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f tlo i op
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£ RS 9t wAiE TEehe A9 & o
71 (e-1) @AM, A7) o]k xs FFHAFARM Fol A, AF 501, Diaion HP-20 1 <=
A7) §F8vE oHIE 2 ES 30:70(v/v)NARE 100:0(v/v)7HA Bl Sujel ofAES] B &S

AL,
FoFe &) $% ull(gradient)o] o3 &#st= AU

4
pacs
e

Z71 (c=2) GAA, A7 Algtes AL Alstds LH-20 Ad 5 i, 7] &F8vs okE B =5
45:55(v/v) 2 &% Sz vl glo] Selske Ad & A
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d SHollA, & 4 37] 38k 182 FAHE Folololm# = Al ~F B W (guaianolide sesquiterpenes) &
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[0107]

[0108]

[0109]
[0110]

[0111]

[0113]

[0115]
[0116]

[0117]

[0118]

[0120]

[0121]

ZIHSd 10-2023-0171532

A FHA A, 2 dye 7] g8 12 FAH = Folololsd = Al EH (guaianolide sesquiterpenes) 3h
e, ol A o] A T o]9 gty oR 87l dE FAHdTOR ¥IStE T8 2A4E &
gk Ao|t}:
[sheta 1]
HO OAc

HO H

AAld 1. 27 9 e £ * 7= 24

1-1.

=

Aoz tE 2y setEo &

YA 7 (Artemisia iwayomogi Kitamura (33} Compositae))®] HAHH-¢l 3¢l x (Artemisiae Iwayomogii
Herba)2 (F)FH @A k(= S4kA) oA Y33l

z5 397 (3.0kg)S A-2ol4 90% EtOH(olgH-g F=& 30L)Z 48413t B¢t 23] 53 thS &ul= 45T
o] AF el AAsIY 90% EtOH FEE(300g)S LA, FE5(300.0g)S ZH(0.6L)] @Estar,
EtOAc(0.6L)= 33 &uislgltl. EtOAc 2 (EtOAcsol £3l¥ 3%, 130.0g)& Diaion HP-20 X
(Mitsubishi Chemical Industries, Ltd., Tokyo, JP)o] ¥ ZA#(11.3x55.6cm)ol| 2931, §E &= of
ME-5 Fui(gradient) A|Z=®l(acetone:H,0=30:70014 100:07}A], v/v)S AFgste] A28 I EnlE 189 (C0)=
238 19709 B (F1-F19)S AU, 19718 28 F F3 2 =S A7t olAET AAA33 o2, F39 4
S N(18.102) & Mupe 2 LH-20 Z(GE Healthecare, Sweden)o] Z31¥ A7 (5.5X61.0 cm)ol =W 2 &=& vl
2 oA E-&(acetone:H,0=45:55, v/v)E &&3lo] (CE 3 13719 28 &E(F3-1 ~ F3-13)2 AT, A7)
1370 #3& % F3-3 —‘ﬂrﬁ%" A 2] 7} (230-400 mesh, Merck, Germany)o] ¥ AT (5.3x34.0 cm)ol] &Y
&k, &&EviZ n-9 Oﬂ o} A Hl| o] E-m| ¥F-2-(n-hexane :EtOAc :MeOH=60:35:5~0:95:5, v/v/v)E AF&3ke] CC
23 F7} B33 g} B 1(2.2ng) 2 3FE 2(5.6mg) S AAEATE.

Mo A

12, sh§te 19 20) T2 BAS 99 Yol =4

A7) dRIIC2RE F&, 28 2 AAE FE 1 9 SFE 29 7x 2 A4S B4 A velHE &
AR, HA, U0V 2 FT-IR ~HAEHL 7z} OPTIZEN UV-Vis #F =74 2 Agilent Cary 630 FT-
IR(Agilent Technologies, CA, USA)& AH&ate] 7I5HAvE. #3F 3142 JASCO P-2000 HFAE AH&ste] =
AE Ak, MR =FHEHLS JEOL(JEOL, Tokyo, Japan) 500MHzol <& #5913, HR-DART-MS ~FHEHL2
AccuTOF-TLC(JEOL)oll 239 DART ©] Z(lonsense, Tokyo, Japan)ell 2la) ZAHATE. A& oA ~dAE
@& Chirascan—plus(Applied Photophysics Ltd., UK)ell o8] A=A}, 3= 17 313E 29 4 Ax=
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seshd slsh o, FAAL T2 B4 H9L 7] AAel 13 % 140 tehyginh,

