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Ac acetyl

AMP adenosine monophosphate

Ang angeloyl

aq. aqueous

ATP adenosine triphosphate

calcd calculated

CD circular dichroism

COSY correlation spectroscopy

ECD electronic circular dichroism

EtOAc ethyl acetate

exptl experimental

extd. extracted

fr. fraction

HMBC heteronuclear multiple bond coherence
HPLC high performance liquid chromatography
HRESIMS high-resolution electrospray ionization mass spectrometry
HSQC heteronuclear single-quantum correlation
IR infrared

J coupling constant

Me methyl

MeCN acetonitrile

mmu milli mass unit

MS mass spectrometry

n- normal

NMR nuclear magnetic resonance

NOESY nuclear Overhauser effect spectroscopy
ODS octadecylsilyl

p-Anis p-methoxybenzoyl

partit. partitoned

t room temperature

sec secondary

tert tertiary

Tig tigloyl

uv ultraviolet
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Figure 3. Molecular mechanisms of ferroptosis.
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Figure 4. Metabolic regulatory effects of AMPK.
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Figure 5. Sesquiterpenes (I1.1-11.7) isolated from Ferula plants.
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Figure 6. Prenylated coumarins (I1.8 and I1.9) and sesquiterpene—coumarin conjugates (I1.10—

I1.12) isolated from Ferula plants.
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Figure 7. Farnesylated hydroxybenzoic acids (I1.13-11.15) isolated from F. kuhistanica.
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B0 Ferula BN OEMMERI YA 5 1%, BSR4 &1 “RACHER A Bl S LT
% (Fig. 839, £ 6D 9 b F latisecta DR O HBES 72 1116 & 11.17 1% HeLa #fifid &
HCT116 Az 3t L CRlla gt 2 R~ widb 7 U UMb &M o 5, E£7o. F foetida DIRD & HL
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Figure 8. Sulfur containing secondary metabolites (I1.16—I1.21) isolated from Ferula plants.
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AR O “IRAEIFEMICINZ, 7==1r7 a8 ) 4 K (11.22) 0~ 74~ (11.23), £/
TNy (IL24), A7 1A K (IL25and 11.26) 72 &3 Ferula B ) & HBES LT\ 5 (Fig.
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Figure 9. Other secondary metabolites (I1.22-1I1.26) isolated from Ferula plants.
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TEZATO2REICKINSND Z EBRHALNITZR S TND,
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BEAT DM, 41T lapiferin (IL1, Fig 5) <° fertinin (IL.7, Fig 5)
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FED 752 A4 TIN5 Z ERREIN TS, FlzIE,
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Ferula communis DR (556 g, dry) =7 & b2 CHitd L72%%. 7% MeOH CiRIZHH L
720 & B 72 MeOH = % 2 % CHCl; & 50 % MeOH aq. Tyl L7z, Z @ CHCl; nIVAH
T AR AZEDEC, &M/ u~ NI 7 0 —IC XD IR UoBE, FEERL,
3FEOHH 7 7 V2L < U > communiferulin A-C (1-3). 14 FEDOFHLZ © B LA+ A
XTI (4-17), STEDOBMFA T H LM AXT VR 4RO T ==L T a8 ) A
R, 1 OB 7 V32 ALY v o % HEEL7- (Scheme 1),

Roots of Ferula communis (566.5 g, dry)

extd. with acetone
residue

extd. with MeOH, A
acetone ext. (19.6 g) MeOH ext. (25.3 g)

partit. between CHCI; and 50% MeQH agq.

CHCI; (9.2 g) 50% MeCH agq.

roots of £ communis

silicagel (n-hexane / EtOAc)
Sephadex LH-20 (MeOH / H,0)
ODS (MeOH / H,0)

silicagel (CHCI; / acetone)
ODS HPLC (MeOH / H,Q)
SiO; HPLC (n-hexane / EtOAc)

8 known daucane-type sesquiterpenes
4 known phenylpropanoids
1 known farnesylated chromone

new farnesylated coumarins (1-3)
new daucane-type sesquiterpenes (4—17)

Scheme 1. Isolation scheme for new farnesylated coumarins (1-3), new daucane-type
sesquiterpenes (4—17), and known compounds from the roots of F. communis.
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1. Communiferulin A (1) 3 X OB (2) DEEMEHT
1.1. Communiferulin A (1) 3 X OB (2) Otk i&E DT g

Communiferulin A (1) X8O IERERMEFEIA & LT b, HRESIMS O/ 5 432
CuH3004s # H T 5 Z &N LI o 7= (m/z 4052047 [M+Na]", A+0.5 mmu),
Communiferulin A (1) @ 'H NMR A7 hLTClE, 1,2- EHA VP (6y 7.67, 7.55, 7.37,
7.28), 2fH D =&AL T 4 (6u5.14,5.07), 1 HOFF T AF 2 (8ud.97). 4 HD tert- A
FIL (u 1.63, 1.60, 1.56, 1.33) O 7 F /U3 @Bl S 4u7= (Fig. 10A), PC NMR A7 KL T
T 1T EOINVR=VIRFEE REDOHFEERD D WNIA VT 4 VIRBEGT 24 KO T F v
DB S 7z (Table 1), 1 O UV A7 kLT 289 nm & 312 nm (WA S, 44
ROGFENTBEE NIz, LEORERNDL, 117~V N Cis 2=y MR Lf:ff%aaéziﬁ
E X iz,

[A] 1z |19
14'
13’
1 g’
N
_ __AML__ i N _,_,w‘.ﬂ\f‘ ’\_J’l_,‘} 8 _,.‘\,;L“ o
- LI R B | T T T 1
8.0 4.0 3.5 3.0 25 2.0 1.5 1.0 ppm
15
12'
[B]
13 ‘
8 communiferulin B (2) ” ‘
576 5102 598 &

I ,! 'm M j,tx ‘ :'J‘u

_ll__.LU_;l‘__ - 4 ﬂ\_bll____ Y | A B

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm
Figure 10. 'H NMR spectra of [A] communiferulin A (1) and [B] communiferulin B (2)

(500 MHz, CDCls).

|

Communiferulin A (1) @ Cis ==~ hOREIL, AFE 2D NMR A7 MLV OFEHT 6 27
EINICRBERILEZAT L7 7 VRNV TH D 2 EDUREB I (Fig. 11), & HIZ He-
1'/C-2, C-3, C-4 L[] HMBC #HBEN D Cis 2= b7~ U B O C3 (LIS T 5 2
EPHIA LTz, 72, H-2/C-4 [H1®D HMBC fHB & 4 (ffRFED 7 I 3v 7 b (8¢ 166.4) D>
5 C-2/C-4 BIZ=—T WAEGDFEL, Ve R 77 VREFKL TVD 2 LR LM
7oz, LLEOFERNSG 1 OFfitE% Fig. 11 IR TS & IRE LT,
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Table 1. Experimental 1D NMR data and calculated '3C NMR data for communiferulins A (1) and B (2).

calcd-1 calcd-2
exptl-1 exptl-2 (2'S* 3'R¥) (2'S* 3'S%)
position 3¢ 'H (8, J in Hz) 13¢C (3) 'H (5, J in Hz) 3¢ 13C
2 160.5 - 160.5 - 159.2 159.2
3 102.8 - 102.8 - 105.0 105.4
4 166.4 - 166.4 - 168.2 168.3
4a 112.4 - 112.4 - 114.6 114.6
122.5 7.67 (1H, dd, 7.8, 1.4) 122.6 7.68 (1H,dd,7.8,1.3) 125.3 125.4
123.9 7.28 (1H, brt, 7.8) 123.9 7.29 (1H, brt, 7.8) 123.8 123.8
1323 7.55 (1H, brt, 7.8) 1323 7.56 (1H, brt, 7.8) 134.1 133.8
117.0 7.37 (1H, d, 7.8) 117.0 7.38 (1H, d, 7.8) 117.8 117.7
8a 154.9 - 154.9 - 156.9 156.9
I 27.6 3.12 (1H, dd, 15.3,10.2) 27.8 3.14(2H, dd, 9.6, 3.0) 30.3 29.9
3.18 (1H, dd, 15.3, 8.7)
2! 92.6 4.97 (1H, dd, 10.2, 8.7) 92.4 5.01 (1H, t, 9.6) 95.0 92.7
3 73.7 - 73.8 - 74.3 74.1
4 37.0 1.57 (2H, m) 38.4 1.74 (2H, m) 36.8 41.0
5' 21.8 2.11 (1H, m) 22.1 2.19 (2H, m) 24.5 25.8
2.17 (1H, m)
6' 123.6 5.14 (1H, brt, 6.7) 123.6 5.18 (1H, brt, 6.7) 125.5 128.8
7 136.2 - 136.2 - 137.6 138.1
8' 39.6 1.97 (2H, m) 39.7 2.01 (2H, m) 42.1 41.7
9 26.6 2.04 (2H, m) 26.6 2.09 (2H, m) 273 29.6
10' 124.1 5.07 (1H, brt, 6.8) 124.1 5.09 (1H, brt, 6.8) 127.6 126.2
I’ 131.6 - 131.5 - 133.8 133.9
12' 25.6 1.63 (3H, s) 25.7 1.68 (3H, s) 25.9 26.1
13' 17.7 1.56 (3H, s) 17.7 1.60 (3H, s) 17.6 17.4
14' 16.0 1.60 (3H, s) 16.0 1.65 (3H, s) 15.5 16.3
15' 22.5 1.33 (3H, s) 214 1.23 (3H, s) 25.2 21.9
MAE vs exptl-1 1.68 1.84
DP4 vs exptl-1 96.8 % 32%
MAE vs exptl-2 1.72 1.75
DP4 vs exptl-2 73.0 % 27.0 %
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— 'H-'H COSY

2 —> HMBC
J o O > NOESY

Figure 11. Selected 2D NMR correlations for 1 and 2.

Communiferulin B (2) 1Z, HRESIMS OffHT2 5 1 & [A— D51 CuHz00s  HTH Z &
DB ST 572 (m/z 405.2035 [M+Na]", A-0.7 mmu), 2% 1 &3EE4 25 IDNMR A~27
NVERLTZAS (Fig. 10B, Table 1), 407 & 15070047 I /L7 MEIZHE T OEWA RS
ZEMBL 21OV T AT UAY—Th D EHEINTZ, 2DNMR A7 L OFENT Tl
E NIRRT Y ST e Nl N & = F Y 4 Wy

1.2. Communiferulin A (1) 35 X OV B (2) OARRSLARELE OHEE

Communiferulin A (1) 8L OB (2) ® NOESY A MIVORM #4772 > 7225, F%F AR
BlE DIFRIC TG T MBI bR olc, 2T 1 E28MY 55 2O T AT L
F~—® BCNMR 7 I /v 7 MEZ DFTIEICK VIR L, 1 & 2 OFHME & g U7z,
L2 L7223 5 MAE fi & DP4 probability*® % W72 LG CTlE 1 & 2 DWT L A (2'5*%,3'R*)
FliE Cd D Z & ARBT DGR E 720 . MRSIARLE QR B AN K 722> 7= (Table 1),

% 2T MAEms B 4972 FIV T 1 & 2 DR SEAARRLE 2 i L7z, MAEass fEIC X 2 H# T
IE. 1 & (2'S*3RY) BLEOREME, 2 & (2'S*3'SY) BEOFHBEMAMAS D SEA I K
 EHME & FHREOREZEN/ NS Ae o7z (Table2), L7273- T, Communiferulin A (1) ¥ X
OB (2) OFIXARELE 2 Z 0 E0 (2'S*3'R*) BN (2'S*3'S*%) TH D Likim L7,

Table 2. '3C NMR MAEaxs values for two experimental/calculated data sets of 1 and 2.

exptl 1-2 vs caled 1-2 exptl 1-2 vs caled 2-1

MAEaas 0.746 1.004
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(e 1)

DP4 probability*>
Goodman HIZ X > TEIZE &7 ID NMR 7 2 ALy 7 MEDERIE & FH5RE O ik 71k
D1FETH 5,

IS AARERE A RIRBOEMDr I 7 MEOERE L . BV 5 B SEARBRIEED
TNV T MEOFHBEMEOZE BA) 02K THR LT, EONERL-EH 5 LV
Ml 5, HEFEZLTIORT,

OFHEAME DA IE
RHFAAE (NMR 7 X vy 7 REHOBICA L 5 —EO MR o) 2 WY B
T2, HEME (Scacd) ZMIE LTME {Sscated= (Scatca-Intercept)/Slopey %R 5,
Intercept (Y1F7) 36 KLU Slope (fHZ) 1FFHEM & ERIfEL xy FHElZ7T =y ML, fh
CREEZANTRELONT—RBEEDNORD DL ENTE D,

RS L WIFHIE O F
FERNE & EMEORERIFRZE |SA| 2R+ 2 iRk, FEMSERERZE & i LT
-G % THOMEEEE R CHIRHE P It 5,

Po=[1-1 (] (rrmiE v o T4, o)

(3DP4 probability fit 7 5 Hi

QTROIFAZ & OB Z A XOEFIESOTHIT AbE., D F2IR0 i
E% RS, BRI TOMFEDOLEZ B3 TRDODH, T OffEiA DP4 probability fi T&H
50
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(F 2 2)
MAEnns fiE 40

NMR A7 VO SEHRIE & FHRAE A LS 2 5. MAE <° RMS, DP4 probability 4 v
EHEAZHA SRS, ZhbEWTRG, 1 FEOEREICK U CEEOEEE iy 5 T
EThD, —FH., BEOTE~—OFHE L R Z kT 570 & O ERIfE &R
5% LR D BRCIT, TR O OWEANKEE L R 2 HBE5 1S 5,

% 2T Bifulco Hl&, HEOFENME L EHEOFEMEZ T 5 FiEE LT, MAEMms E%
WA L7-. MAEans fEIZ BCNMR 47 2 07 FOFERIE & FHEEOMEAELED I B, &
DALABEDENR L2 b LWWDERDDLFIETH D, HilL LT, i3 2 FZHED 3 Eo
Yt DR R T 1EE LIRS,

FERME (L IL D) & FHEAE (A, B, C) ZET 256, FHIME &SRB OMA G ot/ 2
=L 3l =6 NF—V (a) FET D, O~QDFAEEZETD/NE — L ITDNTIT,
MAEans & HZHT 5,

D% fREDOERER L D2 (Adcatca) 38 K OFHREIR L DZE (Adexpr) &K 5

BHND AS T, EME L FHEEICOVWTEREN i (k—1) =3HFTH>TH S

QIR LT IZDUN T, Adcated 7D Aexpnt & 51 X AAS 73R 5

BAAS DHEXHE DY) (MAEas) %KD 5

a) FEHE & FHFEEDOLT 28 (1, A). (I, B), (III,C) D/3F—

o 0] @ @ @
E‘«\"‘rjﬂﬂ ABC Aaigas 1 Ad yiea_a—c 1 Ab a1ca_B-C N o L AR cars 10y 1 @
Sz T 10 ITT Aﬁupﬂ_]_ﬂ J Aﬁexpﬂ_]_m J Abexpn -1 = = AAd(caicd B-C)—(exptt 11-111)

O ® o) | | |

5

MAEasscale_AB Clexptl T

b) FHNE & FHEMEOT A 1,A), (I, B), (I,C) D/3F—

ORI @ @© @ @

AEEA B C Abeacaas 1 Aacalcd_A—C-| Abdaica B AAG @
s 1 I | | (ORAATBIERLIID . AAS (e A-0r-teapt 1-1)
el Aal:xpllj—l]l AacxptLI—II ABmmll?]n—ll AAﬁ‘mm B—C)—(exptl_11I-11)

FEO 4 © 4 O I i |
®

MAE, pscalc_ AR Clexptl T IT

¢) FEHME & FHEMOT 2 (ILA), (I,B), (III,C) D/F—>

d) FERE & FHEMO~LT 2 (L A), (I B), (I,C) D/3F— R D~Q@0EE %
e) FEHME & FHRMEDOLT 2 (L A). (I, B), (II,C) D/3F— )

f) EHE & FHRIEDO~T 725 (I, A), (L, B), (I,C) D/3F—

ay~f) D/NF—2 D 5B MAEans A e b/ S % — o DO FERINE & FHRAE DT 23, Fei
B EDE LR D,



1.3. Communiferulin A (1) 35 X T B (2) D545 E] & fseh SLARELE OHEE

Communiferulin A (1) B3 EXUB Q) ITENREZ RS R oT72d, WTIhb 72 IKTH
L ENRBENT, FITH{LEMEF TN T L THFENE L, Bon-&xF o FF
~—@ BECD A7 MVERE LIz, —FH, B FA~—oEx@iFE b Li-ET vk
&%) (1aand2a,Fig. 12) (ZOWTZENDH D ECD A7 MMV EGHE Lz, 7785, (2'S3'R)-
la & (2'R,3'S)-1a DHIHIBLEEIZ DU T MMFF {5 CRUEEEZR 21T\, Boltzmann 234 53 1 %LEL
b OFCE AL ERE & LTz, T O%WERE L DFT % Cheiifk L, Boltzmann 53453 1 %L E
& e BRI OV T TDDFT 5% W CTHECHRE 2 51 L, ECD A7 hLIZAH L
7z, Z AU 5 % Boltzmann 534 125D X NE ) L, (2'S,3'R)-1a, (2'R,3'S)-1a DFHHEAE L LTz,
(H)-1. (-1 OEANEX, FHEN (2'S,3'R)-1a, (2'R,3'S)-1a DFEME L < xHE L TWi=Z
LMD, ()1 ORI LARRLE 2 2'S3'R, (-)-1 OFEXISIIRRLE 2 2'R,3'S LHEE L7z, Ak
W2, ()2 DM STARELE & 2'S,3'S, (-)-2 Okt LR E 2 2'R3'R & HEE L7= (Fig. 12),

