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Annonaceous acetogenins from seeds of Annona squamosa

LU Jia-hui, LI Yue, LI Xiang, CHEN Jian-wei, MIAO Yun-jie
Nanjing University of Chinese Medicine, Nanjing 210023, China

Abstract: Objective To study the chemical composition from the seeds of Annona squamosa. Methods The components of
annonaceous acetogenins from the seeds of 4. squamosa were isolated and purified by extracting and chromatography separation. The
structures of the compounds were identified by their physicochemical properties, UV, NMR, and mass spectrometry data. Results
Seven annonaceous acetogenins were isolated from the ethyl acetate extract of the seeds from A.squamosa. They are 3-[7-[5-
[1,4-dihydroxy-4-[5-(1-hydroxytridecyl)-2-furanyl] butyl] tetrahydro-2-furanyl]-2-hydroxyheptyl]-5-methyl-2(5H)-furanone (1),
3-[9-[5-(1-hydroxy-4-heptadeceneyl) tetrahydro-2-furanyl] hydroxynonyl]-5-methyl-2 (SH)-furanone (2), bullatalicin (3), squamostatin A (4),
squamostatin D (5), bullatacin (6), and 10-hydroxyasimicin (7). Conclusion Compounds 1 and 2 are two new compounds, named as
trilobalicin I (1) and D20-solamin B (2), respectively.
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N Annona squamosa Linn. REFHMEL  FHIPUMRE . P Mg e, Mgz E A

(Annonaceae) 7 ¥iJ@ Annona Linn. 1Y), %4
KT HLIX, = Heiy 290, IMERE WL, 57,
. T REREE R, HRaasT a5,
FEAImAT, Fseal VA BIE M. Al F kT
NEH BT R 72, ERERE T, &
FAENRIEZIGTT B . N2 5
K — BRI E 35~37 NIRRT IR AR =
Y, 205 14 y-NERIFIE o & | D Re L 4],
Fedk, AL, DUEPEmE (THF) A%, ZAEWFIE
SEF o AL N ERBR AP L BRI AR ARSI, B EA R

ks BHA: 2017-12-13
HEEUH: BXRARFFEESEIIE (81573577, 81274057)

KPEPL, A0 UL Girh 24578 7 B 1 I TR R

AL GBI BRI 45 7 DN
MeRA &M, Rl g 3-[7-[5-[1,4-—FaK-4-
[5-(1-F 1 = e ) -2-WR M B T 5E ] DYAL-2-Pk R
H-2-FR AP -5-H AL -2(SH)-MR I (3-[7-
[5-[1,4-dihydroxy-4-[5-(1-hydroxytridecyl)-2-furanyl]
butyl] tetrahydro-2-furanyl]-2-hydroxyheptyl]-5-methyl-
2(5H)-furanone, 1)+ 3-[9-[5-(1-¥2JE-4-+LJd L) DY
-2 WK g e R R T A -5 -2 (5 H) - K g R
(3-[9-[5-(1-hydroxy-4-heptadeceneyl) tetrahydro-2-
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furanyl] hydroxynonyl]-5-methyl-2(5H)-furanone, 2).
bullatalicin (3). Z % 15T A (squamostatin A, 4).
F 7T D (squamostatin D, 5). 744
(bullatacin, 6). 10-F8 3% - E L XA BE C10-
hydroxyasimicin, 7). HH L&) 1 M 2 &4,
Iy A A 4 NI R 1 (trilobalicin 1) IR Hi 5 B
(D20-solamin B).
1 UESHR

SMP10 & f 445 s A% (JE[H Stuart A ] s
UV-2401PC “£4M%iE4 (Shimadzu &) ); Brucker
ACF-300 B¢ 400P ZMEILHRPEIEI (F8[E Brucker
A7]); HR-ESI-MS (HRESI-Q-TOF Jiii{y, £H
Waters A ); WAHENE (Agilent 1200 HPLC.
G1315D DAD frill#%, ZHEATD; il ik
[XBridge BEH C5 OBD |4 (150 mmX 19 mm,
5 um), Waters A#]]; #EOIERER G, MOk E
e (100~200. 200~300 H), ¥J/=HH Bk
T W5~ Raymond 17 1 )2 ik /5 v
220 nm BY 254 nm EAMT NAMBE S BT AL
FIBI oy raisk it gl GTIRMFRBHEA R A D,

