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Two new annonaceous acetogenins from seeds of Annona squamosa

LI Yue, MIAO Yun-jie, MA Cheng-yao, CHEN Jian-wei, LI Xiang
Nanjing University of Chinese Medicine, Nanjing 210023, China

Abstract: Objective To study the chemical constituents from the seeds of Annona squamosa. Methods Modern methods such as
silica gel column and preparation liquid phase were used to isolate and purify the components of annonaceous acetogenins from the
seeds of 4. squamosa. The structures of the compounds were identified by their physico-chemical properties, UV, NMR and mass
spectrometry data. Results Ten adjacent bistetrahydrofuran annonaceous acetogenins were isolated from CO, supercritical extract of
the seeds from A. squamosa. They were 3-((13R)-13-((2R,2'R,5R,5'R)-5'-((15)-1,5-dihydroxynonyl) octahydro-[2,2"-bifuran]-5-
yl)-13-hydroxytridecyl)-5-methylfuran-2  (5H)-one (1), 3-((2R,9R)-2,9-dihydroxy-9-((2R,2'R,5R,5'R)-5"-((S)-1-hydroxypentadecyl)
octahydro-[2,2'-bifuran]-5-yl) nonyl)-5-methylfuran-2 (5H)-one (2), 6-hydroxy-desacetyl-uvaricin (3), 6-hydroxy-4-deoxy-
squamotacin (4), bullanin (5), 10-hydroxy-asimicin (6), folianin A (7), annosquacin I (8), annosquacin C (9), and squamocin I (10).
Conclusion Compounds 1 and 2 are two new compounds named as 28-hydroxy-squamocin L (1) and 4-hydroxy- squamocin Y (2),
respectively. Compounds 3—7 are isolated from A. squamosa for the first time.

Key words: Annona squamosa Linn; Annonaceae; adjacent bistetrahydro-furan annonaceous acetogenin; 28-hydroxy-squamocin L;

4-hydroxy-squamocin Y; folianin A
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AR SIS 7 54 B 1R I S CO, SRV EAT
ZRGI G, FLOM T 10 AR Y UG 71 7 755 15 P9 i
FAUEY, 43 0% e N 3-[(13R)-13-[(2R,2'R,5R,5'R)-
5'-[(18)-1,5- = F ik T HE] VA [2,2'- XU IR ]-5-JE 13-
FRL b = e R )-5- 1 FE-2(SH)-WE I i [3-[(13R)-13-
hydroxy-13-[(2R,2'R,5R,5'R)-5"-[(1S5)-1,5-dihydroxylnonyl]
octahydro-[2,2'-bifuran]-5-yl]tridecyl]-5-methyl-2(5H)-
furanone, 1]. 3-[(2R,9R)-2,9- ¥ H-9-[(2R,2'R,5R,
5'R)- J\E-5"-[(18)-1-F2 FE+ T HE1[2,2'- XU g 1-5-
B T Ak -5- HOEE 2(5H)- BRI [3-[(9R)-2,9-
dihydroxy-9-[(2R,2'R,5R,5'R)-5"-[(LS)-1-hydroxypenta-
decyl]octahydro-[2,2'-bifuran]-5-yl]nonyl]-5-methyl-
2(5H)-furanone, 2]. 6-F23L- 2 AW ERE &
(6-hydroxy-desacetyl-uvaricin, 3). 6-f2%&-4- 2% -
T 7 B K¥ (6-hydroxy-4-deoxy- squamotacin, 4)
bullanin (5). 10-F&%E- LXK A EE (10-hydroxy-
asimicin, 6). HJHF A% A (folianin A, 7). £
%75 7 K7 =3 1 (annosquacin I, 8). Z WA 744
% C (annosquacin C, 9). ##4=¢ 1 (squamocin I,
100, b, (w&w 12 ik &, il 4
Hy 28-F2RE-F 7 ki # L (28-hydroxy-squamocin L)
42 I-F 385 Y (4-hydroxy-squamocin Y),
W) 3~T J AW 03 AT B 0 o
1 XFE5HH

HA2215006 i1l 7+ CO, AHUX (VL I8 g Tl A 22
I 5t ¥ & AT B A W D s UV-2401PC O 3 4%
(Shimadzu A 7] ); EZ Purifer 7 il & A CF) R
4y ] ); Shimadzu LC-20A & Bl & WA (H A
Shimadzu 23 7] ) SMP10 {3l 54 (Stuart, S );
Brucker ACF-300 % 400P #% 4R 1 (4% [F Brucker
/A7]); HR-ESI-Q-TOF Jiif{% (3E[E Waters);
Milli-Q #4li/K 24 (Millipore 2A7)); R-205 Jighk
KA (Buchi 2A7]); BT-125D iR P ({1
Sartorius); ¥ EEIEHER G (10~40 pm). A
e (200~300 HD, W EREFELT) 5 s
IR A o el sl i ol LIRBR AR .