(A) OH
8 20 Py
6la . (+)=1 (expt) 15 R
! | — -~ (2'S.3'R)-1a (calcd) R
4 ! ;‘"\ 10 (+)-1 prenyl
g2 N - s g 0" o (253R)1a Me
KO : \:}" —— ,-\_ 0 E
5 200 ) 17250 = - — B 350 a0 =
24\ £ 5 OH
Vi Vi 3
4 -10
—— (~)1 (exptl)
€1 - - = (2’R.3'S)-1a (calcd)[ 15 R
8 20 (=)-1 prenyl
nm 0m o (2R3S)-1a Me
(B)
6 15
. (+)2(expt)
4 - o (2S3S)-B(cald) | 10
- R
5 (+)-2 prenyl
s ] oo (253522 Me
3 o 8
Py 00 g
4 |
5 :C)H
4 ! — ()2 (exptl) -10 R
. (2R3'R)-B (calcd) R
5 15 (-)-2 prenyl
nm 0" "o (2R3R)-2a Me

Figure 12. Experimental and calculated ECD spectra for enantiomers of (A) 1 and (B) 2
(calculated ECD spectra were red-shifted by 10 nm).
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2. Communiferulin C (3) DAEEMEHT

Communiferulin C (3) (T MEAIEREBMERBIA L LTH LI, D51, HRESIMS OfiFEHT
M CaqH300s &It I8 L7 (m/z421.2000 [M+Na]", A+0.9 mmu), 3 ® IDNMR A7 kLT 1
DLOLEISELLTWER, 1 TALBNEALVT 4 VHEDY TV (8u 5.14, 5¢ 136.2,
123.6) M{ER L, oA T AF 2 (0n 3.93, 5¢c 85.0) LEAEEREEFED LIz =#kFE
B¢ 73.0) O T FABEH I 7z (Fig. 13, Table 3), ERROFEEMNS, 327 7 Uk
7= v EHEE LT, H-2'/C-4 [Hl> HMBC B (Fig. 14) 7»H C-2'/C-4 [ DO=—T VifEH %
MLV Ru 7T VBROFENEHO NIRRT, £7-. BEBERENEE T HHRE (C-3,
C-6',and C-7") D 5 b TNLIRFICDHEKFRELR L 7 b DOREH S L7z (ASc+0.11 ppm) =
LMD, TR Fa X EOFENRH SN R -T2, FEROERE 300 FR S, C-3'/C-
OO —TNAEGEI LT N7 Rr 7T VEROMFEAHEE LT, LLEORENS, 3
O FHEE & Fig. 14 (R 1 & IRE LT,

NOESY A7 K JLZEWT, Hs-157H-6'TE OFBANEI S 4, 15 A F L 67 |
FNoWT RTe Fr7 T VRO —HRICERET D Z E B LMNIR ST, 20 RFEE T
PR IR DI NARBLE &8 L 9 MBI G o0 oTc, £ TRERH D 4 FOY
T AT LA~ — (3a: 2'R* 3'R*6'S* T'R*; 3b: 2'R*3'R* 6'S* 7'S*; 3¢c: 2'S*,3'R*,6'S*,7'R*; 3d:
2'S* 3'R* 6'S*,7'S*¥) O NMR A7 kL% DFT {EIC & W B L (Table 3), DP4 probability %
MW TSEMIME & i L7z,

FOFEF. 3¢ OFHE[EN BCNMR A7 ML O TIE 91 %, 'HNMR A2 LD
BTl 100 %, 'H & BCNMR A7 RV OE )5 % B8 L7- g Tid 100 %O TS
7= (Table 3), LA EDOFERH D, Communiferulin C (3) DARRISLIRELE % 2'S* 3'R*,6'S*,T'R* &
HeE LT,

14
15'

communiferulin C (3) 12,13'

5786 1o & Ta 1b
iUl A o e .
T T T T T T T T T T T T T T 1
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm

Figure 13. 'H NMR spectrum of communiferulin C (3) (500MHz, CDCI3).

9b5'a |‘8'a
A gjiﬁ?w_‘,s«:l}w" INEPN_
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= 1H-"H COSY
—> HMBC
~- > NOESY

Figure 14. Selected 2D NMR correlations of 3.

Communiferulin C 3) 13MENNMEEZ RE RS2 ML T EIRTH D Z ENRIBINT,
X INH T L MWTHPLC 0T &2 T o 1o R, 31T T B IR TH L Z LR LT o7z
N, HEER N D e hololnd, Ko U F A~ — OS5 BUIER L TV, T0h, £
T F A — OMERNLRELE IS RIRE TH D,
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Table 3. Experimental and calculated 1D NMR data for 3 and possible stereoisomers (3a—3d) of 3.

exptl-3 calcd-3a calcd-3b calcd-3c calcd-3d
position BC@E) (G, JinHz) 13 H e H 13C H 13C H
2 160.5 - 160.2 160.1 159.5 162.1
3 102.2 - 104.5 103.6 103.6 105.4
4 166.7 - 166.8 167.6 166.5 167.7
4a 112.2 - 114.2 114.6 113.2 1141
5 122.8  7.66 (1H, dd, 7.8, 1240 757 1253 7.72 126.3 8.22 1253 7.84
1.4)
1242 7.29 (1H,t,7.8) 1219 7.23 122.1 7.24 1228 7.26 122.4 7.27
132.5  7.56 (1H, dd, 8.3, 1316 7.59 1315 7.56 132.1 7.57 131.8 7.59
1.5)
8 1169 7.38(1H,d, 8.3) 1180 7.33 1173 7.28 1171 7.28 1176 7.32
8a 155.0 - 156.6 155.8 156.3 155.9
1 29.1 294 (1H, dd, 15.4, 299 297 29.8  3.05 307 2.77 29.3  3.02
8.4)
3.22 (1H, dd, 15.4, 3.49 3.52 3.19 3.78
10.5)
2' 91.3 5.11 (1H, 939 4.84 93.1 481 93.1 491 940 493
overlapped)
84.2 - 83.2 84.5 85.6 86.1
324 1.73 (1H, m) 38.2 203 36.8 1.88 332 1.75 348 1.79
2.06 (1H, m) 2.50 2.49 2.13 2.05
5' 26.0 1.87(1H, m) 296 1.72 289 1.63 288 1.64 26.8 1.79
1.97 (1H, m) 217 2.58 2.09 2.71
6' 85.0 3.93(1H, dd, 8.6, 89.6 4.32 87.0 3.95 87.7 4.20 86.6 4.29
6.4)
73.0 - 74.2 72.8 73.5 73.4
37.8 1.39 (1H, ddd, 13.5, 351 1.16 394 137 381 150 396 150
11.8,5,5)
1.55 (1H, ddd, 13.5, 1.18 1.90 151 1.67
12.0,5.0)
9' 222  2.04(1H, m) 214 1.08 235 199 228 2.05 243 2.01
2.13 (1H, m) 2.50 2.25 2.49 2.21
10 1244  5.11 (1H, 1239 458 126.2 5.48 126.4 5.66 126.8  5.62
overlapped)
11 131.8 - 135.3 134.4 133.0 133.2
12 25.7 1.69 (3H,5s) 254 1.82 254  1.88 256 1.74 256 152
13 17.6  1.62 (3H,s) 16.9 1.49 176 156 179 1.66 179 143
14' 24.5 1.29 (3H, s) 21.1 0.78 235 0.78 244 1.25 249 094
15' 229 1.29(3H,5s) 250 1.23 246 1.18 245 1.24 240 1.29
DP4 (33C) 0% 3% 91 % 6 %
DP4 (*H) 0% 0% 100 % 0%
DP4 (all) 0% 0% 100 % 0%
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HOTH EHEA T L R X T LR DR

1. ALEY) 4 OHEIESRAT

L& 4 1 TIEEAIERESEEIR S LT oL, HIELE [a]*p +79.2 (¢ 0.10, CHCL) &7~ L
7z, HRESIMS Ot L 0 {LEW 4 0431 K% CosHasOs & IFJE L7 (m/z485.2156 [M+Na]’,
A+0.5mmu), 'HNMR A7 KL TiX, 1D 14- BB 2HOAF T AF 1
fHDOA MFHE L EOT BT, 2 HD tert- A F v, 2 HD sec- A FIVTIRIB SN D v
7OV & iz (Fig. 15, Table 4), BCNMR A7 MV TClE, 7 b I R= v 1 E L,
T AT VIR =L 2, BERBERERADEA Lz sp? IRFE 4 A& ETe 25 D v 7 F V038
W ENT-Z &5 (Table 5), bAEW 4 27 B F LI, KO p-A FF IRV A LF M
EHTDE A A AT U EHEE LT (Fig. 15),

'H-'H COSY K (Y HMBC A-X7 kL CIL, Fig. 16 [ZaxdARBENEI S, 2 D OfifdT
WCEIEEm 41X 2 0iC T ' RR v, 6 (I p-A FF IRV A AT UEE 10 L
FosE 4fnE SAICAKBRIEZ AT HE T L AT AL THDHZENHLNE 25
7= (Fig. 16),

OAc

OMe

14
OMe 15

3 ‘

13 12
o
6 5 1|7

59 o 1K
~| S ,‘yi “ 71|<3\"/

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm
Figure 15. 'H NMR spectrum of compound 4 (500 MHz, CDCls).

m— 'H-'H COSY
—» HMBC

Figure 16. Selected 2D NMR correlations for 4.
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LB 4 OFIRISTARERE % . NOESY ALY hUIZ L AMHTIC L WIRB L=, 3725 Hs-
15/H-2, H-3p. H-6 [#], H-5/H;-13, H-7a, H-9afl, M\ Hs-14/H-7a, H-7B [£]0> NOESY #H
BAMNS 207/ b3, 4fiA Y T, 600p-A X XUV A AT 8L
AF NN o BLE TH D & flimm L7z (Fig. 17A),

LI EDORERN G ALEY 4 OMXINLIAELE 4 Fig. 17B (- #5iE & IRJE LTz,

(A)

~---»= q-side
- [-side

(protons of methyl groups are omitted)

Figure 17. (A) Selected NOESY correlations and (B) relative configuration for 4.
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Table 4. 'H NMR data (3, J in Hz) for compounds 4-7 in CDCls.

position 4 5 6 7
2 5.05 (1H, d, 5.3) 5.16 (1H, d, 5.1) 4.96 (1H, d, 5.6) 4.98 (1H, d, 5.7)
3 2.03 (1H, m) 2.01 (1H, d, 16.4) 2.09 (1H, d, 16.5) 1.94 (1H, d, 16.2)
2.11 (1H, dd, 16.4, 2.09 (1H, dd, 16.4, 2.19 (1H, dd, 16.5, 5.6) 2.07 (1H, dd, 16.2,
5.3) 5.1) 5.7)
5 3.18 (1H, d, 10.4) 3.12 (1H, d, 9.6) 3.47 (1H, d, 10.8) 3.27 (1H, d, 10.5)
6 5.75 (1H, m) 5.87 (1H, m) 5.72 (1H, ddd, 10.8,4.3,  5.88 (1H, m)
1.8)
7 2.01 (1H, m) 2.45 (1H, dt, 15.7,2.0) 1.48 (1H, dd, 15.8, 4.3) 2.13 (1H, dd, 16.1,
1.5)
2.29 (1H, dd, 14.4, 2.88 (1H, dd, 15.7, 2.53 (1H, brd, 15.8) 2.39 (1H, dd, 16.1,
4.2) 3.8) 5.5)
9 2.71 (1H, d, 13.9) 6.00 (1H, brs) 3.30 (1H, s) 5.57 (1H, m)
3.17 (1H, d, 13.9)
10 - - - 5.57 (1H, m)
11 2.04 (1H, m) 1.59 (1H, m) 1.66 (1H, m) 1.58 (1H, m)
12 0.86 (3H, d, 6.8) 0.83 (3H, d, 6.6) 0.85 (3H, d, 6.7) 0.83(3H, d, 6.7)
13 0.96 (3H, d, 6.8) 0.84 (3H, d, 6.6) 0.93 (3H, d, 6.7) 0.89 (3H, d, 6.7)
14 1.49 (3H, s) 2.04 (3H, brs) 1.71 (3H, s) 1.36 (3H, s)
15 1.49 (3H, s) 1.37 (3H, s) 1.39 (3H, s) 1.27 (3H, s)
2'6' 7.96 (2H, d, 8.9) 7.99 (2H, d, 9.0) 7.99 (2H, d, 8.9) 7.99 (2H, d, 8.9)
3.5 6.96 (2H, d, 8.9) 6.95 (2H, d, 9.0) 6.98 (2H, d, 8.9) 6.94 (2H, d, 8.9)
4-OMe  3.83(3H,5s) 3.88 (3H,s) 3.90 (3H, s) 3.87(3H,s)
Ac 1.95 (3H, s) 1.94 (3H, s) 2.03(3H,s) 2.03(3H,s)
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Table 5. '3C NMR data (8) for compounds 4-17 in CDCls.

position 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 594 591 60.0 50.1 458 457 485 493 495 492 50.7 468 59.7 60.7
2 831 819 821 819 826 822 731 730 743 814 812 363 2204 2221
3 39.7 391 405 392 398 397 382 382 360 401 428 309 378 387
4 850 838 832 851 856 856 812 811 818 845 853 86.0 484 401
5 488 483 481 500 517 518 493 487 474 493 471 512 938 942
6 701 701 698 712 721 718 703 704 708 702 708 710 354 377
7 479 376 400 448 1259 1380 404 404 401 395 394 405 298 301
8 704 1491 573 711 1392 1358 1387 138.7 136.8 136.2* 136.6 1374 1476 1473
9 56.8 129.1 619 1342 69.2 201.0 1237 123.6 1259 1254 1271 1243 1189 119.0
10 212.0 206.9 2083 136.8 439 526 709 711 690 73.06 739 746 762 769
11 368 362 364 364 367 366 370 370 372 369 372 373 425 475
12 173 174 174 175 175 175 173 172 172 176 178 174 1110 107.2
13 184 183 182 183 182 181 183 182 184 182 184 184 183 101
14 33.0 276 224 338 235 216 274 274 276 263* 267 274 262 261
15 176 161 169 194 182 190 134 134 145 210 204 205 130 189

12-OMe 56.3 56.0

1 122.1 1222 1217 1224 1224 1218 1225 1225 1226 1224 1225 1227 1226 1226
2'6' 131.7 1317 1318 1318 1319 1320 1317 1317 1317 131.8 1317 1317 1313 1313
35 1140 1140 1141 1139 1138 1140 1138 1138 1138 1139 1138 1138 113.7 1138

4 163.8 1639 164.1 163.8 163.8 164.0 163.7 163.6 163.7 163.8 163.7 163.6 1633 163.3

T 166.1 166.4 166.6 166.7 166.6 166.2 166.1 166.1 166.3 166.6 166.7 166.3 1649 164.8

4'-OMe 555 555 556 555 555 555 555 555 555 555 555 555 554 554

1" 167.8 168.1 168.6 166.4° 167.4
2" 1274 1286 1275 127.8 128.9
3" 139.6 138.0 139.2 139.6 137.2
4" 159 145 160 158 14.4
5" 21.0 123 206 209 12.3
Ac 169.5 169.6 169.2 170.7 170.4 170.0 170.4

210 211 211 213 212 211 21.0

2 Detected by HMBC analysis.
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2. {LEW S, 6. BIONT OREIEMEAT

HRESIMS OFEHTIZ L0 LB 5 D5y 1L CosHO07 &M L7= (m/z467.2020 [M+Na]",
A-2.6 mmu), —J7, {LEW 6 Oy RIL 5 LV EEER 728 1 I\ CosHyn0s, LA T D
S FRIL S KV IKFERA2 2 HZ ) CosHaaO7 LI L7 (m/z 459.2028 [M-H]", A+0.9 mmu
for 6; m/z 469.2208 [M+Na]’, A+0.6 mmu for 7)., {LAE# 57 © 'THNMR A7 hLiX 4 DA
7 MVEFLL L TWER, WTNOEEMTH 9 (LIRFEOIHED 'H O I vy 7 MEIZ
EORA O, LEWST O HNMR 7—% LR EZBE L, (LEWSIT4 D 8K
FREE K S 4L, 8(9) MLlC “HEREAEH T DM, AW 6 1L 8Lk 9 DI =RF
EEBT HMEE. LEW 71X 4 D 10 L7 b EIL S, 9(10) AL “HEiES % b Ot

L HETE L7- (Fig. 18, Table 4),

(A) OMe OAc
15
12
13
” 14
6 3b
5 3a 11
7a b
M\ i Lﬂ/\ T |
T T T T T T T T T T 1
80 75 45 40 35 30 25 20 15 10 ppm
OMe OAc 15
(B) 14
1213
>
° 9
Ta  3p 1"
5
3a b
J
T T T T T T T T T T 1
80 75 45 40 35 30 25 20 15 10 ppm
OMe
OA
(C) ¢ 15
14
> 1213
o
| J
T T T T
80 75 45 40
(D) OMe
>
o
T T T T T T T T T T T 1
80 75 50 45 40 35 30 25 20 15 10 ppm
Figure 18. 'H NMR spectra of (A) compound 5, (B) compound 6, (C) compound 7,
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HEE LT-AbEY 5-7 OFhitEE% . 2D NMR A7 RLVOMTIC L ViR L=, T7¢b
5. H-'THCOSY KX TNHMBC A-XZ hLZEBWT, (LAY 5 TIE Hs-15 & 7 b U RFE (C-10)
M. Hs-14 &AL 7 ¢ UfKFE (C-8 and C-9) [HIZ HMBC AHBIAMELN S 4u, &4 6 Tl Hs-
15 &7 b UiRFE (C-10) [, Hi-14 & =ARF 3 (C-8and C-9) M2 HMBC FRBINEIM =
7oo ALEW T TIX Hs-15 &4 L7 ¢ VKSR (C-10) i, Ha-14 EERERERERNFEA Lo kFE
(C-8), V7 1 UKFE (C9) FIZ HMBC tHEABII STz, 2o OFEBN G, AR D1l
A 57 ORHETEREE N X EF &7 (Fig. 19), NOESY MBI DN SALEW 5-7 D 2 fif, 4
AL, 5HL. 6L, 15 PifREDFXISARELE I LED 4 LR—ThH 2D Z ENH LN T2,
LA 6 123\ T Hi-14/H-9/H-5 (ZFEC NOESY FHBREAEIHI Sz Z L nd, 8, 9=
R VIHIIBEETH D LIFE L7z (Fig. 20A),

EAM 7 O 8 (iRFEOFIRARLE L NOESY HIF CIXIRE TE 2dvote, £ 2T 13C
NMR 7 X /vy 7 MEOSERE & HHEMEE R LTz, T72bb, 70 8fIRFEDOTE~—
7a (80-OH) 35 LT} 7b (8B-OH) (22T Spartan Y 7 b7 =7 % T DFT JEIC LY 13C
NMR 7 2 By 7 Mz R, DP4 probability 75% AV TIHME & el Lz, £ DOfEE,
99.7 % D= T Ta OLARELE D XFF S 4172 (Table 6),

LU EDFER N BACEY) 5-7 OFXISLRELE 4 Fig. 20B (237 BliE & I8 L7z,

—— "H-'HCOsY
—= HMBC

Figure 19. Selected 2D NMR correlations for 5-7.
(A) s S
N A AN eI &Y
S N TN
é 6 7 ~—> Pside

(B)

Figure 20. (A) Selected NOESY correlations and (B) relative configurations for 5-7.