SIS MG H T ARERIE, KRR RFE
e PR R B 8 N IR Annona squamosa
Linn. BCEATFEFNT.
2 REEENE

FAHBFT (15kg), RTFAERL 20 HRLHR
TEZ IR N HESIR CFB IR 3 I, 80 [ 71
BIRE (1.7 k) AR B3 ALIR & LR (200~
300 HO FEMEIE, A ME-EEER OFE (100 0 0—~1 -
DVE R R GEkA BB, DU Z s Bk G FF AR 43
HAEF] 19 MRS Fr. 1~19. Fr.6 (8.0g) A Cyg
W VA (i (20%— 100% FH ) 2 B, 15 5
Fr. 6-a~6-f, H Fr. 6-c (2.2 g) FEREL =K
ey B alif, B21E9 2 (19 mg). Fr. 11 (21
g) & Cig MR35 (20%—>100% TELD,
3% Fr. 11-a~11-d, H+ Fr. 11-b (3.4 ) FIRE A
E R Atk oy Al HEMEY 6 (60 mg). 7
(53mg). W4 Fr. 15 (63.3 g) Je)Ja4id Cig 1 EW
FHETE (20%—>100% FHEE) 4355, 193] 5 AN
Fr. 15-a~15-¢, H:81 Fr. 15-d (11.7 g) PARERH: (L
W CHIMEE-BSTR OB 7 S5 26 1 (26 mg).
3 (22mg). 5 (42mg). ¥itsr Fr. 18 (39g) H Cig
H A 1 2 B (40%—100% HEE) 153 6 Mt
43 Fr. 18-a~18-f, HHfi% Fr. 18-d (7.1 g) LAkl

@IS ChimE- D 4330 11 MR Fro 18-d1~
18-d11, ¥4 Fr. 18-d6 (2.0 g) £l % mSuiM
Wy, Bk EY 4 (40mg).
3 SHEE

&1 AERAK, mp 54~55 C, BiHT
BEIR Ll =S T EEE A VAR . HR-ESI-MS m/z:
661.465 2 [M+Na]’, HitiHHEE N 661.465 0,
WEAF RN C3HeeOso UV AL (nm): 210, H 5
Raymond 57 e IV 2 R 20, 1 BHAFAE T e AN AN
MEFF. 'H-NMR (400 MHz, CDCly) §: 7.18 (1H, d,
J = 1.5 Hz, H-35), 5.05 (1H, qd, J = 7.0, 1.5 Hz,
H-36), 1.40 3H, d, J = 7.0 Hz, H-37) 1 “C-NMR
(100 MHz, CDCl;) d: 174.5 (C-1), 131.2 (C-2), 151.8
(C-35), 78.0 (C-36), 19.1 (C-37) (£ 1), & ap-y A
YA SR HFE S 5 "H-NMR % H-3 /2 2 A4
NEMFRF, 43 9 HBLAE 6 2.41 (dd, J=8.2, 15.1 Hz,
H-3) #12.54 (d, J = 15.1 Hz, H-3) &b, 454 0 7.18
(1H, d, J = 1.5 Hz, H-35), £ C-4 firf5 B RHURM.,
'H-NMR ##7 6 3.40 (2H, m, H-14, 17) F13.75~3.90
(6H, m, H-4, 10, 13, 18, 21, 22) 1 C-NMR i (F
2) th 5 83.3 (C-18), 82.2 (C-21), 82.0 (C-13), 79.3
(C-10), 74.6 (C-14), 74.4 (C-17), 71.6 (C-22), LW 2
R4 PU K (THF) SRR 7k s R L &4,
HAWEA 3 NIk, THF 3 _E 4 NEER T 115
Sy 6 83.3, 82.2, 82.0, 79.3 (HEM 2 A THF ¥&
AAS RIS K trans-trans) 5 "H-NMR & § 3.75~
3.90 uE N ILH 6 NMEfE T, Hrh 4 4~y THF ¥ E
I, 55 2 MRS THF SOMARE A B dEm -1
AR C-4 fr A . BT LAHE W A X R R R
translthreo- threoltranslerythro™. ¥#% ESI-MS/MS
Bl (m/z 293, 339, 391, 403, 413, 431, 433) il
THF BB C-9 5 C-22 208 (B 1), %
4 BC-NMR. 'H-NMR. ESI-MS %Ak E4 53475,
B W 1 IR 3-[7-[5-[1,4- —FE%E-4- [5-(1-
PR A e B )-2- WA B ] T ] DU A-2- R IR AR ]-2-
FR R P )-5-H BE-2(SH)-PRIREA, & 1 ANHETHEEAR
W THF B2 75 8 N B2 &4, i 2 NI E 1.

