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Abstract Kaempferol-5-O-a-L-rhamnopyranoside (1) and kaempferol-3,5-di-O-a-L-rhamnopyranoside (2) are representative
flavonol 5-O-rhamnopyranoside. Because of the strong intramolecular H-bond, the 5-O-glucosidic linkage could not be effi-
ciently constructed via conventional glycosylation method. In this paper, a novel glycosylation method was used which is
gold(I)-catalyzed glycosylation method with glycosyl ortho-alkynylbenzoates as donor to efficiently achieve the formation of

the challenging kaempferol-5-O-glycosidic linkages, and finally leading to naturally occurring compounds 1 and 2.
Keywords kaempferol; rhamnose; glycosyl ortho-alkynylbenzoate; gold-catalyzed; glycosylation
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WHEERZE AR, (EARIL. TMSOTE YEMERERIMI 414,

AA%ICRAF R 5 AL =8, PRIRATIAT AN, lzxeﬂﬁ—
—ANERRIE S T 58 BOX AL TAE, Hid a4
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(Schemes 2, 3).
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Scheme 3

1 ZEHEMH
1.1 UEBE5IRF

S T AR A o B Al Bl fb 2t BT G /K 77138
Fo HOPRHE D7 5 b AR 31, A FH AT 25 s Uk L ZR T A
TCI 2@ 3%; VARIAN 400-MR 5 Mercury vx 300 Hz
4% 1%; Bruker Dahonics APEXII 54> P iy, # 22
AT BT JZ AT BT AR S 38 8 v [ 9 S5 Ak T AR M1 A
"E77; jasco P-1030 g 61X,
1.2 374-ZFEUEBG)MEK

7t 423 mg (1.5 mmol)LLIZS My I¥) N,N-—— F 5L F it fre
(DMF) (2 mL)%& WA, IIABKERE(725 mg 5.3 mmol)Fll
YL (BnBr) (0.57 mL, 4.8 mmol). 5 h )G, &
% SRR, 23 1 mol/L 2hi, MRk IR, A0
b AKYE, JoKERM T, A TE. HER VA
WER) @ (LR AHER) - V(& FhE)=9 11 1153 751
mg # (A [EH 145, 773 90%. '"H NMR (300 MHz, CDCls) -
12.75 (brs, 1H), 7.98 (d, J=9.0 Hz, 2H), 7.49~7.20 (m,
15H), 7.00 (d, J=9.0 Hz, 2H), 6.46 (s, 1H), 6.41 (s, 1H),
5.1 (s, 2H), 5.08 (s, 2H), 5.04 (s, 2H); °C NMR (75 MHz,
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CDCLy) d: 178.6, 164.3, 161.9, 160.6, 156.6, 156.5, 137.2,
136.3, 136.2, 135.7, 1304, 128.7, 128.6 (2C), 128.5,
128.2, 128.1, 127.4 (2C), 122.9, 114.5, 106.0, 98.5, 92.9,
74.1, 70.3, 69.9; HRMS (MALDI) caled for C3gHa9Og
[M+H]": 557.1964, found 557.1959.

1.3 3,57, 4-M0FELLZEH6)RIE K

£ 423 mg (1.5 mmol) LI ZZ ) [¥) DMF (2 mL)¥# ¥,
IINFREEST 1.035 g (7.5 mmol)Al BnBr (0.89 mL, 7.5
mmol). Fi LG, LB LM, 2 1
mol/L 5%, WIANBRIR AN WA Eh/kvE, Jo/KBR IR
T, IR, ATE. AR VCREME) C MO L
B) @ VS Ue)=9 111 11193 853 mg sk 6,
77 % 88%. '"H NMR (300 MHz, CDCl5) d: 7.98 (d, J=8.7
Hz, 2H), 7.62 (d, J=7.2 Hz, 2H), 7.46~7.24 (m, 18H),
7.00 (d, J=8.7 Hz, 2H), 6.56 (s, 1H), 6.45 (s, 1H), 5.26 (s,
2H), 5.11 (s, 2H), 5.10 (s, 2H), 5.06 (s, 2H); °C NMR (75
MHz, CDCl3) d: 173.8, 162.6, 160.1, 159.7, 158.6, 153.5,
139.6, 136.9, 136.4, 135.6, 130.1, 128.8, 128.7, 128.6,
128.5, 128.3, 128.1 (2C), 127.8, 127.6, 127.4, 126.6,
123.4, 114.4, 110.0, 98.0, 93.8, 73.9, 70.7, 70.4, 69.9;
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HRMS (MALDI) caled for C4;H3O6Na [M + Na] ' :
669.2253, found 669.2248.
14 374-=%F£H5-0-(2,34-=-O-FHEH-a-L-FR
ZHE) L Z=ERHEE (B) R A X

