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Efficient Synthesis of Representative Flavone—7—0O-Glycosides

Shao, Wenbo” An, Quanlin” Cao, Xin*’ Yu, Biao**
(“State Key Laboratory of Bio-organic and Natural Products Chemistry, Shanghai Institute of Organic Chemistry,

Chinese Academy of Sciences, Shanghai 200032)
(lnstitute of Clinical Science, Zhongshan Hospital, Shanghai Medical School, Fudan University, Shanghai 200032)

Abstract Apigenin-7-O-f-D-glucuronide (1) and scutellarin (scutellarein-7-O-f-D-glucuronide, 2) are two major flavone
glucuronide components occurring in breviscapines, which are prepared from the traditional Chinese herb Erigeron brevis-
capus. These two flavone glycosides show potent anti-oxidative, anti-inflammatory and neuroprotective activities in various
evaluations. Synthesis of these natural glycosides in an efficiently manner would facilitate studies on their structure activity
relationships. As a persistent effort on the chemical syntheses of the diverse glycoconjugates from traditional Chinese herbs
in our group, we report herein the synthesis of these two representative flavone O-glucuronides. It is known that the solubility
of flavone compounds is rather low and this property would greatly hinder their glycosylation reactions. In order to increase
the solubility of the flavone derivatives in the glycosylation solvents, hexanoyl and benzyl groups were selected as the per-
manent protecting groups for the hydroxyl groups of apigenin (7) and scutellarein (8). The construction of the phenolic
O-glucuronide is known to be a difficult task, especially the glycosylation of the poorly nucleophilic 7-hydroxyl group which
locates at the para-position of the flavone carbonyl group. We achieved the glycosylation of the flavone 7-OH with
2,3,4-tri-O-benzoyl-6-O-TBDPS-glucopyranosyl ortho-alkynylbenzoate (9) under the catalysis of Ph3PAuNTf, (0.2 equiv., 4
A MS, CH,Cl,, r.t., 5 h) in excellent yields. After that, the 6-O-TBDPS groups were removed, and the requisite glucuronides
were then elaborated by oxidation of the resulting 6-OH under the conditions of DAIB/TEMPO (CH,Cl/H,O, V'@ V=2 [ 1,
r.t.) in good yields. After global deprotection, the desired products apigenin-7-O-f-D-glucuronide (1) and scutellarin (2) were
obtained in overall yields of 36% (5 steps) and 7% (9 steps), respectively, from the starting flavone aglycones. Following the
same strategy, four naturally occurring flavone-7-O-glycosides, namely apigetrin (3), plantaginin (4), apigenin
7-0--D-xylopyranoside (5) and apigenin 7-O-a-L-rhamnopyranoside (6), were smoothly synthesized in 4~7 steps with the
overall yields of 61%, 13%, 58% and 61%, respectively.

Keywords apigenin-7-O-f-D-glucuronide; scutellarin; flavone glycoside; Au(I)-catalyzed glycosylation; synthesis
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I 2576 % (breviscapine). ] 3% & F % (apigenin-7-O-p-D-
glucuronide, 1)F1Z % (scutellarin, scutellarein-7-O--D-
glucuronide, 2):&4T BAEZR H MM EZEK 7, a4
¥y 43 39 R 32 2R (apigenin, 8)FI1HEF 35 %: %K (scutellarein, 9)
(¥1 7 A Rk SR A MRS IR I L p R o T2 4RI
WRREI, T RAEFRMEEA AL, Fig™
KR 9T G R 5 AR B DL K i A T
(apigetrin, 3)!%). ZE§i 7+ (plantaginin, 4)". apigenin
7-O-p-D-xylopyranoside  (5)!°) F1 apigenin 7-O-a-L-
rhamnopyranoside (6145 th EL A AR B fr) 3% i - 7-O- il 3%
R A A B P (Scheme 1), #RERE B —FE R0
S BIAT SR AR R SO O 38 - 7-O-1y 1 G BT V50
— B I RAH IR 3 T IR R R W FER A AR R 35 .
AT BACE T, HTEE 7 AR BRI XS A,
IR SRR PR R SR A VLS, IR 2 7 AR R R 5
e iRk — e WM. 534, M TR 6 AR
W H - R A R A AE BRI T B R AR s v, Xtk — 28
IR T %255 F & B, Farkas 5P S R 42 2
T 1 22 W TS R IR 5 A, DA AV SR AE S ) o 11 1
1) AgO (Rt TS 5,64-= LB R 35 22 ik
PEE AR R4 BT BAE LR, HEME KGR T &
LRGN, ST RN 2 RIT BAEER K E
-T-O-FEH R A& S al, iz G 07l
TERGEHEIMR . B UF G RS BN 23R,
2008 LIk, AURBAPIRK R T LURERESR et ok
PRI A aa AR 1) e (D REAL BB A SONE. 2 S8 AE A B 1)
— & %EY(U PhsPAUOTS B PhsPAUNTE,) ATk
TEHF PR T T, O 2N T — R4
BEEFE AR P A e, s T A e T 2 b Ik i A DA
B 2 RARPEE 1R 2, SCBL T 40 Tunicamycin

carcin C'% A201AM & periploside AM*8%5 )& ik
2011 4, WS oK X AR A6 5 1 R T
WA SRR =L ) -5-0- R 1 & . Beilr, b
F 8 S UV P e R R A 56 ) 3% e o e i T 2
BRLE IR I NG P, BA 2-0-2K HI R E-3,4- —-O-"F J: 4
) OME TR OFOME R AR bR LR PR MR N 4 ik, fE
PhsPAuUNTT, (0.3 equiv. ) f2#E T, LA 83%Mieatyd 1
L 3 T - 7-O- ) % W I BB EF B, JFSE A AT AL
EX Ay NiUREyie

FREE] 2-0-7K I FE-3,4- —-O- " B8 4 M B R 1)
il 4 BRI, St — B4R T SR AL ARG B 2k
FOEGEYE, FATR S R EYEDL R B 5 T & ) 2,3,4-=-
O-7K I Jk-6- O~ T Hk — A8 el ik — ] 26 < BRI 4
PR (9) 145 A FH 1 12 G (L) JRE A PO 7 A S B2, 38 T
FH 5 1 800 11 62 s SR g JE A 7 () S TR ), BT 7 2
BRI BAERROMLRQMER. F, T &
(D BEACHE A S NG S By IR, IE R RE R T
KU W26 1 (apigetrin, 3) %1 T 1 (plantaginin, 4).
apigenin 7-O-B-D-xylopyranoside (5) fll apigenin 7-O-
a-L-rhamnopyranoside (6)[1) % .

