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A new iridoid from Eucommia ulmoides
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Abstract: Eleven compounds were isolated from Eucommia ulmoides by silica gel, Sephadex LH-20, HW-40C
column chromatography and semi-preparative HPLC. Their structures were identified by modern spectroscopic
methods as neoeucommiate A (1), (7S, 8R) -dihydrodehydrodiconiferyl alcohol (2), urolignoside (3), ficusal (4),
tiruneesiin (5), glochidioboside (6), forsythialansides B (7), ecdysanol B (8), (+)-syringaresinol-4-O-f-D-glucopy-
ranoside (9), (+)-pinoresinol 4-O-[6"-O-vanilloyl]-f-D-glucopyranoside (10), samsesquinoside (11). Compound 1
is a new compound, compounds 3-7, 10 and 11 were isolated from Eucommia ulmoides for the first time.
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Figure 1  Structures of compound 1-11
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Figure 2  Structure of compound 1 and its key 'H-'"H COSY,

HMBC, and NOESY correlations
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Figure 3 Calculated and experimental ECD spectra of compound 1
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Bruker AVANCE III 500 %4 #% # 3% 48 1 (TMS
k1) A1 Bruker maxis HD % & 47 i [a] J5 3% (428 ] A1 & 7,
75 F]); Thermo EVO300 2 45 4 43 5 6 5 1+ Fl Thermo
Nicolet IS 10 {8 B - 45 # 21 4b 5 1% {% (3% [E Thermo
Scientific 2 #]); Chirascan qCD & — & ) #if 4 (¥
Applied Photophysics A #]); Autopol 1V 4= H 3l Jig Y 4X
(5 E & KA A, F2iE 8 LC-52 B ) & i 4 VAR
A (B BRI R A IR A D), N-1111 8494 1%
IKAEFR 5 B FIN-1001 B g 5% 728 RAX (iR B AR
PR 2 7]); A €6 1 3 k] Sephadex LH-20 (GE Healthcare
2\ #)); COSMOSIL 5C18-MS-1I & i #£ (250 mm x
10 mm, 5 um; H 74X Nacalai Tesque /A #); MCI gel CHP-
20, Diaion HP-20 K AL B #4 IR (H A =350 %% 24 7)),
Toyopearl HW-40C (H 7% TOSOH /& #]); A4 & i i Jik
(100~200 F1200~300 H, & HifF etk 1)), HEE . 4
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R 2,18 (401 1—1:01) BEAT A6 P 0L, Jl it TLC A IR &
I A [F 9 5 43 2 9 AN 4H 4y, B Fr.1-1~Fr.1-9. Fr.1-9
(6.5 g) & MCIFE i 73 55, A FiE-7K (30:70—100:0)
HEAT R LW B, dl i TLC A iR & F A8 A 2 43 30 114
5y, Bl Fr.1-9-1~Fr.1-9-11. Fr.1-9-7 (1.1 g) ¥4l %
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FEBE, 13 21L& 90 4 (1, = 44.6 min, 3.2 mg). D4-3
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BEAT S VL, 4 TLC ARG FFH R 2 3 3 5 N4
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11 (¢, = 46.0 min, 3.2 mg). D4-7 (4.3 mg) % Sephadex
LH-20 Bt e €38 43 85, FH 7K (60:40) HEAT 25 1% 6
Jit, 22 TLC iR & IFAH R 40 159 31 4 AN 2H 55, B D4-7-
1~D4-7-4. D4-7-1 (620.3 mg) 2 & Wi M il (2

E-7K, 17.:83) S LU, 1 2ME 3 (4, = 21.0 min,
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wEWL BEEWMRY, 5E T HE, (o
+89.196 (¢ 0.084, CH,OH); UV (CH,OH) 4 __ (log ¢):
202 (3.65); IR v, : 1793, 1246, 1 158, 1 030 cm™, HR-
ESI-MS m/z: 283.117 6 [M+H]" (it 5.1 N 283.117 6.);
'H NMR (500 MHz, DMSO-d,) #1"°C NMR (125 MHz,
DMSO-d,) #di W& 1.

