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National Chiao Tung University

Abstract

Active components in mulberry leaves are found effective in
reducing the total cholesterol concentration in human blood, thus are
able to help prevent atherosclerotic lesion. Preparative separations of
five active compounds, including Chlorogenic acid, Isoquercitrin,
Astragalin, Quercetin  3-(6-malonylglucoside) and Kaempferol
3-(6-malonylglucoside) in mulberry leaves, were carried out using

centrifugal partition chromatography (CPC) in this study.

CPC is a technique of liquid-liquid chromatography which needs

no solid-state support for the stationary phase. Accordingly, permanent
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adsorption of analytic molecules can be avoided during elution. In
addition, the stationary phase volume in the separation column can be
very large compared with the packed column. These two properties
make the technique very suitable for preparative separations of
biomolecules and natural products. These five components in the crude
extract by 60% (v/v) ethanol were first identified using ESI-MS. After
pre-extractions using ethyl acetate and water, we used two solvent
systems, i.e. methyl t-butyl ether (MTBE) / acetone / HO = 6:4:10 and
MTBE / acetone / H;O = 6:4:10 added with 0.6% (v/v) formic acid, to
separate sample extracts. The descending elution mode was applied, i.e.
the lower aqueous layer ‘was used as the mobile phase, and the upper
organic layer as the stationary phase. Under 900 rpm, the volume of the
stationary phase retained was 187 mL in the separation cells of a total
volume 220 mL. The CPC effluent monitored using an on-line UV/Vis
detector was fraction-collected every 3 mL, and the fractions were
further analyzed using HPLC and NMR. The purities and recoveries
were 98% (59.2 mg) ~94% (95.7 mg) ~97% (56.7 mg) ~93.5% (28.0 mg)
92.5% (23.0 mg), for Chlorogenic acid, Isoquercitrin, Astragalin,

Quercetin 3-(6-malonylglucoside) and Kaempferol
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3-(6-malonylglucoside), respectively, obtained from a 20-g dry

mulberry leaf sample.
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AR TERAR S TR A QIR KAp TERAR 0 T R AR (TEAR -

Deacending mode
e

B)2-6 ~ CPCed # i Hs 78 [27]
+ B : ascendingmode > T K AP (FHEAp 0 F K Ap g (Fde4p o
T BB : descending mode © } K Ap g iTE AR 0 T Kdp g ivd4p o
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2.3.3 A & HehiE 828 5 29]

AR () BEF LA PRER Q) B ERA R EE 3) @

B e e il (4) AHESERFTE

234 R EERF T L OFF

pHL s pe AT R MEAR ALY F Y 0 FRF A 4D
P ARF OEARFTE T T RGHRSORT E for Rt R -

REEARFTES 2 Rarc 3 oER A L T A S EE[30]
(a) 73 A0k be 0 a8 W ARk SRS TOR T g iR AR~ HIB
ERFPILEFE LI RRHE OFER - AT o AT R
BARB A B G i R Kp § 2 02~52 B4 s BT
AT ol T AR A Y S Kp EREALFERT TS
P A e B BA IS e BT R RAS F VA

kA foh L3 At TR 5 k4 hEL B oo Ri8k Kp k2% 4

(b) R EHE : g kT > REMART BT AE Y o 2T

PR R L B s s s TR i B AR B2 AR e

Wi

18



Ko Es BT RERS OFPFTE 0 LG MoTHLC AR
Rtradpsck oy P o 27 UEIERFTEARS > BT S
P 4T b CPC 4R 47 MUK chidig 2 7 o i foig B AR
A AT % ARLEF o

(c)FoApinid @ § BoAp R B ARPPE > AR B R ApAL D g o T
WEFGTE G R o AERERAL o F 2B ApinE F R §
FPRENFARFTE 2 VRS SRR LAAHE SR

FeRE -

2.3.5 o o fe k4 &k eAUE
M CPC A& EF h A RPYURS B H LT EFFLITIF

- - S

BH FEE P o A AES D

-

FREEY o
trans-resveratrol» p* = & L 5 *F M ] AR R AR F AT E L (B

s WL E e H TP R RAJRTE K F 4 CPC £ chiral
selectors 2 & » & * fk 34 B Tﬁ_f{ﬂ sk 3+ [32] R 1 B % #F

I CPC 4 7 % 5 LK A B4 B 4 -

19



BEA ST EARAP 2 ERTELES %L 582 E 2 8 (Mulberry
NO.2)o + 3847 5 & 3 ch1% f2[3: 6333 34]#+ # 25 £ Morus
alba L.&fEindc k& ¥ - 199 > pr[34]ae it - v F R P 2 ik

TEFEFVRE DS SEGCR 2R E -

(2) &% &

Chlorogenic acid, C;sH 30y, M.W. 354.3, 99%, GR grade (ACROS, Geel,
Belgium, USA)

Rutin( ] 3-1), C,7H30016, M.W. 664.6,-97% up, GR grade (ACROS, Geel,

Belgium, USA)

OH
HO 0 O
| OH OH

- 0
OH O ©
H.C 0
HO
HC
OH

B]3-1 ~ Rutinsng #



(3) 5

Acetonitrile (ACN), HPLC grade, 99.9%, (TEDIA, Fairfield, OH, USA)
Deionized water, purified from Milli-Q plus, (Bedford, MA, USA)
Methyl t-Butyl Ether (MTBE), HPLC grade, 99.8%, (TEDIA, Fairfield,
OH, USA)

Ethanol, 99.5%, (TEDIA, Fairfield, OH, USA)

Acetone, HPLC grade, 99.9%, (TEDIA, Fairfield, OH, USA)

Formic acid, 98% up, (ACROS, Geel, Belgium, USA)

Ethyl Acetate (EA), HPLC.grade, 99.8%; (TEDIA, Fairfield, OH, USA)

n-Butanol (BuOH), ACS grade, 99.9%, (TEDIA, Fairfield, OH, USA)

21



32 HRE
(1) 8o & e 44 %

CPC #_d Sanki (Tokyo, Japan)#t4 & > A|5.4_CPC 240 > p 3R 2
%4 12 B disks #7H= » ¢ 7 3136 i channels > B & ¥ @R 5 6.2x
10°N/m” (900 psi) » ¥ H AT # * 5220 T2 » P R Benfdd v 10§y
#] & 0 ~ 2000 rpmo%‘ﬁf\z’ B de b IR )j‘uv ¥= % £ # ascending
mode 2 descending mode =3 1% -3¢
@ R g

st ¥ % Series II Digital HPLC pump > /i ¥ ¢ 0.01 mL/min ~
9.99 mL/min- f£ % p Pharma-Tech Research Company (Baltimore, MD,
USA) -
(3) HRFHRFT

¥ B ¥4 % LabGrad #_d Lab Alliance (Apple Valley, MN, USA)
2P g ¥ 2L Series I pump » jniE X £ 4 0.01 mL/min ~
10.00 mL/min > & % ¥ f@aw fadp e = a2 & & o
(4) % cician k49 1

d Polymer Laboratories % :i# 7 PLRP-S column (250 mm x 4.6

mm, 15 um) » & >% reverse phase column » # 3t & £ = 4 g4 47 o

22



(5) % ¢t k-¥ B ki P B (UV-Visible Detector)