AR TR BT AT AR, S ntPE
2R 2 Bt MR R 2 1 k) T 7 BB 7 K
FEW T 74 K Annona squamosa Linn. 1581
2 RBSSH

1 15 kg TR 7 BOM-TBr e ofLgy, 1 20
Hifi, 7635 C. 23 MPa. 20%Jai 14~
HImF CO, 2 3 h, SRR AT S TCHER, HE.

B, 158 EIW (23 kg). K LI RARERA0
i (200~300 H), HAMEE. B £ WA BEAK
U 7321 20 ANAS[H] B I 4y Fr. 1~20, 75 H Kedde
BN AL i . SR A R R Fr. 8
(80.7 g) TR IS (200~300 H) M1 5
Balifl, AMEE-BTR OBR (100 @ 1—1 1 1) BRI
i, A5EIA 23 ANy, 11 S b 45 A
aifb f5, P A AR Water X-Bridge OBD
(250 mm X 19 mm) [P EiiAE -, DUFFEE-7K (9 0 1),
B 10 mL/min A (SRR, LG
1 (5 mg). 2 (10 mg). HRWHERE T il
AR PR s A gl s, S 3 (35
mg). 4 (8 mg). 5 (8mg). 6 (11 mg). 7 (10 mg).
8 (70 mg). 9 (40 mg). 10 (200 mg).
3 HHEE

EW 1 AEERRE A, mp 43~44 C, 5
WTHRE. ST HEA PR, HR-ESI-MS m/z:
617.438 9 [M+Na]", HXI5FJiEN 594, HEWisy
T H CysHpO70 UV AN (nm): 210, H. Raymond
TR Y SR 215, Ul A LG AN A R A AE
'H-NMR (400 MHz, CDCls) 6: 6.98 (1H, d, J = 1.5
Hz, H-33), 5.00 (1H, qd, J = 6.8, 1.5 Hz, H-34), 1.41
(3H, d, J = 6.8 Hz, H-35); “C-NMR (100 MHz,
CDCly) d: 173.9 (C-1), 134.4 (C-2), 148.9 (C-33), 77.5
(C-34), 19.2 (C-35), IXLEZH I F soAE A A BEEA
FIEESS 519, 6y 2.26 (2H, t, J = 7.3 Hz, H-3), 6.98
(1H, d, J = 1.5 Hz, H-33) £ C-4 A &AM
AR, 6y 3.39 (1H, m, H-15), 3.83~3.94 (5H, m,
H-16, 19, 20, 23, 24) Fl 5c 83.2 (C-16), 82.8 (C-23),
82.6 (C-19), 82.2 (C-20), 74.2 (C-15), 71.4 (C-24), &
3L R 4000 THF BR324 6% A s R4k 54, H THF
RPN AT 1 A FRIEATARE, oc 83.2, 82.8, 82.6, 82.2
oA THF 3£ I 4 NIRRT 155 A A4 7
4 tth/A®; JLARXL THE BRp0 6 74.2, 71.4 F1 oy
3.39,3.83~3.94, F W] THF FA1P 00 AR A7 52 55 1 AH
SIS 50 4 A A AR Bk 28 g 1 MR
5, C.HAES2 94 6c 71.9 Fl 6y 3.59. HIH il
Kot m/z 329, 311, 489, 519, 465, 447, Wi THF £
(IR AT B AE C-15 5 C-24 28] J2-OH 7 C-28 (&
Do %54 NMR (% 1). HR-ESI-MS K F4L % 4y
BT, % a1 1T ASHIIIARA THE SR 7 75 4%
WEERIL A, frh 28-FR3E-F M % L.

tEw 2: KK, mp59~60 C, ST
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Fig. 1 Diagnostic ESI-MS/MS fragment ions (mm/z) of compound 1

