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Phytochemical Studies on Rehmanniae Radix
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Abstract — Twenty-four compounds were isolated from the 70% ethanolic extract of Rehmanniae Radix (Scrophulariaceae)
cultivated in Ubo-myeon, Gunwi-gun, Gyeongbuk province, Korea and their structures were identified as four iridoids [6-O-
(4"-O-o-L-rthamnopyranosyl) vanilloyl ajugol (17), ajugol (18), aucubin (19), and catalpol (20)], three phenethyl alcohol gly-
cosides [decaffeoyl acteoside (15), isoacteoside (16), and acteoside (21)], five sugar derivatives [ethyl B-D-fructofuranoside (7),
eleutheroside C (14), mannitol (22), raffinose (23), and stachyose (24)], two terpenoids [remophilanetriol (4) and glutinolic acid
(11)], a lignan, paulownin (2), and eight others [B-sitosterol (1), daucosterol (6), monopalmitin (3), pinellic acid (9), uracil (5),
adenosine (12), jio-cerebroside (10), aeginetic acid 5-O-B-D-quinovoside (8), aeginetoyl ajugol 5"-O-B-D-quinovoside (13)].
The chemical structures of these compounds were identified on the basis of spectroscopic methods and comparison with lit-
erature values. Among these compounds, paulownin (2), monopalmitin (3), uracil (5), daucosterol (6), ethyl B-D-fructo-
furanoside (7), and eleutheroside C (14) were isolated from this plant for the first time.
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7171 ¥ Mg — M3 = Jasco P-1020 polarimeterS At
3lo] 248t} UVE Hitachi U-30103 AMg-al1omH,
IR-Z Jasco FT/IR-5300< AH&-ste] 54 8F ok NMR-2
Varian Gemini 2000 (300 MHz), Bruker/Avance-400 (400
MHz) X+ Bruker/Avance-500 (500 MHz) spectrometers
AHg-8te] Z43191 21, EI-MS+ Hewlett-Packard 5989B
GC/MS, FAB-MS+ Jeol JMS-700 high resolution mass
spectrometerS  AF&-3FATF Column  chromatography-&-
silica gek> Merck2] Kieselgel 60 (no. 7734 T 7729)2,
AFZutE T2 ]= Merck®] LiChroprep RP-185 ARE-
SFATE Gel &J7-= Sephadex LH-20 (Pharmacia)yS A3}
A TE TLC plate= Merck®] Kieselgel 60 F,;, =+ RP-
18,55 precoated plates ARE-SISITE.

& 4 28 - A3 16 kgS HETE Wol 7|2 £
A F 70% EtOHE “g=2ollx] 597 Wilste] A%t &5
e #8E 83] AAE 70% EtOH A=5 Ath o5
H,02 dEAA 2] EtOAcE 71ste] XI& Wx]ste] &
o]% EtOAc #3255 ¥ hexane/MeOH/H,0& 10 : 9 :
19] H|Z 7}3 & A& WX 5}o] hexane 8 (99.8 )7t
90% MeOH 38 (106.5 g)2 AUt 50l A 5359
BuOHE 7Fete] 218 ®=]ste] BuOH 9 (7782 g)s &
=3

Hexane ¥ (99.8 g)2 hexane/EtOAc (gradient)®] £-%
L1l 2 silica gel (Merck no. 7734) column chromatography
2 AA ST 288 H-3146S CH,CL/MeOH E3H-8-vj
2 A3t B-sitosterol (1, 1.2 g)yS AAUTH.

90% MeOH &9 (106.5 g)= CH,ClL,/MeOH gradient]
S Z 8= silica gel (Merck no. 7734) column chrom-
atographyZS AAJSITH AF3 90M-1415 (4 g)E hexane/
EtOAc gradient & %812 silica gel (Merck no. 7729)
column chromatographys &A1l L2 A58 9OM-1415-
106 hexane/EtOAc S8l = A 2731 paulownin (2,
750 mgyS ATh A% 90M-2863 (4 gy hexane/EtOAc
3:1) EFEZ silica gel (Merck no. 7729) column
chromatographyS A8t A2 278 90M-2863-16412
MeOH/H,O (5: 1) E3-&7= RP-18 column chromatography
£ A A]3}] monopalmitin (3, 170 mg)S AU} &EF
90M-127155 (3 2y CHCL/MeOH/H,0 (7:08:05)2 4%
41| 2 silica gel (Merck no. 7729) column chromatography
& AAste 42 AFEF 90M-127155-6 (180 mg)S
MeOH/H,0 (1: 1) &85 =2 RP-18 column chromatography
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£ 2 A|3)| remophilanetriol (4, 25 mg)S ATt &EF
90M-127155-10118 CH,CL2} MeOH= AZZA 3t uracil
(5, 2 mgy& AATE A2 90M-1602 CH,CL,/MeOH &
g2 A A4St daucosterol (6, 160 mgye AATE &
13 90M-230236 (2 g) E¥E3} EtOACE &4 =
silica gel (7729) column chromatographyE A A|sle] A&
28 90M-230236-15255 MeOHS §E 82 3l
Sephadex LH-20 column chromatographyS 3] 4 A] 3
ethyl B-D-fructofuranoside (7, 50 mg)ES AUt &£E3F
90M-248273 (5.6 g)2 Z¥3} EtOAcE &E 8 silica
gel (Merck no. 7729) column chromatographyS 2l A] &}
Ao AHF 90M-248273-46 (500 mg)S CHCL/MeOH
(10:1) EFEZ silica gel (7729) column chromatography
£ 2A] 3] aeginetic acid 5-O-B-D-quinovoside (8, 110 mg)
S AUk AEEF 90M-248273-46-17 (100 mg)S hexane/
EtOAc (1 : 5)5 & &8 2 silica gel (Merck no. 7729)
column chromatographyE A A3t pinellic acid (9, 10
mg)S AATH 2EF 90M-248273-19 (1.2 gy CH,CL/
MeOH (10 : )& &&& 1|2 silica gel (Merck no. 9385)
column chromatography S A AJ8te] L2 AEF 90M-
248273-19-1114 (600 mg)S MeOHS £&&v| = 3o
Sephadex LH-20 column chromatographyS 3] 4 A] 3
jio-cerebroside (10, 145 mg)S AT A8 90M-274289
(6.6 292 CHCL/MeOH/H,0 (7 : 12 : 0.5)8 £& 802
silica gel (Merck no. 7729) column chromatographyE 4
Asle] Ao AE3F 90M-274289-1121 (2 g)S hexane/
EtOAc (1 : 10)E &8 = silica gel (Merck no. 7729)
column chromatography S A AJ8te] L2 AFEE 90M-
274289-1121-142 (300 mgye MeOH/H,O (1 : 1) E&-&v]
2 RP-18 column chromatography S A A| &l A& AH-3]
90M-274289-1121-142-35 (50 mg)S MeOHS -&Z &
3lo] Sephadex LH-20 column chromatographyS <=3] 2
A8l glutinolic acid (11, 2 mg)S AATH 2EF 90M-
274289-1121-4348% CH,CL,9} MeOHZE 27 3l
adenosine (12, 10 mg)2 AUTE. 275 90M-290299 (2 g)
S E¥3} EtOAc/MeOH (95 : 5)2 =8 E silica gel
(Merck no. 7729) column chromatographyS AA]5le] AL
28] 90M-290299-45 (800 mg)e MeOH/H,0 (1 : 1) &
&&= RP-18 A A5
aeginetoyl ajugol 5"-O-B-D-quinovoside (13, 190 mg)2 &
Atk