4] 82 %2 Bio-Rad Model 1801 UV-Visible detector (Bio-Rad,
Hercules, CA, USA) > R E*h3R i A 3 igidide > 1% ¢ Kk &~ 471K
B el G SR ED P > S 3 ) E PP B o
(6) ¥ ¢t k-¥ Ak ®R(UV-Visible Spectrophotometer)

Hewlett Packard 8453, (Waldronn, Germany) °
(7) e

A% 2 EBA20 (Hettich, Germany) > # < #&:# 6000 rpm » & * 3¢
4G 3421 g
(8) i R &4 %

R % Buchi (Switzerland) » 4] 5. % R-114 -

) & fch ®

R4 % Advantec (Tokyo, Japan) » 3] 5. &_CHF1215A -
(10) ESI-MS

R % Micromass (Manchester, England) %] 5. %_ Quattro Micro >

A &G a3 32000 TR SRS T
(11) NMR 500
PR B RM 5 # B Varian (Lexington, MA, USA) > A% &_Unity

Inova -500 - € & RAL 5 5 (A MM ~ T Hipdl a2 17k

w(b)ERHAE e £ Z % R R ()R B £ ()FEHEA L 5 mm
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SWPFG & = #£2 ~ 5 mm IDPFG » = #£ 8 ~ Nano probe 42 i & *} it

3.3 F & inAz
3.3.1 & F i g g2 v A2
& Fow L G A2 4o 8] 3-2 AT

foit » HPLC A 473 » 3 3 % 5 J (AT AL ey 300 o < e
[35]5%7 3 » 1T 54220 g ehick & E sk o BT 20 mL 7 F ok
B et fRoRia % (0% ~ 2096 ~ 409609 3 80% ~ 1009 > v/v) s =%
EFP> Ri$E 27 HPLC el @t » 25 ¥ B K E5&d 60% ¢ fig-k
A 3 P~15 o #7118 7| v Flavonol compounds 7 & & 7 » o 320 v e
7 B E ga g & F ¢ o Chlorogenic acid ~ Isoquercitrin ~ Astragalin
Q3MG ~ K3MG I f& = » 4@ 2-1 #r75 > = 84 4> Flavonol
compounds » ¥ % E R Fci i JZH FRY 0 RIE Y 6092 FRORIB R
PE B o
(1) £% 2 T320.0g ic% o #%E 258 # * 500 mL 53 60%
(VIV)L BB 2 40°C vk P 1% B e 4EZ B2 ) F > 218
i 3 BiFg K "’T‘—i RN o TR R IR A 0 L F 1w SR

RAAEE BRI 0 R E S S S E AR K L H A e

24



FREPEIRERA D g5 RGP RS HE ST .

(2) 4= 74 BH 5 18 haEAR F 0 £33 100 mL end B3 -k P 5 @ % 300
mL 7 EA gt 5% 5 5~(B 3-3) » 7 %4 » 100 mL EA » 2145 & 5
FE I AR APER T LS RT RAPES LY - BARIALD
¢ B4 3T#EH 100 mL EAXT AT o ARG L S o B
30 A4 A AET| T BT T KA o Bofs 4o » - AT
100mLEA > 53 Tfr> PR E 0 = PN EB g Fs

% 300 mL 7 EA 4pfc 100 mL 5k 4p o 5 = = EA § 848 0304 >

A h xR R AR B AR g 0 F T sample 1 -

(3) &d == 100 mL &3 EA @t A& B G ™ okp > £ @+ & =
100 mL 9 EA 4r 0.5 mL #h™ fis fad =2 e sV 5B @ 2 ¢ % 200 mL
(1 EA > 7 A = EA F Ap B L X @ % e YR R A B 3 A
FC 0 § ¥ sample 2 ¢ v » P faenp nE F Y 5 B3| 7 3 -COOH 7§
fo ke RS o FIE AV U 0L -COOH Fav AAfR8E > @ "s it & 4
g > PTILE LR 18 7 5 -COOH F ft A ehms A R AR E BT 5

wWip e o

25



Sample 1

Sample 2

B13-2 ~ & 5 AJT AR

26



B33 VE S NE BT 2 E

& H-g F X BAEAE $ 3 2 100mL 3 A4Sk P > F 4 ~ 100 mL EA >
FIZIFEE S > #E 3042 8RAPEDTHF - 2 BRTRAPES LY
- BAREBLY L 3N I00mLEA B EAIZI R ETEY
30 48 0 L iF— T RAPES o B4 » - AT 100 mL EA >
F3 T fFs PR E 1 2 PN E B g @ X 4 300 mL 0 EA

A8 fv 100 mL -k 4p

27



332 BRIHEDL AR LR hL G

b siEARY o Bt 20 mL F kAR kAL o 4e r 10 mg
R ERS R TEEFI TR P ST RApER4FH S RE
R R ARl ARSI £ A N4 1 22 HPLC #0400 2
B HPLC w45 > P @ F|F ~ TR Apenk 158 0 b — B2 A
ﬁﬁ%&“E’J%%&ﬁ%&ﬁﬁﬁwﬁ’?@ﬂﬁﬁ%%*ﬁi

A 4R ¢ A i (Kp) o

C, : concentration of solute inthe upper phase

C, ¢ concentration of solute in the lower phase

333 F W7 pevn A Lk 5t

- B4a ¥ 2Ei# v EA/BuOH/H,O = 783 ] % %i(ternary solvent
systems) » (i 5 27 oot bl(& 3-DRGEFR R E T AP R0
B 5 w3 400 20 &EA T3 EARIZE > 272 EA/BuOH/H,0
AR A AT F LY L CPCAREE S G o

2 {64395 > jr[28]chF 1 > F 3#iE * MTBE/Acetone/H,0 = i3

28



A EL PR S BT B B(F 3-2) T EIS e doiE T g Ak A
&5t 3 CPC 4 &t sample | frsample 2 - & £ ¢ 7 fap 4 &

1p e 45G E A oo

#.3-1 EA/BUOH/H,O = 78 7% &) & 5o > B3R 7 o le =t vt i)

EA/BuOH/H,O 4:6:10 6:4:10 9:1:10

#.3-2 MTBE/Acetone/H,O = 874 #l % S0 RIZE 7 e 2= b )

MTBE/Acetone/H,O 4:6:10 6:4:10 8:2:10
MTBE/Acetone/H.0 6:4:10 6:4:10 6:4:10
cetone
U 50 0.2% (V) | 4 0.6% (vAv) | 4 1.0% (V)
4r formic acid ) . . ) ) )
formic acid formic acid formic acid
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334 ¥ Rt E

L CPC & CCC RBRY ilé A3 ¥ % g [31;
2] W RFESE - AR LI 2 RFFAHPLC K11 R 7 - H
— g FEL R B R B e A o
MR anty

B - L 6 f
HR (%) = —— x 100%
HPLC #7F f& 15 8 & f

3.3.5 W fc et ¥

PO BRB61R T L e R Ok LR AR S
CPC éhE £ » #1522 HPLC K 1B » 8 — 5 F el % & 4 (b &5
T A AR T B RN - S A e R - 2 (51 CPC 1
B RISE D FPH - #Qﬁ?ﬁ_;}pﬂ/ﬁg N IR R
VTR B EARNY

