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Abstract — Twenty-two compounds were isolated from the 70% ethanolic extract of Rehmanniae Radix Preparata (Scro-
phulariaceae) and their structures were identified as three triterpenoids [oleanolic acid (1), pomonic acid (2) and ursolic acid
(5)], an iridoid, catalpol (13), four furan derivatives [S-hydroxymethyl-2-furaldehyde acetate (3), 5-hydroxymethyl-2-furfural
(6), 5-hydroxymethyl-2-furancarboxylic acid (7), and 5-(a-D-galactopyranosyloxymethyl)-2-furancarboxaldehyde (15)], three
phenethy! alcohol glycosides [darendoside B (14), phenethyl alcohol 2-O-B-D-xylopyranosyl(1—6)-f-D-glucopyranoside (17),
and salidroside (19)], four sugar derivatives [L-arabinose (11), raffinose (20), stachyose (21), and mannitol (22)], and seven oth-
ers [2,5-dihydroxyacetophenone (4), succinic acid (8), daucosterol (9), B-sitosterol (10), adenosine (16), uridine (18) jio-cere-
broside (12)]. The chemical structures of these compounds were identified on the basis of spectroscopic methods and
comparison with literature values. This is the first report of the triterpenoids oleanolic acid (1), pomonic acid (2), and ursolic
acid (5) from the genus Rehmannia, as well as the first report of compounds 5-hydroxymethyl-2-furaldehyde acetate (3), 2,5-
dihydroxyacetophenone (4), daucosterol (9), darendoside B (14), 5-(a-D-galactopyranosyloxymethyl)-2-furancarboxaldehyde
(15), adenosine (16), phenethyl alcohol 2-O-B-D-xylopyranosyl(1—6)-p-D-glucopyranoside (17), and salidroside (19) from the

Rehmanniae Radix Preparata.
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IR Jasco FT/IR-53002 AH&-3te] 574 313t NMR2
Varian Gemini 2000 (300 MHz), Bruker/Avance-400 (400
MHz) ¥+ Bruker/Avance-500 (500 MHz) spectrometers
AHg-ste] 24319121, EI-MS+ Hewlett-Packard 5989B
GC/MS, FAB-MS+ Jeol JMS-700 high resolution mass
spectrometers AFS-3151tF. Column chromatography&- silica
gel Merck?] Kieselgel 60 (no. 7734, 9385 =& 7729)2,
T2 rtE 221+ Merck®] LiChroprep RP-182- A&
3t} Gel &J7= Sephadex LH-20 (Pharmacia)S A}-8-3}
ATh TLC plate= Merck®] Kieselgel 60 Fys,, RP-18,4,4

precoated plate 5= Merck®] precoated cellulose plateS

ARE-3FATE.

F£ gl 28] _ %43 10 kg 70% EtOHZ 2204
WA 3L x 8) F=3lo] 70% EtOH 22 A, o] =
H,02 dEAA 2] EtOAcE 7Isle] XI& Wx]ste] &
©17] EtOAc %3S 3 % hexane/MeOH/H,O (10 : 9 :
9] ¥2 7}sk & Ze; Whx]5le] hexane 8 (50 gy &
I 90% MeOHZ2 5331 90% MeOH £33 (223 g)o
2 si3ith. A& EtOAc 28 § && 3l 54 BuOH
£ 718ke] R ¥A]Ele] BuOH 3 (680 g)yS A%lor,
Tog F59t] H,0 #9842
Hexane £2] (50 g)°ll 3} hexane/EtOACE 882
127] 82]A1A silica gel (no. 7734) column chromatography
2Asle] 287)2] 488 (H-01 ~ H-28)S AUt} o]
3] H-62Z4-E] hydrocarbon alcohol (30 gy& 2|3}
3, H-21 9 H-25 #3& 217 CH,CL/MeOH®| &9-&
2 AR w3t A WA methyl ester (300 mg) <}
W2F (100 mgye #-2] 5kt

