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Chemical constituents of alcohol extract of Mori Fructus

XU Xue, ZHANG Yuan-qi, XU Jing-wen, HE Xiang-jiu, WANG Yi-hai
School of Pharmacy, Guangdong Pharmaceutical University, Guangzhou 510006, China

Abstract: Objective To investigate the chemical constituents of alcohol extract of Mori Fructus. Methods The chemical
constituents were isolated and identified by chromatography on silica gel, Sephadex LH-20, ODS, and RP-HPLC. Their structures were
elucidated on the basis of physicochemical properties and spectral analyses. Results Twelve compounds were isolated from the
alcohol extract of Mori Fructus, and identified as mullignanoside (1), (7R,85)-4,7,9,9'-tetrahydroxy-3,3'-dimethoxy-8-O-4'-neolignan-
9'-0-B-D-glucopyranoside (2), 2-phenylethyl-p-D-glucopyranoside (3), 1'-O-phenethyl--D-apiofuranosyl-(1—2)-p-D-glucopyranoside (4),
benzyl-O-B-D-glucopyranoside (5), ergosterol peroxide (6), (24R)-6B-hydroxy-24-ethyl-cholest-4-en-3-one (7), (22E)-50,80-
epidioxy-24-methyl-cholesta-6,9(11),22-trien-3B-ol (8), trans-(S)-(+)-abscisic acid (9), cis-(S)-(+)-abscisic acid (10), (S)-(+)-1-
methyl-abscisic-6-acid (11) and phaseic acid (12). Conclusion Compound 1 is a new compound named mullignanoside, and
compounds 2, 7—12 are isolated from this plant for the first time.

Key words: Mori Fructus; Morus alba L.; neolignan; mullignanoside; benzyl-O-f3-D-glucopyranoside; ergosterol peroxide; phaseic acid
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1). (7R,35)-4,7,9,9'-tetrahydroxy-3,3'-dimethoxy-8-
0-4'-neolignan-9’-0-B-D-glucopyra-noside (2). 2-
oK £ H -B-D- WL W ] %) B% B (2-phenyl ethyl-B-D-
glucopyranoside, 3). 1-O0-7K Z.3&-B-D-WRIR 2 HE
H-(1-2)-B-D-AIL W % & H% 5 (1'-O-phenethyl-B-D-
apiofuranosyl-(1—2)-B-D-glucopyranoside, 4). ZKH
I -O-B-D-ML W i & % 1 (benzyl-O-B-D-glucopyra-
noside, 5). I il (ergosterol peroxide, 6)+
(24R)-6B-hydroxy-24-ethyl-cholest-4-en-3-one (7).
(22E)-50,80-epidioxy-24-methyl-cholesta-6,9(11),22-
trien-3B-ol (8). trans-(S)-(+)-WIEMR [trans-(S)-(+)-
abscisic acid, 9]+ cis-(S)-(H)-MEBL [cis-(S)-(+)-
abscisic acid, 10]+ (S)-(+)-1-F Z&- i 7&-6-FR [(S)-(+)-
1-methyl-abscisic-6-acid, 11] 5B (phaseic acid,
12). Kb & 1 e, a2 fil7~12
NERMZIE o BT 2.
1 5T

Bruker AVANCE I11-400., IT1-500 /% T11-600 %! {%
WEFEHRIE A (Kt Bruker A 5] ); Waters 2535 il
%A B (32 [E Waters /A F] )5 Cosmosil
5C18-MS-II (250 mmX 10 mm, 5 pm) Fifil#% thi
FE CHA Nacalai A F]); DY A €3 - o7 1 1k
FI{X (%[ Thermo Scientific A®]); A ilfEAL
(200~300 H) FIEEEERL GFasy (2R F AR
FHE R A F]D; ODS (40~60 um, £2[E Merck 2 #] s
Sephadex LH-20 (it Pharmacia Biothech AB A
Ay R (S, YLIRPORRHEA R AR,

SRR E )G R, &) RAGRR¥Z
AT AR K€ NRIBEYIZ Morus alba L.
[R5, b4 (GDPU201708-MF) 17T 7%
BER A 252 B RIR WL - 3 =
2 RRETE

W1 58 20 kg, BN 30 LARFR 200
70%H) SEERIRIEI 4 I, K 3 h, HUE RS LR
B, SRS, N 6 L WEER /MRS
IR SRR IR e A& I, R4 519
BPACLEEAL 187.1 g RATENL 234.3 go S ATERAL
IS RERAE (100~200 HDY i@, —&H k-
HlE (100 0 0—2 0 1) BEEEWEHL, HRIREGIFHE
B 21 MRS Al~A21; A12 (20.6 g) FFGEISRE
JEAE (100~200 H) @ik, M oke-BEik
(100 : 0—4 : 1) FREEVEM, WHERIRSGE] A12-1~
A12-10; A12-10 (1.9 g) % Sephadex LH-20 F: {1