- 0% G A

vz § 73 E(mg) = %k ik £ (mg) X -
fed ot B me) = B ) X 1 s

T Rt

vz E F % E(m
w4z 5 (%) = fee® % e g)><100%
¥ 4T & 53t B (mg)
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336CPC W& R =%

CPC 7 5 ik B 5K & 4o B 3-4 #7771 [27]

(D) fi* EFEPHFTMBHH > TELRIBLN » REASE D
A G RSB EIARA R 0 A BBd K BT k4 o

(2) CPC 3 % descending > w » * § f = ¢ fLp ehd 33+ K iF 38X
o2 i AR GFF uriE 8 mL/min K S ARE IR E R E
i

(3) kxd CPC > i H #&:# £ 3] 900 rpm o

(4) #FHHERAETIS > 2iR® 1 mL/min ##4p4 ~ CPC > P ¢ 3
FAPFCCPC ¢ A ! o Fdp B Ap g G p fRE 1 - BT fro B )5
13 P FFRIE NP S N E MR T A A
A ke ARFT S o

B) ¥ F WA R b Eipe 25T 4 BE UV-Vis R
E(350nm) > I F FMEAEE o

(6) A > & EHSAR SmL> TR E B4R kPR T ARSI
hile B 45K 5B o

(7) # 34dich-F  THEF? 735 3mL &R o

() R =1 CPCig b g * § § ¥ frp chjp e 1 2 g f o

&%¢%W%$wﬁ@ﬁti%¢%wﬁ@ﬁﬁ%@ﬁwﬁﬁiﬁw
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e
(9) ? CPC % b g # cffim™ > 12 300 mL 7 A i % 3 41> £ 12 300

mL 2 83 ke > Aim T2 4 3 ki%3 & CPC P o

HPLC pump

e
phase
CPC column
(rotor)

rotor seals/_

$

Ly

Fraction collector

B34 -CPCHE & X XX
EE TR CCPCRE -~ bR E 2 o H A hE

3.3.5HPLC & {7ic ik 7 % 2

HPLC % 5% th B % % 4o 3-5 77

(1) # * reversed phase HPLC i ¥t » 5L 14 ' 5 Acetonitrile 7% ¢ 1
15 & 45> f * solvent A [Tetrahydrofuran:0.19%(v/v) formic acid = 25 :

T5(vIV)1% BAnit e A 15 A 4a e
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(2) B £ UV-Vis & #] B 6 ]k £ 2% %6 350 nmo & % #2548 % o
() # A e gAY R R REHLEP B AP i £ 4 r 1 mL
solvent A A2t & » ¥4 * HPLC *#H A3 Hk &5 VL
HFZRHF D AL DT F PG

(4) L > & E &R RS w R 20 ul sample loop # 0 I #-2 o R

d inject 2 I load 7k P¥F % 47K 4730 8L o

B3-5 -HPLCE % ik BE R
TR FE  HPLC F 4~ % 7P R iR E o
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fri RE2id%

411521 HPLC £ 47 % £ 2 .55 0 bt -

A f)* HPLC # 11 350 A dap ~ 47 P R & » L &
350 nm i BRI FE MR & E P 60% (v/v)e fEE PP ok 41 BI(R 4-1)
MIF S Bpstd NHFE RSPy AT T L L T R
a~itkict e, 2¥ a~e~g~h~iik A 4 9 5 Chlorogenic acid ~
Isoquercitrin ~ Astragalin ~ Q3MG ~ K3MG &7 B = 4 > + ,Tk‘a{f‘ i
BWE A GOP RS B8 S A duR A fo 2 (8 R ESI-MS

Haro H ik B ajd F pF A w582 min> 17.8 min~21.1 min~26.3 min

Fr 34.9 min °
250~
200~
150

>
E 100
50 1
0

0O 5 10 15 20 25 30 35 40 45 50
min

Bl4-1 ~ HPLC 4 17 & ¥ 5 B~ 4 e 7 )
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A2NFHETRES H Bl

$id HPLC A5 fcfha~e~g hi7 B R4 RSehkE
d B A eh20pl He SRR S 100 pl o A Bk A St 0 O RR
WO A AR G 0 ARisiE- % d ESIMS f T RS ET

RBAEY MR R R > BB D i o

4.2.1 2 ¥ #Z_Chlorogenic acid %

Chlorogenic acid &4 + £ #3543 Da- ¢ ESI-MS § & 74 175
5 (Bl 4-2): 4 Bl® ¥R (M-HJ = 23531 m/z e8> 5%k
Fid 2 - B & A S e 1911 miz GrUE s AL R S C-O 4t
6 =#F ¥ § T S H fragment 3L, F) 5B ik &4 R 7 E100%
L H T LY a B o d *t Chlorogenic acid 3 57 LR 3 o
&+ jp|7 Chlorogenic acid #&# 5.7 ESI-MS § T i7 (8] 4-3) » ¥ ¥
B REITCH BRT FIR 3531 m/zfr 1911 m/z &5 B35 -
Flet d B RIEEE IS 0 ¥ 47 /2 @ _peak @ T 5 Chlorogenic acid =

AT
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7.2 mins (neg)
98121520 72 (0.727) Cn (Cen,3, 80.

1004

=4
173.1
124.7 136.9
100 120 140 160 180

B4-2 ~ Chlorogenic acidRIESI:MS §

192.0

e b
100 150 200 250

REET.
300

0QHI=S (SG, 2X0.75); Sb (3,40.00 ); Cm (68:79-15:57%2.000)
191.1 Wx2

192.1
ﬁzom Flg.l 263.1
200 220 240 260 280 300 320

a
99011211 20 (1.03 0.3. 80.00, HY); Sm (SG, 2xQ876); Sb\(3,40.00)); Cm (20-2:5x2.000)
100+ 191.0

(MH)

IEEE S T TR T T PR TP T PRSP PP RUTTRIRRTRRTSU RIS
400 450 500 550 600

350

Scan ES-
L] 1.33e6
[M-H]™ 411.0
411.9
387.0
340 360 380 400 420 440 460 480
h

R 1)

Scan ES-

1.19e7
706.9
708.1
b e mlz
650 700 750 800 850 900 950 1000

B®]4-3 ~ Chlorogenic acid:# &-/P|ESI-MS § 7 i= & ¥ B
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4.2.2 12§ 2 Isoquercitrin 4

Isoquercitrin e174 + £ ¥_464.4 Da> %%’ d ESI-MS § = m &~ 758 %
(B 4-HEm > 3 FHEY 7EES B AR L 463.1 m/z ih
MELAR LA (M-H] > ¢t 3 Isoquercitrin 2 4 — B & 14 F 35 - 927.1

m/z 55 P &_Isoquercitrin dimer &30 55 o 4335 B2 i P Fow i

% > ¥ 47 F& ©_peak e T i Isoquercitrin = & o

(MHT oH

e
2010030525 18 (0.633) Cn (Cen,3, 80.00, Ht); Sm (S 5); Sb (3,40.00 ); Cm (18128%3:44x2.000)
463.1