90% MeOH 2] (223 g)2 silica gel (no. 7734) column
o A3 hexane/EtOAcE §&8W2 7]27] €2]A1A 250
Mol ARE (M-001 ~ M-250y% it} o] & 273 M-
25 (495 mg)pll tiste] CH,CLE §E87= silica gel (no.
7729) column chromatographyS AA|8t 438 M-25-27
(94 mg)yS At o] &S T MeOH/H,0 (9 : 1)E
4Z81] = RP-18 column chromatographyS 2 A|sle] A
& M-25-27-272F-¥ oleanolic acid (1, 5 mg)S AU}
28 M-34 (524 mg)°l st CHCLE &8 =2
silica gel (no. 7729) column chromatographyS 4! A] 5}¢]
Aol 2E-F M-34-22 (69 mg)S thA] MeOH/H,O (9 :
1)¢] 8=8ulZ RP-18 column chromatographyS WHI-2IA]
3lo] A& M-34-22-92FF pomonic acid (2, 22 mg)S #
ek 258 M-36 (1.3 gl thale] CH,CLE 858§
u] 2 silica gel (no. 7729) column chromatography S 2 A]
slo] dojzl 2E-F M-36-5 (200 mg)S THA] hexane/
EtOAc (100 : 3)5 &Z81|= silica gel (no. 7729) column
chromatography & A3t 4L M-36-5-112FH 5-
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hydroxymethyl-2-furaldehyde acetate (3, 5 mg)S +&] 54
o} 28 M-36-24 (76 mg)ll st CH,Cl,/MeOH/H,0
(7:01:01)E &=41= silica gel (no. 7729) column
chromatography & A A3t 9> M-36-24-142 55 2,5-
dihydroxyacetophenone (4, 5 mgye =2lsl3ith A8 M-
36-46 (35 mg)S MeOH/H,O (9 : )E &&8]= RP-18
column chromatographys A8t A2 M-36-46-27= 5
B ursolic acid (5, 15 mg)E AATH 2% M-96 (1.2 g)
o] thele] CH,ClL/MeOH (100 : 1)) 8282 silica gel
(no. 7729) column chromatographyS AAsted Aoz M-
96-8=2HE] 5-hydroxymethyl-2-furfural (6, 50 mg)s &2ls}
ATH AEF M-134 (5.6 )l tisted CH,Cl,/MeOH/H,0
(7:05:05—>7:1:058 &&= silica gel (no.
9385) column chromatography S 2 A| 3t} dojzl AF-8
M-134-27 (4 gl thale] hexane/EtOAc (8 : 5)°] 858w
= silica gel (no. 7729) column chromatography= A=} &
A&t A& M-134-27-272 %58 5-hydroxymethyl-2-furoic
acid (7, 30 mg)E |t Th AT M-1203} M-2445
717} CH,ClLyMeOH®| &8 A& vHEsto
succinic acid (8, 29 mg)?} daucosterol (9, 570 mg)S A
T}