£1 LAY 1~2 8 *C-F1 '"H-NMR ##E (100/400 MHz, CDCl,)
Table 1 '*C- and '"H-NMR spectral data of compounds 1 and 2 (100/400 MHz, CDCl;)

. 1 2
Ikt oc o0 o o
1 173.9 — 174.7 —
2 134.4 — 131.2 —
3257 226 (2H, t,J=7.3 Hz) 333 241 (1H, dd, J=8.0, 15.1 Hz), 2.55 (1H, d,J = 15.1 Hz)
4 25.2~29.7 1.30~1.62 (2H, m) 70.0 3.93 (1H, m)
5 25.2~29.7 1.30~1.62 (2H, m) 37.4 1.25~1.63 (2H, m)
6 25.2~29.7 1.30~1.62 (2H, m) 24.5~29.7 1.25~1.63 (2H, m)
7 25.2~29.7 1.30~1.62 (2H, m) 24.5~29.7 1.25~1.63 (2H, m)
8 25.2~29.7 1.30~1.62 (2H, m) 24.5~29.7 1.25~1.63 (2H, m)
9 25.2~29.7 1.30~1.62 (2H, m) 24.5~29.7 1.25~1.63 (2H, m)
10 25.2~29.7 1.30~1.62 (2H, m) 33.3 1.38~1.47 (2H, m)
11 25.2~29.7 1.30~1.62 (2H, m) 74.1 3.39 (1H, m)
12 25.2~29.7 1.30~1.62 (2H, m) 83.2 3.84~3.93 (1H, m)
13 25.2~29.7 1.30~1.62 (2H, m) 29.3 1.25~1.63 (2H, m)
14 319 1.39~1.54 (2H, m) 29.7 1.25~1.63 (2H, m)
15 74.2 3.39 (1H, m) 82.6 3.84~3.93 (1H, m)
16 83.2 3.83~3.94 (1H, m) 82.3 3.84~3.93 (1H, m)
17 28.9 1.30~1.62 (2H, m) 29.7 1.25~1.63 (2H, m)
18 29.2 1.30~1.62 (2H, m) 25.6 1.25~1.63 (2H, m)
19 82.6 3.83~3.94 (1H, m) 82.8 3.84~3.93 (1H, m)
20 82.2 3.83~3.94 (1H, m) 71.3 3.84~3.93 (1H, m)
21 28.9 1.30~1.62 (2H, m) 33.3 1.38~1.47 (2H, m)
22 25.7 1.30~1.62 (2H, m) 24.5~29.7 1.25~1.63 (2H, m)
23 82.8 3.83~3.94 (1H, m) 24.5~29.7 1.25~1.63 (2H, m)
24 71.4 3.83~3.94 (1H, m) 24.5~29.7 1.25~1.63 (2H, m)
25 334 1.39~1.54 (2H, m) 24.5~29.7 1.25~1.63 (2H, m)
26 25.2~29.7 1.30~1.62 (2H, m) 24.5~29.7 1.25~1.63 (2H, m)
27 37.5 1.30~1.62 (2H, m) 24.5~29.7 1.25~1.63 (2H, m)
28 71.9 3.59 (1H, m) 24.5~29.7 1.25~1.63 (2H, m)
29 373 1.30~1.62 (2H, m) 24.5~29.7 1.25~1.63 (2H, m)
30 319 1.39~1.54 (2H, m) 24.5~29.7 1.25~1.63 (2H, m)
31 22.7 1.39~1.54 (2H, m) 24.5~29.7 1.25~1.63 (2H, m)
32 14.1 0.89 (3H, t,J= 6.7 Hz) 31.9 1.25~1.63 (2H, m)
33 148.9 6.98 (1H, d, /= 1.5 Hz) 22.7 1.38~1.47 (2H, m)
4 775 500 (1H, qd,J=6.8, .5Hz)  14.1 0.88 (3H, t, /= 7.0 Hz)
35 192 1.41 3H, d, J = 6.8 Hz) 1518 7.19 (1H, d,J = 1.5 Hz)
— — 772 5.06 (1H, qd, J= 7.0, 1.5 Hz)
37 — — 19.1 1.43 3H, d, J= 7.0 Hz)
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BER Ol =P EEE A WL HR-ESI-MS m/z:
645.470 4 [M~+Na]", A5 FiEN 622, 431X
A C37Hg6O70 UVXXZSH (nm): 210, H Raymond iR
FUS N RN, YA G R A B R A7 AL

