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A new disubstituted succinate from the roots of Tagetes erecta

LI Guo-yu?, LU Xin-yu*, JIAN Ji-ping?, ZHU Dan-dan*, LIU Ying*, LU Chun-yan*,
GUO Yu-yan? LU Shao-wa**

(1. Heilongjiang Province Key Laboratory of Preventive and Therapeutic Drug Research of Senile Diseases, Pharmaceutical
College, Harbin University of Commerce, Harbin 150076, China; 2. The Ministry of Education (MOE) Key Laboratory of
Chinese Medicines, Heilongjiang University of Chinese Medicines, Harbin 150040, China)

Abstract: Nine compounds were isolated from 95% ethanol extract of the roots of Tagates erecta by silica gel
column chromatography and Sephadex LH-20 chromatography. Their structures were identified by spectroscopic
data as 5-hydroxymethylfurfuryl methyl succinate (1), 5,7,3'-trihydroxyl-3,6,4'-trimethoxylflavone (2), syringic acid
(3), 5,7,4'-trihydroxyl-3, 6-trimethoxylflavone (4), patuletin-4'-methoxyl-7-O-f-D-glucopyranoside (5), patulitrin
(6), 5,3-dihydroxyl-3,6,4'-trimethoxylflavone-7-O- S -D-glucopyranoside (7), (2,2'-biththiophen)-5-ol (8), and
3-hydroxyl-4-methoxyl benzoic acid (9). Among them, compound 1 is a new disubstituted succinate and compound
8 was isolated from a natural resource for the first time. Compounds 2, 4, 5 and 9 were isolated from this genus
for the first time. By measuring the biological activity and virulence of different compounds against soybean cyst
nematode, it has found that compounds 1-8 exhibited a toxic effect on soybean cyst nematode, and ED., values
indicate that compounds 3 and 7 are the most potent, with ED, values of 0.008 pg-mL™.
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Figure 1  The chemical structures of some compounds
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Figure 2 HMBC correlations of compound 1

Zi b, 454 DEPT I H 13, k& 1 55 N 5-F%
FH GBI 2 - W 26 - T R B8 (5-hydroxymethyIfurfuryl
methyl succinate). E A& NMR £ - )& W& 1.

T 5 EEERA [F) AL A 00t R S I S 2 L ) A )
KRS (BAE Y 9 BRUD, HORMOE T ER), 45
FER, EY 1~85%F KT B4k i B A 5 R/ MEH,
A IMT X KRG R & RMEH BN T,
EC,, Hi5 %] 1 0.008 pg-mL™. &4k &4 Bk 5% i
73, F S8 5 R . 95% B A5 [X [A] 2545 5 0L 3% 2.

SLIGER Sy
Jie % 72 KA (B = BUCHI); ZF-1 B = 1 48 490 B



R AE IR R T — AN H ROOURAR T R ¢ 1459 -

Table1 NMR data of compound 1 (400/100 MHz, DMSO-d;)

No. Jy (Jin Hz) Oc
2 151.7
3 7.50 (1H, d, J = 3.5) 124.4
4 6.60 (1H, d, J = 3.5) 109.6
5 162.2
6 451 (2H,s) 55.8
7 173.6
8 2.48 (2H, ddd, J=6.8,1.8,0.9) 28.8
9 2.42 (2H, ddd, J=6.8,1.8,0.9) 29.2

10 172.8

1 3.58 (3H, s) 51.3

12 9.55 (1H, s, -CHO) 177.9

Table 2 Determination of lethality of soybean cyst nematode

Compd. y= EC./ug-mL* 95%/ug-mL* r
1 0.756+1.212x 0.238 0.102-5.268 0.999 0
2 -1.900+1.895x 1.259 0.655-3.135  0.999 6
3 2.958+1.399x 0.008 0.003-1.376  0.996 9
4 0.985+0.924x 0.086 0.059-2.192 0.997 8
5 1.622+0.309x 0.307 0.109-4.450 0.999 2
6 1.032+0.542x 0.012 0.007-3.206  0.998 9
7 0.665+0.317x 0.008 0.002-2.985 0.998 7
8 0.508+0.147x 0.072 0.012-3.265 0.998 5
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LH-20 (BIOSHARP); % ik i 8 i (W VL4 & I 117 B AF
VU F A=A SR i), — S R e S50 3 S o i 4k

JiFE5 R T 2016 96 A K H B RITA LW
i, & il - S A R T R A R ) T 55
(Tagetes erecta L.), #£/f (45 HLISD-201706102) &
AL IRV TR b K 22 245 24 Bt
1 R#BSSE