B, - SRR (505 0 D SR,
HEKARTEE] A12-10-1~A12-10-6; A12-10-3 (98.2
mg) £ m R A g CFREE-/K 90 & 10) il
H#AEFLAY 6 (39.8mg). 7 (102mg) 18 (5.3
mg). Al5 (122 g) 4 ODS H:EinwE, HE-K
(10 1 90—100 : 0) BEEEVEML, HERIREGIHA2]
A15-1~A15-13; A15-8 (173.1 mg) £ Sephadex
LH-20 A or 5y, &M e-HEE (10 D SR8
fii, R RS H] A15-8-1~A15-8-4; A15-8-3(20.1
mg) £ 4% G tE CHREE-/K 50 1 50) il
HFEFLAEY 9 (4.6 mg) 110 (1.2 mg). A16(9.81
g) % ODS F: a3l 43 5, HEE-7K (10 1 90—100 : 0D
BREEVEML, HEk NG IFR 3 Ale-1~A16-32;
A16-10 (102.3 mg) £ Sephadex LH-20 &3 53 55,
TRER-HE (1D SERN, EERIREE
A16-10-1~A16-10-3; A16-10-3 (87.9 mg) £l
AR A (FEE-/K 351 65) Hl& B E
¥ 11 (4.1 mg) 112 (52.1 mg). A16-5 (105.3 mg)
2 Sephadex LH-20 #8373 25, HEE-/K (30 1 70D
SREVEM, R IRA R Al6-5-1~A16-5-3;
A16-5-2 (56.4 mg) £l 4% R A it (-
7K 20 : 80) il &3 RN AW 3(15.3 mg).4(8.7 mg)
15 (16.7mg). Al18 (9.08 g) £ ODS FE ik 43 55,
HE-7K (10 1 90—~100 : 0) BREEWE L, HEKIRE
H 155 A18-1~A18-22; Al83 (969 mg) £
Sephadex LH-20 #3532, HEE-/K (30 1 70) %
FEVEIR, EERIREE] A18-3-1~A18-3-3; A18-3-2
(23.4 mg) £V 1l £ v RO Eu i CFRIEE-7K 20 - 80)
HlEEEMb a1 (3.5mg) F12 (6.4mg),
3 kT

WEW 1 TOBARE . UV EGE H 5 R
W KA 280.0 231.0. 201.0 nm, HR-ESI-MS
Y HHE Y T T m/z 593.219 7 [M+Na]™ GiH-5A4H
593.220 50, HEMAAPIN 5+ CarHagOs0
'H-NMR (500 MHz, DMSO-dy) i K45t 3 AN H
AR T1ES [0y 3.68 (6H, s), 3.66 3H, s)], 11
1,3,4-=HAFHER AT 155 [0y 6.82 (1H, d, J =
8.6 Hz), 6.74 (1H, d, J = 2.0 Hz), 6.62 (1H,
overlapped)], 2 MYHIARIIRFARIA T 15T [0
6.62 (2H, s)]. “C-NMR (100 MHz, DMSO-d;) it
High 3 NFHEILRRE S ¢ 55.9, 55.9, 55.6, 1 AN
EIRERIRAS S 6c 129.0, 73.5, 76.7, 70.1, 76.7, 61.1,
PAR 2 DNRIRIRS S Oc 104.8, 104.8, 113.0, 115.9,
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120.1, 132.4, 134.5, 134.6, 146.0, 147.4, 147 .4, 149.5,
XL SCHR R AL S P NMR iR 5 4,7,9,9'-
tetrahydroxy-3,3'-dimethoxy-8-0-4'-neolignan-9'-O-
B-D-glucopyranoside (2) PAHIE (£ 1), th&M 1
227 I MHEEES (5 55.9) A1 AR L
HREKES (6c 1474), HAAEW 11 C-Cs 51k
GV 2 HECH B BAR, $om iz AR IERAE 5 0.
7 HMBC i (| 1) 1, 3,5-OCHj; oy 3.68 (6H, s) I
C-2,6 (Oc 104.8). C-3,5 (Oc 147.4) HimFEMHIE, iF
SET 3 LA 5 AR 7R A AL, Bk, a1
HI-F IS5 S e il 2 Frs . SCRIRE R &)
(1) 7,8 Drr4ax /2 n] LUE iigH C; 5 Cs Ik
AR B CD R, AL &1 Adcs.cr N 118,
CD F#E &7~ 7E 241 nm &b A1E Cotton 28, RlHEAL
F1 &4 18 "H- 70 "C-NMR #3E
Table 1 'H- and *C-NMR data of compound 1