Table 1 'H NMR (500 MHz) and *C NMR (125 MHz) data of
compound 1 in DMSO-d,

No. J,(Jin Hz) 0. | No. 0, (Jin Hz) O
la 4.40,dd (12.5,4.0) 66.5| 9 3.18, m 44.5
Ib 435 m 10a  4.65, m 60.5
3 - 172.6 | 10b 4.61,d(13.5)

4 328 m 40.6 | 1la 4.30,dd (11.5,6.0) 61.1
5 312,m 339 11b 4.03,dd (11.5,7.5)
6a 242,m 343 12 - 170.2
6b  1.90, m 13 2.03,s 20.3

5.71,s 1299 | 14 - 170.1
- 137.1] 15 2.03,s 20.3
ka2 BHEXEERR, 5E T T, ESI-

MS m/z 383 [M+Na] ", 73 T X A C,H,,0,c 'H NMR
(500 MHz, CD,OD) d,: 6.95 (1H, d, J = 2.0 Hz, H-2),
6.83 (1H, dd, J = 8.0, 2.0 Hz, H-6), 6.76 (1H, d, J = 8.0
Hz, H-5), 6.73 (2H, s, H-2, 6), 5.49 (1H, d, J = 6.5 Hz,
H-7), 3. 85 (3H, s, 3’-OMe), 3.84 (1H, m, H-9a), 3.81
(3H, s, 3-OMe), 3.75 (1H, m, H-9b), 3.57 (2H, t, J= 6.5
Hz, H-9"), 3.47 (1H, t, J = 6.0 Hz, H-8), 2.62 (2H, m, H-
79, 1.81 (2H, m, H-8"); "C NMR (125 MHz, CD,OD)
d: 134.8 (C-1), 110.5 (C-2), 149.1 (C-3), 147.5 (C-4),
116.1 (C-5), 119.7 (C-6), 88.9 (C-7), 55.4 (C-8), 65.0 (C-
9), 136.33 (C-1'), 114.1 (C-2'), 145.2 (C-3'), 147.5 (C-
4", 129.9 (C-5", 117.9 (C-6'), 32.9 (C-7'), 35.8 (C-8"),
62.2 (C-9"), 56.7 (3-OMe), 56.4 (3'-OMe). DL E¥¥E 5
SCHRUOGS B, B e A B 2 D8 (7S, 8R)-dihydrodehyd-
rodiconiferyl alcohol,

WEM3 ABTERMAR, 5T BB, ESI-
MS m/z 545 [M+Na]", 7» T4 C,iH,,0,,. 'H NMR
(500 MHz, CD,0OD) 6,;: 7.14 (1H, d, J = 8.0 Hz, H-5),
7.03 (1H, d, J = 2.0 Hz, H-2), 6.93 (1H, dd, J = 8.0,
2.0 Hz, H-6), 6.74 (1H, s, H-6"), 6.72 (1H, s, H-2"), 5.56
(1H, d, J = 5.8 Hz, H-7), 4.89 (1H, d, J = 7.0 Hz, H-1""),
3.86 (3H, s, 3-OMe), 3.83 (3H, s, 3'-OMe), 3.75 (1H,
dd, J = 11.0, 7.5 Hz, H-9a), 3.68 (1H, dd, J = 11.0,
4.0 Hz, H-6"a), 3.57 (2H, t, J = 6.5 Hz, H-9"), 3.50 (1H,
m, H-9b), 3.45 (1H, m, H-8), 3.40 (1H, m, H-6"b), 3.33
(1H, m, H-5"), 3.28 (1H, m, H-4"), 3.25 (1H, m, H-3"),
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3.16 (1H, m, H-2"), 2.62 (2H, t, J = 8.0 Hz, H-7'), 1.81
(2H, m, H-8"); "C NMR (125 MHz, CD,0D) §.: 129.6
(C-1), 114.2 (C-2), 145.2 (C-3), 147.6 (C-4), 137.1 (C-
5), 117.9 (C-6), 32.9 (C-7), 35.8 (C-8), 62.2 (C-9), 138.3
(C-1"), 111.1 (C-2"), 147.5 (C-3"), 150.9 (C-4"), 118.0 (C-
5%, 119.4 (C-6'), 88.4 (C-7), 55.7 (C-8), 65.0 (C-9"),
102.7 (C-1"), 74.9 (C-2"), 78.2 (C-3"), 71.3 (C-4"), 77.8
(C-5"), 62.5 (C-6"), 56.7 (3-OMe), 56.7 (3-OMe). Ll I
Hds 5 SCERU S B, 1 E 4B W) 3 4 urolignoside

