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Nonflavonoid constituents from leaves of Apocynum venetum
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Abstract: Objective To study the nonflavonoid constituents in the leaves of Apocynum venetum, the medicinal halophyte. Methods
The constituents were isolated and purified by silica gel and Sephadex LH-20 column chromatography as well as preparative HPLC,
and their structures were elucidated by means of physicochemical properties and spectrosocpic analyses. Results Fifteen
nonflavonoid compounds were isolated from the methanol extract from the leaves of A. venetum, and identified as scopoletin (1),
esculetin (2), methyl chlorogenate (3), chlorogenic acid (4), grasshopper ketone (5), benzyl-O-B-D-glucopyranoside (6),
2-phenylethyl-O-B-D-glucopyranoside (7), 1-B-O-benzoyl-D-glucopyranoside (8), tyrosol (9), isovanillic acid (10), vanillic acid (11),
protocatechuic acid (12), lupeol (13), f-amyrin (14), and a-linolenic acid (15). Conclusion Compounds 2, 3, 5—10, 14, and 15 are
isolated from this plant and the plants in Apocynum Linn. for the first time.
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A 1: %O & CHEED, ESI-MS m/z: 191
[M—H] . 'H-NMR (500 MHz, CD;0D) 6: 7.86 (1H,
d, J = 9.4 Hz, H-4), 7.11 (1H, s, H-5), 6.77 (1H, s,
H-8), 6.20 (1H, d, J = 9.4 Hz, H-3), 3.91 (3H, s,
6-OCH;); "C-NMR (125 MHz, CD;OD) &: 164.4
(C-2), 112.8 (C-3), 147.4 (C-4), 110.2 (C-5), 146.5
(C-6), 153.3 (C-7), 104.3 (C-8), 151.7 (C-9), 114.0
(C-10), 57.1 (6-OCH3). LA 404l 5 SRR FEA —
U, M A R

e 2: Jotastd (FED, ESI-MS m/z: 177
[M—H] . '"H-NMR (500 MHz, CD;0D) 6: 7.78 (1H,
d, J = 9.5 Hz, H-4), 6.94 (1H, s, H-5), 6.76 (1H, s,
H-8), 6.18 (1H, d, J = 9.5 Hz, H-3); "*C-NMR (125
MHz, CD;OD) d: 164.6 (C-2), 112.8 (C-3), 146.4
(C-4), 113.3 (C-5), 144.9 (C-6), 152.3 (C-7), 103.9
(C-8), 150.8 (C-9), 113.1 (C-10). LA % 5 ik
EIA S, et A 2 b A g,

a4 3: KR, ESI-MS m/z: 367 [M—H] .
'H-NMR (500 MHz, CD;0D) 6: 7.53 (1H, d, J = 15.9
Hz, H-B), 7.04 (1H, d, J = 2.0 Hz, H-2'), 6.94 (1H, dd,
J=82,2.0Hz, H-6'), 6.78 (1H, d, J = 8.2 Hz, H-5"),
6.22 (1H, d, J = 15.9 Hz, H-0), 5.28 (1H, m, H-3),
4.13 (1H, m, H-5), 3.73 (1H, m, H-4), 3.69 (3H, s,
-OCHj), 1.99~2.53 (4H, m, H-2, 6); *C-NMR (125
MHz, CD;0D) 6: 76.1 (C-1), 38.1 (C-2), 72.4 (C-3),
72.8 (C-4), 70.6 (C-5), 38.3 (C-6), 128.0 (C-1"), 115.4
(C-2), 147.2 (C-3'), 150.0 (C-4"), 116.9 (C-5'), 123.3
(C-6"), 115.3 (C-0), 147.5 (C-B), 168.6 (C=0), 175.7
(COOH), 53.3 (-OCH3). LA F40 i 5 SRR HE AR —
FU, WA A 3 SR TG