B n % -
1 1 2

1 1324 133.0
2 6.62 (s) 104.8 111.0
3 147.4 147.0
4 134.5 145.4
5 147.4 114.6
6 6.62 (s) 104.8 119.0
7 4.67 (m) 71.9 71.0
8 4.24 (dd,J=9.9,5.1 Hz) 83.7 84.8
9 3.58 (m), 3.15 (overlapped)  60.2 60.1
1 134.6 134.8
2! 6.74 (d, J=2.0 Hz) 113.0 112.9
3’ 149.5 149.5
4' 146.0 146.4
5 6.82 (d, J=28.6 Hz) 115.9 116.0
6’ 6.62 (overlapped) 120.1 120.2
7 2.53 (m) 31.0 31.1
8’ 1.74 (m) 31.1 312
9’ 3.39 (dt, J=10.0, 6.8 Hz) 67.8 67.9
1" 4.09 (d,J=7.8 Hz) 102.9 103.0
2" 2.96 (m) 735 735
3" 3.15 (overlapped) 76.7 76.7
4" 3.06 (m) 70.1 70.0
5" 3.15 (overlapped) 76.7 76.8
6" 3.40 (m), 3.63 (m) 61.1 61.1
3,5-OCH; 3.68 (s) 55.9 55.4
3“OCH; 3.66 (s) 55.6 55.6
° SCHRES T4 1 S

®Data reported in the reference [5]

HO
HO o 0
0 o
I,
o o~ 1O
OH HO

HO
E1l 4418 3EZE HMBC (—») #'H-"H COSY (=)
GEPS
Fig. 1 Key HMBC (—p ) and 'H-'H COSY (=)
correlations of compound 1

OH

2 kEY 1SN
Fig.2 Chemical structure of compound 1

HEW 1 ILEXHIRLN TR,8S, A WL SCHRFRIE 1 T
WaEY), BHEBIRNE 1, WEWEEN (TR8S)4,7,
9,9"-tetrahydroxy-3,5,3'-trimethoxy-8-O-4'-neolignan-9'-
O-B-D-glucopyranoside, % ARAEERL .

a2 TTERORY. UV B4 H i KRR
HAKN 280.0. 228.0+ 201.0 nm, ESI-MS m/z: 539.47
[M—H], 2 T3HN CyHie0120 'H-NMR (400 MHz,
DMSO-dg) 0: 6.98 (1H, s, H-2), 6.86 (1H, d, J = 8.3
Hz, H-5"), 6.77 (1H, s, H-2"), 6.77 (1H, d, J = 8.3 Hz,
H-5), 6.68 (1H, d, J = 8.3 Hz, H-6), 6.64 (1H, d, J =
8.3 Hz, H-6), 4.50 (1H, d, /= 3.2 Hz, H-7), 4.22 (1H,
m, H-8), 4.11 (1H, d, J = 7.5 Hz, H-1"), 2.96 (1H, m,
H-2"), 2.55 (2H, t, J = 7.2 Hz, H-7"), 1.78 (2H, m,
H-8): "“C-NMR (100 MHz, DMSO-dg) &: 149.6
(C-3), 147.0 (C-3), 146.1 (C-4"), 145.4 (C-4), 134.8
(C-1", 133.3 (C-1), 120.2 (C-6'), 119.5 (C-6), 116.2
(C-5%), 114.5 (C-5), 113.1 (C-2), 111.5 (C-2), 102.9
(C-1"), 84.0 (C-8), 76.8 (C-3", 5"), 73.5 (C-2"), 71.7
(C-7), 70.1 (C4"), 67.9 (C-9), 61.1 (C-6"), 60.1 (C-9),
55.7 (3'-OCHg), 55.5 (3-OCH3), 31.2 (C-8), 31.1 (C-7").
DL ¥l 5ok R A 5, FARE Adcser N
12.3, CD Bk Bon b A4 2 7E 235 nm AL 1E Cotton
R, BB TR,8S, WM A 2
N (7R,85)-4,7,9,9'-tetrahydroxy-3,3'-dimethoxy-8-O-
4’-neolignan-9'-O-B-D-glucopyranoside

