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Abstract

A B-secretase (BACE1) inhibitor could be used for the development of an effective and a safe

therapy for Alzheimer’s

disease. This study describes the synthesis and the B-secretase inhibitory

activity of a glucoside of ginkgetin (1) that inhibits the B-secretase with an ICs, value of 3.9 uM. The

material 1 was isolated from Cephalotaxus harringtonia K. Koch. var. harringtonia. The ginkgetin

glucoside atropisomers 4R and 4S were produced by glucosidation of 1. The atropisomers 4R and 4S

inhibited the B-secretase with ICsy values of 17 uM and 3.1 uM, respectively. Therefore, glycosidation

of biflavonoids could be one of the effective methods for drug development.
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b D%V D L GRIZ1 2,3,4,6-tetra-O-
acetyl-a-D-glucopyranosyl bromide (2) (Tokyo
Chemical Industry) % 7-.

B-Secretase P EE 43 5R1L, BACELFRET
Assay Kit, Red (Pan Vera) % Vv CatBaL7- Y.
Positive control & L T, B-Secretase Inhibitor (Wako
Pure Chemical Industries) % fH 7z, %2 7LD i
FIREE 0.1, 0.5, 1, 10 pg/mL (231 5 sk 5
(n=3) 75, ICs, (B-secretase DFEFRIENE% 50%pH
D OIZET HAEWE OPRNE) % Graph Pad
Prism® Ver. 5 (Graph Pad Software) % Fu > THLH!
L7z, 2BEMOmBICIE, FREZITY, %5
BLOYATL Student D tHRE, RAESHOSEA
IZ Aspin-Welch @ t #27E % v 7-.

3R, 3S DERL (4 1).

1 (350.5 mg, 0.62 mmol) % DMF (dry) 5.0 ml (Z
IR, #Oh, Ar RPKT THEME S, NaH (60%,
29.6 mg, 0.74 mmol) % /i z 1 RER#EEEE L 72, Wi
2 (215.8 mg, 0.53 mmol) %Nz, 18 MR L7
DORIS ST, BOSK T#, CHCl; THRL,

% 1& (2014)

KEMA THRAE AT > T, AHEE % K
Na,SO, THiME: L 712, WAL E LTz, 5%
% Sephadex LH-20 # 7 A7 u~ K7 7 4 —
(MeOH), HPLC (toluene-acetone) T4y, Kl L,
3R (5.3mg, IV 2%), 3S(8.3mg, UK 3%) %
B,

1 @ X 5 72 amentoflavone . &7 Z /K / 4 KT
X T ERE (b S D &, C3-C8"THREA LT
7 = = UVIE CRIESEENSEC D Z LT EY
BRIEBLVBS DI HIZ2fDT kv 7 BMEARH)E
9% 9. 3R F5L T8 3S 1L HRFABMS L 1,
CyHuO1 TH D Z &b, LITT B TF VA THRE
SIi7z glucose 1 43 735G LiclbaToh 5 &
RELE FE1D. 10O H-6"0IE 6640 &IRJE S
N5 H, 3R TlX§46.86, 3S Tl dy6.82 &Kk
Brloy 7 LT, 72, 3RICKIT S 64571
(H-1") 2>5 D §¢ 158.6 (C-7") ~? HMBC #HES,
B L3S IHIT D 8,563 (H-1™) 55 5 158.9
(C-7")y ~®>HMBC OB L ¥ 3R, 3S Tl glucose
PN TNASRES LT D ERE L. 3R, 3S I

2D-NMR 7 E MG L, BB 21T 12
(Z 2,3).