27



Table 6. Calculated *C NMR data for possible epimers (7a and 7b) of 7.

position calcd-7a calcd-7b exptl-7
1 52.4 52.5 50.1
2 81.8 81.4 81.9
3 39.8 39.7 39.2
4 84.4 84.3 85.1
5 51.0 50.6 50.0
6 72.1 71.1 71.2
7 45.3 47.3 44.8
8 714 72.7 71.1
9 134.9 137.9 134.2
10 139.7 135.1 136.8
11 36.3 36.2 36.4
12 17.6 17.8 175
13 17.9 17.6 18.3
14 335 28.6 33.8
15 19.3 20.7 194
1 122.2 121.9 122.4
2'6' 133.9 133.8 131.8
35 113.0 113.0 113.9
4 162.2 162.3 163.8
T 170.8 170.7 166.7
4'-OMe 54.2 54.2 55.5
Ac 171.3 171.3 170.7
21.0 20.9 21.3
MAE 1.00 145
DP4 99.7 % 0.3%
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3. ALAWY 8 5 LUV 9 DI EfRNT

b8 & 9ix, THENHIENE [a]* +55.2 (¢ 0.10, CHCL), B L [0 +103.2 (¢
0.10, CHCly) % 7~ 9 MEfadffh e AR L T 5417z, HRESIMS OfEHTIZ LY. 8 D413
% CasH3407 (m/z 469.2173 [M+Na]", A—2.9 mmu), 9 O X& 8 L 0 /KB 2 E@D 720
CasH307 &R IR L7= (m/z467.2033 [M+Na]*, A—1.3 mmu), {L54 8 ® 'THNMR A7 KL T
IZ LD p-A R XY A ATV L O ZERA L7 4 3OF T AT
1EOTvF NI, 20D tert- A F v, 2 {HD sec- A FMIFIB SN D > 7 FAnBHI S
7= (Fig. 21A, Table 7), BC NMR A2 R Tld, T AT AHAR=/L 2, BREERESEN
fEe Lizsp’ kB 4HZ ST Gt 25 O RFITIRIE I D v 7 F VBB & iz (Table 5),

—. ALE® 9 D 'THNMR A7 FLClE, 8 T S 4172 Ho-10 & H9 IZIRE S d v
TFIVRHEE L, VEOIMNEAF LoD 7 F b (8u2.88,2.55) MBLHISHL (Fig. 21B, Table
Ny HT D7 F ViR 8 Db D &l U TR 7 F LT\, BCNMR A~27 hLT
1%, 8 TBIHIS NI AT AF UIRFEDO T T TV (C-9) MHE L, Kbz hrhirR=
JVIRFED > 7 F VDB STz (Table 5),

{LE¥ 8 & 9 O -HEtkiE %A 'H-"H COSY LU HMBC A7 hLVOFRNTIC & 0 iR LT,

T 72 b, Fig. 22 (R THBE G, /L&Y 813 C2, C-4, C-6, C-9 [ZEEFEEHREM, C-7(8)
W EmEA AT HE T L AT AL THDH I ENRBENT, & 512, H-2/C-1",

A OAc
() OMe

o 15

8

14
3 1312
2 3 10
7 2 5
R S R S NN D W 1 ¢
2 M

T |
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm

(B)

15

1312

10a 10b 3a)
b L
T T T T T T T 1

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm
Figure 21. 'H NMR spectra of (A) compound 8 and (B) compound 9 (400 MHz, CDCl;).
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H-6/C-7'[E1® HMBC B 5, /L&) 8 1L 2 (LIZT & R v, 6 (LIl p-A FF Xy A
NEFRVEERTHZLBHLNERoT, —J7 /LA 9 O HMBC A7 RV Tid, Hy-
10/C-9 (3¢ 201.0), Hs-14/C-9 MUZHHEANBH SN Z 026, fLEWM I I IR hrFk e
ol iEETH D Z ENRP L INE /5T (Fig 22),

LAY 8 38 L N9 DAIIIAARRE 2. NOESY A2 VOB LM L, (bE
¥ 8 TlE, Hs-15/H-2, H-3B, H-6, H-9 [l &, H-5/H;-13 2 NOESY FHBINEIM X 7= (Fig.
23A) T END ., FARILRELE A Fig. 23B (ORI ECEIC)RE Lz, (LAY 9 D NOESY A%
7 " THILEY 8 LRBEOFBENBLII S NI=72D, LEW 9 b 8 & A FHRI AR ®E
L IRE L7- (Fig. 23B),

—™ HMBC

Figure 22. Selected 2D NMR correlations for 8 and 9.

(A)

NOESY
== g-side
~— p-side

(protons of methyl groups are omitted)

(B)
AcO OH AcO 0

Figure 23. (A) Selected NOESY correlations and (B) relative configurations for 8 and 9.
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Table 7. 'H NMR data (3, J in Hz) for compounds 8-12 and 19 in CDCl;.
position 8 9 10 11 12 19
2 4.87(1H,d,6.0)  4.86 (1H,d,6.0)  3.60 (1H, brt, 3.58 (1H, brt, 8.5)  5.08 (LH, dd, 5.02 (1H, d, 5.0)
10.6) 10.5, 8.7)
3 1.92 (1H, d,16.2) 1.99 (1H,d, 16.2) 1.56 (1H, brd, 1.56 (1H, dd, 1.74 (1H, dd, 1.81 (1H, d, 16.0)
14.0, 10.6) 13.8,10.9) 13.9,10.5)
2.12 (1H, dd, 2.15 (1H, dd, 2.24 (1H, brd, 2.22 (1H, dd, 2.35 (1H, dd, 2.09 (1H, dd, 16.0,
16.2, 6.0) 16.2, 6.0) 14.0) 13.8,8.5) 13.9,8.7) 5.0)
5 258 (1H,d, 11.2) 2.89 (1H,d, 11.0) 2.61(1H,d, 10.9) 2.64 (1H,d, 10.9) 2.91 (1H,d, 11.0) 3.05(1H, d, 10.8)
6 5.95 (1H, brd, 6.17 (1H, brd, 5.48 (1H, td, 10.9, 5.49 (1H,td, 10.9, 5.48 (1H,td, 11.0, 5.54 (1H, m)
11.2) 11.0) 2.9) 3.0) 3.0)
7 5.35 (1H, m) 6.14 (1H, brs) 2.24 (1H, dd, 2.26 (1H, dd, 2.21 (1H, dd, 2.36 (1H, dd,
14.1,10.9) 14.2,3.0) 14.2,3.0) 14.9, 4.2)
2.76 (1H, brt, 2.77 (1H, brt, 2.86 (1H, brt, 2.66 (1H, dd,
14.1) 14.2) 14.2) 14.9, 6.8)
9 4.33 (1H, m) - 5.76 (1H, brd, 5.74 (1H, brd, 5.72 (1H, brd, 5.57 (1H, m)
7.8) 7.8) 7.9)
10 1.87 (2H, m) 2.55(1H, d,14.9) 5.09 (1H, d, 7.8) 5.07 (1H, d, 7.8) 3.71 (1H, d, 7.9) 5.20 (1H, d, 6.0)
2.88 (1H, d, 14.9)
11 1.73(1H, m) 1.72 (1H, m) 1.96 (1H, m) 1.99 (1H, m) 1.99 (1H, m) 1.70 (1H, m)
12 081(3H,d,6.8) 082(3H,d 6.8 0.84(3H,d, 6.8) 0.84(3H,d,6.8) 0.85(3H,d, 6.8) 081 (lH,d, 6.8)
13 0.90 (3H, d, 6.8) 0.93 (3H, d, 6.8) 0.93 (3H, d, 6.8) 0.94 (3H, d, 6.8) 1.04 (3H. d, 6.8) 0.92 (1H, d, 6.8)
14 1.89 (3H, brs) 1.89 (3H, brs) 1.84 (3H, brs) 1.84 (3H, brs) 1.83 (3H, brs) 1.86 (3H, brs)
15  1.24(3H,s) 1.27 (3H,5) 1.16 (3H, 5) 1.16 (3H, 5) 1.14 (3H, 5) 1.22 (3H, 5)
26 801(2H,d,9.0) 8.02(2H,d,90) 7.96(2H,d, 89) 7.98(2H,d,89)  7.97 (2H, 8.9) 7.99 (3H, d, 8.7)
35  6.95(2H,d,9.0) 6.96(2H,d,9.0) 6.94(2H,d,89)  6.94(2H,d,8.9)  6.95 (2H, 8.9) 6.95 (3H, d, 8.7)
4-OMe 3.88 (3H, s) 3.89 (3H, s) 3.87 (3H, 5) 3.88 (3H, 5) 3.88 (3H, ) 3.88 (3H, s)
3" 6.14 (1H,qq, 7.2,  6.92 (1H, brg, 7.3) 6.14 (1H, qq, 7.2,
1.4) 1.4)
4" 2.04 (3H, dg, 7.2, 1.83(3H,brd, 7.3) 2.01 (3H, dq, 7.2,
1.4) 1.4)
5" 1.95 (3H, brs) 1.88 (3H, brs) 1.90 (3H, brs)
2-Ac  2.06 (3H, s) 2.05 (3H, ) 2.072 (3H, s)
10-Ac 2.012 (3H, s)

2 Signal may be interchangeable.
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4. LA 10 B X OV 11 OREEfRT

1A% 10 {[0]**p —87.3 (¢ 0.10, CHCl;)} 3 X1 {[a]*p—61.6 (¢ 0.10, CHCL3)} 1%, W\ T4
b M IERE EPEE R & LT B 7, HRESIMS XV, 10 & 11 1Z[A— D45y 13K CsH307 %
HT 5 ERE ST (m/z509.2512 [M+Na]*, A—0.3 mmu for 10; m/z 509.2506 [M+Na]*, A—
0.6 mmu for 11), & D 'HNMR A2 FUIZE D 10 & WX 6 fLIZ p-A FF RV A
NFXRIAEBHETHZ T LR AFTT L THD I EIRBRENTZ, SHICHED H
NMR A7 MATIHE, 2O E= A ATFARKEZNG Ty TV T LA LT 4 Tl
Fr DY TN Bl STz (Fig. 24, Table 7), '3C NMR A7 KL Tk, 10 & 11 OV
AUCH AT IOVAVR =)L 2 H L R BERERENE S Lz spP RFE 4 [l &t 28 O 7
VMBI E Tz,

'H-'H COSY } U HMBC AHEIDFEHT & B =L X F /L KD 3C NMR 7 I B> 7 M (8¢
21.0 and 15.9 for 10; 8¢ 14.5 and 12.3 for 11) 7225, {LEM 1017 e A VEZ | (LEW 11
XF 7 a A NVEERT DI ENRHLNIZRST29, LI, (LA 10 BLIO 11 OX T
VHIERS L 200 L ANLICHE ST A KIER 6 MLICHEE T D p-A hF TR A A F UL
8(9) (LD " EHFEA DFENMER ST (Fig.25), £72. NOESY HHEDf#TIc kv, A V7
2 ENVEE p- A R IR A NNFF T 10ALT TOVHED o BUE ., 2 KBRS B BLE T
HDHZENHLNE ST (Fig. 26A), L EDOFEFR S LAY 10, 11 D&% Fig. 26B (2
AR LR LT,

(A)

OMe

10 1312

(B)
OMe
15
12
13
2 3
& 5'
3 2

I T T T T T T T T
8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 1.5 1.0 ppm

Figure 24. 'H NMR spectra of (A) compound 10 and (B) compound 11 (500 MHz, CDCl5).
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—— 1H-'H COSY
— HMBC
~—= NOESY

(A)

NOESY

<---> o-side
~— p-side

(protons of methyl groups are omitted)

(B)

Figure 26. (A) Selected NOESY correlations and (B) relative configurations for 10 and 11.
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5. {LEW 12 OREEMRT

baw 12 1%, (LB 10 L[R—D 51 CsHisO7 ZF L (m/z 509.2510 [M+Na]*, A-0.5
mmu), =@ 1D NMR A7 fUT 10 DZEH & LSHEBUL TWezo, (bEW 12 13 10
CRIBRICT e A VL p- A RV RO ANA XV EEET LA U AR T L
R THDHEHEE LTZ (TablesSand 7), {LAY 12 ® 'THNMR A< hLClid, H-10 (278
ENDHATFUTE RN 10 OLO LI L TEBSGY 7 N5 6u 3.71) —JF. H2 IZ)#
BEINDAF T AF UATEEES 7 B LT (8u 5.08) Bl Sz Z &6, (kA 12 T

T A A AR IEN 2 ALK ST D L HEE LT (Fig. 27).

Z D Z LIEH-'HCOSY L UHMBC AX7 hVOfENTH 5 b XSl (Fig. 28), 72,
NOESY AXZ hVOFEHTIZ L 0 | ALEW 12 13ALAEW 10 & [Rl— ORI IRE E 2555 2
EMBI ST 572 (Fig. 29A), LU EOENTING . ALEW 12 OFEXISLRELE % Fig. 29B IZ

RLTEHEE SRR LT,

(A) o
)

10

1312

3.5

T 1
1.0 ppm

1312

T T T T
8.0 7.5 7.0 6.5 6.0

3.5

T 1
1.0 ppm

Figure 27. 'H NMR spectra of (A) compound 12 and (B) compound 10 (500 MHz, CDCl;).



NOESY
- = a-side
- f-side 12
(protons of methyl groups are omitted)

Figure 29. (A) Selected NOESY correlations and (B) relative configuration for 12.
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6. {LEW 13 B L O 14 OHEERAT

HRESIMS OfET L0 . {bEW 13 EAbEW 14 O 1HE ZZE 1 C3oHaOs & Ca3H3206
LIRIE L7z (m/z 551.2643 [M+Na]*, A+2.2 mmu for 13; m/z 427.2102 [M+Na]*, A+0.5 mmu for
14), {LE% 13 ® '"H NMR A7 hVITRERN & & 71 Bl A %7 )L~ 20-acetoxy-6-O-p-
methoxybenzoyl-10a-acetoxy-jeaschkeanadiol (19)*) ™t D & K HALIL TW /=238, 19 D 1 {#
DT BFNIECES T FAoROYVIC, 13 TR e AV EdsEIns > 7 F v
MBI & 72 (Fig. 30, Table 8),

(A)
OAc
15
14 12
J 3 5 13
2 ,
6 > 4 3a
3b /

T
8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 ppm

(B) OMe
15
14
1312
2 3
6 5
2 5 7b 3b |32
T T T T T T T T T T 1
80 75 7.0 40 35 30 25 20 15 10 ppm
(C) OMe OAcx 2
15
14
PRE:
2 3
& 5
3b
9 10 2 \ 3a
Jt Y NI S

T T T T T T T T T T T T T T T 1
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm

Figure 30. 'H NMR spectra of (A) compound 13, (B) compound 14, and (C) compound 19
(500 MHz, CDCls).
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— 77 AtEW 14 ® 'THNMR A7 bV Tl 19 D2 HO T B F LIS & 7 un
HR L, H2 & H-10 I[ZFEEIND v 7 An@miissy 7 b LTIl X7z (Fig. 30, Table
8),

'H-'H COSY & HMBC A7 RO G ALEW 13 38 XN 14 O Fitkis #2178
L7z, 726, LAY 13 TiX H-10/C-1"® HMBC FHENBHI SN2 &b, 7U 7
BANEBI0MICHEE L TNDLZ eI L, —FH, (LA 14 1T 1902 o7& b ¥
VIEDKERIL L 7r o 7o LR B L7z (Fig. 31), NOESY A7 MVOFENT IS HALAY 13
& 14 DX SARRCEIZL AW 19 L [R—Th D Efbam L7z (Fig. 32A), LLED AT L LR
B ALE Y 13 36 XN 14 OFESLRRL & 4 5 ToifiE % Fig. 32B (I s & e L7,

= 1H-1H COSY
— HMBC
—~—= NOESY

13 14
Figure 31. Selected 2D NMR correlations for 13 and 14.

