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SR ED R STV 5D (Figure 1),
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T AUHENE MDA-MB-231 & SMHIADS AMIE KB 2% L CHREBRAIZERVVIEME %
7R L7= (Table 1),

Table 1. Antiproliferative activity of MeOH/CH,Cl; (1:1) extract of L. corymbulosa (N005829)

Cell line® (ICso pg/ml)
A549 MDA-MB-231 MCE-7 KB KB-VIN
NO005829 3.97 0.72 2.47 0.81 3.18
PXL® (nM) 6.53 8.36 12.13 7.07 2213.14

2KB (epidermoid carcinoma of the nasopharynx), KB-VIN (P-gp-overexpressing MDR subline of KB), A549 (lung carcinoma),
MDA-MB-231 (triple-negative breast cancer), MCF-7 (ER-positive & HER2-negative breast cancer). *Paclitaxel

Corymbulosins D—H (4-8) D BB 414 . & 5128 A1 corymbulosins I(9) 72
NZ K-N (10-13) % B - fh&EE LD (Figurel), A7 oy =7 M &5 &
e, IR OT T 7 v a a2l L, Ao X0 FER7R b iy 2 A
TLHZEE LT,
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Figure 1. Structures of isolated diterpenes 1-13 from L. corymbulosa.
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Figure 2. Isolation procedure of all compounds from L. corymbulosa.
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Figure 3. Structures of isolated diterpenes (14—25) from L. corymbulosa.
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ILEY 14 1 3EARE R L L CHE 54, HRFABMS A7 kL C m/z527.2624 [M
+ Na]", 237 C2sHa00s 27~ L7z, 'H NMR A7 kL7 —X4 (Table 2A) 7>
5220 AFLEL [0u 0.94 (3H, d, J= 6.9 Hz, H-17), 0.95 (3H, s, H-20)], 2 2Dt
=/ 71 k> [6u5.89 (1H, m, H-3), 6.43 (1H, dd, J= 17.6, 10.5 Hz, H-14)], 4 > D
AFVF 7 a b [6u5.22 (1H, d, J = 17.6 Hz, H-15a), 5.03 (1H, d, J = 10.5 Hz,
H-15b), 5.06 (1H, s, H-16a), 4.91 ( 1H, s, H-16b)], 18 i & 19 (L ICEN 722 DD T
¥ R XU AF IV [0u2.07 (BH, s), 1.90 (3H, s)]. 2 2D T & X —/)L-T LA F A
Fr7u b [0u6.71 (1H, t,J= 1.4 Hz, H-18), 6.42 (1H, s, H-19)] & A F > 71 h
> [612.35(1H,dd, J=13.3,2.3 Hz, H-10)] O 7 F AR S, [FHEY DS B
B < 7172 corymbulosins A-H & FE72BHENBF U CTh D 2 & AR S iz 2020, H
BILOBCNMR A7 KL (Tables 2A, 3) XD HERDERT, AF T AF
[0n 4.00 (1H, m)/dc 74.3, C-6]. NENilEH# > [on 2.56 (1H, sep, J = 7.3 Hz), 1.19 (6H,
d,J=7.3 Hz)/dc 34.1,18.9, 18.7, C-2', 31 & IV R =)VjRFE (oc 177.1,C-1") D7
FANME SN2 &, 72 HMBC & COSY OFB (Figure 4) DfER, 6 LIk
ReX 3L 20 YT X ) ANTFTVEPMHIMLTOD Z ERHELE STz,
H-1/H-6, H-2/H-10, H-6/H-8, H-7/H-19, H-10/H-12 3 X OV H-11/H-19 ® NOESY
FHES (Figure 5) A O Z & BARKISLIAM G A E L7z, ECD A7 L
7 —4 (Figure 6) (XESARDHMEXI TR IE 2D E LI /bEW 3VE—H LTV D
TN DMERISIAEE A RE L, LAY 14 1E (2R,55,65,8R,9R,108S,18R,19S)-
18,19-di-O-acetyl-18,19-epoxy-6-hydroxy-2-isobutanoyloxycleroda-3,13(16),14-triene
TH Y. corymbulosin] &m4 L7,

L& 15 ITEAHTRY & L THE G4, HRFABMS AX7 /LT m/z 555.2921
[M + Na]*, 4372 C3o0HaaOs DB S 7z, '"H & BCNMR DAY fL7—H

(Tables 2A, 3) %25 EFLL L TWHA, A FF T8 [6n3.34 (BH, s)/dc 57.5)] H



KDL T TN DB ERBIEE ST, HMBC & COSY #HBS (Figure 4) 7>
5. 6 fLIZA FXFUNRFEALTWDZ ENHL NIRRT, MRSLEEG
NOESY #FHPBH (Figure 5) 22HRE L, #axf LA M IEIX ECD A7 hLT —X
(Figure 6) 2MbEM 14 LRI =2y PR ZRLTVWD Z ENHIRE LT, K
. LAY 15 1% (25,55,65,8R,9R,10S,18R,195)-18,19-di-O-acetyl-18,19-epoxy-6-
methoxy-2-(2"-methyl-butanoyloxy)-cleroda-3,13(16),14-triene (corymbulosin O) T &
D ERE LT,

L& 16 1, FEAKY & LT b1, HRFABMS 22 kLT m/z 6253340
[M + Na]*., 7573 Ci4Hs009 Z/~L7-, 'H & BC NMR DAY kLT —H
(Tables 2A, 3) 78 4 LHAEILTEBY | FROBREAT HILEMTHLEBEZH
AT=73. 16 TILH721Z [0u2.14 (3H, s)/0c 21.5,170.7] (2T B FIVIBERKD > 7
VSR S L7z, HMBC & COSY fHES (Figure 4) 756 7 B F VT 2 (IS HE &
LCWD ERIE LTz, M LA 1 NOESY A2 kL5 —# (Figure 5) DfiF
ik > CTRIE L, #oktsriki#iEL ECD A< b5 —4 (Figure6) % 4 & —
HBELTWDZENLIRE LILAE® 16 1% (2R,55,65,8R,9R,10S,18R,195)-2,18,19-tri-
O-acetyl-18,19-epoxy-6-octanoyloxy-cleroda-3,13(16),14-triene (corymbulosin P) T &
BHERE LT,

L& 17 ITEARY & L THE 54, HRFABMS A7 LT m/z 653.3651
M + Na]", 4313 C36Hs5400 238 4172, HRFABMS 3 X BCNMR A7
NVOFRHT NG, 16 AR LT-AEIETH D03, #Hizll 2 DDA F L U HOFFLE
DRI X 7=, HMBC & COSY #HPY (Figured) 7205, 6 fLiZiX 16 D X 97247
2 ) ANTXTTIEERL, TH/ANVETXRURFEELTND I ENRHLNIA
ST, MRS T Z U E T & [AEE. NOESY #8B8 (Figure 5). fEJtE. BI O
ECD A7 )L (Figure6) & 16 L4 5 Z LKV FEIE LIz, LD Z &
5. LAY 17 1% (2R,55,6S,8R,9R,10S,18R,195)-2,18,19-tri-O-acetyl-18,19-epoxy-6-

decanoyloxycleroda- 3,13(16),14-triene (corymbulosin Q) C& % & & L 7=,
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L& 18 1T AR & LT 54, HRFABMS A7 h/LC m/z 497.2511
[M+Na]", 7713 CyH3307 27~ L7z, 'H & BCNMR A~X7 /L (Tables2A, 3)
IZFB W T, caseamembrin SWEFHEL L 7= AT v ZE /R L7, LaL,
caseamembrin S @ 6 (/KEEIED L 7 FANALNT, RDOVIZATF LI (6n
1.50m, 1.90m/6c29.4) LEZ END V7 FANBRISTZ, 6 (LB AT L TH
% Z LiE, H-19 & C-6 ® HMBC M. 72 5TNZ H-6 & H-7 @ COSY fHEE 5
RS S 47 (Figure 4), FHXISZAREE 2 NOESY A~X7 kL (Figure 5) DfiEHT
TRIE%. ML &l ECD AX7 hL7 —# (Figure 6). = 5 IZH&IZHLHH
TOWRE Y v —IEIC L 0 HERSLARREE 2B 50 Lz 22 @ ECD A3 |k
Ll R U CHRGE Lz, 7> T, LA 18 1Z(2R,55,8R,9R,10S8,18R,195)-18,19-di-
O-acetyl-18,19-epoxy-2-propionyloxycleroda-3,13(16),14-triene (corymbulosin R) T
bDHEWRE LT,

bEY 19 1T IEAIRY & LT 5 i, HRFABMS A-X7 LT m/z 511.2681
[M+Na]", 4513 CasHaoO7 MM 72, 'H BXTY BCNMR A7 f L7 —
% (Tables 2B, 3) 118 LFLIL TWAD, FH7ZIZ 1 DO AF NI T FILHE]
M7=, HMBC & COSY tHBE (Figure 4) 7°5 2 fLIZHEA LTV DH DI 18 D
TREF=NF TR TIER AT EI)ANTF U THDL I ENRBINT,
ZHVE TRERIC . XSRS X NOESY 222 kL (Figure5) 5. #axfSrfk
11X ECD A hL5—# (Figure 6) N 18 &L —H L TWH Z EMBILEL
it & % 19 1 (2R,55,8R9R,108,18R,195)-18,19-tri-O-acetyl-18,19-epoxy-2-
isobutanoyloxycleroda-3,13(16),14-triene (corymbulosin S) T % & [FlE L 7=,

L& 20 ITEEAHRY & L TH 4L, HRFABMS AX7 ~LC m/z 525.2808
[M+Na]", 237 CoHa207 Z7~x L7, 'H & BCNMR ®A~X7 /L (Tables 2B,
3) X, BEEUEEM TH D rel-18(S),19(R)-diacetoxy-18,19-epoxy-6(R)-hydroxy-2(S)-
(3-hydroxy-octanoyloxy)-5(R),8(S),9(S),10(R)-cleroda-3,13(16),14-triene® & 5% 42 |

—H L7, UL UIEREZLENTZE A, ERBEALEMIL [a]®p —6.0 (c 0.14,
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CHCL) THHDIZHF L, 201 [a]?’p +4.8 (¢ 0.15, CHCL) TH 5 Z L5, 20 1%
AL e D) v FA~—Th b Z L BHERENT-, ECD A~J hMLT—%
(Figure 6) [ZBW T, v FUZhEN 18 75N 19 EFHEFICELS —FH LTV 5D
TENS, M AEERHA LN oz, o T, LAY 20 X
(2R,55,8R,9R,10S,18R,195)-18,19-di-O-acetyl-18,19-epoxy-2-(2'-methylbutanoyloxy)-
cleroda-3,13(16),14-triene (corymbulosin X) Toh 5 & RE LT,

b&9 21 1AM & LT 5, HRFABMS AX7 [~V T m/z 539.2960
M + Na]". 70 7 C3oHuOr L SN2, ' H & BCNMR D AL KL (Tables
2B, 3) IZBWT, 18 LHMILIZARY MV ERT I ENDEOHEZRIKTH D &
EZ BN, MSEBLIUBCNMR T3 2D AF L UHEREZ N ERBIRIN
72o & 512, HMBC & COSY #HBH (Figure 4) 75 2 (LI A~FH /A LA U3
DFEALTWD Z & 2E Lz, FExTARELE X NOESY AHE (Figure 5) 7°5,
e ST I HE S, ECD A7 R L5 —# (Figure6) % 18 DT — & L ik
LCREL, LA 21 1L (2R,55,8R,9R,10S,18R,19S)-18,19-di-O-acetyl-18,19-
epoxy-2-hexanoyloxy-cleroda-3,13(16),14-triene (corymbulosin T) T % & & L 7=,

