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Chemical constituents from barks of Eucommia ulmoides
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Abstract: Objective To study the chemical constituents of barks of Eucommia ulmoides. Methods Compounds were isolated by
means of normal phase silical gel, reverse phase ODS, Sephadex LH-20 column chromatography, and preparative-HPLC, and their
structures were identified on the basis of various spectroscopic analyses, including NMR and HR-ESI-MS. Results Nine known
compounds, including seven flavonoids and two phenylpropanoids, were isolated from the 95% EtOH extract of barks of E. ulmoides.
Their structures were identified as licoflavone B (1), 3,5,4'-trihydroxy-7,3'-dimethoxyflavone (2), liquiritigenin (3), formononetine (4),
(+)-4’-O-methylglabridin (5), paratocarpin E (6), loureirin C (7), threo-1-(4-hydroxy-3-methoxyphenyl)-1-methoxy-2-{4-[ 1-formyl-
(E)-vinyl]-2-methoxyphenoxy }-3-propanol (8), and diospyrosin (9). Conclusion Compounds 1—9 are obtained from the genus of
Eucommia for the first time.
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Nk — IR R 25 T el ASHIE AL
I IEAHREIR AT (11 . [eAH ODS A3l . Sephadex
LH-20 #:53 LL K ifil 4 HPLC % F BOW AL 5 95%
CTERIB A2 1 AT AL, N HL ) 5945 2
9 MLAEY), AL, BRERE G % e
HEEHM, 238 HE ] B (licoflavone B, 1), H
FEFR A (3,5,4"-trihydroxy-7,3'-dimethoxyflavone,
2). formononetine (3). H# % (liquiritigenin, 4).
(+)-4'-O-methylglabridin (5). paratocarpin E (6)-
Jeif 2 C (loureirin C, 7)- diospyrosin (8). threo-1-
(4-hydroxy-3-methoxyphenyl)-1-methoxy-2-{4-[1-
formyl-(E)-vinyl]-2-methoxyphenoxy}-3-propanol (9),
o 7 AN EERASEAN 2 AARAERE. hEW1~9 1
ERVO NG GIEYEL YL A= C R
1 NE5H

A1204 JiorZ—H TR [HEREED-FEA 2 A
# (L) HIRAHE]: AUTOPOLV jigdefl (&
Rudolph A®]); JASCO J-815 73 HeeAL [JASCO
(B AGEMWRAHE]; ZF-20D BEFH LS il
(LR eI ); Waters €2695 73 AT & = 3%
WA (32[E Waters A H]); Waters 2535 fill £
B v ROBOH (i A (36 Waters A w] ) B
LC-6AD il 2 ¥ AH 1 i 1 ; Waters Xevo G2-S
UPLC-Q/TOF (3 [H Waters /A & ); Bruker PLUS 400
MHz #% W FEIRPE A (it Bruker AW]); FE
fERZ 100~200, 200~300 H (75 BiEEib 1) s
Sephadex LH-20 (£ GE); 4#7% YMC Cyg, 250
mmX4.6mm, 5um (HAD; H&8 YMC Cig, 250X
20mm, 5 pm CHAD; BRI g 70 Fr ol sl o %
g CRETTRBHMERIH A RA R,

FrAth fe 25640 B T b H 2584 i s, 7o
REE G REH 25 KA TR TR 20 25 58 A AR}
AP B PIAAY Eucommia ulmoides Oliv. [ 544
B, BURAE T RIEBEHPERAR 25 0
2 RBSSE

FEAPTEEN K2 9.0 kg, H 10 EEERSECH
95%H) LBEKENR IR 3 7K, BER 2 h, & FF RO,
IR EIGE T, s 5 19 B0 SR B R 3 5 &
7K, 43 SRR ER Cle- — &S (12 D,
BER WG 1E T EEAEHL 3 WK, el [0 77145 21 38
B Clie- — B be )2 (180 @) BERR LMis)= (140

g) FMIETEEZ (200 g). HpH k- —&FhZE
(180 g) LAk (i, —S T he-NER (100 @ 0—
0 = 100D 4R KM BEGEL, FL133] 9 ML (Fr. 1~9).