& 3. Atk A. ESI-MS m/z: 285.1 [M+
H]", 4 F:X K CuHypO0s. 'H-NMR (400 MHz,
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DMSO-dq) d: 7.27 (4H, m, H-2, 3, 5, 6), 7.20 (1H, m,
H-4), 4.19 (1H, d, J = 7.8 Hz, H-1"); “C-NMR (100
MHz, DMSO-d;) d: 138.7 (C-1), 128.9 (C-3, 5), 128.2
(C-2, 6), 126.0 (C-4), 102.9 (C-1), 76.9 (C-3"), 76.8
(C-5"), 73.4 (C-2"), 70.1 (C-4"), 69.5 (C-8), 61.1 (C-6"),
35.7 (C-7). DA% 5ok A —5,
AN 3 N 2-2K £ FE-B-D-NH IR ] 46 WL

&Y 4: AEKEK. EL-MS m/z: 4162 [M]',
43 7R N CroHas010- "H-NMR (400 MHz, DMSO-dq)
9:7.27 (4H, d, J = 42 Hz, H-2, 3, 5, 6), 7.22~7.15
(1H, m, H-4), 4.86 (1H, d, J = 2.7 Hz, H-1"), 4.19
(1H, d, J = 7.7 Hz, H-1"); “"C-NMR (100 MHz,
DMSO-dg) &: 138.8 (C-1), 128.9 (C-2, 6), 128.2 (C-3,
5), 126.0 (C-4), 109.2 (C-17), 102.8 (C-1"), 78.8
(C-3"), 76.7 (C-5'), 75.9 (C-2"), 75.5 (C-3'), 73.3
(C-2, 5"), 702 (C-4), 69.5 (C-8), 67.7 (C-4"), 63.2
(C-6'),35.7 (C-7"). LA ¥ 5 SCirffig s A —#®,
WS B G 4 N 17-0-2K £ F-B-D-WR g S B 2k -
(1—2)-B-D- N R ] 267 A A o

th&W 5. AR E. E-MS m/z 107.10 [M—
Glu]", 2 ¥® N Ci3His06. 'H-NMR (400 MHz,
DMSO-dq) 6: 7.33 (5H, m, H-2, 3, 4, 5, 6), 7.20 (1H,
m, H-4), 423 (1H, d, J = 7.7 Hz, H-1); “C-NMR
(100 MHz, DMSO-d;) d: 138.1 (C-1), 128.2 (C-3, 5),
127.7 (C-2, 6), 127.4 (C-4), 102.1 (C-1'), 77.0 (C-3"),
76.8 (C-5), 73.6 (C-2'), 70.2 (C-4'), 69.5 (C-7), 61.2
(C-6"). LA FHHE HckiE A -5, % ek
B 5 N HE R -O-B-D- I TR 3 A

&Y 6: AsHE (FED. [a]h —33.6° (¢
0.57, CHCl;), EI-MS m/z: 410.5 [M—H,0]", 77
A CsH0;5. 'H-NMR (600 MHz, CDCls) d: 6.60
(1H, d, J=8.5 Hz, H-7), 6.29 (1H, d, J = 8.5 Hz, H-6),
5.43 (1H, dd, J = 6.0, 1.9 Hz, H-11), 5.24 (1H, dd, J =
15.3, 8.4 Hz, H-23), 5.16 (1H, dd, J = 15.3, 7.7 Hz,
H-22), 4.01 (1H, m, H-3), 1.09 (3H, s, H-19), 1.00
(3H, d, J = 6.6 Hz, H-21), 0.91 (3H, d, J = 6.8 Hz,
H-28), 0.83 (3H, d, J = 6.8 Hz, H-26), 0.82 (3H, d, J =
6.8 Hz, H-27), 0.73 (3H, s, H-18); “C-NMR (150
MHz, CDCL) &: 142.7 (C-9), 135.6 (C-22), 135.3
(C-6), 132.6 (C-23), 130.9 (C-7), 119.9 (C-11), 82.9
(C-5), 78.5 (C-8), 66.5 (C-3), 56.0 (C-17), 48.3
(C-14), 43.8 (C-13), 42.9 (C-24), 41.3 (C-12), 40.0
(C-20), 38.1 (C-10), 36.2 (C-4), 33.2 (C-25), 32.7

