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A new polyacetylene from the stems and leaves of Chrysanthemum
morifolium Ramat
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Abstract: Eight polyacetylenes were isolated from the extract of the stems and leaves of Chrysanthemum
morifolium by various chromatographic methods. Their structures were determined as 2E,4E,12Z-tetradecatriene-1-
pyrrolidine-1-0x0-8,10-diynoic (1), tetradeca-2E,4E, 12E-trien-8, 10-diynoic acid pyrrolidide (2), tetradeca-2E, 4E-
dien-8, 10-diynoic acid pyrrolidide (3), tetradeca-2E, 4E, 10Z-trien-8-ynoic acid pyrrolidide (4), 2E, 4E, 12E-tetra-
decatriene-8, 10-diynoic acid isobutylamide (5), 2E,4E-undecyldiene-8,10-diynoic acid isobutylamide (6), 2E,4E,
10E-N-isobutyl-2,4,10-tetradecatrien-8-ynoic acid amide (7), and undeca-2E,4E-diene-8,10-diynoic acid phenyle-
thylamide (8) by spectroscopic methods, including UV, IR, ESI-MS, HR-ESI-MS, 1D and 2D NMR spectra.
Among them, compound 1 is a new polyacetylene, and compounds 2-8 were isolated from this plant for the first
time. Compounds 5-8 inhibited the proliferation of A549 cell significantly at certain concentration, showing potent
antitumor activity.
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RS AR, PRI BT R FH R AR, A VRN A 5 46 25
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KM o> B A B 8 AN M EACE W, 43 N H A KT R
C (2E,4E,12Z-+ U #t = J -1- Mt W% Joe % -1- i -8, 10- —
JR) (1)-tetradeca-2E,4E,12E-trien-8,10-diynoic acid pyr-
rolidide (2). tetradeca-2E,4E-dien-8,10-diynoic acid pyr-
rolidide (3). tetradeca-2E,4E,10Z-trien-8-ynoic acid pyr-
rolidide (4). 2E,4E, 12E-tetradecatriene-8, 10-diynoic ac-
id isobutylamide (5). 2E, 4E-undecyldiene-8, 10-diynoic
acid isobutylamide (6)2E,4E,10E-N-isobutyl-2,4,10-tet-

radecatrien-8-ynoic acid amide (7) Al —-2E,4E- /-
8,10- MR K 2% (8) (K1), H b &MWL vt G

Wy, G 2~8 N E IR MAEPZTEH 73 5153

FER5TT
1 SFHEE
&ML A K, HR-ESI-MS m/z: 290.150 1

[M+Na]* (Calcd. for C,gH,,NONa, 290.151 5), #2 7~ 1t
E W5 T N ClgHuNO, AN ATEE N 9. UV Ay
(CH,OH)/nm (loge): 205 (0.98). 211(1.15). 253 (0.86).
267 (1.12).282 (0.82), &/~ Z Atk & W A7 16 SL 50 4 12