thEMa  sEMRY, 5% T W, ESI-MS m/z
331 [M+H]", 4 ¥ N C,H 0, 'H NMR (500 MHz,
CD,0D) d,: 9.76 (1H, s, H-7), 7.52 (1H, s, H-2"), 7.46
(1H, s, H-6"), 6.95 (1H, d, J = 2.0 Hz, H-2), 6.84 (1H,
dd, J = 8.0, 2.0 Hz, H-6), 6.79 (1H, d, J = 8.0 Hz, H-5),
5.66 (1H, d, J= 6.5 Hz, H-7), 3.93 (3H, s, 5'-OMe), 3.87
(2H, m, H-9), 3.82 (3H, s, 3-OMe), 3.61 (1H, m, H-8);
C NMR (125 MHz, CD,0D) 6.: 133.6 (C-1), 110.6 (C-
2), 149.2 (C-3), 147.9 (C-4), 116.3 (C-5), 119.8 (C-6),
90.6 (C-7), 54.3 (C-8) 64.4 (C-9), 132.7 (C-1"), 122.3 (C-
2"), 131.2 (C-3"), 155.6 (C-4"), 146.3 (C-5"), 113.8 (C-6"),
192.7 (C-7") , 56.4 (3-OMe), 56.7 (5'-OMe). DL %4
5CHr!xs L, 152 A0 4 4 ficusal.

ESs  wEMIRY, 5% T FEE, ESI-MS m/z
445 [M+H]", 4r ¥l C,,H,,0, 'H NMR (500 MHz,
CD,0D) d,;: 6.95 (1H, d, J = 2.0 Hz, H-2), 6.83 (1H, dd,
J=28.1,2.0 Hz, H-6), 6.78 (1H, d, J = 8.1 Hz, H-5), 6.75
(1H, s, H-2), 6.71 (1H, s, H-6), 5.44 (1H, d, J= 7.0 Hz,
H-7), 4.41 (1H, dd, J = 11.0, 5.5 Hz, H-9a), 4.32 (1H,
dd, J = 11.0, 7.5 Hz, H-9b), 4.06 (2H, t, J = 6.5 Hz,
H-9"), 3.86 (3H, s, 3'-OMe), 3.82 (3H, s, 3-OMe), 3.71
(1H, m, H-8), 2.65 (2H, t, J = 7.5 Hz, H-7"), 2.03 (3H, s,
10'-OMe), 1.99 (3H, s, 10’-OMe), 1.94 (2H, m, H-8);
C NMR (125 MHz, CD,0D) 6.: 133.9 (C-1), 110.6 (C-
2), 149.2 (C-3), 147.7 (C-4), 116.2 (C-5), 120.1 (C-6),
89.6 (C-7), 51.9 (C-8), 66.7 (C-9), 172.6 (C-10), 20.7 (C-
11), 136.4 (C-1'), 114.4 (C-2"), 145.4 (C-3"), 147.8 (C-
4'), 128.9 (C-5"), 117.7 (C-6'), 32.9 (C-7"), 31.7 (C-8"),
64.9 (C-9'), 173.0 (C-10"), 20.8 (C-11"), 56.4 (3-OMe),
56.7 (3'-OMe). DL _FHH 5 SCrk!" % L, i et &4 5
N tiruneesiin.

th&me TLELEMAK, 5% T HEE, ESI-
MS m/z 521 [M-H]", % T & N C,H,,0,- 'HNMR
(500 MHz, CD,0D) d,: 6.95 (1H, d, J = 2.0 Hz, H-2),
6.83 (1H, dd, J = 8.0, 2.0 Hz, H-6), 6.77 (1H, d, J =
8.0 Hz, H-5), 6.75 (2H, s, H-2", H-6"), 5.49 (1H, d, J =

