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Study for the mechanism of natural products isolated from Tithonia
diversifolia (Hemsl.) A. Gray as dengue virus-2 NS2B-NS3 protease
inhibitors
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Flpt @ 7= o P AFERA R ISR R R R “f 12015 # 12 P Re RoEEF ALY
Fow 7 & #A T (Dengvaxia)z b 0 TR BFIRELS o 0 Fl A~ P 8 FRE G 0N
WP EiE X f&d;éﬁ-)fn TR L TR H;*}]&u;é# VB LS TR B IRAE R
BE PP F¥E2F o ZEFmF (DengueDENV) Z @+ 2 X 2t - 4 L_ﬁ 4 3
v R eEAR g LA A4 H - B %‘Wﬁé%?v PR AL BBk Foof P2 BRER
v (structural proteins) : core protein, envelope protein = membrane protem fe
= @224 %%  (non-structural proteins): NSI ~NS2A ~ NS2B ~NS3 ~NS4A ~NS4B =
NSHeopavedrr s NS2B 3v € 583 v v 2FF B 5 T HENFRENE A7 E
oo A radrd] NS2B Fev R A P A EE RS > K 547 N4&® Tithonia diversifolia
(Hemsl.) A. Gray ® ~ 3 A= Ky > He it &5 A(l) ZRATTHEF FRE X R 5 12
I B weafEsg it &% Tagitinin A (2) -~ Tagitinin C (3) -~ Tagitinin F (4) -~
43,10 8-dihydroxy-3-oxo-8 S -isobutyroyloxyguaia -11(13)-en -6, 12-olide (5H)
Tagitinin G (6) ; v & caffeoylquinic acid ¥ % 2 = X4 » % & 3, 5b-dicaffeoyl
quinic acid (7) ~methyl 3, 5- dicaffeoylquinate (8) o BB o A A IR D
ek Huh-7> % 2 # % - 3] (strain16681) pa g% 2 [ PFEH fﬁp‘fvrin’i’ v e M S
AT NE BHTAREFZ (L L\«‘fﬂﬂiﬁimf}ii% Pl %wdﬁ’;‘ﬁlr“ &% A(1)>~TagitininC (3)
> w3t EC50=0.749 + 0.014~0.764 £ 0.046 PF > kR 5 1 uM PF > % NS2B 3¢ & %
262 %~ 61 %endrdl s kR E 0.20 uMBF o 4 NS2B 36 4w E 32 %~ 28 %endrd]
46,108 - dihydroxy - 3-oxo-8 B -isobutyroyloxyguaia -11(13) - en -6, 12-olide
(5) ** ECH0=6.602 + 1.263 P> &k R 5 5 1 MPF > ¥ NS2B v & 34 %erdrd] 5 ;
’ﬁ_;‘;ﬁ;ﬁi% 1 uMPF> % NS2B &= v £ 22 %erdrdls o 4 *L%H%’Jy;‘i?;ﬁ IRNEFERFT

LR A2 RS ET A 0T - KA i & DENV3INSZB-NS3 & & =gk > Jaipli- §
if{ﬁ*’ a2 M % (Structure-Activity Relationship) @ #*=& H IS ST = R
EH %o FREFESSFRE IR L I P4 TRI|IAREFRFERK > #F & 277 B4
CHAPELRELBRE G A E o

s w

Bl « B & ,f@f]}%-%- (Dengue DENV) ~ 2% & 7 'N £ # (Tithonia diversifolia) ~ NS2B-NS3
protease
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In 2015, according to the Ministry of Health, Welfare CDC statistics, about 40,000 people
infected with dengue in southern Taiwan, more than 200 people died. Currently in strategy on the
prevention and treatment of dengue fever, in addition in December 2015, Mexico and the
Philippines approved for sale tetravalent dengue vaccine (Dengvaxia), no special medical treatment.
Therefore, the secondary metabolites isolated from animals, plants and fungi natural lead compound,
combined with pharmacological effects, structural modification, chemical synthesis, clinical trials,
the development of anti-dengue drugs for the treatment of urgent things. Dengue virus (Dengue
DENV) is caused by a pathogen of dengue fever, which in the process of producing a protein, will
produce a single protein untranslated region, and then cut into ten separate proteins, it contains three
structural proteins (structural proteins): core protein, envelope protein and membrane protein, and
seven non-structural proteins (non-structural proteins): NS1, NS2A, NS2B, NS3, NS4A, NS4B and
NSS. Currently it is known only NS2B be involved in protein cleaving enzyme reaction. In order to



find and develop new drugs, this research project, we have screening biological activity oriented to
inhibit NS2B protein. At the present, six natural compounds were isolated from Tithonia diversifolia
(Hemsl.) A. Gray. Among them, compound A (1) is a new plant natural product; and five known
terpenoids, Tagitinin A (2) ~ Tagitinin C (3) -~ Tagitinin F (4) ~

4B,10B-dihydroxy-3-oxo-8f-isobutyroyloxyguaial 1(13)-en-6,12-olide (5) ~ Tagitinin G (6); and the
natural products of the two caffeoylquinic acid skeletons are 3,5- Dicaffeoylquinic acid (7), methyl
3,5-dicaffeoylquinate (8). In the antiviral activity test, the human hepatoma cell line Huh-7 was
infected with dengue virus type 2 (strain 16681) for 2 hours. The virus solution is then removed.
Compound A (1) and Tagitinin C (3) were found to be 62 % and 61 % inhibition rate of NS2B
protein respectively when the concentration was 1 pM and under EC50 = 0.749 + 0.014 and 0.764 +
0.046, respectively. At the concentration of 0.25 puM, the inhibitory rate of NS2B protein was 32 %
and 28 % respectively. 4,10B-dihydroxy-3-oxo-8B-isobutyroyloxyguaia-11(13)-en- 6,12-olide (5)
were found to be 34 % inhibition rate of NS2B protein, when the concentration was 5 uM and under
EC50 =6.602 + 1.263. At the concentration of 1 pM, the inhibitory rate of NS2B protein was 22 %.
In this plan, we want to separate active ingredient and identify chemical structure from Tithonia
diversifolia (Hemsl.) A. Gray. And further prepared into various derivatives, research on
Structure-Activity Relationship, assess their structure-activity center, and through partnership, to
explore the molecular mechanism of the active ingredient. And plan animal testing, hope this
research for drug development against dengue helpful.
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Dengue, countries or areas at risk, 2013
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. JE ¥ (Kalayanarooj et al.,1997) > 4o 2 5 % B*)I‘Tf /r}%ﬂ} g o
R A )f;‘? # (Dengue virus, DENV ) % %4 ¥ 2 )}% % (RNA) i
o st B opS f (Flaviviridae)® s + B (Flavivirus) - 2 & #
:)]354} O A #m%’ AP A Ee A ‘}?"ﬁt‘] & %W %2 DENV1~DENV2-DENV3
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s@#%@; 2.9 B 2 W)(@;)o(mza@;wow
)?34} B A IEA 0 B R 30~50 nm o pIRE20m B % A&
)ﬁa* &p IR A “&-3}53 (membrane protein, M)~ # ¥ F-v (envelope
protein, E)#r & % ; @ é_:)}% F 3¢ wd 5w =9 (coreprotein, C) 11 %
e = % B A (nucleocapsid) (Kummerer & Rice, 2002) - %
PR - F - FReg FERE AP ERER (RNA)
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2002) -
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Dengue virus genome
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A G BATiR Y el N&® Tithonia diversifolia (Hemsl.) A. Gray -
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(1) ®¢'= ( mHexane ) ~ = % ¥ %= ( Dichloromethane ) ~ ¢ B¢ fig
( Ethyl acetate )~ pfr ( Acetone ) ~ ¥ % ( Methanol ) ~ &~
A2 ( mButanol ) : # ® TEDIA =@