&2 AR, mp 40~42 C, HET
FElR M. =AM e A HLE R . HR-ESI-MS m/z:
585.451 5 [M+Na]", BHigit5AE N 585.449 0, 1
MW TRN CssHeOso UVALOT (nm): 210, H 5
Raymond 77l s B 2 5824068, 1 BAAELE F oG A LA
MEEFF . "H-NMR (400 MHz, CDCl;) 8: 6.99 (1H, d,
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£1 &4 170248 "H-NMR (400 MHz, CDCl;) %1%

Table 1 'H-NMR (400 MHz, CDCIl;) spectral data of

compounds 1 and 2

BRhz 1 2
1 — .
2 _ -
3 240(dd,J=82,151Hz) 224 (2H,t,J=6.2 Hz)
2.54(d,J=15.1 Hz)
4 3.75~3.90 (m) 1.25~1.67 (m)
5 1.29~1.68 (m) 1.25~1.67 (m)
6 1.29~1.68 (m) 1.25~1.67 (m)
7 1.29~1.68 (m) 1.25~1.67 (m)
8§ 1.29~1.68 (m) 1.25~1.67 (m)
9 1.29~1.68 (m) 1.25~1.67 (m)
10 3.75~3.90 (m) 1.25~1.67 (m)
11 1.89 (m),2.00 (m) 3.40 (m)
12 1.89 (m), 2.00 (m) 3.78~3.80 (m)
13 3.75~3.90 (m) 1.96 (m), 2.02 (m)
14 3.40 (m) 1.96 (m), 2.02 (m)
15 1.29~1.68 (m) 3.78~3.80 (m)
16 1.29~1.68 (m) 3.40 (m)
17 3.40 (m) 1.25~1.67 (m)
18 3.75~3.90 (m) 1.25~1.67 (m)
19 1.89 (m), 2.00 (m) 1.25~1.67 (m)
20 1.89 (m), 2.00 (m) 5.35 (m)
21 3.75~3.90 (m) 5.35 (m)
22 340 (m) 1.25~1.67 (m)
23 129~1.68 (m) 1.25~1.67 (m)
24 129~1.68 (m) 1.25~1.67 (m)
25 1.29~1.68 (m) 1.25~1.67 (m)
26 129~1.68 (m) 1.25~1.67 (m)
27 1.29~1.68 (m) 1.25~1.67 (m)
28 1.29~1.68 (m) 1.25~1.67 (m)
29 1.29~1.68 (m) 1.25~1.67 (m)
30 1.29~1.68 (m) 1.25~1.67 (m)
31 1.29~1.68 (m) 1.25~1.67 (m)
32 129~1.68 (m) 0.88 (3H, t, /= 7.0 Hz)
33 1.29~1.68 (m) 6.99 (1H, d,J= 1.5 Hz)
34 0.88(3H,t,J=7.0 Hy) 4.99 (1H, qd, J=7.0, 1.5 Hz)
35 7.18(1H,d,J=1.5Hz) 1.40 (3H, d, J = 7.0 Hz)
36 5.05(1H, qd,J=7.0, 1.5 Hz)
37 140(3H,d,J=7.0Hz)