1 (ICs50=3.9 uM) 2

positive control (IC5, = 0.10 uM)

4R (ICs5o = 17 pM)

48 (ICso = 3.1 uM)

1 Ginkgetin (1) @ glucose FLBEA 4R, 4S DAk & B-secretase P % 1
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4R DERE (K1)

3R (6.7 mg, 7.5 umol) % MeOH 4.0 ml 2R,
HEE, Ar FRPHS T T S, NaOMe (28% in
MeOH) 3.0 ml % il 2 T AWFRIH#EE L 7=, RIZ H,0
7.0ml A%, BEIC 18 REfHFE L7z, BOSHT
#%, 2mol/lLHCI THfIL, WA BEEEL,
H,O RIAE/ 5 4R (3.0 mg, UL 55%) % 457-.
4S DK (12 1)

35 (10.0 mg, 11 pmol) % MeOH 5.0 ml 2R,

% 1& (2014)

N, Ar FRPHSUT CIEfiE <&, NaOMe (28% in
MeOH) 4.0 ml % i 2 C AW HEEE L 7=, RIC H,0
7.0ml &Nz, B 18 WERMBEE L2, SOUSKT
%, 2mol/LHCI THHRIL, WEAREEEL,
H,O RIARA 4S (5.1 mg, LR 63%) % 15H7-.

4R 1L 3RIZEIT 5 7L 84 1.59, 1.86, 1.98,
2.06 DKLV, 451X 3SICHIT BT 7T by
1.70,1.87,1.98,2.06 DiEK LV, TEFNLDORE
R LT (3 2).

#1 WBAT bLT—X

(R)-7,4'-Di-O-methyl-7"-0-(2,3,4,6-tetra-O-acetyl-p-glucopyranosyl)amentoflavone (3R)

Yellow powder; mp 150-152°C; [a]p® -222.8 (c 0.20, MeOH); IR vmax (KBr) cm™: 2920, 1750, 1650, 1600, 1440, 1365, 1260, 1220, 1040,
800; UV Anax (MeOH) nm (log &): 331 (4.46), 270 (4.48), 207 (4.48); CD Amax (MeOH) nm ([6]%): 337 (-75350), 306 (34351), 284 (7401),
263 (31167), 238 (-12300), 225 (-1132); FABMS (positive) m/z 897([M+H]*), 567; HRFABMS (positive) m/z 897.2236 (Calcd for 897.2242,
CusH1015); 'H-NMR (3 2); ®C-NMR (% 3).

(5)-7,4'-Di-O-methyl-7"-0-(2,3,4,6-tetra-O-acetyl-D-glucopyranosyl)amentoflavone (3S)

Yellow powder; mp 153-156°C; [a]p®* -145.9 (c 0.40, MeOH); IR vmax (KBr) cm™: 2920, 2850, 1755, 1650, 1600, 1500, 1440, 1365, 1260,
1220, 1040, 840. 820, 800; UV Amax (MeOH) nm (log &): 334 (4.59), 270 (4.60), 206 (4.73); CD Amax (MeOH) nm ([01%): 334 (69560), 307
(-47349), 282 (-5458), 264 (-30055), 239 (2788), 224 (-26695); FABMS (positive) m/z 897([M+H]"), 567; HRFABMS (positive) m/z
897.2249 (Calcd for 897.2242, C46Hu1010); *H-NMR (3% 2); *C-NMR (3% 3).
(R)-7,4'-Di-O-methyl-7"-O-(p-glucopyranosyl)amentoflavone (4R)

Yellow powder; mp 195-197°C; [a]p** -164.8 (¢ 0.20, MeOH); IR vmax (KBr) cm™: 2925, 2850, 1730, 1650, 1600, 1440, 1260, 1100, 1030,
800; Amax (MeOH) nm (log &): 331 (4.23), 270 (4.26), 205 (4.44); CD Amax (MeOH) nm ([6]%): 336 (-50602), 307 (40028), 282 (1365), 266
(18860), 240 (-10760); FABMS (positive) m/z 729 ([M+H]"), 567; HRFABMS (positive) m/z 729.1827 (Calcd for 729.1819, CsH33015). ;
'H-NMR (5% 2); BC-NMR (3% 3).