R OB FEE; IRJGE 45 1 -C=C- (2 230 cm™?),
-CH=CH-CH=CH- (1 623.1 593 1990 cm), >N-C=0
(3 353.1 653 F11 438 cm™) [JHRFAEM S IERT, *H NMR
(500 MHz, CD,OD) 1, 6, 7.23 (1H, dd, J = 11.0, 15.0 Hz,
H-3), 6.39 (1H, dd, J = 11.0, 15.0 Hz, H-4), 6.32 (1H, d,
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Figure 1  Structures of compounds 1-8
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J = 15.0 Hz, H-2), 6.18 (1H, m, H-5), 5.53 (1H, d, J =
10.8 Hz, H-12), 6.15 (1H, m, H-13) &R ZL &M A
3N, A LA IR, A e AU oy 3.62
(2H, t, J = 6.9 Hz, H-2'), 2.02 (2H, dd, J = 6.9, 13.6 Hz,
H-3'), 1.94 (2H, dd, J = 6.9, 13.6 Hz, H-4"), 3.50 (2H, t,
J = 6.9 Hz, H-5") $&/R 1% 40 & 40 & — AN DU S s 24 1)
G5 A B 6, 2.45 (2H, dd, J = 6.9, 13.7 Hz, H-6), 2.53
(2H, dd, J = 6.9, 13.7 Hz, H-7), 1.89 (3H, dd, J = 1.4,
6.9 Hz, H-14) $&7- 16 &0 & A A 7 B A0 — A T g
[ 4546 Fr BE . 3C NMR (125 MHz, CD,OD), 345 11 18
ANBRAE 5, 454 DEPT 135 3%, -tk &M &H 14
i3 [0 15.0 (C-14)].6 /N H 3 [, 31.3 (C-6), 18.5
(C-7), 46.5 (C-2"), 25.5 (C-3'), 23.9 (C-4'), 45.8 (C-5'].6
AR 3E [5. 120.6 (C-2), 141.9 (C-3), 130.0 (C-4),
140.1 (C-5), 108.6 (C-12), 141.8 (C-13)] A1 5 Z= 1 {5
5 [ 165.9 (C-1), 83.0 (C-8), 65.2 (C-9), 78.0 (C-10),
71.4 (C-11)]. H: H1 6.46.5 (C-2Y), 25.5 (C-3), 23.9 (C-
4", 45.8 (C-5") i3 — L i€ Ak & 1) v A7 A DU S g B4
45, 5. 165.9 (C=0) A ¥k 5L ik 15 5, 6.83.0 (C-8),
65.2 (C-9), 78.0 (C-10), 71.4 (C-11) N —HILHEI T 2
VSR

le H COSY i, H-3 5 H-2 fTH-4 G #1155,
H-55 H-4 FIH-6 #¢, H-6 5 H-7 A%, BLB4L &0 A7
#£-CH=CH-CH=CH-CH,-CH,-45 #J J Bt (J¥ Bt 1); H-13
5 H-12 f1 H-14 8 2¢, Ui 4L & P 17 #£-CH=CH-CH,
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C-lEMRKMES, B 15 C-1MiE; H-75 C-8.
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Figure2 Key*H-*HCOSY and HMBC correlations of compound 1
Table 1 *H NMR (500 MHz in CD,0D) and *C NMR (125 MHz

in CD,0D) spectral data of compound 1
NO. 5y 5

C
1 - 165.9
2 6.32 (1H, d, J = 15.0 Hz) 120.6
3 7.23 (1H, dd, J = 11.0, 15.0 Hz) 141.9
4 6.39 (1H, dd, J = 11.0, 15.0 Hz) 130.0
5 6.18 (1H, m) 140.1
6 2.45 (2H, dd, J = 6.9, 13.7 Hz) 313
7 2.53 (2H, dd, J = 6.9, 13.7 Hz) 185
8 - 83.0
9 - 65.2
10 - 78.0
11 - 714
12 5.53 (1H, d, J = 10.8 Hz) 108.6
13 6.15 (1H, m) 1418
14 1.89 (3H, dd, J = 1.4, 6.9 Hz) 15.0
1' — —
2 3.62 (2H, t, J = 6.9 Hz) 465
3 2.02 (2H, dd, J = 6.9, 13.6 Hz) 255
& 1.94 (2H, dd, J = 6.9, 13.6 Hz) 23.9
5 3.50 (2H, t, J = 6.9 Hz) 458

2 YHRRETEM

K MTT i A Ak & 4 1~8 X Ab49 41 i % /)
Msem . 45K ERMH, AW 5~8 35 mr BL & 2 ) i
A549 ¥ 40 i % 77, $ o HT e B W AR ) PR S
P (& 2).

Table 2 The cytotoxicities of compounds 1-8. “P<0.01 vs control

Compound Dosage/umol-L* Relative cytotoxicity

Control - 1+0.0388
1 20 0.925 6 + 0.036 9
2 20 0.986 5+ 0.034 2
3 20 0.916 0+ 0.087 2
4 20 0.9482+0.0499
5 20 0.572 4 +0.037 4™
6 20 0.540 2 + 0.014 9™
7 20 0.8151+0.036 2™
8 20 0.544 5+ 0.031 9™