2 HR5R

PG MACE AR, B SR, IEACHE R
PRAF TR A2 S A A BRI T . BR PR T 7 47 1)
PEIEACTE AL s LA, TSR 3R (T)FIET 555 3R(8) 40 Al AE
e S AL, 4 LA 5 i, 6 fir. 4 A HAG LA
2 R BB 0 7 AN 8 A B TERE ALV 7 IR A
7, BAR A AT R R 0 IE BRI E R e A S ST
BRI R R, 1%V T SR T I AR, A AT
Je IR A S RS 5 A N, BEIEAL AR 2,3.4-

VI Spinosyn A% Mannopeptimycins!'®, Trioxa-
O OTBDPS
1
Adl R Bzoﬁwo
+ BzO
— 0 oBz o |
OH Apigenin (7): R"=H Late-stage oxidation
Scutellarein (8): R' = OH for glucuronic acid
Apigenin-7-O-p-D-glucuronide (1): R = -D-glucuronic acid, R' = H OBz

Scutellarin (2): R = g-D-glucuronic acid, R' = OH

Apigenin-7-O-p-D-glucopyranside (3): R = #-D-glucose, R' = H

Plantaginin (4): R = -D-glucose, R' = OH

Apigenin-7-O-a-L-rhamnopyranoside (6): R = a-L-thamnose, R' = H

(@]
BzO ~
BzO AT
OBz

BzO

Apigenin-7-0-B-D-xylopyranoside (5): R = 8-D-xylose, R' = H Bzo/mﬂ\ 20
OBz

82075977 2
BzO OBz

BR1 IREFRQD). TEELEQ) KM% G). FRiT1H@4). apigenin 7-O-p-D-xylopyranoside (5)F1 apigenin 7-O-a-L-rhamno-pyranoside

(6) b2 2 ) KA i A
Scheme 1
7-O-p-D-xylopyranoside (5) and apigenin 7-O-a-L-rhamnopyranoside (6)
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Structures and retrosynthetic analysis of apigenin-7-O-f-D-glucuronide (1), scutellarin (2), apigetrin (3), plantaginin (4), apigenin
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= -O-FK R IE -6-0- R T 3 — 2% I fik - ) 4 W AT b I
2 FERTE(9) T “IK 7 AR AR SR FH 2 R I A o AR 4
B, MHEENE 6 £ H 7 AT A SR, MCRHIERS
(A RT3 2R B RE JE (TBDPS) 15 M Ilfe I R 47 5,
etk — 0 R BRI A 25 R 1) SR SIS E.

MR RMHE A, EKIER(—78~20 C). 4-H%
BENEBE (DMAP) A IE LRSS A T BFI#5 31 42 1F O Jik
FTRER(90%). KR 7-fr M L i o, kbl N-
FR L AL I i (NMIP) A 77, (. 4- R R Iy AT e 2%
PR EBEVEBLRR 7 67 1E ORI, DL 78% i %15 2]
T-FRFIEFFHER 2R 1017 B X B RS R (8) K A [E IE
CU R AR 1) 5 v T R4 2 DY OF R T i 5 5, (H
15 7 AL IE ORI B K R T, R IR OB
e 5 TAE 5. 64 T =AMtk kAL, MR
Bl R — g5 R 7-F2 FEEF 525 2244 11 (Scheme 2).

0]
CsH11_‘/<
R (0]

Apigenin (7): R=H
Scutellarein (8): R = OH

10R=H
11 R = O-Hexanoyl

Reagents and conditions: (a) hexanoyl chloride, DMAP, pyridine/
CHCI; (V: Vv=2:1), —78~—20 C, 90%; (b) 4-thiocresol, imid-
azole, NMP, 0 C to r.t., 78% (for 10); (c) Ac,O, pyridine, 0 C to
r.t., 71%; (d) AlIBr, KI, K,COs;, DMF, r.t., 68%; (e) conc. HCI, EtOH,
reflux, 96%; (f) Kl, BnBr, K,CO;, acetone, reflux, 50%; (g)
(PhsP)sPd, NaBH,, THF, r.t., 57%.

B2 7-HEAEHRZAA0N 7-3E W H R 24 16 %
Scheme 2 Synthesis of the glycosylation receptors 10 and 14 for apig-
enin and scutellarein aglycons
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PSS N [ VAN R VA 5~ S g el o= S Ae i
AR BT RS TR, B0, BT RE) A

LAY, Bl S TE KoCOs 254 T IEFRMEBLER 7 £ L1k 5
DU 3 (R 715 31 AR 1) 125 25 80K 48%). HRTaIAA 12
TEWRERR IR E IR 5 ALy 6 ALAl 4B =42
W3 (96%), BEJGAE KoCOsw KI AR 44 R 58 e
FELRY, 133 5,6,4'-=-O-FHF T 13 (50%). H A4 13
7£(PhsP),Pd, NaBH,, VUSRI (THF)F =& 244 T kR
7-O-Jf NG 2 7- R EE R I 35 224K 14 (57%).

5T RITFE S8 B B 7-O-WE 10 OB, B Ab4h
& 2,3,4-=-0-F B FE-6-0-FU T 3 2R FLpeE -4 2 b
A1 b 25 FR R G (9) & i 18 LS MR U, LU PhsPAu-
NTf, (0.2 equiv.) AMERER, =ik NS 7- 8578 R
ZAR 10 F 7-F2FREF AR Z2AK 14 ] 5~9 h, BJLL
2% = FA R B — g MWEMFEFI=Y 15 1 17
(Scheme 3). Bt 5, i 5 AR S A S AH . 1) B
Wi B0, BEERPETE AL =4 15 F0 17 23 BIAE DY T R b ik
(TBAF)FI ZERIE A PR A £ 0E 6 ALRUT 228
FERESL(TBDPS), SR G — L IRIFR (DAIB) A Y H JE R
wE Z A Y(TEMPO)IME T, I & HE 6 A2 H B4
TR EE, 4373 LA A 55%F1 59% IR 45 21 S B (b
BEFR IRV 16 A1 18. B¢, 7-O-%81 & MEBS R 3 & AP )
& 16 7 K,CO3, MeOH FI== 31 264 T Wt Bk B A Bk 28 R 4
5, UL 98% ISR EILT RALH R (). 7-O-%1 % i R R Y
B Z R AR 18 FEAH [F) 24 T I B 2R R I AR B 2R )
#E—351F 101 kPa H,, Pd/C, MeOH/THF (V' : V=1 1)
WA TR T LR AR, LU 97%
FISCR SRR T 4T 348 LR Q)& R