1004

1464.3
499.0
421.2 561.1
J J 672.6
O oo e L., ‘ ““““““““““““““““““““““““““““““““““““ /z
100 200 300 400 500 600 700

®14-4 ~ Isoquercitrin/p|ESI-MS § & 7 7 3% Bl
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4.2.3 r2 g3 #-%_Astragalin 24

Astragalin #4 + ¥ §_448.4 Da > d ESI-MS § 7 i7 4 #7.% % (B
4-5)> d BY " FIR [(M-H) % 4469 m/z o35 » ¢ 5 Astragalin
AL - @i ehaFagle Fletd T M RETIS 0 ¥ 4~ F2 L peak ¢
5 Astragalin = & o

29min

99011212 53 (2.747) Cn (Cen,3, 80.00, Ht); Sm (SG, 2x0.75); Sb (3,40.00 ); Cm (52:58-8:50x2.000) Scan ES-
92.9 4.70e5
1004
[(M-H]
446.9
el
102.8 448.1
202.9 284.8
150.9 312.7
“ ‘ J f3\7 0 ‘ 394.9 424.8[448.9 801.1 895.4
L R N i\ € 1 oo B/ DN o m

/z
100 150 200 250 300 350 400 450 _ 500 550 ~ 600 - 650 700 750 800 850 900 950 1000

Bl4-5 ~ Astragalinip|ESI-MS . & 7 & ¥ B

4.2.4 2 g3 #7_Quercetin 3-(6-malonylglucoside).& #

Q3MG i 3 £ 85504 Da > f£d ESI-MS { T A 45 % % (B
4-6)yF > 0 FHB Y 7 EE = B R R~ aRUEL > 548.9 m/z g3 5L
TEA(M-H)> 5 Q3MG £ 4 - B & 4 3 3 50504.9 m/z - 301.1

m/z ¥ i 3 Q3MG & 4 ¢hd B fragment 3UEL o L 0 B - HAE
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e S B LR A QIMG 3t A B L ST AR (M-H ) T s
548.9 m/z it MS-MS i #|(] 4-7)» 5 d 5 2% Bl B 2% B » 548.9 m/z
AR E P RS g BT ¢ 77 5049 m/z f- 301.1 m/z v 47
2% 504.9 m/z f- 301.1 m/z &% 326> Q3MG = 4 1 fragment

o 423p] 504.9 m/z 21 ELE_Q3MG £ 2 CO, 4 > B 301.1 m/z 3t
2.0 & & Q3MG %1 C-O 4tfs » + L 3% quercetin 3 F § 7 2
fragment 5L o 1995 B3 R E T S % o VA HFE T _peak h T 3

Quercetin 3-(6-malonylglucoside) = 4 o

26.5 mins (neg)

98121518 33 (0.333) Cn (Cen,3, 80.00, Ht); Sm (SG, 2x0.75); Sb (3/40.00); Ciii (32i52-31 Scan ES-
1004 504.9 1.99e5

HO o OH O 5
o
o
JH

H

HO

X OF
[M-H)
MW =5504
108.9 548.9
505.9
169.1
1510 462.9
114.9) 2030 5651 300.1) . : 507.0 | 562.9

H H ‘ ’ ‘ 237.0 12810 316.8 (3811 444.9| 4747 530.9 “58‘8-9 646.8662.8 739.7
Y S SR A 1 R Y A
100 300 350 400 450 500 550 600 650 700 750 800

B®l4-6 ~ Quercetin 3-(6-malonylglucoside):®|ESI-MS § = i= & ¥ B
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26.5mins-549
SEAZ1836 110 20331 Cm (02112 Calghte s 07 S9ES-
0 KR 1 fied

@

18-

il
90
bl

W8 Wy BT w7 gy [ 7

Bl4-7 ~ Quercetin 3-(6-malonylglucoside) = 4 # &% 21 §.548.9 m/z
BIMS-MS & 3% )

4.2.5 r2 g3 #-z_Kaempferol 3-(6-malonylglucoside) . #

K3MG =i 5 B £.534.0 Das d5d ESI-MS f 7 A 472 % (F
4-8)F I o FHB Y FEES BB RS TEUE > 532.9 m/z Gl B
“&(M-H)> 5 KIMG % 4 - B & 4 + 35 -488.9 m/z v 285.0
m/z P ¥ it 2_K3MG = & 3 B fragment :E. o 5 7 L - HFEF
A BB E G KBMG et & B4 g » #1444 (M-H) ™
55.532.9 m/z fr 488.9 m/z ¥ MS-MS & ip|(®] 4-9)> 5 d T B p %
FI > 5329 m/z T RS AT E Bl P S R ¢ 7 7 4889 m/z
Fr285.0m/z; m 4889 m/z s B2 LR ¢ 27 7 285.0 m/z > AT rd BT
488.9 m/z 4 285.0 m/z &% ¥ E 4> KAMG = 4 ¢ fragment 31 55 o

8iR] 488.9 m/z ;5L E_K3MG £ 2 CO, 48 > A 285.0 m/z ;1 50 &
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F_K3MG %7 C-0 4£ts > +F £ 3% kaempferol ¥ #+ f 7 % 9 fragment
MEL o F)ptd B PIFET (s 0 ¥ 47 FE L peak | T 5 Kaempferol

3-(6-malonylglucoside) = 4~

35 mins (neg)

98121519 86 (0.868) Cn (Ceff73, 80.0N H1); Sm (SG, 2x0.75); Sb (3,40.00 ); Cm (84:99-8:62) Scan ES-
100 285.0 4.06e5

488.9 on

m/z

0 | 150 200 | 250 « 300 | 350 400 450 500 550 = 600 650 700 . 750 | 800 « 850 900 950 1000 1050

284.0/286.1
1728 g 2330 \% 533.8

104.9 355.1 4371

|H l (237‘2 287.0 1 566.8 1067.1
NN \ i \
1

B14-8 ~ Kaempferol 3-(6-malonylglucoside):?|ESI-MS { & = & ¥ B
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(A)

35 mins
SSZ2ZE2 141 2.608) Cm [131:180 Caugnters of S33E5-
10 459 1 1833

4885 jaa 7

1501

(B)

33 mins-483
S5121534 89 (1.648) Om (3793 Cougriem of 4855

liy
4825

430.4

Y i Lin b L L Ly LR L L L ) el A ) ) L LR Ga  LaTR  aL  LLa i) L UL L L

Bl4-9 -~ Kaempferol 3-(6-malonylglucoside) = 4 ¥ &4 21 55
MS-MS 7 3 )
(A) 532.9 m/z fragment 3t 57 MS-MS B34 [§] -
(B) 488.9 m/z fragment 3t 57 MS-MS B 24 [§] -
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-

4312 HPLC A {74 H A 5B £ Hh &
4.3.1 # ;8 %813 shsample 1

HEP IS ApF I FIARTSE S TILE R E B
PP o SHP RSP NEEHCPCBA R REL G R
oA fe Gl HFAE 2 F 3 o Hd BAGbh S FE o f i
e p R4 5 P2 5 AP 0 &0 P A Benik S H 1 Tt e o
Wi E B A5 Tl & ch CPC ehyp Ak sufo A fie ik (e o d & 19 BI(]
4-10)F R > '5d BA e AR N EB i ve g ioh B P RS ERE