3 g

AHF TN HGAEZE i oy B IS8 T 8N IR
AP, A L E RS, B 2~8 N E IR
MHRETE R B E. RIRBRRMED) 2T
ik A 2R, 20040 T AR R TUIERL RS AR
200 BATHUR W BU R B DU R A, A
TR, A& 5~8 XF A54A9 4 ity B A L 3 A 41 1) 3%
PE, IO SR A W) DL B 5 A6 22 1 33— B 5T
AL R T AR S SR

LI IR

LC50 74wy [ il 2% VRAH 6 143 [FR i 4 B8 (b =0)
FA R A, ik (YMC-Pack ODS-A, 250 mmx
10 mm. D. S-5 m, 12 m), Bruker AVANCE III 500 #%
FEHRAX (TMS 9 A %), Bruker maxis HD %4 & 47 I 8] Jii
#E4Y (44 ), Thermo Nicolet 1S10 £L4F 4% (Thermo
Scientific, USA), Thermo EVO300 % 4k 43 )¢ % FF it
(Thermo Scientific, USA), A1 53 it ik H (200~300 H,
BT ), BT drai g aiatn b sk T
J R R G A AR, A i JERL Toyopearl
HW-40 (H A& =35 b5 v &), 5B e A 1% (60~
80 H, ZZ M AEMFHE A IR A F]), Z A AME 7248 (1
i STIK), @ TAE G (F5F 5 1), Arium 611 VF i 2
Y4 T 4l K 2% (SARTORIUS), 3 8 51448 (Nikon);
A 549 N FE /NG B it e 40 B ik (R R S B L 4
JilJ); 1% % ML (Corning), 96 L #i (Costar), i & 4
(Solarbio), DMEM =y #f 5 7% & (Gibco), it 4= IfLi& (7
LR B AEYI R A IR A 7)), DMSO (Solarbio), 7K A
alizK, PBS M il 55 N HL B

AU AT FH AR 2 AR 25 0T 2018 4 11 H SR H I
il B, G B R 24 K O B R A e N S R
Y14 %5 [Chrysanthemum morifolium Ramat.] ) T #5 25
I B RE AR AR [201811100 47 75 TV B 48 H 24 SRR 5 R
i RS
1 RBRSE

PR% 16251 35 kg, FH 50% 75 7K P4 i 41 2R e 4R B
2 R, BRI K R 46 159 5% B 2.85 kg, F K 4> BU%
fi, R A g LR T IR T BEAS R, 49 240 v 1k
AL (16.5 9)~ 4 TR £ T8 #BAz2 (90.0 @)~ IE T B &6 7
(160.0 g) FI7K #BAL (1.00 kg)o #4 1E T F% &5 A7 b /K %
fifk, 28 SR AT €, AR B 7K L 20% £ 1% \50% £
70% £ 1 \95% L BEBE M, 15 2 /K AL . 20% LB A
50% &, FiE AL 70% £ B BAL \95% £ BEFBA .

50% ZBEHBAL 4 fE I AE, & St - H B (100
1.50:1.30:1.10:1) Hefifd & Fr.l~Fr9., HHFr34
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Toyopearl HW-40 #F: {53, DL FEE-7K = 70: 30 N i 5l
A EE Ve, 3 Fr.3.1~Fr.3.2. Fr.3.14F 4% m 2ok
i, BN (2 -7K = 40:60, 3 mL-min?, 2 = 210 nm)
SEREYEM, 15 2 &Y 2 (8.8 mg, t = 26.23 min). 1k
4 %5 (5.46 mg, t, = 32.76 min). 1k & ¥ 6 (1.92 mg,
ty = 46.56 min). Fr.4 2 Toyopearl HW-40 #: 5 i, H
B e, 13 Fr.Al~Fr.d.4. Fr.d.2 2] 4% w8 30K A,
WMBHAH (FFEE-7K = 70:30, 3 mL-min™, 1 = 210 nm) 4
FEVeRL, 13 E3MLA W01 (9.67 mg, t,= 28.57 min)fb &4
3 (7.68 mg, t; = 33.37 min). L 54 4 (7.39 mg, t; =
42.30 min).