Fr. 5 (16.3 g) Skt tans, — & F k-
HEE (100 : 0—~0: 1000 BAEVEHIFE] 4 N
(Fr. 5-1~5-4), Fr. 5-1 (2.5 g) #KiIk% Sephadex
LH-20 A8, sl S e-FHEE (101D %5
Pl LA R 7 2 ) £ 38 TLC, P77 — 50 F - TR
(81 1) I, FE1MLEH 6 (500.0 mg). Fr. 5-2 (3.1
g) KX Sephadex LH-20 A ik, izt & H
Be-HEE (10 1) S5 BEM DL 3 2 i 4 % TLC,
JRIFH AW k-E (40 D BRI, BEamwl
(30.0 mg). Fr.5-4 (2.3 g) 4 Sephadex LH-20 FE
B, AR (1 1) SSRERMEE] 5 MRS
(Fr. 54-1~54-5), i Fr. 54-3 (400.0 mg) &I/
RERAE Eal, —GUH fe-FEE (100 © 0—~0 © 100) #f
FEVERAS R Fr. 543-1 (53.8 mg) J&, A #ZH] %
ik (TLC), RBIFH & H Fi-Iam (4 1 1) BIT,
BEMAEY 3 (4.0mg). Fr. 54-5 (109.0 mg) &JHF
A ODS A, /K-HEE (100 © 0—~0 1 100) #f
FEP ARSI Fr. 545-3 (35.6 mg), Fr. 545-3 &4
ARG (FEE-/K 55 ¢ 45, AR E 6 mL/min,
R 235 nm) 7 EAREEY) 7 (6.0 mg)-.

Fr. 6 (18.8 g) £&JFji ODS i, 7K-HEE
(100 : 0—0 : 100> #HEEVEMAFE] 10 N5 (Fr.
6-1~6-10). 1 Fr. 6-7 (2.1 g) £ Sephadex LH-20
R, —&FE-FEE (10 1) SEREVEm, AP
RER AR 3, & H fe-TAEE (100 : 0—~0 © 100)
RV, 153 Fr. 671-3 (55.0 mg); Fr. 671-3 (55.0
mg) 2l & SR s (FEE-/K 60 1 40, fAFH
Ui & 6 mL/min, P 325 nm) 4B EY
4 (6.8 mg). Fr.6-9 (2.3 g) Skt tan:, —
A HkE-THE (100 1 0—0 : 100) Ff J& ¥ Bt A
Sephadex LH-20 F: 0 i, — & H fe-FHEE (10 1) &
FEBEML, 153 Fr. 693-2 (120.1 mg), Fr. 693-2 (120.1
mg) FIA TLC, I &M L-Nl (4:1) f&
I, BE14kEY 2 (82mg). Fr.6-10 (1.9 g) &HF
AR, & H - (100 1 0—0 : 100)
B EE Ve AT Sephadex LH-20 AL fai, — &0 H -
BE (10 1) SEREEVeM, 193 Fr. 6103-3 (47.0 mg),
Fr. 6103-3 (47.0 mg) 2l 4% = R00AH (il (-
K 40 : 60, A E 6 mL/min, F K 216 nm)
EAHNLAEY 8 (3.9mg.
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Fr. 9(20.0 g) £ FFji ODS H: ik, /K-HEE (100 :
0—0 : 100D B LA E] 10 M4 (Fr. 9-1~9-10).
Fr.9-1 (2.1 @) S&FFERAE B, — & H k- H g
(100 : 0—0 : 100D ¥HFEPENL, P4 Sephadex LH-20
FEERE, JRAIAH SR EE (10D SERETRIN,
53 5 MR (Fr. 912-1~912-5); Hid1 Fr. 912-4
(100.0 mg) £l £ = OB AH il (HEE-7K 55 7 45,
AR 6 mL/min, £ 238 nm) 73 545 34k
HW5 (6.0mg) F19 (4.0mg).

3 LT

&P 1: BRI AR; HR-ESI-MS m/z: 391.193 1
[M+H]" GFEAE 391.190 9), T CosHyOs:
'H-NMR (600 MHz, CD;OD) §: 7.76 (1H, s, H-5),
7.64 (1H, dd, J = 2.3, 9.1 Hz, H-6), 7.63 (1H, d, J =
2.3 Hz, H-2'), 6.89 (1H, s, H-8), 6.86 (1H, d, J = 9.1
Hz, H-5"); 6.58 (1H, s, H-3), 5.33 (2H, t, J = 7.2 Hz,
H-2", 2", 3.33 (4H, d, J = 7.2 Hz, H-1", 1), 1.76,
(6H, s, H-4", 4", 1.73, 1.71 (% 3H, s, H-5", 5'");
BC-NMR (150 MHz, CD;0D) 6: 180.5 (C = 0), 166.1
(C-7), 162.8 (C-2), 160.4 (C-4"), 158.2 (C-8a), 134.4,
134.0 (C-3", 3", 130.4 (C-6), 130.0 (C-6'), 128.9
(C-3"), 126.8 (C-2'), 126.1 (C-5), 123.6 (C-1'), 123.4,
122.8 (C-2", 2'), 117.0 (C-4a), 116.3 (C-5'), 105.0
(C-8), 102.6 (C-3), 29.3, 29.0 (C-1", 1", 26.1, 26.0
(C-4",4"),18.0, 17.9 (C-5", 5", LA %l 5 SCikdR
A, WA 1 N H R B,