L& 22 ITEEAMRY & L TH B4, HRFABMS AX7 FL T m/z 441.2218
[M+Na]", 737 CuH3406 275 L7, 'H & BCNMR A7 KL (Tables2B,3)
MEA I8 LHELL L CWAN, T a bt =Lk 7 U gl S ni -7z
Tl 20 B 1 ik 3ALD COSY FHBE (Figured) MBS NT=Z &, 56122
DALY 7 S WNERESROMEE & > T2 £ 20 R i b En
fEaELTWVWDHEEZ BT, NOESY tHB (Figure 5) 7> O A LR E 2 IR E
L. # ARSI R E Y vy — B Lo TRE LTz, T7ebb, 2 DK
HKEa-A M- (M) T7NAFaAF)N) 7=2=LTF/L (MTPA) 7l R
IZE>T=AT L, o7z MTPA T2 T LDOIEB L OED Adh (S-R) i

S 2NLDSIAEN R ThH D EPE L= (Figure 7), A LD Z Lt (L&Y 22
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I (2R,58,8R,9R,10S8,18R,195)-18,19-di-O-acetyl-18,19-epoxy-2-hydroxycleroda-
3,13(16),14-triene (corymbulosin U)y CH 5 & L7z,

b&% 23 1%, ARy & LT 54, HRFABMS A7 kLT m/z 555.2925
[M + Na]™, 4713 C30HaaOs MBI S 7=, 'H & BC NMR AT L7 —H
(Tables 2B, 3) 7% 4 EXHELL TV 5723, 2D NMR (Figures 4, 5) & MS A7 kv
TR B LR, 6 MLICHEA L TV D HIEEZY 4 LV 2 255D A F L o FEn
WIenNT LB ST, MR LARREIE X NOESY A7 kL (Figure 5) 7D fiF
Br L. M ST X ECD A7 ML —H (Figure6) & 4 & —FHL7=Z &)
SHEE L. {LAW 23 1L (2R,55,65,8R,9R,10S,18R,195)-18,19-di-O-acetyl-18,19-
epoxy-2-hydroxy-6-hexanoyloxycleroda-3,13(16),14-triene (corymbulosin V) T 5 &
e LT,

L&Y 24 ITEEAHRY & L TH B4, HRFABMS A7 kLT m/z 581.3075
[M+Nal", 7372 Ca2HaeOs Bl S 4L, 8 LV 28 /hasWirf&EE LTz, 'H,
BCNMR, HMBC ¥ L TN COSY AXZ7 kL7 —# (Tables2B,3, Figure4) % 8 &
el U72fE R, 2 DDA TF LB D 7anZ Enh | 24 @ 6 (LIZIZA T F )
ANTFVEPREE L TND EB X bz, MHRLAEEIL NOESY A7 |
JV (Figure 5) 7 BEHT L. #MaxISLAAREIEIX ECD AX2 ~L7 —% (Figure 6) 73
8 LRIy FUBRERLIEZENOIIE LT, YLEDZ 20 b, (LAY 24
X (55,65,8R9R,10S,18R,195)-18,19-di-O-acetyl-6-octanoyloxy-18,19-epoxycleroda-
3,13(16),14-trien-2-one (corymbulosin W) T 5 ERE L7,

b4 25 (caseamembrin E) ) 23EEFMEE W T D 53, FEXFSLARKE 1 2 TR E D Fr
TL7, 22T, {LEW 25 ® CD A hMLTF—X %G 14 & i UT-f%

Bk ST AR E 1 2R,5S5,65,8R,9R,10S,18R, 198 Td 5 Z & 237 L 7= (Figure 6),

13



Table 2A. '"H NMR spectroscopic data of compounds 14—18

14° (CDCl;) 15 (CDCI5) 16 (CDCls) 17¢ (CDCl3) 18’ (CDCI5)
position ou (Jin Hz) ou (Jin Hz) ou (Jin Hz) ou (J in Hz) ou (J in Hz)
1 2.15m 2.15m 1.92m 1.93m 1.89 m
1.71 m 1.68 m 1.87 m 1.88 m
2 5.59m 5.59m 546 m 5.46 m 541 m
3 5.89 m 5.81brd (3.2) 5.94 brd (3.4) 5.94 brd (3.1) 5.87 brd (4.1)
6 4.00 m 3.51dd (12.0, 3.8) 4.95dd (11.3, 4.6) 4.95dd (11.0, 4.4) 1.90 m
1.50 m
7 1.68 m 1.49 m 1.61 m 1.60 m 1.42 m
1.77 m 1.89 m 1.68 m 1.70 m 1.72 m
8 1.80 m 1.76 m 1.86 m 1.87 m 1.62m
10 2.35dd (13.3,2.3) 235m 2.25m 2.29m 2.13dd (13.4,3.4)
11 1.60 m 1.47 m 1.50 m 1.51m 1.50 m
1.18 m 1.26 m 1.25m 1.23m 1.28 m
12 2.07m 2.08 m 2.11m 2.11m 2.09m
14 6.43 dd (17.6, 10.5) 6.42 dd (17.5, 11.0) 6.44 dd (17.5, 10.6) 6.44 dd (17.5, 10.6) 6.43 dd (17.4, 10.5)
15 5.22d(17.6) 5.20d (17.5) 5.23d (17.5) 5.22d(17.5) 521d(17.4)
5.03d (10.5) 5.03d(11.0) 5.04 d (10.6) 5.05d (10.6) 5.03d (10.5)
16 5.06s 5.02s 5.05s 5.07s 5.05s
491 s 493 s 493 s 495s 492s
17 0.94d (6.9) 0.91d(7.2) 0.92 d (6.9) 0.92d (6.9) 0.88 d (6.9)
18 6.71t(1.4) 6.621(1.9) 6.51t(1.8) 6.511t(1.4) 6.691t(1.4)
19 6.42s 6.39 s 6.55s 6.55s 6.32s
20 0.95s 093 s 0.96 s 0.96 s 0.94s
2! 2.56 sep (7.3) 2.38m 2.29ddd (15.7, 7.8, 2.7) 2.31ddd (15.1,7.7,2.7) 2.40 dd (15.1, 7.6)
3’ 1.19d (7.3)° 1.44m 1.60 m 1.58 m 1.19t(7.6)
1.19d (7.3)¢ 1.69 m
4 0.94t(7.6) 1.28 m4 1.25 m®
5 1.17d (6.9) 1.28 m¢ 1.25 m®
6’ 1.28 m¢ 1.25 m®
7' 1.28 m¢ 1.25 m®
8’ 0.88t(6.9) 1.25 m®
9’ 1.25 m®
10’ 0.86t(6.9)
18-OAc  2.07s 2.06s 2.08 s 2.08s 2.07 s
19-OAc  1.90s 1.87s 1.93s 1.93s 1.90 s
2-OAc 2.14s 2.14s
6-OMe 334s

14



Table 2B. 'H NMR spectroscopic data of compounds 19—24

19° (CDCls) 20’ (CDCl5) 21° (CDCl) 22° (CDCl) 23 (CDCls) 24 (CDCl;)
position Ju (J in Hz) ou (J in Hz) ou (J in Hz) ou (J in Hz) ou (Jin Hz) ou (Jin Hz)
1 1.93 m 1.93 m 1.97 dd (15.1, 4.4) 1.91 m 1.99 dd (13.4, 4.8) 2.53dd (17.4, 6.8)
1.89 m 1.60 m 1.65 m 2.57dd (17.4, 12.8)
2 537m 537d(2.3) 540 m 437 m 444 m
3 5.87dd (4.6, 1.4) 5.88d(4.1) 5.85 brd (4.1) 5.92 brd (3.7) 6.00 brd (3.4) 6.14 brd (1.4)
6 1.7 m 1.71 m 1.72m 1.7Tm 4.97dd (11.7,4.8) 5.12dd (11.9,4.1)
1.50 m 1.52 m 1.46 m 1.45m
7 1.42 m 1.45m 1.40 m 1.37m 1.68 m 1.72 m
1.52 m 1.37m 1.50 m 1.52 m 1.81dt(13.7,4.1)
8 1.62 m 1.62 m 1.62 m 1.62 m 1.87 m 2.00 m
10 2.20t(8.2) 2.22.dd (10.5,5.5) 2.13dd (13.4,3.4) 2.13dd (11.9, 5.0) 2.32dd (13.4,3.8) 2.86 dd (12.8, 6.4)
11 1.50 m 1.46 m 1.49m 1.51m 1.50 m 1.51 m
1.28 m 1.23 m 1.25m 1.30 m 1.26 m 1.27 m
12 2.11m 2.10m 2.06 m 2.07 m 2.09 t(8.6) 2.07 m
14 6.43 dd (17.4, 10.5) 6.43 dd (17.8, 11.0) 6.43dd (17.5,11.0) 6.42 dd (17.5, 10.8) 6.42 dd (17.5, 10.8) 6.43 dd (17.6, 10.9)
15 520d(17.4) 5.17d(17.8) 5.18d (17.5) 522d(17.5) 5.22d(17.5) 5.21d(17.6)
5.02d(10.5) 5.02d(11.0) 5.03d (11.0) 5.02d(10.8) 5.02d (10.8) 5.05d(10.9)
16 5.04s 5.04 s, 5.05s 5.04s 5.04s 5.07s
4.94 s 494 s 4.92s 493 s 4.94 s 493s
17 0.88 d (6.9) 0.88 d (6.9) 0.89 d (6.8) 0.89d (6.9) 0.91 d (6.9) 0.96 d (6.9)
18 6.68t(1.4) 6.68 t(1.7) 6.671t(1.2) 6.68t(1.7) 6.51t(1.4) 6.65d (1.4)
19 6.30s 6.30s 6.30s 6.31s 6.54s 6.62's
20 0.93s 0.93s 0.92s 0.98 s 0.99s 0.95s
2! 2.62 sep (7.3) 2.45dd (13.7, 6.8) 2.36t(7.3) 2.29 sep (3.1) 2.31ddd (10.5, 7.8, 2.8)
3 1.20d (7.3)f 1.63 m 1.65m 1.60 m 1.59 m
1.20d (7.3)f
4 0.97 t(7.8) 1.34 m# 1.28 m" 1.27 m
5’ 1.18 d (6.9) 1.34 m# 1.28 m® 1.27 m
6 0.91t(7.4) 0.87t(7.2) 1.27 mi
7 1.27 m
8’ 0.881(6.9)
18-OAc 2.08s 2.07s 2.08s 2.08s 2.07s 2.07s
19-OAc 1.90s 1.89 s 1.90s 1.90s 1.90s 191s