(2) Chloroform-d -~ Methanol-d4

(3) g4 d K ~A+7: Silica gel (70~230 5 230~400 mesh E. Merck)

(4) &k ¢ & ~ 47 :Merck TLC aluminium sheets 20 x 20 cm Silica gel 60
F254

I REHRRE:

1~ FE %X ReEL# K2 Chloroform-d » Methanol-d4 % 7% &% f# & Pl
& Bk B 2 NMRtube P 0 PR E SREECEH RBIELE P R A
BESTHIEL TR BRER SIS TR0 AT P E B
(chemical shifts) ;s # 1 H £% (singlet);d %7 £ (doublet);t
4+ = £% (triplet) s q % 7w £ (quartet) ; br %7 %% (broad) ; m
%5t % £% (multiplet) e
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S~ kR Lml ks AR SR 13 0 Yk RS,
EREREIRHE 00 25 (o) pma/ (LX) 355 s kR o
(a) é*g:rr’é'kbr’,i’%}i”r é‘l.g'_}i D mﬁp‘m/ﬁ»—k 2R (5891’11’1’1) 'L ,=a~
ik dm(1dm=10cm) > d % Pl:EFEHRS%AE gmL -

6~  FrTARAPA TR A S H AT HE Mv\;gg Lo NIRRT
LR ot b o U IR R AR SU 4 B EE LG SR R

P FREEDL B F]a A

Wk B Pl enT R £ R RIS WiEE Y (3.027) % T R

B ZB g R kAR, A g Ul e R fRi TR
@I BAE o RyLs WA TI~TIS -

[ER = BRIREE S 5 B~ BRIk E IR
¢ e R X e (520 =50 )0 2 {8 ¢ ph e fip(Ethyl acetate) 22 k&84 1:1 &7
s e B R Ik SR RIERE FIIRES DT RE S (220 2 )
ey
x

% B2 £ = &k (Nuclear Magnetic Resonance, NMR ) B3 4 4715 » £ B~ T6
AR sd LH-20 44 B A4 M- & P r{e? BEEFREEDI BAYR
B L 0w = B A A EF B i kA A& 47 (High performance liquid
chromatography, HPLC) It 4p ¥ fL4 di4 i » % — B 2 34 5 NMR B3 &2
6 » F& T_% Tagitinin F (4)-

B~ T8 A #h '5d Open clunm ¢ 41¢ A 47> M3 e *={re fhe it 74

R e 1 1 E'H = BEAYE > I E L= BAYA T HPLC &4pd A
@rlw BAME RS- BAMERF HPLC HipFidt 29 §- BA
Bk E 5 NMR Bl # & %t > /& % 5 4P,10p-dihydroxy-3-ox0-8p-



isobutyroyloxyguaia-11(13) -en-
6,12-olide (5) -

B~ TI1 & 3k 5d Openclunm ¢ 4¢ B A 47> 00 & =fre fe it 74
B E I BAgk e BAGARFT HPLC 4p g i3t & 7 73)
w Ak o B % - Badpk E NMR Bl##E < » /2E 5 compound A
(1)

B T13 # 44 5 +d Open clunm ?ﬂ}:q‘ d R Ao rfre R figiE 7
BErHis#ie A Hk > 1 % - # 4 gk 27 HPLC =& #B’?’fiév\%ﬁ’—f—lgf'l
Ak B - BARAE LS NMR B##E < > e i Tagitinin G
(6) %= BA 4k L5 NMR B##E < > me i Tagitinin C (3) £ #
Fw @Ak ies HPLC t4p gt g @ B3 = BAZE » 15 = B AR
& NMR RlF#g s Tagitinin A (2)-

B~ T14 A3k 5d LH-20 g d K A 45> 7 FRie (700 & {5 ¥
LI %-%llﬁi/},ﬁpifé]kf’rirﬁ" PTLC & ? 685w B o4k -  H v
R E_5 NMR Rl #-2(6 > /22 5 methyl 3,5-dicaffeoylquinate (8)

] B = VA
o mAYg

B {55~ TI5 A4tk &7 LH20 ¥ 41.¢ & A 47 HPLC > 12 7 fifie (7 % 4 15 @
FIZT BAdgh > #nT BAyphie HPLC Hop gl g 29 5% - B~ 4k
& NMR Bl # 2 (s » F£ 25 3,5-dicaffeoylquinic acid (7) e

HF b B A24eT B2 AToT o



T. diversifolia (dry weight 3kg)

1. Extracted by MeOH (4Lx3)
2. Partitioned between EtOAc and H,0

* i
EtOAc layer (220 g) H,0 layer
Flash column
| r-hexane/ EtOAc gradient (20:1~1:3)
% + * + * + +
6 § Il 13 14 15
LH) 1 1 1 I I
MeOH/ CH2C12
(L)
3 13 4 | 4 4 5
NPHPLC NPHPLC NPHPLC NPHPLC NPHPLC
nhexane/Acetone | n-hexane/EtOAC | n-hexane/ EtOAC | n-hexane/ EtOAC | n-hexane/ EtOAC| v I
21) (21) (L:13) (31) (12)
2
Tagitinin F (4) Compound 1 TagininA ) 3 S-dicaffeoylquinic acid (7)
(135 mg) I (673 mg) (89 mg)
" (758 mg)
Tagitinin G (6) . .
5509 methyl 3,5-dicaffeoylquinate (8)
: Smg
4,108 -dihydroxy-3-oxo-8p Tt
-isobutyroyloxyguaia sginn C 3 (876 mg
-11(13)-en-6,12-0lide (5) (3626 mg)
(13mg)

[ Open colunm r-hexane  EtOAC=10:1~1:3

11" LH-20, MeOH
11 RP-HPLC, MeOH - Hy0 - CHyCN=55 40§
[V PTLC, MeOH - Hy0 * CHyCN=45250 5

Bl ~ I 'N4& % Tithonia diversifolia (Hemsl.) A. Gray
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1 Hedk o

DEPT : 7 %A N7 A~ L9 38«57 Adin wpl
'H-'"HCOSY : @z Apis & ehi

HMQC B T & 3% 5 |23l SUi i T e pi 38 v T 5l
HMBC : Bl 2 & 35 T3 BLEE T erdp ARp 3 T3t 5
NOESY : il %4+ ez HB %

R R R T

()~ FHRRE

AR SR ZITEHEY w3 ESF RIS MTITassayr 2 R ¥ 5 & mbe ﬂ‘fiﬂlj"\
RPN chyzafio 2 fF (succinate dehydrogenase) vk %
#.% ¢ methylthiazoleltetrazolium bromide (MTT) * J& {5 > € & = 5573 e %
¢ 2 formazan f* & 3 ehiE B o F e » 1 52 803 (3257 DMSO 73 ) » %gsi A £ 540
nm | G T iE ) %7 H MTT formazan ¢92 = 8 o 1t o477 RiEG Y & - %

fmrE k2 E 2 E A M o

(=)~ F®&> 2
e f2f . ‘wre $k:Huh-7 fm e
Lpe® f24% > Sml DMEM medium 4t » 2ml FBS R £33 &+
¥ T iR 0% 5 K X 37-38°C 2Bk o Bamr OR B F N Bk
»Bokzo® s Bl k] ?P"’ F1F - ﬁu}\%lgﬂzﬁixiﬁﬁ‘]#ﬁw?
p ’jz*-‘m”?‘“xﬁ"*iﬁ'*«%ni}]\ » BT S 2 1100 rpm 2 iR A 5 A
$ > Yoo 15K F iR R 4 > ATRFI2K medium {8 #-2 30w O~ 10



cm cell culture dish p » £ 22 % 3% 37°C 7 5% CO, 2. ‘mPe s & 45 P Kiw
e pb YR R 0 24 [ PEHS R [ #ATHFI2K 12 % A& o