'H-NMR (400 MHz, CDCl3) 6: 7.19 (1H, d, J = 1.5
Hz, H-35), 5.06 (1H, qd, J = 7.0, 1.5 Hz, H-36), 1.43
(3H, d, J = 7.0 Hz, H-37); “C-NMR (100 MHz,
CDCl3) 8: 174.7 (C-1), 131.2 (C-2), 151.8 (C-35), 77.2
(C-36), 19.1 (C-37), IXLL2HFIHE H oA AN B2
(IHFAEAS 510, TH-NMR o H-3 (65 2 N JF ANy,
S BLAE oy 2.41 (1H, dd, J = 8.0, 15.1 Hz) il oy
2.55 (1H, d, J = 15.1 Hz) &, %54 oy 3.93 (1H, m,
H-4), 7.19 (1H, d, J = 1.5 Hz, H-35) #15¢ 70.0 (C-4),
R C-4 MR EEART. oy 3.39 (1H, m, H-11),

3.84~3.93 (5H, m, H-12, 15, 16, 19, 20) 1 ¢ 83.2
(C-12), 82.8 (C-19), 82.6 (C-15), 82.3 (C-16), 74.1
(C-11), 71.3 (C-20), KW AL THF AT 7 4
WEESAL &Y, H THFE BRPIIIAT 1 AN ERIEATARE,
dc 83.2, 82.8, 82.6, 82.3 Jj THF ¥£ _I- 4 NS MR T
(1S, HEMARS R /e, LA THF AP
M ¢ 74.1, 71.3 F1 0y 3.39, 3.84~3.93, FH| THF
R0 9 A0 4T 37 358 2 PR AR R A 28 4 3 A 95 2R R R P
HHE il Bt m/z 111, 141, 123, 341, 323, 425, 389,
HEWT H THF S ECRAL EAE C-11 5 C-20 2 JA] (&
2). 44 NMR (% 1). HR-ESI-MS JeH AL # 5 7)
BT, S G 2 5 1 AN AR THF PRAL3E 7 k4
WEERIL AW, 4l 45BN % Y.

EW 3. AEHRE AR, mp38~40 C, 5

2 L&Y 2 LM RFHE ESI-MS/MS # R & F
Fig. 2 Diagnostic ESI-MS/MS fragment ions of compound 2

W R, =P EEA PR HR-ESI-MS m/z:
617.438 2 [M-+Na]", #IX}5 7K 594, 47
4 Cs3sHeO7. 'H-NMR (400 MHz, CDCl;) 6: 6.99
(1H, d, J = 1.5 Hz, H-33), 5.00 (1H, qd, J = 6.8, 1.5
Hz, H-34), 3.83~3.93 (5H, m, H-16, 19, 20, 23, 24),
3.60 (H, m, H-6), 3.39 (1H, m, H-15), 2.26 2H, t, J =
7.3 Hz, H-3), 1.44~1.54 (8H, m, H-14, 25, 30~31),
1.37~1.61 (34H, m, H-4~5, 7~13, 17~18, 21~22,
26~29), 1.41 3H, d, J = 6.8 Hz, H-35), 0.88 (3H, t,
J=6.7 Hz, H-32); *C-NMR (100 MHz, CDCl;) ¥}
LS 2. W TSR m/z 139, 169, 151, 313, 295,
481, 463, #EWT 1 THF FA R EAE C-15 5 C-24
2 i }%-OH 7 C-6 F. “C-NMR. 'H-NMR.
HR-ESI-MS J¢ FAL K 5 Scikapost ™5, %eih
EW 3 N 6L OBEE R R