&) 4: FOK K, ESI-MS m/z: 353 [M—H] .
'H-NMR (500 MHz, DMSO-ds) &: 12.41 (1H, brs,
-COOH), 9.58 (1H, s, 4-OH), 9.15 (1H, s, 3'-OH),
7.42 (1H, d, J = 15.9 Hz, H-p), 7.04 (1H, d, J = 2.1
Hz, H-2), 6.99 (1H, dd, J = 8.2, 2.1 Hz, H-6"), 6.77
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(1H, d, J = 8.2 Hz, H-5'), 6.15 (1H, d, J = 15.9 Hz,
H-a), 5.08 (1H, m, H-3), 3.93 (1H, m, H-5), 3.57 (1H,
J=6.5,2.4 Hz, H-4), 1.75~2.07 (4H, m, H-2, 6);
BC-NMR (125 MHz, DMSO-d;) &: 73.9 (C-1), 37.7
(C-2), 70.8 (C-3), 71.3 (C-4), 68.5 (C-5), 36.7 (C-6),
126.1 (C-1), 115.2 (C-2"), 145.4 (C-3"), 148.8 (C-4"),
116.2 (C-5'), 121.8 (C-6'), 114.8 (C-0), 146.0 (C-p),
166.2 (C=0), 175.4 (COOH). VL %5 CikkiE
AR5, MRS 4 NS IR .

WEWS: HEBRIREA, ESI-MS m/z: 223 [M—
H] . 'H-NMR (500 MHz, DMSO-d) 6: 5.75 (1H, s,
H-8), 4.96 (1H, d, J = 1.0 Hz, 5-OH), 4.53 (1H, d, J =
5.1 Hz, 3-OH), 4.02 (1H, m, H-3), 2.11 (3H, s, H-10),
2.05 (1H, ddd, J = 12.4, 4.0, 1.9 Hz, H-4a), 1.81 (1H,
ddd, J = 12.4, 4.0, 2.0 Hz, H-2a), 1.31 (3H, s, H-13),
1.26 (3H, s, H-11), 1.23 (1H, m, H-4b), 1.19 (1H, m,
H-2b), 1.05 (3H, s, H-12); "“C-NMR (125 MHz,
DMSO-dg) &: 35.7 (C-1), 49.4 (C-2), 62.2 (C-3), 49.7
(C-4), 70.7 (C-5), 118.9 (C-6), 209.3 (C-7), 99.7
(C-8), 198.0 (C-9), 26.3 (C-10), 31.8 (C-11), 28.9 (C-
12), 30.5 (C-13), LA % 5 ScikarE Je A5,
WA S A e .

4J6A4%6 Tkl (FEE), ESI-MS mi/z: 269
[M—H] . 'H-NMR (500 MHz, CD;0D) ¢: 7.37 (2H,
dd, J = 8.8, 1.5 Hz, H-2, 6), 7.28~7.20 (3H, m, H-3,
4,5),4.87 (1H, d, J = 11.8 Hz, H-7a), 4.61 (1H, d, J =
11.8 Hz, H-7b), 4.30 (1H, d, J = 7.8 Hz, H-1"), 3.83
(1H, dd, J = 11.9, 2.2 Hz, H-6'a), 3.63 (1H, dd, J =
11.9, 5.7 Hz, H-6'b), 3.19~3.26 (5H, m, H-2'~5');
BC-NMR (125 MHz, CD;0D) &: 139.4 (C-1), 129.6
(C-2), 129.5 (C-3), 129.0 (C-4), 129.5 (C-5), 129.6
(C-6), 72.0 (C-7), 103.6 (C-1'), 75.4 (C-2'), 78.4
(C-3"), 72.1 (C-4"), 78.3 (C-5"), 63.1 (C-6")o LA_L- %k
eI A T, A A 6 A -
O-B-D-NHE g ] 2B 1

&M 7: AIE A, ESI-MS: m/z 283 [M—H] .
'H-NMR (500 MHz, CD;0D) 6: 7.20 (5H, m, H-2~
6), 4.24 (1H, d, J = 7.8 Hz, H-1"), 4.04 (1H, m, H-8a),
3.81 (1H, dd, J = 11.9, 2.0 Hz, H-6'a), 3.69 (1H, m,
H-8b), 3.60 (1H, dd, J = 11.9, 5.4 Hz, H-6'b), 3.10~
3.35 (4H, m, H-2'~5"), 2.87 (2H, m, H-7); "“C-NMR
(125 MHz, CD;0D) §: 140.3 (C-1), 129.6 (C-2), 130.3
(C-3), 127.5 (C-4), 130.3 (C-5), 129.6 (C-6), 37.5