2. lwie B A P
#- 10 cm cell culture dish & fm*e 32 & 8B~ ) » #-3% 5 DMEM 32 % 2 > 3%
BB 0 4 r 1X 2 HBSS Fik s £ 2R B iR o 4~ 1 oml
trypsin-EDTA & » %3t 37°C 7 5% CO, 2w ez % fap 7 ~ 4
tripsin—EDTA % > 7 & 4818 % dish B~ —F‘ H e £ 7RG R > R
FRIGAFE T ZFAFEIFSP o 4e» 1 mlDMEM # & A& & 0b trypsin 2
E% > 3 #32 & L2 trypsin 220 & R B f dish B PR i K Rl
PELH 3-S5 AT e R 2 AET A DI A 15 ml 2 é}g.\,? Koo AT A
Pz 1100 rpm 2o i A 5 A4 B - R R 0 TlERE R
e Bgtir 0 B 4 > Fre0 DMEM medium 76 0 2 $Re B3t 3760 10 cm
cell culture dish fr » £ 2 » 37°C 2 5% CO, 2. fmPe s £ P B % o

3. int E4E % (MTT)
i€ * 96 well 2 seeding % sseeding 2. %z #ic % 2 x10% ¥ 2 %+ 37°C 5%
COy 2. mPe 2 R $a 0 24 /| PR X (FRE > Flo2 pEris o # well p 2
medium > ¥R F7 F] R (S 7L % > 12 control ~ DMSO % % B4»
6.25ug/ml ~ 12.5pg/ml  ~ 25ug/ml ~ 50ug/ml ~ 100pg/ml 2. # 4 Jk B & (7
BE o E owell 4 200ul; B e L 24 ) PE 0 24 ) PELS # well p
z_ medium =B~ 100ul 4 » 25u] MTT s £ x5 fap B4 o (7% P
AL AL PSR SR EF 0 4 100U 2 DMSO &R S 4 b
¥ % ELISA ¢ e £ {8 540 nm & (7P| > T B2 358 ICs ©

I8 2 FFEERER

(=) ~@>3 Q\,Lg 2 ( Western blotting )
R 1% il S - BEEFR Y TeRIEAH FRRSEF



¥4 oUBFIATEEFRMBRTALSGPEDEFR D P FL L DR
EN

1. 3 p i’\ 48 T A (Agarose Gel Electrophpresis )
T A ¥ R 5 0.5X TBE Buffer » #4248 5 3% PCR & = " 48 2. well
poo ¥ BetRoT F 1 R BOE PR (molecular weight marker) 0 12 100V 20 & B &
(TR A 40 & 48 o

2. WaE 4 ¢ ;2 (Coomassie Brilliant Blue R ; CBR)
WD A 2 A E O EBrp A4 910 A4 £ B ddH,0 P T2 4
5480 L%~ BB s (BIO RAD,Gel Doc XR , No.1708169) 12 UV
HGE TR AR o
3. ZPisphkEd
SRR TR A A SRR 0 - 2R IEH B G

(1)’%‘575 B Mz FAEEE ORI L Bk S R

(2) e » FRlteHE > oM ? F 7 F FRIZFRh o RIH &Rt b el
BEFE- PR

(B)ed SAFR®H o> V- AHFRAE - 2 - M EFERILARE
i

ORERESS S e REEE NSRRI B RS E
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Compound A (1) ehehpe ¢ 45k > H ot %k B (specific rotation) [o]p™
2 +19.0° ( c0.07,CHCl; ) o AMfzira B3 (LRESIMS) ' B% 3
WA G E mA 3 349.16 [M+H] -~ 37111 [M+Na]® » @ &0 H & 3 & 3%
CioH24O¢ ° IR B3 2 Viay 3444 ~ 1734~ 1603 cm™ F s fc » faiplpt it £ 4 5 4
hydroxy group (OH) -~ ester group f= double bond

& 'H-NMR Bl#® 7 HHR 4 B 7 & (6y1.32°>Me-14 ;1.40> Me-15 ;
8 1.07 » Me-3'; 85 1.09 > Me-4') > 1 Bt o= 7 A H-2 (85555 ) 2 B
§ e ? £ H-6~ H-8 (835.10~4.50)> 3 = ? & H-7 ~ H-10 ~ H-2' (8,3.21 ~
3.17~2.41) - fe& “C-NMR -~ DEPT RI## M5 +% 4 B° & C-14-C-15~
C-3'~C4(8:17.7~22.7-183-188);3®BH? £ C-5~C-9-~C-13 (8:43.2~
419+123.5); 6" A C2~C-6-~C-7~C-8~C-10~C-2" (8c104.2~73.7 ~
51.6~76.4~33.8~33.9);6 B = %pt C-1~C-3~C-4~C-11~C-12~C-1' (8¢ 190.7 ~
205.5 ~ 88.6 ~ 139.3 ~ 168.5~ 175.3) -

4 'H-'H COSY ®z ¢ % 3 H-5/H-6 ~ H6/H-7 ~ H-7/H-8 ~ H-8/H-9 ~
H-10/H-14 ~ H-2VH-3' ~ H-2'/H-4' 2. B % & o chB e > d 7 @54 5 %



Bz a B %o

= COSY correlation

4 HMBC Rz ¥ % m H-2/C-1-C-3~C-4; H-13/C-7~C-12 ; H-15/C-3 ~
C-4-~C-5 ; H-14/C-1-~C-9 - C-10 ; H-5/C-3 ~ C-7; H-9/C-10 ; H-8/C-1' ;
H-3/C-1' 5 H-2'/C-1'% BEBH2UEE » & 3600 b Bl 9io 8 eny gdpid ds & > f2 )
B A g2 TG o gt it S 4 e PC-NMR Bl ? § - 8¢ 205.5 dnuE o diip)
MR HREZ G A £ HMBC Bls# ¢ %R H-2/C-1-C-3-C-4> %7 C-3 3
A 5 H-2/C-1 > Me-14/C-1~C-9~C-10; ¥ *t5d & s Bl 2 HMQC Bl @ #
B (855.55:8¢104.2) 2- 28t 4P| C-2 % BE4E: @ J AL T C-1 (8¢ 190.7)
i d HMBC Bl3# ¢ % 3 H-15/C-3~C-4~C-5; H-2/C-1~C-3~C-4 § B B 5L
P C-1~C-4 &£ F £ B4 -




7~ M\ NOESY correlation

i ePipst it Fize  L45d 1 $iE4 v 2 A1 & 4 ih NOESY
Bl kg B Apf 2 M e o d SRR T BR 7T 5L H 5 g e > e
it & $ Tagitinin C (3) (Ragasa, Tepora, & Rideout, 2010 ) » ¥ =+ H-6/H-7
TR Flptduipl HOZ ApH = i=w 5 a = ;> NOESY M+ #
R H-6/H-7~H7/H-8 7 BEE 5 » Flpt a2 H-8 S > « FiEM 1 2 BT
F£%_ Compound A (1) 2 #p¥f= # =% » H 3w 'H-NMR fr PC-NMR #

HLL-



% - ~Compound A (1) 'H 4= >CNMR s 3 F#

3!