J = 1.5 Hz, H-33), 4.99 (1H, qd, J = 7.0, 1.5 Hz,
H-34), 1.40 3H, d, J = 7.0 Hz, H-35) I "C-NMR
(100 MHz, CDCls) &: 173.9 (C-1), 134.2 (C-2), 149.0
(C-33), 77.4 (C-34), 19.2 (C-35) (E 1), & ap-y I
YO AN A SR O HRAEAE 5 "H-NMR #E 9 2.24 (2H, t,
J=62Hz) LUK §6.99 (1H, d, J= 1.5 Hz, H-33) &
W C-4. C-5 friAs &8 AR, "H-NMR 1
5 3.40 (2H, m, H-11, 16) PLK& & 3.73~3.80 (2H, m,
H-12, 15) F1"°C-NMR (3 2)1 6 82.8 (C-12), 82.7
(C-15), 74.1 (C-11), 73.5 (C-16) KI5 5K H Ay
THF AR EH BRI &Y, H THF 35 %
A1 ARSI, THF 3 —ANEERR R 7S
SO39N 0 82.8,82.7, 6 74.1, 73.6 N THF SFAHAL L
B EFIES; "H-NMR 9 5 3.40 f15 3.73~
3.80 WL 4 ANEE S, Horh 2 /M8 THF 31 EIAL,
72 AN N5 THF S4B LR L A . mlHERTZAL
& W K 6 W R R threoltransi/threo™ K 1R
ESI-MS/MS ¥4l (m/z 221, 309, 323, 339, 345, 367,
381) #fEWT THF MHURAZELE C-11 5 C-16 2 H
WHEAE C20 F (B 1o 44 PC-NMR. 'H-NMR.
ESI-MS K ELEH /T S e th &4 2 8 1 ASHI
AU R IR T 3 7 b A BER B, i R
T B,

&Y 3: AERAR, mp9s~101 C, ST
BRI Ol =S be . HEESE A HLIE 5. HR-ESI-MS
m/z: 661.465 3 [M~+Na]", 5T 3A C37HgOx0
'H-NMR (400 MHz, CDCl3) 6: 7.19 (1H, d, J = 1.7
Hz, H-35), 5.06 (1H, qd, J = 7.0, 1.5 Hz, H-36),
3.82~3.88 (6H, m, H-4, 12, 15, 20, 23, 24), 3.40 (2H,
m, H-16, 19), 2.54 (1H, d, J = 15.1 Hz, H-3), 2.40 (1H,
dd, J=8.3, 15.1 Hz, H-3), 1.29~1.68 (22H, m, H-5~
11, 13~14, 17~18, 21~22, 25~33), 1.40 (3H, d,
J =17.0 Hz, H-37), 0.88 (3H, t, J = 7.0 Hz, H-34);
PC-NMR 1545 W& 2. 145 ESI-MS/MS $id (mi/z
253,339, 399, 345, 497, 479, 461) #EWT THF FREUf
RIBAE C-11 5 C-24 2 [A] )k-OH £ C-4 £ (K 1.
254 BC-NMR. '"H-NMR. ESI-MS & F 1k 4 43 7
YEALA Y 3 A bullatalicin!®

&Y 4: AEKHAK, mp 87~89 C, LT
BElR Ole =S T EEEA P . HRESI-MS m/z:
661.463 8 [M+Na]", #EM > FHN C37HeeOs0
'H-NMR (400 MHz, CDCL3) 6: 6.99 (1H, d, J = 1.5
Hz, H-35), 5.00 (1H, qd, J = 7.0, 1.5 Hz, H-36),
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=2 L& 1~7 i BC-NMR (100 MHz, CDCl;) %1%
Table2 "“C-NMR (100 MHz, CDC];) spectral data of compounds 1—7 (100 MHz, CDCl;)