“ 600 MHz, ® 400MHz. “‘Overlapping signals
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Table 3. 3C NMR spectroscopic data in CDCl; of compounds 14—24

147 15 16 17° 18" 19 20° 21 22 23 24
position 5 5 5 5 5 5 5 5 5. 5 5
1 263 265 26.9 27.0 26.1 262 262 263 29.6 295 355
2 70.4 70.5 66.1 66.2 66.3 66.3 66.3 66.3 64.2 63.8 198.0
3 124.4 123.8 123.0 123.1 120.4 120.4 120.4 1204 1238 1264 1256
4 144.3 145.2 144.3 144.3 147.1 147.2 147.2 147.1 1454 1426  163.0
5 53.6 53.0 52.0 52.1 49.2 49.3 493 49.2 49.3 52.2 53.4
6 74.3 83.0 73.6 73.6 29.4 29.2 29.3 29.4 28.9 73.7 73.8
7 3750 313 33.0 33.1 27.2 27.2 27.2 27.2 27.2 33.0 33.0
8 3754 369 37.1 37.2 37.2 37.3 37.3 37.16 3718 367 36.2
9 38.1 41.1 37.3 37.4 37.1 37.1 412 37.09 3720 373 37.8
10 41.0 38.2 36.5 36.5 343 342 34.2 34.4 33.4 36.2 41.9
11 27.6 27.4 28.0 28.1 28.2 28.1 28.0 28.2 28.2 27.9 27.3
12 23.7 23.7 23.8 23.9 23.6 23.6 23.6 23.6 23.6 23.8 23.7
13 145.0 145.0 145.1 145.1 145.4 145.3 145.2 1453 1454 1452 1447
14 140.2 140.3 140.4 140.4 140.4 140.4 140.5 1404 1403 1403  140.1
15 112.6 112.5 112.5 112.5 112.3 112.1 112.1 1122 1125 1126 1128
16 115.4 115.5 115.5 115.5 115.4 115.4 115.4 1154 1153 1154 1155
17 15.7 15.9 15.6 15.6 15.7 15.7 15.7 15.7 15.8 15.6 15.5
18 95.0 95.6 95.2 95.2 94.5 94.4 94 .4 94.5 94.6 95.3 94.4
19 97.4 97.9 98.3 98.2 99.7 99.5 99.5 99.7 99.8 98.3 98.1
20 25.4 25.6 25.5 25.5 26.3 26.1 26.1 26.0 26.1 25.5 24.7
it 177.1 176.5 173.2 173.2 174.0 176.4 175.9 173.4 1733 173.0
2 34.1 41.1 34.7 34.8 28.0 34.1 41.1 34.6 34.7 34.6
3 18.9 26.8 24.8 24.7 9.3 19.2 26.8 24.8 24.4 24.6
4 18.9 11.7 29.1 29.4 18.7 11.7 31.2 313 29.1
5" 16.6 28.9 29.23 16.6 223 223 28.8
6 31.6 29.19 13.9 13.9 22.6
7" 22.6 29.12 31.6
8’ 14.1 31.9 14.1
22.8
14.1
18.:0Ac C=O 1710 170.2 170.09 170.08 170.3 170.3 170.2 1703 1703 1701 169.54
Me 212 21.4 213 21.4 21.4 21.2 21.2 21.3 21.3 21.3 21.5
19.0Ac C=0  169.9 169.9 170.08 170.07 170.1 170.0 170.0 170.1 1701 1700  169.47
Me 215 21.7 21.7 21.7 213 213 213 21.4 215 21.7 21.0
5-OAc C=0 170.5 170.5
Me 215 215
6-OMe 57.5

@150 MHz, ®* 100MHz.
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HMBC/COSY
(400 MHz)

YO

HO A) o O o
o J\_QM o J\&M
kao Of 3§Q/O 07

23 24 ©

Figure 4. Selected HMBC correlations (arrows in red), COSY connectivities (bold lines) for
14-24.
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NOESY
(400 MHz)

Figure 5. Key NOESY correlations for 14-24.
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€0 —— Corymbulosin J(14)
40 ——Corymbulosin O(15)
—— Corymbulosin C(3)
%n v —— Caseamembrin E(25)
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-40
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(S)-or (R)}-MTPACI
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Figure 7. Preparation of Mosher ester and Ady (S—R) values (ppm) calculated from 2-O-MTPA

esters of 22.
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o5 DU Fi

B b 23S AR EE SR A E T Afh

L. corymbulosa Dtz MeOH/CH2Clz (1:1) 75> 5 Hii L 7=/L &%z >u0

T, e FOAME fi2sA (AS49). N U TAXATT 4 7THN A (MDA-MB-

231)., HER2 X7 4 7H ™A (MCF-7), &WHEEN A (KB), B> 27 U AF i

PEEIREE .S AHIRE (KB-VIN)]

(XS DRI AT, RYT 4T =

v hr— & LT paclitaxel ZfEH L. ICsofl (50% HEFAFHERE) 2HH7T 5

N N VBN WL SR /AV V7 1 N N s = U R S A e

Table 4. Antiproliferative activity of the isolated diterpenes from L. corymbulosa

Al L 7= (Table 4),

cell lines® (ICsp uM)
compounds A549 MDA-MB-231 MCEF-7 KB KB-VIN
1 0.45 0.43 0.44 0.42 0.45
2 4.74 5.22 4.94 5.02 4.88
3 5.32 5.40 5.42 4.47 4.81
4 4.69 5.13 4.94 4.97 4.94
5 4.55 4.84 4.79 4.84 4.89
6 4.82 5.05 5.24 4.92 4.76
8 29.9 28.9 8.39 591 9.83
9 0.66 0.48 0.68 0.56 0.98
10 0.47 0.49 0.68 0.56 0.98
11 4.60 4.95 4.94 5.19 4.92
13 5.04 4.90 5.82 5.23 5.19
15 4.75 3.31 4.65 4.25 4.76
16 5.98 4.93 6.39 5.16 5.03
17 40.2 20.5 31.7 19.8 39.2
19 >40 22.9 26.2 25.1 26.6
21 2.29 0.49 0.69 0.56 0.61
23 4.76 4.73 5.19 4.74 4.88
25 0.53 0.40 0.55 0.43 0.51
PXL’ (nM) 6.53 8.36 12.13 7.07 2213.3

KB (epidermoid carcinoma of the nasopharynx), KB-VIN (P-gp-overexpressing MDR subline of KB), A549 (lung carcinoma),

MDA-MB-231 (triple-negative breast cancer), MCF-7 (ER-positive & HER2-negative breast cancer). "Paclitaxel
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Z ORI, 20T 2T VI ORI E 21T A MR 2T 2{EW 1.
9. 10, 25 725, ZAlfitE (MDR) 2AAMiE KB-VIN 252 TOE A
IZ%F LT, ICsofE 0.5 uM Bij#4 OERE G R 2 = LTc, ZOMmobE
TIE, 8. 17, BELW 19 LIAAICsofE 7 uMEL F OIEM: 2783 2 &N ST 72
ST, WE EVEMEOMBAZFHIT 5 &, 200 2Z4Z2)24-T Y™ ) =— b,
ONLIZ/KEEIE DS AE S LTV D 1T, 200IC/KERKE, 6011 (2'Z4'2)-2'4-FT 1= )
T— F AL TND5L6L D I10MFIEEDRVENEZRT Z EBnbholz, 6ff
T NI ANT R EHT 52, 3, BLUSTIX, 27 TREEIEDSLEDBRETH
52L ST H DIHIEERRIFETZD, 26037 b D8 VD A549 #lifd & MDA-MB-
231 MERIZXT U CSELL EDBRVEMEZ R LT, [RARIZONLAS (2'Z,4'2)-2'4"-T 71
VI )= THY ., 2MKEEEDSIIRNE DS L 6 TIXIER CiEHEEZ R L7, £
Tos A IR A AT N A RFTEEFEA L TND13L15TH,
ULNEERDEWZ X S FTIRIER CiEEZ s Uiz, YL ED Z L s | 2@ IL DT
RITTEMEIC R L2 2 L DVRIB S LT, 2039 KRR COZICHEG LT D =
AT NDORESEI2, 4, BLOBTIHFARREEEZ R LIEZ END, 60 R
TIDORE I BIEMITITER 2B X bz, Ll 27 eF Lo

BlX, LT T 7 A N6 K VLA 7 B ) A NTDTTH35-8f51F & DG %
AL, TATIVORE SPNEHRICEEL G2 T\, 2002 Y T2 7 A VT F
VEAT D9, 10, BEOIITIE, (L KIEIETHD9L MR A X HETHD
1023 [FEIRRZRTEME 2 7R L7272y, oLV IEE L TH 519 X 1 40-80f% 1% L& MEN 51
WZ EDRHBLMNIR ST, > T, LDOMFEERERED, [EMEICEZE &S 25
7L TWAIEREBEZ LN, 20T A IR EZANF T OYA, I KIE I
DAEG LTV D250F, 601 A ¥ VENHEA LTV D158 0 10f5FEE OFRVE
PEER LT, 6 EEHIL CTH 519821 L DR TIX, 260124 VY T X A VA F
EPFEA L TND19 X D 200IZ~F T A LA F VEPFEA LTV 52103405 1%
EDRVNEMEZR L, 6L EE L TIIML O = AT /U L D IEHEREL SIS
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ZEMHHLNE ST,

SRIITE I X
FELRV
R=OH
R= 7 FUIEEMRES O D T L R=AVTZ)ANFHY
TP LR OH = OMe>>H
R=HD&x
XY ANEXL>>A VT E ) AN . 2 R=0Ac DX R= A YRVE ) A NFFY
AcO' q OAc | F78/AN>THIAN | ous ome
R= ATV R=OH
R'=OH == R = =25

Figure 8. Structure-activity relationship studies of clerodane diterpenes.