&) 2: FEMA; HR-ESI-MS m/z: 331.077 3
[M+H]" GHEE 391.081 8), 4T3 C17H407;
'H-NMR (600 MHz, DMSO-dg) &: 12.46 (1H, s,
5-OH), 9.77 (1H, s, 4-OH), 7.78 (1H, d, J = 1.9 Hz,
H-2'), 7.75 (1H, dd, J = 1.9, 8.2 Hz, H-6"), 6.95 (1H, d,
J =82 Hz, H-5), 6.78 (1H, d, J = 2.0 Hz, H-8), 6.35
(1H, d, J = 2.0 Hz, H-6), 3.87, 3.86 (% 3H, s, 7,
3-OCH;); "“C-NMR (150 MHz, DMSO-dj) J: 176.0
(C = 0), 165.0 (C-7), 160.3 (C-8a), 156.1 (C-5), 149.0
(C-4"), 147.4 (C-2), 147.0 (C-3"), 136.1 (C-3), 121.9
(C-6"), 121.9 (C-1"), 115.5 (C-5"), 111.7 (C-2'), 104.0
(C-4a), 97.5 (C-6), 92.0 (C-8), 56.0, 55.8 (7,
3-OCH3). LL ¥ 5 i A —5"™, %
EWEY) 2 N 3,5,4'-= 57,3 - AT .

&Y 3. AEBAE, [oy +20.0° (c 0.04
MeOH), HR-ESI-MS m/z: 257.080 0 [M+H]" (i}
BAE 257.081 4), 413 C1sH 1,04 'H-NMR (600

MHz, DMSO-dy) d: 7.64 (1H, d, J = 8.6 Hz, H-5),
7.32 (2H, d, J = 8.0 Hz, H-2, 6), 6.79 (2H, d, J = 8.0
Hz, H-3', 5"), 6.50 (1H, dd, J = 2.1, 8.6 Hz, H-6), 6.33
(1H, d, J=2.1Hz H-8),5.44 (1H, dd, J= 1.6, 11.6
Hz, H-2), 3.11 (1H, dd, J = 11.6, 16.5 Hz, H-3a), 2.62
(1H, dd, J = 1.6, 16.5 Hz, H-3b); "*C-NMR (150
MHz, DMSO-dg) d: 190.0 (C = 0), 164.7 (C-7), 163.2
(C-8a), 157.6 (C-4"), 129.3 (C-1"), 128.4 (C-5), 128.3
(C-2, 6), 115.1 (C-3', 5'), 113.5 (C-4a), 110.5 (C-6),
102.6 (C-8), 79.0 (C-2), 43.2 (C-3). CD ¥4 7F 313
nm 4 IE Cotton R, MR CERIRE!Y, C2 4
SR So BL ¥R S ScmricE R A -5,
SEEW 3 NHEER.

& 4. AGKAR; HR-ESI-MS m/z: 269.080 8
[IM+H]" (iFHEE 269.081 4), 73 CieH204;
'H-NMR (600 MHz, CD;OD) &: 8.11 (1H, s, H-2),
8.07 (1H, d, J = 8.8 Hz, H-5), 7.48 (2H, d, J = 8.7 Hz,
H-2', 6'), 7.00 (2H, d, J = 8.7 Hz, H-3', 5'), 6.96 (1H,
dd, J = 2.3, 8.8 Hz, H-6), 6.87 (1H, d, J = 2.3 Hz,
H-8), 3.84 (3H, s, 4-OCHs); "“C-NMR (150 MHz,
CD;0D) 6: 178.2 (C = 0), 164.8 (C-4"), 161.3 (C-7),
160.0 (C-8a), 154.9 (C-2), 131.5 (C-2', 6'), 128.6
(C-5), 125.8 (C-1"), 125.0 (C-3), 118.3 (C-4a), 116.6
(C-6), 115.0 (C-3', 5'), 103.4 (C-8), 55.9 (4'-OCH3).
DL ek A -, M et A 4
N formononetine .