4'

No. "H? (mult, J, Hz) Bcb
1 190.7
2 5.55(s) 104.2
3 205.5
4 88.6
5 221(d, 14.4) 43.2
2.63(dd,4.8,14.4)
6 5.10 (m) 73.7
7 321 (m) 51.6
8 450 (m) 76.4
9 2.02(dd, 6.8 ,14.4) 41.9
243 (m)
10 3.17 (m) 33.8
11 139.3
12 168.5
13 5.67 (s) 123.5
6.34 (s)
14 1.32 (s) 17.7
15 1.40 (s) 22.7
I 175.3
2! 2.41 ( heptet , 6.6) 33.9
3! 1.07(d, 6.6) 18.3
4 1.09(d, 6.6) 18.8

fMesaured at 400 MHz
"Mesaured at 100 MHz
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¥ = & Tagitinin A (2) B 4EfEiT

Tagitinin A (2) b o ¢ F > #1353k B (specific rotation) [a]p” &

-160° (¢ 0.86, MeOH ) » A M fZ47 B T F M B+ (LRESIMS) ' B2 I|#
A3 o miz L 0369.19 [M+H] > @& H A3 N5 CoHuOr 0 @ UV A
(MeOH) % 213 (4.06) nm 3 =z o IR Bl f v 34341738~ 1633 cm™! 4
Sofo daplt it &4 2 5 hydroxy group (OH )~ ester group 4= double bond

it g 2 g S 2 k2 TH-NMR -~ PC-NMR Bl #icdf » 7 m it &

F 2 % Tagitinin A » i & % & 1976 # 44 % 3. (Pal et al.,1976) -

% 'H-NMR Bl#° 73R 4 37 & (851.46>Me-14~8;1.09 >Me-15 -
on 1.07 > Me-3'; 8 1.09 > Me-4')» 1 1 7 Tk b f4end; @ 3 H-13(8y5.57°6.29)
3 B#F " A H-1-H-6-H8 (8 426~4.59-559)>3 =7 & H4~
H-7~H-2' (82.07+4.02~243)> fic & "C-NMR - DEPT B## M35 3 4 B
7R C-14-C-15-C-3'~C4' (5c24.9~19.1-183~18.7);4 B L 7 & C-2 -
C-5+C-9~C-13 (8c47.0~37.7-34.6~121.5); 6 B =7 & C-1 ~C-4~C-6 >
C-7~C-8~C2" (8 78.6~443813478+69.634.0); 5 Bz s C-3
C-10 ~ C-11 ~ C-12~ C-1' (8¢ 105.7 ~ 81.7 ~ 137.0 ~ 169.3 ~ 176.2) <



¢ 'H-'H COSY ® % ¢ % m H-1/H-2 - H-5/H-6/H-7/H-8 ~ H-8/H-9 ~
H-2'/H-3' ~ H-2'/H-4' 2. B3 & fod B Bizas > o UV @30 F P52 3 KB

|

N

o

COSY correlation

¢ HMBC ®l:#%* % ® H-1/C-3; H-8/C-6~C-10~C-11-~C-1'; H-3/C-1' ;
H-3'/C-1'; H-4/C-1' ; H-7/C-12~C-13 ; H-14/C-1~C-9~C-10; H-15/C-3 ~
C-4~C-5 3 BEag. > d 3™ BB En T Kipag g4k > 4 HMBC #

SIEFEES I X




% = ~ Tagitinin A (2) 'H 4= PCNMR %z 542

No. '"H 2 (mult, J, Hz) Bch
1 4.26 (overlapped ) 78.6
2 2.47(dd,9.2,14.0) 47.0
2.11 (overlapped )
3 105.7
4 2.07 (overlapped ) 44.3
5 2.01(dd, 12.6,2.8) 37.7
2.12(m)
6 4.59 (m) 81.3
7 4.02 ( overlapped ) 47.8
8 559 (m) 69.6
9 1.83(dd, 11.7,14.3) 34.6
1.96 ( overlapped )
10 81.7
11 130.7
12 169.3
13 5.57(d,2.9) 121.5
6.29(d,2.9)
14 1.46 (s) 24.9
15 1.09 (d, 6.8) 19.1
' 176.2
2' 2.43 (heptet ,6.8) 34.0
3 1.07(d, 6.8) 18.3
4 1.09 (d, 6.8) 18.7

aMesaured at 400 MHz
"Mesaured at 100 MHz
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%= & Tagitinin C (3) hgipjis

Tagitinin C (3) eheh gk £ ¢ F5% > H L 3k B (specific rotation ) [a]p>
5 -202° (c0.97,MeOH)- & ™fz47 & T + 42 ¥ (LRESIMS) } |m%
DA T miz 5 349.10 [M+H] - 331 .12 [M-OH]" > #&H 4 3 ;% 4
CioH24O6 ° @ UV Ay (MeOH) o 214 (4.22) ~ 247 (4.04) nm %4z - IR M@
Bt Ve 3446 ~ 1733 ~ 1653em™ § sz o fiplpt it &4 7 4 hydroxy group

(OH) ~ ester group = double bond -

& 'H-NMR Bl3#° 7 %R 4 B 7 £(1.53>Me-14;1.95>Me-15: 8 1.06
Me-3'; 8y 1.04 » Me-4') > 3 B g4+ h=x ?® & H-1~ H-2 ~ H-5 (85 6.93 ~ 6.25 ~
587)>2 =™ A H-7-H-2'(843.53~2.44)>2 B4 5 h=x 7 & H-6~H-8 (dy
541~533)> s "C-NMR - DEPT RI##m3z$ 4 %7 & C-14-C-15-
C-3'~C-4'(8:29.119.6~18.7~18.6);2 B L7 £ C-9~C-13 (5.48.4-124.4) ;



7 @=x® 4L C1~C2~C-5-C-6~C-7~C-8~C-2" (¢ 159.7~129.7~137.1 ~
76.6 ~47.0~759~34.0); 6 Bw & C-3~C4~C-10~C-11 ~C-12~C-1' (8¢
196.5 ~ 1389 ~ 72.1 ~ 136.0 ~ 169.5 ~ 176.1) -

4 'H-'H CcoSsy ® ¥ ¢ % ® H-1/H-2 - H-10/H-14 - H-8/H-9 -~
H-5/H-6/H-7/H-11 ~ H-2/H-3' ~ H-2/H-4' 2. & 4 & fo& M B g » d p 7 18 3]
A REZERMGo

mm— COSY correlation

¢ HMBC B¢ % m H-13/C-7~C-11 ; H-15/C-3~C-4-~C-5 ; H-14/C-1~
C-9~C-10 ; H-3/C-1'~C-2'; H-4/C-2" 7 BB gL » I H-r + Bl %
PERApE SAs R TR A E 2 TG i Bd g e doenit £ P Tagitinin
Cor it &4 3 #5422 'H-NMR » "C-NMR - DEPT R3##cty » 7 1
FEE_iv & 3 % Ttagitinin C (Ragasa, Tepora, & Rideout, 2010) » g* i* & F & %
H_ A 1979 # 4% 3 - Baruah, N. C.; Sharma, R. P.; Madhusudanan, K. P;
Thyagarajan, G.; Herz, W.; Murari, R. J. Org. Chem. 1979, 44, 1831-1835 » H ¥ 'me
'H-NMR 4c "C-NMR #i3f2 % = -