(S)-7,4'-Di-O-methyl-7"-O-(p-glucopyranosyl)amentoflavone (4S)

Yellow powder; mp (dec.) 198°C; [0]o? -17.9 (c 0.30, MeOH); IR vmax (KBr) cm™: 2925, 1650, 1600, 1495, 1440, 1280, 1260, 1160, 1100,
1070, 835; UV Amax (MeOH) nm (log &): 329 (4.45), 270 (4.46), 207 (4.61); CD Amax (MeOH) nm ([0]%): 336 (70792), 307 (-39012), 284
(-2197), 265 (-29896), 241 (5081); FABMS (positive) m/z 729 ([M+H]*), 567; HRFABMS (positive) m/z 729.1826 (Calcd for 729.1819,
CisH33015) ; *H-NMR (3 2); *C-NMR (5 3).

# 2 H-NMR (DMSO-dg) 222 hLF—4%

position 3R 3S 4R 4S
3 6.97 (s) 6.98 (s) 6.96 (s) 6.98 (s)
6 6.36 (d, J=2.1 Hz) 6.37 (d, J=2.2 Hz) 6.37 (d, J=2.0 Hz) 6.37 (d, J= 1.0 Hz)
8 6.81 (d, J = 2.1 Hz) 6.83 (d, J =2.2 Hz) 6.88 (d, J = 2.0 Hz) 6.79 (d, J=1.0 Hz)
2 8.01 (d, J = 2.4 Hz) 8.01 (d, J = 2.4 Hz) 8.12 (d, J = 2.1 Hz) 8.11 (d, J = 1.2 Hz)
5' 7.35(d, J=8.9 Hz) 7.35(d, J=8.8 Hz) 7.39 (d, J=8.9 Hz) 7.35(d, J=8.7 Hz)
6' 8.22 (d, J=2.4,8.9 Hz) 8.24 (dd, J = 2.4, 8.8 Hz) 8.21(d, J=2.1, 8.9 Hz) 8.22(d,J=1.2,8.7 Hz)
3" 6.89 (s) 6.90 (s) 6.87 (s) 6.88 (s)
6" 6.74 (s) 6.77 (s) 6.75 (s) 6.78 (s)
2" 6" 7.48(d,J=8.8Hz) 7.47 (d, J = 8.8 Hz) 7.52 (d, J = 8.9 Hz) 7.52(d,J=7.7 Hz)
3", 5"  6.69(d,J=8.8Hz) 6.71 (d, J = 8.8 Hz) 6.75 (d, J = 8.9 Hz) 6.73(d, J=7.7 Hz)
1 5.71(d, J=8.1Hz) 5.63 (d, J=8.1 Hz) 5.16 (d, J = 7.9 Hz) 5.17 (d, J = 7.3 Hz)
A 4.84 (dd, J=8.1, 9.6 Hz) 4.84 (d,J=8.1,9.6 Hz) 3.02 (broad t, J =8.5Hz) 3.02 (m)
3™ 5.30 (t, J = 9.6 Hz) 5.30 (t, J = 9.6 Hz) 3.29 (m) 3.27 (m)
4™ 492 (t,J=9.6 Hz) 4.92 (t,J=9.6 Hz) 3.08 (broad t,J =3.5Hz) 3.10 (broadt, J = 8.8 Hz)
5 4.35 (m) 4.32 (ddd, J = 2.3, 6.8, 9.6 Hz) 3.72 (m) 3.39 (m)
6" 4.08 (dd, J=1.9, 122 Hz) 4.08 (dd, J=2.2,12.2 Hz) 3.45 (m) 3.48 (m)
4.18 (dd,J=6.5,12.2Hz) 4.21(dd,J=6.8, 12.2 Hz) 3.69 (M) 3.65 (broad d, J = 11.2 Hz)
5-OH 12.88 (s) 12.91 (s) 12.96 (s) 12.91 (s)
4"-OH 13.22 (s) 13.20 (s) 13.21 (s) 13.16 (s)
7-OCH; 3.82(s) 3.83(s) 3.85 (s) 3.84 (s)
4'-OCH; 3.78 (s) 3.72 (s) 3.77 (s) 3.78 (s)