wEY 5. AR, [a]h +8.0° (¢ 0.04,
MeOH), Gibbs <M FH1%; HR-ESI-MS m/z: 339.160 8
[IM+H]" (iF5HAE 339.159 6), T30 CyHpO4:
'H-NMR (600 MHz, CD;0D) &: 6.98 (1H, d, J = 8.0
Hz, H-6), 6.80 (1H, d, J = 8.2 Hz, H-5), 6.61 (1H, d,
J=9.9 Hz, H-9), 6.39 (1H, d, J = 2.5 Hz, H-3'), 6.37
(1H, d, J=2.5, 8.0 Hz, H-5"), 6.27 (1H, d, J= 8.2 Hz,
H-6), 5.57 (1H, d, J = 9.9 Hz, H-10), 430 (1H, m,
H-2a), 3.97 (1H, m, H-2b), 3.72 (3H, s, 4'-OCHj3),
3.44 (1H, m, H-3), 2.95 (2H, m, H-4), 1.37 (6H, s,
H-12, 13); C-NMR (150 MHz, CD;OD) &: 156.4
(C-8a), 152.2 (C-4"), 150.2 (C-7), 150.2 (C-2"), 129.4
(C-5), 128.9 (C-6'), 127.9 (C-10), 120.3 (C-1"), 117.2
(C-9), 115.1 (C-4a), 110.1 (C-8), 108.6 (C-5'), 104.9
(C-3", 101.6 (C-6), 75.6 (C-11), 70.4 (C-2), 55.7
(4-OCHj), 32.2 (C-3), 30.7 (C-4), 27.0, 26.9 (C-12,
13). 53CHkT (—)-4"-O-methylglabridin' *'jie >t 77 1)
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MR, W C-3 abdax /a2 v 3R. UL REdR S
SCHRIR B A -, W% ELEw 5N
(+)-4'-O-methyl-glabridin.

&) 6: KA HR-ESI-MS m/z: 393.202 1
[M+H]" GHEAE 393.206 6), 73 T3 CysHagOus
'H-NMR (600 MHz, CD;0D) §: 7.81 (1H, d, J = 8.9
Hz, H-6"), 7.75 (1H, d, J = 15.3 Hz, H-p), 7.60 (1H, d,
J=15.3 Hz, H-u), 7.46 (1H, dd, J = 1.8, 8.3 Hz, H-6),
7.42 (1H, d, J= 1.8 Hz, H-2), 6.81 (1H, d, J= 8.1 Hz,
H-5), 6.43 (1H, d, J = 8.9 Hz, H-5"), 5.35, 5.23 (% 1H,
t,J= 6.8 Hz, H-2", 2", 3.34 (4H, d, J = 6.8 Hz, H-1",
1), 1.76, 1.78 (% 3H, s, H-4", 4'""), 1.75, 1.66 (% 3H,
s, H-5", 5"); "C-NMR (150 MHz, CD;OD) &: 193.8
(C = 0), 165.3 (C-2), 163.7, 159.5 (C-4, 4'), 145.9
(C-B), 133.5, 132.0 (C-3", 3"), 131.9 (C-2), 130.5
(C-3), 130.4 (C-6'), 129.1 (C-6), 127.9 (C-1), 123.8,
(C-2", 2, 118.3 (C-a), 116.7 (C-5), 116.4 (C-3"),
114.7 (C-1'), 108.3 (C-5"), 29.4, (C-1", 1'), 26.1,
(C-4",4), 18.0, (C-5", 5", LA H¥i 5 ek iE 3
AP % s (A4 6 N paratocarpin E.

&Y 7. AtRAR; HR-ESI-MS m/z: 273.107 9
[M+H]" GHHEAE 273.108 2), T3 CieHi604:
'H-NMR (600 MHz, CD;0OD) J: 7.86 (2H, d, J = 8.8
Hz, H-2, 6'), 6.92 (1H, d, J = 8.1 Hz, H-6), 6.82 (2H,
d, J=8.8 Hz, H-3', 5'), 6.38 (1H, d, J = 2.2 Hz, H-3),
6.29 (1H, dd, J = 2.2, 8.1 Hz, H-5), 3.84 (3H, s,
2-OCHs), 3.10 (2H, t, J = 7.2 Hz, H-B), 2.84 (2H, t,
J =172 Hz, H-a); “C-NMR (150 MHz, CD;0OD) ¢:
201.8 (C = 0), 163.9 (C-4"), 159.8 (C-2), 158.4 (C-4),
132.0 (C-2', 6", 131.4 (C-6), 130.1 (C-1), 121.4
(C-1"), 116.3 (C-3', 5"), 107.8 (C-5), 99.8 (C-3), 55.7
(2-OCH3), 40.1 (C-P), 27.0 (C-0)» PA_EH3 5 SCHRR
ERA -, M e AT N ENE C.

