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Chemical constituents from barks of Betula platyphylla
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Abstract: Objective To study the chemical constituents from the barks of Betula platyphylla. Methods The chemical
constituents were isolated by silica gel column chromatography and HPLC, and its structure were identified by their spectral data and
physicochemical properties analysis. Results A total of 20 compounds were isolated from B. platyphylla, which were identified as
3-o0x0-24-methylenecycloartan (1), sitosterone (2), 3B-acetyl oleanolic acid (3), lupeol (4), citrostadienol (5), betulinaldehyde (6),
3B-acetoxyl-110,12a-epoxy-oleanan-13f,28-olide (7), oleanolic acid (8), erythrodiol (9), 3-hydroxy-1,7-bis(4’,4"- dihydroxyphenyl)-
heptane (10), B-sitosterol (11), 3p,20-dihydroxylupane (12), 3B-O-caffeoyl-betulin (13), platanic acid (14), 3p,12a-dihydroxyoleanan-
13B,28-olide (15), 30-norlupane-3f,28-diol-20-one (16), betulinic acid (17), betulin (18), 1,7-bis (4',4"-dihydroxyphenyl)-hept-
4-ene-3-one (19), and 5-hydroxy-1,7-bis (4',4"-dihydroxyphenyl)-hept-3-one (20). Conclusion Compounds 1, 5, 7, 12, 14—16 are
isolated from B. platyphylla for the first time, and compounds 1, 5, 7, 14—16 are isolated from betula genus for the first time.
Key words: Betula platyphylla Suk; triterpenoid; steroidal; diarylheptanoids; 3-ox0-24-methylenecycloartan; citrostadienol
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FIRE-13B,28- g (3B-acetoxyl-11a,12a-epoxy-
oleanan-13p,28-olide, 7). S5 H R (oleanolic acid,
8). EH E¥ (erythrodiol, 9). 3-¥£3:-1,7-X(4-
PR FHL)-PidE [3-hydroxy-1,7-bis (4',4"-dihydroxy-
phenyl)-heptane, 10]. B-%+ il (B-sitosterol, 11
3B,20-—F2 5P b & 4t (3B,20-dihydroxylupane, 12)+
3B-O-MIMERRAE AR EERE (3B-O-caffeoyl-betulin, 13).
WM EER (platanic acid, 14). 3B,120- —F2FHE-F5F3H
RIR-13B,28-M 5 (3B,12a-dihydroxyoleanan-133,28-
olide, 15). 30-2= H I i J5E-3B,28- —E-20-1i (30-
norlupane-3f,28-diol-20-one, 16). HEAFR (betulinic
acid, 17). HEAEE (betulin, 18). 1,7-XU(4-FFIEA
FE)- B J5t 4- 45 -3- B [1,7-bis (4’ 4"-dihydroxyphenyl)-
hept-4-ene-3-one, 19]. 5-F23E-1,7-X(4-F2FE R IE)-
Beke-3-H [5-hydroxy-1,7-bis (4'4"-dihydroxyphenyl)-
hept-3-one, 20]. HA1, L&Y 1. 5. 7. 14~16
NERMNZEHEY P BER, aW 12 NER
MAZIE o3 B AT 3
1 #RIE{EE

X-6 A A (B R AR A R A
w]); Bruker AV-600 B! 1 3L 4R % A (45 [E Bruker
Aw], TMS NWAR); il & s o i (H
AHIL/AF, LC-6AD %, Shodex RI SE-61 ff %
JeAG M 2E); PREP-SIL (250 mmX 10 mm, 5 pm)
AN PREP-ODS(250 mm X 10 mm, 5 pm)
ANFWETERE; AR (200~300 H) ~E
By e ) b MR AR B R G T
FEd s A HLET A EZ R B, HoAh
AR5 B4l

AR B T 2018 4F 4 H 2K H 7555 WG 7K 17 5 Ll AR
Y, UIEEZENT, &5 MR RS RN EH 3%
B ® N A MW Betula platyphylla Suk. » A3 A
(BPS-201804) {RAF T 57 MG IR KRR L%
2 REEENE

TR IMER 7 4.7 kg, FHAEE 26 L IR
3dfEIE, EE 3R, & R SEOIRAT 2/ ME
AR &, KA & he . BERR S BRAIE T i
oSV O B S b S| B s B S & R =
i, R SR 136.0 g BEER CHEAEHL
Y1348 g, IE T EEZEHUA 89.9 g.

