CH, x 2), 0.83 (3H, t, J = 7.0 Hz,
CH,CH; ); PC-NMR (CDCl;) & 171.4 (C-4), 164.9 (C-2), 161.7 (C-4°), 158.9 (C-6), 157.9
(C-2), 140.0 (C-6"), 116.0 (C-17), 110.8 (C-5), 105.2 (C-5), 103.1 (C-17), 100.9 (C-3"), 88.6
(C-3), 79.1 (C-57), 78.7 (C-3”), 74.7 (C-2”), 71.2 (C-4”), 68.3 (OCH,), 62.4 (C-6”), 55.8
(4-OCH3), 31.7 (CHy), 29.4 (CH,), 25.9 (CH,), 22.8 (CHy), 20.4 (6’-CH;), 14.1 (-CH,CHy);
HRMS m/z caled for CpsHssO0 [M + HJ, 495.2230, found: 495.2229.

4’-O-Heptylaloenin 81

Yield 60%, m.p. 121-122 °C; FABMS: m/z 509 [M + HJ"; "H-NMR (CsDsN) & 7.27 (1H, d,
J=18Hz H-3), 6.63 (1H, d, J= 1.8 Hz, H-5"), 6.59 (1H, d, J = 2.4 Hz, H-5), 5.61 (1H, d, J
= 6.4 Hz, H-17), 5.60 (iH, d, J= 2.4 Hz, H-3), 4.52 (1H, dd, J = 11.9, 2.0 Hz, H-6"a), 4.30
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(1H, dd, J=11.9, 5.8 Hz, H-6”b), 4.27 (1H, t, J = 8.9 Hz, H-3"), 4.19 (1H, m, H-2”), 4.17 (1H,
m, H-4”), 4.01 (2H, t, J= 6.4 Hz, OCH,), 4.00 (1H, m, H-5”), 3.53 3H, s, 4-OCHj), 2.32 3H,
s, 6>-CHs), 1.70 (2H, quint, J = 6.4 Hz, CH,), 1.37 (2H, m, CH,), 1.22 (6H, m, CH, x 3), 0.84
(H, t, J= 6.7 Hz, CHL,CH; ); >C-NMR (CsDsN) § 171.5 (C-4), 165.0 (C-2), 161.7 (C-4°),
158.9 (C-6), 158.0 (C-2°), 139.9 (C-6"), 116.0 (C-17), 110.8 (C-5), 105.1 (C-5), 103.0 (C-1*),
100.9 (C-3"), 88.5 (C-3), 79.1 (C-5”), 78.7 (C-3"), 74.7 (C-2”), 71.2 (C-4”), 68.3 (OCH,),
62.4 (C-6”), 55.8 (4-OCHs), 31.9 (CHy), 29.1 (CHy), 26.2 (CH,), 22.8 (CHy,), 20.3 (6’-CHs),
14.2 (-CH,CH;); HRMS m/z caled for CagHsrO10 [M + HI', 509.2387, found: 509.2406.

4’-0O-Octylaloenin 82

Yield 58%, m.p. 128-129 °C; FABMS: m/z 523 [M + H]"; "H-NMR (CsDsN) & 7.27 (1H, d,
J=2.0Hz, H-3"), 6.64 (1H, d, J=2.0 Hz, H-5"), 6.55 (1H, d, J= 2.4 Hz, H-5), 5.62 (1H, d, J
=24 Hz, H-3), 5.61 (1H, d, J = 6.5 Hz, H-1"), 4.52 (1H, dd, J = 12.2, 2.0 Hz, H-6"a), 4.30
(1H, dd, J=12.2, 5.8 Hz, H-6"b), 4.26 (1H, t, /= 8.9 Hz, H-3"), 4.19 (1H, m, H-2"), 4.17 (1H,
m, H-4”), 4.03 (2H, t, J = 6.4 Hz, OCH,), 4.02 (1H, m, H-5"), 3.54 (3H, s, 4-OCH3), 2.33 (3H,
s, 6’-CH3), 1.71 (2H, quint, J = 6.4 Hz, CH,), 1.39 (2H, m, CH,), 1.22 (8H, m, CH, x 4), 0.85
(3H, t, J = 6.7 Hz, CH,CH; ); "C-NMR (CsDsN) § 171.4 (C-4), 164.9 (C-2), 161.7 (C-4"),
158.9 (C-6), 157.9 (C-2°), 140.0 (C-6"), 116.0 (C-17), 110.8 (C-5"), 105.2 (C-5), 103.1 (C-17),
100.9 (C-3°), 88.6 (C-3), 79.1 (C-57), 78.7 (C-3™), 74.7 (C-2™), 71.2 (C-4”), 68.3 (OCH,),
62.4 (C-6), 55.8 (4-OCHj3), 32.0 (CHy), 29.5 (CHy), 29.4 (CH,), 26.3 (CH,), 22.8 (CH,), 20.3
(6>-CH3), 14.3 (-CH,CHs); HRMS m/z caled for CyH300,0 [M + HJ]', 523.2543, found:
523.2540.

4’-O-Nonylaloenin 83

Yield 57%, m.p. 124-126 °C; FABMS: m/z 537 [M + H]"; "H-NMR (CDCl; + CsDsN) 3
6.74 (1H, d, J = 2.1 Hz, H-3"), 6.45 (1H, d, J= 2.1 Hz, H-5"), 6.18 (1H, d, J = 2.5 Hz, H-5),
537 (1H, d, J = 2.5 Hz, H-3), 5.07 (1H, d, J = 7.6 Hz, H-1"), 4.10 (1H, dd, J = 12.2, 3.1 Hz,
H-67a), 3.93 (1H, dd, J = 12.2, 5.8 Hz, H-6"b), 3.90 (1H, t, J= 7.6 Hz, H-3”), 3.80 QH, t, J=
6.4 Hz, OCH,), 3.73 (1H, m, H-2), 3.72 (1H, m, H-4”), 3.65 (3H, s, 4-OCHj3), 3.63 (1H, ddd,
J=122,5.8,3.1 Hz, H-5”), 2.26 3H, s, 6-CH,), 1.72 (2H, quint, J = 6.4 Hz, CH,), 1.41 (2H,
m, CH,), 1.27 (10H, m, CH, x 5), 0.88 (3H, t, J = 6.7 Hz, CH,CH; ); C-NMR (CDCl; +
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CsDsN) § 170.6 (C-4), 164.7 (C-2), 160.5 (C-4*), 157.8 (C-6), 156.5 (C-2"), 138.8 (C-6"),
115.0 (C-17), 110.0 (C-5°), 104.2 (C-5), 102.0 (C-17), 100.0 (C-3), 87.4 (C-3), 76.7 (C-5”),
76.5 (C-37), 73.0 (C-27), 69.9 (C-4”), 67.4 (OCHy), 61.5 (C-6”), 55.0 (4-OCHs), 31.2 (CHy),
29.1 (CHy), 28.9 (CHy), 28.7 (CH,), 28.5 (CH,), 25.4 (CHy), 22.0 (CHy), 19.8 (6>-CHs), 13.4
(-CH,CH;); HRMS m/z caled for CogHyO1o [M + HJ, 537.2700, found: 537.2703.