ELAK T (52 mg, 0.079 mmol), L& 5 (20 mg,
0.036 mmol)[¥] & FE(1.2 mLYEW AN 4 A 2 19
AR IRERE 3 h 5, EE TR, AENTVCH M
) @ M(CRZHE)=T D133 30 mg H (A 414 8, 3
82%. a-FRE: [a]y +20.8 (¢ 1.0, CHCL); 'H NMR
(300 MHz, CDCL3) 8: 8.17 (d, J=7.2 Hz, 2H), 8.05 (d, J=
7.5 Hz, 2H), 8.00 (d, J=9.0 Hz, 2H), 7.89 (d, J=7.2 Hz,
2H), 7.62~7.25 (m, 24H), 7.03 (d, J=8.1 Hz, 2H), 6.80
(s, 1H), 6.72 (s, 1H), 6.43 (d, J=9.0 Hz, 1H), 6.14 (s, 1H),
5.92 (s, 1H), 5.85~5.78 (m, 1H), 5.22~5.09 (m, 6H),
4.61~4.56 (m, 1H), 1.36 (d, J=5.7 Hz, 3H); °C NMR
(75 MHz, CDCl;) d: 172.3, 166.0, 165.5, 165.2, 162.4,
160.2, 158.4, 156.1, 153.7, 139.5, 136.8, 136.4, 135.6,
133.5, 133.2, 1329, 130.2, 130.0, 129.9, 129.7, 129.4
(20), 129.2, 129.1, 128.7, 128.6 (2C), 128.4, 128.2, 128.1
(20), 127.9, 127.5 (2C), 123.5, 114.5, 110.6, 101.3, 96.5,
96.4, 74.0, 71.8, 70.6, 70.5, 70.0, 69.8, 68.3; HRMS
(MALDI) caled for Cy3Hs50013Na [M—|—Na]+: 1037.3149,
found 1037.3144.
1.5 WZEER 5-O-a-L-FREEEE(1)HEK

LAY 8 (31 mg, 0.03 mmol)ft) FFEE & k2
mL, 1D DI, AR (41 mg, 10 equiv.). &
WA, BRUE &R, SRR, ¥
L= s T LR LB/ LWEQ mL, Vi V=1 ¥, A
10% Pd/C (20 mg), EZA4 3 h G, g+, A
EMVCTED) © VOK)=1 : 1143 13 mg B O E A 1, Pid
W% 95%. 'TH NMR (300 MHz, CD;0D) §: 8.07 (d, J=7.8
Hz, 2H), 6.90 (d, J=7.8 Hz, 2H), 6.60 (s, 1H), 6.58 (s,
1H), 5.49 (s, 1H), 4.23 (s, 1H), 4.17~4.12 (m, 1H), 3.69~
3.67 (m, 1H), 3.49~3.43 (m, 1H), 1.23 (d, J=5.7 Hz,
3H); *C NMR (75 MHz, CD;0D) §: 175.9, 166.7, 162.8,
162.4, 160.6, 145.4, 133.9, 132.8, 118.9, 117.8, 110.0,
104.5, 103.2, 100.2, 76.5, 74.6, 74.3, 73.7, 20.6; HRMS
(ESI) calcd for CyHy0010: 432.1056, found 432.1062.
16 3,7-Z%FH-54-"-0-(2,34-=-O- KB &-a-L-
RER)LS=mEE(11)B S K