SRR 30.0 g, FRE A (it 43 58,
WK IE Et-BERE B8 9 1(3.31L).6 : 4(5.5L),
3:7@GS5L0L).0:1 (42L), BERROES-HEE6: 4

(3.5L) P, £ TLC A& IAHFRR 7, 4615
F 12 NH (F1~F12). F3 (483.7 mg) HIEAE
ROAR L2y B (IE CUbe-BE R O 95 © 5, MR
& 4 mL/min) B4LEY 1 (7.8 mg, ®R=24.65 min).
F5 (5.25 g) &M EIES &, KR IE Cbe-Hi
RZEE9:1 (3.0L). 7:3 (20L). 0:1 (2.0L)
Ve, 4 TLC K& FEAEEw Sy, k45152 17 4
M4 (F5-1~F5-17). F5-7 (907.8 mg) &ttt
RS, IR IECHE-BEIR OB 9 11 (2.0L). 7 :
3(15L0). 0:1 (0.5 L) ¥, £ TLC &ill& It
AREGLSY, WAEFE] 7 AN (F5-7-1~F5-7-3).
F5-7-3 (483.7 mg) HIEARBGHAH G 3E 75 (IEC
Fe-BiR £ 06 95 © 5, AR E 4 mL/min) 1324k &
Y12 (42mg, r=28.37 min). 3 (4.7 mg, r=38.66
min). F5-10 (576.5 mg) F 1EAH = 20 (i 4 55
(IECKE-BEIR 408 95 ¢ 5, MAFUALE 4mL/min) 13
&Y 4 (20 mg, ®R=11.53min). 5 (49 mg, R=
14.86 min). 6 (2.1 mg, rR=17.31 min). 7 (2.0 mg,
R=19.57min). F6 (3.0 g) I IEAH = RORAH itk 7
B (IF C-BERE 208 75 25, ARFE 4 mL/min)
BEMAEY 8 (1.9 mg, r=9.43 min). 9 (10.3 mg,
R=12.94 min). 10 (1.7 mg, rR=47.85 min)., F8
(3.20 g) SR AIE 5, IR IE Cle-BEIR £
fig8:2 (3 7L). 6:4 (25L). 0:1 (20L) ¥
i, 2 TLC fill & IFAH AR 7, WedafF 3] 18 M
7y (F8-1~F8-18). F8-5 (20.5 mg) FIEHImZK
&S B QEChE-BER OB 85 & 15, AFRE 4
mL/min) SEELEY 11 (2.2 mg, ®=19.83 min).
F8-10 (453 mg) HIEMAHERGHA g (IE2
Fe-BSTe 06 75 2 25, AR E 4 mL/min) 53]t
AW 12 (8.7 mg, r=19.75 min). F8-13 (168.3 mg)
FA s A v AR € 43 B8 I shA : K =9 @ 1,
AR 4 mL/min) 52L& 13(2.6 mg, r=13.59
min). F8-14 (140.0 mg) A IEAH S 3G (i 4 25 (IE
CRe-TEIR OBR 7 © 3, PR 4 mL/min) 32I0E
Y114 (2.7 mg, ®£=22.59 min). 15 (6 mg, r=34.28
min). 16 (6.0 mg, ®=53.46 min). F10 (1.9 g) H
IEA RN it o B (IF Cbe-BERR 2.8 6 @ 4, 1A
U E 4 mL/min)#34L A4 17(1.9 mg, & =4.98 min)-
18(10.3 mg, #=6.05 min). 19(1.7 mg, x=7.76 min).
20 (1.1 mg, ®=9.16 min),
3 ZHEE

&9 1: AR K, mp 104~106 C; 'H-NMR
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(600 MHz, CDCL3) d: 4.72 (1H, brs, H-31a), 4.67 (1H,
brs, H-31b), 1.10 (3H, s, H-28), 1.05 (3H, s, H-30),
1.03 (3H, d, J = 5.2 Hz, H-27), 1.02 (3H, d, J = 5.2
Hz, H-26), 1.00 (3H, s, H-18), 0.91 (3H, s, H-29), 0.91
(3H, d, J = 5.6 Hz, H-21); '3C-NMR (150 MHz,
CDCl3) d: 216.7 (C-3), 156.9 (C-24), 106.0 (C-31),
52.3 (C-17), 50.2 (C-4), 48.7 (C-14), 48.4 (C-5), 47.9
(C-8), 45.3 (C-13), 37.5 (C-2), 36.1 (C-20), 35.6
(C-22), 34.9 (C-15), 33.8 (C-25), 33.4 (C-1), 32.8
(C-12), 31.3 (C-23), 29.6 (C-19), 28.2 (C-7), 26.7
(C-11), 26.0 (C-10), 25.9 (C-16), 22.2 (C-29), 22.0
(C-27), 21.9 (C-26), 21.5 (C-6), 21.1 (C-9), 20.8
(C-28), 19.3 (C-30), 18.3 (C-21), 18.1 (C-18). LA k3
5 SRR HE AR — 2B, MU e S 1 3-3k
H-24- 7 H L IRRT IR I H5e o