% = ~ TagitininC (3) 'H 4= PCNMR % F#
14 9H ’

No. '"H? (mult, J, Hz) Bch
1 6.93 (d, 17.6) 59.7
2 6.25 (d,17.6) 29.7
3 96.5
4 38.9
5 587 (d,9.0) 37.1
6 541 (d,9.0) 76.6
7 3.53 (m) 47.0
8 533 (m) 75.9
9 2.01 (dd, 14.1 ,4.2) 48 .4
241 (dd, 14.1 ,4.2)
10 72.1
11 136.0
12 169.5
13 5.80 (d, 1.8) 124.4
6.35 (d, 1.8)
14 1.53 (s) 29 1
15 1.95 (s) 19.6
I 176.1
2! 2.44 (heptet, 6.8) 34.0
3 1.06 (d,6.8) 18.7
4' 1.06 (d,6.8) 18.6

aMesaured at 400 MHz
"Mesaured at 100 MHz
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$w & Tagitinin F (4) shgffeir

Tagitinin F (4) e gig p & 45% > 2t gk & (specific rotation ) [OL]D25
2 -1327 (022, MeOH) - A Kf247 2 7 F P52 B3 (LRESIMS) ' BL%
TlEAFE miz L 349.05[M+H] s B A 3 N % CoHuOg o @ UV A
(MeOH) # 220 nm 7§ it > IR B3 & Ve 3444 ~ 1736 ~ 1644 cm™ § =%
Yo o 42t i &4 7 3 hydroxy group (OH) ~ ester group = double bond

o

% 'H-NMR Bl#® 733 437 & (143> Me-14 ; 1.96 > Me-15 ; &y
1.13 > Me-3'; 85 1.16 > Me-4') » 3 i g4+ eh=x ? £ H-1~ H-2 ~ H-5 (85 6.33 »
584~570)>2 ®=x? & H-7~H-2' (8 3.45~2.51)>2 B F ih=x? & H-6~
H-8 (855.95~5.10)> 1 B 7 et fagen= ? L H-13 (8y5.72~634 ) fe &
PC-NMR - DEPT RI##m7 3 4 %7 & C-14-C-15-C-3'~C-4" (5:31.5~
205-18.6~189); 2B A C-9-C-13 (8:43.7~124.1);7 B=x £ C-1 ~
C-2~C-5~C-6~C-7~C-8~C-2"(8-139.3~127.7~131.0~ 74.5~ 47.8 ~ 76.4 ~



342) ;5 6w & C3~C4-~C-10~C-11~C-12~C-1'" (3c108.3~1394 -~
87.0 ~ 138.8 ~ 169.7 ~ 175.7) -

¢ 'H-'"HCOSY 7 % m H-1/H-2 ~ H-5/H-6 ~ H6/H7 ~ H7/H8 ~ H-8/H-9 -
H-2'/H-3' ~ H-2'/H-4' 2. B3 & fod B Bizas > 0 MV @50+ P23 KB

|

N

o

m—— COSY correlation

d HMBC B ¥ %3 H-1/C-2~C-10 ; H-14/C-1~C-9~C-10; H-15/C-3 ~
C-4 ~ C-5; H-5/C-7 ; H-13/C-7 ; H-3/C-1' ~ C-2 ~ C-4'% M E&,ﬁ;% IR SV
Weorm Rt B RAsk o TR L L 52 TG ‘z-ﬁ# = d 1L e Granit
& % Tagitinin F> pt it &4 4 1L 45 82 /chv H-NMR - 13C-NMR DEPT [l
WEhy 0 VARt &4 4 4 Tagitinin F (£ 2§ etal;2001) o 22t &
% 2 % 1983 & 4% 7 o ( Tetrahedron Letters » Vo1.24,No.48,pp 5429-5432,1983 ) »
H:m 'H-.NMR fo "C-NMR #c¥ L4 2 o



——» HMBC correlation



% w -~ TagitininF (4) 'H 4= BCNMR k3 74

HOW"

15

O
No. 'H* (mult, J, Hz) cb
1 6.33(d,5.6) 139.3
2 5.84(d,5.6) 127.7
3 108.3
4 139.4
5 5.70(dd, 6.8,12) 131.0
6 5.95(m) 74.5
7 3.45(dd,4.8,24) 47.8
8 5.10 (m) 76.4
9 234(dd, 16.0,3.2) 437
2.29(dd, 16.0,4.0)
10 87.0
11 138.8
12 169.7
13 5.72(d,2.4) 124.1
6.34(d,2.4)
14 143 (s) 315
15 1.96 (s ) 20.5
1 175.7
2' 2.51 (heptet, 7.2) 34.2
3 1.13(d,7.2) 18.6
¥ 1.16 (d,7.2) 18.9

aMesaured at 400 MHz
"Mesaured at 100 MHz
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%37 & 4p , 10p — dihydroxy — 3 — oxo - 8P
-isobutyroyloxyguaia-11(13)-en-6,12-olide (5) 7
AR

43,10B-dihydroxy-3-oxo0-8-isobutyroyloxyguaia-11(13)-en-6,12-olide (5) e+t
o & sk > Hovsgk B (specific rotation) [a]p™® 5 -160 " (¢ 0.86, MeOH ) > %
Mzt BT+ P54 T (LRESIMS ) ! BT #H A + % miz 5 36713
[M+H]" » 8408 53 8 5 CioHpO7° @ UV Ay (MeOH) % 211 (2.68) nm 7
Zofe 3 IR Bl & Ve 3424~ 1739 ~ 1635 cm™ § wofz » HRI L £ 3 5§
hydroxy group (OH) ~ ester group f= double bond -

14 m

% 'H-NMR Bl#"° 73R 4 37 & (851.29°Me-14~8; 1.51 > Me-15 -
S 1.05>Me-3'; 8y 1.05-Me-4')> 1 B T B *F g end; ¥ A ehig 4 H-13 (5y5.41
6.23)7 2 B g ch=x? A H6-~H8 (8;474-559)>4®=? & H-1-H-5-
H-7 ~ H-2' (852.25+225+3.74~244)> fic & "C-NMR - DEPT Bl## % 3
4 BT A C14-C-15 C-3'~C-4'(5:320-22.7-188~19.1);3 B L 7 A
C-2~C-9+C-13(8:39.3+~47.0~120.7):6 B=* & C-1~C-5-~C-6~C-7~C-8 ~



C-2'(06c453~533~77.0~47.7~653~34.0); 6 BFw &gk C-3-C-4~C-10~C-11 ~

C-12~C-1'"(0c 2143 ~ 773 ~71.2 ~ 1349~ 169.4 ~ 176.3 ) -
d

'H-'H COSY B\ ¥ % m H-1/H-2 ~ H-5/H-6 ~ H-6/H-7 ~ H-8/H-9 12 %
H-2/H-3/H-4' 2. % & fcd PR mzss > o v @0 A F PR 4 B G-
14 Me

=
~
=
-
)
<

O g

COSY correlation

¢ HMBC B3¢ % % H-14/C-1-~C-10; H-9/C-1~C-10~C-14 ; H-2/C-3 ~
C-4:H-15/C-3~C-4~C-5 ; H-13/C-7~C-11~C-12 ; H4/C-1'; H-3/C-1' 3
BEEHILEL > TR P B TE S h Y B Ak > TR L S T g
Hod it &4 5 50 v H 5  fe2 'H-NMR ~ "C-NMR Bl #icdf » 7 108
it & 4 5 5 4B,10B-dihydroxy-3-0x0-8- isobutyroyloxyguaia -11 (13) -en- 6,12- olide