70% £ BEFBAL W A, A = &0 H e — F I (100
1.50:1.20:1.10:1) P, 18] Fr.l~Fr.7. Fr2 &%
Jie i, 43 5 FH A i Tk - TR B (202 1) A G Je - IR
(200:1.100: 1) ¥Efit, 13 %] Fr.2.1~Fr.2.6. Fr.2.34
il %% = OB, WA (¥ -7/K = 75225, 3 mL-min*,
2 =210 nm) FEE PN, BB EYT (453 mg, ty=
32.29 min). Fr.2.6 21l & = S00UMH , AAH (FH -
7K =60:40, 3 mL-min?, 2 = 210 nm) 25 1 e i, 49 21k
448 (6.48 mg, ty = 42.10 min).

2 HHEE

&1 Atk A, HR-ESI-MS m/z: 290.150 1
[M+Na]* (Calcd. for C;4H,;,NONa, 290.151 5), 7 TN
CigHNO, R AT N 9; UV A, (CH,OH)/nm (loge):
205 (0.98).211 (1.15).253 (0.86).267 (1.12).282 (0.82),
IR (MeOH) v, 3353, 2 230, 1 653, 1 623, 1 593, 1 438,
990 cm™; 'H NMR (500 MHz, CD,OD) #13C NMR
(125 MHz, CD,OD) %4 W. % 1.

th&w2 Ak K, ESI-MS m/z: 267.16 [M+
Na]*. H NMR (500 MHz, CD,OD) ¢, 7.23 (1H, dd, J =
11.0, 15.0 Hz, H-3), 6.41 (1H, dd, J = 11.0, 15.0 Hz, H-4),
6.35 (1H, d, J = 15.0 Hz, H-2), 6.28 (1H, m, H-5), 6.18
(1H, m, H-13), 5.53 (1H, d, J = 15.8 Hz, H-12), 3.63
(2H, t, J = 6.9 Hz, H-2"), 3.52 (2H, t, J = 6.8 Hz, H-5),
2.50 (2H, 1, J = 6.9 Hz, H-6), 2.43 (2H, t, J = 6.9 Hz, H-7),
2.01 (2H, m, H-3", 1.94 (2H, m, H-4'), 1.82 (3H, dd, J =
1.6, 6.8 Hz, H-14); *C NMR (125 MHz, CD,OD) 4,
165.9 (C-1), 142.8 (C-3), 141.9 (C-13), 140.1 (C-5),
130.0 (C-4), 120.5 (C-2), 109.4 (C-12), 81.4 (C-8), 73.6
(C-10), 71.9 (C-11), 65.4 (C-9), 46.5 (C-2'), 45.8 (C-5",
31.3 (C-6), 25.5 (C-3'), 23.9 (C-4'), 18.4 (C-7), 17.4 (C-
14). R4 UL B8R, 456275 0, Bz &%
tetradeca-2E,4E,12E-trien-8,10-diynoic acid pyrrolidide.

&3 ER A, ESI-MS m/z: 269.18 [M+Na]*.
'H NMR (500 MHz, CD,0D) 4,, 7.23 (1H, dd, J = 11.0,

15.0 Hz, H-3), 6.40 (1H, dd, J = 11.0, 15.0 Hz, H-4),
6.34 (1H, d, J = 15.0 Hz, H-2), 6.18 (1H, m, H-5), 3.61
(2H, t, J = 6.8 Hz, H-2"), 3.50 (2H, t, J = 6.8 Hz, H-5),
2.41 (2H, m, H-12), 2.39 (2H, m, H-6), 2.24 (2H, t, J =
6.9 Hz, H-7), 2.03 (2H, m, H-3"), 1.93 (2H, m, H-4'), 1.55
(2H, m, H-13), 1.01 (3H, t, J = 7.4 Hz, H-14); 3C NMR
(125 MHz, CD,0D) §.165.9 (C-1), 141.9 (C-3), 140.3
(C-5), 129.9 (C-4), 120.5 (C-2), 76.8 (C-8), 75.3 (C-10),
65.6 (C-11), 64.9 (C-9), 46.5 (C-2"), 45.8 (C-5), 31.4
(C-6), 25.5 (C-3"), 23.9 (C-4'), 21.6 (C-12), 20.3 (C-13),
18.1(C-7),12.3(C-14). LI FEHE, 45627 TR,
% 52 %A )N tetradeca-2E,4E-dien-8,10-diynoic acid
pyrrolidide.