Ti 759 F 1M G (2.7 kg), 95% £ 1 ik 91978,
LR O BEFANAT G (16.1 g); N =KWK M AIE T
fiE A B G2 (15.9 g). HX G1 5% A 15 M ek fise b £ 3 oKL
I3 B 153 5 ANy (G1-1~5). B G1-4 #54y, F A
Bk — PN B (5:2) VRN, /5216549 (4.3 mg). HL
G1-5 4y A Bk -PI R (5:2) v, B2k &4 4
(10.3mg). HXGL-24&KKk S H e & e HEE (50:1)
BEEEBE, 155 54Ny . G1-2-4 & e-HEF (100:1)
SERELRE, 13 34N, Hoh G1-2-4-2 (1.8 g) T Hi B
TE, L&Y 2 (480 mg). B G1-3, ] & FHiki-H
i (100:1) Wi, 193] 4 5B (G1-3-1~G1-3-4),
G1-3-2 (1.48 g) H FHBE VA AR, 22701 SR B 6 I LH-20 4 (5
B A3 3L A 3 (13.6 mg) A& 8 (9.1 mg) KAk
“¥4(0.28 g). HLG2 LA & Hir-HEE (50:1~20:1)

K IE AR IS A (200~300 H ) (il fl 4> &5, 15 31 8
ANy (G2-1~G2-8). G2-4 T i ViiE, G2-6 ~ & H!
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a1 REEMHIR . UV Ly = 284 nm, HR-
ESI-MS m/z: 279.027 5 [M+K]*. *H NMRH13*C NMR %t
TIHEL.

th&2 A, HR-ESI-MS m/z: 361.092 7
[M+H]*. *H NMR (DMSO-d,, 400 MHz) § 7.56 (1H, d,
J = 8.4 Hz, H-6"), 7.54 (1H, brs, H-2), 7.10 (1H, d, J =
8.4 Hz, H-5'), 6.54 (1H, s, H-8), 3.87 (3H, s, 4-OCH,),
3.79 (3H, s, 3-OCH,), 3.76 (3H, s, 6-OCH,). *C NMR
(DMSO-d,, 100 MHz) § 155.3 (C-2), 137.6 (C-3), 178.2
(C-4),152.4 (C-5), 131.1 (C-6), 157.4 (C-7), 93.9 (C-8),
151.5 (C-9), 104.6 (C-10), 122.3 (C-1'), 114.9 (C-2",
146.3 (C-3), 150.2 (C-4"), 111.9 (C-5, 120.3 (C-6",
59.7 (3-OCH,), 59.9 (6-OCHy,), 55.6 (4-OCH,). 45
BRI LL A, e b B 2 4 5,7,3- =8 3E-3,6,4- =
FH 48 B 2

k&3 Lok (MeOH). ESI-MS m/z: 197.0
[M-H] . *H NMR (CD,OD, 400 MHz) 6 7.32 (2H, s, H-
2,6),3.88(6H,s,-OCH,x2). *CNMR (CD,0D, 100 MHz)
0 122.6 (C-1), 108.3 (C-2,6), 148.8 (C-3,5), 141.5 (C-4),
170.4 (-COOH), 56.8 (-OCH,). 45 CHREILL#z, % 5
WEMINT EFIR-

EM4 KGR AR, HR-ESI-MS m/z: 331.081 4
[M+H]*. H NMR (DMSO-d;, 400 MHz) 6 7.94 (2H,
dd, J=6.9, 1.9 Hz, H-2',6"), 6.95 (2H, dd, J = 6.9, 1.9 Hz,
H-3',5", 6.55 (1H, s, H-8), 3.78 (3H, s, 3-OCH,), 3.76
(3H,s,6-OCH,). *C NMR (DMSO-d,, 100 MHz) 6 155.6
(C-2), 137.2 (C-3), 178.1 (C-4), 152.4 (C-5), 131.1 (C-6),
157.2 (C-7), 93.9 (C-8), 151.5 (C-9), 104.6 (C-10), 120.6
(C-1%, 130.1 (C-2',6'), 115.6 (C-3',5"), 160.1 (C-4"), 60.6
(3-OCH,), 60.3 (6-OCH,). £ 5 CHREILL i, % tb &
)4 N5,74-=F3-3,6-  H A IR .

&5 WOk A. ESI-MSm/z:507.1 [M-H] .
IH NMR (DMSO-d,, 400 MHz) 6 7.71 (1H, d, J = 2.2 Hz,
H-2"), 7.65 (1H, dd, J = 8.5, 2.2 Hz, H-6"), 6.96 (1H, s,
H-8),6.95 (1H,d, J=8.5Hz, H-5'),5.13 (1H, d, J = 7.6 Hz,
Glc-1),3.86(3H,s,-OCHj,),3.78 (3H,s,-OCH,). *CNMR
(DMSO-d,, 100 MHz) § 147.2 (C-2), 136.1 (C-3), 176.2
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(C-4), 146.1 (C-5), 129.6 (C-6), 151.4 (C-7), 93.9 (C-8),
149.5(C-9), 105.0 (C-10), 123.3 (C-1), 115.4 (C-2'), 147.1
(C-3", 151.1 (C-4'), 111.7 (C-5'), 119.8 (C-6"); Glc: 100.1
(C-1), 73.2 (C-2), 76.6 (C-3), 69.5 (C-4), 77.2 (C-5), 60.6
(C-6), 60.3 (-OCHj,), 55.6 (-OCH,). £ 5 3 #RIM Lt 4%,
YRS N T P54 -4 TR R -T-0- B-D- i 4
BEE o