BuOH &9 (778.2 g)°ll tdl>] CH,Cl,/MeOH (gradient)
o] &=EE silica gel (Merck no. 7734) column
chromatographyE A8t Aojxl AR E 7Fed &%
g B-1617 (1660 mg)el thste] =33} EtOAc/MeOH
(gradient)?] 82802 silica gel (Merck no. 9385) column

column chromatography &
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chromatographys AAI5t] Hojzl 488 B-1617-8390=
B CH,CL/MeOH E3&wi= AL RHEsto
eleutheroside C (145 AU}, the- 288 B-2728 (203 g)
of tjsted CH,ClL/MeOH/H,0 (7 :1:05 —>7:15:05
—>7:2:05—>7:3:1)2 &&8v|Z silica gel (Merck
no. 9385) column chromatographyS 2A5l0] Aojzl AR
g B-2728-5 (14 g)°ll o3t MeOH/H,0 (2 : 98 — 5 :
5, gradient)®] 8&8v|= RP-18 column chromatographyS
2B decaffeoyl acteoside (15, 7 mg)s ATk B3k A&
13 B-2728-5-2232 (81 mg)°l th3le] &% 81 MeOH
100%= Sephadex LH-20 column chromatographyS 4 A 5}
o] isoacteoside (16, 20 mg), 6-O-(4"-O-o-L-thamnopyranosyl)
vanilloyl ajugol (17, 34 mg)S AATH HE-E B-2728-68
(5.6 gl 3] MeOH/H,0 (2 : 98 — 5 : 5)°] &=-8)
= RP-18 column chromatographyE 4 ]38} ajugol (18,
14 gy ATk 25 B2728-99] thale] MeOH/H,0 (2
: 98 — 5 : 5)°] 8=8vl= RP-18 column chromatography
£ 2A31e] aucubin (19, 30 mg)S AU} 2E3F B-2728-
1022 (9.56 g)oll thakd MeOH/H,O (2 : 98)°] &&8m=
RP-18 column chromatographyS 4 A]3}e] catalpol (20,
44 gyS AT} TR 2H-3F B-29 (64 g 2HE E¥x3}
EtOAc/MeOH (gradient)e] £-Z-8 "] =2 silica gel (Merck
no. 7734) column chromatographyS AA|5te] Hojzxl AR
3] B-29-36 (3.8 gPll thaled MeOH/H,0 2 : 98 — 5 : 5,
gradient)?] 8=8712 RP-18 column chromatographyS 4
Al 3 & Ao AR3E B-29-36-1 (2.6 gl tHEke] MeOH/
H,0 (4:6)%] §Z-8v|= RP-18 column chromatography &
2N & 288 B-29-36-1-1 (2.2 gpll ti3led MeOH/H,0
(1:2)%] &892 RP-18 column chromatographyS 2!
Alsle] BFHE acteoside (21, 1.4 gy E2l3iith TR &
35 B-30 (95 ) 24E CH,ClL/MeOH &34 =2 A2
& W51 mannitol (22, 270 mg)S VAo, YA
23] thajod CH,CL/MeOH/H,0 (7 : 3 : 1 - 520 : 280
: 80)2] &Z8 1| =Z silica gel (Merck no. 9385) column
chromatography S %13] 3143, raffinose (23), stachyose (24)
< 77t ekt

Paulownin (2) — ®41 &Rt (o] = 4388 (¢ =
1.0, CHCL); UV, 2. (log &) (MeOH) 234 (4.22), 285
(4.10) nm; IR (KBr) v, 3419 (OH), 1610, 1503, 1490
(aromt. CH=CH), 1444, 1243, 1038, 932, 810, 785, 755
em’”; 'H-NMR (400 MHz, CDCLy) &: 3.02 (1H, dt, J =
5.7, 7.6 Hz, H-8), 3.81 (1H, dd, J = 6.1, 92 Hz, H-9p),
3.88 (1H, d, J = 9.4 Hz, H-9B), 402 (1H, d, J = 9.4 Hz,
H-9'a), 448 (1H, tlike, J = 8.6 Hz, H-90), 479 (1H, s,
H-7), 4.82 (1H, d, J = 5.0 Hz, H-7), 5.94 (2H, s, OCH,0),
596 (2H, s, OCH,0), 6.77, 6.82 (1H each, d, J = 8.0 Hz,
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H-5, 5", 6.81 ~ 6.86 (2H, m, H-6, 6'), 6.89, 6.92 (1H
each, d, J = 13 Hz, H-2, 2'); "C-NMR (100 MHz,
CDCLy) 8: 60.3 (C-8), 71.5 (C-9), 74.7 (C-9", 85.7 (C-7),
87.4 (C-7), 91.6 (C-8), 101.1, 101.2 (OCH,0), 106.8 (C-
2), 1074 (C-2), 108.1 (C-5), 108.5 (C-5'), 119.7 (C-6),
120.1 (C-6), 129.1 (C-1'), 1345 (C-1), 1472, 1478,
147.9, 148.0 (C-3, 4, 3', 4); EIMS m/z (rel. int., %): 370
[M]" (8.5), 352 [M — H,0]" (trace), 219 (7.0), 205 (17.1), 163
(8.5), 150 [CH,0,C,H,CHO'] (46.5), 149 [CH,0,CH,C=0"]
(100), 135 [CH,0,CH,CH,’T (21.7), 131 (20.1), 121
(22.5), 103 (32.2), 65 (21.7).