BE— R SO M R A & S 7-0-%
FHIR 3, 43 3L D-T6 2 0% . D-AREFR L- 53 2= BT %) 7
()4 R AL B SR R T 19~21 4R HA, 303 5 i
244 10 B 14 LA PhsPAUNTS, (0.2 equiv.) k7],
£ 4 A MS, CH,Cl,, =AM FIATHEF R, LA
90% ~98% (K H AL IS 245 2 AH B BB 7-O-By 5 =4
22~25(F% 1). BEJG, K FHAH [R] P T 2 A0 J 0 Bk 2% A,
I3 B 85%~99% MWL 2 56 % 1 K3 7 %6 1 (apigetrin,
3). 75707 (plantaginin, 4). apigenin 7-O-B-D-xylo-
pyranoside (5)F apigenin 7-O-a-L-rhamnopyranoside (6)
14 B,

3 4

ITRAEFROMLRQ R JARK EZE T,
HAGUEA - TURIRRIG ST &9 R A B A B .
XA COT R T MBF ISR )RR 7 ke
S R 1 1T 26 A2 11 55 L 7 0 R S PR A I L Wk e
(R s, A AR ERG A A SRR 0 A 280 3 ) R 9 22 5
s < (D)FRE A AW A S T S0 S A 5 B R ) 2
W, R K T SRR 7-O-H B RERR S M R . 25
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O
OTBDPS
CsH11
BzO
BZO OTBDPS
BzO
C5H11
O
CsH11
b, c
—_— —> Apigenin-7-O-/-D-glucuronide (1)
BzO
BzO
CsH11
OBn O OBn O OBn O
BnO BnO BnO
O | a OTBDPS O | bc o OH O | d.e
- —> Scutellarin (2
HO 0 O ° B20 Qo (¢ O Béoﬁ/o 0 O @
Z! Z!
14 OBn OBz OBn OBz OBn

Reagents and conditions: (a) PhsPAUNTf, (0.2 equiv.), 4 A MS, CH,Cly, r.t., 5 h, 92%; (b) TBAF, HOAc, THF, 0 C to r.t.; (c) DAIB, TEMPO,
CH,Clo/H,0 (V : V=2 : 1), r.t., 55% for 16 and 59% for 18 (2 steps); (d) K.CO3, MeOH, r.t., 98%; (e) 10% Pd/C, 101 kPa H,, MeOH/THF (V
V=1 :1),rt., 99%.

X3 ITREFROMZRQMEK

Scheme 3  Synthesis of apigenin-7-O-f-D-glucuronide (1) and scutellarin (2)

R1 T HAEREL 3~6 KA
Table 1 Synthesis of natural flavone-7-O-glycosides 3~6

OR' O
Q 10 or 14 HO/M
Y~ or
(BzO)z/4~y O - - | _bec, 3.6
a -0
o (BzO)3is—y ) -O O
19~21 22~25 OR!
Entry Donor Acceptor Glycosylation product (Yield/%)" Flavone-7-O-glycoside (Yield/%)
OBz
(0]
! Bé?&»‘( 10 22 (96) 3000
OBz
19
OBz
(0]
2 Bé?&»“f 14 23 (90) 4.(85)
OBz
19
o595 o
3 BzOA 0 10 24 (90) 5(99)
20
BzO Q
4 Z 10 25 (98) 6 (91)
BzO (g,
21

“ PhsPAUNTH, (0.2 equiv.), 4 A MS, CH,Cl, t.t.; * KoCOs, THF/MeOH (V' : V=1 : 1), rt.; € 10% Pd/C, 101 kPa Ha, MeOH/THF (V : V=1 : 1), rt.
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— BRI R ORI IR R, 70 B 5 2D 36% U E AN 9
B TR T A8 R SERL T AT B RN LER
QI K.

RIS, AR AR <5 (O E A HE 4 S e Ak
S 7-O0-Br i IS, 7351 61%, 13%, 58%A1 61%}1
R S8 T K % (apigetrin, 3) . 4R HT T
(plantaginin, 4). apigenin 7-O-f-D-xylopyranoside (5)#ll
apigenin 7-O-a-L-thamnopyranoside (6)55 4 Fi#% i 7-O-
By RIRT IR & I, R TSR Fe At 1A
it PR

4 KIGERS
4.1 5,4-Di-O-hexanoyl apigenin (10)H94& &

FEEER T (10.0 g, 37.0 mmol)iE FAFIEL N 2 D 1 /)
Tkt RE /& R A (138 mL)H, I\ DMAP (1.45
g, 12.0 mmol). M AEE—78 C, G218 Mk R
INIE EEE5(29.0 mL, 210.0 mmol), FfiJ5¥1k R8T}
£—20 C, RPGER. H ST EEM R (200 mL X
3), 1 mol/L NaOH (100 mL)# A HLAH, /K, HF1 NaCl
WG, ToKIRBRAN T B HUAR, 8, W8, PR
ENTIVCR M) @ (LR LB8)=8 © 117331 18.8 g (90%)
A O Ak Hp R

¥ E—BFE (1230 g, 21.80 mmol)iE T8
K NMP A1, JIABKIE(595 mg, 8.70 mmol), 0 ‘C K [afA
AINN 4-H FEZEGE(4.60 g, 37.10 mmol), @SS T
0 CIMER. =& F LM B IE M (200 mL X 3), 1
mol/L HC1 (200 mL)¥ A M, REFKE =X, J5H1H
FBR R SRR, 7K, 1A NaCl b A HLAH,
ToKBRER BN, ok, W4E, POEME T [VCA
fif) : S H R - IR ATE)=8 © 8 1 1], 3 Al
1410 (7.93 g, 78%). '"H NMR (500 MHz, CDCl;) J: 7.76
(d, J=8.6 Hz, 2H), 7.17 (d, J=8.6 Hz, 2H), 6.74 (s, 1H),
6.57 (d, J=1.7 Hz, 1H), 6.54 (s, 1H), 2.75 (t, J=7.7 Hz,
2H), 2.59 (t, J=7.5 Hz, 2H), 1.92~1.71 (m, 4H), 1.48~
1.29 (m, 8H), 0.95 (t, J=7.1 Hz, 3H), 0.91 (t, J=7.1 Hz,
3H); “C NMR (126 MHz, CDCl,) 6: 177.7, 174.0, 172.6,
1622, 162.2, 159.2, 153.9, 151.1, 128.9, 128.0, 128.0,
1229, 110.2, 108.1, 102.1, 34.9, 34.9, 31.9, 31.8, 25.1,
247,229,229, 14.5, 14.5.