3} 1: FA 3A(Colorless solid); HR-DART-MS (positive mode) m/z = 338.1601 [M+NH4]+ (calcd for

.
e

20
ClloNOs, 338.1604) [0 41737 (¢ 0.01, MeOH): UV (MeOH) Ano nm (log £) : 241 (3.85); IR (ATR)
-1 1 13 _ -
3313, 2929, 1741, 1661 cm ; H 2 C NMR dlolH, ¥ 1 3%,
3t 2: FA 1A (Colorless solid); HR-DART-MS (positive mode) m/z = 338.1601 [M+NH4]+ (caled for

20
ClloNOs, 338.1604) 19D+ +41° (¢ 0.01, MeOH); UV (MeOH) App nm (log ) : 242 (3.86): IR (ATR)

3391, 2928, 1737cm ; H 2 "C NMR ©lo]g], ¥ 1 &%,

F 1
T e e BgE 2"
(Position) 5. Se 5. Se
1 - 143.4 - 143.5
2 6.21 t (2.5) 134.2 6.19 t (2.5) 134.9
3 3.95d (3.0) 80.4 4.09 d (3.0) 83.4
4 - 80.2 - 82.2
5 3.20 dd (11.5, 2.5) 56.3 3.05 dd (11.0, 2.5) 59.6
6 4.35 dd (11.5, 9.0) 78.7 4.41 (11.0, 9.5) 79.2
7 3.27 m 50.0 3.34m 49.5
8 5.50 dd (11.5, 2.0) 74.0 5.47 dd (11.0, 2.0) 74.0
9 5.52 br d 128.1 5.50 d (2.0) 129.8
10 - 132.5 - 132.3
11 - 138.6 - 138.6
12 - 171.6 - 171.7
13 5.76 d (3.0) 123.5 5.78 d (3.0) 123.6
6.22 d (3.0) 6.22 d (3.0)
14 2.00 s 25.4 2.03 s 26.0
15 1.32 s 21.8 1.54 s 23.1
COCHs 2.17 s 21.2 2.17 s 21.2
0C=0 - 172.0 - 172.0
COAL assignments were based on 1H—IH correlation spectroscopy (COSY), 1H—13C
heteronuclear single quantum coherence spectroscopy (HSQC), 1H—BC heteronuclear
multiple bond correlation (HMBC) results. ’ Sy Multi (J in Hz) *Measured in methanol-d,

1-3. 33E 19 7z B4

gete 1& T4 aAE 2P oen], HR-DART-MS(high-resolution direct analysis in real time mass

spectroscopy, m/z 338.1601 [M+NH4]+; caled for Ci7ly0s, 338.1604)0A] FAFEA}o]-2 3] Fof o] EA}2l

B
i

CoHo0s 0.8 AAH Y. A9 M (IR) 2FEDL 1737 2 1660 cm oA 723 S5 WES Ho] y-Exs
(y-unsaturated lactone) Eo]oJE](moiety)7} EAES &3t

sSheHE 19 I NR 2~ EHL ¥ 19 Yepuilew, &y 3.27(1H, m), 4.35(1H, dd, J= 11.5, 9.0 Hz),

5.76(1H, d, J= 3.0Hz) % 6.22(1H, d, J= 3.0Hz)¢ Al2¥=2H{¥ o-WEd-y-FE(a-methylene-y-
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lactone) 1§ EAE skgleh. T3 H MR =E=delA 279 Le| ZRE[S, 5.52(1H, br d),

6.21(1H, t, J= 2.5Hz)], 2709 SAIWE ZRE[§, 3.95(1H, d, J= 2.5Hz), 5.50(1H, dd, J= 11.5, 2.0Hz)],
109 WEl ZRE[ sy 3.20(1H, dd, J= 11.5, 2.5Hz)], 1709 ofAd ZRE[ s, 2.17(3H, s)]1, 2 2719 wg
Z2E[ 5y 1.32(3H, s), 2.00(3H, s)] A2do] &=},

3 1o YeRd wie} o], C NMR 2~FEZ 15709 F4 (skeletal) B4 Alzd 9 oy r] o] 279 544
ol B ATIY[sc 21.2(C0CH), 172.0(00=0)1% Edak= % 17749 &2 29e yJehpgon, - ¢
HSQC(heteronuclear single quantum coherence) 212 Eaf 4709] sp2 44 ©A (6§, 132.5, 138.6, 143.4,
171.6), 2709 &¥9A ©Aix(s. 134.1), #wEd wA(s. 123.5), 37/Me] SAWE wA(§. 74.0, 78.7,
80.2), 2A]AY|o]E] = (oxygenated) 43} BFA( S, 80.4), 2709 HHE A& (6§. 50.0, 59.3) @ 271¢] wWE B4