ELAK T (113 mg, 0.171 mmol). L& 4 (20 mg,
0.043 mmol)f¥) & FE(1.5 mLyEW AN 4 A 4> 19
AR IRERE S h 5, EETE, AENVCH M
) @ M(CRCHE) « V(& W EE)=7 1 : 211343 45 mg
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AR 11, 2% 76%. a-HHE: [a]d +6.9 (¢ 1.8,
CHCly); '"H NMR (300 MHz, CDCLy) 6: 8.17~8.15 (m,
4H), 8.06~7.99 (m, 6H), 7.89~7.88 (m, 4H), 7.67~7.62
(m, 2H), 7.55~7.18 (m, 28H), 6.82 (s, 1H), 6.75 (s, 1H),
6.45~6.41 (m, 1H), 6.15 (s, 1H), 6.10~6.06 (m, 1H),
5.93~5.77 (m, 5H), 5.26~5.14 (m, 4H), 4.62~4.59 (m,
1H), 4.35~4.29 (m, 1H), 1.39~1.36 (m, 6H); *C NMR
(100 MHz, CDCLy) 6: 173.3, 166.0, 165.8, 165.6, 165.2,
162.6, 158.5, 157.3, 156.3, 139.9, 136.9, 135.7, 133.7,
133.5, 133.3, 133.0, 130.4, 130.0, 129.9, 129.8, 129.5
(20), 129.3, 129.2 (2C), 129.1, 128.8, 128.7, 128.6, 128.5,
128.4 (2C), 128.2 (2C), 128.1, 127.6, 125.4, 116.0, 110.7,
101.4, 96.6, 96.5, 95.6, 74.2, 71.9, 71.5, 70.7, 70.6 (2C),
69.9, 69.8, 68.4, 67.8, 17.8 (2C); HRMS (ESI) calced for
Cy3HesO20Na [M+Na]': 1405.4045, found 1405.4040.
17 74-"%#-35-2-0-(2,3,4-=-O-FHAEH-a-L-
FREHE) L = HEE (13) B & B

LR T (594 mg, 0.90 mmol). L&) 4 (70 mg,
0.15 mmol)f) 5 F%E(1.5 mL)E W H A 4 A 7» 1.
AR IR Sh R, DUEZE TR, FEENTV(TR)
V(IR 2BE)=20 : 11435] 166 mg F{a 1A 13, =%
80%. a-StHIfE: [aly —19.5 (¢ 1.6, CHCly); 'H NMR
(300 MHz, CDCly) 8: 8.13 (d, J=7.5 Hz, 2H), 8.04~7.97
(m, 6H), 7.87 (d, J=7.8 Hz, 2H), 7.82 (d, J=8.1 Hz, 2H),
7.75 (d, J=17.5 Hz, 2H), 7.62~7.13 (m, 30H), 6.84 (s,
1H), 6.76 (s, 1H), 6.34 (dd, J=2.7, 12.0 Hz, 1H), 6.05 (s,
2H), 6.01 (s, 1H), 5.93~5.89 (m, 2H), 5.82~5.76 (m,
1H), 5.56~5.49 (m, 1H), 5.18 (s, 2H), 5.14 (s, 2H), 4.63~
4.58 (m, 1H), 4.11~4.04 (m, 1H), 1.35 (d, J=6.0 Hz,
3H), 1.13 (d, J=6.3 Hz, 3H); *C NMR (100 MHz, CDCls)
5: 172.6, 165.6, 165.4, 165.0, 162.7, 160.9, 156.6, 154.5,
136.4, 135.6, 133.5, 133.1, 133.0, 132.8, 130.5, 130.0,
129.9 (2C), 129.7, 129.5, 129.4, 129.3, 128.8, 128.6,
128.4, 128.2, 128.1, 127.6, 127.5, 122.9, 115.2, 110.7,
101.6, 98.0, 96.9, 96.6, 71.8, 71.4, 70.7, 70.6, 70.2, 70.0,
69.8, 68.6, 68.5, 17.7, 17.5; HRMS (ESI) caled for
Cy3HesO20Na [M+Na]': 1405.4045, found 1405.4040.
1.8 WWEEH 3,5-Z-0-a-L-REREE (2)ME K