4.2 7-O-Allyl-4',5,6-tri-O-acetyl scutellarein (12)89&
103

BEHHELR 8 (2.0 g, 7.0 mmol)E AT TS /KA IE (20
mL)H, 0 CF R RZEEW N CRREF(20 mL), Z 5%
KRBT E SR T &M, 7h JEEIE RN, BEEmT
WA, POEAE R VA © (& F ) L MRS
fig)y=4:4 1], BB HREAEQR25 g 71%). 'H
NMR (300 MHz, CDCl3) : 7.89 (d, J=8.8 Hz, 2H), 7.50
(s, 1H), 7.27 (d, J=8.6 Hz, 2H), 6.63 (s, 1H), 2.45 (s, 3H),
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2.36 (s, 3H), 2.35 (s, 3H), 2.35 (s, 3H).
P15 2 H 4 LA 44400 mg, 0.88 mmol)i% fiF
FT7K N,N-—_F 3 FEEf%(DMF, 21 mL)H, KIXKT =i
T Ia4A Z B KI (146 mg, 0.88 mmol). IR Fi#5(0.53 mL,
6.16 mmol)F1 K,CO; (243 mg, 1.76 mmol). F/T{R-I"=
BFHEHE 12 h, R4 RS, PR BT VA )
V(ZEH ) - MG OTR)=4 © 3 1], 3K A EE &
12 (270 mg, 68%). "H NMR (500 MHz, CDCl;) d: 7.87 (d,
J=8.8 Hz, 2H), 7.25 (d, J=8.8 Hz, 2H), 6.94 (s, 1H), 6.58
(s, 1H), 6.06~5.99 (m, 1H), 5.45 (dd, J=17.3, 1.2 Hz,
1H), 5.36 (dd, J=10.6, 1.2 Hz, 1H), 4.69 (dt, J=5.0, 1.4
Hz, 2H), 2.45 (s, 3H), 2.35 (s, 3H), 2.35 (s, 3H); °C NMR
(101 MHz, CDCLy) d: 176.15, 168.91, 168.68, 167.86,
161.32, 155.53, 155.17, 153.16, 141.85, 131.21, 130.87,
128.84, 127.49, 122.33, 118.70, 111.31, 108.21, 99.20,
69.97, 21.14, 20.86, 20.17; HRMS (ESI) calcd for
CayHy 09 (M+H)" 453.1180, found 453.1185.
4.3 7-O-Allyl-4',5,6-tri-O-benzyl scutellarein (13)894&
X

BALEY 12 (270 mg, 0.6 mmol)i&E T /K ZEE(17
mL)H, FRRIIA 1 mL KRERER, IOFAEIE 11 h, AE
BER, WYE, 13303 R ARRE R (188 mg, 96%).

B b5 8L & 4(188 mg, 0.58 mmol)¥&E T 5 mL
DMF 1, fKIKIIN KI (48 mg, 0.29 mmol), BnBr (0.83
mL, 6.96 mmol)F1 K,CO5 (1.2 g, 8.7 mmol). EAAY' T
50 C/&M. 10 h, fEEE -G IE, JEMIRGE, i/
ZERGEW V=3 DESE, [EAGEAE 13 (113
mg, 50%). 'H NMR (500 MHz, CDCls) 6: 7.85 (d, J=8.9
Hz, 2H), 7.75~7.62 (m, 2H), 7.51~7.30 (m, 13H), 7.18~
7.04 (d, J=8.9 Hz, 2H), 6.81 (s, 1H), 6.72 (s, 1H), 6.09
(ddt, J=17.2, 10.5, 5.2 Hz, 1H), 5.48 (dd, J=17.3, 1.3 Hz,
1H), 5.38 (dd, J=10.6, 1.2 Hz, 1H), 5.16 (s, 2H), 5.15 (s,
2H), 5.06 (s, 2H), 4.66 (d, J=5.2 Hz, 2H); *C NMR (126
MHz, CDCl;) 6: 177.19, 161.48, 161.40, 157.07, 154.55,
151.71, 139.87, 137.16, 137.08, 136.20, 131.87, 129.38,
128.82, 128.71, 128.30, 128.26, 128.10, 128.07, 127.79,
127.47, 123.97, 118.57, 115.31, 113.10, 106.77, 97.59,
77.21, 75.87, 70.21, 69.79; HRMS (ESI) caled for Cy7Hsy
NaOg (M+Na)" 597.2248, found 597.2264.

4.4 4,5,6-Tri-O-benzyl scutellarein (14)B94& A%

BALEY 13 (1.02 g, 1.7 mmol)i& T J/K THF (65
mL)F, =i FIA Pd(PhsP), (99 mg, 0.085 mmol),
$£ 5 min J5 I\ NaBH, (96 mg, 2.6 mmol), @ SfRF" F
FIRBPEE R, Z 500 1 mol/L HC1 W37V pH 14 4
25, yE, WA, [EREGE AR 14 (543 mg, 57%).
'H NMR (500 MHz, CDCly) o: 7.88~7.77 (m, 2H),
7.72~7.63 (m, 2H), 7.53~7.29 (m, 13H), 7.15~7.04 (m,
2H), 6.86 (s, 1H), 6.64 (s, 1H), 5.20 (s, 2H), 5.17 (s, 2H),
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5.16 (s, 2H); “C NMR (126 MHz, CDCl;) o: 177.36,
161.45, 161.36, 154.71, 154.28, 150.31, 137.15, 136.87,
136.48, 136.23, 129.29, 128.82, 128.75, 128.70, 128.43,
128.29, 128.24, 127.75, 127.46, 123.96, 115.30, 106.61,
99.38, 77.21, 77.13, 76.40, 70.19; HRMS (ESI) calcd for
Ci6H2006 (M+H)" 557.1959, found 557.1958.
4.5 5,4'-Di-O-hexanoyl-7-0-(2",3",4"-tri-O-benzoyl-6"-
O-tert-butyldiphenylsilyl-B-D-glucopyranosyl) apigenin
(15)K9E B