&Y 2. TEENE OFECRE-BSRR 88D, mp
76~79 ‘C; 'H-NMR (600 MHz, CDCLs) 6: 5.72 (1H,
brs, H-3), 1.17 (3H, s, H-19), 0.92 (3H, d, J = 6.5 Hz,
H-21), 0.85 (3H, t, J = 7.5 Hz, H-29), 0.83 (3H, brs,
H-27), 0.81 (3H, d, J = 6.8 Hz H-26), 0.71 (3H, s,
H-18); 3C-NMR (150 MHz, CDCl3) 6: 199.6 (C-3),
171.7 (C-5), 123.7 (C-4), 56.0 (C-17), 55.9 (C-14),
53.8 (C-9), 45.8 (C-24), 42.4 (C-13), 39.5 (C-12), 38.6
(C-10), 36.1 (C-8), 36.1 (C-20), 35.7 (C-1), 34.0
(C-7), 34.0 (C-22), 32.0 (C-2), 31.4 (C-6), 29.1
(C-23), 28.2 (C-16), 26.1 (C-25), 24.2 (C-15), 23.1
(C-28), 21.0 (C-11), 19.8 (C-27), 19.0 (C-19), 18.7
(C-21), 17.4 (C-26), 12.0 (C-18), 12.0 (C-29). LA E#dE
ik A8, WS E A 2 R S

&Y 3. Afsd (EH-HEE, mp 258~
260 °C; 'H-NMR (600 MHz, CDCls) d: 5.29 (1H, brs,
H-12), 4.49 (1H, dd, J = 11.6, 5.4 Hz, H-3), 2.82 (1H,
dd, J = 13.2, 3.6 Hz, H-18), 2.05 (3H, s, H-2"), 1.13
(3H, s, H-27), 0.94 (3H, s, H-25), 0.93 (3H, s, H-29),
0.91 (3H, s, H-30), 0.87 (3H, s, H-24), 0.85 (3H, s,
H-23), 0.76 (3H, s, H-26); '3C-NMR (150 MHz,
CDCl3) 6: 183.0 (C-28), 171.0 (C-1'), 143.5 (C-13),
122.6 (C-12), 80.8 (C-3), 55.2 (C-5), 47.5 (C-9), 46.5
(C-17), 45.8 (C-19), 41.5 (C-14), 41.0 (C-18), 39.2
(C-8), 38.0 (C-1), 37.6 (C-4), 36.9 (C-10), 33.7 (C-7),
33.0 (C-21), 32.5 (C-29), 32.3 (C-22), 30.6 (C-20),
28.0 (C-23), 27.6 (C-15), 25.8 (C-27), 23.5 (C-16),
23.4 (C-30), 23.3 (C-2), 22.9 (C-11), 21.2 (C-2"), 18.1

(C-6), 17.0 (C-26), 16.6 (C-24), 15.5 (C-25). LA_L-%
5 SRR IE AR — B0, MUSE S 3 T 3B-
LTS IHRR

&9 4: Atk AR, mp 173~175 °C; 'TH-NMR
(600 MHz, CDCl3) 6: 4.69 (1H, brs, H-29a), 4.57 (1H,
brs, H-29b), 3.19 (1H, dd, J = 11.4, 4.8 Hz, H-3), 1.68
(3H, s, H-30), 1.03 (3H, s, H-26), 0.97 (3H, s, H-23),
0.94 (3H, s, H-27), 0.83 (3H, s, H-25), 0.79 (3H, s,
H-28), 0.76 (3H, s, H-24); 3C-NMR (150 MHz,
CDCls) d: 151.0 (C-20), 109.3 (C-29), 79.1 (C-3), 55.4
(C-5), 50.6 (C-9), 48.3 (C-18), 48.0 (C-19), 43.1
(C-17), 42.8 (C-14), 40.9 (C-8), 40.0 (C-22), 38.9
(C-4), 38.8 (C-1), 38.0 (C-13), 37.2 (C-10), 35.7
(C-16), 34.3 (C-7), 29.9 (C-21), 28.0 (C-23), 27.5
(C-2), 27.4 (C-15), 25.2 (C-12), 20.9 (C-11), 19.4
(C-30), 18.3 (C-6), 18.2 (C-28), 16.3 (C-25), 16.0
(C-26), 15.5 (C-24), 14.6 (C-27). VL% 5 SCikdi
TEHEAR—FO, MUEEEEY) 4 2P R