th&Y 8: AGKA, [a]y —20.0° (¢ 0.04,
MeOH), HR-ESI-MS m/z: 389.160 9 [M+H]" (it#
18 389.160 0), 73 T3 Cy1H407; 'H-NMR (600 MHz,
CD;0D) 8: 9.60 (1H, d, J = 7.8 Hz, H-9"), 7.60 (1H, d,
J=15.7Hz, H-7"), 7.29 (1H, d, J = 1.8 Hz, H-2'), 7.20
(1H, dd, J = 1.8, 8.4 Hz, H-6'), 7.06 (1H, d, J = 8.4
Hz, H-5), 6.98 (1H, d, J = 1.5 Hz, H-2), 6.83 (1H, dd,
J =15, 8.0 Hz, H-6), 6.78 (1H, d, J = 8.0 Hz, H-5),
6.60 (1H, dd, J = 7.8, 15.7 Hz, H-8'), 4.55 (1H, m,
H-8), 4.45 (1H, d, J = 8.8 Hz, H-7), 3.91 (% 3H, s, 3/,

3-OCH,), 3.65 (1H, dd, J = 4.2, 11.8 Hz, H-9a), 3.46
(1H, dd, J = 5.7, 11.8 Hz, H-9b), 3.26 (3H, s,
7-OCH3); "“C-NMR (150 MHz, CD;OD) &: 196.2
(C-9, 155.7 (C-7"), 153.5 (C-4"), 151.8 (C-3"), 149.3
(C-3), 147.8 (C-4), 130.8 (C-1), 129.2 (C-1"), 127.7
(C-8", 124.6 (C-6"), 121.7 (C-6), 117.0 (C-5"), 116.1
(C-5), 112.8 (C-2), 112.2 (C-2), 85.1 (C-8), 84.3
(C-7), 62.3 (C-9), 57.3 (7-OCHj3;), 56.8 (3'-OCHz),
56.5 (3-OCHs). MR4RECHkIRIER", C-7 A1 C-8 )%
KIIE G H BT, s = 8.8 Hz KW 7,8 K1 threo K7L,
DL MO S scikatoE A8, M e 8
N threo-1-(4-hydroxy-3-methoxyphenyl)-1-methoxy-2-
{4-[1-formyl-(E)-vinyl]-2-methoxyphenoxy}-3-prop-
anol.

& 9: AEBAK, [a]F +40.0° (¢ 0.04,
MeOH), HR-ESI-MS m/z: 339.122 5 [M+H]" GHEAE
339.123 2), 473 CyoH1505: 'H-NMR (600 MHz,
CD;OD) ¢: 9.57 (1H, d, J= 7.8 Hz, H-9), 7.61 (1H, d,
J=15.7 Hz, H-7), 7.27 (1H, brs, H-6), 7.22 (1H, brs,
H-2), 6.94 (1H, d, J = 1.8 Hz, H-6'), 6.82 (1H, dd, J =
1.8, 8.1 Hz, H-4"), 6.77 (1H, d, J = 8.1 Hz, H-3"), 6.67
(1H, dd, J = 7.8, 15.7 Hz, H-8), 5.60 (1H, d, J = 6.4
Hz, H-7"), 3.90 (3H, s, 3-OCHj), 3.81 (3H, s,
5'-OCH3;), 3.35 (2H, m, H-9'), 3.03 (1H, m, H-8’);
BC-NMR (150 MHz, CD;0D) 6: 196.2 (C-9), 156.2
(C-7), 153.1 (C-4), 149.4 (C-5"), 149.3 (C-2"), 146.1
(C-3), 134.0 (C-1"), 1314 (C-5), 129.7 (C-1), 127.2
(C-8), 120.1 (C-6), 119.9 (C-4"), 116.4 (C-3"), 1144
(C-2), 110.7 (C-6"), 90.2 (C-7"), 64.7 (C-9"), 56.9
(3-OCH3), 56.4 (5'-OCH3), 54.8 (C-8"). CD ¥ {E
290 nm 1E Cotton 2R, HRHE CHk#REDY, C-3.
C-4 [ 23 Hy LR 2 N 3R, AR - LA 3R 5 SOk
FA Y, B E S 9 A diospyrosin.
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