B4R 9 (198 mg, 0.22 mmol)FIAZ4K 10 (50 mg,
0.11 mmol)& T 25 mL &JEMH, INFEET 4 A &
T (150 mg), ¥ Ar < =K, PEEIMA PhsPAUNTS,
(16 mg, 0.022 mmol), Ar IR FHIA 2.5 mL 7K —5
Ht, =i FHFE 5 h, IIA—3 EGN WK, i
LR, EMR E R, AR (VCAE) © (S
IR ) =28 : 1], 13 A EIEHAIRE A 15 (119 mg, 92%).
[a] +27.4 (c 4.8, CDCL); '"H NMR (500 MHz, CDCl;)
J: 8.03~7.99 (m, 2H), 7.96~7.88 (m, 4H), 7.80 (d, J=
8.8 Hz, 2H), 7.70~7.65 (m, 2H), 7.60~7.51 (m, 4H),
7.49~7.24 (m, 10H), 7.24~7.17 (m, 6H), 7.09 (d, J=2.3
Hz, 1H), 6.80 (d, J=2.3 Hz, 1H), 6.61 (s, 1H), 6.03 (t, J=
9.5 Hz, 1H), 5.87 (dd, J=9.5, 7.6 Hz, 1H), 5.81 (t, J=9.6
Hz, 1H), 5.65 (d, J=7.6 Hz, 1H), 4.23 (dt, J=9.7, 3.6 Hz,
1H), 3.96 (d, J=3.5 Hz, 2H), 2.75 (td, J=7.5, 3.0 Hz,
2H), 2.61 (t, J=7.5 Hz, 2H), 1.90~1.75 (m, 4H), 1.50~
1.36 (m, 8H), 1.05 (s, 9H), 0.96 (q, J=7.0 Hz, 6H); "*C
NMR (126 MHz, CDCly) 6: 176.31, 172.23, 171.79,
165.83, 165.07, 164.95, 161.46, 160.35, 158.35, 153.32,
150.90, 135.52, 135.46, 133.52, 133.43, 133.34, 132.72,
132.62, 129.88, 129.84, 129.80, 129.75, 129.72, 128.99,
128.87, 128.76, 128.57, 128.49, 128.45, 128.36, 127.66,
127.54, 122.30, 112.98, 109.79, 108.47, 102.73, 98.70,
75.89, 72.94, 71.69, 68.64, 62.60, 34.37, 34.20, 31.38,
31.25, 26.66, 24.55, 24.09, 22.42, 22.33, 19.14, 14.01,
13.95; HRMS (ESI) caled for C;H;,0,58i [M+H]"
1179.4557, found 1179.4543.
4.6 5,6,4-Tri-O-benzyl-7-0-(2",3",4"-tri-O-benzoyl-6"-
O-tert-butyldiphenylsilyl-8-D-glucopyranosyl) scutella-
rein (17)89& B

B4R 9 (740 mg, 0.81 mmol)F13Z44 14 (300 mg,
0.54 mmol) & T 50 mL FEJEHH, MAFELN 4 A 4
T (900 mg), e Ar < =IK, PEEIMA PhsPAUNTS,
(77 mg, 0.11 mmol), Ar AR FHIA 15 mL Te/K & H
Be, FiR FHEE 9 h, A —¥ EGN #K M, g+
R, VRV EREERAE, POEAEEATVCA ) C M
HE) @ MR ZEE)=6: 3 : 1], BEOEEREL 17
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(645 mg, 92%). [a]® +39.1 (¢ 1.0, CHCly); 'H NMR
(500 MHz, CDCl;) J: 7.99~7.89 (m, 6H), 7.76 (d, J=8.8
Hz, 2H), 7.68 (d, J=6.7 Hz, 2H), 7.64~7.56 (m, 5H),
7.50~7.16 (m, 30H), 7.04 (d, J=8.8 Hz, 2H), 6.65 (s,
1H), 6.07 (t, J=9.4 Hz, 1H), 6.00 (dd, J=9.4, 7.6 Hz,
1H), 5.87 (t, J=9.5 Hz, 1H), 5.74 (d, J=7.4 Hz, 1H), 5.17
(s, 2H), 5.12 (q, J=9.6 Hz, 2H), 4.98 (dd, J=6, 10.4 Hz,
2H), 4.23 (dt, J=9.7, 3.5 Hz, 1H), 3.99 (d, J=4.1 Hz,
2H), 1.03 (s, 9H); *C NMR (126 MHz, CDCl;) d: 177.15,
165.93, 165.08, 164.97, 161.53, 161.32, 154.61, 153.87,
152.05, 140.77, 137.00, 136.92, 136.28, 135.55, 135.49,
133.45, 133.34, 132.74, 129.87, 129.84, 129.82, 129.72,
129.49, 129.07, 128.99, 128.80, 128.76, 128.69, 128.49,
128.38, 128.34, 128.29, 128.26, 128.23, 128.10, 127.97,
127.88, 127.67, 127.64, 127.49, 123.88, 115.27, 107.09,
101.72, 99.01, 76.67, 75.97, 75.88, 73.15, 71.83, 70.20,
68.77, 62.65, 26.65, 19.17; HRMS (ESI) caled for
CroHg014Si [M+H]" 1269.4451, found 1269.4429.
47  54-Di-O-hexanoyl-7-O-(2",3" 4" 6"-tetra-O-ben-
zoyl-B-D-glucopyranosyl) apigenin (22)894& X

B4R 19 (164 mg, 0.22 mmol)F3Z4K 10 (50 mg,
0.11 mmol) & T 25 mL EIEHH, MMABEHE 4 A 5
TiH(125 mg), i Ar K=K, PUEIIA PhsPAUNTS,
(16 mg, 0.022 mmol), Ar SR FHIA 2.5 mL Jo/K &
Fige, SR FHEE S h, TN BuN BN, fEiE
TR, ERE RS, REMEENTVCARES) © (=
WD) MR ZEE)=4: 4 1], BACIEERE L
22 (110 mg, 96%). [a]?’ +20.0 (¢ 1.0, CHCly); 'H NMR
(500 MHz, CDCl;) d: 7.99~7.96 (m, 6H), 7.89 (d, J=7.3
Hz, 2H), 7.74 (d, J=8.7 Hz, 2H), 7.59~7.49 (m, 2H),
7.46 (t, J=7.5 Hz, 1H), 7.40~7.37 (m, 5H), 7.32 (t, J=
7.8 Hz, 2H), 7.28~7.25 (m, 2H), 7.20 (d, J=8.7 Hz, 2H),
7.02 (d, J=2.3 Hz, 1H), 6.72 (d, J=2.3 Hz, 1H), 6.56 (s,
1H), 6.05 (t, J=9.3 Hz, 1H), 5.87 (dd, J=9.2, 7.4 Hz,
1H), 5.78 (t, J=9.1 Hz, 1H), 5.66 (d, J=7.4 Hz, 1H),
2.75~2.63 (m, 2H), 2.60 (t, J=7.5 Hz, 2H), 1.85~1.74
(m, 4H), 1.47~1.33 (m, 8H), 0.97~0.92 (m, 6H); "*C
NMR (126 MHz, CDCly) §: 176.15, 172.19, 171.79,
166.09, 165.66, 165.21, 164.98, 161.35, 159.93, 158.26,
153.30, 150.86, 133.67, 133.59, 133.45, 133.23, 129.90,
129.88, 129.80, 129.54, 129.23, 128.70, 128.59, 128.54,
128.53, 128.51, 128.49, 128.39, 128.38, 127.44, 122.34,
112.95, 109.55, 108.40, 102.40, 98.19, 73.00, 72.47, 71.35,
69.32, 63.07, 34.35, 34.14, 31.34, 31.24, 24.54, 24.06,
22.38, 22.31, 13.98, 13.93; HRMS (ESI) caled for
CeHs7016 (M+H)" 1045.3641, found 1045.3626.
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4.8 5,6,4'-Tri-O-benzyl-7-0-(2",3",4",6"-tetra-O-
benzoyl-B-D-glucopyranosyl) scutellarein (23)894 B