EY 4. AEERRE A, mp 38~40 C, 5
W HE. =/ PR, MxaFRER 622,

W74 120k C37He607. 'H-NMR (400 MHz, CDCls) 6
6.99 (1H, d, J = 1.5 Hz, H-35), 5.00 (1H, qd, J = 6.8,
1.5 Hz, H-36), 3.83~3.95 (5H, m, H-14, 17, 18, 21,
22), 3.60 (1H, m, H-6), 3.39 (1H, m, H-13), 2.26 (2H,
t, J = 7.3 Hz, H-3), 1.44~1.54 (8H, m, H-12, 23, 32,
33), 1.39~1.66 (38H, m, H-4~5, 7~11, 15~16,
19~20, 24~31), 1.40 3H, d, J = 6.8 Hz, H-37), 0.88
(3H, t, J = 6.7 Hz, H-34); “"C-NMR (100 MHz,
CDCly) #lE W3k 2. MRk Eds m/z 139, 169,
151, 369, 351, 453, 435, HfEKriH THE AR B
£ C-13 5 C-22 2 [A] }2-OH #£ C-6 L. *C-NMR(
2). '"H-NMR. HR-ESI-MS JF {0 5 Scikdr g
—5, BENAY 4 N 64 LA B
EW S AERRE A, mp 50~51 C, %
WTHEE. S P REA PSR, HR-ESI-MS m/z:
645.496 3 [M+Na]", #Xt5FiEN 622, #HEiWisn
Tl C37HgO7. 'H-NMR (400 MHz, CDCl3) d: 6.99
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%2 1£&43~10 &9 *C-NMR (100 MHz, CDCl;)
Table 2 *C-NMR data of compounds 3—10 (100 MHz, CDCl;)

[Z30A 3 4 5 6 7 8 9 10
1 1739 173.9 173.9 174.7 173.8 173.9 173.8 174.6
2 1344 134.4 134.3 131.2 134.4 134.4 134.4 134.8
3 257 25.7 25.7 25.7 25.7 25.7 25.6 25.5
4 251~298 25.1~29.7 252~298  69.9 245~29.7  252~298  252~29.7  69.9
5 375 375 252~298  255~297 245~297 252~298  252~297 244~296
6 71.8 71.8 252~29.8  255~297 245~29.7 252~298  252~297 244~29.6
7 373 373 252~29.8  255~29.7 245~29.7 252~298  252~297  24.4~29.6
8  25.1~298 251~297 252~298  255~29.7 245~297 252~298 252~297 244~296
9  25.1~298 25.1~297 252~298 375 245~297 319 252~29.7 24.4~296
10 25.1~29.8 25.1~29.7 252~298 716 245~297 742 31.8 24.4~29.6
11 251~298 25.1~29.7 252~298 374 31.9 83.3 74.1 24.4~29.6
12 251~29.8 319 252~29.8  255~297 741 28.4 83.3 24.4~29.6
13 25.1~29.8 741 252~29.8  255~297 832 28.9 28.4 323
14 319 83.3 31.9 33.4 28.4 82.5 28.9 74.1
15 741 283 742 74.1 28.9 82.2 82.4 83.2
16 833 28.9 83.3 83.2 82.5 28.9 82.1 26.0
17 292 82.5 28.4 28.5 82.3 25.7 28.9 28.9
18 293 82.2 28.9 28.9 29.0 82.8 25.7 82.5
19 825 28.9 82.5 81.9 25.7 71.4 82.8 82.3
20 822 25.7 82.3 81.8 82.8 325 71.6 28.9
21 292 82.8 28.9 28.9 71.4 252~298 326 283
22 252 71.4 25.7 25.7 325 375 375 82.8
23 828 31.9 82.8 82.8 245~297 718 71.8 715
24 714 251~297 713 74.1 245~297 373 373 332
25 319 25.1~29.7 324 332 245~29.7  252~298  252~29.7 24.4~29.6

26 25.1~29.8  25.1~29.7  252~29.8  25.5~29.7 245~297  252~298  252~~297  24.4~29.6
27 25.1~29.8  25.1~29.7 252~29.8  25.5~29.7 245~297 252~29.8  252~297 24.4~29.6
28 25.1~29.8  25.1~29.7 252~29.8  25.5~29.7 245~29.7  252~29.8  252~29.7 24.4~29.6

29 25.1~29.8  25.1~29.7 375 25.5~29.7  245~297 @ 252~298  252~29.7 24.4~29.6
30 31.9 25.1~29.7 718 25.5~29.7  245~297  252~29.8  252~29.7 24.4~29.6
31 22.6 25.1~29.7 373 25.5~29.7  24.5~29.7  252~29.8  252~297  24.4~29.6
32 14.1 31.9 319 324 319 319 31.8 31.8