(C-1), 30.7 (C-2), 28.8 (C-16), 25.7 (C-19), 21.0
(C-27), 20.9 (C-21), 20.1 (C-15), 19.8 (C-26), 17.7
(C-28), 13.1 (C-18). LA L% 5 Ukl E I A —
HU, MR A 6 it A KB

&Y 7. AR (FED. [o]y +19.3° (c
0.41, CHCl), EI-MS m/z: 4283 [M]", & FRN
CaoH4505. 'H-NMR (600 MHz, CDCl;) 6: 5.83 (1H, s,
H-4), 4.35 (1H, brs, H-6), 1.37 (3H, s, H-19), 0.92
(3H, d, J = 6.6 Hz, H-21), 0.85 (3H, d, J = 7.4 Hz,
H-29), 0.83 (3H, d, J= 6.8 Hz, H-27), 0.81 (3H, d, J =
6.8 Hz, H-26), 0.74 (3H, s, H-18); “C-NMR (150
MHz, CDCls) 6: 200.7 (C-3), 168.7 (C-5), 126.4
(C-4), 73.4 (C-6), 56.2 (C-14), 56.0 (C-17), 53.8
(C-9), 46.0 (C-24), 42.6 (C-13), 39.7 (C-12), 38.7
(C-7), 38.1 (C-10), 37.2 (C-1), 36.3 (C-20), 34.4
(C-2), 34.0 (C-22), 29.9 (C-8), 29.3 (C-25), 28.3
(C-16), 26.2 (C-23), 24.3 (C-15), 23.2 (C-28), 21.1
(C-11), 20.0 (C-26), 19.6 (C-19), 19.2 (C-27), 18.9
(C-21), 12.2 (C-18), 12.1 (C-29). A% 5 kK
EHERA—H, WEEED T N (24R)-6B-
hydroxy-24-ethyl-cholest-4-en-3-one.

th&Wy 8: AERRE (FED. [o]y +60.7° (c
0.21, CHCly), EI-MS m/z: 4264 [M—1]", 1=
9 CagHuuO3. 'H-NMR (600 MHz, CDCly) &: 6.50
(1H, d, J= 8.5 Hz, H-7), 6.24 (1H, d, J = 8.5 Hz, H-6),
521 (1H, dd, J = 15.7, 8.4 Hz, H-23), 5.14 (1H, dd,
J=15.7, 7.7 Hz, H-22), 3.96 (1H, m, H-3), 0.99 (3H,
d, J= 6.6 Hz, H-21), 0.90 (3H, d, J = 6.8 Hz, H-28),
0.88 (3H, s, H-19), 0.83 (3H, d, J = 6.8 Hz, H-27),
0.81 (3H, d, J = 6.8 Hz, H-26), 0.81 (3H, s, H-18);
BC-NMR (150 MHz, CDCly) &: 135.6 (C-22), 135.3
(C-6), 132.4 (C-23), 130.7 (C-7), 82.3 (C-5), 79.6
(C-8), 66.6 (C-3), 56.3 (C-17), 51.8 (C-14), 51.2
(C-9), 44.7 (C-13), 42.9 (C-24), 39.9 (C-20), 39.5
(C-12), 37.1 (C-10), 37.0 (C-4), 34.8 (C-1), 33.2
(C-25), 30.2 (C-2), 28.8 (C-16), 23.5 (C-11), 21.0
(C-21), 20.8 (C-15), 20.1 (C-27), 19.8 (C-26), 18.3
(C-19), 17.7 (C-28), 13.0 (C-18). VL % 5 kiR
-, W% EEY 8 N (22E)-5a,80-
epidioxy-24-methyl-cholesta-6,9(11),22-trien-3f3-ol.

WA 9: ORI CRED. [o]5+199°
(c 0.24, MeOH), EI-MS m/z: 264.9 [M]", 7T N
Ci5H20040 "H-NMR (500 MHz, acetone-ds) o: 7.92
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(1H, d, J = 16.0 Hz, H-7), 6.40 (1H, d, J = 16.0 Hz,
H-8), 5.83 (1H, m, H-4), 5.76 (1H, s, H-10), 2.55 (1H,
d, J=16.9 Hz, H-2a), 2.15 (1H, d, J = 16.9 Hz, H-2b),
1.91 (3H, s, H-14), 1.07 (3H, s, H-12), 1.04 (3H, s,
H-13); “C-NMR (125 MHz, acetone-dg) &: 197.4
(C-3), 167.2 (C-11), 163.2 (C-5), 151.0 (C-9), 138.3
(C-8), 128.7 (C-7), 127.1 (C-10), 118.6 (C-4), 80.0
(C-6), 50.4 (C-2), 422 (C-1), 24.7 (C-13), 23.7
(C-12), 21.2 (C-15), 19.2 (C-14). LL_E¥dkE 5 ik
A, A 9 N trans-(S)-(+)-
7% 12 o