NOESY
=---= g-side
<= f-side
(protons of methyl groups are omitted)

(B)

Figure 32. (A) Selected NOESY correlations and (B) relative configurations for 13 and 14.
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Table 8. 'H NMR data (3, J in Hz) for compounds 13-17 and 21 in CDCl;.
position 13 14 15 16 17 21
2 4.98 (1H, dd, 6.5, 4.04 (1H,d,55)  1.42 (1H, m) - - 1.43 (1H, m)
1.4)
1.56 (1H, m) 1.57 (1H, m)
3 1.81 (1H, dd, 16.0, 1.83(1H,d, 15.6)  1.61 (1H, m) 2.27 (2H, dd, 11.8, 2.25 (1H, dd, 19.3, 1.61 (1H, m)
1.4) 9.8) 10.1)
2.14 (1H, dd, 16.0, 2.02 (1H, dd, 15.6, 1.93 (1H, m) 2.77 (1H, dd, 19.3, 1.91 (1H, m)
6.5) 5.5) 7.6)
4 2.81 (1H, m) 2.64 (1H, m)
5 3.18 (1H,d, 11.0) 3.20 (1H,d,10.3)  2.83 (1H,d, 11.0) - - 2.78 (1H, d, 11.0)
6 555 (1H, ddd, 5.50 (1H, td, 10.3, 5.44 (1H, td, 11.0, 2.34 (1H, m) 2.02 (1H, m) 5.43 (1H, td, 11.0,
11.0, 9.0, 3.6) 3.3) 3.0) 3.1)
2.52 (1H, m) 2.61 (1H, m)
7 2.28 (1H, dd, 145, 2.15 (1H, dd, 14.1, 2.25 (1H, dd, 14.3, 2.15 (1H, m) 2.06 (1H, m) 2.23 (1H, dd, 14.2,
3.6) 3.3) 3.0) 3.1)
2.83 (1H, m) 3.00 (1H, dd, 14.1, 2.76 (1H, brt, 14.3) 2.54 (1H, m) 2.56 (1H, m) 2.75 (1H, brt, 11.0)
10.3)
9 5.72 (1H, brd, 6.8)  5.72 (1H, brd, 6.8) 5.76 (1H, brd, 7.4)  5.72 (1H, d, 7.8) 5.69 (1H, d, 7.8) 5.79 (1H, brd, 7.5)
10 5.22 (1H, d, 6.8) 4.23 (1H, d, 6.8) 491 (1H, d, 7.4) 5.42 (1H, d, 7.8) 5.35 (1H, d, 7.8) 493 (1H, d, 7.5)
11 1.75 (1H, m) 1.77 (1H, m) 1.98 (1H, m) 2.72 (1H, m) 2.65 (1H, m) 1.94 (1H, m)
12 0.81 (3H, d, 6.8) 0.83 (3H, d, 6.8) 0.86 (3H, d, 6.8) 4.69 (1H, d, 5.4) 4.79 (1H, d, 4.7) 0.85 (3H, d, 6.8)
13 0.93 (3H, d, 6.8) 1.01 (3H, d, 6.8) 1.00 (3H, d, 6.8) 1.16 (3H, d, 7.1) 1.08 (3H, d, 6.5) 0.97 (3H, d, 6.8)
14 1.84 (3H, brs) 1.84 (3H, brs) 1.81 (3H, brs) 1.79 (3H, s) 1.75 (3H, 5) 1.82 (3H, brs)
15 1.23 (3H, s) 1.05 (3H, s) 1.21 (3H,s) 1.19 (3Hs) 1.17 (3H, 5) 1.22 (3H, s)
12-OMe 3.48 (3H, s) 3.32 (3H, 5)
26  7.99(2H,d,89)  7.99(2H,d,89)  7.99(2H,d, 88)  7.88(2H,d,8.8)  7.86(2H,d,8.9)  7.98 (2H, d, 8.9)
35  695(2H,d,89)  6.94(2H,d 89)  6.95(2H,d,8.8)  6.94(2H,d,88)  6.91(2H,d,89)  6.93 (2H, d, 8.9)
4-OMe 3.88 (3H, s) 3.88 (3H, s) 3.88 (3H, 5) 3.88 (3H, s) 3.85 (3H, s) 3.87 (3H, s)
3" 6.14 (1H, qq, 7.3, 6.90 (1H, brg, 7.0) 6.10 (1H, qq, 7.2,
1.3) 1.5)
4" 2.07 (3H, dg, 7.3, 1.83 (3H, brd, 7.0) 2.05 (3H, dg, 7.2,
1.3) 1.5)
5" 1.98 (3H, brs) 1.89 (3H, brs) 1.96 (3H, brs)
Ac  1.92(3H,s)
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7. LB 15 OREEfEAT

LA 15 D432 HRESIMS O AT X U CasHss06 & R S AU72 (m/z 493.2568 [M+Na]’,
A+0.2 mmu), €D 'H NMR A7 hix, BEEIX v B2 X% T 1 6-O-p-
methoxybenzoyl-10a-angeloyloxy-jeaschkeanadiol (21 & @ & X <HALLL TV =23, {LEW
15O 'HNMR A7 MATIE F 7 aA VA HBRO T 7 FARBRIS =2 Enb,
LA 15 T 10 MLCHER T DT I NVERT VoA vAX I BiETH 5 L HEE
L7 (Fig. 33),

Z 5IZ2DNMR AT NV OfFENT 21TV, H-6/C-7'& H-10/C-1"IZ#H] & #17- HMBC fH
BADNE . 6 ALIT p-A R R A VA X VM, 10 fLiCTF 7 a A A X HEBFEA LT
Wb ENHBNE 2o T2 (Fig. 34), £72. NOESY BN M5, C-1, C-4, C-5, C-6,
C-10 DFERINAARELE X 21 &Rl —Th D Z &R Iz (Fig. 34), - T, {LEM 15D
FAF SEAREC [E % Fig. 35 (O3 AlE &R Lz,

Q oM
(A) :
WSQ Z
2, 210 g s
HO Apj s {_OMe
12 1 O 3
13 7 3
15 1312
2 3
6’ 5
u 10 5
3 9 6 ﬂ JJMA
7a
A L
I T T T T T T T T T T T T T T T 1
80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm
OMe
(B)
; :5' _OMe 15
< o1
2 ’
1312
2 3
3 5
10
3" 9 6
doh_ Il S —
T T T T T T T T T T T T T T T
80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm
Figure 33. 'H NMR spectra of (A) compound 15 and (B) compound 21 (500 MHz, CDCl3).
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(A)

NOESY
<---+= g-side
-~ p-side

(protons of methyl groups are omitted)

Figure 35. Relative configuration for 15.
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8. (L&MW 16 B X N 17 DR EfRHT

L&Y 16 B L 17 IZZNE NS {[a]Pp —151.2 (¢ 0.10, CHCLs) for 16; [a]*°p —324.0
(c0.10,CHCl3) for 17} 7efetaJEfEMPERR E L CTH S5 72, HRESIMS Of#FT L VD, 16 B &
P17 1 F— D473 CaaH3006 2 & D LR 8 L7z (m/z 437.1949 [M+Na]*, A+0.9 mmu for 16;
m/z 437.1929 [M+Na]*, A-1.1 mmu for 17), 16 ® 'HNMR A7 KL T, 1 {EHD p-A K
FIRUANFRVE IHO=ZEHRA LT 4 2 HOAFIAF, ITEDOR FFT
£ 2HD tert- A F v, LHD sec- A F/AZHAS L &7 F LA (Fig. 36A, Table 8), *C NMR
AT MVTIE IO R A= 1 HOZATVANR= BIO1EOT &
—IVIRFED Y T FNEETe 24 RO 7 FIVRBLIHIS 1L (Table 5), 16 134 7 7 LBl A% 7
N D p- A RFTRY A VATV EREE ST,

LA 16 ® 'H-"H COSY ¥ X O HMBC AX7 N VOfiENT 24T > 7=, H3-15/C-2, H-3/C-2
MBI X 4u7= HMBC #HBE2N S 2 A2 4 b~ >, H-9/H-10 R8BI X u7= COSY AHBE & Hs-
14/C-8, C-9 [}, ¥ XN Hs-15/C-1, C-10 REJICEIH S A7z HMBC FBE 5 8(9) 7> —Hifk
A H-10/C-7'HNCBI & 4u7= HMBC fHBE S 10 (71 p-A bR A vd Vi EH
LTV ZENHALNIC R ST, SHIZ 332D A MF UL T X —/VRFE (C-12) [,

OMe OMe

(A)

13

10 12 7p 6b |
411 58 ‘ |
fﬁ JL ‘l ” I A.J‘-l;J.'Zj\__-_.\,-‘lvﬂl‘L__ “

I I A
A -

0 NSRS, VNS ) SIS WS VU | W) WSO ¥ U —

5' 3

Y | _

T 1
8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 1.5 1.0 ppm

(B) OMe " ome

15

14

4
1162
12 3b 7p 3a7a

N h\,p,,,A,‘JLA 7¥J~L‘u‘y\|‘j"\k, i ;‘«‘UL ,,JK../\~.,7.»)’L.,"M‘\A .

T T T T T 1
8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 ppm

Figure 36. 'H NMR spectra of (A) compound 16 (400 MHz, CDCIs) and (B) compound 17 (500
MHz, CDCI3).

41



K ONH-12/C-5 [ HMBC fHBEN S 12 i2 & SALEITA hF o7 v 2 —UEE 2B L2k
EWThDHZ LB L (Fig. 37).

LB 17 O 'H NMR A7 fuiE16 & L <HEIL TW e, 13 2 A F KD @l >
7 hUL., —FH H-12 MBS S 7 B LTIl S 4u7z, $£72. H-4. H-11, 12-OMe (2@ S 4L
LY TFNDrIHNTT MTHEWRR LIV, 12 fLDO~I T ' X — /L OSR)R R 2% B
PARTH D & HEE S 47 (Fig. 36B, Table 8), = HIZ, (LAY 17 D 2DNMR A7 hLIZE
W, LA 16 L RFEOMBENBII SN Z LD, 171 16 & [FA— O g% FFo(b
EMTHD END ZENHLMNZR ST (Fig. 37),

1EAM 16 3 X TN 17 ORI SLAAEC B 2 NOESY ARSI X W B & 282 L7z, H;-15/H-3B, H-
7B. H-10 DB & | H-4/H-60. [ OFHEEN G # 7 1 5 ¥ D cyclopentane B8 & cycloheptane
BRIZcsIEETHALTEBY, p-A IRV AN VENalETH D Z ENHL N
Lipote, Fiz, H3B/Ma-13 OFBIN S 13 L A F VLT B BLE & Jfts Sz, 51216 T
I% Ha-13/H-12, —7J5 17 TiZ H-11/H-12 ® NOESY BN S 7= Z &b 12 L A F ¥
FEOREE 16 NofidE, 17 23 pECE & JRJE L7- (Fig.38A), L7=A-> T, {LEW 16 B L O
17 OFIXINLARELE % Fig. 38B IR THELE CTH D & liE LT,

— H-H COSY
—_— HMBC

16 and 17

Figure 37. Selected 2D NMR correlations for 16 and 17.

; S—g
Z:
NOESY
“---= g-side -
16 - = p-side 17
(protons of methyl groups are omitted)
B
(B) o o
210
3
Hi OMe OMe

Figure 38. (A) Selected NOESY correlations and (B) relative configurations for 16 and 17.
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9. (LAWY 4-17 DHEXLARELE O JF S
9.1 L&Y 4-15 Okt TR

Golovina H L& 7 LY 2T 0D 6 NOFERET AT )L O SLRELE 2O
R HDx&7bw:i5%ﬁ%%ibfwém Thbb, XUh A AT L~
D 6 NIKFRIZFH BT AT NVEP ol E THAT 2% 6. 260 nm fFITIZ1ED Cotton %73
%Méhékwoﬁiﬁ%é FHINEEE LB A 415 130 TR 6 (LRI p- A
R R A NAF VEBERT D720, T O SLAREL E D)7 E 2 Golovina 5D
FEPEETE D EE 2T,

LAY 46 & 815 D ECD A7 hLTid, 260 nm fFITIZ1ED Cotton ZhFA3HERE S 7=
728 (Fig.39), 6 fIRFITHEAT D p-A FF IRV A AT VT alil®E, T72bb 6
PRFEOIMEIANARRLE I TN T b SEE SIFE L7, ARy . a1 4-6 & 8-15 DFEXS
ﬁWMEﬁNm$Y2&7FW®%ﬁCiD%E%ﬁ?%6k « ZALS Ot LARRLE 1
Fig. 40 | R T ELE CTH D Z ERH LMo T,

{LE# 7 D ECD A7 kL CiE, 260 nm fFITIZIED Cotton Zh MBI S A7 0 - 7273,
EERAIRBLED D T DOEAXT VR UEIE 4-6 & 8-15 & [Fl— Dk ST ABLE Th 5 &
Ezbhb,

6 8
—4 — 8
..... 5 _____9
4 6 41 - =10
--7 -1

.. 300 350" 440

H
\ /
\ !
w 0 : 4
4 -
200 \,\\/Zio S 3 I7Em 350 7 400
i 7l
" ’ 7 -
2 A _,-’/‘ 8
S
A
| yo
{
44" \{ -12 A
\
] 16 =
nm nm
8 5
;‘; —— 4 (exptl)
4 - -~ 4(calcd)

; ’ W\
- o~ ‘.'; -
- -~ ol
A / N
» - N N
200 /1 ok 300 350 490 : 4 N
}
2 / 4 2 ~
s 'ﬁ L g
q / p o
a4 i 0 \'\j&;’ 300 350 400 450 500
\ /
i / 1qa U
\ !

Ae
Ac
o

12 5
nm nm

Figure 39. Experimental ECD spectra of 4-15 and calculated ECD spectrum of 4.
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(LAY 4 12>\ TIX, ECD A< h)L % TDDFT E2 W TEE L, ERE & el U7~
ZOFER, FERME & FHHEMEN X < RIS LTV (Fig. 39) Z &225. Golovina H D FEIC X
VIFIE LT 4 ORI ARCE DS KRS -,

—J7. LB 5 D 6 (LERFE DM SRR EIZSOWTIX CD Bt +% 7 U 7 ¢ —1k Dic &
DR LT, T72bb, {b&W 5 D ECD A2 hLTEIMI S 7= 258 nm £1F D IED Cotton
hE &L 236 nm FHEICEIH S 72 AD Cotton YR ZE AT ) & p- A FF TRV A LA
XUREOIA T I T4 —ICELBbDERETE, =/ L p- A R IRV AT F
THEOEIBGAE— A SO HAPRFEIEID Th D Z &R S T2, 6 fLRFED
Mok STIARCE 2 S &ftam L7z (Fig. 41), 2 OFERIL. ATROLAEY 5 Ot SLRBLE O fif
WraXFHd+5H0Ths (Fig 40),

AcO Q AcO Q

%

HO - HO >
(_)-p-Anis (_)-p-Anis
8 9 10 R=Ang 12
11 R=Tig
OTig

Figure 40. Absolute configurations of 4-15.
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Abs

0.6

0.4 4

0.2

0
2\/_/250 N3 s 4

200

250

Figure 41.

300 400

nm

350

o, 19
. ®
@
¢ (protons of methyl groups are omitted)

AcO Q

CD and UV spectra, and the excitation chirality for 5.
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9.2. {LE 16 I L TN 17 O STARRL &

1LEM 16 & 17 1% 6 (IRBIZH BT AT ANFESE L TE 5T, Golovina H D FIEIX
SR CE o =), WFEIXT VARV o— MEEEZA L W20, i %7 VT 14—
EIC L0 MERISTRRLE 2R E L2 3, T7bb, (k&% 16 & 17 D ECD A7 kLT, \»
FALH 260 nm FFITIZAD Cotton ZNRPBR S 72 Z Lnh, “HEAEG & 10 (LRBITH S
T5 p-A X IRVANAFEOR UIUIKFERHRIY THDH Z EDREB S, 16 & 17
D 10 (LR FE OFERNAEEIT VTS REE TH D Z &2V L7z (Fig 42), LA EOFENT
B LG 16 F5 LN 17 O AARBLE & Fig. 43 12 L72BLE & e id L7,

D (Ae)
&

-20
08

Abs

310 360 R 16 o-OMe
17 B-OMe

nm

Figure 42. CD and UV spectra, and the excitation chirality for 16 and 17.