&4 AEKAK, ESI-MS m/z: 271.19 [M+Na]*.
'H NMR (500 MHz, CD,0D) ¢, 7.23 (1H, dd, J = 11.0,
15.0 Hz, H-3), 6.42 (1H, dd, J = 11.0, 15.0 Hz, H-4),
6.32 (1H, d, J = 15.0 Hz, H-2), 6.19 (1H, m, H-5), 5.86
(1H, m, H-11), 5.45 (1H, d, J = 10.7 Hz, H-10), 3.60
(2H, t, J = 6.8 Hz, H-2"), 3.50 (2H, t, J = 6.8 Hz, H-5),
2.50 (2H, t, J = 6.6 Hz, H-12), 2.42 (2H, t, J = 6.9 Hz,
H-6), 2.28 (2H, m, H-7), 2.01 (2H, m, H-3'), 1.94 (2H, m,
H-4"), 1.44 (2H, m, H-13), 0.93 (3H, t, J = 7.4 Hz, H-14);
3C NMR (125 MHz, CD,0D) 4. 165.9 (C-1), 142.1 (C-
11), 141.8 (C-3), 141.0 (C-5), 129.7 (C-4), 120.2 (C-2),
109.2 (C-10), 92.5 (C-8), 77.7 (C-9), 46.5 (C-2'), 45.8
(C-5Y, 31.9 (C-6), 31.7 (C-12), 25.5 (C-3"), 23.9 (C-4),
21.8 (C-13), 18.4 (C-7), 12.7 (C-14). & VL F¥idls, 45
G 275 SRS, % E %A A W) A tetradeca-2E, 4E, 10Z-
trien-8-ynoic acid pyrrolidide

&S5 AEFAE, ESI-MS m/z: 269.18 [M+Na]*s
'H NMR (500 MHz, CD,0D) 6, 7.23 (1H, dd, J = 10.9,
15.1 Hz, H-3), 6.28 (2H, m, H-4, 13), 6.15 (1H, m, H-2),
6.01 (1H, d, J = 15.1 Hz, H-5), 5.57 (1H, d, J = 15.1 Hz,
H-12), 3.09 (2H, d, J = 6.9 Hz, H-2), 2.47 (2H, t, J =
6.9 Hz, H-6), 2.41 (2H, t, J = 6.9 Hz, H-7), 1.65 (1H, m,
H-3"), 1.64 (3H, m, H-14), 0.95 (3H, s, H-4"), 0.94 (3H,
s, H-5"; 2¥C NMR (125 MHz, CD,0D) 6. 167.6 (C-1),
142.8 (C-13), 140.2 (C-3), 139.5 (C-5), 129.7 (C-4),
122.7 (C-2), 109.4 (C-12), 81.4 (C-8), 73.5 (C-10), 71.9
(C-11), 65.4 (C-9), 46.5 (C-2'), 31.3 (C-6), 28.3 (C-3),
19.1 (C-4'5"), 18.4 (C-7), 17.4 (C-14). R #& LA _E ¥4,
456 2 2% R0, % e iz A& YD O 2E, 4E, 12E-tetra-
decatriene-8,10-diynoic acid isobutylamide.

&6  HEKAK, ESI-MS m/z: 229.15 [M+Na]*.
'H NMR (500 MHz, CD,0D) ¢, 7.17 (1H, dd, J = 11.0,
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15.1 Hz, H-3), 6.33 (1H, dd, J = 11.0, 15.1 Hz, H-4),
6.14 (1H, m, H-2), 6.02 (1H, d, J = 15.1 Hz, H-5), 3.09
(2H, d, J = 6.9 Hz, H-2"), 2.55 (1H, m, H-3"), 2.43 (2H,
m, H-6), 2.41 (2H, m, H-7), 1.84 (1H, s, H-11), 0.95
(3H, s, H-4"), 0.94 (3H, s, H-5'); *C NMR (125 MHz,
CD,0D) 6, 167.6 (C-1), 140.1 (C-3), 139.3 (C-5), 129.8
(C-4), 122.8 (C-2), 76.0 (C-8), 67.5 (C-9), 65.4 (C-10),
65.0 (C-11), 46.6 (C-2'), 31.0 (C-6), 28.3 (C-3), 19.1
(C-4'5)),17.9 (C-7). MW LL EHHE, 455 2% R,
% %€ %Ak &) N 2E,4E-undecyldiene-8,10-diynoic acid
isobutyramide,