Monopalmitin (3) — 4 FAFPED [o] = +0.65 (c
= 2.0, MeOH); 'H-NMR (400 MHz, CDCI,) &: 0.86 (3H,
t, J = 7.0 Hz, H-16'), 1.24 (long-chain CH,), 1.61 (2H,
m, H-3", 233 (IH, t, J = 7.5 Hz, H-2), 3.57 (1H, dd, J
=59, 11.5 Hz, H-3a), 3.68 (1H, dd, J = 3.8, 11.5 Hz, H-
3b), 3.91 (1H, m, H-2), 412 (1H, dd, J = 6.0, 11.6 Hz,
H-la), 4.16 (1H, dd, J = 5.0, 11.6 Hz, H-1b); "C-NMR
(100 MHz, CDCly) &: 14.0 (C-16'), 22.6 (C-15"), 24.9 (C-
3, 29.1 ~ 29.7 (CH,), 31.9 (C-14"), 34.1 (C-2'), 63.3 (C-
3), 65.1 (C-1), 70.2 (C-2), 174.4 (C-1';; FABMS m/z: 353
[M + Na]’, 331 [M + H]', 239 [CH,(CH,),,C=0"]; GC/
MS t, 2422 (58.3%): palmitic acid methyl ester (C16) m/z
270 [M]'; tg 26.07 (47.5%): oleic acid methyl ester (C18)
m/z 296 [M]'.

Remophilanetriol (4) — W4 A&t (o], "= +14.7°
(¢ = 0.2, MeOH); UV, A, (log &) (MeOH) 236 (3.79)
nm; IR (KBr) v, 3388 (OH), 1654 (a.B-unsat. C=0),
1462, 1376, 1233, 1129, 1053, 892 cm™; 'H-NMR (400
MHz, CD,0D) &: 0.74 (3H, br s, 14-CH;), 0.89 (3H, d, J
= 6.8 Hz, 15-CH,), 1.25 (2H, m, H-1a, 3a), 1.34 (1H, dt,
J =35, 13.0 Hz, H-2a), 1.44 (1H, br d, J = 12.9 Hz, H-
3b), 1.56 (1H, m, H-4), 1.79 (1H, dt, J = 3.3, 13.0 Hz,
H-2b), 191 (1H, br dd, J = 2.8, 140 Hz, H-1b), 2.24
(1H, dd, J = 2.6, 18.1 Hz, H-6a), 2.26 (1H, dd, J = 3.4,
119 Hz, H-10), 2.67 (1H, d, J = 18.1 Hz, H-6b), 3.61
(1H, d, J = 11.3 Hz, H-13a), 3.64 (2H, br s, H-12), 3.68
(1H, d, J = 11.3 Hz, H-13b), 6.15 (1H, br d, J = 2.8 Hz,
H-8); "C-NMR (100 MHz, CD,0D) &: 21.8 (C-1), 26.3
(C-2), 313 (C-3), 442 (C-4), 41.6 (C-5), 41.7 (C-6),
165.0 (C-7), 125.6 (C-8), 204.1 (C-9), 56.0 (C-10), 78.9
(C-11), 66.2 (C-12), 65.8 (C-13), 15.5 (C-15), 11.6 (C-14);
FABMS m/z: 291 [M + Na]', 269 [M + HJ".