B4R 19 (55 mg, 0.072 mmol)F13Z1k 14 (20 mg,
0.036 mmol) & T~ 25 mL EIEMHH, MAFELE 4 A &
(150 mg), 4 Ar =R, PE NI PhsPAUNTY, (5
mg, 0.007 mmol), Ar LRY FHIIA 2.5 mL Jo/K & H
Pr, B FHEE 17 h, IIAN—3 BN KN, fE#E+
R, VRV EREERAE, POEAEEATVCA ) © (R
) : MR =5 1 1: 1], BAGEEIRERAE 23
(44 mg, 90%). [a]? +37.0 (c 2.2, CDCls); 'H NMR (500
MHz, CDCl3) 0: 7.99 (d, J=7.6 Hz, 2H), 7.93 (d, J=7.6
Hz, 2H), 7.91 (d, J=7.6 Hz, 2H), 7.89 (d, J=7.6 Hz, 2H),
7.72 (d, J=8.7 Hz, 2H), 7.61~7.52 (m, 3H), 7.51~7.28
(m, 23H), 7.17 (t, J=7.7 Hz, 2H), 7.08 (s, 1H), 7.05 (d,
J=8.8 Hz, 2H), 6.61 (s, 1H), 6.09 (t, J=9.2 Hz, 1H),
6.01~5.94 (m, 1H), 5.83 (t, J=9.4 Hz, 1H), 5.73 (d, J=
7.3 Hz, 1H), 5.17 (s, 2H), 5.05 (s, 2H), 4.92 (dd, J=6, 10.5
Hz, 2H), 4.79 (dd, J=12.1, 2.5 Hz, 1H), 4.57 (dd, J=12.1,
6.4 Hz, 1H), 4.53~4.46 (m, 1H); *C NMR (101 MHz,
CDCly) d: 177.05, 166.08, 165.76, 165.20, 164.98, 161.48,
161.33, 154.30, 153.74, 152.09, 140.59, 136.90, 136.85,
136.26, 133.68, 133.46, 133.44, 133.16, 129.91, 129.85,
129.83, 129.47, 129.42, 129.26, 128.79, 128.75, 128.63,
128.59, 128.53, 128.41, 128.37, 128.29, 128.24, 128.21,
128.08, 127.97, 127.48, 123.82, 115.31, 115.20, 106.95,
101.33, 98.62, 76.66, 75.95, 72.95, 72.57, 71.49, 70.19,
69.37, 63.02; HRMS (ESI) calcd for CooHs;O1sNa (M+
Na)" 1157.3360, found 1157.3336.
4.9 5,4'-Di-O-hexanoyl-7-0O-(2",3",4"-tri-O-benzoyl-
B-D-xylopyranosyl) apigenin (24)894& X

B4 20 (139 mg, 0.22 mmol)F13Z4K 10 (50 mg,
0.11 mmol) & T 25 mL &EIEM+, IMABEIT 4 A &
Ff(150 mg), ik Ar K=K, PLE I Ph;PAUNTS,
(16 mg, 0.022 mmol), Ar SARH FIA 2.5 mL Jo/K &
e, S FHEE S h, I BaN BRI, fEbE
Lok, M E B, tREAEETVCA ) (=
AR MR ZEE)=8 : 2 : 1], B ECIEHIR E &
24 (90 mg, 90%). 'H NMR (500 MHz, CDCl;) &: 8.12 (d, J
=7.3 Hz, 2H), 8.09 (d, J=7.3 Hz, 2H), 8.01 (d, J=7.3
Hz, 2H), 7.85 (d, J=8.7 Hz, 2H), 7.62~7.53 (m, 3H),
7.48 (t, J=7.7 Hz, 2H), 7.40 (t, J=7.8 Hz, 2H), 7.32 (t, J
=7.8 Hz, 2H), 7.24 (d, J=8.7 Hz, 2H), 7.15 (d, J=2.3
Hz, 1H), 6.74 (d, J=2.3 Hz, 1H), 6.59 (s, 1H), 5.82 (t, J
=5.0 Hz, 1H), 5.79 (d, J=3.2 Hz, 1H), 5.61~5.56 (m,
1H), 5.36 (dd, J=7.8, 3.8 Hz, 1H), 4.57 (dd, J=12.9, 2.8
Hz, 1H), 4.05 (dd, J=12.8, 3.9 Hz, 1H), 2.75 (t, J=17.7
Hz, 2H), 2.59 (t, J=7.5 Hz, 2H), 1.91~1.73 (m, 4H),
1.51~1.33 (m, 8H), 0.95 (m, 6H); >C NMR (126 MHz,
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CDCly) d: 176.26, 172.24, 171.79, 165.48, 165.08, 164.85,
161.31, 159.83, 158.45, 153.33, 150.85, 133.70, 133.63,
133.54, 130.01, 129.99, 129.96, 129.21, 129.03, 128.77,
128.59, 128.49, 128.44, 127.44, 122.34, 112.71, 109.62,
108.38, 102.19, 96.70, 68.30, 67.92, 67.70, 60.66, 34.33,
34.20, 31.36, 31.23, 24.52, 24.14, 22.41, 22.31, 14.00,
13.93; HRMS (ESI) caled for Cs3HsoNaO;, [M—+Na]®
933.3093, found 933.3078.

410 5,4'-Di-O-hexanoyl-7-0-(2",3",4"-tri-O-benzoyl-
B-L-rhamnopyranosyl) apigenin (25)894& A%

B4R 21 (142 mg, 0.22 mmol)F13Z4K 10 (50 mg,
0.11 mmol)& T 25 mL B, IIAFEE] 4 A 5
FIfi(125 mg), ik Ar K=K, PLEIIA Ph;PAUNTS,
(16 mg, 0.022 mmol), Ar AR FIMA 2.5 mL Jo/K 45
FRGE, = FHHE 11 h, IIN—% BN BRI, FEE
TR, EWE R, REAENTVCARES) © (=
AW MR ZER)=20: 2 : 1], 13 A AR FE 4
25 (100 mg, 98%). [a]? +1.7 (¢ 1.0, CHCly); '"H NMR
(500 MHz, CDCls) §: 8.24~8.10 (m, 2H), 8.06~7.96 (m,
2H), 7.94~7.80 (m, 4H), 7.66 (t, J=7.5 Hz, 1H), 7.54 (t,
J=17.7 Hz, 3H), 7.46 (t, J=7.5 Hz, 1H), 7.40 (t, J=7.8
Hz, 2H), 7.31~7.25 (m, 6H), 6.92 (d, J=2.4 Hz, 1H),
6.63 (s, 1H), 6.02 (dd, J=10.2, 3.4 Hz, 1H), 5.96~5.87
(m, 2H), 5.81 (t, J=10.0 Hz, 1H), 4.29 (dq, J=12.4, 6.2
Hz, 1H), 2.85~2.73 (m, 2H), 2.60 (t, J=7.5 Hz, 2H),
1.91~1.74 (m, 4H), 1.46 (ddd, J=12.4, 8.5, 4.8 Hz, 8H),
1.40 (d, J=6.2 Hz, 3H), 0.98~0.93 (m, 6H); “C NMR
(126 MHz, CDCl;) &: 17631, 172.29, 171.79, 165.69,
165.51, 165.43, 161.42, 159.30, 158.52, 153.36, 150.94,
133.78, 133.48, 133.29, 129.98, 129.77, 129.74, 129.02,
128.99, 128.96, 128.70, 128.64, 128.48, 128.35, 127.49,
122.36, 112.79, 109.70, 108.43, 101.95, 95.78, 71.20,
70.13, 69.47, 68.28, 34.35, 34.23, 31.38, 31.23, 24.53,
24.16, 22.41, 22.30, 17.73, 14.00, 13.91; HRMS (ESI)
caled for CssHs;NaO;, [M + Na] © 947.3249, found
947.3248.