33 148.8 22.6 22.7 22.7 22.7 22.7 22.6 22.6

34 77.2 14.1 14.1 14.1 14.1 14.1 14.1 14.1

35 19.2 148.8 148.9 151.9 148.8 148.9 148.8 151.8

36 — 77.2 78.0 78.0 773 77.4 77.2 71.5

37 — 19.2 19.2 19.2 19.2 19.2 19.2 19.1

(1H, d, J = 1.5 Hz, H-35), 5.00 (1H, qd, J = 6.8, 1.5 .3 2. R4 Fis4udl m/z 265, 357, 339, 321, 435,
Hz, H-36), 3.86~3.96 (5H, m, H-16, 19, 20, 23, 24), 417, 565, 547, 535, Wil THF B B4
3.59 (1H, m, H-30), 3.40 (1H, m, H-15), 2.26 (2H, t,  C-15 5 C-24 2| }%-OH 7 C-30 I-."*C-NMR(% 2).
J =173 Hz, H-3), 1.39~1.53 (8H, m, H-14, 25, 32,  'H-NMR.HRESI-MS J ¥ {b5# 5 sk —3%,
33), 1.30~1.65 (38H, m, H-4~13, 17~18, 21~22,  %5E4L&Y 5 24 bullanin.

26-29, 31), 1.41 (3H, d, J = 6.8 Hz, H-37), 0.89 (3H, t, WEw 6: FERPIRIE A, mp 43~45 C, %
J=6.7Hz, H-34); "C-NMR (100 MHz, CDCLy) ¥ W THEE. AT M. HR-ESI-MS m/z:
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661.440 1 [M-+Na]", HIX}5 7l 638, HEW 5
T3H C37HgOs. 'H-NMR (400 MHz, CDCl3) 8: 7.19
(1H, d, J = 1.5 Hz, H-35), 5.05 (1H, qd, J = 6.8, 1.5
Hz, H-36), 3.86 (1H, m, H-4), 3.80~3.91 (4H, m,
H-16, 19, 20, 23), 3.62 (1H, m, H-10), 3.38 (2H, m,
H-15, 24), 2.54 (1H, d, J = 15.1 Hz, H-3), 2.40 (1H,
dd, J=7.9, 15.1 Hz, H-3), 1.40~1.58 (8H, m, H-14,
25, 32, 33), 1.37~1.68 (36H, m, H-5~9, 11~13,
17~18, 21~22, 26~31), 1.41 (3H, d, J = 6.8 Hz,
H-37), 0.89 (3H, t, J = 6.7 Hz, H-34); ">C-NMR (100
MHz, CDCLy) ¥l W% 2. W5 FEEE m/z 111,
141, 211, 223, 341, 323, 497, 479, H#EWT i THF ¥A11)
BURAL B AE C-15 5 C-24 2 [W] J2-OH 7£ C-4 F1 C-10
F. BC-NMR (% 2). 'H-NMR. HR-ESI-MS A3
W 5 Scka a8, SEte s 6 b 105
B LU Y 1

&Y 7. AOKA, mp 47~48 C, LT
HmE. =& EE5E A PR . HR-ESI-MS m/z:
629.476 7 [M~+Na]", A%} 57N 606, HEK>
1308 C37Hg606. 'H-NMR (400 MHz, CDCls) 8: 7.00
(1H, d, J = 1.5 Hz, H-35), 5.01 (1H, qd, J = 6.8, 1.5
Hz, H-36), 3.86~3.98 (5H, m, H-13, 16, 17, 20, 21),
3.41 (1H, m, H-12), 2.26 (2H, t, J = 7.3 Hz, H-3),
1.52~1.60 (6H, m, H-11, 22, 33), 1.43~1.68 (42H,
m, H-4~10, 14~15, 18~19, 23~32), 1.41 3H, d,
J = 7.0 Hz, H-37), 0.89 (3H, t, J = 7.0 Hz, H-34);
BC-NMR (100 MHz, CDCls) %# W3 2. HR45 it
Bl m/z 335, 347, 365, 375, 405, 387, HEWTH THF
BRI EALE C-12 5 C-21 2] "C-NMR (% 2).
'H-NMR. HR-ESI-MS %04k $d 5 Srhfi it —
#, Kty 7 AR E AR A