B3 40 % ¢ o & % Edsoquereitrin{- Astragalin

200 - e
. /.
150 g
D 100
<C
£
50 -

O_WUL\—J\_
0 5 10 15 20 25 30 35 40 45 50
min

®14-10 ~ HPLC A 45 sample 1¢714 47 ]
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4.3.2 # ;% 3B~ 13 ehsample 2

Hd EAdeSmLen® fiide s 5P 1 & £ 8521 7 5 -COOH
Foavfhinp et o dgd Sepe¥ 01 L -COOH Fav AfRdE > @ ¢ i &
el 'E 1L > AT LR 3 5 -COOH F e £h e A JEoR AR AR 3 B
Pl7H4p7 o d BATBI(B 4-1D)E R > 54 EA 4 5 mL 97 fhide
FEPREa-h 1 2 BPRFERTIET G AT 0 A WA
Chlorogenic acid ~ Quercetin 3-(6-malonylglucoside) f= Kaempferol

3-(6-malonylglucoside) °

1000 ~

800
L |~

600

mAU

400

h :
|

200 - / /

0__A,_UM k AN

0O 5 10 15 20 25 30 35 40 45 50
min

®4-11 ~ HPLC» t7sample 27k 17 [
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4.4 11 HPLC & 7 % %-

Al /,?% [3]4# F] » & £ ¢ 3 & Chlorogenic acid - Rutin -
Isoquercitrin ~ Astragalin ~ Quercetin 3-(6-malonylglucoside) ~ Kaempferol
3-(6-malonylglucoside) iz A f& 1 & ehyiy t F > B F HE L £ 3
Chlorogenic acid §= Rutin i& 5 At & = ¥ PR chD R & 0 97 34
Pie- % HPLC kA 47i55 fos A 9rfif 5o £ 8 & ¥ 5 5 b pp

R 17 Bl 4p 3 v ¥ 0 ¥ 4 gl Chlorogenic acid( Bl 4-12)fe

Rutin([®] 4-13)4 %] 5 el 42 = 8 o

Mulberry NO.2

300 / Chlorogenic acid

min

®14-12 ~ HPLC 4" 5 % ¥ 255 % B~ $» fcChlorogenic acid{%& % &% 15 B
SR RE2F S BEF L KR
T B : Chlorogenic acid ## &2 & +7 @] -
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160 |
120
80|
40

Mulberry NO.2

mAU
o
(6]
[
o
= |
(6]
N
o
N
ol
w
o
w
ol

1200; C mut
] utin
800+ /

400 -

min

#14-13 ~ HPLCA 45 % £ 3 By 4 foRutink i 5 17 ]
SR RE 2R mER LK TR ¢
T B : Rutin # % 5.2 k47 B o

AS5 MBS LA REFTRABPRES L DR HRE S

Ao F I - B4t ¥ EA/BUOH/H,O = 7873 &) & kLo (53 5
2R H)(F ADREFER > REY TP RS ST AT
B T EA feRBECE S R > 9712 EA/BUOH/H,0 2 = 973
4 5L iE & * A CPC 4 3t Chlorogenic acid ~Isoquercitrin~ Astragalin
Quercetin 3-(6-malonylglucoside) ~ Kaempferol 3-(6-malonylglucoside)
TT B o

2t g > R [31]50F 3 > B #iE * MTBE/Acetone/H,0 = 3173
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A B BIER S R B b(£ 425 4-3) 0 TE DA g i A H
g EL A u g 3 CPC 4 3t sample 1 frsample 2 & £ 7 7 f&p &
Padip? 2 EWGRBAL F(Kp 2 02~52F ) 2 EZg A =
ke Kp 8 4p % v ¢ 7 Il s i & F]F (selectivity factor, «)[37] >

EREFFARX LT R AT SRS R o

(1) CPC % & Samplel =g & i3 & % Lt 4] » (MTBE/Acetone/H,O

=6:4:10)
(2) CPC % # Sample2 s & 143 & % kvt 4] » (MTBE/Acetone/H,O

=614 10)3F ¢ 4c » Ak SRR 06% (v/v)h formic acid

%4-1 ~ EA/BUOH/H,O= T A 4 %5 » plifte 3 o lo st o] ¢ » & &

¢ IR RS ek e R iE (Kp)

EABUOOHALO | 610 | 6:4:10 | 9:1:10
Chlorogenic acid 13.53 7.43 1.83
Isoquercitrin 11.05 6.75 2.95
Astragalin 12.73 5.32 3.86
» 6_mglgi;°fgtlfcosi G | 287 10.41 6.21
> 6_rﬁz?yp§$%i G| 8 10.37 9.46
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% 4-2 ~ MTBE/Acetone/H,O = 78 ;% A 4 5> BIRE A B 2t i@ o

Isoquercitrin ~ Astragalineri4 fie 7% #ic g (Kp)

TBE/Acetone/H,0
4:6:10 6:4:10 8:2:10
Isoquercitrin 0.22 0.23 0.52
Astragalin 0.32 0.45 0.65

#.4-3 ~ MTBE/Acetone/H,0 = & j% |

G 4k

PR

S B PR AR Rl

%] ¢ > Chlorogenic acid Y Quercetin 3=(6-malonylglucoside) ~ Kaempferol

3-(6-malonylglucoside) =74 fiz.i% #c 7 (Kp)

MTBE/Acetone/H,O
4v formic acid

6:4:10
4 0.2% (V/v)
formic acid

6:4:10
4 0.6% (Vv/v)
formic acid

6:4:10
sv 1.0% (v/v)
formic acid

3-(6-malonylglucoside)

Chlorogenic acid 0.38 0.23 0.68
Quercetin

3-(6-malonylglucoside) 0.56 0.54 0.80

Kaempferol 134 13 .
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45.1samplel 4 32 %

sample 1 » 1 & ¢ 3 Isoquercitrin - Astragalin & i = & > st @
35 4 4 & sample 1 e CPC B i 15 2 (% 4-4) > £ * MTBE / Acetone
[ H O g3 A s suink B> A & & F] 53 AL & 4 ek &
W e 50 R4 hd A 0 3 A 4 SRl (MTBE / Acetone / H O
— 64 10)H G d 5 B RS B it b P ST L E I A
b e Gl (R 4-5) e d A0 T e Kp @R 10 A A RS A
T R AR 0 sk (5 1E 4% 14 descending mode 1F G R B iE oo F AL

A 220mL - #40F T 238 187mLo A F#HApF T 57 5 & 85% -

% 4-4 ~ CPC A 3ftsample 179 B Sdic

PR (MTBE /Acetone / HHO =6 : 4 : 10)
RN B R Descending mode (™ & 4p % #4p)
e E 5 mL (75 mg ;A ** 6 mL &1$5 4p)
& % 900 rpm
I 3 1.0 mL/min
D 350 nm
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# 4-5 ~ Isoquercitrin §= Astragalin = & = 4~ &3 & & L (MTBE /