4’-0O-Decylaloenin 84

Yield 56%, m.p. 108-111 °C; FABMS: m/z 551 [M + H]"; "H-NMR (CsDsN) & 7.30 (1H, d,
J=1.8Hz, H-3"), 6.65 (1H, d, J= 1.8 Hz, H-5"), 6.56 (1H, d, J = 1.8 Hz, H-5), 5.64 (1H, d, J
= 7.3 Hz, H-17), 5.63 (1H, d, J = 1.8 Hz, H-3), 4.54 (1H, dd, J = 11.9, 2.0 Hz, H-6"a), 4.33
(1H, dd, J=11.9, 6.0 Hz, H-6”b), 4.27 (1H, t, J= 8.9 Hz, H-37), 4.21 (1H, m, H-2"), 4.20 (1H,
m, H-4”), 4.03 (2H, t, J = 6.4 Hz, OCH,), 4.02 (1H, m, H-5), 3.54 (3H, s, 4-OCHs3), 2.34 (3H,
s, 6>-CHs), 1.73 (2H, quint, J = 6.4 Hz, CH,), 1.41 (2H, m, CH,), 1.22 (12H, m, CH, x 6),
0.87 3H, t, J = 7.3 Hz, CH,CHs ); "C-NMR (CsDsN) & 171.4 (C-4), 164.9 (C-2), 161.7
(C-4%), 159.0 (C-6), 157.9 (C-27), 140.0 (C-6), 116.0 (C-17), 110.8 (C-5"), 105.2 (C-5), 103.1
(C-1), 100.9 (C-3°), 88.6 (C-3), 79.1 (C-5"), 78.7 (C-37), 74.7 (C-27), 71.2 (C-4”), 68.3
(OCH,), 62.4 (C-6”), 55.8 (4-OCHs3), 32.1 (CHy), 29.8 (CH,), 29.6 (CH,), 29.5 (CHy), 26.3
(CH,), 22.9 (CH,), 20.4 (6°-CH3), 14.3 (-CH,CHs); HRMS m/z caled for CooHy3010 [M + HJ',
551.2856, found: 551.2875.

4’-0O-Undecylaloenin 85

Yield 52%, m.p. 116-118 °C; FABMS: m/z 587 [M + H]"; 'H-NMR (CsDsN) & 7.30 (1H, d,
J=12.5Hz, H-3"), 6.65 (1H, d, J= 2.5 Hz, H-5"), 6.55 (1H, d, J= 2.0 Hz, H-5), 5.64 (1H, d, J
= 7.0 Hz, H-17), 5.63 (1H, d, J = 2.0 Hz, H-3), 4.54 (1H, dd, J = 12.0, 2.0 Hz, H-6"a), 4.32
(1H, dd, J = 12.0, 6.0 Hz, H-6"b), 4.28 (1H, t, /= 8.9 Hz, H-3”), 4.21 (1H, m, H-2”), 4.19 (1H,
m, H-4”), 4.04 (2H, t, J = 6.5 Hz, OCHy), 4.03 (1H, m, H-57), 3.54 (3H, s, 4-OCHj), 2.34 (3H,
s, 6-CHs), 1.73 (2H, quint, J = 6.5 Hz, CH,), 1.42 (2H, m, CH,), 1.24 (14H, m, CH, x 7),
0.87 GH, t, J = 7.0 Hz, CHLCH; ); "C-NMR (CsDsN) & 171.4 (C-4), 164.9 (C-2), 161.7
(C-47), 158.9 (C-6), 157.9 (C-2°), 139.9 (C-6), 116.0 (C-1), 110.8 (C-5), 105.2 (C-5), 103.0
(C-17), 100.9 (C-3%), 88.6 (C-3), 79.1 (C-57), 78.7 (C-3”), 74.7 (C-2”), 712 (C-4”), 68.3
(OCH,), 62.4 (C-67), 55.8 (4-OCHs), 32.1 (CHy), 29.9 (CHy), 29.8 (CHy), 29.6 (CHy), 29.5
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(CHy), 263 (CH,), 22.9 (CH,), 20.4 (6°-CH;), 14.3 (-CH,CHs); HRMS m/z caled for
Cs0HssO10 [M + HJ', 565.3013, found: 565.3031.

4’-0-Dodecylaloenin 86

Yield 48%, m.p. 115-118 °C; FABMS: m/z 579 [M + H]"; "H-NMR (CsDsN) & 7.30 (1H, d,
J=2.1Hz, H-3"), 6.65 (1H, d, J=2.1 Hz, H-5"), 6.56 (1H, d, J = 2.1 Hz, H-5), 5.64 (1H, d, J
= 7.9 Hz, H-17), 5.63 (1H, d, J = 2.1 Hz, H-3), 4.52 (1H, dd, J = 11.9, 2.1 Hz, H-6"a), 4.32
(1H, dd, J=11.9, 5.8 Hz, H-6"b), 4.28 (1H, t, J = 8.9 Hz, H-3"), 422 (1H, m, H-2”), 4.20 (1,
m, H-4”), 4.05 (2H, t, J = 6.4 Hz, OCH,), 4.03 (1H, m, H-5”), 3.54 (3H, s, 4-OCHj), 2.34 (3H,
s, 6-CHs), 1.74 (2H, quint, J = 6.4 Hz, CH,), 1.42 2H, m, CHy), 1.25 (16H, m, CH, x 8),
0.87 BH, t, J = 7.0 Hz, CH,CH; ); "C-NMR (CsDsN) & 171.4 (C-4), 164.9 (C-2), 161.7
(C-4%), 158.9 (C-6), 157.9 (C-27), 139.9 (C-6”), 115.9 (C-17), 110.8 (C-5"), 105.2 (C-5), 103.1
(C-17), 100.9 (C-3"), 88.6 (C-3), 79.1 (C-57), 78.7 (C-37), 74.7 (C-27), 71.2 (C-4”), 68.3
(OCH,), 62.4 (C-6”), 55.8 (4-OCHs), 32.1 (CHy), 29.9 (CH,), 29.8 (CH,), 29.6 (CH,), 29.5
(CH,), 29.4 (CHy), 26.3 (CH,), 22.9 (CH,), 20.4 (6°-CHj), 14.3 (-CH,CHs); HRMS m/z caled
for C3;Hys010 [M + H]", 579.3169, found: 579.3165.

