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Study on chemical constituents of Codonopsis pilosula

WANG Xiao-xia, ZHUANG Peng-yu, CHEN Jin-ming, YANG Yu-ke, LIN Xiao-ying, ZHANG Dan-yang
College of Pharmacy, North China University of Science and Technology, Tangshan 063000, China

Abstract: Objective To study the chemical constituents of Codonopsis pilosula. Methods The chemical constituents were isolated
and purified by AB-8 macroporous adsorption resin, silica gel, and Sephadex LH-20 column chromatography. The structures of the
isolated compounds were identified on the basis of spectroscopic methods including 'H-NMR, *C-NMR, CD, and MS spectra. Results
Seven compounds were identified as (—)-(8R,9R,2E,6E,10E)-tetradeca-2,6,10-triene-4-yne-8,14-diol-9-B-D-glucopyranoside (1),
phenyl-B-D-glucoside (2), (E)-isoconiferin (3), coniferin (4), syringin (5), apigenin (6), and adenosine (7). Conclusion Compound 1
is a new compound, named lobetyolin A, and compounds 2 and 3 are all isolated from this plant for the first time.
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Fig.1 Chemical structures of compound 1

1020 Y HEEI E A JASCO J-810 [8] —{f i il 5 4%
(HA JASCO A7]); HR-ESI-MS H] Waters Xevo
G2-QTOF Jiti 3l e (32 [E Waters A7) ); ESI-MS
H Finnigan LCQ Advantage MAX i il 2 (32
Thermo A7) ); NMR ] BRUKER AV-500 FT %
WEALPRACI 2 (fEFE Bruker 2AH]); 20#7% HPLC
h Agilent 1260 84S R0AH BB £ 84 HPLC
b Agilent 218 il & = BB AH (L35 Agilent 7890A
AR (2 Agilent 2 7))o

TS GFasy T2 FIHIARCA E & 40 27 DAV RS T
P FEORERERR (200~300 H)D A &AL T
J 77 il s AB-8 ZROR AL B i ok 22 = R IR AR
ONF PR s FE IS H ODS AT Cig MR H A YMC
] P7 s Sephadex LH-20 4 Pharmacia 23 @) 77 i ;
4381 I HPLC 84124 Cosmosil 5 Cg-MS-I1 i AE
(250 mmX4.6 mm, 5 um); EAEF: HP-5 (30 mX
0.32 mm, 0.25 pm); F-H|%&#: 4 Cosmosil 5 C g £f
W (250 mmX 10 mm, 5 pm); D-Gle. L-FIEa
T FE AR IR £ (L-cysteine methyl ester hydrochloride )
— FFIEAELEK M (N-trimethylsilylimidazole), 3¢ [H
Sigma Al PrA A Al sl ik Al

S 2585621 2014 45 10 H W T b 22,
SRR TR 22 255 Bt R 4 B U T 56 o b S B R
Y32 Codonopsis pilosula (Franch.) Nannf. [/
o FEIEFEA (20141011) BURAETHEALFE T K24
HE bR A
2 ERESE

TH562 34 kg, ¥, H4EK 80 LiRif2 h
Je s AR 4 ¥k, &Rk 2 h, KEEREDUEHEE
LW, KEFEMT AB-8 BHIRWCE, FH2lKPEm S,
T 30%. 50%-. 70%- 95%ZIE (5% 2 {5 H g &)
Vet Bl BOOE R, o W49 22 8 - B 50%
LRI IR 54 g0 SERE (200~300 H) A
o, AR (100 0 1—1 1) BRIEVLM,
HIFHEE Sy, 1330 10 Miisr (Fr. 1~10). Fr. 3
(10 g) PR (200~300 H) ko, & Hi-

HEE (20 @ 1) P, 45l TLC &6 3 4 A4
W4 (Fr.3-1~3-4), Fr.3-1 (100 mg) £ Sephadex
LH-20 #EEialith, HEE-K (101D sel, Sas
Y6 (50 mg), Fr.3-4 (50mg) £ Sephadex LH-20
FEE AL, “EFR-FRE (10D Y, 152014k
a7 (15mg). Fr. 5 (7.5 g) #HTHERE (200~300
HD FEfEs, & H-HEE (20 0 110 0 D BE
Yelbt, 73 2 AMALsr (Fr. 5-1~5-2), Fr. 5-1 (220 mg)
PRI CHIEE-/K 20 @ 80) Aifh 3 31k &
Y2 (17 mg). 3 (10 mg) 14 (23 mg). Fr. 5-2
(50 mg) P& PHlWAH (HEE-7K 20 © 80) 4lifh
HEMEY 5 (12mg). Fr.6 (4.5g) 3T ODS #E
ik, FEE-/K (10 290—90 : 10) FEEEVEMSILS
Y1 M, PRI (HEE-/K 15 0 85) 4l
AR AY 1 (18 mg).
3 BEIMENHE
3.1 BEKRR