4.11  Apigenin 7-O-B-D-glucuronide (1)B4& &

B & 15 (114 mg, 0.097 mmol)¥ fif T -1 Iy
PRI (6 mL)H, fEESART R, T 0 CHmfk &KX
ANk 2.12(0.22 mL, 3.88 mmol) 1Py T IEHAL4%(2.9
mL, 1 mol/L f] THF ¥, 2.9 mmol). 2 J5k &R HRFHL
ZERRMN 24 h, ZSEHFH(100 mL)FRAA R, A
NaHCO; /K H B, Kk, WME KL, ZJFTK
NaSO, TEA VA, I8, IRGIER, YOEMRENVCH
W) © A TR @ MCRCER)=4 4 149a i+
] 44(66 mg, 71%).

Bk AW HEE R 44(65 mg, 0.069 mmol)iE T1AF
teol 2 01 & B KIRA R4S mL)F, EET
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TN 2R I4(90 mg, 0.28 mmol)Fl TEMPO (5.5 mg,
0.035 mmol), fRFEFEIRBFE 21 h, TIAMEH Na,S,05 7K
W R RN, S PR &, 7KBE, 7K NaSO,
TEEANAE, Uk, wdm, tREEER M TR -
V(B =30 : 1], f3FEREER  E4E 16 (50 mg, 78%).

K PEREER TP H) 44k 16 (52 mg, 0.054 mmol)¥&fR T
KHFEE@E mL)H, IATEK K,CO;5 (45 mg, 0.33 mmol),
FEIRTHEE 18 h, A Amberlite IR 120 H 5 752 #b
et PR R pH=4, 3, K45, KMHEZET
[V(H0) : ¥(MeOH)=1 : 1], fHRFEC[E K 1 (26 mg,
98%). [a]? —76.5 (¢ 0.5, MeOH). 'H NMR (500 MHz,
DMSO-d) d: 12.97 (s, 1H), 7.95 (d, J=8.7 Hz, 2H), 6.94
(d, J=8.8 Hz, 2H), 6.86 (s, 1H), 6.85 (d, J=2.0 Hz, 1H),
6.46 (d, J=2.0 Hz, 1H), 5.51 (s, 1H), 5.25 (d, J=7.2 Hz,
1H), 4.01 (d, J=9.6 Hz, 1H), 3.42~3.36 (m, 1H), 3.35~
3.23 (m, 2H); *C NMR (126 MHz, DMSO-d;) &: 182.43,
170.61, 164.74, 162.97, 161.83, 161.61, 157.40, 129.05,
121.45, 116.45, 105.89, 103.57, 99.83, 99.63, 95.10, 76.15,
75.74, 73.23, 71.73; HRMS (ESI) calcd for C,H;Oy;
[M—H]~ 445.0771, found 445.0755.

4.12 Scutellarein 7-O-B-D-glucuronide (2)B0& A&

Bk &4 17 (104 mg, 0.082 mmol)¥a T To /K PU S bk
(5 mL) o, EELRPT, T 0 Clafk RK I
VK Z.12(0.19 mL, 3.28 mmol)F1 Y T 3 5L 4#(2.46 mL, 1
mol/L ] THF ¥, 2.46 mmol), HIRTHF| =15 SN 24 h,
J1 100 mL S BeFiREAR R, MR NaHCO, b, 7K
Ui, To/K Na,SO, THEA VA, SIER4E, g2
(VAR - (& F ) - WCRR TR =4 4. 1], 13
A [A]44(70 mg, 85%).

W AE Rz o E4R(72 mg, 0.07 mmol)i&E T & ki-—7K
Viv=2: D, AERKIKIIAN Z SRR (90 mg,
0.28 mmol)All TEMPO (5.5 mg, 0.035 mmol), %5 T4
PE 21 h, AR Na,S,05 KRR RN, 5k
WikE, KBE, To/K NapSO, TEEEHUAH, T uEikds, ik
FEZEAT (&) - V(FED =30 : 1], 15KEEERR H (A]
1 18 (46 mg, 69%).

B FEBSER T E] 4K 18 (50 mg, 0.048 mmol)iE T T/K
MeOH (4 mL)+, =i FIMATE/K K,CO; (40 mg, 0.29
mmol)FiE$E 21 h, M Amberlite IR 120 H &3¢ it fig
TR R pH=4, &8, WA 5HEMET 4 mL PYEME
W-HEEV :v=1: D, ZEMARESEN 10%H
Pd/C (35 mg), il EEAL 12 h, fEBE LI IEARR, K
%, RIVEEEMVTES) @ VOK)=1 D 1/t ik 2
(22 mg, PiBIE 99%). [a]? —91.2 (¢ 0.5, MeOH); 'H
NMR (500 MHz, DMSO-dq) 6: 12.73 (s, 1H), 7.92 (d, J=
8.8 Hz, 2H), 6.98 (s, 1H), 6.94 (d, J=8.8 Hz, 2H), 6.81 (s,
1H), 5.21 (d, J=7.5 Hz, 1H), 4.04 (d, J=9.6 Hz, 1H),
3.46~3.27 (m, 6H); *C NMR (126 MHz, DMSO-d) o:
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182.79, 170.50, 164.56, 161.66, 151.45, 149.44, 147.30,
130.92, 128.87, 121.73, 116.44, 106.31, 102.97, 100.46,
94.05, 75.92, 75.69, 73.25, 71.78; HRMS (ESI) calcd for
CyH702, [M—H] 461.0714, found 461.0725.

