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Chemical constituents from Leonurus japonicus Injection
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Abstract: Objective To study the chemical constituents from Leonurus japonicus Injection. Methods The constituents were
purified by macroporus resin, silica gel, Sephadex LH-20, and recrystallization. The structures were identified by spectroscopic
methods and spectroscopic analysis. Results Fifteen compounds were isolated from L. japonicus Injection, including four amino acids
and their derivatives such as N-isobutyl valine (1), valine (2), alanine (3), L-pyroglutamic acid methyl ester (4), nine alkaloids:
stachydrine (5), choline (6), trigonelline (7), uracil (8), 5-methyluracil (9), 2', 3'-O-isopropylidene uridine (10), 3-hydroxypyridine
(11), 5-hydroxyl-2-hydroxymethylpyridine (12), and 2-methyl-3-hydroxypyridine (13); and two furoic acids such as furan-2-
carboxylic acid (14) and 5-hydroxymethyl-2-furancarboxyic acid (15). Conclusion In addition to compounds 5 and 8, the others are
isolated from the plants of Leonurus Linn. for the first time. Among them, compound 1 is a natural product. Its NMR data, undoubtedly
assigned by 2D-NMR, have been reported for the first time.
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Sephadex LH-20 BT (1% A F 45 & 45 74T
B, MERRERESIE P AR T 15 MEE
Y, 3% A N-5¢ T 545 12 (N-isobutyl valine,
1. 4% (valine, 2). WZ IR (alanine, 3). L-
R E IR S (L-pyroglutamic acid methyl ester, 4)
Kbk (stachydrine, 5) JH#E (choline, 6). i
75K (trigonelline, 7)+ 2/, 3'-0-5 WA KL JRFF (27,
3'-O-isopropylidene uridine, 8). JKEEWE Curacil, 9).
5-FF L JREIE  (S5-methyluracil, 10). 3-F2KEntme
(3-hydroxypyridine, 11). 5-F23E-2-F2HJLutng (5-
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1 st

Bruker—400. Bruker—600 I INOVA—500 %
REIPRPTEAL; Waters Synapt Gy 1 70 HE TG
D-101 KFLI B4 HEFT 732 TR 5 g 70 25 1~ A2 %) g
By e R EAL TG0 277 MCT ALt CHP
20P (75~150 um) 4 H A Mitsubishi Chemical 2\ ]
4 77; Sephadex LH-20 A%t Amershan Pharmacia
AP R AR GFasgs A L RERERE (200~
300 HO YN BT A5 GFose FERR 45
RO S VLA A RA w4 B A&
IR 53 Bt

BRSOl — 2 AR A, fibs
120701 ), 4 323 SH0S B Rk DA 5 19 7K 95 ik
(C7H;3NO,*HCD 5%, Nk 18~22 mg.
2 RESSE

HCER BRERLESHE 1 600 3¢ (1 mL/30), Jefk78
RACF el Hs [ 771, 49 20 BFRORE 300 go IRTBFA
KOTHEMRE G, BT D-101 KALWR B IE, BAZK-
SIEGERE, [P, 19K 15%. 30%. 45%.
60%-95% LIEVEIEHE 4 (A~F) o A BRI J5 (210