Ethyl p-D-fructofuranoside (7)— 24 88 2 (o], =
—29.1° (¢ = 1.0, MeOH); 'H-NMR (500 MHz, D,0) &:
1.10 (3H, t, J = 7.0 Hz, CH,CH,), 3.52, 3.67 (IH each,
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m, CH,CH,), 3.59 (1H, dd, J = 1.3, 12.2 Hz, H-6a), 3.60,
3.67 (1H each, overlap, H-1), 3.75 (1H, dd, J = 2.9, 12.2
Hz, H-6b), 3.80 (1H, ddd, J = 29, 7.3, 7.3 Hz, H-5),
403 (1H, t, J = 8.1 Hz, H-4), 410 (1H, d, J = 82 Hz,
H-3); "C-NMR (125.5 MHz, D,0) & 612 (C-1), 104.8
(C-2), 77.5 (C-3), 76.1 (C-4), 82.1 (C-5), 63.8 (C-6), 583
(CH,CH,), 15.6 (CH,CH,); FABMS m/z: 231 [M + Na]'.
Pinellic acid [9(S),12(S),13(S}Hrihydroxy-10(E)-octadecenoic
acid] (9)- 94 ZAFRIL [o],® = -13° (¢ = 0.15,
MeOH); IR v, (KBr) 3544, 3356 (OH), 2932, 2849
(CH), 1696 (acid), 1462 (CH,), 1314 (CH,), 1073 (C-0),
974 (rans CH=CH), 727 cm’; 'H-NMR (300 MHz,
CD,0D) &: 0.90 (3H, t, J = 6.9 Hz, 18-CH,), 1.33 (CH,),
226 (2H, t, J = 7.2 Hz, H-2), 3.40 (1H, m, H-13), 3.90
(1H, t, J = 5.7 Hz, H-12), 404 (1H, dd, J = 6.0, 11.7
Hz, H-9), 5.65 (1H, dd, J = 5.0, 15.6 Hz, H-11), 5.72
(1H, dd, J = 5.0, 15.6 Hz, H-10); "C-NMR (75.5 MHz,
CD,0D) &: 14.4 (C-18), 23.7 (C-17), 26.2 (C-3), 26.4 (C-
7), 26.6 (C-15), 302, 30.4, 30.5 (C-4, 5, 6), 33.1 (C-16),
33.6 (C-14), 352 (C-2), 383 (C-8), 73.0 (C-9), 75.8 (C-
13), 76.5 (C-12), 131.1 (C-10), 136.6 (C-11), 178.0 (C-1);
FABMS m/z: 369 [M + K], 353 [M + NaJ.
Jio-cerebroside (10) — WA FTAHFED (o], = +5.7°
(¢ = 0.16, MeOH); 'H-NMR (400 MHz, pyridine-ds) &:
0.86 (6H, t, J = 6.6 Hz, 18, 16-CH,), 1.26 ~ 136 (36H,
m, H-11 ~ 17, 5' ~ 15", 1.75 (2H, m, H-4), 2.01 (2H, m,
H-7), 2.17 (4H, m, H-6, 10), 3.88 (1H, m, Glc H-5), 4.01
(14, t, J = 7.8 Hz, Glc H-2), 419 (2H, m, Glc H-3, 4),
423 (1H, dd, J = 3.5, 102 Hz, H-1a), 433 (1H, dd, J =
5.3, 11.8 Hz, Glc H-6a), 449 (1H, dd, J = 1.8, 11.8 Hz,
Glec H-6b), 456 (1H, dd, J = 3.4, 7.6 Hz, H-2), 4.69
(1H, dd, J = 5.6, 102 Hz, H-1b), 475 (IH, t, J = 5.0
Hz, H-3), 478 (1H, m, H-2), 490 (1H, d, J = 7.7 Hz,
Gle H-1), 548 (2H, m, H-8, 9), 591 (IH, dt, J = 5.4,
15.4 Hz, H-4), 598 (1H, dt, J = 5.0, 15.4 Hz, H-5), 833
(IH, d, J = 86 Hz, NHCO); “C-NMR (100 MHz,
pyridine-d,) (for C-8/9 trans) &: 70.1 (C-1), 54.6 (C-2),
72.3 (C-3), 132.03 (C-4), 132.12 (C-5), 32.87 (C-6), 32.93
(C-7), 129.9 (C-8), 131.1 (C-9), 32.73 (C-10), 29.5 ~ 30.0
(C-11 ~ 15, 5' ~ 13", 32.1 (C-16, 14), 22.9 (C-17, 15'),
143 (C-18, 16)), 175.7 (C=0), 72.5 (C-2), 35.6 (C-3),
259 (C-4), 105.6 (C-1"), 75.1 (C-2"), 784 (C-3"), 71.5
(C-4"), 785 (C-5"), 62.6 (C-6"); (for C-8/9 cis) &: 70.1
(C-1), 54.6 (C-2), 72.3 (C-3), 131.98 (C-4), 132.08 (C-5),
32.87 (C-6), 27.6 (C-7), 129.4 (C-8), 130.6 (C-9), 273
(C-10), 29.5 ~ 30.0 (C-11 ~ 15, 5' ~ 13"), 32.1 (C-16, 14)),
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229 (C-17, 15", 143 (C-18, 16), 175.7 (C=0), 72.5 (C-
2, 35.6 (C-3"), 25.9 (C-4"), 105.6 (C-1"), 75.1 (C-2"), 78.4
(C-3"), 71.5 (C-4"), 78.5 (C-5"), 62.6 (C-6"); FABMS m/z:
736 [M + Na]’, 482 [glucosyl long chain base + Na]’,
320 [long chain base + Na]'.

Eleutheroside C [ethyl o-D-galactopyranoside] (14)
— A FAYR [of = +167.6° (c = 1.0, MeOH); 'H-
NMR (500 MHz, pyridine-d) &: 521 (1H, d, J = 3.8 Hz,
H-1), 3.48, 3.85 (1H each, m, CH,CH,), 4.24 ~ 453 (6H,
m, H-2 ~ H-6), 1.09 (3H, t, J = 7.1 Hz, CH,CH,); “C-
NMR (125 MHz, pyridine-d;) &: 15.0 (CH,), 62.1 (C-6),
63.1 (CH,CH,), 70.0 (C-2), 712 (C-4), 72.1 (C-3), 744
(C-5), 99.9 (C-1); FABMS m/z: 231 [M + Na]’, 209 [M
+H]".

Acetylation of eleutheroside C — 7ol #4424 A
AL 27 5F shste] Aeold opyNF F A
712 37 A%s1990k 'H-NMR (500 MHz, CD,0D)
&: 120 (3H, t, J = 7.1 Hz, CH,CH,), 1.99, 2.06, 2.08,
2.18 (3H each, s, 4 x OAc), 3.61, 3.77 (1H each, m,
CH,CH,), 4.16 (1H, dd, J = 7.1, 11.7 Hz, H-6a), 421
(1H, dd, J = 5.2, 11.7 Hz, H-6b), 443 (1H, t, J = 6.2
Hz, H-5), 520 (1H, br s, H-4), 522 (1H, dd, J = 3.8,
10.3 Hz, H-3), 530 (1H, dd, J = 2.9, 10.3 Hz, H-2), 5.48
(1H, d, J = 2.9 Hz, H-1); 'H-NMR (500 MHz, CDCl,) §:
121 3H, t, J = 7.1 Hz, CH,CH,;), 1.96, 2.02, 2.06, 2.12
(3H each, s, 4 x OAc), 3.52, 3.71 (1H each, m, CH,CH,),
406 (1H, dd, J = 1.5, 11.7 Hz, H-6a), 4.10 (1H, d, J =
11.7 Hz, H-6b), 421 (1H, t, J = 6.8 Hz, H-5), 5.10 (1H,
d, J =22 Hz, H-1), 5.10 (1H, dd, J = 3.7, 11.9 Hz, H-
2), 534 (1H, dd, J = 3.5, 10.5 Hz, H-3), 5.43 (1H, br d,
J = 23 Hz, H-4); "C-NMR (125 MHz, CDCl,) &: 14.9
(CH,), 20.6, 20.7, 20.8 (OAc), 61.8 (C-6), 64.1 (CH,CH,),
66.2 (C-5), 67.7 (C-3), 68.2 (C-2, 4), 959 (C-1), 170.0
(OAc), 170.3 (OAc), 170.4 (2 x OAc).