(6. 251) & A=}, H-"H COSY(correlation spectroscopy) Z~FEZL H-29} H-3 Alo]o] Aat #AA ¢} H-5

A H-974A e Azl 47 BAZ UehAt(= 2). Av]e] A3t @ H-C HBC(heteronuclear multiple
bond correlation) Al=24(H-2/C-1; H-5/C-1, C-3, C-4; H-9/C-1, C-10; H-14/C-1, C-10, C-9; H-15/C-4, C-
5 TFst, S3E 12 5/7/5 AEAL  FolololE E(guaianolide) =4S e AlxFHAEHA
(sesquiterpene)®l Aoz AAFAJLHE 1). A, H-87 olHE Y 7t2rYd w4 Alole] F-dolx] =dyY
o] A (long-range correlation)®] & E o], (-olME7]7} C-89 ¢XE2 LERAATE.

33t 19 dA FZE FEE7] 8 NOESY(nuclear overhauser enhancement spectroscopy) =FNE7 HEAS
AAE Ay, & A A<=(large coupling constants)(Jss = 11.5Hz, Jo7 = 9.0Hz & J,5 = 11.5H2)E %3

-5, H-6, H-7 ¥ H-8¢] E#x-o|= u]d(trans-diaxial configured)?l Aoz o). =3+ 3E 19
NOESY ~#HE=o| A B-%|&(oriented) H-6ZHE A2 == H-6/H-8, H-6/H-15 ¥ H-3/H-159] “a3aA= H-3,
H-6, H-8 & H-157} & (ring)e B-=o| dZ2¥S ®olFu | H-59 H-7 Atole] mx} 3= (cross—peak) 7t &2+
Eo] H-5 & H-70] &9 a-ZFo A TS HERNATHE 3).

g3E 19 A wld(absolute configuration) T%E ZAAst7] Ysted, TDDFT(time-dependent density
functional theory) "}HE o] &ste] F ALA o]Ad&A el (3R,45,55,65,7R,85) 2 (3S,4R,5R,6R,75,8
R)9 o]ZH (calculated) ECD(experimental electronic circular dichroism) Ho]€]e} A7) 33tE 19 A3 A
(experimental) ECD ~HAEH S Hudt Ay, 33E 19 A% ECD do]E7} 3R,4S5,5S5,6S,7R,85-A =7 oA
AA o] o] &4 ECD HolH &} dA|ehs Ao YEFRTHE 3).

web, FFE 12 (3R,45,55,65,7R,89-8 a-oFIE A3 a ,4 a-T] 3| =F A -Folo]o}-1,9,11(13)-E 2] 4l-
12,6 a-2gfo]|= ((3R,45,55,6S,7R,85)-8 a—acetoxy-3 a ,4 a—dihydroxy—guaia—1,9,11(13)—trien—12,6 a-
olide)Z ZAH o o]eta® 7l A(iwayomogin A)E A I Fx2E X 19 vERd bkl 2ok,

1-4. 35t 29 7= 24

SI3HE 2+ HR-DART-MSlA 7] ShjtE 1 St FAREAFO] 2 I A (m/z 338.1601 [M+NH4]+§ caled for

Cilli0s, 338.1604)2 heRyjo]

::l‘
off
e
o

M
>
1>
flo
Lot
i
i
—
:Jd

FASA Cillp0s -2 ZAHAY. IR 2FEHAAE
1741 2 1661 cm oA 23 §4 WES Ho] y-B¥s gE T1Fe 242 9lagin).