4’-0O-Tetradecylaloenin 87

Yield 70%, m.p. 127-129 °C; FABMS: m/z 629 [M + Na]"; '"H-NMR (CsDsN) & 7.28 (1H, d,
J=2.1Hz H-3"),6.64 (1H, d, J=2.1 Hz, H-5"), 6.54 (1H, d, J=2.1 Hz, H-5), 5.62 (1H, d, J
=2.1 Hz, H-3), 5.61 (1H, d, /= 7.9 Hz, H-17), 4.53 (1H, dd, J= 11.9, 2.1 Hz, H-6"a), 4.31
(1H, dd, J=11.9, 5.8 Hz, H-6"b), 4.27 (1H, t, /= 8.9 Hz, H-3"), 4.19 (1H, m, H-2”), 4.17 (1H,
m, H-4), 4.04 (2H, t, /= 6.3 Hz, OCH,), 4.03 (1H, m, H-5), 3.55 (3H, s, 4-OCHs), 2.34 (3H,
s, 6’-CHs), 1.74 (2H, quint, J = 6.3 Hz, CH,), 1.43 (2H, m, CH,), 1.27 (20H, m, CH, x 10),
0.87 (3H, t, J = 6.9 Hz, CH,CH; ), PC-NMR (CsDsN) & 171.4 (C-4), 164.9 (C-2), 161.7
(C-4%), 158.9 (C-6), 157.9 (C-27), 139.9 (C-6"), 116.0 (C-17), 110.8 (C-57), 105.1 (C-5), 103.0
(C-1), 100.8 (C-3%), 88.6 (C-3), 79.0 (C-57), 78.6 (C-3™), 74.6 (C-27), 71.2 (C-4”), 68.3
(-OCHj,-), 62.4 (C-67), 55.8 (4-OCHs), 32.1 (CHy), 29.9 (CH,), 29.9 (CH,), 29.9 (CH,), 29.8
(CH,), 29.6 (CH,), 29.6 (CHy), 29.4 (CH,), 26.3 (CH,), 22.9 (CH,), 20.3 (6’-CH3), 14.3
(-CH,CH3); HRMS m/z caled for C33HsoOr0 [M + H]', 607.3483, found: 607.3499.
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4’-0O-Hexadecylaloenin 88

Yield 46%, m.p. 125-127 °C; FABMS: m/z 629 [M + Na]"; "H-NMR (CsDsN) & 7.28 (1H, d,
J=2.1Hz, H-3%), 6.64 (1H, d, J=2.1 Hz, H-5"), 6.54 (1H, d, J= 2.1 Hz, H-5), 5.62 (1H, d, J
= 2.1 Hz, H-3), 5.61 (1H, d, J = 7.3 Hz, H-1), 4.53 (1H, dd, J = 12.2, 2.1 Hz, H-6"a), 4.32
(1H, dd, J=12.2, 5.8 Hz, H-6”b), 4.27 (1H, t, J = 8.9 Hz, H-3"), 4.19 (1H, m, H-2"), 4.18 (1H,
m, H-4), 4.04 (2H, t, J = 6.4 Hz, OCH,), 4.03 (1H, m, H-5”), 3.55 (3H, s, 4-OCH3), 2.34 (3H,
s, 6’-CH3), 1.74 (2H, quint, J = 6.4 Hz, CH,), 1.43 (2H, m, CHy), 1.29 (24H, m, CH, x 12),
0.87 (3H, t, J = 7.0 Hz, CH,CH; ), PC-NMR (CsDsN) § 171.4 (C-4), 165.0 (C-2), 161.7
(C-4%), 158.9 (C-6), 157.9 (C-2°), 139.9 (C-6°), 116.0 (C-17), 110.8 (C-5), 105.1 (C-5), 103.0
(C-17), 100.9 (C-3°), 88.6 (C-3), 79.0 (C-57), 78.7 (C-37), 74.7 (C-2”), 71.2 (C-4”), 68.3
(-OCH,-), 62.4 (C-6), 55.9 (CH,), 32.1 (CH,), 30.0 (CH,), 29.9 (CH,), 29.9 (CH,), 29.7
(CH,), 29.6 (CH,), 29.5 (CH,), 29.3 (CH,), 26.3 (CH,), 22.9 (CH,), 20.4 (6’-CH,), 14.3
(-CH,CHs); HRMS m/z caled for CssHsyO1o [M + HJ', 635.3796, found: 635.3803.

4’-0-Octadecylaloenin 89

Yield 43%, m.p. 121-124 °C; FABMS: m/z 663 [M + H]"; 'TH-NMR (CsDsN) & 7.28 (1H, d,
J=2.0 Hz, H-3%), 6.64 (1H, d, J=2.0 Hz, H-5"), 6.54 (1H, d, J= 2.0 Hz, H-5), 5.62 (1H, d, J
= 7.0 Hz, H-17), 5.61 (1H, d, J = 2.0 Hz, H-3), 4.53 (1H, dd, J = 11.5, 2.0 Hz, H-67a), 4.31
(1H, dd, J=11.5, 7.0 Hz, H-6”b), 4.26 (1H, t, J = 8.9 Hz, H-3”), 4.20 (1H, m, H-2”), 4.18 (1H,
m, H-4"), 4.02 (2H, t, J= 6.5 Hz, OCH,), 3.98 (1H, m, H-5), 3.53 (3H, s, 4-OCH3), 2.34 (3H,
s, 6’-CHs), 1.74 (2H, quint, J = 6.5 Hz, CHy), 1.43 (2H, m, CH,), 1.29 (28H, m, CH, x 14),
0.87 (3H, t, J = 7.5 Hz, CH,CH; ), C-NMR (CsDsN) & 171.4 (C-4), 168.9 (C-2), 164.9
(C-4%), 158.9 (C-6), 157.7 (C-2°), 142.1 (C-6°), 115.3 (C-17), 110.9 (C-5"), 105.2 (C-5), 103.1
(C-17), 100.9 (C-3°), 86.2 (C-3), 79.1 (C-57), 78.7 (C-3"), 74.7 (C-2”), 71.2 (C-4”), 68.4
(-OCH,-), 62.4 (C-6”), 55.8 (CH,), 32.1 (CHy), 30.0 (CHy), 29.9 (CHy), 29.7 (CH,), 29.6
(CH,), 29.5 (CH,), 26.3 (CH,), 22.9 (CH,), 20.4 (6’-CH3), 14.3 (-CH,CHs); HRMS m/z caled
for Cy;HseO10 [M + HJ", 663.4108, found: 663.4105.