& 5. AR AR, mp 124~126 C;'H-NMR
(600 MHz, CDCl3) é: 5.19 (1H, dd, J = 6.0, 1.5 Hz,
H-7), 5.13 (1H, q, J = 6.8 Hz, H-28), 3.14 (1H, dt, J =
12.0, 3.5 Hz, H-3), 2.84 (1H, m, H-25), 1.58 (3H, d,
J=6.8 Hz, H-29), 0.99 (3H, d, J = 6.9 Hz, H-4), 0.98
(6H, d, J= 7.2 Hz, H-26, 27), 0.97 (3H, d, J= 4.8 Hz,
H-30), 0.84 (3H, s, H-19), 0.57 (3H, s, H-18);
3C-NMR (150 MHz, CDCl;) §: 145.8 (C-24), 139.2
(C-8), 117.5 (C-7), 116.5 (C-28), 76.2 (C-3), 56.0
(C-17), 55.0 (C-14), 49.7 (C-9), 46.7 (C-5), 43.4
(C-13), 40.3 (C-4), 39.5 (C-12), 37.0 (C-1), 36.6
(C-20), 35.9 (C-22), 34.9 (C-10), 31.0 (C-2), 28.6
(C-25), 28.0 (C-23), 27.9 (C-16), 26.6 (C-6), 22.9
(C-15), 21.4 (C-11), 21.1 (C-26), 21.0 (C-27), 18.9
(C-21), 15.2 (C-30), 14.2 (C-19), 12.8 (C-29), 11.9
(C-18) LA - H¥i 5 ek i e A — 27, W e ik
EY) 5 T

&4 6: Ay A, mp 192~193 C; 'H-NMR
(600 MHz, CDCls) 6: 9.68 (1H, s, H-28), 4.76 (1H,
brs, H-29a), 4.63 (1H, brs, H-29b), 3.18 (1H, dd, J =
11.5, 4.7 Hz, H-3), 2.87 (1H, m, H-19), 1.69 (3H, s,
H-30), 0.98 (3H, s, H-27), 0.96 (3H, s, H-26), 0.91
(3H, s, H-23), 0.82 (3H, s, H-25), 0.75 (3H, s, H-24);
13C-NMR (150 MHz, CDCls) J: 206.7 (C-28), 149.7
(C-20), 110.1 (C-29), 79.0 (C-3), 59.3 (C-17), 55.3
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(C-5), 50.4 (C-9), 48.0 (C-18), 47.5 (C-19), 42.5
(C-14), 40.8 (C-8), 38.8 (C-4), 38.7 (C-1), 38.7
(C-13), 37.1 (C-10), 34.3 (C-7), 33.2 (C-22), 29.8
(C-21), 29.2 (C-15), 28.8 (C-16), 27.9 (C-23), 27.4
(C-2), 25.5 (C-12), 20.7 (C-11), 19.0 (C-30), 18.2
(C-6), 16.1 (C-26), 15.9 (C-25), 15.3 (C-24), 142
(C-27)o VL E3¥s 5 S0 iRRoE S A — 200, e fb
E1 6 NMEARRE

&4 7. Tk K, mp 295~296 C; 'H-NMR
(600 MHz, CDCls) §: 4.53 (1H, dd, J = 11.0, 5.5 Hz,
H-3), 3.03 (1H, d, J = 4.0 Hz, H-12), 3.01 (1H, d, J =
4.0 Hz, H-11), 2.31 (1H, dd, J = 14.0, 3.5 Hz, H-18),
2.06 (3H, s, H-2'), 1.09 (3H, s, H-26), 1.06 (3H, s,
H-27), 1.04 (3H, s, H-25), 0.98 (3H, s, H-29), 0.92
(3H, s, H-30), 0.87 (3H, s, H-23), 0.87 (3H, s, H-24):
BC-NMR (150 MHz, CDCl3) d: 179.4 (C-28), 170.9
(C-1"), 87.5 (C-13), 80.4 (C-3), 57.0 (C-12), 54.6
(C-5), 52.6 (C-11), 50.6 (C-9), 49.6 (C-18), 43.8
(C-17), 41.3 (C-8), 40.5 (C-14), 37.8 (C-1), 37.8
(C-19), 37.7 (C-4), 36.4 (C-10), 34.3 (C-21), 33.2
(C-29), 31.4 (C-20), 31.0 (C-7), 27.7 (C-23), 27.0
(C-15), 26.7 (C-22), 23.6 (C-30), 23.1 (C-2), 21.3
(C-16), 21.2 (C-2'), 20.0 (C-26), 18.8 (C-27), 17.4
(C-6), 17.2 (C-25), 16.2 (C-24). UL _E¥¥5 5 ik iE
BEAR—H, WS wethBEY 7 N 3p-LBEE -
110, 120- P58 FF R bE-13B,28- W I