PLEOREETEEME A2 L O ELUITO X 912725 (Figure 8),
1) 22 AT VL 6fLIZKER L DA DR IX, 20T KK, 6fLIZ =R
TNIEDOMAE D LV IEED10651% E5R,
2) NLONLARITIE RIS B LR WS, 7 h o TIREEE L,
3) JEMEICIZONLICER BERENMLETH D,
4) NEKERIED & x| ALICHEAR L TN DT AT IO R E S HEIC R
LAWY, 2NN 2T L DOBA TN BB I 5,
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FBIET M

(1) ~V—BEREW) L. corymbulosa 18t MeOH/CH2Cl> (1:1) DHiH#7> & HPLC
BREDKHEN T L a~ N7 7 4 —EHWT, 16 DAY %A HEE - K
L7z,

(2) HiffEL7-{bAW%Z NMR, MS 72 & OFFEHESR BT THENT L7258, & TA Y
ALT =V EERTD7 1L X0 PT X THY, £0H 5 11 FAH
HALAW corymbulosins J (14), O-S (15-19). X (20). B LU T-W (21-24)T
b5 ERE LTz, 2 TOFBULEWIL, HELE, ECD A7 hL| XIIK
B ¥ —IEIC K0 Mk ST AEE 2 E LT,

(3) L. corymbulosa DD 515 5 TALE W O DS A AR FEIHIEH 2 78~
TofE R 2= ATV E 6 MK E 7213 A bR v 2/ 516 1.
9. 10, 25 723, MDR Z&Z 22T Ot M AMAZIZK LT, ICsofE 0.5uM Hif
% DR e WIS R R 2R LTz,

(4) Corymbulosin FHD 7N AMNEIETHIMHFEAR 2 S . 2 2, 6 (O EHILLNRIZE
T O REETE MBI &2 B & i Lz,
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General Experimental Procedures. Optical rotations were measured on a JASCO P-
2200 digital polarimeter. CD spectra were recorded on JASCO J-820 spectrometer.
Infrared spectra (IR) were obtained with a Thermo Fisher Scientific NICOLET iS5 FT-
TR spectrometer from samples in CH2Cl2. NMR spectra were measured on JEOL JMN-
ECA600 and JMN-ECS400 spectrometers with tetramethylsilane as an internal standard,
and chemical shifts are stated as 0 values. HRMS data were recorded on a JMS-700
Mstation (FAB) mass spectrometer. Analytical and preparative TLC were carried out on
precoated silica gel 60F2s4 and RP-18F2s4 plates (0.25 or 0.50 mm thickness; Merck).
MPLC was performed on Combiflash Rf (Teledyne Isco) with silica gel and CI18
cartridges (Biotage, Uppsala Sweden). Preparative HPLC was operated on a GL Science
recycling system using an InertSustain C18 column (5 pM, 20x250 mm).

Plant Material. The crude MeOH/CH2CL> (1:1) extract (N005829) of bark of L.
corymbulosa collected in Peru was provided by NCI/NIH (Fredrick, MD, U.S). A voucher
specimen (voucher # QT65T0390) was deposited at the Smithsonian Institution
(Washington, D.C.) and voucher extracts were deposited at the NCI (Frederick, MD) and
Kanazawa University (Kanazawa, Japan). The crude organic extract of (N005829) was
evaluated for cytotoxicity by NCI with an in vitro 60-cell tumor screening panel as
reported previously.

Extraction and Isolation. The crude extract N005829 (12.8 g) was partitioned
between H20 and EtOAc to obtain H2O-soluble (2.2 g) and EtOAc-soluble portions (7.4
g). The latter portion was subjected to silica gel MPLC (RediSep Rf GOLD High
Performance 120 g) with a gradient system [n-hexane/EtOAc 90:10 (600 mL) — 80:20

(40 mL) — 75:25 (120 mL) — 65:35 (80 mL) — 60:40 (120 mL) — 55:45 (80 mL) —
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45:55 (240 mL) — 30:70 (520 mL)—10:90 (440 mL) —EtOAc/MeOH 90:10 (120 mL)
— MeOH (1400 mL)] to yield 11 fractions, F1-FS5.

F2 (1249.9 mg) was further fractionated by silica gel column chromatography (CC)
eluted with n-hexane/EtOAc (5:1 to 0:1) to afford 12 subfractions 2a-1. Subfraction 2g
(384.9 mg) was purified by MPLC on ODS-25 (YMC-DispoPack AT 12 g) with
H20/MeOH (1:6), followed by repeated recycling preparative HPLC with H2O/MeOH
(1:7) to yield compounds 8 (3.6 mg), 20 (3.0 mg), and 21 (2.0 mg). Subfraction 2h (279.1
mg) was purified by repeated recycling preparative HPLC with H2O/MeOH (1:9) to
provide compounds 18 (2.0 mg), 19 (9.0 mg), and 24 (1.5 mg). Subfraction 2i (98.0 mg)
was purified by repeated recycling preparative HPLC with H2O/MeOH (1:9) to afford
compounds 15 (1.5 mg) and 17 (7.1 mg). Subfraction 2j (183.2 mg) was purified by
repeated recycling preparative HPLC with H2O/MeOH (1:9), followed by preparative
TLC using n-hexane/EtOAc (4:1) to yield compound 16 (3.3 mg).

F3 (830.1 mg) was subjected to silica gel CC eluted with CH2Cl2/EtOAc (1:0 to 0:1)
followed by MeOH to obtain six subfractions, 3a—f. Subfraction 3b (336.1 mg) was
purified by MPLC on ODS-25 (YMC-DispoPack AT 12 g) with HxO/MeOH (1:4),
followed by silica gel CC eluted with CH2Cl2/EtOAc (1:0 to 4:1) to afford 2 (9.0 mg), 4
(9.0 mg), and 13 (22.0 mg). Subfraction 3¢ (107.0 mg) was purified by MPLC on ODS-
25 (YMC-DispoPack AT 12 g) with H2O/MeOH (1:4), followed by recycle preparative
HPLC with H2O/MeOH (1:4) to afford compounds 14 (1.2 mg) and 25 (10.4 mg).

F4 was subjected to silica gel CC eluted with CH2Cl2/EtOAc (1:0 to 0:1) followed by
MeOH to give 14 subfractions, 4a-n. Compounds 22 (1.5 mg) and 23 (11.9 mg) were
obtained by repeated recycling preparative HPLC of subfraction 4f (169.1 mg) with H2O/
MeOH (1:5).

General procedure for esterification with (S/R)-MTPA-CI. To a solution of 22 (0.7 mg,

1.7 pmol) in anhydrous CH2Cl2 (0.25 mL) were added EtsN (1.6 pL, 7.5 pmol), DMAP
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(1.0 mg, 6.6 pmol), and (S)-MTPACI (2.7 puL, 12 umol). The mixture was stirred at rt for
0.5 h, followed by direct purification using preparative TLC with CH2Clz to afford the
(R)-MTPA ester (0.3 mg, 28%). The corresponding (S)-MTPA ester (0.4 mg, 40%) was
obtained by the same procedure using (R)-MTPACI.

(R)-MTPA ester of 22. 40% yield. '"H NMR (CHCIs, 600 MHz) 6 7.56-7.44 (5H, m,
aromatic protons), 6.72 (1H, t,J=1.7 Hz, H-18), 6.36 (dd, /= 17.2, 10.6 Hz, H-14), 6.30
(1H, s, H-19), 6.02 (1H, brd, J = 4.5 Hz, H-3), 5.64 (1H, m, H-2), 5.09 (1H, d, J=17.2
Hz, H-15), 4.99 (1H, s, H-16), 4.97 (1H, d, /= 10.6 Hz, H-15), 4.88 (1H, s, H-16), 2.33
(1H, dd, J=14.0, 2.6 Hz, H-10), 2.05 (3H, s, 18-OAc), 2.00 (2H, m, H-12), 1.75, (1H, m,
H-6), 1.73 (3H, s, 19-OAc), 1.46 (1H, m, H-6), 0.91 (3H, s, H-20), 0.88 (3H, d, /= 6.7
Hz, H-17).

(S)-MTPA ester of 22. 28% yield. '"H NMR (CHCI3, 600 MHz) éu 7.51-7.37 (5H, m,
aromatic protons), 6.69 (1H, t, /= 1.7 Hz, H-18), 6.39 (dd, /= 17.5, 10.8 Hz, H-14), 6.28
(1H, s, H-19), 6.02 (1H, brd, J = 3.7 Hz, H-3), 5.61 (1H, m, H-2), 5.08 (1H, d, J=17.5
Hz, H-15), 5.01 (1H, s, H-16), 4.98 (1H, d, /= 10.8 Hz, H-15), 4.90 (1H, s, H-16), 2.31
(1H, d, J = 12.0 Hz, H-10), 2.04 (3H, s, 18-OAc), 2.02 (2H, m, H-12), 1.78 (3H, s, 19-
OAc), 1.74 (1H, m, H-6), 1.47 (1H, m, H-6), 0.94 (3H, s, H-20), 0.89 (3H, d, /= 6.7 Hz,
H-17).

Corymbulosin J (14). Colorless amorphous solid; [¢]*°p —88.0 (¢ 0.01, MeOH); IR Vimax
(CH2Cl2) em™ 3463, 2957, 2923, 2853, 1730, 1595, 1458, 1376; 'H and '*C NMR, Tables
2A, 3; HRFABMS m/z 527.2624 [M + Na]" (calcd for C28H400sNa, 527.2621).
Corymbulosin O (15). Colorless oil; [a]*p —64.0 (¢ 0.07, MeOH); IR Vimax (CH2Cl2) cm’!
2955, 2926, 2881, 1756, 1730, 1373, 1226; 'H and '3*C NMR, Tables 2A, 3; HREFABMS

m/z 555.2921 [M + Na]" (calcd for C30H44OsNa, 555.2934).
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Corymbulosin P (16). Colorless oil; [¢]*p +0.9 (c 0.20, CHCI3); IR vmax (CH2Cl2) cm’!
2964, 2928, 2860, 1751, 1733, 1373, 1224; 'H and '*C NMR, Tables 2A, 3; HRFABMS
m/z 625.3340 [M + Na]" (calcd for C34Hs009Na, 625.3353).

Corymbulosin Q (17). Colorless oil; [a]**p +19.6 (c 0.15, CHCI3); IR vmax (CH2Cl2) cm’!
2955, 2926, 2854, 1738 1373, 1220; 'H and '3C NMR, Tables 2A, 3; HRFABMS m/z
653.3651 [M + Na]" (calcd for C3sHs409Na, 653.3666).

Corymbulosin R (18). Colorless oil; [¢]*p —27.1 (¢ 0.08, CHCI3); IR vimax (CH2Cl2) cm™!
2958, 2926, 2855, 1755, 1734, 1374, 1226; 'H and '*C NMR, Tables 2A, 3; HRFABMS
m/z 497.2511 [M + Na]" (caled for C27H3807Na, 497.2515)

Corymbulosin S (19). Colorless oil; [a]*p —10.0 (c 0.45, CHCI3); IR vmax (CH2Cl2) cm’!
2967, 2941, 2870, 1749, 1730, 1373, 1226; 'H and '3C NMR, Tables 2B, 3; HRFABMS
m/z 511.2681 [M + Na]" (calcd for C2sH4007Na, 511.2672).

Corymbulosin X (20). Colorless oil; [a]*p +4.8 (¢ 0.15, CHCI3); IR Vmax (CH2Cl2) cm’!
2964, 2935, 2877, 1753, 1728, 1373, 1226; 'H and '3C NMR, Tables 2B, 3; HRFABMS
m/z 525.2808 [M + Na]" (calcd for C20H4207Na, 525.2828).