4’-0-Eicosylaloenin 90

Yield 76%, m.p. 126-128 °C; FABMS: m/z 713 [M + Na]"; 'TH-NMR (CsDsN) & 7.27 (1H, d,
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J=1.8Hz, H-3"), 6.63 (1H, d, J= 1.8 Hz, H-5"), 6.53 (1H, d, J= 2.1 Hz, H-5), 5.61 (1H, d, J
= 2.1 Hz, H-3), 5.60 (1H, d, J = 7.3 Hz, H-17), 4.52 (1H, dd, J = 12.2, 2.1 Hz, H-67a), 4.30
(1H, dd, J=12.2, 5.8 Hz, H-6”b), 4.24 (1H, t, J= 8.9 Hz, H-3"), 4.17 (1H, m, H-2”), 4.16 (1H,
m, H-4"), 4.02 (2H, t, J = 6.4 Hz, OCH,), 4.02 (1H, m, H-5"), 3.53 (3H, s, 4-OCH3), 2.33 (3H,
s, 6’-CHs), 1.73 (2H, quint, J = 6.4 Hz, CH,), 1.43 (2H, m, CHy), 1.29 (32H, m, CH, x 16),
0.87 3H, t, J = 7.0 Hz, CH,CH; ), ®C-NMR  (CsDsN) § 171.4 (C-4), 164.9 (C-2), 161.7
(C-4%), 158.9 (C-6), 157.9 (C-2°), 139.9 (C-6), 116.0 (C-1°), 110.8 (C-5"), 105.1 (C-5), 103.0
(C-1), 100.9 (C-3°), 88.6 (C-3), 79.0 (C-57), 78.7 (C-3"), 74.6 (C-2”), 71.2 (C-4”), 68.3
(-OCH,-), 62.4 (C-6”), 55.8 (CHa), 32.1 (CH,), 30.0 (CH,), 30.0 (CH,), 29.9 (CH,), 29.9
(CHy), 29.7 (CH,), 29.6 (CH,), 29.5 (CH,), 26.3 (CHy), 22.9 (CHy), 20.4 (6°-CHs), 14.3
(-CH,CH;); HRMS m/z caled for CsoHgO1o [M + HI, 691.4422, found: 691.4410.

4’-0-Docosylaloenin 91

Yield 70%, m.p. 126-128 °C; FABMS: m/z 741 [M + Na]"; "H-NMR (CsDsN) & 7.28 (1H, d,
J=1.8 Hz, H-3"), 6.63 (1H, d, /= 1.8 Hz, H-5"), 6.54 (1H, d, J= 1.8 Hz, H-5), 5.61 (1H, d, J
= 1.8 Hz, H-3), 5.60 (1H, d, J = 7.3 Hz, H-17), 4.52 (1H, dd, J=11.9, 2.1 Hz, H-6"a), 4.31
(1H, dd, J=11.9, 5.8 Hz, H-6"b), 4.25 (1H, t, J = 8.9 Hz, H-3”), 4.18 (1H, m, H-2"), 4.17 (1H,
m, H-47), 4.02 (2H, t, /= 6.7 Hz, OCH,), 4.02 (1H, m, H-57), 3.53 (3H, s, 4-OCHs), 2.33 (3H,
s, 6’-CH;), 1.73 (2H, quint, J = 6.7 Hz, CH,), 1.43 (2H, m, CH,), 1.32 (36H, m, CH, x 18),
0.87 (3H, t, J = 7.0 Hz, CH,CH; ), PC-NMR (CsDsN) & 171.4 (C-4), 164.9 (C-2), 161.7
(C-4%), 159.0 (C-6), 157.9 (C-27), 139.9 (C-6"), 116.0 (C-17), 110.8 (C-57), 105.1 (C-5), 103.0
(C-17), 100.8 (C-3°), 88.6 (C-3), 79.0 (C-57), 78.7 (C-37), 74.7 (C-27), 71.2 (C-4”), 68.3
(-OCH;-), 62.4 (C-67), 55.8 (CH,), 32.1 (CH,), 30.0 (CH,), 30.0 (CHy), 29.9 (CH,), 29.9
(CH,), 29.7 (CHy), 29.6 (CH,), 29.5 (CHy), 26.3 (CH,), 22.9 (CHy), 20.4 (6’-CH;), 14.3
(-CH,CHs); HRMS m/z caled for CyHgsO1o [M + H]", 719.4735, found: 719.4717.

4’-O-Benzylaloenin 92

Yield 55%, m.p. 100-103 °C; FABMS: m/z 501 [M + H]"; 'H-NMR (CsDsN) 8 7.55 (2H, d,
J=17.3 Hz, C¢Hs), 7.37 (2H, m, C¢Hs), 7.36 (1H, d, J = 2.1 Hz, H-3), 7.30 (1H, m), 6.68 (1H,
d,J=2.1Hz, H-5%), 6.52 (1H, d, J= 2.1 Hz, H-5), 5.63 (1H, d, J=2.5 Hz, H-3), 5.57 (1H, d,
J=17.9Hz, H-17), 5.20 (2H, ABq, Ju= 12.0 Hz, A xp = 17.5 Hz, CsHs-CHy), 4.52 (1H, dd, J=
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11.9, 2.1 Hz, H-6"a), 431 (1H, dd, J = 11.9, 6.1 Hz, H-6"b), 4.27 (1H, t, J = 8.9 Hz, H-3"),
4.18 (1H, m, H-2”), 4.17 (1H, m, H-4"), 4.08 (1H, ddd, /= 11.9, 6.1, 2.1 Hz, H-5"), 3.55 (3H,
s, 4-OCHs), 2.30 (3H, s, 6-CH;); PC-NMR (CsDsN) 8 171.3 (C-4), 164.9 (C-2), 161.2 (C-4*),
158.7 (C-6), 157.8 (C-27), 140.0 (C-67), 137.4, 128.8, 128.3 and 128.0 (C¢Hs), 116.3 (C-1°),
111.1 (C-5%), 105.1 (C-5), 103.0 (C-17), 101.2 (C-3%), 88.6 (C-3), 79.0 (C-5™), 78.7 (C-3™),
74.6 (C-27), 71.2 (C-47), 70.2 (OCH,-C¢Hs), 62.4 (C-67), 55.8 (4-OCHs), 20.4 (6°-CHs);
HRMS m/z caled for C,6Hy3010 [M + H]', 501.1761, found: 501.1761.