B3tE 29 H 2 CNR 2HEHS ﬁ}%% 13 Aol §ARHA UERtoL, S5HE 19 H NR A=) b
wate] e WY Z2E AZd[ s, 1.54 (30, s)] 2 2709 SAAelE = we Al1d[ sy 4.09 (1H, d,
J= 3.0 Hz), ¥ 4.41 (1H, d, J= 11.0, 9.0)] th-&A=(downfield) Ao & o5&, shte] uﬂE‘ Al
d[ 6, 3.05 (1H, dd, J= 11.0, 2.5)] & AD=(upfield) FAO= o] (shifted)HATt. FFE 29 “C NIR

2 HSQC "HolHE 3shE 19] dlolE 9} vlu B3 A (F 1 2 = 2), F3E 19 vty 33tE 29 -5 v
g A9 ( 68, 59.6)8 @ 7FE A (deshielded) ¥HAo] H-5 Wlgl A)|29-8 7} X (shielded) RS Qldtitt.
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shehe 29] C-3, (-4, C-6 H C-159] &4 A2 UIE gom o5t

H-5/H-15, H-5/H-17 2 H-6/H-8¢] F&3F NOESY A #A= & 27} 3E 19 4-919 ™ (epimer) US Y}
ERITH(= 3).

SI3HE 29 Adl #lEL (3R,4R,55,65,7R,85) L (3R,4S,5R,6R,75,8R)] ©]=&A ECD ~HAEHI} H|wslo] Q)
s, E 19 AYA ECD ule|E7} 3R,4R,5S,65,7R,85-H&7F o] A o]&% EC(D "olE e} A s}=
Ao 2 YEIHT(E 3).

kA, 3RtE 2% (3R,4R,55,65,7R,85-8 a-otIEAI-3 a ,4 B-T) S| =FA|-TFolo]o}-1,9,11(13)-E&] ¢l
12,6 a-= ol = ((3R,4R,5S5,6S,7R,85)-8 a—acetoxy-3 a 4B—dihydroxy—guaia—1,9,11(13)—trien—12,6 a-
olide)2 AAEY o o]+ 27 B(iwayomogin B)E HH3IY I FE2E & 16 YEhd bkek 2,

AAe] 2. A /A FF=< N0 A A &

NO= 95 IS wlstke 78 AE 22 F shueltr. AAld 19 o]k a®myl A E o]k Rl B(33HE 1
2 31eHE 2)7F NO Aqbol] theh 2d A4S B3 st=A &215tr] 98] BV-2 ulAlola Al E (microglial cells)ol

LPSE Agfstal Aofd AlEe] Z oM N0 =5 ST

BV-2 vulAlolnAEE  10% ZEfold A (Hyclone Laboratories) 2 1% S YA #HA-~E=Enlo]Al (Hyclone
Laboratories)®] X%% Dulbecco’ s modified Eagle’ s medium(Hyclone Laboratories, Inc., Logan, UT,
USAHOlA FREgem, 37C &% 249 5% 0,2 E3ste= 7159 thrlolA mIFHATt. 96-49 S o] Ed

3.0<10° AE/mLe] WER HEF F 24AZ Bt wjFs AT q%‘é, AEZE TN &2t F84 a=
ke w7l A B o8 w7 BE 717t 0.1 WA 20 uMe] vhget w2 WAL, L vk F7F 23A1%¢F
100ng/ml1e] LPS(Sigma-Aldrich, St. Louis, MO, USA)Z& 1}13}31‘4 T3 F3o] u|s|F(vehicle)S W
2 LPS A2l ZHzbell AHelskint. 96-doll wFE BV-2 Mo A5 AS ¢t FUT FI9| Griess Al
(1% dstdotm=, 0.1% Yzdogdltiopnl flm=ggmete]l=, 2% 14H) 3 E4383ivt. 108 -,

dolE Y (Versamax™, Molecular Devices, LLC., San Jose, CA, USA)E A}83}4 540 mmoll A2l SH=E
Pt FAIIEFS N0 FEE AN A FEoz AHEHon, A=A (quercetin e FAHE
o2 AESIAT. F3 %= 54 ZAAEFY BV-2 AlZoA N0 AR AlStE 1, #h& AlAEste sH7] & 20|

LFER AT

A o

=

BN oft

d
o
lu
f

Ao 18 M

n:°1'

# 2
ﬂ@'% ICso (llM)
o9t w7l A 10.59
o]} 8. %71 B 12.85
A=A 8.14

i

—

AN 3. BAR fd BFBY B4 £ £A

iNOS @A S A5 NO 325 JA = X549 a5 0% A3 s o9dax] A 9 o)9fa vy
Boll thdted in silico ¥4 =7 5