WEYe HEEHA. ESI-MSm/z:493.2[M-H] .
'H NMR (DMSO-d,, 400 MHz) § 7.72 (1H, d, J = 2.2 Hz,
H-2"), 7.55 (1H, dd, J = 8.4, 2.2 Hz, H-6"), 6.93 (1H, d,
J=8.4Hz,H-5Y,6.89 (1H,s, H-8),5.12 (1H,d, J = 7.6 Hz,
Glc-1), 3.76 (3H, s, H-OCH,). C NMR (DMSO-d,,
100 MHz) § 147.7 (C-2), 129.6 (C-3), 176.1 (C-4), 151.3
(C-5), 131.7 (C-6), 156.3 (C-7), 93.8 (C-8), 151.0 (C-9),
104.9 (C-10), 115.5 (C-2'), 145.0 (C-3'), 147.9 (C-4),
115.3 (C-5'), 119.9 (C-6'); Glc: 100.1 (C-1), 73.2 (C-2),
76.7 (C-3), 69.5 (C-4), 69.5 (C-5), 60.6 (C-6), 60.3
(-OCH,). &5 CHREILLER, e a6 N A% 1

&7 HEOK K. HR-ESI-MS m/z: 523.146 7
[M+H]*. *H NMR (DMSO-d;, 400 MHz) & 7.57 (1H, s,
H-2"), 7.55 (1H, dd, J = 8.8 Hz, H-6"), 7.12 (1H, d, J =
8.8 Hz, H-5'), 6.97 (1H, s, H-8), 5.13 (1H, d, J = 7.2 Hz,
Gle-1), 3.87 (3H, s, 4-OCH,), 3.80 (3H, s, 3-OCH,),
3.76 (3H, s, 6-OCH,). *C NMR (DMSO-d;, 100 MHz)
5156.5 (C-2), 137.9 (C-3), 178.3 (C-4), 152.0 (C-5), 132.2
(C-6), 156.0 (C-7), 94.1 (C-8), 151.3 (C-9), 106.2 (C-10),
122.2 (C-1Y, 115.1 (C-2'), 146.3 (C-3), 150.3 (C-4),
111.9 (C-5'), 120.4 (C-6"); Glc: 100.1 (C-1), 73.2 (C-2),
77.2 (C-3), 69.5 (C-4), 76.6 (C-5), 60.6 (C-6), 60.3 (6-
OCH,), 59.7 (3-OCH,), 55.6 (4-OCH,). £ 5 ke
ST, % E AT 5,3 3 HE-3,6,4- = F A Jk- i
fifi]-7-O-p-D-%i ) HEFF

&8 WwE MR . ESI-MS m/z: 164.0 [M-
H,0] - 'H NMR (DMSO-d,, 400 MHz) ¢ 7.58 (1H, dd,
J =10, 5.1 Hz, H-5), 7.52 (1H, d, J = 3.8 Hz, 4-H),
7.42 (1H, dd, J = 1.0, 3.6 Hz, H-3'), 7.28 (1H, d, J = 3.8
Hz, H-3), 7.12 (1H, dd, J = 3.6, 5.1 Hz, H-4"). *C NMR
(DMSO-dg, 100 MHz) ¢ 141.2 (C-2), 124.2 (C-3), 132.3
(C-4), 163.0 (C-5), 135.9 (C-2'), 12,5.1 (C-3'), 128.5 (C-
4", 126.5 (C-5). & 53CHkMxf bk, £Etb 58K 2,
2'- " JpkIE-5-JiF ([2,2'-biththiophen]-5-0l).

&9 Tk i (MeOH), mp 248~250 C
ESI-MSm/z:167.0[M-H]". HNMR (CD,0D, 400 MHz)
5 7.53 (1H, dd, J = 2.1, 8.4 Hz, H-6), 7.43 (1H, d, J =

2.1 Hz, H-2), 6.97 (1H, d, J = 8.4 Hz, H-5), 3.90 (3H, s,
4-OCH,). “C NMR (CD,0D, 100 MHz) & 124.4 (C-1),
117.3 (C-2), 153.3 (C-3),147.3 (C-4), 111.7 (C-5), 123.7
(C-6), 56.4 (-OCH,), 169.9 (-COOH). % 55 < fiklia %
b, %52 &9 8 3-FIt-4-F I K H IR
3 UEMMAKEMBELANERER

JE LI AN R A o6 K M SR 28 i AR W)
VT T AT 2R 32 B R RE, 24 h
JEM S R LR R T- R, WEWIH T ER D
AR BTG VAN . SR ERMEEY 1~-8 L &YX
KO MBFE R HAAFHRAEH, a3 T KE
B B ARMEHBONHE .
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