4’-0O-Allylaloenin 93

Yield 79%, m.p. 99-101 °C; FABMS: m/z 451[M+H]"; "H-NMR (CsDsN) & 7.23 (1H, d, J =
2.1 Hz, H-3”), 6.60 (1H, d, J = 2.1 Hz, H-5"), 6.50 (1H, d, J = 2.1 Hz, H-5), 6.04 (1H, m,
CH=CH,), 5.62 (1H, d, J = 2.1 Hz, H-3), 5.53 (1H, d, J = 7.6 Hz, H”-1), 5.44 (1H, dd, J =
15.9, 1.5 Hz, CH=CHapa ), 5.21 (1H, dd, J = 10.4, 1.5 Hz, OCH=CH,b), 4.61 (2H, d, J = 4.0
Hz, OCH,), 4.49 (1H, dd, J = 11.9, 2.0 Hz, H-6"a), 4.26 (1H, dd, J = 11.9, 5.8 Hz, H-6"b),
422 (1H, t, J = 8.9 Hz, H-3”), 4.12 (1H, m, H-2”), 4.11 (1H, m, H-4”), 4.02 (1H, ddd, J =
11.9, 5.8, 2.0 Hz, H-5), 3.57 (3H, s, 4-OCHj), 2.30 (3H, s, 6’-CH;), "C-NMR (CsDsN) &
171.3 (C-4), 1649 (C-2), 161.0 (C-4*), 158.7 (C-6), 157.8 (C-2°), 139.9 (C-6’), 133.6
(CH=CH,), 117.6 (CH=CH,), 116.1 (C-17), 111.0 (C-57), 105.1 (C-5), 102.9 (C-17), 101.1
(C-3%), 88.6 (C-3), 78.9 (C-57), 78.5 (C-37), 74.5 (C-2"), 71.1 (C-4”), 69.2 (OCH), 62.3
(C-6), 55.9 (4-OCHs), 20.3 (6°-CHz); HRMS m/z caled for CyHy70y0 [M + HJY, 451.1604,
found: 451.1611.

Bm =
4’-O-Alkylaloenin sulfates 94-102 DO —f% K&

4’-0-Alkylaloenin 75, 80, 84 3L T* 86-91 (200 mg, 0.47 mmol) DK pyridine (5
mL) YA#RIZ. SOs-pyridine complex (899 mg, 5.66 mmol) #f1 %, #H T, EIER T 72 B
B, e, G % 1 MNaHCO; T pH8~9 (2725 & 5 ICFRS%, R+
£, BEEY H,0 (Sml) [CBfEL, A A ZZHRHE Diaion HP 20 (B ARFUKBRRSAL)
AThravw NTTT7 4 —IZRESE, KEE. 50% MeOH / H,O B LT 100%
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MeOH TEHEH L. xIET 28 94-102 %157z, 7233, 4-O-alkylaloenin sulfates
94-102 1T, Wb 'H- BL U PC-NMR CHRERR L7z,

4’-0O-Methylaloenin sulfate 94

Yield 14%, m.p. 228-233 °C; '"H-NMR (D,0) 8 6.60 (1H, d, J = 2.1 Hz, H-3"), 6.48 (1H, d,
J=2.1Hz, H-5%),6.23 (1H, d, J=2.1 Hz, H-5), 5.47 (1H, d, J= 3.7 Hz, H-17), 5.57 (1H, d, J
=2.1 Hz, H-3), 4.69 (1H, t, J = 3.7 Hz, H-3"), 4.51 (1H, t, J= 3.7 Hz, H-2”), 4.44 (1H, t, J =
3.7 Hz, H-4”), 4.24 (1H, overlap with H-5”, H-6"a), 4.21 (1H, overlap with H-6"a , H-57),
4.03 (1H, td, J=10.0, 2.5 Hz, H-6"b), 3.77 (3H, s, 4’~-OCH3), 3.71 (3H, s, 4-OCH;), 2.04 (3H,
s, 6-CHs), PC-NMR (D,0) 8: 174.1 (C-4), 170.0 (C-2), 162.1 (C-4), 158.5 (C-6), 156.2
(C-2%), 141.5 (C-67), 115.9 (C-17), 111.3 (C-57), 107.3 (C-5), 99.6 (C-3°), 98.3 (C-1™), 89.5
(C-3), 75.0 (C-27), 74.9 (C-3), 74.5 (C-57), 72.5 (C-47), 68.6 (C-6), 57.3 (4°-OCHjy), 56.5
(4’-OCHs), 19.9 (6°-CHa).

4’-0O-Hexylaloenin sulfate 95

Yield 57%, m.p. 212-216 °C; 'H-NMR (D,0) § 6.62 (1H, d, J = 2.1 Hz, H-3"), 6.48 (1H, d,
J=2.1Hz H-5%), 6.25 (1H, d, J= 2.1 Hz, H-5), 5.60 (1H, d, J=2.1 Hz, H-3), 5.47 (1H, d, J
=3.7Hz, H-1"),4.74 (1H, t, J=3.7 Hz, H-3”), 4.49 (1H, t, /= 3.7 Hz, H-2”), 449 (1H, t, J =
3.7 Hz, H-4”), 4.24 (1H, overlap with H-5”, H-6"a), 4.21 (1H, overlap with H-6"a , H-5”),
4.03 (1H, td, J= 10.0, 2.5 Hz, H-6"b), 3.96 (2H, m, -OCH,-), 3.80 (3H, s, 4’-OCHj3), 2.05 (3H,
s, 6-CH3), 0.75 (3H, t, J = 7.0 Hz, -OCH,CH3), "C-NMR (D,0) & 174.0 (C-4), 170.0 (C-2),
161.5 (C-4), 158.5 (C-6), 156.2 (C-27), 141.5 (C-6), 115.8 (C-17), 111.9 (C-57), 107.2 (C-5),
100.2 (C-37), 98.3 (C-17), 89.5 (C-3), 75.0 (C-27), 74.8 (C-37), 74.6 (C-57), 72.4 (C-4™), 69.8
(-OCH,-), 68.5 (C-6), 57.3 (4>-OCHjs), 31.6 (CH,), 29.1 (CHy), 25.7 (CH,), 22.8 (CHy), 20.0
(6°-CH3), 14.2 (-OCH,CHj).