(5) 2+ i & 4 £ 42007 & 4% 3 (Kuroda et al., 2007) » H 3% 'H-NMR 4
PC-NMR #4524 1 o

14 Me,'/os
- "\

\
\\

oo hny

Onun{a



—» HMBC correlation



# I ~ 4B ,10B -dihydroxy-3-oxo-8[-
isobutyroyloxyguaia-11(13)-en-6,12-olide(5)
'H = PCNMR &3 74

14 Me

O
No. 'H?(mult,J, Hz) 3ch
1 2.25(m) 45.3
2 2.27(m) 39.3
2.46 (m)
3 214.3
4 77.3
5 2.25(m) 53.3
6 4.74 (dd, 9.7,9.7) 77.0
7 3.74 (m) 47.7
8 559 (m) 65.3
9 1.60 (dd , 16.4,4.8) 47.0
2.54(dd ,16.4,9.2)
10 71.2
11 134.9
12 169.4
13 5.41(d,3.2) 120.7
6.23(d,3.2)
14 1.29(s) 32.0
15 1.51(s) 22.7
1§ 176.3
2 2.44 (heptet, 7.0 ) 34.0
3! 1.05(d,7.0) 18.8
4 1.05(d,7.0) 19.1

IMesaured at 400 MHz
PMesaured at 100 MHz
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B] 11-7 ~ 4B,10B-dihydroxy-3-oxo-8-isobutyroyloxyguaia-11(13)-

en-6,12-olide (5) 2. IR M:¥#
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$+ & Tagitinin G (6) dBHfE

Tagitinin G (6) ¢ Pﬁ,g Paed > Hitxgk g (specific rotation ) [oc]D
% -134" (c0.30,CHCl;) - {3473 F " %‘rpﬁ (LRESIMS ) } B2 3%
A3 miz L 365.14 [MHH]T » @ H A F N % CoHuO; © IR B3 & v
1728 ~ 1678 cm™ $ w iz » 3Bt i £ % % F ester group - double bond -

o

& 'H-NMR Bl @ #0730 4 B9 £(1.23 Me-14;1.96> Me-15; 8, 1.13 -
Me-3"'; 6y 1.13 > Me-4') » 1 B g4t et ? A H-5 (03 6.41) 4 Bixd = @



# H-1>H-2>H-6~H-8 (8353.65-3.24~542-566)>2 =7 £ H-7~H-2' (8
3.26~248) -+ peé PC-NMR-~DEPT Rl##ms$ 4 7 & C-14-C-15-
C-3'~C-4'(8:25.9-202-18.6~18.6);2 B I ® & C-9-~C-13 (85c42.2~124.9) ;
7Bx? & C1-C2~C-5-~C-6-~C-7~C-8~C-2'(8c 58.1~655~141.5~732~
49.6~75.1~34.0);: 6 Bz Bp C-3~C-4~C-10~C-11~C-12~ C-1' (8¢ 193.6 ~
137.0 ~ 70.0 ~ 135.6 ~ 168.9 ~ 176.1) -

4 'H-'"H COSY Bz ¢ % % H-1/H-2 ~ H-5/H-6 ~ H-6/H-7 ~ H-7/H-8 11 %
H-8/H-9 2 5 & frd cnB sl > d 7 @A F P23 AH %o

= COSY correlation

¢ HMBC Bl ¢ % ® H-13/C-7 ~ C-11 ~ C-12 ; H-14/C-1 ~ C-9 ~ C-10 ;
H-15/C-3~C-4~C-5 ; H-14/C-1~C-9~C-10 ; H-2'/C-3'; H-2'/C-4' $ B 5
FHL > F A R ATE R Bpd Ak o TRt v £ 2 TG B
fd 4o denit £ Tagitinin G0 gt it 6 H S 2 el 'H-NMR -
“C-NMR-DEPT Rl #c; > 7 A& 2t £ # 6 5 Tagitinin G (Zhao, Li, Chen, Xi,
& Sun, 2012)> p* it & F B 5 F_ 1980 & A3 % o (Journal of Organic Chemistry,
1980, vol.45, #24 p.4993-4997) > H:E4meh 'H-NMR o PC-NMR #c¥k

ﬂ_,zﬂ‘;",‘“\ °



——» HMBC correlation



% = ~ Tagitinin G (6) 'H fr 1°C NMR % 3 72

No. "H?2(mult, J, Hz) Bcb
1 3.65 (s) 58.1
2 3.24(d,2.0) 65.5
3 193.6
4 137.0
5 6.41 (dd,6.8,1.2) 141.5
6 542 (m) 73.2
7 3.26(dd,4.8,2.4) 49.6
8 5.66 (m) 75.1
9 2.17(dd, 15.6 ,4.8) 42.2
2.13(m)
10 70.0
11 135.6
12 168.9
13 5.88(d,2.4) 124.9
6.39 (d,2.4)
14 1.23 (s) 25.9
15 1.96 (s) 20.0
I 176.1
2! 2.48 (heptet, 7.2) 34.0
3! 1.13(d,7.2) 18.6
4 1.13(d,7.2) 18.6

f™Mesaured at 400 MHz
"Mesaured at 100 MHz
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% - & 3,5-dicaffeoylquinic acid (7) shif347

3,5-dicaffeoylquinic acid (7) ¢t gLt F & 55k o AR T ST
(LRESIMS) } L& F|4 A F % m/z 5 517.12 [M+H] > @8 43 4 4
CysHpyOpp0 @ UV Aoy (MeOH ) 7327-294-248 nm 3 %z IR B3 & Vinax
3434 ~ 1650 cm™ F =z > il &4 £ F hydroxy group (OH) = double
bond -

& 'H-NMR Bl#® #5733 10 B et ch=x @ 4 H-2/2" - H-575" ~
H-6'/6"~H-7"/7"~H-8/8" ( & 7.10/7.09~ 6.82/6.80~7.00/6.98 ~ 7.63/7.59~6.43/6.33 ) »
3BT AH-3-H-4-H-5 ( 84544-398-~545 ) = B> =

Bz i nER g H-2'2" ~ H-5'5" ~ H-6'6" (0 7.10/7.09 ~ 6.82/6.80 ~
7.00/6.98) % 2 &= ¥k ‘P ABX Al i 2 g W EL > H-7'/7"~H-8'/8" (8y 7.63/7.59 ~



6.43/6.33) i & 4R chtrans AR 2 & WEL 4 HE L F B o A T
fadrt it & A+ ¢ 5 & quinic acid B T EC o

fe & PC-NMR - DEPT Bl % 125 BAtiE ¥ B4#4F 1 B COO (3¢
175.6); 2 B L7 & C-2~C-6 (8036.7~35.6); 13 B K C3-C4~C-5-
C-2/2"~ C-5/5"~ C-6'/6" ~ C-7/7" ~ C-8/8" (8¢ 722~ 69.7~ 71.8 ~ 115.2/115.3 ~
116.4/116.4~122.9/122.9~ 147.0/147.4~115.1/115.1); 8 i = g C-1/1"~C-3/3" ~
C-4/4"~ C-9/9" (8c127.8/128.0 ~ 146.7/146.9 ~ 149.4/149.5 ~ 168.6/169.1) ; # ¥
C-9/9" ( 8¢ 168.6/169.1) 5 & i o B-# 4& et fhehpt & 5 C-1/1" ~ C-27 2"
C-3/3" ~ C-4/4" ~ C-5/5" ~ C-6'/6" (8c127.8/128.0 ~ 115.2/115.3 ~ 146.7/146.9
149.4/149.5~116.4/116.4~122.9/122.9) 5 & & ¥ %k } chgh & : C-7/7"~ C8/8" (3¢
147.0/147.4~ 115.1/115.1) 5 & $H45 g v b L2- $%EF 7 3 B caffeoyl
B R b