OMe

OMe 16 128
17 12R

Figure 43. Absolute configurations of 16 and 17.
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#3EH B EWORE

1. BEE k&% 18-29 DO IRE

L&Y 18-29 13, HEANY MLT —& LWYBYLSET — 2 2 SO & Heiged 5 2 Lo &
V. N LI 20-acetoxy-6-0-p-methoxybenzoyl-jeaschkeanadiol (18)*) . 2a-acetoxy-6-O-p-
methoxybenzoyl-10a-acetoxy-jeaschkeanadiol  (19)*) |  6-O-p-methoxybenzoyl-100-hydroxy-
jeaschkeanadiol (20)*”, 6-O-p-methoxybenzoyl-10a-angeloyloxy-jeaschkeanadiol (21)*?, 6-O-p-
methoxybenzoyl-10a-acetoxy-jeaschkeanadiol 22" 6-0-benzoyl-10a-angeloyloxy-
jeaschkeanadiol (23)* . 6-0-(3,4-dimethoxybenzoyl)-10a-angeloyloxy-jeaschkeanadiol (24)*) .
fercolide (25)%. laserine (26)°Y, 2-epi-laserine (27)°%, helmanticine (28)>>, 2-epi-helmanticine

(290 & [FE S 417 (Fig. 44),

OAng
O g -
<O C_)Ang
OMe
27
OAng
& S Y
21 H  OAng ~OH :  ,OH
(6] N\ (@)
22 H  OAc 0 o
OMe O OAng OMe O OAng

Figure 44. Known sesquiterpenes (18-25) and phenylpropanoids (26-29) from F. communis.
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2. BEEN 7 7 VR v Ak 1 € ferchromone (30) DA#§IER] IE

Ferchromone 1%, Miski 512K Y E communis DRSO HEES N7 7 V2 vk 7 v®
Th b, {LEW 30 1X, HRESIMS DT> 5 ferchromone & [Fl— D43+ Co4H3004 & H
95 Z EMNIRIB S (m/z381.2076 [M=H], A+1.0 mmu), %@ 1D NMR 7 — # & ferchromone
DLOL—HLT,

Miski 513 ferchromone @ NOESY A2 N LOFRATINS | 20rAKBEE N ot & . 1560 A F
VIS BELE EIRB LTV D D, LoaL7en s, (bEW 30 D NOESY A7 hLAH 7 b
RV AHRTCHIE LT & 2 A, H-1'a/Ho-4'TH], H-1'B/Hs-15RICFER Bl S v, v Re B
T U DB OREREE LD NI, b B NOESY A7 ML OfiET
TIHEAY 30 OFERLAREORBIIR#ETH D LB bz, £ T, BCNMR 7 —%
DI & FHRAE O LB X V(L& 30 OFIXINLAELE ZIRE Lc, T7ebb, FEHE L
(2'R*3'S*) 1K (30a), (2'S*3'S*) & (30b) DFIHEAE A DP4 probability T L 7= 5%, k&
¥ 30 OFEXISARBLEIX 2'R*3'S*) Th 5D LR X {17z (Table 9), LA EDOFERNG
ferchromone (30) DFAX SARELE % Fig. 45 |ZR 9L EICETIE L7z, 72, 4 2D NMR A
N7 RVOFENTIN G, Miski HIZK D7 I V7 ROTHA L %FTIELT= (Table 9),

{EEW3I01XT7BIRE LTHEONZTD, FE0EEIToT2, ol EF T4~
—@ CD A7 MVOERNEZ#E % EFRL LT T /U EEY (30¢) OFHEME L kT 5
Z & T (HERDOMEIISLARRLE & (2'S,3'R). (DIEDMX AR E A (2'R,3'S) L HEE L7- (Fig.
46),

30

O
OH
8 50 | ‘; 2
3
—— (-)-30 (exptl) oo a
- - - (2’R,3'S)-30c (calcd) R
4 F 25
\ - (=)-30 prenyl
! —
= i /\{L 3 (2R3'S)-30c  Me
o b 78 ®
80 AN 0o 38
o 2 1/ 2803 / \30! 350 400 450 500 o
< I <
1
X o}
4 (+)-30 (expt) [ OH
- — - (2'S3'R)-30c (calcd) r s >
8 50 R:S Z
07 ~07: R
nm R

(+)-30 prenyl
(2’S,3R)-30c  Me

Figure 46. Experimental and calculated ECD spectra of ferchromone (30) (calculated ECD spectra
was red-shifted by 20 nm).

48



Table 9. Experimental ID NMR data and calculated '*C NMR data for ferchromone (30).

30 30 (lit.) 37 calcd-30a calcd-30b
position 18C () H (3, Jin Hz) BC BC BC
2 162.3 162.22 163.5 163.3
3 931 93.05 96.6 97.1
4 178.2 178.07 177.7 177.9
4a 122.2 122.32 124.6 124.7
5 125.6 8.13 (1H, d, 7.8) 124.98 128.7 128.7
6 124.9 7.34 (1H,t, 7.8) 125.63 123.6 123.7
7 132.8 7.57 (1H, t, 7.8) 132.87 131.7 131.8
8 117.1 7.31(1H, d, 7.8) 117.11 116.8 116.9
8a 153.2 153.27 153.3 153.3
1 24.7 2.71 (1H, dd, 16.5, 5.6) 24.73 26.1 279

2.91 (1H, dd, 16.5, 4.7)

2 66.9 3.98 (1H, brt, 5.2) 67.06 67.2 70.5
3 86.2 86.06 88.2 86.2
4 37.2 1.68-1.82 (2H, m) 37.20 36.2 35.2
5 215 2.18 (2H, m) 21.54 226 23.6
6 123.6 5.09 (1H, brt, 6.6) 124.13 126.8 127.1
7 136.3 136.37 136.2 136.5
g 39.6 1.96 (2H, m) 39.60 38.9 38.9
g 26.6 2.04 (2H, m) 26.59 25.5 26.0
10° 124.1 5.06 (1H, brt, 6.2) 122.95 124.1 123.9
11' 1315 131.55 1352 134.1
12' 25.7 1.66 (3H, ) 18.98 26.1 263
13' 17.7 1.58 (3H, s) 17.68 17.2 17.2
14' 16.0 1.60 (3H, ) 16.07 15.7 15.8
15' 19.0 1.48 (3H, ) 25.68 20.1 233
MAE 1.25 1.60
DP4 99 % 1%

49



FAt M

Ferula communis DR DO RBEZIT W, 3 BOHFH 7 v xnfbr <~V »
communiferulin A-C (1-3), 14 FEOHM L 7 Ll A X% T N2 (4-17), 8 DX T I
Bl 2T L (18-25) Z5Te 13 OB LG O 30 DG & Wit L=, ¥l
LB OREEITSFEAR XY MLT —Z Offh & HRALFRTFIEIC L VLM L (Fig
47), F£7=. BEE 7 7 VR b7 v ferchromone (30) DONLAAMEE ZFTIE L7,

Communiferulin A—C (1-3) 1TV TN L7~V VDO 3INIUHEBR LT 7 7 VR UVEENR T E R
077 UBREEHK LTALEYTH Y . communiferulin C (3) I DI HICT T R
R7 7 UREA LTV LA 13 130T 7 ke LTHR LN, 209 bILEY
1L2%20FENEL., BoNT-TT o FA~—DOHRISLRBLE Z ECD A2~22 + Lo ERE
ERFREO R X v #HEE LTz,

EEW 417 1TV TG EEICBRIL SN X T REAFT AR THY | 16 & 17 1%
2L\ 1,5-cis-fused #i&E 2 H L CTUh T,

A ARy YRR 22 i L TR BN T S b SN F 7 B o Bl A% T L0 B4 <
BHLTCW:, HEFLZEEAXT AU DHH 6 (Ll p-A MFXF IRV ANFFVEEH
THIED 21 BEEHELTERAINTEY (4.9 %), thoZ o~ F—(LEWmHIHE
FROBEHILZ G LT\ e, ZIVETE communis 25 1%, p-8t RRX ROV A NVEGTDH
A AXTNRUOBNEGHER D E L THESNTWDD ¥ SR E21T > -l
PMEHZ B W T, 2 b & R 2 LIEHPRT, BB L 722 2% 7 LU R LA 3
EWO AR LTV,

A AR IE 2 AT o TR EHE T A U B OFEEEENOBALEZ LD TH D, ZhE
TORRTIEHRE L., T—a v /NFED F communis’® ThHDH Z Eh, ABEREGEREN R
IR T E ARG OFFEIC AR E T mREE S B 2 b d,
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é—p—Anis

10 R=Ang
11 R=Tig

Ang=

Tig=

O-p-Anis
15

p-Anis=

dco %:OQCO

OMe

Figure 47. Isolated new farnesylated coumarins (1-3), new daucane-type sesquiterpenes (4—17),

and ferchromone (30) from the roots of F. communis.
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3 ERAXT AR OHES

W1E XD AXT VRO EHRE VR T AT IV EROARK
HOR AT NRTAT7 T ) BREET B0, F communis FOD R HRFE CHEE
BDOEZD ST ALEY 21 O 6 M OEMBIL AL FEM L, FERE Gk LT,

&9 21 % 2 % NaOMe/MeOH TR L | 6 (0D p- A 21 A LA F S H DN
PR ST AR 21a 2 457- (Scheme 2),

OAng
0 2% NaOMe / MeOH
_—
HO ~ OMe
( ]’ rt
o
21 21a

Scheme 2.  Solvolysis of 21.

Wiz, LAY 21a D 6 (LT A DFEFHRA VR BT AT VEEAN L, T77bb, {k
EW2la ) CURKRT, /e T4 REKESES Z L THER 11 FE 31-41) %
AR L7= (Scheme 3),

OAng

chlorides / pyridine
_—

HO rt

21a

OMe CF3 o ¢«
31 33 36 39
7
R= g OMe E\'Q\CFS § Cl § N
(0] o) (o]
32 34 37 40
R= E\'(Q/ E\’(Q/ AN
o} 0 o
35 38 41

Scheme 3. Chemical modification of compound 21a.
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28 M

v U B E communis D3RI K VG LX DD L ME AT A0 HEfED%
MOTALBEW 21 D 6 LD p-A FF LR A )NA XV IETA DB FERI VKR R AT
I IS LT8R 2 B R LTz,

LAY 21 % 2 % NaOMe/MeOH THIVABE R L, 6 fL0D p-A h L0 A L% L3k
DIINAIE i S VTR 21a 2157, S 5IZ 21a ([ZFix OB FERINRE BT AT IV E
AL, FEK 11 FE (31-41) AR L7 (Fig. 48), L&Y 31-41 & F communis H L 0 B
HELT X O e AR T AR 22 A AhbE TEEF B EOEAXT A T4 T7TY
LT,

=z
R= § NS |
N
(0]
39
=z
I
R= AN
(0]
40
Z "N
|
R= NN
(0]
35 38 41

Figure 48. Structures of compounds 31-41 prepared from 21.
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o4 E AWIGIEORH

F communis £V HBEL7-ALEW &G LTZFERIC OV T, PrBERIENRTE. 7 =2 b
— > ZMNEME. B X OVAMPK U R bR e TS M 2 A L 7=,

9 1ET PURRRERAETETE O R

TAXT AR TAT T Y (4-15,18,19,21,22, and 31-41) & 7 7 LRI b <) v (1
and2), 7 7 /LRI ELZ B E > (30)(Fig.49) IOV T, LPS I FIcRIT A~ A7 1
70 TR B D TL-1P WEBERR TG ME 2 -l L 72, Z OfEHR. {LE% 9 (ECs02.6 uM), 13 (2.5
uM), 3B E N30 (3.1 uM) DSBEFE 7R IL-1B EEEFL FIGMEZ 7R L7z (Table 10), L& 913 9 fif
(Zo,B-FEafN S b AT 503, 9 AL KRR S B 8 TITIEMESME T L7z,
(CEM 131X 2T B b8, 10T 7 aAf VAR AR LTS, 10 (LICE
BIER 72 MBS (18) TITIEMENE LK T L7z, £7o. KW 21 1JEEE RS e h o
oM, 21 D 6D p- A FF TR A g VIR BALHER L2 FEEAR D 5 B 00T
SR EL, FRZ22-7 ma Xy A VIEEHT 5 36 (ECso 8.7 uM) (FFFEARD 5 B b
IR JE T IL-1B WFBERR EFIE M A o LT,

B, BEAXRTANTAT T Y OLEWITEHE LS RE ClTMaEEE R S ol
B, TR b7 < U 1 (ICse: 92.5 uM) & 2 (56.4 uM), 7 7 LR U b7 v & 30
(30.6 uM) (TITMIREENEDR 2 B LT,

Table 10. Inhibitory effect of 1, 2, 4-15, 18, 19, 21, 22, 30, and 3141 against IL-1J release from

LPS-stimulated murine microglial cells.

1 2 4 5 6 7 8 9 10 11

ECso (uM) 26.6 19.4 455 >50 22.0 37.8 441 2.6 16.3 31.7

12 13 14 15 18 19 21 22 30 31

ECs(uM) 162 25 174 118 >50 318 >50 >50 31  >50

32 33 34 35 36 37 38 39 40 41

ECe(uM) >50 251 369 170 87 89 277 186 281 280
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HO

O-p-Anis O-p-Anis

7 8 R=0-OH, B-H
9 R=0

Figure 49. Compounds evaluated their inhibitory effect against IL-1p release from LPS-stimulated

murine microglial cells.
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F2H 7w b— AIHITEME O T

TAFT AR TAT T (4-15,18,19, 21, 22, and 31-41, Fig. 51) 2OV T, & MFRA
Hep3B MifldZzHWTZ I AF AL VFEEIND 7 =1 b —T A2k 2 IfEH: % 10
UM OPRE T L 7=, ZDOfEFR., (bEW 10, 18, B L35 ZRAbEWIZ 7 = F—v
ZAMHEREMES R STz, FRC RSB 12, 15, BX 19 i3 bWV T7 = 1 h— 2 ZAMHTE
PR U, MIIRAGREIK 710 %E THEIE L7z (Fig. 50), (LA 10 & 11, BLU15 L 21 %
T 5 &, 10 fOBBRENT X u A A0 L F 7 a A A OGN
TEPEZ R L QN e, KA 21 &2 OFFER 31-41 TIIEMEICRERENRA LN -T2 2
EMD, 6 NEDFHFRANR BT AT VOEILT =1 b — 3 AMHNEEDORBITK & 72
WBE G220 RIS T,

120

100 -

80 A

60 -

Cell viability (%)

40 -

20 -

© <O OMMNO0VOOANMSTLL OO AdNdNMITITWL OO0 O -

Q A A A A A A NNOOOOOOOOMOS T L
()

8 &

S

5 2

> o
—

o
10uM Erastin [ ]

Figure 50. Anti-ferroptosis activity of 4-15, 18, 19, 21, 22, and 31-41 at 10 uM on erastin-treated
hepatoma Hep3B cells.
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OH

O-p-Anis
7 8 R=a-OH, B-H 10 R=Ang
9 R=0 11 R=Tig
OAng

OAng

Figure 51. Sesquiterpenes evaluated their anti-ferroptosis activity.
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H3ET AMPK Y R VAR ETE M O ZEAR

TAFT AR TATTY (12,13, 15,1822, 25, 21a, and 31-41) &L 7 ==L 73/ A
R 27-29 (Fig. 53) 122\ T, & MY A HepG2 #lifid % T AMPK U U ER(LARETE % 10
UM CTRZ U —=2 7 Uiz, TOREF, H%8K 34, 35, 3L U392 AMPK O U bz
HET DM AR S (Fig. 52), £ 2 TAER 34, 35, B39, 26 RNZENLDFE
EALOHRWE T DKW 21 I[2OW T, S HITHR LT,

1.4

1.2 1
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Figure 53. Sesquiterpenes and phenylpropanoids evaluated their AMPK phosphorylation activity
in HepG2 cells.
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Figure 54. AMPK phosphorylation induced by compounds 21, 34, 35, 39 and AICAR (positive
control) in HepG2 cells. (A) Representative immunoblot images of p-AMPK, t-AMPK and B-actin.
(B) Densitometric analysis of AICAR (n=8). Statistical significance was assessed by Student’s t-test.
Means+SD, **P<(.01. (C) Densitometric analysis of compounds 21, 34, 35 and 39 (n=12). Statistical

significance was assessed by Tukey’s multiple comparisons test. Means+SD, *P<0.05.
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General Experimental Procedures.
Optical rotations and IR spectra were recorded on a JASCO P-2200 digital polarimeter and a

JASCO FT/IR-6200 spectrophotometer (JASCO Corp., Japan), respectively. UV spectra were
recorded using a Hitachi UV U-3900H spectrophotometer (Hitachi High-Tech Science Corp.,
Japan). CD spectra were recorded on a JASCO J-1500 spectrophotometer (JASCO Corp.). NMR
spectra were measured by Bruker Avance 500 spectrometer and Bruker Avance 400 spectrometer
(Bruker, USA). The resonances of residual chloroform (6x 7.26 and d¢ 77.0), methanol (6 3.30 and
3¢ 49.0), pyridine (84 8.71), and benzene (8u 7.15) were used as internal references for the 'H and
3C NMR spectra. HRESIMS spectra were recorded on a Waters LCT PREMIER 2695 (Waters
Corp., USA). Column chromatographies were performed with Sephadex LH-20 (25-100 pm, GE
Health Care Bio-Sciences AB, Sweden), YMC gel ODS-A (YMC Co. Ltd., Japan), and silica gel
60N (63-210 um, Kanto Chemical Co., Inc. Japan). HPLCs were performed on Cosmosil 5Cis-AR-
II (p10 x 250 mm, Nacalai Tesque, Inc., Japan), Cosmosil SSL-II (¢20 x 250 mm and @10 x 250
mm), YMC-Triart C18 (¢20 x 250 mm, YMC CO., Ltd.), YMC-Chiral Art Cellulose-SC (¢4.6 x
250 mm), and Mightysil Si60 (¢10 x 250 mm, Kanto Chemical Co., Inc.).

Chapter 2
2.1 Plant material.

Potted plants of Ferula communis 'cretan Gold' (FEC201507) were purchased from the Plant Delight
Nursery, North Carolina, USA.