Acetone/ HO =64 : 10)in4 fe &

Isoquercitrin Astragalin

A pe % #e(Kp) 0.23 0.45

wd b s S dcie (7 CPC A dsample 104717 | e & ([ 4-14)
TROMBEN G A = BRE > g% A F BBz B
AR AR E T B Y 45 AdE w3 R R A Tl

53 AE 3B BB k% 1B 51569 min(3-8 H ) ;% 1T 4z
# 75-99 min(11-18 % ) ;b UT 4 & 114-141 min(24-32 4 ) » % 15 &
— # @ HPLC 4 4 o ¢ HPLC & 1% BI(B] 4-15)7 B 4v > % 1477 ¥
R E R RIS hi § e o e RECE O] o T B AL B
# et L I A & F_Tsoquercitrin = 4 > ¥ 3 & §_94.0% ; &% III
BIre Astragalin = 4~ 5 4 > &R F 97.0% - 5d CPC @& » dens B
s A R R 3 aE 90%01 b oo vt Ae— Hansilica gel chromatography

S E[38] 0 BT T (B ihE R o
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1000~

800-
— 6004
< ]
£ 4004
1 II
200-
] I III
0-
0 50 100 150 200 250

min

Bl4-14 ~ CPC~4 dtsample 154 47 )
o T4c B 51-69 min(3-8 #) 5 % I14c B 75-99 min(11-18 ) ; it
i I01 Jz & 114-141 min(24-32 ’g) °

160
1201 v
80-
40-

10 15 20 25 30 35 40 45 650

mAU
o
[6)]

60; g
e

40
20-

0 ‘LA'

0O 5 10 15 20 25 30 35 40 45 50
min
B14-15 ~ HPLC A 47 & % [Ifeii & 11150 45 B
J R A I A& ¢ 3 e (Isoquercitrin) = 4 o
TE o okE I A& ¢ 5 g(Astragalin)® A o
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45.2sample 2 # 32 %

sample 2 ¢ i & & 7z Chlorogenic acid ~ Quercetin
3-(6-malonylglucoside)f- Kaempferol 3-(6-malonylglucoside) = i = 4 >
¢ 35 4 4 &t sample 2 5 CPC & & v i 2 (£ 4-6) » 73 % s 52 (MTBE /
Acetone/ HO =6 : 4 10)*c 0.6% (v/v)formic acid ek =14 &) > # {F
S B EFT AT G RGEE(R A7) EHETEL S

185mL > % 7 #4pF T 54 7 % & 85%

% 4-6 ~ CPC 4 #tsample 257 S S-3

%A kR (MTBE / Acetone /H,O =6 : 4 : 10)
4v.0.6%(v/v) formic acid
IO SR s B Descending mode (™ & 4p § # 4p)
T8 5mL (73 mg 3+ 6 mL &8s 4p)
¥ i@ 900 rpm
I3 1.0 mL/min
iR 350 nm
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# 4-7 ~ Chlorogenic acid ~ Quercetin 3-(6-malonylglucoside) f=
Kaempferol 3-(6-malonylglucoside) = #& = & %3 & % 52 (MTBE /

Acetone/ HO=6:4:10) *c0.6% (v/v) formic acidé4 fie ik #c &

Chlorogenic Quercetin Kaempferol
acid 3-(6-malonylglucoside) | 3-(6-malonylglucoside)
b e
0.23 0.54 1.13
#(Kp)
g b iE R S S 7 CPC 4 #tsample 2 #7 1 | ing % (R 4-16)

TREBRZNGAEAB-CoDE B E SRR S FE B
Figw B ARS FREER T AL A4S AT SRR IR I
Tef » 2 6k TF 3 A& - F % Ac 51-66 min(3-7 ¥) ;
A% Bz B 72-90 min(10-15 %‘):;‘pﬁié CHz & 105-129 min(21-28 *g) ;
s D B 180-252 min(46-69 *g) v FR1$ - W i HPLC & 47 - o
HPLC & 15 BI(R 4-17)7 @ 40 g A 97 3 F e E R ge < 0
CEP o B R AR RN A o B Y 2 70 Rutin i A
d 3t Rutin % een& %% > #70T2F gEeh A 3t Rutin i & 3 5 )
#% B i & §_Chlorogenic acid = 4 » ¥ % B ¥ 2 5] 98.0% ; &% C B

1 Quercetin 3-(6-malonylglucoside) = 4 % i > ¥ & 3 93.5% ; 4% D
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Al &_Kaempferol 3-(6-malonylglucoside) = 4 » s & 5 92.5%-° % d CPC
W A dpenz BAL > SR BT P 00%1 b o F R Y L
AL gk o

1400 -
1200-
1000-

2 800+

£ 600-

400

200+
] D

O_
0 50 1000 150 - 200 250 300
min

Bl4-16~ CPC4 gtsample 2:71% 15 R
B A T8 51-66 min(3<7 5 )5 e B 72-90 min(10-15 §) ; i
% C e 105-129 min(21-28 4 )35 D < & 180-252 min(46-69 % ) «

(A)

1200~
1000 ~ ///
800

600 +

mAU

400

200:
Og_fqv_MJL

0 5 10 15 20 25 30 35 40 45 50
min
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(B)

200

150 + //

100+

mAU

50

Ll S
04—

0 5 10 15 20 25 30 35 40 45 50
min

©)
100+

] ” i
80 /
60—-
40
20- g

1|l

04 ~ A J\\

0O 5 10 15 20 25 30 35 40 45 50
min

mAU

F14-17 ~ HPLCA 454 % B ~ 3 C{eit 4% Dk 17 Bl
(A) i B i & ¢ 7 a(Chlorogenic acid)% 4 -
(B) #L% C 4 & #  h[Quercetin 3-(6-malonylglucoside)] % 4
/z\

(C) A% D i & & 7 i[Kaempferol 3-(6-malonylglucoside)]= 4 o
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4.6 72 NMR &2 & £ = £ g

20 M A B2 E o 1E DR NMR #7% cHE > #- 150 mg
oA BA A 6mL #4p ¢ > 24> 5 mL sample loop » 4 CPC #
BTz ase~g h 1T BPRES  ABCET i B OF R
R AR B A gE 0 K18 d TH o PCNMR gz - ek &
e d WRIE SRV A eI B A “ﬁ - 9 i B NMR
R{4e@EF T BPESFDEHE - 2 NMR §%7 > 3% DMSO-ds
F TR R S A& o 1 RtS ehkid % 4 B ¥ B 3] Chlorogenic acid ~
Isoquercitrin -~ Astragalin "~ Quercetin . 3-(6-malonylglucoside) 4=
Kaempferol 3-(6-malonylglucoside) 'H fe BCNMR Bz > i&- &2 %
Yo fR[3 139 5 40) ket Bho B BRI P B B B R N R
Bod BRgm 3% H & UONMR Bl v e 2 st

Ao ;F’K? " A8 4-18~4-27 e NMR Bl ° & 0 o
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4.6.1 2 NMR 2 Chlorogenic acid % #[39]