4 'H-'H COSY Bz * % 3% H-3/H-4 ~ H-4/H-5 ~ H-5/H-6 ~ H-7/H-8' ~
H7"/H-8" ~ H-5/H-6'~ H-5"/H-6" 2. B % & fc& PR B sh » d oo 7 F 5] A 3 %
B2 G BM%

m—— COSY correlation



¢ HMBC Rl ¥ %3 H-2/C-7; H-5/C-1/C-9" ; H-7/C-9'; H-8/C-1';
H-2'/C-4'; H-5'/C-3' ; H-8'/C-1" ; H-2"/C-4"; H-5"/C-3"75 B B35 » I #-11 + [
HT S BAR R B AT R TR A2 T B T g e doen
& ¥ 3,5-dicaffeoylquinic acid » #* it & # 7 vt H 5 P2 pE2 'H-NMR -~
“C-NMR - DEPT Bl##cdf @ 7 Mz it & 4 7 % 3,5-dicaffeoylquinic acid o #*
v & F A5 H_ A 1989 & 43 3 (Wald, Wray, Galensa, & Herrmann, 1989) - H 3%
fwih 'H-NMR 4o PC-NMR #df 2 % = -

—— > HMBC correlation



% =~ 3,5-dicaffeoylquinic acid (7) 'H 4 13C NMR

No. 'H? (mult, J, Hz) Bch
1 73.4
2 2.15 (m) 36.7

232 (m)
3 544 (m) 72.2
4 3.98(dd, 7.5, 2.7) 69.7
5 545 (m) 71.8
6 2.18 (m) 35.6
221 (m)
1 127.8

2! 7.10 (s) 115.2
3 146.7
4 149.4
5 6.82(d,8.0) 116.4
6' 7.00(dd, 83, 2.2) 122.9
7 7.63(d,16.0) 147.0
8! 6.43(d, 16.0) 115.1
9 168.6
1" 128.0
2" 7.09(s) 115.3
3" 146.9
4" 149.5
5" 6.80 (d,8.0) 116.4
6" 6.98 (dd, 8.3,2.2) 122.9
7" 7.59(d, 16.0) 147.4
8" 6.33 (d, 16.0) 115.1
9" 169.1
COO 175.6

"™Mesaured at 400 MHz
dMesaured at 100 MHz
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LM-1050068-(2)-d14-4-4 62 (25.278) Cm (61:63)

Bl 13-7 -~ 3,5-dicaffeoylquinic acid (7) 2. IR B

3. Scan ES+
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B 13-8 -~ 3,5-dicaffeoylquinic acid (7) 2. LRESIMS B
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217

methyl 3,5-dicaffeoylquinate (8) ¢k BLIES ¢ Fo Kk » A K247 T /]f R
I N ;

(LRESIMS ) } ML F 5 A 3 % m/z 5 529 [M-H] » @ 4o 8
CoeHogO1p o @ TR B3 o Vi 3434 ~ 1650 cm™ § wdfc » 3R 4 £ 4 5

hydroxy group (OH) 4= double bond -

o

7

8”

HO

OH

L L4 8 B ST mﬂeéﬁ%f&:&#ﬁw » FAEETIE £ 47 8
% quinic acid 2 #7424 $ o H-NMR Bl > #R5 - H4% - B & (On
3.73) > d13t H-2 ~ H-6 (8H2 152233218 ~2.21) 2 2B % % 3% + & B &7
175.6 mfﬁ(ép ® & R %5 H-2'/2"-H-5'/5"-H-6'6" ( 6y
7.10/7.09 ~ 6.83/6.81~7.01/6.99) % 2 =¥ %}t ABX A i 2. ena 5> H-7/7" ~
H-8'/8" (8y 7.63/7.56 ~ 6.39/6.27) % & B 4t chtrans 3| iL 2. & 5L » ¥ 58
C-979" ( 6c 167.9 /168.7 )erzt k3 HMBC B 0% o ¥ aérpt it S5 F 3 & B

caffeoly . pfﬁ oo

a ft'\t“—i—? » B Y+ 5T §c



fe £ PC-NMR - DEPT B+ 213 26 BALE > 5 = B 5 54 (5c 175.6 ~
168.7~167.9);2 B ? &£ C-2~C-6 (5:35.6~37.0); 13 B=x® 3 C-3~C-4~
C-5~C-2'/2"~C-5"/5"~ C-6/6"~ C-7"/7"~ C-8/8" (8¢ 72.2~69.7~71.9~115.1/115.4 ~
116.4/116.5~122.9/123.0~ 147.1/147.4~ 114.8/115.1); 8 B w % C-1'/1"~C-3Y/3" ~
C-4'/4" ~ C-99" (8127.6/127.8 ~ 146.8/146.8 ~ 149.7/149.7 ~ 167.9/168.7) ; & @
C-9'9" ( 8¢ 167.9/168.7) 5 @ i o> P-7 £pfrzh 4 gz 55 ; C-11" ~ C-27 2" ~
C-3'3" ~ C-4'/4" ~ C-5/5" ~ C-6'6" (8:127.6/127.8 ~ 115.1/115.4 ~ 146.8/146.8 -
149.7/149.7 ~ 116.4/116.5 ~ 122.9/123.0) % A i ¥ 7k + crpi 2 g 5 C-7/7" ~ C8'/8"
(8¢ 147.1/147.4 ~ 114.8/115.1) 5 A $H5 a5 > 1 B Le- AT 14 B
caffeoly . pﬁ Bz i
¢ 'H-'HCOSY Bl#* #m H-3-H-4-H-5 ( 8;534-401~542 ) =
B2 B %R hE 0@ H4 Oy 401) 257 3 Bgiiog
'H-'HCOSY & & ¥ % - @ H-3/H-4 ~ H-4/H-5 ~ H-5/H-6 ~ H-7'/H-8' ~ H7"/H-8"
H-5/H-6' ~ H-5"/H-6" 2. 5 & fr& RS EL > o 7 @ F| A F ¥ R2 & B M

|

o

N

m—— COSY correlation



¢ HMBC B¢ % m H-2/C-7; H-5/C-1/C-9' ; H-7/C-9'; H-8/C-1';
H-2'/C-4'; H-5'/C-3"; H-8'/C-1"; H-2"/C-4"; H-5"/C-3"% B Bt 5L » 3 412 B
TR R BAR A K 0 TR AP A2 TG B g e doehi
& # methyl 3,5-dicaffeoylquinate > #* it & $ 8 i ¥ = /I?% (Chen et al., Fitoterapia,
99, 1-6, 2014) 2. 'H-NMR ~ "C-NMR -~ DEPT Bl:##cdf > ¥ U2t £ 4 8 &
methyl 3,5-dicaffeoylquinate » # m 7 'H-NMR f "C-NMR #c¥ L 4 ~ o