4’-0-Decylaloenin sulfate 96

Yield 14%, m.p. 212-214 °C; 'H-NMR (D,0) & 6.59 (1H, broad s, H-3"), 6.38 (1H, broad s,
H-5%), 6.17 (1H, broad s, H-5), 5.54 (1H, broad s, H-17), 5.40 (1H, broad s, H-3), 4.69 (1H,
broad s, H-3"), 4.49 (1H, broad s, H-2"), 4.45 (1H, broad s, H-4"), 4.20 (2H, overlap with
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H-5” and H-6"a, H-5" and H-67a), 3.97 (1H, t, J = 9.5 Hz, H-6"b), 3.90 (2H, broad s,
-OCH,-), 3.72 (3H, s, 4’-OCHs), 2.01 (3H, s, 6-CH3), 1.56 (2H, m, CH,), 1.12 (2H, m, CH,),
1.03 (12H, m, CH, x 6), 0.64 (3H, t, J = 7.0 Hz, -OCH,CHs), *C-NMR (D,0) & 173.9 (C-4),
170.0 (C-2), 161.5 (C-4°), 158.5 (C-6), 156.3 (C-27), 141.1 (C-67), 115.8 (C-1"), 111.9 (C-5"),
107.2 (C-5), 100.4 (C-3°), 98.4 (C-17), 89.5 (C-3), 74.9 (C-37), 74.8 (C-57), 74.6 (C-27), 72.4
(C-4), 69.6 (-OCH,-), 68.4 (C-6™), 57.3 (4-OCHs), 32.2 (CH,), 29.6 (CH,), 29.5 (CH,), 29.3
(CH,), 29.0 (CH,), 26.0 (CH,), 23.0 (CH,), 20.1 (6°-CH3), 14.4 (-OCH,CHs).

4’-0O-Dodecylaloenin sulfate 97

Yield 50%, m.p. 199-201 °C; 'H-NMR (D,0) 8 6.61 (1H, broad s, H-3"), 6.27 (1H, broad s,
H-5%), 6.07 (1H, d, J = 2.0 Hz, H-5), 5.54 (1H, d, J = 2.0 Hz, H-3), 5.38 (1H, d, J= 5.0 Hz,
H-17), 4.74 (1H, t, J= 5.0, H-3"), 4.29 (1H, m, H-5”), 4.50 (1H, t, J = 5.0 Hz, H-2"), 4.49 (1,
t, J= 5.0 Hz, H-4"), 429 (1H, dd, J = 11.5, 5.0 Hz, H-6"a), 3.96 (1H, dd, J= 11.5, 5.0 Hz,
H-6"b), 3.86 (2H, t, J = 6.5 Hz, -OCH,-), 3.70 (3H, s, 4-OCHs), 2.02 3H, s, 6-CHs), 1.56 (2H,
m, CH,), 1.12 (2H, m, CH,), 1.03 (16H, m, CH, x 6), 0.66 (3H, t, J = 7.0 Hz, -OCH,CHy),
BC-NMR (D,0) & 173.5 (C-4), 169.3 (C-2), 161.7 (C-4°), 158.4 (C-6), 156.5 (C-2), 140.4
(C-6), 115.8 (C-17), 111.7 (C-5), 107.0 (C-5), 100.4 (C-3"), 98.5 (C-17), 89.5 (C-3), 75.2
(C-37), 75.1 (C-57), T4.4 (C-27), 72.6 (C-4”), 69.4 (-OCH,-), 68.1 (C-6”), 57.4 (4-OCHj),
32.5 (CHy), 30.3 (CH,), 30.1 (CHy), 30.0 (CH,), 29.7 (CHy), 29.2 (CHy), 26.4 (CH,), 23.3
(CHy), 20.5 (6>-CHs), 14.7 (-OCH,CHs).

4’-0O-Tetradecylaloenin sulfate 98

Yield 62%, m.p. 239-240 °C; 'H-NMR (D,0) & 6.63 (1H, broad s, H-3"), 6.25 (1H, broad s,
H-5%), 6.03 (1H, d, J = 1.5 Hz, H-5), 5.55 (1H, d, J = 1.5 Hz, H-3), 5.37 (1H, d, J = 5.0 Hz,
H-17), 4.76 (1H, t, J = 5.0 Hz, H-3"), 4.51 (1H, t, J = 5.0 Hz, H-2), 4.49 (1H, t, J = 5.0 Hz,
H-47), 431 (1H, dd, J = 11.0, 5.0 Hz, H-67a), 4.18 (1H, dd, J= 11.0, 5.0 Hz, H-5”), 3.96 (1H,
dd, J = 11.0, 5.0 Hz, H-6"b), 3.84 (2H, broad s, -OCH,-), 3.69 (3H, s, 4-OCHj), 2.02 (31, s,
6-CH), 1.53 (2H, m, CHy), 1.19 (2H, m, CHy), 1.07 (20H, m, CH, x 10), 0.69 3H, t, J= 6.5
Hz, -OCH,CHs), *C-NMR (D,0) & 173.4 (C-4), 169.2 (C-2), 161.9 (C-4”), 158.4 (C-6), 156.6
(C-2%), 140.1 (C-6"), 115.9 (C-1*), 111.7 (C-5”), 107.0 (C-5), 100.9 (C-3°), 98.7 (C-17), 89.6
(C-3), 75.4 (C-3), 75.2 (C-5), 743 (C-2”), 72.7 (C-4”), 69.4 (-OCHy-), 68.0 (C-6"), 57.5
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(4-OCHj), 32.7 (CH,), 30.5 (CHy), 30.3 (CH,), 30.2 (CH), 30.1 (CHy), 29.9 (CH), 29.3
(CH), 26.6 (CHy), 23.4 (CH,), 20.6 (6°-CHz), 14.7 ((OCH,CHs).

4’-0O-Hexadecylaloenin sulfate 99

Yield 66%, m.p. 232-235 °C; "TH-NMR (D,0) & 6.63 (1H, broad s, H-3"), 6.24 (1H, broad s,
H-5°), 6.01 (1H, d, /= 1.5 Hz, H-5), 5.55 (1H, d, J= 1.5 Hz, H-3), 5.36 (1H, d,J=5.5Hz,
H-17), 4.76 (1H, t, J = 5.5 Hz, H-3”), 4.51 (1H, t, J= 5.5 Hz, H-2”), 447 (1H, t, J= 5.5 Hz,
H-4"),4.32 (1H, d, J= 5.5 Hz, H-6"a), 4.17 (1H, d, /= 5.5 Hz, H-5”), 3.96 (1H, d, J= 5.5 Hz,
H-67b), 3.83 (2H, broad s, -OCH,-), 3.67 (3H, s, 4-OCH;), 2.02 (3H, s, 6-CH3), 1.53 (2H, m,
CHy), 1.18 (2H, m, CHy), 1.09 (24H, m, CH, x 10), 0.71 (3H, t, J = 3.7 Hz, -OCH,CHs),
PC-NMR (D,0) 8 173.3 (C-4), 169.1 (C-2), 161.9 (C-4"), 158.3 (C-6), 156.7 (C-2°), 140.0
(C-6), 115.9 (C-17), 111.8 (C-57), 107.0 (C-5), 100.9 (C-3°), 98.7 (C-17), 89.6 (C-3), 754
(C-37), 75.3 (C-57), 74.2 (C-27), 72.8 (C-4), 69.4 (-OCH,-), 68.0 (C-6), 57.5 (4-OCHz),
32.7 (CH,), 30.6 (CH,), 30.5 (CH,), 30.4 (CH,), 30.3 (CH,), 30.2 (CH,), 30.0 (CH,), 29.4
(CH,), 26.7 (CH,), 23.4 (CH,), 20.6 (6’-CH3;), 14.8 (-OCH,CHs).