Chlorogenic acid sngHthie~ 5 3 BI%i> > d R NMR % % &
T 4-18 5 4-19) » = gk b TR Tl ASL B R L D 'H 4= PC NMR
Bl mT AR L F A RSB R R 100% 0 T H T o
BT s AT o B B RA-OH Favc A & gl ;F%Jec* fe
AW %2 NMR %% ¢ A D) 2 S4F3dY g4 fafle & 'H
NMR Bl ¢ >3 ~4ppm 5 t— B #sp 5 £ DMSO-dg % |3 55 5
@ °C NMR ;3 #2050 1 & 40 ppm =+ hi=% o 'H NMR (500
MHz, DMSO-dg) : 6 7.42 (1H, d, =16 Hz, H-7 caffeoyl), 7.03 (1H, d, J
= 2 Hz, H-2 caffeoyl), 6.98 (1H, dd, J =2 and 8 Hz, H-6 caffeoyl), 6.77
(1H, d, J = 8 Hz, H-5 caffeoyl), 6.15 (1H, d, J = 16 Hz, H-8 caffeoyl),
5.08 (1H, br d, J = 5 Hz, H-3" quinic), 3.94 (1H, br s, H-5' quinic), 3.55
(1H, br d, J = 4 Hz, H-4' quinic), 1.7-2.1 (2H, m, H-6' quinic), 1.98 (2H,
br d, J = 5 Hz, H-2' quinic) ; *C NMR (500 MHz, DMSO-dg) : § 174.9
(C-7" quinic), 165.7 (C-9 caffeoyl), 148.3 (C-4 caffeoyl), 145.5 (C-3
caffeoyl), 144.8 (C-7 caffeoyl), 125.6 (C-1 caffeoyl), 121.2 (C-6
caffeoyl), 115.7 (C-5 caffeoyl), 114.7 (C-2 caffeoyl), 114.3 (C-8
caffeoyl), 73.6 (C-1' quinic), 70.9 (C-3' quinic), 70.6 (C-4' quinic), 68.3

(C-5' quinic), 37.2 (C-6' quinic), 36.5 (C-2' quinic).
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B]4-18 ~ Chlordgenic acid#500 MHz.'H NMR ) 3#

®14-19 ~ Chlorogenic acids7500 MHz *C NMR )
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4.6.2 2 NMR g Isoquercitrin % 4£[40]

Isoquercitrin .5 fﬁ_’}%gax,} 5= B3R 44% 1B NMR 5 % 2 30
(B 4-20 5 4-21) > ?'/F*J%i “T3% F| e 8 & Isoquercitrin <0 'H 4o
NMR B3 ® 307 BT fe 5] 4k 5 & 3 2 100% 0 #7r2 8 v
SRR A A feE g & o 2 ¢ Isoquercitrin -OH F iy A P & 5L
e pe? ok F A2 NMR &% 2 38X ] > 7§ 55.-%-OH
fozh b E B € B ) A 12,65 ppm Ay B2 (E4F Y € A R
i 'HNMR B3¢ > 3~4ppm 7 t— #5205 > ¥ DMSO-dg
A AZUEL 5 A PC NMR 3 &2 5RR R 40 ppm = 4 ¢hiz% o 'H
NMR (DMSO-dg, 500 MHz) : § 12.65 (1H, s, 5OH), 7.69—7.57 (2H, m,
H-2', 6'), 6.85 (1H, d, J =9.2 Hz, H-3"),°6.40-(1H, d, J = 1.6 Hz, H-8),
6.20 (1H, d, J = 1.6 Hz, H-6), 548 (1H, d, J = 6.8 Hz, H-1") ; °C NMR
(DMSO-dg, 500 MHz) : § 156.7 (C-2), 133.9 (C-3), 177.9 (C-4), 161.7
(C-5), 99.1 (C-6), 164.6 (C-7), 94.0 (C-8), 156.8 (C-9), 104.5 (C-10),
121.1 (C-1'), 115.7 (C-2'), 145.3 (C-3"), 148.9 (C-4'), 116.7 (C-5"), 121.7
(C-6"), 101.4 (C-1"), 74.6 (C-2"), 77.0 (C-3"), 70.5 (C-4"), 78.0 (C-5"),

61.5 (C-6").
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B14-20 ~ Isoque ' H NMR [F] 3#

Bl4-21 ~ Isoquercitrin500 MHz “C NMR ] 3#
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4.6.3 2 NMR g Astragalin % #[40]

Astragalin ﬁﬂ,ﬁéfﬁﬁl\_gaﬁ 52 B3N @ P NMR % % 2 (R
4-2234-23) > 2 g% b3 Pl RUEL B Astragalin £ 'H 4= "C NMR B
T AL RIE] > e F R R B R T A 100% 0 T v AR
o A fe At 2 o H @ Astragalin-OH Foav A b & U EL A2 1§Je v
fraF %2 NMR &% @ 30 AHR(T] > 75 SHEE-OH Fac At i
SRABL 6 BT 91 A 12.62 ppm Ao B2 (SHE3E Y g 4P o & 'H
NMR Bl ¢ >3 ~4ppm 15 t— B g5 £ DMSO-dg % |3 55 5
@ C NMR 3 #2082 0 1 1t 40-ppmr = + 0= % o 'H NMR
(DMSO-dg, 500 MHz) -8 12.62 (1H, s, 5-OH);"8.05 (2H,d, J = 8.8 Hz,
H-2', 6"), 6.90 (2H, d, J =8.8 Hz, H-3", 5), 644 (1H, d, J = 1.6 Hz, H-8),
6.21 (1H, d, J = 1.6 Hz, H-6), 547 (1H, d, J = 7.6 Hz, H-1") ; °C NMR
(DMSO-dg, 500 MHz) : § 156.9 (C-2), 133.7 (C-3), 178.0 (C-4), 161.7
(C-5), 99.2 (C-6), 164.6 (C-7), 94.1 (C-8), 156.8 (C-9), 104.5 (C-10),
121.4 (C-1), 131.4 (C-2', 6"), 115.6 (C-3', 5'), 160.4 (C-4"), 101.4 (C-1"),

74.7 (C-2"), 76.9 (C-3"), 70.4 (C-4"), 78.0 (C-5"), 61.4 (C-6").
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B14-23 ~ Astragalins1500 MHz °C NMR @] 3#
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4.6.4 2 NMR < Quercetin 3-(6-malonylglucoside) . #[39]

Q3MG shg e fAf fe T fhie A 5w B0 1345 i B NMR 5
S IR(W 4-24 5 4-25) 0 % R SRR I ERUL B QMG £ 'H 4= C
NMR Bl ¢ 07 4 R3] F] 5 $R-ah R 7 8100% 0 #7208 v i
WELT i g Ferd & o 2 & PC NMR Bl @ LR T > 2 anu sl
F 4 0290 %] 55 27 Chlorogenic acid °C NMR & % ot $15 » 2 31
Q3MG “C NMR Fl:# 3 o B 32313055 174.9 ppm - 70.6 ppm » o
# 4 75 %> Chlorogenic acid C NMR Bl © » 1235 14 $H5 2] %72 174.9
ppm = 70.6 ppm ] £ *¢ Chlorogenicacid s H30 5L o € & & )Y R
B4 > AR F FLMP NMR S8 2 &% » & CPC ®#
At r B QIMG e ALY %2 Q3MG ipeak f- Chlorogenic
acid = peak 4p 4% > #70 & B T H PR F Py & 3|38 (> 0 Chlorogenic
acid = & > 4 € 1 = Q3MG BC NMR B3 ® 1 3 Chlorogenic acid ¢
BG4 F R Q3MG -OH Fiu gk b & sl s oo ok %
2 NMR % ¢ 30 A @RID] o &2 B4FY gletfiff o & 'H NMR
Blz%® >3 ~4ppm 75 p— B#EE > & DMSO-dg i3 #3705 ; & °C