Corymbulosin T (21). Colorless oil; [¢]*p +0.7 (¢ 0.35, CHCI3); IR vmax (CH2Cl2) cm’!
2961, 2935, 2870, 1757, 1733, 1374, 1224; 'H and '3C NMR, Tables 2B, 3; HRFABMS
m/z 539.2960 [M + Na]" (caled for C30H4407Na, 539.2985)

Corymbulosin U (22). Colorless oil; [a]*p —28.7 (¢ 0.07, CHCI3); IR vmax (CH2Cl2) cm’!
3473, 2955, 2933, 1750, 1374;1227; 'H and '*C NMR, Tables 2B, 3; HRFABMS m/z
441.2218 [M + Na]" (caled for C24H3406Na, 441.2253)

Corymbulosin V (23). Colorless oil; [a]*p—18.8 (c 0.28, CHCI3); IR vmax (CH2Cl2) cm’!
2961, 2930, 1735, 1374, 1225; 'H and '*C NMR, Tables 2B, 3; HRFABMS m/z 555.2925

[M + Na]" (caled for C30H240sNa, 555.2934)
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Corymbulosin W (24). Colorless oil; [a]*’p —62.4 (c 0.08, CHCI3); IR vmax (CH2Cl2) cm™!
2961, 2927, 2855, 1761, 1374, 1220; 'H and '3C NMR, Tables 2B, 3; HRFABMS m/z
581.3075 [M + Na]" (calcd for C32Has0sNa, 581.3090)

Assay for Antiproliferative Activity: All stock cell lines were grown in T-75 flasks at
37 °C with 5% CO:z in air. Freshly trypsinized cell suspensions were seeded in 96-well
microtiter plates at densities of 4000—12 000 cells per well (based on the doubling time
of the cell line) with compounds. The highest concentration of DMSO in the cultures
(0.1% v/v) was without effect on cell growth under the culture conditions used. After 72
h in culture with test compounds, attached cells were fixed with 50% trichloroacetic acid
and then stained with 0.04% sulforhodamine B. After solubilizing the protein-bound dye
with 10 mM Tris base, absorbance at 515 nm was measured using a microplate reader
(ELx800, BioTek) with Gen5 software (BioTek). The mean ICso is the concentration of
agent that reduced cell growth by 50% compared with vehicle (DMSO) control under the
experimental conditions used and is the average from at least three independent
experiments with duplicate samples. Cells were cultured in RPMI-1640 medium
supplemented with 2 mM Lglutamine and 25 mM HEPES (HyClone), supplemented with
10% heat-inactivated fetal bovine serum (HyClone), 100 pg/mL streptomycin, 100 ITU/mL
penicillin, and 0.25 pg/mL amphotericin B (Cellgro). MDR stock cells (KB-VIN) were

maintained in the presence of 100 nM VIN.
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%5 ¥ Hernandia nymphaeifolia 7> 5> OB MEM)E OEER

%—Hi Hernandia nymphaeifolia |Z->\ T

NA ) NFE Y FHIEBILE 5 8 (Hernandia., Illigera, Valvanthera, Gyrocarpus, ¥
X O Sparattanthelium) £ 60 TR STV D Y, Z DWW Hernandia J& 1332 HH
iy & B A LT D P, KRB S IE, BUERK CHEA S TH 5
MAFITZ RARY ROV —NeaWE/zol-AR K7 a M o280/ 7
FUHH 0 BT R T 4 v EEGTLe_UUNA VXY R B0 DL
O ZWAHED B HBE S, o Ii3MilaErE 2B, Fie 7 U7 B fiEE 29
78 EDAEMIENEE T Z ERRE SN TN D
H. nymphaeifolia (C.Presl) Kubitzki (5144 : H. peltata Meisn.) 13T < IZAEZ D
RERRBIART, BTN 1220m (272 5, FEYET TE. %, T, IEE, &K
# BIOIRF R EZ2RET 27201 TV O IeIRAEEK TH D Y, H
nymphaeifolia ™ MeOH/CH2Cl2 (1:1) flitH#) (N053499) [X. NCI60 /SR/LV A7
— = U IR WY I B IE I RTE R S TR Y (SO R A
M2 W2 A N A TORBRTH 1Cs0 28 0.01 pug/ml LLF 58 77 72 Kl AR GE )
HIZH IR R S 4072 (Table 5). Hernandia J&I\ZBAT MM L FHIREA TS < A S
ALTWD D3, nymphaeifolia FEIZBS 2 HEBIZ 6 il DI T2 o 7o 20273235737 0 =
6 I CIIAEM DERALIZFETHIT IR o 72728, A OMZETIE, A DO FEN 5
DOHLEE - MR AITO 2Ll ole, SHIZ, ZTNETARENOHEONIZZ LD 72

Mol=T K ) REE Y 7 BB 2 HEEL 72,
Table 5. Antiproliferative activity of MeOH/CH,Cl, (1:1) extract of H. nymphaeifolia (N053499)

Cell line* (ICs pg/ml)
A549 MD-MB-231 MCF-7 KB  KB-VIN
N053499 <<0.01 <0.01 <0.01 <<0.01 <<0.01
PXL" (nM) 6.53 8.36 1213 7.07  2213.14

*KB (epidermoid carcinoma of the nasopharynx), KB-VIN (P-gp-overexpressing MDR subline of KB), A549 (lung carcinoma), MDA -
MB-231 (triple-negative breast cancer), MCF-7 (ER-positive & HER2-negative breast cancer). *Paclitaxel
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% Hi Hernandia nymphaeifolia DA% 57 O HLEE - 5

H. nymphaeifolia ®3<0 MeOH/CH2Clz (1:1) fitH#) (25.0g) 1%, K& n-~F4
. BTV n-T F ) — )V TENEIIRIR L L C -3 Rt (17.3
g). BFEE=F LAY (4.0g), n-7 % 7 — /A (1.7g), 38 X OUKhEHY (1.0
g) M L7, n-~F W oty Wi~ Vi, n-7 2 7 — it & ¢
NENEMRB X OWMHEZHEERLE LIS a~ N7 T 7 ¢ — 2 BXE L CTHHEE -
B ZITo7 & 2 A 9FDOFH 2T (RE).20FEDE WA HEfE L 72 (Figure

9

©...silica gel CC ’/,;;\—‘ _____________ N
¢...RPHPLC H /=water H
0...NP MPLC I lati npP d ! % M=methanol i

NP solation Procedure e s |
®...RP MPLC i EA=ethyl acetate :
A...NPpTLC IR/ INFVFE} H. nymphaeifolia : * H=hexane !
A...RPpTLC \ *D=dichloromethane

D:M = 1:1 ext. (25.0 g)

_________________

-NP : normal phase
RP : reversed phase
|
HExt. (174 g)

IP.mition HM:W (9:1)

1
M:W (9:1) Ext. (6.7 g)
| Partition EA:W

! 1
0:1:1 .
O H:EA-9:1 EA Ext. 3.94 ¢) W Ext. (2.7 g)
O D:EA=1:1 lPaInilion #-BuOH:W

A M only I .
6 1 W Ext. (1.0 g) n-BuOH Ext. (1.7 g)
(0.4 mg) (3.2mg) | OHEA
- . HEA . o1 rm o
¢ - w-1-1 1A D:M=9:1 AW-2-
L.\I:\\'-‘).l O D only O D onty A M:W=3:1 @ M:W-3:]
2 3 10 & M:W=2:1 ﬁ" 8 & M:W=32
(22mg) (l.4mg) (1.2mg) (0.3 mg) (1.0 mg)
|0 M only A D:EA=19:] 11 14 9 @ 3”:1!.)
1.8 mg) (0. 1.3mg) (&2Mg
. . 13 5 12 16 17 ( 2) (0.3 mg) (1.3 mg)
(0.4mg) (0.6mg) (13.2mg)(2.1 mg) (7.1 mg) (20.3 mg)(4.1 mg) ol 28

(1.0 mg) (1.2mg)

Figure 9. Isolation method of compounds 1-20 from H. nymphaeifolia.
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55 —fi Hernandia nymphaeifolia DAY 553 DREGE AT

B OENIALEW R TIZ OV T, NMR, MS 72 EDBFEANY I LT — 2 A fifh
L7zfb R, 2N o387 4% 2 U R4 hernanolides A-G (1-7), #l U 7
PR 89 . 2 b CIZBEM LAWY CTH % tambouranolide (10)*® |
deoxypodophyllotoxin (11)*?), podorhizol (12)*?, bursehernin (13)*", (25,35)-(+)-5'-
methoxyyatein (14)*?). epiashantin (15)*), epieudesmin (16)*¥. (1S,3aR,4R,6aR)-1-(3,4-
dimethoxyphenyl)-4-(3',4",5'-trimethoxyphenyl)tetrahydro-1H,3 H-furo[3,4-c]furan
17)*. (7R,8S)-dehydrodiconiferyl alcohol-4-O-3-D-glucoside (18)*), erythro-1-(4-O-
[-glucopyranosyl-3-methoxyphenyl)-2-(2-methoxyl-4-[ 1-(E)-propene-3-ol]-phenoxylg-

propane-1,3-diol (19)*?, osmanthuside H (20)*” T& % & &E L7= (Figure 10),

5 o) (0] O

o 4n=14
1:n=12 3 5:n=16
2:n=16
10: n=14 HO OH
HOWG 1 HO 8 OMe HO,
Me
MeO W o
MeO X3 — OMe
13 4
° 4 HO 8 MeO
OMe
OGlc
H
O =
< o)
©) -
z H 0
MeO ; OMe
OMe OMe
1 12: R4=OH, Ry=H 1
13 Rl RotH 2 15: Ry=H, Ry, Rg=-OCH,-, R;=OMe
14: R=OH, Ry=OMe 16: Ry=H, Ry, Ry=OMe, R,=H

17: R1, R, R3=OM8, R4=H

OH 20

ho_  MeO ) OH
i:> / OH
HO, ~>—0
' ApiO ° o/\/®/
HO™ "OH
19

OMe OGlc

Figure 10. Structures of isolated compounds 1-20 from H. nymphaceifolia.
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L& 113 AE R E LTE S, HREIMS A7 kLT m/z 390.3137 [M]*,
553 CosHaO3 7k L7, '"H & 3C NMR A7 h L5 —H (Tables 6, 7) 725
AF T AF 2 [0u 5.26 (1H, brs)/dc 66.5, C-3], =1V F & [0u 4.96 (1H, dd, J =
2.8, 1.4 Hz), 472 (1H, dd, J = 2.8, 1.4 Hz)/6c 91.4, 157.6, C-4, 5], & =/LIE& [0u 7.09
(1H, td, J="7.8,2.2 Hz)/6c 127.3,150.3, C-2, 6], B L BN R=/LEFHE (4c166.5, C-
1) DIFENENETN 1 OTOMERZ L, Shydroxy-ymethylene-a,f-unsaturated-y-
lactone ‘FH A2 AT 5 Z L NHEE Sz, ZHEEES [A*©] ONARE B LTI,
BEEn7 % 7 U K10 &R U< H-6 (u 7.09)& H-7 (6u 2.48) THHZ &, 3/ L 7
AL NOESY #HBY (Figure 12) &5 Z L ERETH D ERE LT, 58D 19
DI —R 2 7 F L, 6 LS EIZ 1 >0 “HFEAS LWL DD AF LKk
WPIFET D 2 L &R LTz, 6 I8 oo “EHFEA O AR E L, "CNMR
IZBWTT UL (5c27.0,272) LA L7 42 (6c129.8,129.9) DI —RL 2
TR0 E—FHLTWLHZENb Z BETHD LIRELL, S HIZHMBC &
COSY #HBY (Figure 11) 226 " HAEEONMEIX A THDH LFE LT, NMR &
HREIMS D A7 LT —H % 10 & TSR, RS T2 20D AF b
VIR DTN L 6 AIEHIE n=12 (Figure 10) CTH D Z & BRE SNz, 3
RREEITHEEER 10 LI1FIF B L TCWD I EBHEEL, 6o T, {LAW 11X
(2E,3R)-3-hydroxy-4-methylidene-2-[(152)-15-icosenylidene]-butanolide T & ¥ |
hernanolide A & @44 L7,