&7 AR, ESI-MS m/z: 273.21 [M+Na]*.
!H NMR (500 MHz, CD,0D) 4§, 7.14 (1H, dd, J = 10.9,
15.1 Hz, H-3), 6.26 (1H, dd, J = 10.9, 15.1 Hz, H-4),
6.15 (1H, d, J = 15.1 Hz, H-5), 5.99 (2H, m, H-2, 11),
5.45 (1H, d, J = 15.9 Hz, H-10), 3.07 (2H, t, J = 6.9 Hz,
H-2), 2.40 (2H, m, H-6), 2.36 (2H, m, H-7), 2.07 (2H,
m, H-12), 1.79 (1H, m, H-3'), 1.40 (2H, m, H-13), 0.92
(3H, m, H-4), 0.91 (3H, m, H-5'), 0.88 (3H, m, H-14);
13C NMR (125 MHz, CD,0D) & 167.7 (C-1), 142.7 (C-11),
140.4 (C-3), 140.3 (C-5), 129.4 (C-4), 122.4 (C-2), 109.8
(C-10), 86.5 (C-8), 79.5 (C-9), 46.6 (C-2'), 34.5 (C-12),
31.7 (C-6), 28.3 (C-3"), 21.8 (C-13), 19.1 (C-4', 5), 18.3
(C-7), 12,5 (C-14). R #H LA E%¥s, 45 & 25 LRl
% 5 %Ak & W N 2E, 4E, 10E-N-isobutyl-2, 4, 10-tetra-
decatrien-8-ynoic acid amide.

&8 Ak, ESI-MS m/z: 277.15 [M+Na]*.
'H NMR (500 MHz, acetone-dg) J,, 7.59 (1H, s, N-H),
7.17 (2H, m, H-3'5"), 7.14 (2H, m, H-2',6"), 7.06 (1H, m,
H-4"), 7.02 (1H, dd, J = 11.0, 15.1 Hz, H-3), 6.16 (1H,
dd, J = 11.0, 15.1 Hz, H-4), 5.99 (1H, m, H-5), 5.90 (1H,
d, J = 15.1 Hz, H-2), 3.38 (2H, m, H-8), 2.72 (2H, m,
H-7"), 2.67 (1H, s, H-11), 2.33 (2H, t, J = 6.9 Hz, H-
6), 2.27 (2H, t, J = 6.9 Hz, H-7); *C NMR (125 MHz,
acetone-dg) J. 166.2 (C-1), 139.6 (C-5), 139.5 (C-3),
138.9 (C-1'), 130.0 (C-4), 128.7 (C-3',5), 128.3 (C-2',6"),
126.1 (C-4'), 123.8 (C-2), 77.1 (C-8), 67.9 (C-9), 66.6
(C-10), 65.0 (C-11), 40.8 (C-8'), 35.4 (C-7'), 31.0 (C-6),
18.1 (C-7). #R¥E LA EHHE, 4562 % TR, %7€ %
&Y N+ —-2E 4E- —J%5-8,10- “IRIRE L.
3 MpEIE

O B0 A2 K (1) AS49 411 i, DLRE = T 2x10% /N2
BT 96 LA, 24 hJ&, SE5G 43 N 1E H O AL FIE &
W1~84 2 . 42 H AL 20 pmol-Lt (46 &
¥, €L 200 pL, 5537 48 h, K MTT J5 v 46 I 2% 2H. 40

& 1

{EZ STBK: A1 5, & B DT A AL 2R Al 2 o (D 4
BB B EENSCE . 2, WA 1E2E
AL 22 B3 70 1 DA B AR B W K S B PR R I AT 4 3
W AE I, X MAEA) RS AL 25 0 R o3 B4 B AL & Wt AT i 1
e o FRIFAA, XIS E 2 AL 22 B SRR 70 1 G5 2
LA SC B BRI SR AE R B . XIIR IR ARG HE R, X PR3
FEZE I (1 SCHR 4K AL 22 R R B 7 B PR A By 7 T,
AR, R U 5T
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