——» HMBC correlation



# ~ ~methyl 3,5-dicaffeoylquinate (8)
"H 4= CNMR 3 7

No. "H2(mult, J, Hz) Bcbh
1 74.6
2.15 (m) 35.6
223 (m)
3 534 (m) 72.2
4 4.01(dd,7.5,2.7) 69.7
5 542 (m) 71.9
6 2.18 (m) 37.0
221 (m)
I 127.6
2! 7.10(d,2.0) 115.1
3 146.8
4 149.7
5' 6.83(d, 8.0 ) 116.4
6' 7.01(d,8.0) 122.9
7' 7.63(d, 16.0) 147.1
8! 6.39 (d, 16.0) 114.8
9 167.9
1" 127.8
2" 7.09 (d,2.0) 115.4
3" 146.8
4" 149.7
5" 6.81 (d,8.0) 116.5
6" 6.99 (d,8.0) 123.0
7" 7.56 (d, 16.0) 147.4
8" 6.27 (d,16.0) 115.1
9" 169.1
COO 168.7
COOCH;  3.73(s) 53.0

aMesaured at 400 MHz
Mesaured at 100 MHz



i RS
J )
]
L~
-
]
| ‘ ‘
- \ T2al @ |
i 2 sz 228 U g=
174 'A,!e«- I8k IE
a \ \ h’
»l / | tl

T T . e -
g T T T . —
7 B 5 4 3 2 1 ppm

B 14-1 ~ methyl 3,5-dicaffeoylquinate (8) 2 'H NMR Bl

168,745
—149.774
N 146.884

4147446

e/ _Ja7.153

T e

U e ] - : e o  —

e T T T T
200 180 160 140 120 100 80 60 40 20

ppm

B 14-2 -~ methyl 3,5-dicaffeoylquinate (8) 2. °C NMR ) z#



Fl (ppm)

2 (eem) B 143
methyl 3,5-dicaffeoylquinate (8) 2 COSY B

—T

" g ok i PR i g bl o s L 4 . "
2 -
4 3
i a
37

F2 (ppm)
4
i

.

] ©
7* -3
T T T T T T T T T T T T T T T TR [T T T T e T
220 200 180 160 140 120 100 80 60 40 20
FL (ppm)

B 14-4 ~ methyl 3,5-dicaffeoylquinate (8) z HMQC R



F2 (ppm)
=
|

# i

i
S 3 LU e L i i il il M
. °
é . B .
{
2 ) - i
7 .. 2 - !
3
4
5— .
6—
7 . .
TTTT I TR T [ T T T Ve T T T[T TR Tv T[T AN EAARNREARA RSN EARERRE) T[T T T T T T O T R T T T

T T T T T T T ] T T T T T T T T
220 200 180 160 140 120 100 80 €0 0 20
F1l (ppm)

B 14-5 -~ methyl 3,5-dicaffeoylquinate (8) 2. HMBC | :#

\ J

STV S T \___u“iiw"\j

i\-—u.._.._..a..
-] |
E 1—1. e
& 1.; P - - - - . © e aea Cwe e -4
X zi il
-
e
3- ‘
+
. e e
6
i
7 "
III!I T 1 7 WIIIIL ‘ \‘\[II T \‘ T
7 6 5 4 3 2 1
F1 (ppm)

Bl 14-6 -~ methyl 3,5-dicaffeoylquinate (8) 2. NOESY B



] //.J\x,

o4 e N “

ol — 1 it /“vﬂ'

B0 {™" // UY ‘ 1" | i

i / \'e \ i’l \ AN / |

| | H ’ Iava ~ fﬂ \

" ‘ ’ / Yy Y ‘l ) \ e
" m e T
| AT i A T E ozl 3

= /0N H G f’ =W |z 1
™ /A \J Yy “, |
I | I 3

ol 1 / | tog B

| \ / U ) N

! \ / |

a0l 1 / g

u \ ’

N \ o/

1 \\ ’/

524 \

| \ /

504 \\ /

I NS
“a ]3
] ]

00 ) 3600 uw0 200 Tm amn a0 0 Tzm F T 1600 T um 1200 0o ) e

Wareumbars (er-1)

B 14-7 ~ methyl 3,5-dicaffeoylquinate (8) 2. IR )

LM 1 D50068-(8)-a 1842 {100 ul)
fia 5200
50
530.1
3611
531.1
a%9.2
5284
4732 | 572.9 sra1 T97*  jpa BO29 374 BE51 8182
0 L .
200 300 400 500 B00 700 800 200 1000

ez

B 14-8 -~ methyl 3,5-dicaffeoylquinate (8) 2. LRESIMS Bz



L e

# Huh-7 ' pEogt 24 3445 (5x10%well) > 12 0.2 MOI 2. % £ % = 4| (strain
16681) i B % 2 1 FF - Brg A R is i » 7 FIRRSPI RF TP 2 3 i
Poimie RNA 2 3od Fo A TR 28 F @8RS 4 7 b (Real time
quantitative RT-PCR; RT-qPCR) % Western blotting 4 175+ RNA 4F {2 ¥-v &
T B Rarilp S 2 ECso o I P MTS assay kit i) € 5 P-4~ fm % 4 2. 3 3
5 CCsp o

Tag 1 Tagitinin C (3)
Tag 4 4B,10B-dihydroxy-3-oxo-8B-isobutyroyloxyguaia
-11(13)-en-6,12-olide (5)
Tag 8 Tagitinin A (2)
Mock Tag 1 Tag 4 Tag 8

1 1 10 | 1 10 | (uM)

NS2B - b I e—

GAPDH | | e | ane s | e 4

i
\

- AR E_ S AT N & % Tithonia diversifolia (Hemsl.) A. Gray ® 4 3 ~ B

~N



AR B ESR A SATRES X R S R TR i R
4 Tagitinin A (2) ~ Tagitinin C (3) -~ Tagitinin F (4) -
4B,10B-dihydroxy-3-oxo-8B-isobutyroyloxyguaia

-11(13)-en-6,12-olide (5) £ Tagitinin G (6) ; == i caffeoylquinic acid
28 2. X R4 & %W Z_ 3,5-dicaffeoylquinic acid (7) ~ methyl 3,5 -
dicaffeoylquinate (8) °

= AE MR Y o A SR w2 JA Huh-7 11 2 & #u % - A (strain 16681)
ﬁﬁ*’r NG B‘é:*f"}"ﬁ?«)?i% RiS oA 2R SAAT NEERATABPET D E
¥ Tagitinin A (2) ~ Tagitinin C @3) ~ 4B,108 - dihydroxy -
3-o0x0-8fB-1sobutyroyloxyguaia -11(13) - en -
6,12-olide (5) Rz k&R 5 1 uM BF> $ NS2B 39 & %] & 25%~75% >
40%:rdrdl 5 3 kR 5 10 UM PF > 4 NS2B F-v i £ 5 (2) ~ (5)~ B &
21%~43% e & o d F B4 I Tagitinin - C (3) * kA 5 1uM P ¥ NS2B
F0 3 PR FEATE o

i
/4

d P RRV e I NgEEENSZ LR Mgk A rEDIZ L
S ’ﬁ B e 2 R%U,%—‘r B2 FA o R REPH R T S R S
A BT eh- BATX AP S B caffeoylquinic acid # 2 (it £ 4 2 & B e 4o

Eﬁ%%%’j@’ﬁﬁﬁWﬂﬁﬁ%@#~%ﬁ@ﬁ%@5@#ﬁ%°
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