2.2 Extraction and Isolation.

The dried roots of Ferula communis (556 g) were crushed, and then extracted with acetone for three
times to give the extract. The residues were further extracted with MeOH at 55 °C. The MeOH extract
(25.3 g) was partitioned between CHCl; and 50 % aqueous MeOH. The CHCIlz-soluble material was
combined with the acetone extract and subject to silica gel column chromatography (n-hexane/EtOAc,
9:1 to 3:2) to yield 15 fractions (frs. 1-15). Compound 24 (27.4 mg) was isolated from fr. 3 (1.2 g) by
silica gel column chromatography (toluene/EtOAc, 60:1 to 5:1). Fractionation of fr. 4 by silica gel
column chromatography (toluene/EtOAc, 40:1 to 5:1) gave eight fractions (frs. 4.1-8). Fractionation
of fr. 4.3 by silica gel column chromatography (toluene/acetone, 120:1 to 10:1) gave six fractions (fis.
4.3.1-6). Purification of fr. 4.3.4 by silica gel HPLC (Cosmosil SSL-II, ¢20 x 250 mm, flow rate 6.0
mL/min; UV detection 254 nm; n-hexane/EtOAc, 97:3) afforded laserine (26, 2.6 mg) and 2-epi-
laserine (27, 8.7 mg). Silica gel column chromatography (toluene/acetone, 100:1 to 30:1) of fr. 4.6
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gave compound 23 (161.2 mg). Separation of fr. 5 on a Sephadex LH-20 column (MeOH) and a silica
gel column (toluene/EtOAc, 20:1 to 2:1) afforded 16 fractions (frs. 5.1-16) including compound 21
(2.2 g, fr.5.6). Fr. 5.4 was applied to silica gel column chromatography (n-hexane/EtOAc, 15:1 to 6:1)
to yield compound 23 (31.4 mg). Fr.5.7 was separated by a silica gel column (r-hexane/acetone, 10:1
to 3:1) and purified by silica gel HPLC (Cosmosil SSL-II, ¢20 x 250 mm, flow rate 6.0 mL/min; UV
detection 254 nm; n-hexane/EtOAc, 92:8) to give compound 15 (14.3 mg). Fr. 5.8 was applied to silica
gel column chromatography (n-hexane/acetone, 10:1 to 4:1) and ODS HPLC (YMC-Triart C18, ¢20
x 250 mm, flow rate 5.0 mL/min; UV detection 254 nm; MeOH/H»0, 80:20) to give compound 18
(7.0 mg). Fr. 5.11 was purified by silica gel HPLC (Cosmosil 5SL-II, ¢20 x 250 mm, flow rate 6.0
mL/min; n-hexane/EtOAc, 87:13) to furnish compound 20 (1.3 mg). Fr. 5.13 was separated by silica
gel column chromatography eluting with n-hexane/EtOAc (10:1 to 5:5) and then CHCls/acetone (98:2
to 95:5) to give five subfractions (frs. 5.13.1-5.13.5). HPLC separation of fr. 5.13.3 on COSMOSIL
SSL-II with n-hexane/EtOAc (75:25) furnished communiferulins A (1, 4 mg), B (2, 2 mg), and C (3,
1 mg). Fr. 5.15 was applied to silica gel column chromatography with CHCI3/MeOH (1:0 to 9:1), and
then purified by ODS HPLC (YMC-Triart C18, ¢20 x 250 mm, flow rate 5.0 mL/min; UV detection
254 nm; MeCN/H-0, 80:20) to give ferchromone (30, 10 mg).

Fractionation of ftr. 6 (461 mg) by silica gel column chromatography (n-hexane/EtOAc, 40:1 to 5:1)
gave six fractions (frs. 6.1-6). Fr. 6.4 was separated by silica gel column chromatography (n-
hexane/acetone, 12:1 to 3:1) to give five fractions including helmanticine (28, 56.1 mg) as fr. 6.4.3.
Compound 22 (10.6 mg) was isolated from fr. 6.4.2 by silica gel column chromatography
(toluene/acetone, 40:1 to 10:1). Separation of fr. 6.5 on a silica gel column (toluene/EtOAc, 10:1 to
2:1) afforded 11 fractions (frs. 6.5.1-11). Purification of fr. 6.5.4 by silica gel column chromatography
(n-hexane/EtOAc, 6:1 to 3:1) gave compound 9 (2.9 mg), while compound 8 (0.9 mg) was purified
from fr. 6.5.8 by ODS HPLC (Cosmosil 5Cis AR-II, ¢10 x 250 mm, flow rate 3.0 mL/min; UV
detection 254 nm; MeOH/H>0, 75:25). Fractionation of fr. 8 by silica gel column chromatography
(toluene/EtOAc, 20:1 to 6:1) gave 11 fractions (frs. 8.1-8.11) including compound 13 (53.4 mg, ft.
8.8), of which fr 8.3 was further separated by silica gel HPLC (Cosmosil SSL-II, 20 x 250 mm, flow
rate 5.0 mL/min; UV detection 254 nm; n-hexane/isopropanol, 99:1) to isolate helmanticine (28, 9.3
mg), 2-epi-helmanticine (29, 13.5 mg), and compound 12 (25.6 mg). Compound 19 (268.2 mg) was
isolated from fr. 11 by recrystallized (MeOH). Separation of fr. 13 on a silica gel column
(CHCls/acetone, 1:0 to 8:2) afforded eight fractions (frs. 13.1-8). Compound 25 (77.8 mg) was
isolated from fr. 13.2 by silica gel column chromatography (n-hexane/EtOAc, 4:1 to 1:1). Purification
of fr. 13.2.2 by silica gel HPLC (Mightysil Si60, ¢10 x 250 mm, flow rate 3.0 mL/min; UV detection
220 nm; n-hexane/EtOAc, 85:15) afforded compound 17 (0.3 mg). In the same way, compound 16
(1.9 mg) was obtained from fr. 13.2.3. Fr. 14 was subjected to silica gel column chromatography

(CHCls/acetone, 1:0 to 7:3) to afford 11 fractions (frs. 14.1-11). Purification of fr. 14.2 by silica gel
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HPLC (Mightysil Si60, 10 x 250 mm, flow rate 3.0 mL/min; UV detection 254 nm; n-hexane/EtOAc,
8:2) afforded compounds 16 (2.4 mg) and 17 (2.6 mg). Fr. 14.4 was further separated by silica gel
column chromatography (toluene/EtOAc, 8:1 to 2:1) and fr. 14.4.2 was purified by silica gel HPLC
(Cosmosil 5SL-II, ¢20 x 250 mm, flow rate 5.0 mL/min; UV detection 254 nm; n-hexane/EtOAc, 8:2)
to give compound 6 (1.5 mg). Purification of fr. 14.4.4 by silica gel HPLC (Cosmosil SSL-II, ¢20 x
250 mm, flow rate 5.0 mL/min; UV detection 254 nm; n-hexane/EtOAc, 75:25) gave compounds 5
(5.7 mg) and 7 (3.7 mg). Fractionation of fr. 14.6 by ODS column chromatography eluting with
MeOH/H,0 (6:4 to 1:0) gave 8 fractions (frs. 14.6.1-8). Purification of fr. 14.6.6 by silica gel HPLC
(Mightysil Si60, 10 x 250 mm, flow rate 3.0 mL/min; UV detection 254 nm; n-hexane/EtOAc, 6:4)
yielded compound 14 (3.5 mg). Purification of fr. 14.6.7 by silica gel HPLC (Cosmosil 5SL-II, ¢20 x
250 mm, flow rate 5.0 mL/min; UV detection 254 nm; n-hexane/isopropanol, 97:3) afforded
compounds 10 (19.5 mg) and 11 (2.9 mg). Compound 4 (12.8 mg) was isolated from ft. 14.7 by ODS
column chromatography (MeOH/H-0, 6:4 to 1:0).

2.3.1 communiferulin A (1): colorless amorphous solid; [a]*’p =0 (¢ 0.49, CHCl3); IR (KBr) Vmax
3442,2925, 1707, 1646, and 1417 cm’!; UV (MeOH) Amax 227 (¢ 16,300 sh), 289 (11,400 sh), and 312
(12,000 sh) nm; '"H and '3C NMR (Table 1); HRESIMS m/z 405.2047 [M+Na]* (calcd for C24H3004sNa,
405.2042).

2.3.2 communiferulin B (2): colorless amorphous solid; [a]?p =0 (¢ 0.19, CHCl3); IR (KBr) Vmax
3443,2934, 1707, 1645, and 1419 cm™; UV (MeOH) Amax 227 (g 14,600 sh), 289 (10,300 sh), and 312
(10,400 sh) nm; 'H and '>*C NMR (Table 1); HRESIMS m/z 405.2035 [M+Na]* (calcd for C24H300sNa,
405.2042).

2.3.3 communiferulin C (3): colorless amorphous solid; [a]*’p =0 (¢ 0.10, CHCI3); IR (KBr) Vimax
3444, 2928, 1725, 1648, and 1416 cm™'; UV (MeOH) Amax 228 (& 8,600 sh), 290 (7,500 sh), and 313
(7,900 sh) nm; 'H and '3C NMR (Table 3); HRESIMS m/z 421.2000 [M+Na]* (calcd for C2aH30O5Na,
421.1991).

2.3.4 compound 4: colorless amorphous solid; [a]**p +79.2 (¢ 0.10, CHCI3); IR (KBr) vmax 3443,
1698, 1605, and 1512 cm'; UV (MeOH) Amax 255 (¢ 11,600) nm; ECD A (nm) +1.3 (291) and —1.2
(236); 'H and 13C NMR (CDCls, Tables 4 and 5), 'H NMR (CsDe) 51 8.12 (2H, d, J = 8.4 Hz, H-2' and
H-6'), 6.67 (2H, d, J = 8.4 Hz, H-3' and H-5"), 6.02 (1H, m, H-6), 5.35 (1H, m, J = 3.0 Hz, H-2), 3.18
(1H, d, J=10.3 Hz, H-5), 3.15 (3H, s, OMe), 2.97 (1H, d, J = 13.9 Hz, H-9a), 2.74 (1H, d, J=13.9
Hz, H-9b), 2.21 (1H, m, H-11), 2.19 (1H, dd, J = 10.7, 4.4 Hz, H-7a), 2.02 (2H, m, J = 3.0 Hz, H-3),
1.78 (1H, dd, J=10.7, 7.3 Hz, H-7b), 1.63 (3H, s, H3-15), 1.59 (3H, s, OAc), 1.15 (3H, s, H3-14), 0.92
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(3H, d, J= 6.6 Hz, H3-13), 0.79 (3H, d, J = 6.6 Hz, H3-12); HRESIMS: m/z 485.2156 [M+Na]" (calcd
for C25H3403Na, 485.215 1).

2.3.5 compound 5: colorless amorphous solid; [a]*’p +85.8 (¢ 0.10, CHCI3); IR (KBr) Vmax 3487,
1703, 1606, and 1514 cm™; UV (MeOH) Amax 257 (¢ 7,600) nm; ECD Ag¢ (nm) 2.3 (318), +4.1 (258),
and 4.3 (215); 'H and *C NMR (Tables 4 and 5); HRESIMS: m/z 467.2020 [M+Na]* (calcd for
C25H3207Na, 467.2046).

2.3.6 compound 6: colorless amorphous solid; [a]*p +33.7 (¢ 0.10, CHCI3); IR (KBr) vmax 3460,
1719, 1606, and 1512 cm™; UV (MeOH) Amax 259 (€ 10,800) nm; ECD Ag (nm) —0.2 (288), +1.0 (260),
and —2.6 (216); 'H and *C NMR (Tables 4 and 5); HRESIMS: m/z 459.2028 [M-H] (calcd for
C25H310s, 459.2019).

2.3.7 compound 7: colorless amorphous solid; [a]*’p —24.7 (¢ 0.10, CHCIl3); IR (KBr) vimax 3484,
1716, 1606, and 1512 cm™'; UV (MeOH) Amax 257 (¢ 11,800) nm; ECD Ag (nm) —0.8 (279), 0.4 (260),
and —4.9 (213); 'H and *C NMR (Tables 4 and 5); HRESIMS: m/z 469.2208 [M+Na]* (calcd for
C25H3407Na, 469.2202).

2.3.8 compound 8: colorless amorphous solid; [a]*p +55.2 (¢ 0.10, CHCI3); IR (KBr) vmax 3448,
1711, 1608, and 1511 cm™"; UV (MeOH) Amax 258 (¢ 8,900) nm; ECD Ag (nm) +0.9 (261) and —4.2
(217); 'H and '3C NMR (Tables 5 and 7); HRESIMS: m/z 469.2173 [M+Na]"* (calcd for C25H3407Na,
469.2202).

2.3.9 compound 9: colorless amorphous solid; [a]*’p +103.2 (¢ 0.10, CHCls); IR (KBr) vimax 3406,
1716, 1606, and 1510 cm™'; UV (MeOH) Amax 258 (¢ 18,000) nm; ECD Ag (nm) 2.7 (317), +6.6 (256),
and 2.8 (210); 'H and *C NMR (Tables 5 and 7); HRESIMS: m/z 467.2033 [M+Na]* (calcd for
CasH3,07Na, 467.2046).

2.3.10 compound 10: colorless amorphous solid; [a]**p —87.3 (¢ 0.10, CHCl3); IR (KBr) Vinax 3470,
1703, 1606, and 1511 cm™'; UV (MeOH) Amax 257 (¢ 14,000) nm; ECD Ag (nm) +1.2 (261) and —15.8
(218); 'H and '3C NMR (Tables 5 and 7); HRESIMS: m/z 509.2512 [M+Na]* (calcd for C2sH3307Na,
509.2515).

2.3.11 compound 11: colorless amorphous solid; [a]**p —61.6 (¢ 0.10, CHCl3); IR (KBr) vmax 3476,
1708, 1606, and 1512 cm™'; UV (MeOH) Amax 258 (¢ 10,000) nm; ECD Ae (nm) +2.0 (260) and —4.5
(207); 'H and *C NMR (Tables 5 and 7); HRESIMS: m/z 509.2506 [M+Na]"* (calcd for C2sH3s07Na,
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509.2515).

2.3.12 compound 12: colorless amorphous solid; [a]*'p +30.0 (¢ 0.05, CHCIl3); IR (KBr) Vimax 3470,
1692, 1607, and 1512 cm™'; UV (MeOH) Amax 257 (€ 8,200) nm; ECD Ag (nm) +4.1 (257), 0.8 (231),
+1.1 (216), and —2.0 (207); 'H and '3C NMR (Tables 5 and 7); HRESIMS: m/z 509.2510 [M+Na]*
(caled for CosH3307Na, 509.2515).

2.3.13 compound 13: colorless amorphous solid; [a]*’p —63.8 (¢ 0.05, CHCl3); IR (KBr) Vinax 3476,
1715, 1606, and 1512 cm™!; UV (MeOH) Amax 258 (€ 8,100) nm; ECD Ag (nm) +1.5 (261) and —10.7
(214); 'H and '3C NMR (Tables 5 and 8); HRESIMS: m/z 551.2643 [M+Na]* (calcd for C30H10OsNa,
551.2621).

2.3.14 compound 14: colorless amorphous solid; [a]**p +34.9 (¢ 0.10, CHCL); IR (KBr) vmax 3460,
1692, 1606, and 1511 cm™'; UV (MeOH) Amax 257 (¢ 11,500) nm; ECD Ag (nm) +3.8 (259), 0.0 (228),
+0.5 (219), and +0.2 (212); 'H and '3C NMR (Tables 5 and 8); HRESIMS: m/z 427.2102 [M+Na]*
(calcd for C23H3,06Na, 427.2097).

2.3.15 compound 15: colorless amorphous solid; [a]*°p —93.7 (¢ 0.05, CHCl3); IR (KBr) vmax 3443,
1706, 1606, and 1512 cm™!; UV (MeOH) Amax 257 (¢ 6,400) nm; ECD Ag (nm) +4.8 (257) and -2.7
(207); 'H and '3C NMR (Tables 5 and 8); HRESIMS: m/z 493.2568 [M+Na]* (calcd for C2sH330¢Na,
493.2566).

2.3.16 compound 16: colorless amorphous solid; [a]**p —151.2 (¢ 0.10, CHCl3); UV (MeOH) Amax
259 (¢ 11,600) nm; ECD Ag (nm) —2.2 (260), +2.0 (218), and —23.0 (202); 'H and '*C NMR (CDCls,
Tables 5 and 8), "H NMR (pyridine) én 8.16 (2H, d, J = 8.9 Hz, H-2' and H-6"), 6.98 (2H, d, J = 8.9
Hz, H-3' and H-5"), 5.86 (2H, m, H-9 and H-10), 4.75 (1H, d,J = 5.5 Hz, H-12), 3.65 (3H, s, 12-OMe),
3.48 (3H, s, 4-OMe), 3.04 (1H, m, H-4), 2.74 (1H, m, H-11), 2.66 (1H, m, H-6a), 2.60 (1H, m, H-7a),
2.45 (2H, d, J= 9.7 Hz, H-3), 2.41 (1H, dd, J = 12.9, 7.2 Hz, H-6b), 2.10 (1H, dd, J = 16.8, 6.3 Hz,
H-7b), 1.66 (3H, brs, Hs-14), 1.34 (3H, s, Hs-15), 1.05 (3H, d, J = 7.2 Hz, Hs-13); HRESIMS: m/z
437.1949 [M+Na]+ (calcd for C24H3006Na, 437.1940).

2.3.17 compound 17: colorless amorphous solid; [a]*?p —324.0 (¢ 0.10, CHCI3); UV (MeOH) Amax
259 (¢ 12,600) nm; ECD Ag (nm) —2.6 (260), +2.5 (218), and —24.8 (202); 'H and '*C NMR (CDCl;,
Tables 5 and 8), 'H NMR (pyridine) 8y 8.16 (2H, d, J = 8.8 Hz, H-2' and H-6"), 7.01 2H, d, J = 8.8
Hz, H-3" and H-5"), 5.87 (1H, brd, J = 7.6 Hz, H-9), 5.82 (1H, d, J = 7.6 Hz, H-10), 4.81 (1H, d, J =
4.8 Hz, H-12), 3.67 (3H, s, 4'-OMe), 3.4 (3H, s, 12-OMe), 2.95 (1H, d, J = 8.4 Hz, H-3a), 2.90 (1H,
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m, H-4), 2.75 (1H, m, H-6a), 2.68 (1H, m, H-7a), 2.59 (1H, m, H-11), 2.45 (1H, m, H-3b), 2.08 (1H,
m, H-6b), 2.05 (1H, m, H-7b), 1.66 (3H, brs, Hs-14), 1.34 (3H, s, Hs-15), 1.02 (3H, d, J= 6.8 Hz, H;-
13); HRESIMS: m/z 437.1929 [M+Na]+ (caled for C24H300sNa, 437.1940).

2.3.18 ferchromone (30): colorless amorphous solid; [a.]*’p =0 (c 0.28, CHCI3); IR (KBr) vimax 3393,
2921, 1614, 1561, 1468 and 1429 cm™'; UV (MeOH) Amax 226 (g 22,100 sh), 277 (12,600 sh), and 299
(9,300 sh) nm; 'H and '3C NMR (Table 9); HRESIMS m/z 381.2076 [M-H]" (calcd for C24H2904,
381.2066).