NMR ;% #[20 BL 0] 41 3 & 40 ppm = % 0= % « 'H NMR (DMSO-dg, 500

n

MHz) : 6 7.52 (1H, d, J =2 Hz, H-2"), 7.49 (1H, dd, J =2 and 9Hz, H-6"),

6.84 (1H, d, J =9 Hz, H-5'), 6.40 (1H, d, J =2 Hz, H-8), 6.20 (1H, d, J =
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2 Hz, H-6), 5.39 (1H, d, J = 8 Hz, H-1"), 4.21 (1H, dd, J=11 and 1.5 Hz,
H-6,"), 4.03 (1H, dd, J = 11 and 5 Hz, H-63"), 3.10 (2H, s, CH, malonyl) ;
PC NMR (500 MHz, DMSO-dy) : § 177.3 (C-4), 167.7 (CO malonyl),
166.5 (CO malonyl), 164.1 (C-7), 161.2 (C-5), 156.3 (C-2 and C-9),
148.4 (C-4'), 144.7 (C-3", 133.1 (C-3), 121.5 (C-1"), 121.0 (C-6"), 116.1
(C-5", 115.1 (C-2"), 103.9 (C-10), 101.0 (C-1"), 98.7 (C-6), 93.5 (C-8),
76.1 (C-3"), 73.9 (C-2" and C-5"), 69.5 (C-4"), 63.6 (C-6"), 41.0 (CH,

malonyl).

Bl4-24 ~ Quercetin 3-(6-malonylglucoside) =500 MHz '"H NMR B 3#
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B]4-25 ~ Quercetin 3-(6-1 side) 7500 MHz °C NMR ) 3
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4.6.5 2 NMR g Kaempferol 3-(6-malonylglucoside) & #[3]
K3MG e Hfag fe st fhie A 5w @300 1345 i ] NMR %
S IR(W 4-26 5 4-27) 0 % R SRR E] R & K3MG £ 'H 4= PC
NMR B3 ¢ 07 4 R3] F] 5 $Rseh R 7 Z.100% 0 #7208 v ih
WET L AR rig S o # ¢ KAMG-OH Fav A b & gl A;Je
¢ fehf B2 NMR % 7 30K @R 2 337 € s mp o
& '"HNMR Bl ® > 3~4ppm 5 fe— B #5s 08 > 5 DMSO-dg % 3
g A PCNMR % ® 28] 1130 & 40 ppm = + ehi=% o '"HNMR
(DMSO-ds, 500 MHz) : § 7.51 (2H,.d, H-2', 6), 6.86 (2H, d, H-3', 5"), 6.39
(1H, d, J =2 Hz, H-8), 6:22 (1H, d, J =2 Hz, H-6), 5.40 (1H, d, J = 8 Hz,
H-1"), 4.22 (1H, dd, J = 11 and 1.5 Hz, H-6,"),4.01 (1H, dd, J=11 and 5
Hz, H-65"), 3.08 (2H, s, CH, malonyl):"*C NMR (500 MHz, DMSO-d) :
§ 177.3 (C-4), 167.7 (CO malonyl), 166.5 (CO malonyl), 164.2 (C-7),
161.2 (C-5), 156.3 (C-2 and C-9), 148.8 (C-4"), 133.1 (C-3), 121.5 (C-2'
and C-6"), 120.7 (C-1'), 115.0 (C-3' and C-5"), 103.9 (C-10), 101.1 (C-1"),
98.7 (C-6), 93.7 (C-8), 76.1 (C-3"), 74.0 (C-2" and C-5"), 69.5 (C-4"),

63.5 (C-6"), 41.0 (CH, malonyl).
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B14-26 ~ Kaempferol 3-(6-malonylglucoside):1:500 MHz 'H NMR ) 3#

Bl4-27 ~ Kaempferol 3-(6-malonylglucoside) 7500 MHz °C NMR B 3#
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46643 'THNMR Fl2#® -OH F it & F & 8 & hR 7]
1245 % J%[39540]4% & cNMR #edf 14 2 3¢ 7 5% 500 Hz 'H NMR
RFFR- BrrE el BRHELEFY -OHF R A T AR
WoRP] - BRI ALY L PP N RTF] AFE-OH F it gL} eh
TRE XA RBEAEE & NMR %7 > £ DMSO-dg % 17
R Ses A 0 T oA F1 L DMSO-dgia ®| ¢ Fok o % 7-OH F i &
beng R b R A g B4 s % o e At it 'HNMR B
JOE I B 4-20 - 4-22 S BB -OH F oA B ehd LR T LW
BIF] > 512.65 (1H, s, 5-OH) » 4 Bl 7 it K Fl 5 4 551§ 7 C=0 4t 5
BB e-OH F ot A2 A4 0 AF N adEirr 4 5972.0OH F ehd

17 R AfRAE o Ft A DA RED] .

4.7 ¥ B edE 3
Fd CPC <~ EA#HE? i A RigAdprer
HPLC ] - jo7 & W WS KW £ ) 3 2R o B 3w e i

T B PR s R (R 4-8) 0
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#4-8~ 1 CPCHHF A H~ Wit HEP T AL 28R

R
(a) Chlorogenic acid 98.0%
(e) Isoquercitrin 94.0%
(g) Astragalin 97.0%
(h) Quercetin 3-(6-malonylglucoside) 93.5%
(1) Kaempferol 3-(6-malonylglucoside) 92.5%

4.8 v T ¥ ddF 3
%200 g R E R > 5d BB A BT 3] sample 1 v
sample 2 :H& 5 225.0 mg fr 146.0 mg > 5 d i B4k 75.0 mg = 73.0

mg 4% 5B 3t CPC il & A 3 » 3258 w i % (4 49 ; 4-10) -
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#4-9 ~ 1% CPCH® % 4 &t ~ % it sample 12. ¥ JT

£ v L2l B
s "’" o ¥ e 5
ek E ¥ g ¥ E
(e) Isoquercitrin | 75.0 mg | 40.9 mg 31.9 mg 78%
(g) Astragalin | 75.0 mg 259 mg 18.9 mg 73%
#4-10 ~ 41 * CPCH # & #t ~ 4 it sample 22w 4T ¢
® & Tt I . o
. ¥ fc 7
EHE L FRE | v R
(a) Chlorogenic acid 73.0mg | 37.5mg | 29.6 mg| 79%
(h) Quercetin
_ 73.0mg | 19.4mg | 14.0 mg 2%
3-(6-malonylglucoside)
(1) Kaempferol
, 73.0mg | 13.9mg | 11.5 mg 83%
3-(6-malonylglucoside)
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