&9 8: Atk R, mp 259~263 °C; 'H-NMR
(600 MHz, CDCLs) d: 5.29 (1H, brs, H-12), 3.22 (1H,
dd, J=11.4, 4.8 Hz, H-3), 2.82 (1H, dd, J = 13.2, 3.6
Hz, H-18), 1.27 (3H, s, H-27), 1.15 (3H, s, H-25), 1.00
(3H, s, H-29), 0.94 (3H, s, H-30), 0.93 (3H, s, H-24),
0.79 (3H, s, H-23), 0.77 (3H, s, H-26); '3C-NMR (150
MHz, CDCl3) §: 183.4 (C-28), 143.6 (C-13), 122.6
(C-12), 79.0 (C-3), 55.2 (C-5), 47.6 (C-9), 46.5
(C-17), 45.9 (C-19), 41.6 (C-14), 40.9 (C-18), 39.3
(C-8), 38.7 (C-4), 384 (C-1), 37.1 (C-10), 33.8
(C-29), 33.1 (C-7), 32.6 (C-21), 32.4 (C-22), 30.7
(C-20), 28.1 (C-23), 27.7 (C-15), 27.2 (C-2), 25.9
(C-27), 23.6 (C-16), 23.4 (C-30), 22.9 (C-11), 18.3
(C-6), 17.1 (C-26), 15.5 (C-24), 15.3 (C-25). LA L%
P 5 SOk AR IE FE AR — 300, WSS TEG S 8 5T
B

&9 9: Atk K, mp 180~182 °C; 'H-NMR

(600 MHz, CDCl3) 6: 5.19 (1H, t, J = 3.4, H-12), 3.56
(1H, d, J = 11.0 Hz, H-28a), 3.22 (1H, m, H-3), 3.21
(1H, d, J = 11.0 Hz, H-28b), 1.16 (3H, s, H-27), 0.99
(3H, s, H-23), 0.94 (3H, s, H-24), 0.93 (3H, s, H-30),
0.88 (3H, s, H-29), 0.86 (3H, s, H-26), 0.78 (3H, s,
H-25); *C-NMR (150 MHz, CDCl3) 6: 144.2 (C-13),
122.4 (C-12), 79.0 (C-3), 69.7 (C-28), 55.3 (C-5), 47.6
(C-9), 46.5 (C-19), 42.3 (C-18), 41.7 (C-14), 39.8
(C-8), 38.8 (C-1), 38.6 (C-4), 36.9 (C-10), 36.9
(C-17), 34.1 (C-21), 33.2 (C-29), 32.7 (C-7), 31.0
(C-22), 30.9 (C-20), 28.1 (C-23), 27.2 (C-2), 25.9
(C-27), 25.5 (C-15), 23.6 (C-30), 23.5 (C-11), 22.1
(C-16), 18.7 (C-6), 16.7 (C-26), 15.6 (C-24), 15.4
(C-25). DL A 530kl R — 30, W
&Y 9 N k.

&P 10 EFA, mp112~114 C, [a])
—10.9° (¢ 0.08, MeOH); 'H-NMR (600 MHz, CDCls)
:7.05 (2H, d, J = 8.1 Hz, H-2", 6"), 7.03 (2H, d, J =
8.1 Hz, H-2', 6"), 6.75 (2H, d, J = 8.1 Hz, H-3", 5"),
6.74 (2H, d, J = 8.1 Hz, H-3', 5'), 3.60 (1H, m, H-3),
2.73~2.55 (4H, m, H-1, 7), 1.80~1.30 (8H, m, H-2,
4,5,6); BC-NMR (150 MHz, CDCls) 6: 153.6 (C-4"),
153.5 (C-4"), 134.8 (C-1"), 134.3 (C-1"), 129.5 (C-2"),
129.5 (C-2"), 129.4 (C-6'), 129.4 (C-6"), 115.2 (C-3"),
115.2 (C-3"), 115.1 (C-5"), 115.1 (C-5"), 71.3 (C-3),
39.3 (C-2),37.4 (C-4), 34.9 (C-7), 31.7 (C-6), 31.1 (C-1),
25.2(C-5)0 DA FEER S SO iRE R A — S0, e
A 10 N 3-F83E-1,7-30 (4-FRFEFEIE)- Bl

A& 11: [ EER S (EUE)D, mp 135~136 C;
T Z R R - LA AR R, AR R
FERIEIF, 5 B-4 SE R thig, L RE(E—2L,
s A 118 B4 S

&Y 12: HEOE S (BSR LB, mp 174~
177 °C; H-NMR (600 MHz, CDCl;) d: 3.18 (1H, dd,
J=10.8, 4.5 Hz, H-3), 1.22 (3H, s, H-30), 1.12 (3H, s,
H-29), 1.05 (3H, s, H-26), 0.97 (3H, s, H-23), 0.95
(3H, s, H-27), 0.84 (3H, s, H-25), 0.81 (3H, s, H-28),
0.76 (3H, s, H-24), 0.69 (1H, m, H-5); 13C-NMR (150
MHz, CDCL3) d: 79.0 (C-3), 73.5 (C-20), 55.2 (C-5),
50.3 (C-9), 49.9 (C-18), 48.3 (C-19), 44.6 (C-17), 43.5
(C-14), 41.3 (C-8), 402 (C-22), 38.8 (C-4), 38.7
(C-13), 37.4 (C-1), 37.1 (C-10), 35.5 (C-16), 34.5
(C-7), 31.5 (C-29), 29.1 (C-30), 28.7 (C-21), 27.9
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(C-23), 27.5 (C-2), 27.4 (C-15), 24.8 (C-12), 20.3
(C-11), 19.2 (C-6), 18.3 (C-28), 16.1 (C-25), 16.1
(C-26), 15.4 (C-24), 14.8 (C-27). VL% 5 SCHkdl
TEFEAR—FI), MU e A 12 04 38,20- - F2 L))
J e