Decaffeoyl acteoside (15) - 7|88 FAFEL (o], "=
-582° (¢ = 0.2, MeOH); UV, A, (log &) (MeOH) 200
(4.28), 217 (sh, 3.95), 282 (3.55) nm; IR (KBr) v, 3388
(OH), 1608, 1522, 1488 (aromat. CH=CH), 1373, 1282,
1078, 1040 (glycosidic C-0), 914, 812 cm™; 'H-NMR
(400 MHz, CD,OD) 6: 124 (3H, d, J = 6.2 Hz, Rha
Me), 2.77 (2H, ddd, J = 2.2, 7.3, 7.4 Hz, H-7), 3.26 (1H,
m, Gle H-5), 327 (14, t, J = 83 Hz, Glc H-2), 3.34
(IH, t, J = 8.8 Hz, Glc H-4), 339 (IH, t, J = 9.5 Hz,
Rha H-4), 3.48 (1H, t, J = 8.8 Hz, Glc H-3), 3.65 ~ 3.72
(1H, m, H-8a), 3.67 (1H, dd, J = 5.4, 11.8 Hz, Glc H-
6a), 3.69 (1H, dd, J = 3.3, 9.3 Hz, Rha H-3), 3.86 (1H,
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dd, J = 2.1, 11.8 Hz, Glc H-6b), 3.93 (1H, dd, J = 1.8,
3.3 Hz, Rha H-2), 3.95 ~ 4.02 (1H, overlap, Rha H-5),
3.95 ~ 4.04 (1H, m, H-8b), 428 (1H, d, J = 7.9 Hz, Glc
H-1), 5.14 (1H, d, J = 1.5 Hz, Rha H-1), 6.54 (1H, dd, J
= 2.0, 8.0 Hz, H-6), 6.66 (1H, d, J = 8.0 Hz, H-5), 6.67
(1H, d, J = 2.0 Hz, H-2); "C-NMR (100 MHz, CD,0D)
8: 17.9 (Rha C-6), 36.6 (C-7), 62.7 (Glc C-6), 70.1 (Rha
C-5), 702 (Gle C-4), 72.1 (C-8), 723 (Rha C-3), 72.4
(Rha C-2), 74.0 (Rha C-4), 75.6 (Glc C-2), 77.9 (Glc C-
5), 845 (Glc C-3), 102.8 (Rha C-1), 104.2 (Glc C-1),
1163 (C-5), 117.1 (C-2), 121.2 (C-6), 131.5 (C-1), 144.7
(C-4), 146.1 (C-3); FABMS m/z: 485 [M + Na]J'.
Isoacteoside (16) — 7|34 EAFEL o], = -50.3°
(¢ = 02, MeOH); UV, A, (log &) (MeOH) 208 (4.56),
219 (sh, 4.47), 233 (sh, 4.27), 244 (sh, 4.17), 291 (4.26),
330 (435) nm; IR (KBr) v, 3388 (OH), 1610, 1522
(aromat. CH=CH), 1457, 1281, 1040 (glycosidic C-O),
814 cm™; 'H-NMR (400 MHz, CD,0D) &: 1.28 (3H, d, J
= 6.2 Hz, Rha Me), 2.77 2H, t, J = 7.2 Hz, H-7), 338
(1H, dd, J = 2.8, 9.5 Hz, Rha H-3), 3.52 (1H, t, J = 89
Hz, Glc H-3), 434 (1H, dd, J = 5.8, 11.8 Hz, Glc H-6a),
449 (1H, dd, J = 1.6, 11.8 Hz, Glc H-6b), 432 (1H, d, J
= 7.9 Hz, Glc H-1), 5.17 (1H, br s, Rha H-1), 6.28 (1H,
d, J =158 Hz, H-8), 6.53 (1H, dd, J = 1.7, 8.0 Hz, H-
6), 6.63 (1H, d, J = 8.0 Hz, H-5), 6.66 (1H, d, J = 1.7
Hz, H-2), 6.76 (1H, d, J = 82 Hz, H-5'), 6.88 (1H, dd, J
= 1.7, 82 Hz, H-6, 7.03 (1H, d, J = 1.7 Hz, H-2'), 7.55
(1H, d, J = 15.8 Hz, H-7); "C-NMR (100 MHz, CD,0D)
8: 17.9 (Rha C-6), 36.7 (C-7), 64.6 (Glc C-6), 70.0 (Rha
C-5), 70.4 (Glc C-4), 72.3 (Rha C-3), 72.4 (C-8, Rha C-
2), 74.0 (Rha C-4), 75.4 (Glc C-5), 75.7 (Glc C-2), 84.0
(Gle C-3), 102.7 (Rha C-1), 104.4 (Glc C-1), 114.9 (C-8),
115.1 (C-2), 116.4 (C-2), 116.5 (C-5", 117.1 (C-5), 1213
(C-6), 123.1 (C-6'), 127.7 (C-1'), 131.4 (C-1), 144.7 (C-4),
146.1 (C-3), 146.9 (C-3"), 147.3 (C-7), 149.6 (C-4), 169.1
(C-9'); FABMS m/z: 647 [M + Na]’, 625 [M + H]'.
6-0-(4"-O-a-L-Rhamnopyranosyl) vanilloyl ajugol (17)
— WA TP (o] = -152.6° (¢ = 0.22, MeOH); UV,
Aoax (l0g €) (MeOH) 210 (4.30), 256 (4.20), 292 (3.88)
nm; IR (KBr) v, 3389 (OH), 1697, 1600, 1510 (CH=CH),
1418, 1274, 1220, 1117, 1076, 1005 (glycosidic C-O), 766
em’; '"H-NMR (400 MHz, CD,0OD) &: 1.41 (3H, s, 10-
CH,), 2.06 (1H, dd, J = 3.5, 143 Hz, H-7a), 2.28 (1H,
dd, J = 6.3, 143 Hz, H-7b), 2.62 (1H, br d, J = 9.1 Hz,
H-9), 3.00 (1H, dd, J = 1.7, 8.8 Hz, H-5), 3.19 (1H, t, J
= 9.0 Hz, H-2"), 3.26 (1H, t, J = 9.6 Hz, H-4), 330 (1H,
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overlap, H-5"), 336 (I1H, t, J = 8.9 Hz, H-3"), 3.67 (1H,
dd, J = 5.5, 11.8 Hz, H-6'a), 3.89 (1H, overlap, H-6'),
5.05 (IH, m, H-6), 476 (1H, d, J = 7.9 Hz, H-1'), 499
(1H, dd, J = 2.5, 62 Hz, H-4), 5.51 (1H, d, J = 2.3 Hz,
H-1), 623 (1H, dd, J = 22, 62 Hz, H-3), 7.63 (IH, s,
H-2"), 720 (1H, d, J = 82 Hz, H-3"), 7.64 (1H, dd, J =
1.8, 8.2 Hz, H-6"), 3.83 (3H, s, OCHy), 549 (1H, J = 1.3
Hz, H-1), 406 (1H, dd, J = 1.7, 3.3 Hz, H-2), 3.88 (1H,
overlap, H-3), 346 (1H, t, J = 9.6 Hz, H-4), 3.67 (1H,
m, H-5), 120 (3H, d, J = 62 Hz, H-6); "C-NMR (100
MHz, CD,0D) & 18.0 (C-6), 26.0 (C-10), 39.5 (C-5),
47.8 (C-7), 51.8 (C-9), 56.6 (OCH,), 62.9 (C-6"), 71.1 (C-
5), 71.7 (C-4"), 71.9 (C-2), 722 (C-3), 73.7 (C-4), 746
(C-2), 78.0 (C-3"), 782 (C-5, 81.0 (C-6), 792 (C-8),
93.5 (C-1), 994 (C-1', 100.6 (C-1), 1045 (C-4), 114.4
(C-2"), 117.5 (C-5"), 124.4 (C-6"), 126.0 (C-1"), 141.2 (C-
3), 151.2 (C-3"), 151.3 (C-4"), 167.5 (C-7"); FABMS m/z:
667 [M + Na]', 645 [M + HJ, 635 [M + Na) —
CH,OH]', 613 [M + H) — CH;0H], 521 [(M + Na) —
146]", 482 [M — 162]".