g U
-4
og(:",
[e}
o
Q
*

iNOSe] ZA7A %+ RCSB PDB ©lo]glH]o]~(PDB ZE=: 3E6T, 3% 2.5 A)olA Art. Autodock 4.2 A=
E 9o (The Scripps Research Institute, La Jolla, CA, USA) % 30A xX30A xX30A with 0.175A =7]¢ 17
= AR5 ALESEY, BRE B BAE AAStE S8 F4 YAE FUrste] dwd s FH]EI ek, NOESY 2 ECD
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A dolHE 3l olgarwyl A B ol9ka w7l B(SIEE 1% 2)9 Ad widS &1 ¥, Chem3D Pro 14.0
e = 2 & HAasgbsgith. INOS T A oj9ka R A H o]9ka Rl B ZH7to)
Z]Zt=E £H]3 % hybrid Lamarckian Genetic Algorithm(LGA)E AF&3}o] AutoDock Tools 1.5.6.(The
Scripps Research Institute, La Jolla, CA, USA) % AutoDock Vina &2ZEolE Fa Ex =3 A4S 43
sttt w9 A-g7te H3hAe] 2D % 3D tholo] a2y "M A-w7t=E Je Ao 2D tholo] 2HE Maestro
12.9 A~ZE9 o] (Schrodinger, LLC, New York, NY, USA)E Ap&-3ste] A=A},

2 Az, & 49 YEeRd nRe} o], ofe} 21 o]} w7l BE FAaZAg o] #oldE ALA-345 4 HEM-
9017 A& 2g3sk= INOS izl 73k A X8k 3h(-8.0 kcal/mol) S YERSAIL, o]¢}8® 71 A= GLN-
2577 S AE LS el o]#d AR ol9karzl A W o]gka w7l B7l iNOS FAeke] A A
o3k iNOS &4 9] oAl B3l BV-2 vAolal MEeM NO e A2 = dSS AAFS

o
f
.
=

ha)

371 Al 2 3 3 ARAT wkgel digk & FR SgHEE S9ld ojskewzl A B ojskawzl B(33
= 1 3% 2)¢ #4 AAYSTES 2] flste], LPSE ASw BV-2 vlAlotuAl£e] A elA shghE A
offell mE AR AlEIRIS] wRE SASSIT

FAHoR, 12-9 ZeolEd] 3.0x10° AE/mLe] WER HEF F 2447 B9 IR}, oY, LPSE
Aea7] Aol oletamzl A Ei: olghe vy BE 7Hz 0.1, 1 ¥ 10 pMe] ¥ER 147+ B9 A
The, LPS® 23413 &9k A=53kGivh. LPS A= 23A13F §-, X9 AFHE $#% vy, 4-2% 995F
BA 7]E(enzyme-linked immunosorbent assay kits, ELISA kits)Z o]&3lo] AXYAY ZTREZJ ot
TNF-a (BD Biosciences, Franklin Lakes, NJ, USA) % IL-6(R&D systems, Minneapolis, MN, USA)e] w#d
TE #@rpsiglen, o1 ARE & 5o YERATE. o] uwl, HolE= A A 12 (one-way ANOVA)©l <j&l]
¥ 2 Tukey' s post hoc test® A EQom oThxaty H|uslo] ###p<0.001; LPS w5 A3} B|ulste
#p<0.05, *%p<0.01 Z #xxp<0.001% FJAS E7]3H ).

i

AT, LPS 95 Aelwe] dizarel HiEl INF-a 3 IL-69] o] @A3] dsatgort, ol9kamil A % o
oy Loy

dam7 BY Ao Y3 w5 oFHom Z7tgE INF-o 2 IL-69 F3o] gxdozm ZAFHJTHE 5). ©
23 Aaps 2 ol ololamzl A W o]9ka w7l Byt AAF wifAle A 24AE T AAHESES As

E o ZREYL v,

AN B el tate] 1 uldAR ANES TR Amugth. B wWyo] Sali 7]& Ropld %
el AA 77 A B owbgo] B owhge] BAASl B4 HoluA = WeldN waE Wz 7w
S eg o & AL Aotk aYmE AAE AAAES @A el ohet AUHA BN 1
Huojo s, E wwe] Mel: A&d 4wl of
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6 —— Calculated ECD of 35, 4R. 5R, 6R. 75, 8R
—— Calculated ECD of 3R, 45, 55, 65, 7R, 85
—— Experimental of compound 1

200 220 240 260 280 300 320 340 360 380 nm

B 2

~—— Calculated ECD of 3R, 4R. 55, 65, 7R, 8S

~—— Calculated ECD of 35, 45, 5R. 6R. 7S, 8R

—— Experimental of compound 2
10
a 0
-10
-20
200 250 300 350 400 nm
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Y ¢ %

-
1

LPS (100 ng/ml)
fe=e=]

T
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