& 13: AR, mp 213~215 C;
'H-NMR (600 MHz, CDCls) 6: 7.56 (1H, d, J = 16.2
Hz, H-7'), 7.10 (1H, d, J= 1.2 Hz, H-2'), 7.02 (1H, dd,
J =284, 1.2 Hz, H-6"), 6.87 (1H, d, J = 8.4 Hz, H-5"),
6.27 (1H, d, J=16.2 Hz, H-8"), 4.68 (1H, brs, H-29a),
4.59 (1H, brs, H-29b), 4.61 (1H, m, H-3), 3.81 (1H, d,
J=10.8 Hz, H-28a), 3.35 (1H, d, J= 10.8 Hz, H-28b),
2.40 (1H, m, H-19), 1.69 (3H, s, H-30), 1.03 (3H, s,
H-26), 0.99 (3H, s, H-27), 0.91 (3H, s, H-24), 0.89
(3H, s, H-23), 0.88 (3H, s, H-25); '3C-NMR (150
MHz, CDCls) d: 167.5 (C-9"), 150.4 (C-20), 146.2
(C-4"), 144.4 (C-7'), 143.8 (C-3"), 127.8 (C-1"), 122.4
(C-6'), 116.4 (C-8"), 115.5 (C-2'), 114.4 (C-5"), 109.8
(C-29), 81.2 (C-3), 60.7 (C-28), 55.4 (C-5), 50.3
(C-9), 48.8 (C-18), 47.7 (C-19), 47.7 (C-17), 42.8
(C-14), 40.9 (C-8), 38.4 (C-1), 38.1 (C-4), 373
(C-13), 37.1 (C-10), 34.2 (C-7), 33.9 (C-22), 29.7
(C-21), 29.2 (C-16), 28.0 (C-23), 27.0 (C-15), 25.2
(C-12), 23.8 (C-2), 20.9 (C-11), 19.0 (C-30), 18.2
(C-6), 16.7 (C-24), 162 (C-25), 16.0 (C-26), 14.8
(C-27)o LA EE¥E 5 SOk Fe A — 204, #ss e
AW 13 24 3B-O-MIMERRAE A IS .

e 14: ToEEE (E5-FEE), mp 225~
229 ‘C; 'H-NMR (600 MHz, CDCl3) 6: 3.25 (1H, dt,
J=11.2, 4.9 Hz, H-19), 3.20 (1H, dd, J=11.5, 4.6 Hz,
H-3), 2.18 (3H, s, H-29), 1.00 (3H, s, H-24), 0.97 (3H,
s, H-25), 0.91 (3H, s, H-26), 0.82 (3H, s, H-23), 0.75
(3H, s, H-27); '*C-NMR (150 MHz, CDCl;) &: 212.2
(C-20), 179.6 (C-28), 78.9 (C-3), 56.1 (C-17), 55.3
(C-5), 51.1 (C-19), 50.4 (C-9), 49.2 (C-18), 42.3
(C-14), 40.6 (C-8), 38.9 (C-4), 38.7 (C-1), 37.5
(C-13), 37.2 (C-10), 36.7 (C-22), 34.2 (C-7), 31.5
(C-16), 30.2 (C-15), 29.7 (C-29), 28.3 (C-21), 28.0
(C-23), 27.4 (C-2), 27.2 (C-12), 20.9 (C-11), 18.3
(C-6), 16.1 (C-24), 16.0 (C-25), 15.4 (C-26), 14.7
(C-27). VA REUR S50kl AR — 305, i
EEY) 14 AFAFER .

tEY 15: LM AR, mp 239~242 C;

'H-NMR (600 MHz, CDCls) d: 3.89 (1H, brs, H-12),
3.23 (1H, dd, J = 11.5, 4.6 Hz, H-3), 1.31 (3H, s,
H-27), 1.15 (3H, s, H-26), 1.00 (3H, s, H-23), 0.99
(3H, s, H-29), 0.90 (3H, s, H-30), 0.88 (3H, s, H-25),
0.78 (3H, s, H-24); 3C-NMR (150 MHz, CDCl;) d:
179.9 (C-28), 90.5 (C-13), 78.8 (C-3), 76.4 (C-12),
55.2 (C-5), 51.1 (C-18), 44.7 (C-17), 44.6 (C-9), 42.3
(C-14), 42.1 (C-8), 39.4 (C-19), 38.9 (C-4), 38.8
(C-1), 36.4 (C-10), 34.1 (C-21), 34.0 (C-7), 333
(C-29), 31.6 (C-20), 28.8 (C-11), 28.0 (C-15), 28.0
(C-23), 27.5 (C-2), 27.2 (C-22), 23.9 (C-30), 21.2
(C-16), 18.6 (C-27), 18.5 (C-26), 17.7 (C-6), 16.3
(C-25), 15.4 (C-24). VL L% 5 ki A —
e, U EL A 15 A 3P, 120- ISR AR-
13B,28- g