EALEH 13 (60 mg 0.04 mmol)f FFEE/ & k(4
mL, VI V=1 DIEET, MANKEH 41 mg, 10
equiv.). FEiPEHEE BT, BRVERD B8R, gk
AT, B mE T RO/ GBEQ mL, VI V=1
D, A 10% Pd/C (30 mg), # EEA4L 3 h 5, 1 yg7E
+, AR ST VTEE) @ VOK)=1 : 1113 20 mg 2 (L[4
42, PiACE 80%. 'TH NMR (400 MHz, CD;0D) 6: 7.74

Chin. J. Org. Chem. 2012, 32, 1067~1071
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(d, J=8.4 Hz, 2H), 6.94 (d, J=8.4 Hz, 2H), 6.62 (s, 1H),
6.53 (s, 1H), 5.48 (s, 1H), 5.31 (s, 1H), 4.26 (s, 2H), 4.13
(dd, J=3.2, 9.2 Hz, 1H), 3.75~3.70 (m, 1H), 3.51 (t, J=
9.2 Hz, 1H), 3.35~3.30 (m, 1H), 3.22~3.20 (m, 1H), 1.27
(d, J=6.0 Hz, 3H), 0.88 (d, J=6.4 Hz, 3H); “C NMR
(100 MHz, CD;0D) 6: 173.7, 159.8, 158.8, 157.1, 155.4,
149.2, 136.5, 130.3, 121.5, 115.0, 107.9, 102.0, 101.7,
99.6, 96.9, 72.5, 71.8, 70.7, 70.6, 70.5, 70.4, 69.8, 16.6,
16.2; MS (ESI) caled for Cy;HyO4 [M—H] : 577.2,
found 577.5. HRMS (ESI) calcd for C,;H,90014 [M—H] :
577.1557, found 577.1563.

2 H#R5hE

BATINE S AL sy 3 ik, (AN R R
KX HIATRHARS. 1 equiv. B ESSEARE
7%, 2.2 K1 3.2 equiv. IR R 73l 2, 3,7- = RER Y
(23 1) 4 PR 3,7, 4- = SR AL 23 5, it R
AR SR AT L= T 6. ML Zmyr-F ik
Preb, FRATT AT LU T L2 U A F 35 s
3=7>4'>5. .

FERRUE B AL 4 (0.2 equiv. PhsPAUNTS, 4 A
MS, CH,CL, r.t)7, 524k 3,7,4'- =% E 158 5 54 Bz
R 1 B 2B AT e SR IR R 45 1 7TV OB A TR AL
N, DLEnS R R A5y 5 AR 8. Bk g q
B R AR AR I, SRR F B L ARy —
AR LD 95% IR 5 3 H AR 7 1.

SERC T BAR T 1 MBI G, BATKIER R
B HEI A . B BB R A 2 R SCER R TR
ARG, (H T AR I A IR A AT 4R E. wh
AT BT 40, H BP AN A Calabricoside Al'M 5
Kaempferitrin'' > 1] & i R IE T 90 XSO L. 4 F&
NI e, IR 3,7 SRS W 4 (E2 1k 54%
T FERRESAT AT R AL, DLl 2679 21 Ll 22 1
54 RAE 11 ML A

AT 200 LA, BAISE T KR
2 (G . T AR 7,4- S5 23y 1283
UNSTEY N R P AT LR i a R A VA D S S )
B2y 3,5- WA 13, BRPESAE R i B 2wt
FEARY I, ST T L 3 I AN SR R
PAPI 2 90%M 453 31 H b5 7 2.

HNEERHGE, LA 2 A S ARRE L5 B 0E 1
FARP=WIIZ B A —S). 4 T &b &4
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2 (R, BATE— M T A BT ('H, PC, COSY,
NOESY, HMQC, HMBC), MIZHEEIEH AT e S
W) 2 (P45 K2 IERI TR (Scheme 4).

OH
HO. o O

X
H 0
0) 0
P
Ho L2/ OH
o ~~ HMBC
Ho L,
) 7~ NOE

Scheme 4

B2, BAER] i SRR, QBRI I B
e R IIRE AL A0, 5 e T IRy 5 A7 1% B 4
B ER) BT B R AR 5 1. BRATTARA It A )
BEH AL AR RET 2 I N T B iy e 2 (B AL, R HDY
5 O ST IR B PR B R P R el ELAT AR R P RCR.
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