Ajugol [leonuride] (18) — WA FAHFEL [0, 7= -103.8°
(¢ = 0.5, MeOH); UV, &, (log &) (MeOH) 201 (3.63)
nm; IR (KBr) v, 3376 (OH), 1658 (CH=CH), 1077,
1005 (glycosidic C-0), 969, 946, 749 cm™; 'H-NMR (500
MHz, CD,0D) & 131 (3H, s, 10-CH;), 1.78 (1H, dd, J
=45, 13.4 Hz, H-7a), 2.03 (1H, dd, J = 5.6, 13.4 Hz, H-
7b), 2.54 (1H, br d, J = 9.5 Hz, H-9), 2.72 (1H, br d, J
=94 Hz, H-5), 3.19 (IH, t, J = 8.9 Hz, H-2), 3.26 (1H,
t, J = 9.6 Hz, H-4"), 336 (1H, t, J = 9.8 Hz, H-3"), 3.65
(1H, dd, J = 5.5, 11.8 Hz, H-6a), 3.88 (IH, br d, J =
11.8 Hz, H-6'b), 3.91 (1H, m, H-6), 463 (1H, d, J = 7.9
Hz, H-1'), 490 (overlap with HDO, H-4), 5.45 (1H, br s,
H-1), 6.15 (1H, br d, J = 6.1 Hz, H-3); "C-NMR (125
MHz, CD,0D) & 252 (C-10), 41.3 (C-5), 50.0 (C-7),
51.8 (C-9), 62.9 (C-6"), 71.7 (C-4), 74.8 (C-2)), 77.8 (C-
3, 78.0 (C-5), 782 (C-6), 79.4 (C-8), 93.7 (C-1), 99.4
(C-1'), 1059 (C-4), 140.4 (C-3); FABMS m/z: 371 [M +
Na]’, 349 [M + H]'.

Aucubin (19) - T8 248 2k [o] 7= ~150.0° (c
= 0.3, H,0); UV, A, (log €) (MeOH) 195 (4.40) nm; IR
(KBr) v, 3348 (OH), 1652 (CH=CH), 1043, 1012
(glycosidic C-O), 961, 755 cm”; 'H-NMR (400 MHz,
CD,0D) &: 2.64 (1H, m, H-5), 2.89 (IH, br t, J = 7.3 Hz,
H-9), 321 (1H, dd, J = 82, 9.1 Hz, H-2), 3.26 ~ 3.28
(2H, m, H-4, 5", 337 (IH, t, J = 89 Hz, H-3"), 3.64
(1H, dd, J = 5.2, 11.9 Hz, H-6'a), 3.85 (1H, dd, J = 1.6,
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11.9 Hz, H-6'b), 4.16 (1H, br d, J = 15.3 Hz, H-10a),
433 (1H, br d, J = 15.3 Hz, H-10b), 4.43 (1H, m, H-6),
4.67 (1H, d, J = 79 Hz, H-1"), 494 (1H, d, J = 7.1 Hz, 5", 82.8 (C-6), 97.7 (C-1), 99.9 (C-1"), 105.7 (C-4), 130.2

H-7), 5.08 (1H, dd, J = 3.9, 6.1 Hz, H-4), 5.75 (IH, br s,  (C-7), 141.6 (C-3), 148.0 (C-8); FABMS m/z: 369 [M +
H-1), 630 (1H, dd, J = 1.8, 6.1 Hz, H-3); ®C-NMR (100  NaJ".