tEY 16: HEHMAK, mp 198~200 C;
'H-NMR (600 MHz, CDCls) 6: 3.78 (1H, d, J = 10.8
Hz, H-28a), 3.24 (1H, d, J = 10.8 Hz, H-28b), 3.19
(1H, dd, J = 11.7, 4.6 Hz, H-3), 2.60 (1H, dt, J = 11.3,
5.9 Hz, H-19), 2.16 (3H, s, H-29), 1.00 (3H, s, H-27),
1.00 (3H, s, H-26), 0.97 (3H, s, H-23), 0.82 (3H, s,
H-25), 0.76 (3H, s, H-24); '3C-NMR (150 MHz,
CDCl3) 0: 212.2 (C-20), 78.9 (C-3), 60.6 (C-28), 55.2
(C-5), 52.1 (C-19), 502 (C-9), 49.6 (C-18), 47.8
(C-17), 42.6 (C-14), 40.8 (C-8), 38.9 (C-4), 38.7
(C-1), 37.2 (C-10), 362 (C-13), 34.2 (C-7), 33.9
(C-22), 29.4 (C-29), 28.9 (C-16), 28.0 (C-23), 27.7
(C-21), 27.4 (C-2), 27.3 (C-12), 27.0 (C-15), 20.8
(C-11), 183 (C-6), 16.1 (C-25), 15.9 (C-26), 15.4
(C-24), 14.7 (C-27). VL L% 5 SCoRIE A —
O, HE B A 16 9 30-2 H 2P e T kE-3B,28-
—FEE-20-1

WA 17: FEs & (B, mp 285~287 C.
'H-NMR (600 MHz, DMSO-ds) 6: 12.03 (1H, brs,
28-OH), 4.69 (1H, brs, H-29a), 4.56 (1H, brs, H-29b),
4.22 (1H, brd, J = 9.2 Hz, H-3), 2.95 (1H, m, H-19),
1.64 (3H, s, H-30), 0.93 (3H, s, H-27), 0.87 (3H, s,
H-26), 0.86 (3H, s, H-23), 0.76 (3H, s, H-25), 0.65
(3H, s, H-24); BC-NMR (150 MHz, DMSO-ds) o:
177.7 (C-28), 150.8 (C-20), 110.1 (C-29), 77.3 (C-3),
55.9 (C-17), 55.3 (C-5), 50.4 (C-9), 49.0 (C-19), 47.1
(C-18), 42.5 (C-14), 40.7 (C-8), 39.0 (C-1), 38.7
(C-4), 38.1 (C-13), 37.2 (C-10), 36.8 (C-22), 34.4
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(C-7), 32.2 (C-16), 30.6 (C-15), 29.7 (C-21), 28.6
(C-23), 27.6 (C-2), 25.6 (C-12), 20.9 (C-11), 19.4
(C-30), 18.4 (C-6), 16.4 (C-25), 16.3 (C-26), 16.2
(C-24), 14.9 (C-27). LA L% 5 SCRiiE FE A —
e, MU A 17 MR -

&Y 18: HEMAK, mp 213~216 C;
IH-NMR (600 MHz, CDCls) J: 4.68 (1H, brs, H-29a),
458 (1H, brs, H-29b), 3.81 (1H, d, J = 10.2 Hz,
H-28a), 3.34 (1H, d, J = 10.2 Hz, H-28b), 3.19 (1H,
dd, J = 11.4, 4.7 Hz, H-3), 2.39 (1H, m, H-19), 1.68
(3H, s, H-30), 1.02 (3H, s, H-27), 0.98 (3H, s, H-26),
0.97 (3H, s, H-23), 0.82 (3H, s, H-25), 0.76 (3H, s,
H-24); 13C-NMR (150 MHz, CDCls) 6: 150.5 (C-20),
109.7 (C-29), 79.0 (C-3), 60.6 (C-28), 55.3 (C-5), 50.4
(C-9), 48.8 (C-19), 47.8 (C-18), 47.8 (C-17), 42.7
(C-14), 40.9 (C-8), 38.9 (C-4), 38.7 (C-1), 37.3
(C-10), 37.2 (C-13), 34.2 (C-7), 34.0 (C-22), 29.8
(C-21), 29.2 (C-16), 28.0 (C-23), 27.4 (C-2), 27.0
(C-15), 25.2 (C-12), 20.8 (C-11), 19.1 (C-30), 18.3
(C-6), 16.1 (C-26), 16.0 (C-25), 15.4 (C-24), 14.7
(C-27). LA BAUR 5 SCik o B A — 509, #ds e
AW 18 HEAREE.