(C-7), 71.9 (C-8), 104.7 (C-1), 75.4 (C-2'), 78.4
(C-3"), 72.0 (C-4"), 78.3 (C-5"), 63.1 (C-6")o LA %¥5
53R IE A S, MO Tk 2- % 2
F-O-B-D-IE W H A B 7

59 8: A talfl 14, ESI-MS m/z: 283 [M—H]
'H-NMR (500 MHz, CD;0D) &: 8.03 (2H, brd, J = 8.4
Hz, H-2, 6), 7.57 (1H, t, J = 7.5 Hz, H-4), 7.43 (2H, t,
J =178 Hz, H-3, 5), 5.67 (1H, d, J = 7.8 Hz, H-1"),
3.81 (1H, dd, J = 12.1, 2.0 Hz, H-6'a), 3.64 (1H, dd,
J=12.1, 4.8 Hz, H-6'b), 3.30~3.55 (4H, m, H-2'~
5); C-NMR (125 MHz, CD;OD) ¢: 131.1 (C-1),
131.2 (C-2), 129.9 (C-3), 135.0 (C-4), 129.9 (C-5),
131.2 (C-6), 167.0 (C-7), 96.6 (C-1"), 74.3 (C-2"), 78.4
(C-3"), 71.4 (C-4"), 79.2 (C-5"), 62.6 (C-6') » UL %k
FSCwRIRE R A 8, etk &4 8 4 1--0-
% P It - D~k P 71 2B

WEw9: JLtastdl (HED, ESI-MS m/z: 137
[M—H] . 'H-NMR (500 MHz, CD;0D) 6: 7.03 (2H,
d, J=8.5 Hz, H-2, 6), 6.70 (2H, d, J = 8.5 Hz, H-3, 5),
3.68 (1H, t, J= 7.2 Hz, H-8), 2.72 (1H, t, J = 7.2 Hz,
H-7); “C-NMR (125 MHz, CD;0D) 6: 131.3 (C-1),
131.2 (C-2), 116.4 (C-3), 157.1 (C-4), 116.4 (C-5),
131.2 (C-6), 39.7 (C-7), 64.9 (C-8). LA % 55 SCik
RIGIEA O, M AW 9 AR LK 2

&) 10: LOERE 5 (R, ESI-MS m/z:
167 [M—H] . 'H-NMR (500 MHz, CD;OD) 6: 7.58
(1H, s, H-2), 7.52 (1H, d, J = 8.2 Hz, H-6), 6.79 (1H,
d, J = 8.2 Hz, H-5), 3.88 (3H, s, 4-OCH;); 'H-NMR
(500 MHz, DMSO-dy) d: 7.46 (1H, s, H-2), 7.41 (1H,
d, J=8.1 Hz, H-6), 6.77 (1H, d, J = 8.1 Hz, H-5), 3.78
(3H, s, 4-OCH3). LA b $ds 55 S ikapis SeA — 5521,
S EA Y 10 WA FEER

AP 11: TosbIRE s (R, ESI-MS m/z:
167 [M—H] . 'H-NMR (500 MHz, CD;OD) &: 7.56
(2H, m, H-2, 6), 6.83 (1H, d, J= 8.2 Hz, H-5), 3.89 (3H,
s, 3-OCH3); “C-NMR (125 MHz, CD;OD) J: 125.0
(C-1), 113.7 (C-2), 148.6 (C-3), 152.5 (C-4), 115.7 (C-5),
130.6 (C-6), 170.2 (C-7), 56.7 (3-OCH3). LA ¥ 53¢
BRIRIEIEA S, et A 11 B RIR.