4’-0-Octadecylaloenin sulfate 100

Yield 49%, m.p. 214-217 °C; 'H-NMR (D,0) & 6.62 (1H, broad s, H-3"), 6.23 (1H, d, J =
3.0 Hz, H-5"), 5.99 (1H, broad s, H-5), 5.53 (1H, broad s, H-3), 5.34 (1H, d, J= 3.0 Hz, H-1"),
4.75 (1H, t, J= 5.5 Hz, H-3"), 4.49 (1H, t, J = 5.5 Hz, H-2"), 4.46 (1H, t, J = 5.5 Hz, H-4”),
430 (1H, d, J = 5.5 Hz, H-67a), 4.15 (1H, d, J = 5.5 Hz, H-5”), 3.96 (1H, d, J = 5.5 Hz,
H-6"b), 3.82 (2H, broad s, -OCH,-), 3.66 (3H, s, 4-OCHs), 2.01 3H, s, 6-CHs), 1.51 (2H, m,
CHy), 1.18 (2H, m, CHy), 1.08 (28H, m, CH, x 14), 0.69 (3H, broad s, -OCH,CHs), *C-NMR
(D,0) § 173.2 (C-4), 169.1 (C-2), 162.0 (C-4), 158.3 (C-6), 156.7 (C-2"), 139.8 (C-6), 115.9
(C-1°), 111.8 (C-5°), 107.0 (C-5), 100.9 (C-3"), 98.8 (C-17), 89.7 (C-3), 75.5 (C-3”, C-5”),
74.1 (C-2”), 73.0 (C-4), 69.4 (-OCH,-), 67.8 (C-6"), 57.5 (4-OCHj), 32.8 (CHy), 30.7 (CHy),
30.3 (CH,), 30.1 (CHy), 29.5 (CH,), 26.8 (CH,), 23.5 (CHy), 20.6 (6’-CHy), 14.8 (-OCH,CH).

4’-0O-Eicosylaloenin sulfate 101

Yield 63%, m.p. 229-231 °C; 'H-NMR (D,0) & 6.63 (1H, broad s, H-3"), 6.24 (1H, broad s,
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H-5%), 5.98 (1H, broad s, H-5), 5.54 (1H, broad s, H-3), 5.35 (1H, d, J = 5.5 Hz, H-1”), 4.76
(1H, t, J= 5.5 Hz, H-3”), 4.31 (1H, broad s, H-6"a), 4.49 (1H, broad s, H-2"), 4.45 (1H, broad
s, H-4), 4.14 (1H, broad s, H-5"), 3.99 (1H, broad s, H-6"b), 3.82 (2H, broad s, -OCH,-),
3.65 (3H, s, 4-OCHj3), 2.02 (3H, s, 6-CH3), 1.50 (2H, m, CH,), 1.13 (34H, m, CH, x 17), 0.73
(3H, broad s, -OCH,CH3), "C-NMR (D,0) § 173.2 (C-4), 169.0 (C-2), 162.0 (C-4"), 158.3
(C-6), 156.7 (C-2°), 139.7 (C-6), 115.9 (C-1°), 111.8 (C-5), 106.9 (C-5), 101.0 (C-3°), 98.8
(C-17), 89.3 (C-3), 75.3 (C-37, C-57), 74.2 (C-27), 73.0 (C-4™), 69.4 (-OCH,-), 68.0 (C-6™),
57.5 (4-OCHs), 34.4 (CH,), 32.8 (CH,), 30.7 (CHy), 30.3 (CH,), 29.5 (CH,), 26.8 (CHy), 23.5
(CHy), 20.6 (6°-CHs), 14.8 (-OCH,CHs).

4’-0O-Docosylaloenin sulfate 102

Yield 57%, m.p. 235-237 °C; "H-NMR (D,0) & 6.64 (1H, broad s, H-3"), 6.24 (1H, broad s,
H-5%), 5.97 (1H, broad s, H-5), 5.55 (1H, broad s, H-3), 5.35 (1H, broad s, H-17), 4.77 (1H,
broad s, H-3”), 4.49 (1H, broad s, H-2"), 4.44 (1H, broad s, H-4”), 4.32 (1H, m, H-6"a), 4.14
(1H, broad s, H-5”), 4.01 (1H, broad s, H-6"b), 3.81 (2H, broad s, -OCH,-), 3.64 (3H, s,
4-OCH3), 2.02 (3H, s, 6-CH3), 1.50 (2H, m, CH,), 1.15 (2H, m, CH,), 1.05 (36H, m, CH, x
18), 0.75 (3H, t, J = 3.7 Hz, -OCH,CH;), “C-NMR (D,0) & 173.2 (C-4), 169.0 (C-2), 162.0
(C-4%), 158.3 (C-6), 156.8 (C-27), 139.7 (C-67), 115.9 (C-17), 111.9 (C-57), 106.9 (C-5), 101.1
(C-3%), 98.9 (C-17), 89.6 (C-3), 75.7 (C-3), 75.6 (C-5), 73.9 (C-27), 73.1 (C-4™), 69.4
(-OCH,-), 67.7 (C-6"), 57.5 (4-OCHs), 32.8 (CH,), 30.7 (CHy), 30.6 (CH,), 30.3 (CH,), 29.6
(CHp), 27.2 (CHyp), 26.8 (CH,), 23.5 (CH,), 20.6 (6°-CHs), 14.8 (-OCH,CH;).
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AW EEBRE

1. HBE

HCT 116 MBEEE3IZ A\ /- McCoy’s SA Medium /X SIGMA (MO, USA) LU .
fetal bovine serum (FBS) & Biosource International (CA, USA) X W EEA L7z,

Hep G2 HEREEZEEIZ A\ 7= Dulbecco’s Modified Eagle’s Medium (DMEM) (3F036H(
FETERNSHT (KR) LVBALE,