FHEW 1 (5mg) ¥ T 1.5mL K, A 30
mg ZIYEZRNE, 50 CHNFANBEFE 12 h, SNVEBIE
WAR, TR CBEREI 3 Ik, BB, W4k, 13
FMLE 1a (2 mg), 4 HR-ESI-MS. 'H-NMR #i
PC-NMR W5, #iE W1 i c. 85K
MR 2T, A3 RHEEy, fefirEf, H T
I3 8T
32 BBEGTHEYIESIE
3.2.1 ok RO RORE eI — LRk AT AR R A
1 mg ARAESHE AN 1 mL JG7KMERE R 2 mg L-F- 2
% g R AL, WAIA, 60 CThn#h2h 5, KM
PR EASK T, T, I 0.2 mL — H SRR
M, 60 CHI# 2 h J5, BRIV 4 2 mL KH,
AR IE CBEA L 3 Ik, AIFRIOR, W4s,
B S LB PR I e — FRORERE AT R4, HL 1 mL
IE OB, BRI - FSAH T
3.2.2  KAR DTSSR (bW e — F R REAT AR 1)
Hiles WAL SV KR 2 ) BbE, 42 B AR
BEAT AP & Tk, RIRTA3 Ak & 0 16 B pi A
GEU// S
3.23 AAHEE (GC) 44 Agilent 7890A M,
A TEA; BAIEFE: HP-5 (30 mX0.32 mm, 0.25
um); ARTEEE: 250 C; FUFTHESA:: HILGIE
% 100 CLR¥F 2 min, SRJ5FHEE 280 'C (Fhifihidk
fE: 10 ‘C/min), 280 CLR¥F 5 min; Frll#s: FID;
K 2sydE: 280 C; #HA: &S
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3.3 SRS R FER R A E

FAHAEY 1 (10 mg) ¥ T 1.5 mL K, A
30 mg £F4EFE MG, 50 Ch#EFE 12 h, [N
FEHRGE, BEIR GIERE 3 IR, A IFAHGR, WR4H,
BEMEAY 1a (2 mg), 4 HR-ESI-MS. 'H-NMR
A PC-NMR IR, 6 A 1 A G S
KRR ZE T, 3B sy, fefrbEt, HFAS
FHOMAT o AR SCHRIRIE 1K) 57285 6 SO B i E s
ALY 1 R A B-D-A g2,
4 YT

WA 1 AEIEEERA; [o] —55.6° (¢ 0.55
MeOH); UV AN (nm): 240, 254, 267, 284 J& 554k
B SE M S IE; HR-ESI-MS mi/z: 397.112 4
[M—H] (51 397.112 9), 454 "H-NMR (500 Hz,
CD;0D) Hl *C-NMR (125 Hz, CD;0D) %4 (% 1)
e ZA A3 T 30h CagH3005. NMR i i
A 1 AR 3 AN R [0y 5.64 (1H, m,
H-2), 6.10 (1H, d, J=15.9 Hz, H-3); Jc 110.6 (C-2),

%1 L&A1 18 "H-NMR #1 BC-NMR £
Table 1 '"H-NMR and “C-NMR spectral data of compound 1

/A S o

1 1.81 (3H, d, J=5.8 Hz) 17.3
2 5.64 (1H, m) 110.6
3 6.10 (1H, d, J=15.9 Hz) 139.0
4 88.5
5 85.5
6 6.12 (1H, d, J=15.9 Hz) 141.2
7 5.86 (1H, dd, J=15.9, 8.2 Hz) 110.9
8 4.18 (1H, dd, J="17.5, 5.4 Hz) 73.7
9 421 (1H, dd, J="17.5, 5.4 Hz) 80.5
10 5.45 (1H, dd, J= 16.0, 8.2 Hz) 126.0
11 5.86 (1H, m) 137.0
12 2.19 (2H, m) 283
13 1.67 (2H, m) 31.6
14 3.59 (2H, t,J = 6.4 Hz) 60.9
I 434 (14, d,J=17.7 Hz) 98.8
2 3.28 (1H, m) 73.5
3 3.35 (1H, m) 76.6
4 3.33 (1H, m) 70.3
5 3.21 (1H, m) 76.5
6 3.88 (1H, brd, J = 12.0 Hz) 61.3

3.69 (1H, dd, J = 12.0, 5.6 Hz)