& 12: AR K, ESI-MS m/z: 153 [M—
H]. "H-NMR (500 MHz, CD;0D) §: 7.44 (1H, d, J =
2.1 Hz, H-2), 7.43 (1H, dd, J = 8.1, 2.1 Hz, H-6), 6.80
(1H, d, J= 8.1 Hz, H-5); "C-NMR (125 MHz, CD;0D)
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d: 123.7 (C-1), 116.1 (C-2), 146.4 (C-3), 151.8 (C-4),
118.1 (C-5), 124.2 (C-6), 170.6 (C-7). LA E¥¥E 5
BRI HE A — B, MO E Y 12 W FULZRIR .

e a13: Al fA, ESI-MS m/z: 426 [M—
H] . 'H-NMR (500 MHz, CDCl;) &: 4.71 (1H, brs,
H-29a), 4.59 (1H, brs, H-29b), 3.22 (1H, dd, J = 11.3,
5.5 Hz, H-3), 2.40 (1H, m, H-19), 1.71 (3H, s, H-30),
1.06 (3H, s, H-26), 0.99 (3H, s, H-23), 0.97 (3H, s,
H-27), 0.86 (3H, s, H-25), 0.81 (3H, s, H-28), 0.79
(3H, s, H-24); "*C-NMR (125 MHz, CDCl3) J: 38.7
(C-1), 27.4 (C-2), 79.0 (C-3), 38.9 (C-4), 55.3 (C-5),
18.3 (C-6), 34.3 (C-7), 40.9 (C-8), 50.5 (C-9), 37.2
(C-10), 20.9 (C-11), 25.2 (C-12), 38.1 (C-13), 42.8
(C-14), 27.5 (C-15), 35.6 (C-16), 43.0 (C-17), 48.3
(C-18), 48.0 (C-19), 151.0 (C-20), 29.9 (C-21), 40.0
(C-22), 28.0 (C-23), 15.4 (C-24), 16.1 (C-25), 16.0
(C-26), 14.6 (C-27), 18.0 (C-28), 109.3 (C-29), 19.3
(C-30). L%t 5 SCikap g S A — 50, ke
AW 13 h P R

&) 14: AR, ESI-MS m/z: 426 [M—H] .
BC-NMR (125 MHz, CDCLy) &: 38.6 (C-1), 27.0 (C-2),
79.0 (C-3), 38.8 (C-4), 55.2 (C-5), 18.4 (C-6), 32.5 (C-7),
39.8 (C-8), 47.7 (C-9), 37.0 (C-10), 23.5 (C-11), 121.7
(C-12), 1452 (C-13), 41.7 (C-14), 284 (C-15), 26.2
(C-16), 32.7 (C-17), 47.2 (C-18), 46.8 (C-19), 31.1
(C-20), 34.8 (C-21), 37.2 (C-22), 28.1 (C-23), 15.5
(C-24), 156 (C-25), 16.8 (C-26), 26.0 (C-27), 272
(C-28), 33.3 (C-29), 23.7 (C-30). L L-%di 55 ek i
A5, RS 14 BB

%A% 15: AEEPREE 4, ESI-MS m/z: 277
[M—H] . 'H-NMR (500 MHz, CDCL3) J: 5.28~5.43
(6H, m, H-9, 10, 12, 13, 15, 16), 2.79 (4H, m, H-11,
14), 0.97 (3H, t, J = 7.6 Hz); “C-NMR (125 MHz,
CDCly) d: 179.8 (C-1), 34.0 (C-2), 24.7 (C-3), 29.1
(C-4), 29.0 (C-5), 29.2 (C-6), 29.6 (C-7), 27.2 (C-8),
130.3 (C-9), 127.8 (C-10), 25.5 (C-11), 128.3 (C-12),
128.3 (C-13), 25.6 (C-14), 127.1 (C-15), 132.0 (C-16),
20.6 (C-17), 14.3 (C-18). LA - H# 5 SChk B FEA
—HP, M E W 15 Ny a-WRRIR

Sk

(1] FERSEPEEDERSS. FEEYE CF6346)
M]. dbnt: BHE WAL, 1977.

[2] +HEZyL [S]. —#. 2010.