2.4 Chiral HPLC analyses and optical resolutions of 1-3 and 30.

Optical resolutions of communiferulins A (1) and B (2), and ferchromone (30) with YMC-Chiral Art
Cellulose-SC {flow rate 0.8 mL/min for 1; 1.0 mL/min for 2 and 30, UV detection 254 nm, n-
hexane/EtOAc (85:15 for 1; 1:1 for 2; 7:3 for 30), at rt} gave their enantiomers in the integral ratio of
ca 1:1. Analysis of communiferulin C (3) was carried out with YMC-Chiral Art Cellulose-SC {flow
rate 0.8 mL/min, UV detection 254 nm, n-hexane/EtOAc (8:2) at rt} to give peaks of (+)-3 (¢z 60.0)
and (—)-3 (¢z 62.0) in the integral ratio of ca 1:1.

(+)-1: 22 20.7 min; ECD (MeOH) Ae (nm) +2.1 (290), +0.5 (251), and +4.5 (219); [a]?p +43.6 (¢ 0.04,
CHCl).

(-)-1: ¢z 21.5 min; ECD (MeOH) Ag (nm) —2.1 (290), —0.02 (251), and —4.2 (220); [a]*p —51.1 (¢
0.04, CHCIy).

(+)-2: tg 6.8 min; ECD (MeOH) Ag (nm) +0.8 (287), +0.1 (248), +2.6 (218); [a]*p +24.3 (c 0.10,
CHCl).

(-)-2: tz 5.8 min; ECD (MeOH) Ag (nm) —2.8 (289), —0.4 (249), 7.6 (218); [a]*pb —36.5 (c 0.10,
CHCl).

(+)-30: £z 19.2 min; ECD (MeOH) Ag (nm) +1.5 (301), —2.4 (274), 0.8 (248), 4.7 (224), +5.4 (208);
[a]*p +30.6 (¢ 0.023, CHCI3).

(-)-30: £z 17.1 min; ECD (MeOH) A¢ (nm) —2.1 (301), +2.5 (274), 0 (248), +4.9 (225), —4.1 (208);
[0]*p —18.6 (¢ 0.025, CHCl3).

2.5 Calculation of 3*C NMR chemical shifts for 1 and 2.

Conformational searches and DFT calculations were carried out on Spartan 20 program
(Wavefunction Inc., Irvine, CA, USA) and Gaussian 16 program>”, respectively. Conformational
searches of 1 and 2 were conducted at Molecular Mechanics with MMFF to give initial conformers,
which were optimized by the DFT method at the B3LYP/6-31G(d) level in the presence of MeOH
with a polarizable continuum model (PCM). The stable conformers with Boltzmann distributions over

1 % of 1 and 2 were subjected to DFT calculations with the CAM-B3LYP/6-31G(d,p) in CHCl3 (PCM)
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to afford the magnetic shielding values. Then, the '3C chemical shifts were computed using a multi-
standard approach®?. The calculated *C chemical shifts were constructed after corrections based on
the Boltzmann distributions of the stable conformers. DP4 probability scores were estimated according
to the Goodman’s report®). The DP4 probability scores were calculated according to the Goodman’s

parameter (c: 2.306 ppm, v: 11.38).

2.6 Calculation of 3C NMR chemical shifts for 7.

NMR calculations of 7a and 7b were subjected to the chemical shift calculation protocol with a
default setting on Spartan 20. This protocol automatically performed the conformational search with
MMFF94x, conformer narrowing employing Hartree-Fock/3-21G, energy calculation using ®B97X-
D/6-31G", structural re-optimization with ®B97X-D/6-31G", energy calculation applying ®B97X-
V/6-311+G (2df,2p) [6-311G"], chemical shift calculation using ®B97X-D/6-31G". The obtained
chemical shifts were directly subjected to the statistical and DP4 analysis without corrections based

on the slopes and intercepts which have been suggested to perform in Goodman’s report®?.

2.7 Calculation of ECD spectra for enantiomers of 1a, 2a, and 30c.

Conformational searches and optimizations of possible enantiomers {(2'S,3'R)-1a, (2'R,3'S)-1a,
(2'S,3'S)-2a, (2'R,3'R)-2a, (2'S,3'R)-30c, and (2'R,3'S)-30c} of 1a, 2a, and 30c were done in the
identical procedure as described above. Rotatory strengths of the stable conformers with Boltzmann
distributions over 1 % were calculated by the TDDFT method at the CAM-B3LYP/6-31G+(d) level
with PCM (MeOH). The resultant rotatory strengths of the lowest 30 excited states for each conformer
were converted into Gaussian-type curves with half bands (0.3 ev) by SpecDis v1.71 program®. The
ECD spectra were composed after corrections based on the Boltzmann distributions of the stable
conformers. The calculated ECD spectra for enantiomers of 1a, 2a, and 30¢ were shifted by +10, +10,

and +20 nm, respectively.

2.8 Calculation of ECD spectrum for of 4.

ECD calculation of (1R, 28§, 4R, 55, 65, 85)-4 was almost same with above. The conditions of DFT
and TDDFT methods were changed to the B3LYP/6-31G(d) level in a vacuum and the CAM-
B3LYP/6-31G+(d,p) level with PCM (MeOH), respectively.

Chapter 3
3.1 Alkaline hydrolysis of compound 21.

Compound 21 (638.5 mg) was treated with 2 % NaOMe/MeOH (200 mL) at rt for 4 hr. After
neutralization by cation-exchange resin (Dowex 5S0WX8-100), the reaction mixture was concentrated

to a residue. The residue was purified by silica gel column chromatography (n-hexane/EtOAc, 6:1 to
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3:1) to give 21a (450.8 mg) as a colorless amorphous solid.

21a: [a]??p —149.1 (¢ 0.10, CHCl3); 'TH NMR (CDCls) 85 6.03 (1H, qq, J = 6.9, 1.1 Hz, H-3"), 5.71
(1H, brd, J= 7.6 Hz, H-9), 491 (1H, d, J= 7.6 Hz, H-10), 5.43 (1H, td, /= 10.7, 2.9 Hz, H-6), 2.53
(1H, brt, J = 14.1 Hz, H-7a), 2.45 (1H, d, J = 10.7 Hz, H-5), 2.18 (1H, m, H-11), 2.16 (1H, dd, J =
14.1, 2.9 Hz, H-7b), 1.99 (3H, dq, J = 6.9, 1.1 Hz, H3-4"), 1.95 (1H, m, H-3a), 1.89 (3H, brs, H3-5"),
1.89 (3H, brs, H3-14), 1.61 (1H, m, H-3b), 1.58 (1H, m, H-2a), 1.44 (1H, m, H-2b), 1.22 (3H, s, Hs-
15),0.94 3H, d, J = 6.8 Hz, H3-13), 0.92 (3H, d, J = 6.8 Hz, H3-12).; HRESIMS: m/z 335.2212 [M—
H] (caled for Co0H3104, 335.2222).

3.2 General procedure for preparation of compounds 31-41.

A solution of 21a (20 mg, 0.059 mmol) and appropriate chloride (10~60 equiv.) in anhydrous pyridine
(1 mL) was stirred at room temperature for 2-10 hr. The reaction mixture was diluted with ice-water
and extracted with CHCls. The organic layer was concentrated and purified on silica gel column

chromatography (n-hexane/EtOAc, 6:0 to 0:1).

3.3.1 Compound 31 (starting from 21a and 2-methoxybenzoyl chloride): colorless amorphous solid;
[a]*°p —145.6 (¢ 0.10, CHCIl3); '"H NMR (CDCl3); 81 7.60 (1H, dd, J = 7.5, 1.7 Hz, H-6"), 7.47 (1H,
ddd, J=8.4,7.5, 1.7 Hz, H-4"), 7.01 (1H, brt, J= 7.5 Hz, H-5"), 6.98 (1H, d, J = 8.4 Hz, H-3"), 6.08
(1H, qq, J=17.2, 1.5 Hz, H-3"), 5.79 (1H, brd, J= 7.6 Hz, H-9), 5.29 (1H, td, /= 10.9, 2.7 Hz, H-6),
4.93 (1H, d, J= 7.6 Hz, H-10), 3.90 (3H, s, OMe), 2.75 (H-5, d, /= 10.9 Hz, H-5), 2.69 (1H, brt, J =
14.0 Hz, H-7a), 2.41 (1H, dd, J = 14.0, 2.7 Hz, H-7b), 2.04 (1H, m, H-11), 2.03 (3H, dq, /=7.2, 1.5
Hz, H3-4"), 1.93 (3H, brs, H3-5"), 1.93 (1H, m, H-3a), 1.86 (3H, brs, H3-14), 1.63 (1H, m, H-3b), 1.55
(1H, m, H-2a), 1.39 (1H, m, H-2b), 1.25 (3H, s, H3-15), 0.90 (3H, d, J = 6.8 Hz, H3-13), 0.90 (3H, d,
J=6.8 Hz, H3-12). HRESIMS: m/z 493.2574 [M+Na]" (calcd for C2sH330¢Na, 493.2566).

3.3.2 Compound 32 (starting from 21a and 3-methoxybenzoyl chloride): colorless amorphous solid;
[a]'p —135.8 (¢ 0.10, CHCl3); 'H NMR (CDCls); 85 7.62 (1H, brd, J = 7.9 Hz, H-6"), 7.56 (1H, brs,
H-2"),7.37 (1H, t,J=7.9 Hz, H-5"), 7.13 (1H, dd, /= 7.9, 2.6 Hz, H-4"), 6.10 (1H, qq, /= 7.2, 1.3 Hz,
H-3"), 5.79 (1H, brd, J = 7.4 Hz, H-9), 5.45 (1H, td, J = 10.9, 3.0 Hz, H-6), 4.94 (1H, d, J = 7.4 Hz,
H-10), 3.86 (3H, s, OMe), 2.80 (1H, d, /= 10.9 Hz, H-5), 2.76 (1H, brt, J = 14.2 Hz, H-7a), 2.25 (1H,
dd, J=14.2, 3.0 Hz, H-7b), 2.05 (3H, dq, J = 7.2, 1.3 Hz, H3-4"), 2.01 (1H, m, H-11), 1.96 (3H, brs,
Hs-5"), 1.94 (1H, m, H-3a), 1.83 (3H, brs, H3-14), 1.62 (1H, m, H-3b), 1.59 (1H, m H-2a), 1.44 (1H,
m, H-2b), 1.22 (3H, s, H3-15), 0.99 (3H, d, J = 6.8 Hz, H3-13), 0.86 (3H, d, J = 6.8 Hz, Hs-12).
HRESIMS: m/z 493.2567 [M+Na]" (calcd for C2sH3306Na, 493.2566).

3.3.3 Compound 33 (starting from 21a and 2-(trifluoromethyl)benzoyl chloride): colorless
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amorphous solid; [a]*'p —156.6 (¢ 0.10, CHCIl3); '"H NMR (CDCls); 64 7.76 (1H, brd, J = 6.0 Hz, H-
6"), 7.72 (1H, brd, J = 6.0 Hz, H-3"), 7.61 (2H, m, H-4', H-5"), 6.07 (1H, qq, J = 7.2, 1.3 Hz, H-3"),
5.80 (1H, brd, J=7.5 Hz, H-9), 5.47 (1H, td, J=11.0, 3.0 Hz, H-6), 4.96 (1H, d, /= 7.5 Hz, H-10),
2.76 (1H, d, J = 11.0 Hz, H-5), 2.76 (1H, brt, J = 14.3 Hz, H-7a), 2.37 (1H, dd, J = 14.3, 3.0 Hz, H-
7b), 2.03 (3H, dq, J= 7.2, 1.3 Hz, H3-4"), 1.97 (1H, m, H-3a), 1.93 (3H, brs, H3-5"), 1.88 (1H, m, H-
11), 1.86 (3H, brs, H3-14), 1.57 (1H, m, H-3b), 1.57 (1H, m, H-2a), 1.42 (1H, m, H-2b), 1.22 (3H, s,
Hs-15), 0.83 (3H, d, J = 6.0 Hz, H3-13), 0.82 (3H, d, J = 6.0 Hz, H3-12). HRESIMS: m/z 531.2338
[M+Na]" (caled for C2sH3s0sF3Na, 531.2334).

3.3.4 Compound 34 (starting from 21a and 3-(trifluoromethyl)benzoyl chloride): colorless
amorphous solid; [a]*’p —114.2 (¢ 0.10, CHCl3); '"H NMR (CDCls); 64 8.28 (1H, brs, H-2"), 8.22 (1H,
brd, J= 7.8 Hz, H-6'), 7.83 (1H, brd, J = 7.8 Hz, H-4"), 7.61 (1H, t, J = 7.8 Hz, H-5"), 6.09 (1H, qq, J
=17.0, 1.3 Hz, H-3"), 5.81 (1H, brd, J= 7.4 Hz, H-9), 5.50 (1H, td, /= 10.8, 2.9 Hz, H-6), 4.97 (1H,
d, J=7.4 Hz, H-10), 2.83 (1H, d, J = 10.8 Hz, H-5), 2.77 (1H, brt, J = 14.2 Hz, H-7a), 2.29 (1H, dd,
J=142,2.9 Hz, H-7b), 2.04 (3H, dq, J = 7.0. 1.3 Hz, H3-4"), 2.02 (1H, m, H-11), 1.98 (1H, m, H-3a),
1.97 (3H, brs, Ha-5"), 1.84 (3H, brs, Hi-14), 1.62 (1H, m, H-3b), 1.59 (1H, m H-2a), 1.46 (1H, m, H-
2b), 1.22 (3H, s, H3-15), 1.01 (3H, d, J= 6.8 Hz, H3-13), 0.85 (3H, d, /= 6.8 Hz, H3-12). HRESIMS:
m/z 531.2328 [M+Na]" (caled for C2sH3505F3Na, 531.2334).

3.3.5 Compound 35 (starting from 21a and 4-(trifluoromethyl)benzoyl chloride): colorless
amorphous solid; [a]*’p —107.2 (¢ 0.10, CHCls); 'H NMR (CDCl3); 61 8.14 (2H, d, J = 8.2 Hz, H-2'
and H-6"), 7.73 (2H, d, J = 8.2 Hz, H-3" and H-5"), 6.11 (1H, brq, J= 7.2 Hz, H-3"), 5.80 (1H, brd, J =
7.4 Hz, H-9),5.50 (1H, td, /= 10.9, 3.0 Hz, H-6), 4.95 (1H, d, /= 7.4 Hz, H-10), 2.82 (1H, d, J=10.9
Hz, H-5), 2.77 (1H, brt, J = 14.3 Hz, H-7a), 2.25 (1H, dd, J = 14.3, 3.0 Hz, H-7b), 2.05 (3H, brd, J =
7.2 Hz, H3-4"), 1.98 (1H, m, H-11), 1.97 (3H, brs, H3-5"), 1.94 (1H, m, H-3a), 1.83 (3H, brs, H3-14),
1.62 (1H, m, H-3b), 1.59 (1H, m H-2a), 1.46 (1H, m, H-2b), 1.22 (3H, s, H3-15), 0.99 (3H, d, /= 6.8
Hz, H3-13), 0.85 (3H, d, J = 6.8 Hz, H3-12). HRESIMS: m/z 531.2334 [M+Na]" (calcd for
C2sH3505F3Na, 531.2334).

3.3.6 Compound 36 (starting from 21a and 2-chlorobenzoyl chloride): colorless amorphous solid;
[a]*'p —92.6 (¢ 0.10, CHCI3); '"H NMR (CDCls); 85 7.73 (1H, brd, J = 7.7 Hz, H-6"), 7.46 (1H, brd, J
=7.7Hz, H-3"), 7.43 (1H, brt, J= 7.7 Hz, H-4"), 7.33 (1H, brt, /= 7.7 Hz, H-5"), 6.09 (1H, qq, J = 7.4,
1.1 Hz, H-3"), 5.80 (1H, brd, J = 7.5 Hz, H-9), 5.45 (1H, td, /= 10.9, 2.9 Hz, H-6), 4.94 (1H, d, J =
7.5 Hz, H-10), 2.82 (1H, brt, J = 14.1 Hz, H-7a), 2.77 (1H, d, J = 10.9 Hz, H-5), 2.34 (1H, dd, J =
14.1, 2.9 Hz, H-7b), 2.03 (3H, dq, J = 7.4, 1.1 Hz, H3-4"), 1.95 (1H, m, H-3a), 1.93 (3H, brs, H3-5"),
1.92 (1H, m, H-11), 1.85 (3H, brs, H3-14), 1.61 (1H, m, H-3b), 1.57 (1H, m H-2a), 1.42 (1H, m, H-
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2b), 1.22 (3H, s, Hs-15), 0.89 (3H, d, J = 6.8 Hz, H3-13), 0.86 (3H, d, J = 6.8 Hz, H3-12). HRESIMS:
m/z 497.2071 [M+Na]" (caled for C27H3505CI3Na, 497.2071).

3.3.7 Compound 37 (starting from 21a and 3-chlorobenzoyl chloride): colorless amorphous solid;
[a]?°p —118.4 (¢ 0.10, CHCl3); '"H NMR (CDCls); 81 7.99 (1H, brs, H-2"), 7.91 (1H, brd, J = 7.9 Hz,
H-6", 7.55 (1H, brd, J= 7.9 Hz, H-4"), 7.41 (1H, t,J= 7.9 Hz, H-5"), 6.11 (1H, qq, /= 7.2, 1.3 Hz, H-
3"), 5.80 (1H, brd, J= 7.4 Hz, H-9), 5.46 (1H, td, /= 10.9, 3.1 Hz, H-6), 4.94 (1H, d, J = 7.4 Hz, H-
10), 2.80 (1H, d, J= 10.9 Hz, H-5), 2.77 (1H, brt, J = 14.3 Hz, H-7a), 2.24 (1H, dd, J = 14.3, 3.1 Hz,
H-7b), 2.05 (3H, dq, J = 7.2, 1.3 Hz, H3-4"), 1.97 (3H, brs, H3-5"), 1.95 (1H, m, H-3a), 1.94 (1H, m,
H-11), 1.83 (3H, brs, H3-14), 1.60 (1H, m, H-3b), 1.60 (1H, m H-2a), 1.45 (1H, m, H-2b), 1.22 (3H,
s, H3-15), 0.99 (3H, d, J= 6.8 Hz, H3-13), 0.86 (3H, d, J = 6.8 Hz, H3-12). HRESIMS: m/z 497.2079
[M+Na]* (calcd for C27H350s C13°Na, 497.2071).