&Y 19: LMK, mp 161~165 C;
IH-NMR (600 MHz, CDCls) d: 7.02 (2H, brd, J = 8.4
Hz, H-2", 6"), 7.00 (2H, brd, J = 8.4 Hz, H-2', 6"),
6.82 (1H, dt, J = 15.6, 7.2 Hz, H-5), 6.74 (2H, brd, J =
8.4 Hz, H-3", 5"), 6.73 (2H, brd, J = 8.4 Hz, H-3', 5),
6.08 (1H, d, J = 15.6 Hz H-4), 2.79~2.86 (4H, m,
H-1,7), 2.69 (2H, t, J = 7.8 Hz, H-2), 2.48 (2H, dt, J =
7.8, 7.2 Hz, H-6); BC-NMR (150 MHz, CDCls) §:
200.1 (C-3), 153.9 (C-4"), 153.8 (C-4"), 146.7 (C-5),
133.2 (C-1"), 132.7 (C-1"), 130.7 (C-4), 129.5 (C-2"),
129.5 (C-6"), 129.4 (C-2'), 129.4 (C-6"), 115.4 (C-3"),
115.4 (C-5"), 115.3 (C-3"), 115.3 (C-5'), 41.9 (C-2),
34.4 (C-6), 33.5 (C-7), 29.3 (C-1). LA _F ¥4 5 SCHkIR
TEFEAR—FR0, M G 19 N 1,7-W (4-F83E
FRIE)- B ft-4-H5-3- B

&1 20 LEHAK, mp130~131 C, [a]s
-3.3°(c 0.4, MeOH); H-NMR (600 MHz, DMSO-ds)
9:9.11 (1H, s, 4"-OH), 9.08 (1H, s, 4-OH), 6.96 (2H,
d, J=8.0 Hz, H-2", 6"), 6.95 (2H, d, J = 8.0 Hz, H-2',
6), 6.65 (2H, d, J = 8.0 Hz, H-3",5"), 6.64 (2H, d, J =
8.0 Hz, H-3', 5'), 4.65 (1H, d, J = 3.6 Hz, 5-OH), 3.85

(1H, m, H-5), 2.70~2.62 (4H, m, H-1, 7), 2.56~2.42
(4H, m, H-2, 4), 1.53 (2H, m, H-6); 13C-NMR (150
MHz, DMSO-de) d: 209.6 (C-3), 155.8 (C-4"), 157.6
(C-4"), 132.6 (C-1"), 131.7 (C-1"), 129.5 (C-2"), 129.5
(C-6"), 129.4 (C-2'), 129.4 (C-6"), 115.5 (C-3"), 115.5
(C-5"), 115.4 (C-3"), 115.4 (C-5"), 66.6 (C-5), 50.8
(C-4), 45.1 (C-2), 40.4 (C-6), 30.8 (C-7), 28.5 (C-1).
DA b B 5 SO A —S0RY, W e A1) 20
52517 (4-F2 B 2R IE)- B b-3- i
4 g

S 45 R, MR B T B gy B =R
AR 07 FE PRI AL S, Hoh =5 Ry 14
A BRI 3 AN O BB 3 . =
TR HOP B e 8 AN SRR S 5 AN, E
B 1A AT, =SSR TR R AN
TEAGERS, A AR .
I SCHERIARE R B, =R BA PR . PUREE .
PiEg . SRR SEAE 22 3Pl Fe S e 2 oy
W PR ERE (4 BF IR, Pik. B, PR
PR SE AL MERRR (17) HAPMRE. Bt
HIV 3 2 B AR S MPTIE T 7 F 24260 R RE(18)
BAEPWME. WRFRE, R, PumsEiEme-s, 3
BRI b SRHURIR (8 BARM. $ik.
U PUMRE DO BE DU R AE 2 M AR IS 1208,
e R _E SR BT B ERT 46 FFAE AL IR /K RN XGEAE: 5%
W1 R I G 3B- LRSI R (3) I 3B,120-
TRIE-SFIRIR-13B,28- P Bk (15) %F SMMC-7221.
HeLa. K562 S54H [ #0fI1E FHBE>38, B[] IR & b
RIS oy e 3-FR3E-24-T0 FH L IRFA /R e (1) %
HepG2 41 g EL A Sk 1B, 3 b HA 3 A a4
TE MRS B B e, o EIHER B2 1R 22 2B )
TR R 2 B AT FH AT RS AR B A TR LG 2 R A3 A
K, [ IR B e B B BT I 20 T 5
AT IS HE— D T M B P SR, IR
Mo 5 AEYETERIAR G, ATRZEE R ke
VIgtIs B TETT RO T 2 A B AR

SE 3k
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