L&Y 2 13 AR S LTHE 54, HREIMS A% ~JLC m/z 446.3743 [M]",
4520 CooHs103 BRI S 7=, MS B L XNMR A7 kL5 —H (Tables 6, 7,
Figures 11,12) 751 K VARG T4 DA F L U BN 2 N2 E VA L7,
a1 EHEEMZE B LTWDZ D 3LONEREITZRKTHD &
HeE Lz, 16> T, {LAW 2 1Z(2E,3R)-3-hydroxy-4-methylidene-2-[(192)-19-

tetracosenylidene]butanolide (hernanolide B) C&h % & HEE L 7=,
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bW 3 I3 BEATIRY & LT S5, HREIMS A7 kL Cm/z392.3302 [M]",
53 CosHasO3 7k L72, '"H & BCNMR A7 kL5 —H (Tables 6, 7) 1ZEE
HYEA ) miaolinolide®® & FALL L TW DA, 6 (iDL 7 hDiEW, T72bH 3
TiE 6n 7.10 (1H, td, J=7.8,2.2 Hz) Toh 5 IZxt L, miaolinolide TiZ ou 6.70 (1H,
td,/J=8.0,2.0Hz) TH 5 Z &, H-3 & H-7 ® NOESY #HEH (Figure 12) A5
2D, 6O THMESIXERETHD & Lz, 3MLOSEEEIZ OV TIX
miaolinolide DFENE & DHIKIZ L > T, RIKTHD ERE LT, E-> T, ke
¥ 313 (2E.35)-3-hydroxy-4-methylidene-2-icosylidenebutanolide (hernanolide C) T &%
LD EHEE LT,

L&Y 4 138 AEKRE LTHE 5., HRFABMS A7 k)L C m/z 441.3357 [M
+Nal", 713 CorHasOs DB S 7=, 'H 725 NZ BCNMR A7 L7 —&
(tables 6, 7) 1% 10 LI L TWD 25, 3 (L& 6> NOESY #HEH (Figure 12) 7>
577 FACHEFELTWS ZHEHES [A?O 12 ZEETHD Z LN RBEINT,
3INLDONARELE 1L, 4 DFEEE [a]*p —29.7 (¢ 0.02, CHCL) & 10 DFENE [a]*p
+18.0 (¢ 0.03, CHCl3) DEWMNML, S K ThHD EF 2, LEW 4 1% (22,35)-3-
hydroxy-4-methylidene-2-[(172)-17-docosenylidene]butanolide (hernanolide D) CT& %
EHEE LT,

L&Y 5 1A R S LTH S5, HREIMS A2 KL T m/z 446.3743 [M]",
57 F 3 CooHs10s MBI S0, 4 XD BN 28 V2 LR &7z, £72.NMR
A~ N LT — X (Tables 6, 7, Figures 11, 12) 725, 4 X 0 IEIFERIEED 2 F L
VEMR 2 DZNWZ ERH LN o, ARG 4 EHENENIZIE B L T
WHZEMND 38 EHEE L, o T, ALEW 5 1% (2Z,39)-3-hydroxy-4-
methylidene-2-[(15Z)-15-icosenylidene]butanolide (hernanolide E) Td % & #EE L 7=,

LB 6 1T AR Y & L CT& 53U HREIMS A7 kL Cm/z408.3227 [M]*,
45120 CosHaaOs MBI S 7=, 'TH & BC NMR A7 kL (tables 6, 7) (28>
T EHPILTEARY MVERLEN, =07 VHBRO S 7R8I S
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T, b iz AF M [du 1.62 (3H, 8)/dc 26.8] &~ T X —/LIRFE (ic
100.1) KD 7 FBNEE S iz, HMBC #HE (Figure 11) 75 A F L L~
IT B NVIRFFAMITHEAE L TWDH I ERRBD LT, A?O OSTRIZEEL
TlE, NOESY A~ kL7 —4# (Figure 12) TH-7 & H-3 DN R 6722
EMB EREHETE LT, 3L OSIARELE 1X 6 DFEEE [a]*p+116.0 (¢ 0.015, CHCLs)
& FIBEEE S litseakolide G DIEILEE [0]*°p +77.4 (¢ 0.09, CHCL3) #Z HL#g L |
BEMF UL EICR>TND 2 EME RIKTH D LHEE L2 %), &5I2iT H-
3 & H-5 O NOESY fHEEH/ 6 4 (i SIETH D LHEE L7z, > T ALEW 61
(2E,3R,45)-3 4-dihydroxy-5-methyl-2-[(15Z)-15-icosenylidene]butanolide (hernanolide

F)To o EHEE LT,
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Table 6. 'H NMR spectroscopic data of compounds 1-6

14(CDCls) 2> (CDClLy) 3% (CDCl3) 4 (CDCls) 5° (CDCls) 6 (CDCl3)
position ou (J in Hz) ou (J in Hz) ou (J in Hz) ou (J in Hz) ou (J in Hz) ou (J in Hz)

1
2
3 5.26 brs 5.26 brs 5.26 brd (5.6) 511m 5.10 brd (7.3) 4.82 brs
Sa 4.72dd (2.8, 1.4) 4.72dd (2.8, 1.4) 4.72dd (2.8, 1.4) 4.67dd (2.8, 1.4) 4.66dd (2.8, 1.4) 1.62s
5b 4.96dd (2.8,1.4) 4.96dd (2.8, 1.4) 4.96dd (2.8, 1.4) 4.89dd (2.8, 1.4) 4.89dd (2.8, 1.4)
6 7.09 td (7.8,2.2) 7.09d (7.8, 2.2) 7.10td (7.8, 2.2) 6.691d (7.8, 2.2) 6.67 td (7.8,2.2) 7.04td (7.8, 2.2)
7 248 m 248 m 248 m,2.43 m 2.78 m 2.76 m 2.38m
8 1.52 m 1.52m 1.53 m 1.46 m 1.45 m 1.52m

9-18 126m° 1.26 m* 1.25 m# 1.25m" 1.25 m 1.25m™
19 2.00 m 1.26 m* 1.25 m# 1.25m" 1.25 m 201l m"
20 5.36 m4 1.26 m* 1.25 m# 1.25m" 1.25 m 534t(4.8)°
21 5.36 m4 1.26 m* 1.25 m# 2.02m 1.25 m 534t(4.8)°
22 2.02 m 1.26 m® 1.25 m# 5.35m! 1.25 m 2.01 m"
23 1.26 m® 2.00 m 1.25 m# 5.35m! 2.01 m* 1.25 m™
24 1.32 m 5.36 m’ 1.25 m# 2.02 533 m' 1.31
25 0.89t(6.9) 5.36 m' 0.89 brt (7.3) 1.25m" 533 m! 0.891(6.0)
26 2.02 m 1.33m 2.01 m*
27 1.26 m® 0.881(6.9) 1.25 m
28 1.32m 1.32m
29 0.891(7.3) 0.871t(6.9)

2-OH 2.26 m

2600 MHz, 400MHz, °Overlapping signals.

35



Table 7. '3C NMR spectroscopic data in CDCl; of compounds 1-6

1¢ 20 3 4° 5° 6°
position Oc Oc Oc Oc Oc Oc
1 166.5 166.5 166.3 163.1 166.4
2 127.3 127.3 127.2 127.4 127.3 125.2
3 66.5 66.5 66.6 68.9 68.9 70.9
4 157.6 157.6 157.5 160.1 160.2 100.1
5 91.4 91.4 91.5 90.3 90.4 26.8
6 150.3 150.3 150.3 151.4 151.4 151.9
7 29.8 29.8 29.8 29.8 29.8 30.1
8 28.4 28.4 28.4-29.64 28.4 28.4 29.5-29.9¢
9-18 29.4-30.0 29.4-30.0° 28.4-29.6¢ 29.4-30.0° 29.4-30.0° 29.5-29.9¢
19 27.0 29.4-30.0°¢ 28.4-29.64 29.4-30.0° 29.4-30.0° 27.0
20 129.8 29.4-30.0°¢ 28.4-29.6¢ 29.4-30.0¢ 29.4-30.0° 129.8
21 129.9 29.4-30.0° 28.4-29.6¢ 27.0 29.4-30.0f 129.9
22 27.2 29.4-30.0°¢ 28.4-29.64 129.8 29.4-30.0° 27.7
23 32.0 27.0 32.0 129.9 27.0 32.1
24 22.4 129.8 22.8 27.2 129.8 22.5
25 14.0 129.9 14.1 32.0 129.9 14.1
26 27.2 22.3 27.2
27 32.0 14.0 32.0
28 224 22.4
29 14.0 14.0

2150 MHz, 100MHz, ¢#Overlapping signals.
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HMBC/COSY
(400 MHz)

Figure 11. Selected HMBC correlations (arrows in red), COSY connectivities (bold lines) for

compounds 1—6.

NOESY
(400 MHz)

Figure 12. Key NOESY (red dashed lines) correlations for compounds 1-6.
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L&Y T XA & LT S5, HREIMS A7 kL Cm/z450.3702 [M]",

713 CasHs004 7~ L7z, NMR A~XZ kL7 —4 (Table 8, Figures 13, 14) &

EIMS O 7 Z 7' 4 k& —2 (Figure 15) %t U745 %, BEAM{LAW) illigerone

AL =L TWDZ ERHLNI 72, L)L, ECD A7 /L (Figure 16)

23 illigerone A LiE D 2 v IR ER L, S OITHELE/RGHED Z L0 b,

7 1 illigerone A D= F > FA~v—ThbodERELZ, > T, (LAWY 7 I

(3R,4E,202)-3-hydroxy-4-(2-methoxy-2-oxo)hexacosa-4,20-dien-2-one (hernanolide G)

ThdEREL,

Table 8. 'H and '*C NMR spectroscopic data of 7.

7(CDCls)
position 5’ ou (Jin Hz)"
1 24.8 2.15s
2 206.3
3 73.4 4.89d (4.2)
4 129.8
5 149.0 7.07 t
6 28.7 2.34 td (14.8, 8.0)
7 29.3 1.50 m
8 29.4-30.0° 1.25 m®
9-18 29.4-30.0° 1.25 m*
19 27.2 2.00 m°
20 129.8 5.34t(4.8)
21 129.9 5.34t(4.8)
22 27.2 2.00 m°
23 29.8 1.25 m*
24 31.9 1.25 m?
25 22.7 131 m
26 14.1 0.89  (6.0)
3-OH 4.00 brs
4-0Ac C=0 166.5
OCH; 52.0 3.72s

“100 Hz, ®400 Hz, “/Overlapping signals.