OCOCH; 1.59,1.86,1.98,2.06(s)  1.70, 1.87, 1.98, 2.05 (s)
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# 3 BC-NMR (DMSO-dg) %<7 hLF—%

% 1& (2014)

position 3R 3S 4R 4R position 3R 3S 4R 4R
2 163.6 163.5 163.9 163.9 9" 153.5 153.4 153.4 153.4
3 103.9 103.9 103.8 103.6 10" 105.3 105.9 104.7 104.9
4 181.7 181.8 181.9 181.7 i 120.3 120.5 120.6 120.9
5 160.9 160.9 161.0 160.9 2", 6" 128.1 128.0 128.0 128.0
6 98.1 98.1 97.8 98.1 3", 5™ 115.8 115.8 115.9 115.8
7 165.0 165.0 164.9 165.0 4™ 161.5 161.4 161.7 161.8
8 92.7 92.7 92.7 92.5 i 96.1 97.1 99.6 99.6
9 157.2 157.2 157.3 157.2 A 70.0 70.0 73.2 72.9
10 104.6 104.7 104.5 104.7 3™ 71.8 717 76.7 76.6
1 122.4 122.5 122.4 122.0 4™ 67.9 68.0 69.5 69.6
2 130.4 130.8 131.5 130.8 5" 71.0 71.1 77.0 77.1
3 120.3 120.2 120.3 120.8 6" 61.7 61.8 60.5 60.6
4 160.2 159.8 160.1 160.4 7-OCHgs 56.0 56.0 56.0 56.0
5' 111.8 111.5 111.4 111.6 4'-OCHs 55.9 56.0 55.8 55.9
6' 128.5 128.0 128.1 128.2 OCOCH; 19.8 19.9
2" 164.1 164.1 163.7 163.6 20.2 20.2
3" 102.6 102.6 102.3 102.5 20.4 20.4
4" 182.1 182.1 182.0 182.0 20.4 20.4
5" 160.8 160.7 160.8 160.7 OCOCH; 168.0
6" 97.7 98.6 97.8 97.4 169.1 169.1
7 158.6 158.9 159.9 159.9 169.3 169.5
8" 105.5 105.5 105.0 105.8 169.8 169
Ginkgo biloba L. (f 772 7) 75 1 OELFEA 51 FSCHR

ginkgetin 7"-O-B-D-glucopyranoside 23 X 41T
WD, MAFLEICHET 5 ML 20T Y,
7 hu T EMEREE D, T 6 OSLRELE & R
WZFRHT L7= (£ 1). CD A7 hLZBWT, 4R
XA DE— (336 nm), A D . (307 nm) O
Cotton Zh, 4SITIEDOE— (336 nm), BADFE
(307 nm) @ Cotton &%~ L7=. CD bl +* 7
V74 —EEEHAL, ADXT VT 4 —%/RLT
W5 4R Z RIK, EOXFT VT 4 —%&/RLTWND
4S & SR EPE LT,

B-Secretase PHLETHIERBRICIB VT, 1D ICsx =
3.9 uM, I8 LT positive control T& % B-Secretase
Inhibitor @ 1Csy = 0.10 uM 7> 5 3R ER D FFHLE % Hie
ALY, BHER AR TIX IC=17 uM TH o 7=
2N, BORE(R 4S Tl 1C5=3.1uM TH - 7=, 4S 1%
4R L i U CHHEEMENEm <, ARMEMICH D
(p=0.0596, Aspin-Welch ® t }i 7).

4S 13 LT A~IKA~DEEFRIER N LD,
BbE b 22 LIk 0 IEEZ T SEDH Z &
<, RO ETE LM LENIT L.

UbozZEinb, ©7I78 A4 RO LA
BT AR IE~ DR D Z & AR LTz,
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