BRAL 1 2 3 4 5 6 7
1 174.6 173.9 174.7 173.9 174.5 174.6 174.7
2 131.2 134.2 131.2 1343 133.7 131.2 131.2
3 33.4 25.6 33.4 252 25.5 37.4 33.4
4 70.0 23.3~29.7 70.0 22.6~29.7 23.1~29.7 70.0 69.9
5 37.4 23.3~29.7 37.4 22.6~29.7 23.1~29.7 25.6~29.3 25.5~29.7
6 25.5~29.7 23.3~29.7 26.0~29.7 22.6~29.7 23.1~29.7 25.6~29.3 25.5~29.7
7 25.5~29.7 23.3~29.7 26.0~29.7 22.6~29.7 23.1~29.7 25.6~29.3 25.5~29.7
8 25.5~29.7 23.3~29.7 26.0~29.7 22.6~29.7 23.1~29.7 25.6~29.3 25.5~29.7
9 35.6 23.3~29.7 26.0~29.7 22.6~29.7 23.1~29.7 25.6~29.3 37.4
10 79.3 33.3 26.0~29.7 22.6~29.7 23.1~29.7 25.6~29.3 74.5
11 32.6 74.1 35.6 35.6 23.1~29.7 25.6~29.3 375
12 28.4 82.8 79.3 79.4 79.0 25.6~29.3 25.5~29.7
13 82.0 28.8 325 325 326 25.6~29.3 25.5~29.7
14 74.6 28.8 28.4 28.4 28.4 25.6~29.3 335
15 25.5~29.7 82.7 82.0 82.0 82.2 33.3 74.1
16 25.5~29.7 73.5 74.6 74.5 74.6 74.1 83.2
17 74.4 33.3 28.6 28.6 28.6 83.2 28.5
18 83.3 23.3~29.7 25.5 25.4 25.0 28.9 28.9
19 28.6 23.3~29.7 74.5 74.5 74.5 28.9 81.9
20 252 129.0 83.3 83.3 83.3 82.5 81.8
21 82.2 130.7 28.6 28.6 28.6 82.2 28.9
22 71.6 23.3~29.7 252 252 252 28.4 25.7
23 324 23.3~29.7 82.2 82.2 82.1 25.7 82.8
24 25.5~29.7 23.3~29.7 71.5 71.6 71.6 82.8 71.6
25 25.5~29.7 23.3~29.7 26.0~29.7 324 23.1~29.7 71.4 332
26 25.5~29.7 23.3~29.7 26.0~29.7 25.2~29.7 23.1~29.7 324 25.5~29.7
27 25.5~29.7 23.3~29.7 26.0~29.7 37.5 23.1~29.7 25.6~29.3 25.5~29.7
28 25.5~29.7 23.3~29.7 26.0~29.7 71.8 23.1~29.7 25.6~29.3 25.5~29.7
29 25.5~29.7 23.3~29.7 26.0~29.7 37.5 23.1~29.7 25.6~29.3 25.5~29.7
30 25.5~29.7 31.9 26.0~29.7 25.2~29.7 23.1~29.7 25.6~29.3 25.5~29.7
31 25.5~29.7 22.7 26.0~29.7 25.2~29.7 23.1~29.7 25.6~29.3 25.5~29.7
32 31.9 14.1 31.9 31.8 31.9 31.9 31.9
33 227 149.0 22.7 22.0 22.7 22.7 22.7
34 14.1 77.4 14.1 14.1 14.1 14.1 14.1
35 151.8 19.2 151.9 148.9 149.3 151.8 151.9
36 78.0 78.0 772 77.5 78.0 78.0
37 19.1 19.1 19.2 19.2 19.2 19.2

3.77~3.93 (6H, m, H-12, 15, 20, 23, 24, 28), 3.40 22, 25~27, 29~33), 1.40 (3H, d, J = 7.0 Hz, H-37),
(2H, m, H-16, 19), 2.26 (2H, t, J = 6.2 Hz, H-3),  0.88 (3H, t,J=7.0 Hz, H-34); “C-NMR #%# W%
1.28~1.73 (22H, m, H-4~11, 13~14, 17~18, 21~ 2. {k#& ESI-MS/MS ##s (m/z 85, 115, 97, 323, 287,
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431
‘.z
4132 415
18 36
293+ (311) <€---3 3273 291

339‘ »(299—)»281 i
403< (439)<

28l 3578 339
>(427) >409 > 391

433< (469)<

18
221239y 323 345‘ 363_ g1

Ty \;mmwr
307 300 (253 235

2
1
o) (6]
OH OH
(6] o) o O, >
/ 7 0 9 J 7 Y >
OH OH
OH S OH Ol

1 %A 1~7 NSRS ESI-MS/MS R BEF (EESRNEERAMEE])

Fig. 1 Diagnostic ESI-MS/MS fragment ions of compounds 1—7 (peaks in parentheses were no observed)