MHz, CD,0D) &: 462 (C-5), 47.9 (C-9), 614 (C-10),
62.6 (C-6), 71.5 (C-4"), 74.9 (C-2'), 77.9 (C-3), 782 (C-
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Catalpol (20) — 41 X344 [a],”= -92.2° (¢ = 0.3,
EtOH); UV, A, (log & (MeOH) 203 (3.91) nm; IR
(KBr) v, 3521, 3399, 3268 (OH), 1671 (CH=CH), 1090,
1054, 1036 (glycosidic C-O), 949, 913, 849, 740 cm’;
'H-NMR (500 MHz, CD,0D) &: 2.26 (1H, m, H-5), 2.52
(1H, dd, J = 7.8, 9.6 Hz, H9), 324 (2H, t, J = 9.4 Hz,
H-2, 4, 339 (IH, t, J = 89 Hz, H-3'), 3.43 (1H, br s,
H-7), 3.62 (1H, dd, J = 6.4, 12.0 Hz, H-6'a), 3.78 (1H, d,
J = 13.1 Hz, H-10a), 3.89 (1H, br d, J = 8.9 Hz, H-6),
3.90 (1H, dd, J = 1.9, 12.0 Hz, H-6b), 4.12 (1H, d, J =
13.1 Hz, H-10b), 476 (1H, d, J = 7.9 Hz, H-1), 5.03
(1H, d, J = 9.8 Hz, H-1), 5.06 (1H, dd, J = 4.9, 6.0 Hz,
H-4), 633 (1H, dd, J = 1.6, 6.0 Hz, H-3); "C-NMR (125
MHz, CD,0D) &: 39.1 (C-5), 43.6 (C-9), 61.6 (C-7), 62.5
(C-10), 62.9 (C-6), 662 (C-8), 71.8 (C-4), 74.8 (C-2)),
77.7 (C-3"), 78.6 (C-5), 79.6 (C-6), 953 (C-1), 99.7 (C-
1, 104.0 (C-4), 141.8 (C-3); FABMS m/: 385 [M +
Na]+.

Acteoside [verbascoside] (21) — 7|34 A & 2
[aly = =90.7° (¢ = 0.2, MeOH); UV, &, (log €) (MeOH)
204 (4.50), 215 (sh, 4.36), 233 (sh, 4.10), 247 (sh, 4.01),
291 (4.10), 332 (425) nm; IR (KBr) v,, 3400 (OH),
1698, 1604, 1521 (aromat. CH=CH), 1447, 1278, 1159,
1038 (glycosidic C-0), 813 cm™; 'H-NMR (400 MHz,
CD,0D) &: 1.08 (3H, d, J = 6.2 Hz, Rha Me), 2.79 (2H,
ddd, J = 1.8, 7.4, 82 Hz, H-7), 328 (1H, t, J = 9.6 Hz,
Rha H-4), 338 (I1H, dd, J = 8.1, 9.0 Hz, Glc H-2), 3.52
(1H, dd, J = 2.0, 10.7 Hz, Glc H-6a), 3.53 (1H, overlap,
Glc H-5), 3.57 (1H, dd, J = 3.1, 9.4 Hz, Rha H-3), 3.59
(1H, overlap, Rha H-5), 3.62 (1H, br d, J = 9.8 Hz, Glc
H-6b), 3.72 (1H, dt, J = 7.4, 8.7 Hz, H-8a), 3.81 (1H, t,
J =92 Hz, Glc H-3), 391 (1H, dd, J = 1.8, 3.1 Hz, Rha
H-2), 4.04 (1H, dt, J = 82, 8.7 Hz, H-8b), 437 (1H, d, J
= 79 Hz, Glc H-1), 491 (I1H, t, J = 94 Hz, Glc H-4),
5.18 (1H, d, J = 1.4 Hz, Rha H-1), 626 (1H, d, J = 159
Hz, H-8"), 6.56 (1H, dd, J = 2.0, 8.0 Hz, H-6), 6.67 (1H,
d, J = 8.0 Hz, H-5), 6.69 (1H, d, J = 2.0 Hz, H-2), 6.77
(1H, d, J = 82 Hz, H-5", 6.95 (1H, dd, J = 1.9, 82 Hz,
H-6), 7.05 (1H, d, J = 1.9 Hz, H-2), 7.58 (1H, d, J =
159 Hz, H-7); "C-NMR (100 MHz, CD,0D) &: 184
(Rha C-6), 36.6 (C-7), 62.4 (Glc C-6), 704 (Rha C-5),
70.6 (Glc C-4), 72.1 (Rha C-3), 72.2 (C-8), 72.3 (Rha C-
2), 73.8 (Rha C-4), 76.0 (Glc C-5), 762 (Glc C-2), 81.6
(Gle C-3), 103.0 (Rha C-1), 104.2 (Glc C-1), 114.7 (C-8),
1152 (C-2'), 1163 (C-5), 116.5 (C-5"), 117.1 (C-2), 121.3
(C-6), 1232 (C-6"), 127.7 (C-1'), 131.5 (C-1), 144.7 (C-4),
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146.1 (C-3), 146.8 (C-3), 148.0 (C-7), 149.8 (C-4'), 168.3
(C-9): FABMS m/z: 647 [M + Na', 625 [M + HJ', 479 [(M
+ H) — 146]", 471 [M + H) — 154 (34-dihydroxyphenethyl
alcohol)]’, 325 [(M + H) — 154 — 146]".
dn o n@
28] 70% EtOH FEES EtOAce} B2 35k
2 EtOAc #32 THA hexanezt 90% 583 MeOH £
© 2 Fgsto] zHzke] 75 chromatographys HHE- 2A
slo] 24%9] SRHEES ] itk olF A&l e &
X313 = AJEE2] B-sitosterol (1), uracil (5), daucosterol
(6), adenosine (12) =3}, mannitol (22), raffinose (23) 2
stachyose (24) 52 AT AP o=E ti=xsto] gkl
3tk B3k A= 2 E9] aeginetic acid 5-O-B-D-quinovoside
(8), glutinolic acid (11) ¥ aeginetoyl ajugol 5"-O-B-D-
quinovoside (13) 5] 318}z o] B &k v} gitk. 90%
MeOH #8© 25 E = paulownin (2)>*'3} monopalmitin
(3),44) remophilanetriol (4),13) ethyl B-D-fructofuranoside (7)45)
0]¢]e] jio-cerebroside (10)*S #]5}51t}. Paulownin (2)
<& 339! furofuranA] lignan 421 sesamin®] #-435}%]
HolEl &34 S FARIATE = 'H-NMReIA 27]2] ABX
type®] aromatic ring®ll 71Q18= signal=°] 6.77 ~ 6.92 ppm
oA YEFAL 270 2] methylenedioxy groupell 71%13}H=
signalE°] § 5.94 2} 5.964 27} singlet signalZ ER}
3 Q= AOF Hol aryl groupS E5F piperonyl group$d
= & 5 AUk o] 2ol furofuran ring?ll 7118k= signal
So] § 482 (IH, d, J = 5.0 Hz, H-7), 3.02 (IH, dt, J =
5.7, 7.6 Hz, H-8), 4.48 (1H, t-like, J = 8.6 Hz, H-9a),
3.81 (1H, dd, J = 6.1, 92 Hz, H-9)} & 4.79 (1H, s, H-
7), 402 (1H, d, J = 9.4 Hz, H-9) 2 3.88 (1H, d, J =
9.4 Hz, H-9B)AIA ZHzF vehar 9o, H-890 71Q18k=
signalo] YERAA] @831 H-7' 2 H-99 71918k= signals©]
H-7 2 H-99l 7]213l= signalE°ll H]3}e splitting pattern
o] Teet A0 F Hol C-8 $1X| hydroxyl groupe] A%
Hol e AeE 8T 4 Ulnh o9 2 FHL C-
82] C chemical shift ko] & 60390141 YEh}aL glony,
C-8%E 8 91.6% A o] &3 AoR g STt
T3 EIMSOA] [M]©] sesamin®] 354 amu®t} 16 amu’}
2 m/z 370914 JERYH, [M - H,0] 7} m/z 3529014 1}
Bl e A2 o] =t Furofuran ringell 2
3HH piperonyl group< § 134.5914 C-1°], C-73 C-7&
747} § 85.7 (C-7)% 87.4 (C-7) oA VeI = Ao
2 RO} BF equatorial 2 AP o] 9SS Ut}
2hA o] 3}HE-2 paulownin?OE AT F Ut o] 3}