6.5 Hz, H-7), 4.26 (1H, m, H-1"), 3.90 (1H, m, H-9'a)
3.87 (1H, m, H-6"a), 3.85 (3H, s, 3'-OMe), 3.83 (1H, m,
H-9a), 3.81 (3H, s, 3-OMe), 3.76 (1H, m, H-9b), 3.66
(1H, m, H-6"b), 3.54 (1H, m, H-9'b), 3.47 (1H, m, H-8),
3.36 (1H, m, H-3"), 3.29 (1H, m, H-4"), 3.26 (1H, m, H-
5™, 3.20 (1H, m, H-2"), 2.68 (2H, t, J = 7.5 Hz, H-7'),
1.90 (2H, m, H-8"); "C NMR (125 MHz, CD,0D) 4§
134.8 (C-1), 110.5 (C-2), 149.1 (C-3), 147.5 (C-4), 116.1
(C-5), 119.7 (C-6), 89.0 (C-7), 55.5 (C-8), 65.0 (C-9),
136.8 (C-17), 114.2 (C-2'), 145.2 (C-3"), 147.5 (C-4"),
129.8 (C-5"), 118.1 (C-6"), 32.9 (C-7"), 32.9 (C-8"), 70.0
(C-9"), 104.5 (C-1"), 75.2 (C-2"), 78.1 (C-3"), 71.7 (C-
4", 77.9 (C-5"), 62.8 (C-6") , 56.4 (3-OMe), 56.8
(3'-OMe). LA F#¥s 5 SClRUMxt b, #e b &4 6 4
glochidioboside.

EWMT WETLERH K, 5% T H I, ESI-
MS m/z 559 [M+Na]", 4> T3}y C,,H,,0,,. 'H NMR
(500 MHz, CD,0OD) d,: 7.69 (1H, d, J = 8.5, 2.0 Hz,
H-6), 7.66 (1H, dd, J = 2.0 Hz, H-2), 7.26 (1H, d, J =
8.5 Hz, H-5), 7.05 (1H, d, J = 1.8 Hz, H-2'), 6.84 (1H, d,
J =38.0, 1.8 Hz, H-6"), 6.76 (1H, d, J = 8.0 Hz, H-5'),
5.06 (1H, d, J= 7.5 Hz, H-1"), 4.64 (1H, d, J = 8.5 Hz,
H-7'), 427 (1H, m, H-8), 4.19 (1H, m, H-9a), 4.17 (1H,
m, H-9b), 3.93 (3H, s, 3-OMe), 3.91 (1H, m, H-6"a),
3.88 (3H, s, 3'-OMe), 3.67 (1H, m, H-6"Db), 3.64 (2H, m,
H-9a), 3.55 (1H, m, H-2"), 3.51 (1H, m, H-5"), 3.48
(1H, m, H-3"), 3.42 (1H, m, H-4"), 2.69 (1H, m, H-8");
3C NMR (125 MHz, CD,0D) . 132.4 (C-1), 113.0 (C-
2), 150.8 (C-3), 152.5 (C-4), 116.3 (C-5), 124.3 (C-6),
200.4 (C-7), 50.5 (C-8), 71.6 (C-9), 133.5 (C-1'), 111.4
(C-2"), 149.1 (C-3"), 147.5 (C-4"), 115.8 (C-5"), 121.0 (C-
6"), 85.3 (C-7'), 54.6 (C-8'), 61.4 (C-9'), 101.8 (C-1"),
74.7 (C-2"), 78.4 (C-3"), 71.2 (C-4"), 77.8 (C-5"), 62.4
(C-6"), 56.7 (3-OMe), 56.4 (3'-OMe). DL _E¥#i5 ¢
BRSO L, 2 A &9 7 A forsythialansides B