HCT 116 / VCR100-1-1 #5537 FiV 7= McCoy’s SA Medium 1% SIGMA (MO,
USA) LV, B 7 U RF URiEEE (Vincristine sulfate) [XFYEHIER T 2SS4 (K
Ry LVEEALT,

Phosphate buffered saline (PBS(-)) T EBE EHK XN & (EE) L v .
penicillin-streptomycin (100U / mL - 100 ug / mL), dimethyl sulfoxide (DMSO) [3Fn¢t#Hf
ETEGNESHE (KBR) LY. Trypsin-EDTA 10x (0.5% Trypsin, 5.3 mM EDTA-4Na)
XA e brve RS (Invitrogen Co., Ltd) GER) L VA L=, MEEMEE
PERIE A2 MTT Cell Growth Kit {3 CEMICOM International (CA, USA) X D EEA
L7c, ZEOMOBREITHRSRLEHER LT,

2. MfEEEE

bt MES EREEEMAT HCT 116 (ATCC No. CCL-247) I3k B AR S (KIR)
FUOBEEA LM, HCT 116 MEOEEIL,. 37 °C. 5% CO, fFETF. 10% FBS,
penicillin-streptomycin (100 U/ mL - 100 pg / mL) % #I0 L72 McCoy’s SA medium % 5%
EWE L, Mini CO, A > F 2X—4# (incubator) 4020 %! (Asahi Life Science Co., Ltd.,
Tokyo) & Wit o7,

v MFLEEEMAE Hep G2 (ATCC No. RCBo0459) IZHE /137 (RIKEN Cell
Bank) ($1) L VEEA L7z, Hep G2 MIEDEEEIL, 37 °C. 5% CO, FFEF. 10% FBS,
penicillin-streptomycin (100 U/ mL - 100 pg/mL) Z¥#I L7~ DMEM #Zi#E Lz,

Vincristine MMt Mg BRI HCT 116 / VCR100-1-1 1%, H— R A4t
KDY ZIT7z, HCT116/VCRI100-1-1 HEfROREEIX, HCT 116 MIRDOHEE & FEk
Thd, B, BHEDOEE, vincristine JBED 100 ng / mL 12725 £ 512, BERKIZ
vincristine fREEHE % IR0 L 7=,
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3. FEpREERE

96 7L — b (MicrotestTM Tissue Culture Plate, 96 well, Flat Bottom with Low
Evaporation Ltd, Falcon, NJ, USA) {Z HCT 116, Hep G2 ¥ LT HCT 116/ VCR100-1-1
HifEZ 1000 EFOEERE L. 37°C. 5% CO, FET. K 200 pL 12T 24 B
& L,

4. FEWEshn

& FERBRALAY (10 mg) % DMSO (1 mL) ([ZIAfESHE. 10mg/ mL DOFKZH
g7,

HCT 116, Hep G2 B LU HCT 116 / VCR100-1-1 #i% 24 BERIREERS, HBEK
ZEL, SEYBEN 1pg/mL 25 100 pg/mL (27825 X 9 IZH - 723K 200
uL WZEINL, 37°C. 5%CO, fFTEF. 48 BEfEEIE L7z,

5. MERRERMETEERE

HERREETEANHEEME DRI EIL Mosmann "V O MTT FIRICHEL TiThe o1z, KIY
EUSILC 48 FEfEREESL, BREEZREL, MTT #®E 10 uL (5 mg MTT/ 1.0 mL
PBS (-)) XTF PBS (-) 100 pL Z3AIL T, 37°C., 5% CO, H7ET, 3 FpfEEL
Toe T, AR LIk /L< 2 (Formazans) Ofdk% Color development solution
(isopropanol with 0.04 N HCI) 100 pL TH®fEL, v 27 L— U —4— (EL 800
Universal Microplate Reader, Bio-Tek Instrument, Inc.) Z V> T, test wavelength 570 nm
F L O reference wavelength 630 nm DREFT, BIEZITR -7, BIEH. TN EhO
ED ICs EABEH U, MFREEMENEME LM L7,
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RT-PCR EBIE

1. PR3

WEERY AT — B EHE K (Reverse transcription-polymerase chain reaction,
RT-PCR) 13 % 7 4> (QIAGEN) # DU X5 v 7 RTPCR % v h (OneStep
RT-PCR Kit) 2V, &2 TOS T4 ~—Zx 77727 /ao—I DEAN LT (Table
10,

2. HRAEEE
Hep G2 MfOEEEIL, EBROEH AWERE 2 OF B> TR o7,
3. ffuETE

HMifaREE dish (10 cm) 12 DMEM K52 (12mL) &0, MEEE 1 x 10°E T o%
L. 37°C. 5%CO, fF7EF. 24 BRRAEEE LT

4. FEMEIM

IR 24 BRfE B5EIK (12mL) 2L (LAY 59, 62 BLT 66 % ICs
Blzbd X oz, ZRFh 3.6 pL. 83 uL BX O 1.6 uL OEMFEK (10 mg in
DMSO (I mL)) Z¥IL, 37°C. 5%CO, FET. 48 BrfmEE L,

5. RT-PCR ¥.:i2L 5 mRNA EDOEE

BEYIIN 48 BEEIREE%, MIEEZEIL L, RNeasy Mini Kit (QIAGEN) % AT
h—%/ RNA ZHii L7z, HiH L7z F—4% /L RNA &3, E47TH S CER
(BioSpec-1600, BEBERT) 2T 260 nm B LT 280 nm DOWEIEE THIE LT,
RUVT,  OneStep RT-PCR Kit (QIAGEN) % VT, 0.5 pg/50 uL @ h—4% /L RNA
0 RT-PCR KSR EFAEL L7z (Table 11),

ZDORIGH Z Table 12 2R LT-BIRE. B & VA 7 V40T, MiniCycler (MJ
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Research) %V T RT-PCR %#{T/2-7-, HIE L7 cDNA WA, 2% O7 T o—
AV (agarose gel) ([ TERIKENEZITV, b T U AA N IR —F—% AT UV RE
Lize TUHNMELT-EE % 7 4+ F 3 a v 7 (Photoshop ver. 4.0) THLE L, EEAZHT
71/ 5 NIH A *—3 (NIH image ver. 1.60) % WV CEEOES 2 RIR L, BEAL
HEH T D OEIIRE (Fluorescence intensity) &R 7z,

AREBRIZBWT, p53. p2l. Bax BET Bcl-2mRNA ElX, GAPDHmRNA &
ANEEREL L, B2 ITHY TN FEOENBELFAIZRODZLICLVEREL
72o ¥72. GAPDH mRNA EIZFIY$ 5N KOO ETRE L, BHEETML
T ay he—LB LOEPRMEZICBWTHREREBIIR N ho Tz,
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