A& 10: WEEE. (o] +369.8° (¢ 0.07,
MeOH), EI-MS m/z: 256.4 [M—H,0]", 7+ A
CisHx04. 'H-NMR (500 MHz, DMSO-ds) J: 6.42
(1H, d, J = 13.0 Hz, H-7), 6.25 (1H, d, J = 13.0 Hz,
H-8), 5.81 (1H, s, H-4), 5.79 (1H, s, H-10), 2.56 (1H,
d, J=14.1 Hz, H-2a), 2.20 (3H, s, H-15), 1.80 (3H, s,
H-14), 2.12 (1H, d, J = 14.1 Hz, H-2b), 0.95 (3H, s,
H-12), 091 (3H, s, H-13); “C-NMR (125 MHz,
DMSO-ds) d: 197.3 (C-3), 168.1 (C-11), 163.0 (C-5),
152.1 (C-9), 136.1 (C-8), 129.0 (C-7), 125.9 (C-10),
117.7 (C-4), 78.3 (C-6), 49.4 (C-2), 41.2 (C-1), 24.2
(C-13), 23.2 (C-12), 18.8 (C-15), 13.7 (C-14). L L%k
5 ScaR iR E A", WA 10
cis-(S)-(+)-PIE IR -

& 11 WEFEE. [o]h +275.9° (¢ 0.21,
MeOH), EI-MS m/z: 2562 [M—H,0]", 71K
CisHy004o 'H-NMR (500 MHz, acetone-ds) &: 6.58
(1H, d, J = 15.7 Hz, H-8), 6.42 (1H, d, J = 15.7 Hz,
H-7), 5.88 (1H, s, H-4), 5.83 (1H, s, H-10), 2.57 (1H,
d, J=17.0 Hz, H-2a), 2.31 (3H, s, H-11), 1.89 (3H, s,
H-15), 2.17 (1H, d, J = 17.0 Hz, H-2b), 1.07 (3H, s,
H-13), 1.02 (3H, s, H-14); “C-NMR (125 MHz,
acetone-dg) 9: 197.4 (C-3), 168.0 (C-11), 162.9 (C-5),
152.4 (C-9), 137.1 (C-7), 134.4 (C-8), 127.4 (C-4),
120.5 (C-10), 79.8 (C-6), 50.3 (C-2), 42.2 (C-1), 24.7
(C-14), 23.5 (C-13), 19.1 (C-15), 14.0 (C-11). L L%
S ScEIRiE A -3, WS ERAEm 1A
(S)~(H)-1-H J&- i 7% -6-11% -

WA 12: EEHUREE (FED. [o]p +1109°
(¢ 0.65, MeOH), EI-MS m/z: 2803 [M]", /T A
CisHyOs. 'H-NMR (500 MHz, acetone-ds) J: 8.18
(1H, d, J = 15.8 Hz, H-8), 6.65 (1H, d, J = 15.8 Hz,

H-7), 5.78 (1H, s, H-10), 3.93 (1H, dd, J= 7.6, 2.9 Hz,
H-12a), 3.64 (1H, d, J = 7.6 Hz, H-12b), 2.82 (1H, d,
J = 17.7 Hz, H-4a), 2.72 (1H, dd, J = 17.8, 2.5 Hz,
H-2a), 2.39 (1H, dd, J = 17.7, 2.3 Hz, H-4b), 2.33
(1H, dd, J = 17.8, 2.5 Hz, H-2b), 2.10 (3H, s, H-15),
1.19 3H, s, H-13), 1.01 (3H, s, H-14); “C-NMR (125
MHz, acetone-de) o: 208.0 (C-3), 167.2 (C-11), 151.2
(C-9), 134.2 (C-7), 131.9 (C-8), 118.7 (C-10), 87.0
(C-5), 82.9 (C-6), 78.0 (C-12), 53.7 (C-4), 52.9 (C-2),
49.3 (C-1), 21.2 (C-15), 19.5 (C-13), 15.8 (C-15). LA
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