(3]

(4]

(3]

(6]

[7]

(8]

[12]

[13]

[14]

P, RS, TR, . BRI R R 2

PRYEPERE LR (0] LPW’U 2006, 37(10): Ff¥ 7-Fff 9.

BZR, XRT, BEW]. S =M P AR LT B

Y [M]. GERE: A s AR, 2003,

fluﬂﬂ KRB, AT BATRR b RS T
5% [3]. 2544, 2007, 30(9): 1086-1088.

R, PN -5 )5, IR, B0 RRIEA S i

SMRIEFE [I]. T2, 2007, 38(9): 1306-1307.

Kamata K, Seo S, Nakajima J. Constituents from leaves of

Apocynum venetum L. [J]. J Nat Med, 2008, 62(2): 160-163.

Zhang Y, Liu C, Zhang Z,

separation and identification of chemical constituents

et al. Comprehensive

from Apocynum venetum leaves by high-performance
counter-current chromatography and high performance
liquid chromatography coupled with mass spectrometry
[J]. J Chromatogr B, 2010, 878(30): 3149-3155.

Shi J, Li G, Zhang R, ef al. A validated HPLC-DAD-MS
method for identifying and determining the bioactive
components of two kinds of Luobuma [J]. J Lig
Chromatogr Relat Technol, 2011, 34(7): 537-547.

Zhang Y, Liu C, Qi Y, et al. Comparison of the
and acidified

Apocynum venetum by liquid chromatography-UV diode

constituents of Apocynum venetum
array detection-electrospray ionization mass spectrometry
[J]. Med Chem Res, 2012, 21(8): 1684-1691.

Zhang Y, Liu C, Zhang Z, et al. Fast differentiation of
Apocynum venetum with related species by UPLC/MS
and UPLC/SPE/NMR [J]. Med Chem Res, 2012, 21(7):
1077-1083.

Bayoumi S A L, Rowan M G, Beeching J R, et al.
Constituents and secondary metabolite natural products in
fresh and deteriorated cassava roots [J]. Phytochemistry,
2010, 71(5/6): 598-604.

#OR. W E R SR 1] R, 2011,
42(8): 1498-1501.
25 B, EELE, SR, 5. A IE T REAARULL

BEAr oy B S Al [ PRPH 25 B R 22 =4k, 2008,
25(10): 785-789.

fifr o, EEBERE, WRERER. CPRSESE ST [J].
FREEZY, 2008, 39(1): 21-23.

A5O3, BRAeEG MRBE, AR AR o A
[7]. "2y, 2013, 44(3): 272-276.

AP T, MR =, B, 2% w LA S R AL 2 R
5% [J]. L2y, 2013, 44(7): 798-802.

R, @R, B, A WIKEE AR
W9 1], KRR 5T K, 2011, 23(2): 258-261.
Baba A, Yoshioka T. Structure-activity relationships for

degradation reaction of 1-B-O-acyl glucuronides: kinetic



3118 - ¢ %% Chinese Traditional and Herbal Drugs 38 44 % 2822 8 20134 11 A

(20]

(21]

description and prediction of intrinsic electrophilic
reactivity under physiological conditions [J]. Chem Res
Toxicol, 2009, 22(1): 158-172.

WM, B, SHE, AL U dh e Py 2 R
Rhizoctonia sp. J5 W2EATIFT [J]. RRF=WRY
FF kK, 2009, 21(3): 424-427.

R, BEEW, BRZML, S v 2y O A0 A )
[J]. VERHZYR}K2E24R, 2003, 20(3): 178-180.

[22] AHL, HA&S, 2 F, & CELLE BT
[7]. R EZ2EIRE, 2013, 48(10): 777-781.

(23] MEFE, BEGER, 4 %, & MEHRAE s o
[J]. HHEZY, 2012, 43(3): 444-447.

[24] WAL, ZRNI, Sk, &5 BRI
[7]. "2y, 2003, 34(7): 590-592.

[25] MR ME. X9 R MEALAE A BESE (0] thEL 4G, 2011,
42(4): 661-663.