g) EFET 732 RIS B TS He M IR, DA4liZK & 3
mol/L Y] NaCl ¥¥DEME, 7K UEEES 7 [ 7145
A-1 47 ; NaCl R vEN v NaOH ¥ pH {H % 7,
([ 3R, Ao T4 o FR B 7S B 3 Ok, ks
[l I, 75 A-2 #B53. A-2 #4> (160 g) £ MCI
FEERE, DLFEBE-KBREVERL, 73 4 ANBEBHR 4>
(A-2-a~A-2-d). A-2-a s (70 g) & EHERAE
1%, Sephadex LH-20 FF: (A 115 [ 45 i 5543 5 712
HBEUEW S (20 g)v 6 (5g) AT (2.g). A2
oy (10 g) LRI . MCI A4 3% . Sephadex
LH-20 A (i f il 25 W2 il 434 54 1 (20 mg)-
2 (10mg). 3 (40mg). 11 (20 mg). 12 (10 mg)
113 (12 mg). A-1 #5r (50 g) 4 Sephadex LH-20
FE 1% 2 i) 2% 2 (L 434 540 4(3 2).8(25 mg)
9 (0.5¢). 10 (10 mg). 14 (0.2 g) 115 (30 mg).
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EY 1. AT EEM K. HR-ESI-MS m/z:
174.149 1 [M+H]" G4 174.144 9), 196.131 1
[M+Na]’, 73T 3h CoH1oNOs AMEFIE R 1, i
SR R, SRS YR e AR
$4k& ). "H-NMR (400 MHz, CD;0D) : 3.40 (1H,
d, J = 4.0 Hz, H-2), 2.27 (1H, m, H-3), 1.14 (3H, d,
J = 6.8 Hz, H-4), 1.07 (3H, d, J = 6.8 Hz, H-5);
BC-NMR (100 MHz, CD;0D) &: 173.3 (C-1), 70.0
(C-2), 30.7 (C-3), 19.8 (C-4), 18.3 (C-5), 4%
(2) M+ AL (GR 1), Ry pn]
REAEAEEH IR B . B4 "H-NMR #5548 SR 14
SRR BAES 60 291 (1H, dd, J = 12.0, 6.4 Hz,
H-1'a), 2.78 (1H, dd, J = 12.0, 8.0 Hz, H-1'b), 2.09
(1H, m, H-2'), 1.05 (3H, d, J = 7.2 Hz, H-3'), 1.04
(3H, d, J=7.2 Hz, H-4), #{3L PC-NMR 45 6
56.8 (C-1"), UtHHixS T AIEHAE N s b, HEW
WG 1 AR N-5 T 5EAT R T &
PIH LT 1 A ARIE, B NMR i, R,
A Sz uG 3k — 5 ] 2D-NMR #HTHfi1iF . 38id HSQC
BT, X TH-NMR LU AR PC-NMR 155
BEAT THERAJE (£ 1D, AR 'H-"H COSY #E e
THAED 1 PRI T AR AR A I 2504 B (&
1). f£ HMBC i+, H-1'5 C-2. C-2'. C-3'F1 C-4'
G, DA 1 A N-5 T R -

wEY 2: AETLEERAK. HR-ESI-MS m/z:
118.081 8 [M+H]" GIHE N 118.082 3), 4 1A
CsH;NO,. 'H-NMR (400 MHz, CD;0D) #1 *C-NMR
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Table 1 NMR data of compounds 1 and 2
iz o i

1 2 1 2
1 — — 173.3 174.9
2 3.40 (d, J = 4.0 H) 3.61 (d, J= 4.0 Hz) 70.0 68.9
3 227 (s) 2.28 (m) 30.7 31.9
4 1.14 (d, 7= 6.8 Hz) 1.04 (d, J = 6.8 Hz) 18.3 17.5
5 1.07 (d, /= 6.8 Hz) 0.99 (d, J= 6.8 H) 19.8 18.8
I 2.91 (dd, J=12.0, 6.4 Hz) — 56.8 —

2.78 (dd, J = 12.0, 8.0 Hz) —

2 2.09 (m) — 27.0 —
3 105 (d,J=7.2 Hz) — 20.7 —
4 1.04 (d, J=7.2 Hz) — 20.4 —

A
CH; r—'<
A NH\" CH;
O

COOH

1

— IH'HCOSY HMBC

1 &YW 1 SRR EER COSY 1 HMBC 3%
Fig.1 Structure and key COSY and HMBC correlations

of compound 1

(100 MHz, CD;0D) %4 W3 1, 55 SClRHE S A —
HO, WM EAA ) 2 IR

&Y 3. BiE M A, HR-ESI-MS m/z:
90.050 5 [M+H]" (IFEAEA 90.051 0), 4314
C;H,NO,. 'H-NMR (400 MHz, D,0) J: 3.66 (1H, g,
J = 6.4 Hz, H-2), 1.36 (3H, d, J = 6.4 Hz, H-3);
BC-NMR (100 MHz, D,0) 8: 175.7 (C-1), 50.4 (C-2),
16.1 (C-3). LL F¥d 5 Scmpiia e A5,
EAY 3 HNATR

twEY 4. LEOMRY . HR-ESI-MS m/z:
144.061 5 [M+H]" ($FEAE N 144.061 6), 43 Fak
) C¢HoNOs. 'H-NMR (400 MHz, CD;0D) 6: 8.07
(1H, s, -NH), 4.42 (1H, dd, J = 9.4, 4.4 Hz, H-2), 3.87
(3H, s, -OCH3), 2.60 (1H, m, H-3a), 2.44 (2H, m,
H-3b, 4a), 2.27 (1H, m, H-4b); "C-NMR (100 MHz,
CD;0D) ¢: 181.1 (C-5), 174.6 (C-6), 57.0 (-OCH3),
53.1 (C-2), 30.4 (C-4), 25.9 (C-3). LA _%¥s 5 SClkR
AR, MO e B 4 N LSRR R S -