4.13 Apigenin 7-O-B-D-glucopyranoside (3)8I& ik

Bk &9 22 (110 mg, 0.11 mmol)iA T 8 mL LK
e, =3E R IIATEK K,COs (87 mg, 0.66 mmol), S
PRy N =B FE 14 h, 1N Amberlite IR 120 H & 152
P R R A R pH=6~7, i IEIKkYE, R HFEEH
VoK) © V(B =1 D 15 A 3 (42 mg, 90%).
[a]? —46.1 (¢ 03, MeOH); 'H NMR (500 MHz,
DMSO-d) d: 12.96 (s, 1H), 10.39 (s, 1H), 7.95 (d, J=8.4
Hz, 2H), 6.93 (d, J=8.5 Hz, 2H), 6.87 (s, 1H), 6.82 (s,
1H), 6.44 (s, 1H), 5.39 (d, J=4.4 Hz, 1H), 5.12 (d, J=4.1
Hz, 1H), 5.07~5.06 (m, 2H), 4.61~4.59 (m, 1H), 3.77~
3.65 (m, 1H), 3.46 (dd, J=16.5, 7.0 Hz, 2H), 3.29~3.21
(m, 2H), 3.20~3.16 (m, 1H); “C NMR (126 MHz,
DMSO-ds) 0: 182.44, 164.69, 163.40, 161.81, 161.56,
157.38, 129.06, 121.47, 116.44, 105.78, 103.56, 100.34,
99.96, 95.29, 77.63, 76.89, 73.55, 69.99, 61.05; HRMS
(ESI) caled for C,Hy 010 [M-+H]"™ 433.1129, found
433.1130.

4.14 Scutellarein 7-O-B-D-glucopyranoside (4)894&
194

KA 23 (100 mg, 0.088 mmol)VAfi# T FHfE-—
AHPE(H 2.5 mLEWA, 0 CTFRMAERIMATK
K,CO; (97 mg, 0.7 mmol). ESARY FEERM 12 h,
BIN Amberlite IR 120 H BT 3 b g il £ 248 R pH=
6~7, IEWAE, PUEAEEH M & L) - V(PR =
15 D 1433 BB IR 57 mg.

¥ E— B B A E RS T R L BE- i
(% 2 mL)H, MRS N 10%0) PA/C (50 mg), #
BEETEMA 4 h, &R—BER}, FimEaeF—
B B B IE AR I g, Wedn, HIE-KIERPEL S, 5
A 4 (34 mg, BT 85%). [a] —65.4 (c 0.3,
MeOH); 'H NMR (400 MHz, DMSO-d;) d: 12.69 (s, 1H),
10.34 (s, 1H), 8.49 (s, 1H), 7.92 (d, J=8.5 Hz, 2H), 6.99
(s, 1H), 6.91 (d, J=8.7 Hz, 2H), 6.80 (s, 1H), 5.39 (d, J=
3.8 Hz, 1H), 5.12 (d, J=4.6 Hz, 1H), 5.08 (d, J=5.1 Hz,
1H), 4.98 (d, J=7.3 Hz, 1H), 4.65 (t, J=5.1 Hz, 1H), 3.74
(dd, J=10.7, 5.7 Hz, 1H), 3.56~3.42 (m, 2H), 3.44~3.34
(m, 1H), 3.25~3.10 (m, 1H); “C NMR (101 MHz,
DMSO-ds) o: 182.81, 164.46, 161.62, 151.76, 149.43,
146.99, 130.87, 128.87, 121.72, 116.39, 106.26, 102.92,
101.43, 94.54, 77.76, 76.30, 73.62, 70.12, 61.07; HRMS
(ESI) calcd for C,HyNaOy; [M—I—Na]+ 471.0898, found
471.0906.
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4.15 Apigenin 7-O-B-D-xylopyranoside (5)89& Bk

Bk &Y 24 (82 mg, 0.09 mmol)iA T T/K FEE(6.6
mL)H, =5 FIIATEK K,CO; (62 mg, 0.45 mmol),
SRR ZIRBERE 24 h, IO Amberlite IR 120 H &1
LW R P EA R pH=6~7, RS, R FHZE
VoK) - R EE)=1 © 1118 %EEE A 5 (38 mg,
99%). [a]? —33.2 (¢ 0.5, MeOH); 'H NMR (400 MHz,
DMSO-d) d: 12.94 (s, 1H), 10.37 (s, 1H), 7.96 (d, J=8.6
Hz, 2H), 6.92 (d, J=8.5 Hz, 2H), 6.86 (s, 1H), 6.81 (s,
1H), 6.40 (s, 1H), 5.41 (s, 1H), 5.13 (s, 1H), 5.08 (s, 1H),
5.06 (s, 1H), 3.76 (d, J=6.4 Hz, 1H), 3.42~3.37 (m, 2H),
3.24 (s, 2H); °C NMR (101 MHz, DMSO-d,) o: 182.44,
164.69, 163.14, 161.80, 161.52, 157.40, 129.09, 121.44,
116.41, 105.80, 103.51, 100.65, 99.92, 95.08, 76.71, 73.31,
69.64, 66.26; HRMS (ESI) calcd for Cy0H;709 [M—H]~
401.0878, found 401.0879.

4.16 Apigenin 7-O-B-L-rhamnopyranoside (6)894& i

B A4 25 (88 mg, 0.095 mmol)iE T 7 mL JE/K
ek, =R R I TE/K K,CO;5 (66 mg, 0.48 mmol), /<,
PP =IRBEEE 11 h, I Amberlite IR 120 H 758
Pbt e FE R R pH=6~7, RLI&Ik4gE, &I ENT
VoK) - V(=1 D 1R OE A 6 (38 mg, 91%).
[a]Z —119.5 (¢ 0.3, MeOH); 'H NMR (500 MHz,
DMSO-d) d: 12.94 (s, 1H), 10.37 (s, 1H), 7.96 (d, J=8.7
Hz, 2H), 6.93 (d, J=8.7 Hz, 2H), 6.86 (s, 1H), 6.85 (d, J=
1.8 Hz, 1H), 6.44 (d, J=1.8 Hz, 1H), 5.55 (s, 1H), 5.13 (d,
J=4.4 Hz, 1H), 490 (d, J=5.8 Hz, 1H), 4.79 (d, J=5.8
Hz, 1H), 3.84 (s, 1H), 3.64 (ddd, J=9.4, 5.8, 3.8 Hz, 1H),
3.44 (dq, J=12.2, 6.0 Hz, 1H), 1.12 (d, J=6.2 Hz, 3H);
BC NMR (126 MHz, DMSO-ds) o: 182.43, 164.67,
162.11, 161.79, 161.56, 157.39, 129.09, 121.45, 116.43,
105.79, 103.51, 100.05, 98.83, 95.26, 72.04, 70.70, 70.54,
70.29, 18.38. HRMS (ESI) calcd for C,H;409 [M—H]~
415.1035, found 415.1025.
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