269, 415,397, 379, 481, 463) HfElKr THF 3 HEURAL
BAE C-11 5 C-24 2| J-OH £ C-28 £ (E 1.
4545 BC-NMR. 'H-NMR. ESI-MS & ¥ 1t %4 43 47
YELEY) 4 4 squamostatin A

th&W 5. AEHAE, mp 52~55 C, H5ET
BEIR Sl =SS H WA . HR-ESI-MS m/z:
645.469 4 [M+Na]", #EM45TF KN C3:He07-
'H-NMR (400 MHz, CDCl3) 6: 7.04 (1H, d, J = 1.5
Hz, H-35), 5.00 (1H, qd, J = 7.0, 1.5 Hz, H-36),
3.81~3.90 (5H, m, H-12, 15, 20, 23, 24), 3.39 (2H,
m, H-16, 19), 2.26 (2H, t, J = 6.8 Hz, H-3), 1.22-1.69
(23H, m, H-4~11, 13~14, 17~18, 21~22, 25~33),
1.40 3H, d, J= 7.0 Hz, H-37), 0.88 (3H, t, J= 7.0 Hz,
H-34); “C-NMR %4 W& 2. R ESI-MS/MS
Bl (miz 253, 323, 399, 345, 481, 463, 445) HEKT
THF AEURAZEAE C-11 5 C-24 208 (B 1. 425
BC-NMR. 'H-NMR. ESI-MS A F {1k 538 43 4 % 5

WEY) 5 A squamostatin DI®

&Y 6: HEMAK, mp 54~55 C, BT
BER Ol =P EeEE WA, HR-ESI-MS m/z:
645.469 7 [M+Na]", #EM 5T KA C37HeeOro
'H-NMR (400 MHz, CDCls) 6: 7.19 (1H, d, J = 1.5
Hz, H-35), 5.09 (1H, qd, J = 7.0, 1.5 Hz, H-36),
3.81~3.94 (6H, m, H-4, 16, 19, 20, 23, 24), 2.51 (1H,
d, J = 15.1 Hz, H-3), 2.40 (1H, dd, J = 8.3, 15.1 Hz,
H-3), 1.38~1.65 (23H, m, H-5~14, 17~18, 21~22,
25~33), 1.40 (3H, d, J = 7.0 Hz, H-37), 0.88 (3H, t,
J = 7.0 Hz, H-34); “C-NMR il W3 2. 4R
ESI-MS/MS (¥ (m/z 141, 123, 341, 323, 481, 463)
HEWT THF M HURAL B AE C-15 5 C-24 Z A (B 1.
254 BC-NMR. '"H-NMR. ESI-MS & F 1k, 4 43
YA 6 AR THF FR2 3R 75 8 s 2RAL &)

bullatacin®,

teEY) 7. ABEEPIRIE AR, mp 43~45 C, 5
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W R, =S HREANAT . HR-ESI-MS m/z:
661.440 1 [M+Na]", #EM 5 F RN CiHeeOgo

'H-NMR (400 MHz, CDCl3) 6: 7.19 (1H, d, J = 1.5
Hz, H-35), 5.05 (1H, qd, J = 6.8, 1.5 Hz, H-36),
3.80~3.91 (6H, m, H-4, 16, 19, 20, 23), 2.54 (1H, d,
J = 15.1 Hz, H-3), 2.40 (1H, dd, J = 8.2, 15.1 Hz,
H-3), 1.37~1.68 (22H, m, H-5~9, 11~14, 17~18,
21~22,25~33), 1.41 (3H, d, J = 7.0 Hz, H-37), 0.89
(3H, t, J = 7.0 Hz, H-34); "C-NMR 1 ¥4 0.3 2.

45 ESI-MS/MS B4l (m/z 111, 141, 211, 223, 341,
323, 497, 479) ¥ THF SARIBUCALELE C-15 5
C-24 2o JF2FEAE C-100 C-4 F (H 1. %H
BC-NMR. 'H-NMR. ESI-MS A F {1k ¥4 43 b % 5
AT R E N HIAR X THE AR 75 B ls 28k &

¥ 10-hydroxyasimicin''”,
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