WEY S AE ARG CGNED; SR L5k
PR A Z0 . HR-ESI-MS m/z: 144.103 0 [M+

H]" GHAEAE A 144.098 00, 2 T34 CH;3NO,.
'H-NMR (400 MHz, CD;0OD) 6: 4.04 (1H, dd, J =
10.4, 8.8 Hz, H-2), 3.67 (1H, m, H-5a), 3.53 (1H, m,
H-5b), 3.34, 3.16 (% 3H, s, 2 X N-CH3), 2.50 (1H, m,
H-3a), 2.30 (1H, m, H-3b), 2.14 (2H, m, H-4):
BC-NMR (100 MHz, CD;0D) &: 170.7 (C-6), 77.6
(C-2), 68.0 (C-5), 52.7 (N-CH3), 46.3 (N-CH3), 26.6
(C-3), 19.8 (C-4). LA_-Hedfs 55 Sk s A — 5,
WS A 5 K IRk

AW 6: TLEYUIRG & CFED . R ML
BRI BAELL . 'H-NMR (400 MHz, CD;0D) §:
4.01 (2H, m, H-1), 3.53 (2H, m, H-2), 3.26 (% 3H, s,
3XN-CH3); "C-NMR (100 MHz, CD;OD) &: 69.0
(C-1), 57.1 (C-2), 54.7 (3 X N-CH3). 5 HfgXT 3t
Wi, 1E 3 PRI T (A b-HEE .
IE T RE-UKEE - /K« IE T RE-HRE-/KD, RE{EFIZ A
B8, Mt S 6 i Eag.

WEW 7. ABTLEEHRAR. SRR
W BHEL (. HR-ESI-MS m/z: 138.051 8 [M+H]"
(PR 138.051 00, 4> T304 C;HNO,. 'H-NMR
(400 MHz, CD;0D) 6: 9.21 (1H, s, H-2), 8.89 (2H, m,
H-4, 5), 8.07 (1H, dd, J = 7.2, 2.4 Hz, H-6), 4.46 (3H,
s, -CH3); "C-NMR (100 MHz, CD;OD) §: 166.7
(C-7), 147.5 (C-6), 146.8 (C-2), 145.9 (C-4), 139.8
(C-3), 128.4 (C-5), 48.9 (CH3). A _EX¥ 5 ek i
AP, MO A T R L

&Y 8: At JLE Bk AR; TLC il 254 nm
SHIEBE; 10%MR- £ BE i 5 (0 2 BB 6 ESI-MS
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m/z: 111 [M—H] . 'H-NMR (600 MHz, DMSO-d) 6:
10.89 (1H, s, NH), 7.37 (1H, d, J = 7.8 Hz, H-5), 5.43
(1H, d, J = 7.8 Hz, H-6). LA 4 5 Sk iE FE A
— g, RS 8 PRI

WEY9: AETE KR TLC Kl 254 nm
SRIFHE s 10%00 R LB T B 5 28 R 4 HR-ESI-MS
m/z: 127.036 7 [M+H]" GIAEN 127.050 8), 4>
T3 H CsHeN,0,. "H-NMR (500 MHz, CD;0D) §:
7.24 (1H, s, H-6), 1.84 (3H, s, H-7); *C-NMR (125
MHz, CD;OD) §: 166.4 (C-4), 153.3 (C-2), 139.4
(C-5), 110.6 (C-6), 12.3 (C-7). L% 5 SCiikdiiE
AR5, WA 9 O 5- R SRR