&Y 8: AtERIRE A, mp 56~57 C, %
BT HE., S FREAPER . HR-ESI-MS m/z:
645.470 4 [M~+Na]", A5 7N 622, #EH 5>
TR A C37Hg07. ' H-NMR (400 MHz, CDCl3) 6: 6.99
(1H, d, J = 1.5 Hz, H-35), 5.00 (1H, qd, J = 6.8, 1.5
Hz, H-36), 3.85~3.96 (5H, m, H-11, 14~15, 18, 19),
3.60 (1H, m, H-23), 3.40 (1H, m, H-10), 2.26 (2H, t,
J = 1.3 Hz, H-3), 1.39~1.53 (8H, m, C-9, 20, 32~
33), 1.30~1.64 (4H, m, C-22, 24), 1.25~1.65 (34H,
m, C-4~8, 12~13, 16~17, 21, 25~31), 1.41 (3H, d,
J = 6.8 Hz, H-37), 0.88 (3H, t, J = 6.7 Hz, H-34);
PC-NMR (100 MHz, CDCl3) %4 W3 2. 4 mii

Bidi miz 155, 185, 195, 427, 409, 391, 365, 347, HEWT
) THF PR BARA B AE C-10 5 C-19 2 [4] J2-OH #£
C-23 I. PC-NMR (¥ 2). 'H-NMR. HR-ESI-MS
FeBRAR RO 5 SckaaE! 8, Bt 8 hx
fi% 75 5 B 2% Lo

WwEW9: HERPRE A, mp 30~31 C, %
BT HE. ST REAPEA. HR-ESI-MS m/z:
645.470 3 [M+Na]", A7 7N 622, HEWi/>
T34 C37HgO7- 'H-NMR (400 MHz, CDCl3) &: 7.00
(1H, d, J = 1.5 Hz, H-35), 5.01 (1H, qd, J = 6.8, 1.5
Hz, H-36), 3.85~3.95 (5H, m, H-12, 15, 16, 19, 20),
3.60 (1H, m, H-23), 3.41 (1H, m, H-11), 2.26 (2H, t,
J =173 Hz, H-3), 1.50~1.59 (6H, m, H-10, 21, 33),
1.44~1.66 (40H, m, H-4~9, 13~14, 17~18, 22,
24~32), 1.44 (3H, d, J = 6.8 Hz, H-37), 0.89 (3H, t,
J= 6.7 Hz, H-34); >C-NMR (100 MHz, CDCl;) #i#
WL 2. M4 TR R m/z 155, 185, 209, 379, 361,
413,395,377, #EWr ! THF BRAEUA B ZE C-11 5
C-20 2 }%-OH 7F C-23 L. PC-NMR (¥ 2).
'H-NMR. HR-ESI-MS & ¥4k ¥4 5 S iijdpaEt™—
H, KG9 N 2R HER Co

&% 10: KK, mp59~60 C, S%T
BEIR BRSSP HESFEA LA, HR-ESI-MS m/z:
645.133 8 [M+Na]", HIXI 97N 622, HEWis
30K C37HgO7. 'H-NMR (400 MHz, CDCl3) 8: 7.21
(1H, d, J = 1.5 Hz, H-35), 5.08 (1H, qd, J = 7.0, 1.5
Hz, H-36), 3.89 (1H, m, H-4), 3.85~3.94 (5H, m,
H-15, 18, 19, 22, 23), 3.41 (1H, m, H-14), 2.53 (1H, d,
J = 15.1 Hz, H-3), 2.43 (1H, dd, J = 8.2, 15.1 Hz,
H-3), 1.40~1.50 (6H, m, H-13, 24, 33), 1.27~1.60
(40H, m, H-5~12, 16~17, 20~21, 25~32), 1.41
(3H, d, J = 7.0 Hz, H-37), 0.88 (3H, t, J = 7.0 Hz,
H-34); “C-NMR (100 MHz, CDCly) % W.% 2.
iR Bl m/z 249, 319, 337, 349, 401, 419, 437,
185, HEWTH THF MAHURAI B AR C-14 5 C-23 2
i) }2-OH 7 C-4 . “C-NMR (% 2). 'H-NMR.
HR-ESI-MS K FALHds 5 scmkdas!' ™5, %tk
G510 IFHF L
4 g

AR S A B S e A R 1) 2 AN BT 7 B RIS R
ARG U 0 2 7 A Bl FaRaEt ™, DY
e R 2% 5 5 P G s R s A AR N IR e, L
LIRS0 g 70 5 7 A% PN BRSSP i e v 12
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