HO

/og: -7,

@)

Figure 13. HMBC and COSY

correlations of 7.

Figure 14. NOESY correlations of 7.

Figure 15. EIMS fragmentation of 7.
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Figure 16. Experimental ECD spectra of compound 7.
L% 8 X GEIIA L LT b, HRFABMS A7 kL C m/z 591.2097 [M

+Na]*, 2313 CosHaaOa BB S 472, 'H 72 5 TNZ BCNMR AR L7 —H
(Table 9) X BE & {k & # (7S.8R,7'R,8'S)-4,9,7'-trihydroxy-3,3’-dimethoxy-7,9'-
epoxylignan-4'-O-p-D-glucopyranoside® & FH{EL L TW 5 23, 8 TILIFANE 3 Ll A
R VEMEE LTV D EHEESNT, 2O LiE, 2207 v b & 3LICHE
ALTWDH A RF D7 ko NOESY f8B (Figure 19) 23% % Z & 2> B FEH
Eh7-, —J. H-7/H-9, H-8/H-7'. ¥ X H-8/H-9 ® ROESY #HB (Figure 19)
/5 H-T/H-8 & H-8/H-8NEX b T v ARITH D Z E N LN/ >72, ECD AL
7 R~V (Figure 20) TlE, AHROHELBEALEY &R U< 230-280 nm THRI T
473y hoBRERLIZZ END, rel-1S,8R8'S TH D EHEE L, THLDOIAR
kL TS REFR Th 5, 8-> T, {LEW 8 1T (7S,8R,8'S)-4,9,7-trihydroxy-
3,5,3'-trimethoxy-7,9'-epoxylignan-4'-O-3-D-glucopyranoside T& % & P& L7,
L& 9 ITE AR E LTHE 5. HRFABMS 2X7 kLT m/z 561.1916 [M
+Nal]', 37X CoeH34012 7R L7z, 'H & BCNMR A7 L7 —# (Table 9)
I ZBEENE A ) 8-0-3"-neolignan 21 (Figure 17)°Y LAl L7- A7 h L &R LT
LI, T2 p-7 v a—A(Gle)D Y 7TV BEE ST, Gle-l i a [k
SALO 7 m k2 NOESY #HBY (Figure 19) MR S22 Evb ., B-Gle 13 4 if
ITREA L TWDZ EBRH LN oIz, TALE 8 MDY SRR E L DMSO H
I CHIE L7z 'TH NMR A-~%Z /L (Figure 145) T, BEAbEWERUT v 7
Vo7& (J=48Hz) 2R L TCWVWAIZ e, =) AuflThHb LIE LR,

Hoser LA X 9 @ ECD A2 k)L (Figure 20) & BEAULEY 215973F L <
39



210250 nm THRAT 4 72y bR EZRLTWAZ E0D 75,8R TH 5 & [F]

E LTz, > T, \LAW 91X (7S,8R,7'E)-7,9,9'"-trihydroxy-3,5'-dimethoxy-8-3'-

oxyneolign-7’-ene-4-O--D-glucopyranoside T&h 5 & PR E LTz,
Table 9. 'H and '*C NMR Spectroscopic Data of 8 and 9

8 (CD;0D) 9 (CD;0D)
position  Jc? on (Jin Hz)? oc? on (Jin Hz)?
1 134.1 1315 _/oH
2 104.6° 6.52 s° 112.3  7.09 brs
3 149.3¢ 147.4 HO,
4 1359 150.5 5
5 149.34 120.6  7.06d (8.2) OMe
6 104.6° 6.52 s° 121.1  6.96dd (2.2, 8.2)
7 85.1 4.63d(7.3) 74.9 4.85 overlap MeO
8 53.7 1.89m 85.9 436 m
9 62.3 gg; E’ 62.2 gi% E Figure 17. Structure of 21.
1’ 139.5 137.8
2! 1122 6.92d(1.8) 118.7"  6.86 brs’
3 150.7 149.2
4’ 147.5 118.7" 6.86 brs!
5 117.5 7.11d(8.2) 151.2
6’ 1209  6.82dd (8.2, 1.8) 1113 6.97d(2.2)
7 748  452d(8.2) 1329  6.52d(15.4)
8’ 50.7 2.53m 111.3  6.27dd (5.7, 15.4)
9’ 714  426dd(9.0,4.6), 638  4.19d(5.7)

392 m

3-OMe 569 3.84 sf 56.7 381s
5-OMe 56.8 3.84sf 56.5 3.79s
3'-OMe 56.7 383s
Gle-1 1027 4.84m 103.1  4.81d(6.9)
Glc-2 74.9 3.4-3.8 m# 73.9 3.4-3.8 m
Gle-3 78.2 3.4-3.8 mé¢ 77.9 3.4-3.8m
Glc-4 76.2 3.4-3.8 m¢ 714 3.4-3.8 mh/
Gle-5 77.9 3.4-3.8 mé 78.2 3.4-3.8m
Glc-6 62.5 3.4-3.8 m# 62.5 3.4-3.8 m

“100 Hz, 400 Hz, “/Overlapping signals.

OH
OH —_—
HO O

\
OMe

/‘*L

MeO 9

OGilc

Figure 18. HMBC and COSY correlations of 8 and 9.
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Figure 20. Experimental ECD spectra of 8 and 9.

41



IR b b S A KRR AT

H. nymphaeifolia 7320 MeOH/CH2Clz (1:1) HitH#h~ 5 BEfE L 72L&z o
T 1 R INET & [FERIC B B AS AHIIRIZ R~ 2 HE AN VE ) % 554l L 7= (Table
10),

Table 10. Antiproliferative activity of the isolated compounds from H. nymphaeifolia

cell lines® (ICso uM)
compounds
A549 MDA-MB-231 MCEF-7 KB KB-VIN
>40 22.5 >40 25.7 31.7
2 21.9 24.6 24.6 22.6 21.4
35.1 353 35.7 32.7 21.7
10 12.5 10.8 8.81 18.6 8.79
13 32.8 37.7 33.5 >40 8.66
14 23.2 32.9 32.8 23.2 19.9
15 8.08 20.81 6.84 20.25 5.37
16 5.68 8.19 8.06 12.6 5.34
17 37.8 >40 38.0 >40 8.18
18 >40 >40 >40 >4() >4()
PXL* (nM) 6.53 8.36 12.1 7.07 2213.3

*KB (epidermoid carcinoma of the nasopharynx), KB-VIN (P-gp-overexpressing MDR subline of KB), A549 (lung carcinoma), MDA -
MB-231 (triple-negative breast cancer), MCF-7 (ER-positive & HER2-negative breast cancer). *Paclitaxel

TH U R, 27%250N2 Y 7 8, 14, 18 13 1Cs0>20 pM & BEZE 7 Fl i 14 5l
DR A RS R o128, U7 F 2 15 & 16 1% A549, MCF-7, 72 5T MDR
HIE (KB-VIN) (2% L T IC50<10 uM OHEFEIHITEM: 2R~ L=, BEF Y 7 48
13 & 17 7 RAYIZ MDR (KB-VIN) A2 L C ICs50<10 uM DiEHEE R 2 &

Nhnol,
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BALET /N

(1) A > KRR T EEMY) H. nymphaeifolia 9% MeOH/CH2Cl2 (1:1) fiHH N5
K~ 777 0—%HWT, 7 EOBM T ¥ 7 U K. hernanolides
A-G (1-7), BIO2EOHHY /o r7ra—25E, 8 L 9 G20 D

LEWE HEEL . M SIARE 2 & 0 T OREZIRIE LT,

(2) H. nymphaeifolia O 615 5 TALEY O D3 A ARSI HIE ] % 7/
RIAER R A ISR R R oo e i, By 7 v
F15 L 16 13t P AMIBROFEEIZXT L T IC50<10 uM O HEFEINHIITEME 2 7~
L7co BEEND 7% 13 & 17 HNERAYIC MDR (KB-VIN) iRz LT

[Cs50<10 uM DIEMZRTZ & RNbhro Tz,
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General Experimental Procedures. Infrared spectra (IR) were obtained with a
Thermo Fisher Scientific NICOLET iS5 FT-TR spectrometer from samples in CHCl3 and
MeOH. NMR spectra were measured on JEOL JMN-ECA600 and JMN-ECS400
spectrometers with tetramethylsilane as an internal standard, and chemical shifts are
stated as 0 values. HRMS data were recorded on a JMS-700 Mstation (FAB or EI) mass
spectrometer. Analytical and preparative TLC were carried out on precoated silica gel
60F254 and RP-18F2s4 plates (0.25 or 0.50 mm thickness; Merck). MPLC was performed
on Combiflash Rf (Teledyne Isco) with silica gel and C18 cartridges (Biotage, Uppsala
Sweden). Preparative HPLC was operated on a GL Science recycling system (PU714
pump and UV702 UV-Vis detector) using an InertSustain C18 column (5 uM, 20x250
mm).

Plant Material. The crude MeOH/CH2Clz (1:1) extract (N053499) from fruit of H.
nymphaeifolia (originally as H. peltata) collected in Java (Indonesia) was provided by
NCI/NIH. A voucher specimen was deposited at the Smithsonian Institution (Washington,
D.C.) and voucher extracts were deposited at the NCI (Frederick, MD) and Kanazawa
University (Kanazawa, Japan).