a8 HETLERM K, 5 T HEE, ESI-
MS m/z 373 [M+Na] ", 73 T X4 C,H,,0,. 'H NMR
(500 MHz, CD,0OD) J,: 7.62 (1H, overlapped, H-6),
7.61 (1H, overlapped, H-2), 7.06 (1H, d, J = 2.0 Hz, H-
2", 6.88 (1H, d, J = 8.5 Hz, H-5), 6.85 (1H, d, J = 8.0,
2.0 Hz, H-6"), 6.76 (1H, d, J = 8.0 Hz, H-5"), 4.64 (1H,
d, J=9.0 Hz, H-7"), 4.26 (1H, m, H-8), 4.19 (1H, t, J =
8.5 Hz, H-9a), 4.15 (1H, dd, J = 8.5, 5.5 Hz, H-9b), 3.92
(3H, s, 3-OMe), 3.88 (3H, s, 3’-OMe), 3.65 (1H, m, H-
97), 3.60 (1H, m, H-9'b), 2.69 (1H, m, H-8"); *C NMR
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(125 MHz, CD,0D) 6..: 129.8 (C-1), 112.4 (C-2), 154.1
(C-3), 149.3 (C-4), 116.0 (C-5), 125.1 (C-6), 200.3 (C-
7), 50.2 (C-8), 61.2 (C-9), 133.5 (C-1"), 111.4 (C-2",
149.1 (C-3"), 147.5 (C-4"), 115.8 (C-5"), 121.0 (C-6"),
85.3 (C-7"), 54.6 (C-8') 71.8 (C-9"), 56.4 (3-OMe), 56.3
(3’-OMe). LA E¥dl 5 SCERM % L, # e 59 8 4
ecdysanol B,

Emo Ltk ERRAK, BT HE, [«
+9.485 (¢ 0.2, CH,OH); ESI-MS m/z 579 [M-H], 73 ¥\
N C,H,0,;- 'H NMR (500 MHz, DMSO-d,) J,: 8.27
(1H, s, 4’-OH), 6.65 (2H, s, H-2, 6), 6.59 (2H, s, H-2/,
6"), 4.88 (1H, m, H-1"), 4.66 (1H, d, J = 4.5 Hz, H-7"),
4.93~4.15 (4H, m, 2", 3", 4", 6""-OH), 4.61 (1H, dd, J =
4.5 Hz, H-7), 426 (1H, m, H-9a), 4.17 (1H, m, H-9b),
4.167 (1H, m, H-9'a), 3.81 (1H, m, H-9'b), 3.76 (6H, s,
3’, 5'-OMe), 3.75 (6H, s, 3, 5-OMe), 3.81-3.19 (6H, m,
H-2", 3", 4", 6"); "C NMR (125 MHz, DMSO-d,) J:
133.7 (C-1), 104.2 (C-2), 152.7 (C-3, 5), 134.9 (C-4),
104.2 (C-6), 85.2 (C-7), 53.8 (C-8), 71.2 (C-9), 131.4 (C-
1), 103.7 (C-2', 6"), 147.9 (C-3', 5"), 137.3 (C-4"), 85.4
(C-7"), 53.7 (C-8'), 71.3 (C-9"), 102.7 (C-1"), 74.2 (C-
2", 76.6 (C-3"), 70.0 (C-4"), 77.3 (C-5"), 60.9 (C-6"),
56.5 (3, 5-OMe), 56.1 (3, 5'-OMe). LA %¥E 5 !
Xt b, e AL S 9 N (+)-syringaresinol-4-O-f-D-glu-
copyranoside.

a0 KO ERR K, 5% T HEE, (o)
+15.359 (¢ 0.4, CH,OH); ESI-MS m/z 693 [M+Na]", 7
¥ XN C,H,0,,. 'H NMR (500 MHz, CD,0OD) §,;:
7.82 (1H, dd, J = 8.0, 1.9 Hz, H-6'), 7.58 (1H, dd, J =
8.5, 1.9 Hz, H-6""), 7.54 (1H, d, J= 1.9 Hz, H-2""), 6.98
(1H, d, J = 1.9 Hz, H-2"), 6.97 (1H, overlapped, H-5),
6.95 (1H, overlapped, H-2), 6.87 (1H, d, J = 8.5 Hz, H-
5", 6.78 (1H, d, J = 8.0 Hz, H-5'), 6.44 (1H, dd, J =
8.5, 2.0 Hz, H-6), 4.87 (1H, overlapped, H-1"), 4.67
(2H, m, H-7, 7"), 4.63 (1H, m, H-6"a), 4.46 (1H, m, H-
6'b), 4.24 (2H, dd, J = 9.0, 7.2 Hz, H-9a, 9'a), 3.87 (3H,
s, 3'-OMe), 3.83 (6H, s, 3', 3""-OMe), 3.82 (1H, m, H-
9'b), 3.80 (1H, m, H-9b), 3.76 (1H, m, H-5"), 3.54 (1H,
m, H-2"), 3.49 (1H, m, H-3"), 3.41 (1H, t, J= 9.5 Hz, H-
4", 3.08 (1H, m, H-8'), 2.98 (1H, m, H-8); "C NMR
(125 MHz, CD,0D) 6.: 137.4 (C-1), 111.6 (C-2), 150.7
(C-3), 147.1 (C-4), 117.7 (C-5), 119.3 (C-6), 87.0 (C-7),
55.4 (C-8), 72.8 (C-9), 133.7 (C-1"), 111.0 (C-2"), 149.1
(C-3"), 147.3 (C-4"), 116.1 (C-5"), 120.2 (C-6"), 87.6 (C-
7, 55.3 (C-8'), 72.5 (C-9"), 102.4 (C-1"), 74.8 (C-2"),