=2 Paulownia spp.,” Markhamia stipulata®™ 5 1]

-

¢

B

I
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A E25E 2] lignan 352 shuoly, Rehmanniass
AEE FHe Ao =2 Fg IRIE lignanl 24US &
Qkt}. Sesquiterpene] AR 2 US| 1-(4-methyl-2-
furanyl)-2-(5-methyl-5-ethenyl-2-tetrahydrofuranyl)-propan-
l-one'?o] £2] B ul glo}, Ho] fjekrio] 2]3}
of Ago® FeHo] 271 7+ H eremophilane type
sesquiterpene?] remophilanetriol (4)”% 2] <1 8},
5 F 2ol A Foll ost o 2R e HiE
H} Q1 pinellic acid (9)'9} the] A E25E B
H 1} Sl= soya cerebroside®t &Y<l jio-cerebroside
10)= 2] st

-Sitosterol (1),24) jio-cerebroside (10)4) 2 adenosine (12)29)
5o oln o] AEgRE 2H v 9o uracil (5)0S
SAgozrne 22 6t ek 22y paulownin (2),
monopalmitin (3),"” daucosterol (6),”" ethyl B-D-fructofuranoside
(N 5& Agom I

BuOH +#3S chromatographyS WHa- 2 A] 5} phenyl
ethanoid A #E21 decaffeoyl acteoside (15), isoacteoside
(16) 2 acteoside (21) £}, iridoid EE<2! 6-0-(4"-0-0-
L-rhamnopyranosyl) vanilloyl ajugol (17), ajugol (18),”
aucubin (19) ¥ catalpol (20), T3 =E<] eleutheroside C
(ethyl o-D-galactopyranoside) (14),””" mannitol (22),"*”
raffinose (23) % stachyose (24) 52 2] 213}t 6-
O-(4"-O-o-L-Rhamnopyranosyl)  vanilloyl ajugol (17)<]
BC-NMR ali2jol] glojx) £31'9¢] vanilloyl group] C-2"¢}
C-5"¢] carbon assignmenti= ©] 3}3ES] HMQCOIA §
7209014 EFYE doublet (J = 8.2 Hz)7} & 117.5%}, §
7.639014 YERE singlet’} & 114.49F 242} correlationd}2L
NovZ FAtoF S Aokt tHEA QI phenethyl
alcohol ¥ GAQ1 acteoside (verbascoside) 21)= 2H 4L
2 EFEFI YRl o) Rl o] 2]o% acteoside
@nel FxRAH o2 ul9- FARSE decaffeoyl acteoside (15)2}
isoacteoside (16)= 2|3l +25 SRISIATE A1) 5=
Adolm tEA Q] iridoid 452l PRI catalpol (20)
AA R F Ao FFFH AR OFE tixsle] &
AsATE ol9f FAKSE F2E 7HA AL UE ajugol (18) 2
aucubin (19)% -2]ste] 20 = SUATE o] 7h2-H
eleutheroside C (14)= Ao 2 A|&o 2 HE Had 35t

=Ue G
g £

=W (B 292 SR Apsia e Aske
HE 2459 sRIEES X202 Felsle] ZH2t B-sitosterol
(1), paulownin (2), monopalmitin (3), remophilanetriol (4),
uracil (5), daucosterol (6), ethyl B-D-fructofuranoside (7),
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aeginetic acid 5-O-B-D-quinovoside (8), pinellic acid (9),
jio-cerebroside (10), glutinolic acid (11), adenosine (12),
aeginetoyl ajugol 5"-O-B-D-quinovoside (13), eleutheroside C
(14), decaffeoyl acteoside (15), isoacteoside (16), 6-O-(4"-
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