Extraction and Isolation. The crude extract N053499 (25.0 g) was dissolved into
MeOH/H20 (9:1) then partitioned with n-hexane, EtOAc, and n-BuOH, yielding n-
hexane fraction (17.4 g), EtOAc fraction (3.94 g), n-BuOH fraction (1.72 g), and H20
(0.997 g) fraction. The EtOAc-soluble fraction was subjected to silica gel column
chromatography (CC) with a gradient system [n-hexane/EtOAc 100:0 (500 mL) —
90:10 (500 mL) — 70:30 (1000 mL) — 50:50 (1000 mL) — 30:70 (1000 mL) — 10:90
(1000 mL) — 0:100 (500 mL) — EtOAc/MeOH 50:50 (500 mL) — MeOH (1000 mL)]

to yield 9 fractions, F1-F9. F3 (123 mg) was subjected to silica gel MPLC (RediSep Rf
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GOLD High Performance 4 g) eluted with n-hexane/EtOAc (9:1 to 0:1) to afford 5
subfractions 3a-e. Subfraction 3b (21.6 mg) was purified by repeated recycling reversed-
phase preparative HPLC with H2O/MeOH (1:19), to provide compounds 2 (2.2 mg), 3
(1.4 mg), and 10 (1.2 mg). F4 (77.9 mg) was subjected to silica gel CC eluted with
CH2Cl2 followed by MeOH to yield eight subfractions 4a—h. Subfraction 4d (1.0 mg)
was further separated by preparative normal-phase TLC with CH2Cl> to afford
compound 5 (0.4 mg). Subfraction 4f (4.6 mg) was purified by repeated recycle
preparative HPLC with H2O/MeOH (1:2) to afford compound 7 (0.6 mg), Subfraction
4h (54.0 mg) was purified by preparative normal-phase TLC with CH2Cl2/EtOAc (19:1)
to afford compounds 13 (13.2 mg) and 15 (2.1 mg). F6 was subjected to silica gel CC
eluted with CH2Cl2/EtOAc (19:1 to 0:1) followed by MeOH to obtain six subfractions,
6a—f. Subfraction 6b (37.5 mg) was purified by repeated recycle preparative HPLC with
H20/MeOH (1:2) to afford compounds 12 (7.1 mg) and 16 (20.3 mg). Subfraction 6¢
(15.9 mg) was purified by repeated recycling preparative HPLC with H2O/MeOH (1:2),
to provide compound 17 (4.1 mg). The n-hexane fraction (12.0 g) was subjected to silica
gel MPLC (RediSep Rf GOLD High Performance 120 g) with a gradient system [n-
hexane/CH2Cl2 1:1 (600 mL) — 2:3 (1400 mL) — 3:7 (1200 mL) — 4:1 (1400 mL) —
CH:Cl2 (1200 mL) — CH2CIL/EtOAc 1:1 (1000 mL) — EtOAc (1000 mL)— MeOH
(1400 mL)] to yield fifteen fractions, F1-F15. F6 (695 mg) was silica gel MPLC
(RediSep Rf GOLD High Performance 24 g) with n-hexane/EtOAc (9:1 to 0:1) followed
by MeOH to yield ten subfractions 6a—j. Subfraction 6e (197 mg) was silica gel CC
eluted with n-hexane/EtOAc (2:3 to 0:1) followed by MeOH to yield eleven subfractions
6el—-11. Subfraction 6e5 (4.9 mg) was purified by preparative normal-phase TLC with
n-hexane/CH2Cl2 (3:1) to afford compound 6 (0.4 mg). F11 (1.12 g) was silica gel MPLC
(RediSep Rf GOLD High Performance 24 g) with n-hexane/EtOAc (9:1 to 0:1) followed

by MeOH to yield seven subfractions 11a—g. Subfraction 11f (535 mg) was purified by
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MPLC on ODS-25 (YMC-DispoPack AT 12 g) with H.O/MeOH (1:3), followed by
recycle preparative HPLC with H2O/MeOH (1:2) to afford compounds 13 (0.4 mg) and
14 (0.2 mg). F13 (1.35 g) was silica gel MPLC (RediSep Rf GOLD High Performance
24 g) with n-hexane/CH2Cl2/EtOAc (1:1:0 to 0:0:1) followed by MeOH to yield ten
subfractions 13a—j. Subfraction 13e (48.2 mg) was purified by ODS preparative TLC
developing three times using MeOH to afford compounds 1 (3.2 mg), 2 (1.1 mg), and
10 (1.0 mg). The n-BuOH-soluble fraction (1.72 g) was subjected to silica gel MPLC
(RediSep Rf GOLD High Performance 120 g) with a gradient system [CHCI3/MeOH
1:0 (1000 mL) — 10:1 (1400 mL) — 5:1 (1200 mL) — 1:1 (1800 mL) — MeOH (1400
mL)] to yield 9 fractions, F1-F9. F1 (147 mg) was subjected to silica gel CC eluted with
CH2CIL2/EtOAc (1:0 to 0:1) followed by MeOH to obtain fourteen subfractions, la—n.
Compound 4 (0.3 mg) was determined from subfraction 1le. Subfraction 1g (3.3 mg) was
purified by preparative normal-phase TLC with CH2CL/EtOAc (95:5) to afford
compound 10 (1.3 mg). Subfraction 1k was purified by recycle preparative HPLC with
H20/MeOH (1:3) to afford compounds 11 (1.8 mg), 14 (0.3 mg), and 17 (0.4 mg). F2
(44.3 mg) was subjected to silica gel CC eluted with CH2CI2/EtOAc (9:0 to 0:1) followed
by MeOH to obtain nine subfractions, 2a—i. Subfraction 2b (1.1 mg) was purified by
ODS preparative TLC developing three times using H.O/MeOH (1:8) to yield
compound 13 (0.6 mg). F3 (33.8 mg) was purified by preparative normal-phase TLC
with CHCl3/MeOH (9:1) to afford compound 8 (1.0 mg). F5 (149 mg) was subjected
to silica gel CC eluted with CH2Cl2/MeOH (10:1 to 1:1) followed by MeOH to obtain
seven subfractions, Sa—g. Subfraction 5d (75.6 mg) was purified by MPLC on ODS-25
(YMC-DispoPack AT 12 g) with H2O/MeOH (1:3), followed by recycle preparative
HPLC with H2O/MeOH (2:3) to afford compounds 9 (1.3 mg), 18 (2.3 mg), 19 (1.0 mg),

and 20 (1.2 mg).
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Hernanolide A (1). Yellow amorphous solid; [a]*p +27.3 (¢ 0.075, CHCI3); IR Vimax
(CHCI3) cm™ 2923, 2853, 2017, 1733, 1457, 1278, 1219; 'H and '*C NMR, Tables 6, 7;
HREIMS m/z 390.3137 [M]" (caled for C25H4203, 390.3134).

Hernanolide B (2). Yellow amorphous solid; [a]*p +26.1 (¢ 0.12, CHCI3); IR Vmax
(CHCI3) ecm™ 2923, 2852, 1731, 1464, 1265, 1074; 'H and '*C NMR, Tables 6, 7;
HREIMS m/z 446.3743 [M]" (caled for C290Hs103, 446.3760).

Hernanolide C (3). Colorless oil; [a]*’p +26.0 (¢ 0.07, CHCI3); IR vmax (CHCI3) cm’!
2916, 2849, 2016, 1750, 1678, 1470, 1278, 1184; 'H and '*C NMR, Tables 6, 7;
HREIMS m/z 392.3302 [M]" (caled for C25H403, 392.3290).

Hernanolide D (4). Yellow amorphous solid; [a]*’p —29.7 (¢ 0.02, CHCI3); IR Vmax
(CHCI3) cm™ 2923, 2852, 1783, 1733, 1465, 1373, 1287; 'H and '*C NMR, Tables 6, 7;
HRFABMS m/z 441.3357 [M + Na]" (caled for C27H4603Na, 441.3345).

Hernanolide E (5). Yellow amorphous solid; [a]*p —21.1 (c 0.015, CHCI3); IR Vimax
(CHCI3) cm™! 2922, 2852, 2017, 1770, 1731, 1557, 1458, 1375, 1287; 'H and '*C NMR,
Tables 6, 7; HREIMS m/z 446.3743 [M]" (calcd for C20Hs5003, 446.3760).

Hernanolide F (6). Colorless oil; [a]*p +116.0 (c 0.015, CHCI3); IR vmax (CHCI3) cm®
12923, 2852, 1733, 1558, 1540, 1456, 1287; 'H and '*C NMR, Tables 6, 7; HREIMS
m/z 408.3227 [M]" (calcd for C25H4404, 408.3240).

Hernanolide G (7). Colorless oil; [a]*>p —78.5 (c 0.03, acetonitrile); IR vmax (CHCI3)
cm™ 2922, 2852, 2016, 1717, 1669, 1558, 1456, 1436; 'H and '3C NMR, Table §;
HREIMS m/z 450.3702 [M]" (caled for C28Hs004, 450.3709).

(7S,8R,7'S,8'S)-4,9, 7" -trihydroxy-3,5,3 -trimethoxy-7,9"-epoxylignan-4'-O-f-D-
glucopyranoside (8). yellow solid; [a]*p +5.6 (¢ 0.055, MeOH); IR Vmax (CHCI3) cm’!
3330, 2945, 2833, 1645, 1514, 1450, 1112; 'H and '*C NMR, Table 9; HRFABMS m/z

591.2097 [M + Na]" (caled for C27H36013Na, 591.2054).
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(7S,8R,7'E)-7,9,9 -trihydroxy-3,5 -dimethoxy-8-3'-oxyneolign-7'-ene-4-O- f-D-
glucopyranoside (9). yellow solid; [¢]*p —71.8 (¢ 0.065, MeOH); IR Vmax (CHCI3) cm’!
3386, 3293, 1657, 1511, 1265; 'H and *C NMR, Table 9; HRFABMS m/z 561.1916 [M
+ Na]" (calcd for C26H34012Na, 561.1948).

Assay for Antiproliferative Activity: Antiproliferative activity of the compounds was

determined by the sulforhodamine B (SRB) assay as described Chapter I.
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SRR E Do BV R PERE I IR, REN7R B R SR EMEM L A 03 5% <
FELTWD AR H D, Lo L, bR E S h /X, 2 ob
T 15%RETE L ST\ D, AW TIL, NCI 23T 3 % BV I ARPER )
L. corymbulosa & H. nymphaeifolia ® MeOH/CH2Cl> (1:1) 4 DML 72
WaEZIToTc, Hf7u~ 777 4 —%BRE L. L corymbulosa 7>5 11 DT
Haaite 16 EOA Y AT = BEO 7 La X T AU 8E, £70 H
nymphaeifolia 7> 513 7 FEOFH 7 % 7V NEEB IO 2 FOFH Y 7 ) BlbEE
ETe 20 O KK A HEELT-, BN HbAmETIZONT, KA
7 NOVIRBTIC X0 SR I QNS AR LR E 2 B B 2N Lz, 51T, FEYRE,
ECD A7 bb, BLOHEE Y ¥ v —iELZ AW TEI S QR LR 4 Ik

E LT,

(3) HE LA LAz oW TiE, SEEO b b3S AR 9 2 B 5Emi 1 A 4 5T
L7z, ZDORER, AV AT = EREATL 7L aH DT ARUED
MEIETEHARRI S B E 220 | 2 0, 6 (iEHIED /& — NEMIC RS
FAE$ Z ENRB S LT, BICHHICHBES 27 % 7 U REEB IO 7
VECHEIRICIZBEE RTEED R ORI o T2y, 2 FEO Y 7 N BRI

MDR (KB-VIN) FifEiZxf L C ICs50<10 uM DiEMEE/RT Z L 3o T2,
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AT 5 IR E D AEIFICB W TKRD Y £ T, LR TR, ZHE%
B0 F LGRS ERR N IEE K2R o /ARNIEER  HEEdR %
() eI LET, £, AFRICEW T, ZB, ZBETE
WEEE LA OB miE FERAIESHLE L ETET,
MR AT CHXE L, — A0 T4 F R % 54E AR
iz LET,
HEFRLOFEELHY L TCWeEE, 0. MO ZFHELZH Y £ LA
W xR BEEARLDIC, Ky ZERPERE ¥ — HHER
WL IEESRA. K% RS FHESIEE  HEHEdR WEA kA K%
PEREME > T BRI ZEsE WEER SR RIS T LR
Fo, HRSCATEICH T2 0 2 22 1T S o 7o or A SRR O ER IO
D OIEH N LET,
EIZ, BEPBIENAS T LT FIWE LEmB L OZITE#H W L E
K
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