G 10: HETCE B R TLC A2l 254 nm
PRIEDE: 10%M00 IR & REFS AR WL 2 (4 HR-ESI-MS
m/z: 307.090 4 [M+Na]™ GHEAE N 307.090 6), 4>
TN C1aH6N,06. 'H-NMR (600 MHz, CD;0D) §:
7.83 (1H, d, J = 8.4 Hz, H-6), 5.87 (1H, d, J= 2.4 Hz,
H-1'), 5.68 (1H, d, J = 8.4 Hz, H-5), 4.92 (1H, dd, J =
6.0, 3.0 Hz, H-2"), 4.84 (1H, dd, J = 6.0, 3.0 Hz, H-3'),
422 (1H, q, J = 42 Hz, H-4"), 3.73 (2H, m, H-5"),
1.55 (3H, s, H-2"), 1.35 (3H, s, H-3"); "*C-NMR (150
MHz, CD;OD) d: 166.4 (C-1), 144.0 (C-2), 143.8
(C-5), 115.1 (C-1"), 102.6 (C-6), 94.1 (C-1'), 88.4
(C-4"), 85.8 (C-2'), 82.2 (C-3"), 63.2 (C-5"), 27.5
(C-2"), 25.5 (C-2"). UL % 5 SClRIRIEFE AR —
O, WS ESY 10 K 2, 3-0-F W N HE R 1T .

tEW 11 otsRE i (B . HR-ESI-MS
m/z: 96.044 8 [M+H]" (VI5AEN 96.040 5), 43+
3 CsHsNO. '"H-NMR (400 MHz, CD;0D) 6: 8.08
(1H, d, J= 4.0 Hz, H-2), 8.00 (1H, dd, J= 4.0, 1.2 Hz,
H-6), 7.25 (2H, m, H-4, 5); "C-NMR (100 MHz,
CD;0D) ¢: 156.0 (C-3), 140.8 (C-6), 138.3 (C-2),
125.8 (C-5), 124.4 (C-4), DALl 5 3k i S A
3, MRS 11 3-FRIERE .

& 12: AEEHIRGE W (P . HR-ESI-MS
m/z: 126.054 6 [M+H]" GHEAE N 126.051 0D, 43
TR A CeHNO,. 'H-NMR (400 MHz, CD;0D) §:
8.01 (1H, d, J= 2.8 Hz, H-2), 7.35 (1H, d, J = 4.8 Hz,
H-5), 7.23 (1H, dd, J = 4.8, 2.8 Hz, H-4), 4.59 (2H, s,
H,-7); "“C-NMR (100 MHz, CD;0D) 6: 155.1 (C-3),
1522 (C-6), 137.4 (C-2), 125.1 (C-5), 123.3 (C-4),
65.2 (C-7)o LA Xl 5 Sk it 3 A — 3", i
ENAY 12 O 5-F8FE-2-F2 FELNENE .

&Y 13: B E TR K. HR-ESI-MS m/z:
110.056 8 [M+H]" (IIHAE K 110.056 1), 4k
i CéHsNO. 'H-NMR (400 MHz, CD;OD) o: 7.85
(1H, dd, J = 4.8, 1.2 Hz, H-6), 7.15 (1H, dd, J = 8.0,
1.2 Hz, H-4), 7.08 (1H, dd, J = 8.0, 4.8 Hz, H-5), 2.40
(3H, s, H-7); "“C-NMR (100 MHz, CD;0D) 6: 153.9
(C-3), 147.7 (C-2), 139.5 (C-6), 123.8 (C-4), 123.3
(C-5), 18.5 (C-7)o LA - $dfs 55 Srihgias FeA — 5,
MUK EA ) 13 0 2-FF -3 2 JEnne

EW) 14: AEEHIRG: W (P . HR-ESI-MS
m/z: 113.023 8 [M+H]" (VFEAE N 113.091 4), F£H
2R h CsH405. "H-NMR (400 MHz, CD;0D) 6:
7.70 (1H, s, H-3), 7.20 (1H, d, J = 3.6 Hz, H-5), 6.56
(1H, t, J = 1.6 Hz, H-4); “C-NMR (100 MHz,
CD;0D) §: 161.9 (C-6), 148.1 (C-5), 146.4 (C-2),
119.2 (C-3), 113.1 (C-4). LA E%#s 5 SClkHkiE FEA
— 5, MR A 14 Dy 2-WRI R .

Ew 15 AEERRE G (B . HR-ESI-MS
m/z: 143.030 5 [M+H]" GHEAE N 143.030 00, %
173 T30 CeHgO4. "H-NMR (500 MHz, CD;0D) §:
7.16 (1H, d, J = 3.0 Hz, H-4), 6.17 (1H, d, J = 3.0 Hz,
H-3), 5.08 (2H, s, H-6); "“C-NMR (125 MHz,
CD;0D) d: 162.0 (C-7), 160.7 (C-5), 145.9 (C-2),
120.1 (C-4), 110.4 (C-3), 57.6 (C-6). LA % 55 SCk
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