3.3.8 Compound 38 (starting from 21a and 4-chlorobenzoyl chloride): colorless amorphous solid;
[a]?p —140.9 (¢ 0.10, CHCI3); 'H NMR (CDCls); 811 7.96 (2H, d, J= 8.5 Hz, H-2' and H-6"), 7.44 (2H,
d, J=8.5 Hz, H-3' and H-5"), 6.09 (1H, brq, J = 7.2 Hz, H-3"), 5.80 (1H, brd, J = 7.4 Hz, H-9), 5.48
(1H, td, J=10.8, 3.0 Hz, H-6), 4.97 (1H, d, J = 7.4 Hz, H-10), 2.80 (1H, d, J = 10.8 Hz, H-5), 2.76
(1H, brt, J=14.3 Hz, H-7a), 2.25 (1H, dd, J = 14.3, 3.0 Hz, H-7b), 2.04 (3H, brd, J = 7.2 Hz, H3-4"),
1.96 (3H, brs, H3-5"), 1.94 (1H, m, H-3a), 1.94 (1H, m, H-11), 1.83 (3H, brs, H3-14), 1.61 (1H, m, H-
3b), 1.58 (1H, m H-2a), 1.45 (1H, m, H-2b), 1.23 (3H, s, H3-15), 0.98 (3H, d, /= 6.8 Hz, H3-13), 0.85
(3H, d, J= 6.8 Hz, H3-12). HRESIMS: m/z 497.2083 [M+Na]" (calcd for C27H3505 C133Na, 497.2071).

3.3.9 Compound 39 (starting from 21a and pyridine-2-carbonylchloride hydrochloride): colorless
amorphous solid; [a]*’p —121.8 (¢ 0.10, CHCl3); 'H NMR (CDCls); 61 8.72 (1H, ddd, J=4.7, 1.6, 1.2
Hz, H-6"), 8.03 (1H, dt, J= 7.6, 1.2 Hz, H-3"), 7.85 (1H, td, /= 7.6, 1.6 Hz, H-4"), 7.33 (1H, ddd, J =
7.6,4.7,1.2 Hz, H-5"), 6.06 (1H, qq, /= 7.2, 1.4 Hz, H-3"), 5.80 (1H, brd, J= 7.5 Hz, H-9), 5.37 (1H,
td, /= 10.9, 2.9 Hz, H-6), 4.96 (1H, d, J= 7.5 Hz, H-10), 2.84 (1H, d, J = 10.9 Hz, H-5), 2.77 (1H,
brt, J = 14.2 Hz, H-7a), 2.45 (1H, dd, J = 14.2, 2.9 Hz, H-7b), 2.34 (1H, m, H-11), 2.02 (3H, dq, /=
7.2, 1.4 Hz, H3-4"), 1.96 (1H, m, H-3a), 1.93 (3H, brs, H3-5"), 1.86 (3H, brs, H3-14), 1.61 (1H, m, H-
3b), 1.57 (1H, m H-2a), 1.40 (1H, m, H-2b), 1.22 (3H, s, H3-15), 0.99 (3H, d, J= 6.8 Hz, H3-13), 0.90
(3H, d, J= 6.8 Hz, H3-12). HRESIMS: m/z 464.2411 [M+Na]* (calcd for C26H3sNOsNa, 464.2413).

3.3.10 Compound 40 (starting from 21a and pyridine-3-carbonylchloride hydrochloride): colorless
amorphous solid; [a]*%p —124.0 (¢ 0.10, CHCI3); '"H NMR (CDCls); 61 9.18 (1H, brs, H-2'), 8.78 (1H,
brd, J = 4.9 Hz, H-6"), 8.28 (1H, dt, J= 7.9, 1.9 Hz, H-4"), 7.41 (1H, dd, J = 7.9, 4.9 Hz, H-5"), 6.10
(1H, qq, J=17.2, 1.3 Hz, H-3"), 5.79 (1H, brd, J = 7.4 Hz, H-9), 5.50 (1H, td, /= 10.9, 3.1 Hz, H-6),
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4.94 (1H, d,J = 7.4 Hz, H-10), 2.81 (1H, d, J = 10.9 Hz, H-5), 2.76 (1H, brt, J = 14.3 Hz, H-7a), 2.24
(1H, dd, J=14.3, 3.1 Hz, H-7b), 2.04 (3H, dq, J= 7.2, 1.3 Hz, H5-4"), 1.97 (1H, m, H-11), 1.95 3H,
brs, H3-5"), 1.95 (1H, m, H-3a), 1.82 (3H, brs, H3-14), 1.59 (1H, m, H-3b), 1.58 (1H, m, H-2a), 1.43
(1H, m, H-2b), 1.21 (3H, s, Hs-15), 0.99 (3H, d, J = 6.8 Hz, H3-13), 0.84 (3H, d, J = 6.8 Hz, Hi-12).
HRESIMS: m/z 464.2419 [M+Na]* (caled for C26HssNOsNa, 464.2413).

3.3.11 Compound 41 (starting from 21a and pyridine-4-carbonylchloride hydrochloride): colorless
amorphous solid; [a]*"p —130.0 (c 0.10, CHCl3); '"H NMR (CDCl3); 8y 8.80 (2H, d, J = 6.0 Hz, H-2'
and H-6"), 7.82 (2H, d, J= 6.0 Hz, H-3' and H-5"), 6.11 (1H, qq, /= 7.3, 1.4 Hz, H-3"), 5.81 (1H, brd,
J=17.5Hz,H-9),5.51 (1H, td, J=10.9, 3.1 Hz, H-6), 4.95 (1H, d, J= 7.5 Hz, H-10), 2.82 (1H, d, J=
10.9 Hz, H-5), 2.76 (1H, brt, J = 14.2 Hz, H-7a), 2.24 (1H, dd, J= 14.2, 3.1 Hz, H-7b), 2.05 (3H, dq,
J=17.3, 1.4 Hz, H3-4"), 1.99 (1H, m, H-3a), 1.97 (1H, m, H-11), 1.96 (3H, brs, H3-5"), 1.83 (3H, brs,
H3-14), 1.60 (1H, m, H-3b), 1.59 (1H, m H-2a), 1.45 (1H, m, H-2b), 1.22 (3H, s, H3-15), 1.00 (3H, d,
J = 6.8 Hz, H3-13), 0.85 (3H, d, J = 6.8 Hz, H3-12). HRESIMS: m/z 464.2412 [M+Na]" (calcd for
C16H3sNOsNa, 464.2413).

Chapter 4

4.1 Evaluation of inhibitory effect of IL-1p release from LPS stimulated microglia cells.

The inhibitory effect of the IL-1p release by LPS stimulation of the microglia cells was evaluated as
follows. Thus, microglia cells (wildtype mouse derived microglia cells)®® were seeded at 2 x 10*
cells/well in 96 well plate, and incubated for 24 h. After addition of LPS (final concentration 1 pg/mL),
followed by test compounds (1.25, 2.5. 5 uM for 13; 2.5, 5, 10 uM for 9 and 36; 5, 10, 20 uM for 14,
33, 37, and 38; 10, 20, 40 uM for 10-12, 15, 19, 34, 35, and 39-41; 12.5, 25, 50 uM for 4-8, 18, 21,
22,31,and 32; 11, 33, 100 uM for 1, 2, and 30), cells were further incubated 24 h. The culture medium
was collected, and the amount of IL-1P in the medium was quantified using Mouse IL-1B/IL-1F2
Quantikine ELISA Kit (R & D systems). Recombinant mouse IL-1 protein (R&D Systems) was used

as a standard. The absorbance of the samples was measured at 450 nm using a microplate reader.

4.2 Evaluation of ferroptosis inhibitory activity.

Human hepatoma Hep3B cells (1 x 10%) were plated on 96 well plate and incubated with DMEM
containing 10 % FBS for a day. The medium was replaced with DMEM 10 % containing compounds
(10 uM) and 10 uM of a ferroptosis inducer, erastin. After simultaneous treatment of erastin and
compounds at 37 °C with 5 % CO; for 24 h, the cells were treated with the Cell Counting Kit-8 (WST-
8, Dojindo) according to the manufacturer’s instructions. Briefly, the WST-8 reagent solution (10 pL)
was added to each well of a 96 well microplate containing 100 pL of cells in the culture medium, and

the plate was incubated for 2 h at 37 C. Absorbance was measured at 450 nm using a microplate
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reader. Ferrostatin-1 (10 uM) was used as positive controls for ferroptosis inhibitor.

4.3 Evaluation of the AMPK phosphorylation effect and cell viability in HepG2 cells.

HepG2 cells were incubated at 4.0 x 103 cells/well in 12well plates with DMEM containing 10 % FBS
for 1day, and changed the medium to serum-free one. After incubated for 16 h, the cells were treated
with 10 or 30 uM compounds or 2 mM AICAR and further incubated for 6h. The stimulated cells were
washed with iced-cold PBS and lysed in lysis buffer. 30 pg of protein per each sample was subjected
to sodium dodecyl sulphate-polyacrylamide gel -electrophoresis (SDS-PAGE) using 10 %
polyacrylamide gel and electrotransferred to polyvinylidene difluoride membranes. The membranes
were blocked in phosphate-buffer saline with 0.1 % Tween-20 (PBS-T) containing 5 % skim milk for
1h at rt. Then membranes were incubated with primary anti-bodies overnight at 4 °C or rt. Membranes
were incubated with the relevant secondary anti-bodies for 1h at rt. ECL regents, a LAS-4000 image
analyzer (GE Healthcare) and imageJ 1.53k software (National Institutes of Health, USA) were used
for detection and quantification. f-actin was served as an internal control protein. Anti-bodies were
detected p-AMPK (#2535S, Cell Signaling Technology Inc., USA), t-AMPK (#2532S, Cell signaling
Technology Inc.), B-actin (sc-47778, Santa Cruz Biotechnology Inc., USA) at 1:500 or 1:1000 dilution.
Anti-rabbit IgG, HRP-linked antibody (#7074S, Cell signaling Technology Inc.) and anti-mouse IgG,
HRP-linked antibody (#7076S, Cell signaling Technology Inc.) were used at 1:2000 dilution.

Cell viability was assessed by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
assay. 5.0 x 10* cells were incubated in 24-well plates with DMEM containing 10 % FBS for 1day,
then the medium was changed to serum-free one and further incubated in 16h. 1 uL of compounds in
DMSO (final concentration 10 or 30 pM) were added and incubated for 12 h. MTT was added at 0.5
mg/ml and further incubated for 4h. After removed the medium, formazan formed in the cells was
dissolved in DMSO and absorbance at 538 nm. Cell viability was calculated according to the standard

values of wells without compounds as 100 %.
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Figure S17.

M

NOESY spectrum of communiferulin C (3) in CD3;0OD (500 MHz).

Figure S18.

S9



Lol
A

LT

Wi

L
82 ﬂw
62 . [w
60
8l —
b Lmu
60 /w
80 I_
[}
=
(e}
G T 0l
- W o= , ——
m 5
. o v
_ (e} e}
AN 0l
- Qn ...A
< o)
T
G 02
i _—
JINLJ
8— 6 [
g —

S/ppm('™H)

"H NMR spectrum of compound 4 in CsDs (500 MHz).

Figure S19.

L96

£80

659

Leg
86y

286

g —
B —

€l

Wl

B

] —
99—
69l——

HNe——

120

160

200

40

80

8/ppm(°C)

13C NMR spectrum of compound 4 in CDCl; (125 MHz).

Figure S20.

S10



;
- i " Y
! ‘1 ‘
( |
re ) f & W‘} ]
| vl
I~ ‘ o 0
, ]
- 9
U |
—_ e [’] !
J ‘ o
I l |
1.
)
'T [ 4 i ]
Figure S21. 'H-'H COSY spectrum of compound 4 in CDCl3 (500 MHz).
JL UL i
8 7 6 5 4 3 2 1

Figure S22. HSQC spectrum of compound 4 in CDCl; (500 MHz).
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Figure S24. NOESY spectrum of compound 4 in C¢Ds (400 MHz).
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Figure S28. HMBC spectrum of compound 5 in CDCl; (500 MHz).
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Figure S32. HSQC spectrum of compound 6 in CDCl; (500 MHz).
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Figure S34. NOESY spectrum of compound 6 in CDCl3 (500 MHz).
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Figure S35. '3C NMR spectrum of compound 7 in CDCl; (125 MHz).
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Figure S36. 'H-'H COSY spectrum of compound 7 in CDCl; (500 MHz).
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Figure S38. HMBC spectrum of compound 7 in CDCl; (500 MHz).
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Figure S41. 'H-'H COSY spectrum of compound 8 in CDCl3 (400 MHz).
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Figure S42. HSQC spectrum of compound 8 in CDCl; (400 MHz).

S21




[t | ‘.!L ‘ MJM L |lll ol |

100

150

50

|
[ ] e o se@gE
J ; El
(] U"’W‘r ,‘?
@ BL af
B @\ 8
d 6 o b L
& ® oy e
0 [ e
B
8 o o P g
[
&)
o [
L0
. o
P . -
) b @
] i) @

Figure S43. HMBC spectrum of compound 8 in CDCl; (400 MHz).

Figure S44. NOESY spectrum of compound 8 in CDCl3 (400 MHz).
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Figure S48. HMBC spectrum of compound 9 in CDCl; (400 MHz).
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NOESY spectrum of compound 9 in CDCl; (400 MHz).
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13C NMR spectrum of compound 10 in CDCl; (125 MHz).
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Figure S51. 'H-'H COSY spectrum of compound 10 in CDCl; (400 MHz).
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Figure S52. HSQC spectrum of compound 10 in CDCIl3 (400 MHz).
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Figure S56. 'H-'H COSY spectrum of compound 11 in CDCl; (500 MHz).
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Figure S57. HSQC spectrum of compound 11 in CDCl3 (500 MHz).
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Figure S58. HMBC spectrum of compound 11 in CDCl3 (500 MHz).
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Figure S59. NOESY spectrum of compound 11 in CDCIl3 (500 MHz).
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13C NMR spectrum of compound 12 in CDCl; (125 MHz).

Figure S60.

S30



S31

7 6 5 4 3 2 ’i
' | ! O
I “'o?‘?
: "ot | -
o0 ¢ © e 1]
' @ : i)
0 0 0 g '
l | k |
. . i
© # i S
@ (7] | 0
® ] N
@ '
0 v .
e 1
i
Figure S61. 'H-'H COSY spectrum of compound 12 in CDCl; (500 MHz).
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Figure S64. NOESY spectrum of compound 12 in CDCl; (500 MHz).
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Figure S67. HSQC spectrum of compound 13 in CDCI3 (500 MHz).
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Figure S68. HMBC spectrum of compound 13 in CDCI3 (500 MHz).
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Figure S69. NOESY spectrum of compound 13 in CDCI3 (500 MHz).
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Figure S72. HSQC spectrum of compound 14 in CDCI3 (500 MHz).
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Figure S73. HMBC spectrum of compound 14 in CDCIl3 (500 MHz).

NOESY spectrum of compound 14 in CDCI3 (500 MHz).
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13C NMR spectrum of compound 15 in CDCl; (125 MHz).
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'H-"H COSY spectrum of compound 15 in CDCl3 (500 MHz).

Figure S76.
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Figure S78. HMBC spectrum of compound 15 in CDCI3 (500 MHz).
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Figure S83. HSQC spectrum of compound 16 in CDCI3 (400 MHz).
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Figure S84. HMBC spectrum of compound 16 in CDCls (400 MHz).
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Figure S87. !3C NMR spectrum of compound 17 in CDCl; (400 MHz).
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Figure S88. 'H-'H COSY spectrum of compound 17 in CDCl; (400 MHz).
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Figure S89. HSQC spectrum of compound 17 in CDCI3 (400 MHz).
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Figure S90. HMBC spectrum of compound 17 in CDCl3 (400 MHz).
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Figure S91. NOESY spectrum of compound 17 in CsDsN (400 MHz).
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Figure S92. '3C NMR spectrum of ferchromone (30) in CDCls (125 MHz).
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"H-'H COSY spectrum of ferchromone (30) in CDCl3 (500 MHz).
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Figure S96. HSQC spectrum of ferchromone (30) in CDCI3 (500 MHz).
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Figure S97. HMBC spectrum of ferchromone (30) in CDCl; (500 MHz).

Figure S98. NOESY spectrum of ferchromone (30) in CDCl; (500 MHz).
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"H NMR spectrum of compound 21a in CDCls (500 MHz).
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"H NMR spectrum of compound 31 in CDCl; (500 MHz).
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"H NMR spectrum of compound 32 in CDCl; (500 MHz).

S101.

Figure

(E——

J

|

L

o o

8/ppm("H)

'H NMR spectrum of compound 33 in CDCl; (500 MHz).
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"H NMR spectrum of compound 34 in CDCl; (500 MHz).
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'H NMR spectrum of compound 35 in CDCl; (500 MHz).
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"H NMR spectrum of compound 36 in CDCl; (500 MHz).
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'H NMR spectrum of compound 37 in CDCl; (500 MHz).

Figure S106
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'H NMR spectrum of compound 39 in CDCl; (400 MHz).
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"H NMR spectrum of compound 40 in CDCl; (500 MHz).
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'H NMR spectrum of compound 41 in CDCl; (500 MHz).
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