139.0 (C-3)]; [0y 6.12 (1H, dd, J=15.9, 5.8 Hz, H-6),
5.86 (1H, dd, J = 15.9, 8.2 Hz, H-7); d¢ 141.2 (C-6),
110.9 (C-7)]; [du 5.45 (1H, dd, J = 16.0, 8.2 Hz,
H-10), 5.86 (1H, m, H-11); Jc 126.0 (C-10), 137.0
(C-1D)]; 1T NHUR=HE ¢ 88.5 (C-4), 85.5 (C-5);
BC-NMR i 8- 17 20 M5 145 45 DEPT 5 0] 411
HEA LARE, 3AWHRE, 13 MxHFE, 24
ZEfk, o 2 AMESA IR T, 1 AN L,
1 AAREAMW R (K D, BAEFAAE 1A
B-glucose [0y 4.34 (1H, d, J = 7.7 Hz)], FIFIBE/KAEA
GC /e 17 HIZat g D Chafk Sk
AR T A BELBH (R W e — IR AT A AR AR TR GC
FAEF AEAHR], B4 19.86 min). LA WIHIRERE
E5 (K D 5 lobetyolin P HEH ML, HIEALEY
A% lobetyolin 22 1 AN e WU, /> 1 4> B =4k
'H-'H COSY 73 %] 2 4 Bt i CH;CH=CH- I
-CH=CHCHOHCHOHCH=CHCH,CH,CH,0H (4 2).
HMBC 7R oy 5.64 (H-2) 5 oc 88.5 (C-4) AL
FEAHSE, on 6.11 5 6c 85.5 (C-5) FEAELFEAHIE,
Wi 2 A BOE 1A U =HEME. 0y 4.34 5
dc 80.5 (C-9) fr fE i@ F AMH X, U Wl B-D-
glucopyranosyl ZEFELE 9 7. (] 2) ARHE Js 9 = 7.5 Hz,
g C-8, 9 WP . 7F Moy(OAc)s 551 CD itk
(Bl 3) 17E 300 nm &b 27 1 ANIE Cotton RN, (5
KFEE 3K, KK 300 nm | Cotton EFHA[F), #
7~ C-8, 9 iy R RRIIIEI IR b % S A
(—)-(8R,9R,2E,6E,10E)-tetradeca-2,6,10-triene-4-yne-8,
14-diol-9-B-D-glucopyranoside, 44 A5 SHA Ao
A 2: AR AR, ESI-MS m/z: 358 [M~+H],
'H-NMR (500 MHz, DMSO-dq) d: 7.60 (1H, dd, J =
8.3, 1.1 Hz, H-6), 7.56 (1H, s, H-2), 6.91 (1H, d, J =
8.2 Hz, H-5), 4.33 (1H, d, J= 7.7 Hz, H-1"), 3.30 (2H,
d, J = 5.7 Hz, H-3'), 3.25 (2H, m, H-2), 3.91 (1H, s,
3H), 3.05 (1H, m, H-2"), 3.15 (1H, m, H-3"), 3.08

N o
C <8 < 12 o
1 9 13
OH O
HO O
HO
OH

2 & 1 BEZE HMBC (7)) # 'H-'"H COSY
(=) #H%
Fig. 2 Key HMBC (/X ) and 'H-'H COSY (=)

correlations of compound 1
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Fig.3 CD (MeOH) spectra of compound 1

(1H, m, H-4"), 3.16 (1H, m, H-5"), 3.74 (1H, m,
H-6a"), 3.49 (1H, m H-6b"); “"C-NMR (125 MHz,
acetone-dg) 0: 196.4 (C-1'), 151.7 (C-3), 147.6 (C-4),
129.9 (C-1), 123.3 (C-6), 114.7 (C-2), 110.9 (C-5),
103.8 (C-1"), 77.3 (C-5"), 76.8 (C-3"), 74.2 (C-2"),
71.1 (C-4"), 65.3 (C-3"), 62.3 (C-6"), 55.6 (C-7), 38.4
(C-27)o Mol Hods b5 oo — 80, Mo et i
Yy 2 g 2R - B-D-H A BT o

&9 3: ALK A CESI-MS m/z: 343 [M+H],
'H-NMR (500 MHz, DMSO-dq) d: 7.02 (1H, d, J=2.0
Hz, H-2), 6.72 (1H, d, J = 8.1 Hz, H-5), 6.52 (1H, dd,
J=8.1, 2.0 Hz, H-6), 6.52 (1H, d, J = 15.9 Hz, H-7),
6.17 (1H, dt, J = 15.9, 6.0 Hz, H-8), 4.39 (1H, dd, J =
13.3, 5.4 Hz, H-9a), 4.16 (1H, m, H-9b), 4.20 (1H, d,
J = 7.8 Hz, H-1"), 2.99~3.69 (6H, m, H-2"~6"),
3.78 (3H, s, 3-OCH;); "“C-NMR (125 MHz,
DMSO-dg) 6: 128.0 (C-1), 109.8 (C-2), 147.7 (C-3),
146.5 (C-4), 115.4 (C-5), 119.7 (C-6), 131.9 (C-7),
123.0 (C-8), 68.8 (C-9), 102.0 (C-1"), 73.5 (C-2'), 76.9
(C-3"), 70.1 (C-4"), 76.7 (C-5'), 61.1 (C-6'), 55.6
(3-OCH3). VL -¥dfa 5 SeikaRig s A — 5%, i
EWEGY) 3R (E)-Aa Mt .