77.8 (C-3"), 72.2 (C-4"), 75.6 (C-5"), 65.0 (C-6""), 122.5
(C-1"), 113.9 (C-2"""), 148.8 (C-3""), 153.0 (C-4""), 116.0
(C-5"), 125.3 (C-6""), 167.7 (C-7""), 56.7 (3-OMe), 56.4
(3'-OMe), 56.5 (3""-OMe). LA %4 5 SR % L,
E A A W) 10 N (+)-pinoresinol-4-0-[6" -O-vanilloyl] -
[S-D-glucopyranoside

ke moLERR AR, 5% T HEE, ESI-
MS m/z 769 [M+Na]", 7r T X v C;;H,.0,,. 'H NMR
(500 MHz, CD,0OD) 4,;: 7.09 (1H, d, J = 8.5 Hz, H-5"),
7.04 (1H, d, J = 2.0 Hz, H-2"), 6.95 (1H, d, J = 2.0 Hz,
H-2), 6.89 (1H, dd, J = 8.5, 2.0 Hz, H-6"), 6.81 (1H, dd,
J=18.0,2.0 Hz, H-6), 6.78 (1H, d, J = 8.0 Hz, H-5), 6.66
(2H, s, H-2', 6), 491 (1H, d, J = 6.0 Hz, H-7"), 4.88
(1H, overlapped, H-1""), 4.74 (1H, d, J = 4.0 Hz, H-7’),
4.71 (1H, m, H-7), 4.29 (1H, m, H-8"), 4.27 (2H, m, H-
9), 3.89 (1H, m, H-9"a), 3.87 (2H, m, H-9), 3.86 (3H, s,
3""-OMe), 3.83 (3H, s, 3-OMe), 3.81 (6H, s, 3, 5'-OMe),
3.84 (1H, m, H-6""a), 3.68 (1H, m, H-6""b), 3.60 (1H, m,
H-9"b), 3.47 (1H, m, H-2""), 3.45 (1H, m, H-5"), 3.41
(1H, m, H-4""), 3.38 (1H, m, H-3""), 3.14 (2H, m, H-8,
H-8); "C NMR (125 MHz, CD,0OD) J.: 133.7 (C-1),
110.1 (C-2), 149.1 (C-3), 147.3 (C-4), 116.1 (C-5), 120.0
(C-6), 87.4 (C-7), 55.3 (C-8), 72.9 (C-9), 138.9 (C-1"),
104.2 (C-2', 6'), 154.4 (C-3', 5'), 136.0 (C-4'), 87.3 (C-
7", 55.7 (C-8'), 72.7 (C-9"), 137.3 (C-1"), 112.3 (C-2"),
150.3 (C-3"), 147.2 (C-4"), 117.2 (C-5"), 120.9 (C-6"),
73.8 (C-7"), 86.9 (C-8"), 62.5 (C-9"), 102.7 (C-1""),
74.9 (C-2"), 78.2 (C-3"), 71.4 (C-4""), 77.8 (C-5""),
61.7 (C-6'"), 56.7 (3, 3'-OMe), 56.6 (5" -OMe), 56.4
(3"-OMe). LA L ¥#E 5 sCk!"xf b, f e b & 11k
samsesquinoside.

B & Sk A Rr B A SO — AR, ST A I 2 5
SR FERT A T SRR BH Tk S PR R R X
By BRI 1 S e SR AL T — 8 A5 D A 5 A L sz v il
B 1] J 45 T 48 T2 0 F S ST AR SRR AT (A2 o5 40 15 B 042 i)
PR TTRE T RS S T
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