th&59) 4: AEK K CESI-MS m/z: 343 [M+H],
'H-NMR (500 MHz, DMSO-d;) d: 6.97 (1H, dd, J =
8.4, 1.2 Hz, H-2), 6.91 (1H, d, J = 8.4 Hz, H-5), 7.19
(1H, d, J = 1.2 Hz, H-6), 6.44 (1H, d, J = 16.0 Hz,
H-7), 6.23 (1H, dt, J = 16.0, 5.0 Hz, H-8), 4.08 (2H,
brt, J = 5.0 Hz, H-9), 4.94 (1H, d, J = 6.8 Hz, H-1"),
3.16~3.69 (6H, m, Glc-H), 3.75 (3H, s, -OCHj3);

BC-NMR (150 MHz, DMSO-dg) 6: 129.9 (C-1), 112.5
(C-2), 148.4 (C-3), 146.6 (C-4), 112.9 (C-5), 120.2
(C-6), 128.6 (C-7), 128.4 (C-8), 61.7 (C-9), 100.5
(C-1"), 73.2 (C-2"), 76.9 (C-3"), 69.7 (C-4), 77.0
(C-5"), 60.6 (C-6"), 55.7 (-OCH3). LA % 5 ki
EIA ST, WA 4 AR

& 5: AEFAK. ESI-MS m/z: 395.1 [M+
H]", 'H-NMR (500 MHz, DMSO-d,) d: 6.75 (2H, s,
H-3, 5), 6.35 (1H, d, J = 16.0 Hz, H-7), 6.55 (1H, d,
J=16.0 Hz, H-8), 3.79 (2H, m, H-9), 491 (1H, d, J =
7.8 Hz, H-1"), 3.86 (6H, s, 2, 6-OCH3), 3.78~3.30
(6H, m, Gle-H); "*C-NMR (125 MHz, DMSO-dj) &
154.3 (C-2, 6), 135.8 (C-1), 135.2 (C-7), 131.2 (C-8),
130.0 (C-4), 105.4 (C-3, 5), 105.3 (C-1"), 78.3 (C-3"),
77.8 (C-5"), 75.7 (C-2'), 71.3 (C-4"), 63.6 (C-6'), 62.5
(C-9), 57.1 (2, 6-OCH3). L %t 5 Sk —s5d™,
WSS 5 N T A

WE 6: HIEEK K. ESI-MS m/z: 269 [M—
H]", 'H-NMR (500 MHz, DMSO-d) d: 6.20 (1H, brs,
H-6), 6.52 (1H, brs, H-8), 6.77 (1H, brs, H-3), 6.93
(2H, d, J = 8.2 Hz, H-3', 5'), 7.94 (2H, d, J = 8.2 Hz,
H-2, 6'); "C-NMR (125 MHz, DMSO-dg) J: 164.3
(C-2), 102.6 (C-3), 181.5 (C-4), 161.7 (C-5), 98.8
(C-6), 163.8 (C-7), 94.2 (C-8), 157.3 (C-9), 103.5
(C-10), 120.9 (C-1'), 128.2 (C-2', 6), 116.2 (C-3, 5"),
160.8 (C-4"). Lh_E¥eds 5 3cikapos — 8, e
WEY) 6 HTER.

WA T: E R K . ESI-MS m/z: 268 [M~+H],
'H-NMR (500 MHz, CsDsN) &: 8.87 (1H, s, H-8), 8.76
(1H, s, H-2), 7.35 (2H, s, 6-NH,), 6.88 (1H, d, J = 6.0
Hz, H-1'), 5.87 (1H, m, H-3"), 5.41 (1H, m, H-2"), 4.91
(1H, m, H-4"), 445 (1H, m, H-5a), 425 (1H, m,
H-5'b); "“C-NMR (125 MHz, CsDsN) d: 157.7 (C-6),
153.2 (C-2), 149.9 (C-4), 140.5 (C-8), 121.5 (C-5),
90.8 (C-1"), 75.5 (C-3'), 72.4 (C-2'), 87.8 (C-4"), 63.0
(C-5"o LL_EXed 5 Sk — 2%, #feth i 7
bl SE
5 itig

W HREEG Y, Ak, S
IRAR 24 BE 2 AIE 503 W R AT 9 o A e Lo JU LBt T A
5 G & RY, AL RS hir. A
MR RNE BSE 2 PR AL 7 MU sy,
HAED 1 Wi SRR eay, ey 2
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