BuOH %3 (680 g)< CH,CLMeOH/H,0 (7 : 1 : 0.5
—>7:2:05>7:3:1)2 &£&58&EZ silica gel (no.
7734) column chromatographyS AA8t] A8 B-001 ~
B-400S 43It} o] 5 &8 B-0255 MeOHE A4S
HHELEko] Bositosterol (10, 92 mg)yS ATt AE-E B-180
(23.9 Pl i3l EtOAc, EtOAc/MeOH (gradient) 2 H,O
23} EtOAc &Z81| 2 silica gel (no. 7734) column
chromatography & A A| st Hojxl 472 B-180-27 (1.6
g)< Al CHCL/MeOH/H,0 =7 :1:05 > 7:2:05
o] 8&8= silica gel (no. 7729) column chromatography
= AAEl] 253 B-180-27-32 (0.1 g)2 AUt} o] 2k
& MeOH/H,0 = 10 : 0.59] §Z&&v= A=} RP-18
column chromatographyE 213} jio-cerebroside (12, 44
mg)S AATH AE3F B-219 (32 g/ &=81 EtOAc/
MeOH/H,O = 100 : 8 : 6 — 100 : 40 : 202 = silica gel
(no. 7734) column chromatographyS A5l AL AE-35
B-219-22 (43 g)& ™Al CHCL/MeOH/H,0 =7 : 1 : 0.5
- 7:2:05 =87 Z silica gel (no. 9385) column
chromatography S A3t A8 B-219-22-48 (1.0 g)=
AT}, o] AHES MeOH/H,O = 2 : 82] 85812 RP-
18 column chromatography S A 38te] 4E-3 B-219-22-
48-11 (0.6 g)S ¥ °o]F &&8&v MeOH/H,0 =1 : I
RP-18 column chromatographyS A A]3Fe] Lozl AHE-F
B-219-22-48-11-22 (0.5 2)2 AlX} EIOACMeOH/H,O0 = 100
0165 : 1359 £& 8l Z silica gel (no. 7729) column
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chromatographyE 2A131] 5-(o-D-galactopyranosyloxymethyl)-
2-furancarboxaldehyde (15, 386 mg)S A ATH 2E3F B-
219-281-22-72 (0.16 gy =87 MeOH/H,0 =2 : 8 &=
RP-18 column chromatography< 4 A] 3t adenosine (16,
3 mg)S AU} 22|31 B-219-22-93 (0.3 g)S MeOH/H,O
=1:19 &&8&v|Z RP-18 column chromatographyS 4
A] 3}y phenethyl alcohol 2-O-B-D-xylopyranosyl(1—>6)-p-
D-glucopyranoside (17, 20 mg)E L}, &5 B-282 (12
2)°ll th3led EtOAc/MeOH/H,O = 100 : 4 : 3 §&8vj=2
silica gel (no. 7734) column chromatography S I A] 5}
Ao AEE B-282-8 (2 g)oll Wdk] CHCl,/MeOH/H,0 =
7:05:05—>7:1:05->7:2:058F8= silica
gel (no. 9385) column chromatographyS 2} AA|sle] 4
3] B-282-8-34 (0.8 gy AUtt. o& A silica gel (no.
9385) column chromatographyS A A]3}e] E3x3} EtOAc
2 g58E 82 M)A A AEF B-282-8-34-15 (0.4 g)
£ &&87 MeOH/H,0 = 2 : 1022 RP-18 column
chromatography S A A1 8+4]  uridine (18, 104 mg)3}
salidroside (19, 10 mg)E A AT 2EF B-297 (29 9=
EtOAc/MeOH/H,0 = 100 : 3 : 2 — 100 : 40 : 202] &
41 £ silica gel (no. 7734) column chromatography S 2!
Alste] Ao 283 B297-17 (3.6 g)°l th3dle] EtOAc/
MeOH/H,0 = 100 : 3 : 2 — 100 : 40 : 20¢] §&8v=
silica gel (no. 7734) column chromatography= A} 2A]5}
o] 283 B-297-17-7 (02 202 AULh ©] &EF S thA]
EtOAc/MeOH/H,0 = 100 : 8 : 6 — 100 : 16.5 : 13.59] &
=81 2 silica gel (no. 7729) column chromatographyS- 21 A]
3lo] Aol AR-F B-297-17-7-23 (80 mg)l| thaked MeOH/
H,0 =2 : 100¢] §&&"|= RP-18 column chromatography
= A5l catalpol (13, 20 mg)yS AT} AEF B-297-
34 (3.0 g)°ll Wit CHCl/MeOH/H,0 =7 : 0.5 : 0.5 —
7:1:05—>7:2:059 &89 = silica gel (no. 9385)
column chromatographys AAste] AoJ7l 28] B-297-
34-34 (02 @95 A X MeOH/H,0 =2 : 82 && &2
RP-18 column chromatographyE 4 A 8}¢] darendoside B
(14, 10 mg)S A}, 253) B-297-47¢ MeOHS} CH,CI,
£ SviE AAA S RHESke] L-arabinose (11, 420 mg)E
Ak &%3F B-3617 B-383 ¥ B-3945 MeOH®}
CH,CLE AH&3t] AZAAS wHEste] 717} raffinose (20,
100 mg), stachyose (21, 100 mg) % mannitol (22, 335
mg)S AT}

Fatty acid methyl ester — 92 4% Ruk 'H.NMR
(400 MHz, CDCl,) & 080 (br s, CHy), 1.17, 122
[(CH,).], 1.52 (m, COCH,CH,), 2.19 (br s, CH,CH,CO),
3.55 (s, COOCH3), 5.24 (CH=CH); "C-NMR (100 MHz,
CDCly) & 138 (CH,), 224, 22.5 (CH,CH,CH,), 24.7
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(COCH,CH,), 25.4, 27.0 (CH,CH=CHCH,), 28.9, 29.0,
29.1, 29.3, 29.4, 29.5, 313, 31.7 (CH,CH,CH,), 33.7
(CH,CH,CO), 50.9 (COOCH,), 127.7, 127.8, 129.6, 129.8
(CH=CH), 173.6 (COOCH;); GC/MS t; 22.8: m/z 256
[M]', 225, 213, 143, 87, 74 [pentadecanoic acid methyl
ester (C15)]; t, 24.1: m/z 270 [M], 227, 143, 87, 74
[palmitic acid methyl ester (C16)]; ty 24.9: m/z 284 M],
241, 143, 87, 74 [heptadecanoic acid methyl ester (C17)];
ty 25.8: m/z 296 [M]', 264, 246, 235, 222, 180, 110, 97,
83, 74, 55 [oleic acid methyl ester (C18)]; tp 26.1: m/z
298 [M]', 255, 199, 143, 87, 74 [stearic acid methyl ester
(CI8)]; ty 28.5: m/z 326 [M]', 283, 199, 143, 87, 74
[arachidonic acid methyl ester (C20)].

Fatty acid -4 4% ¥ 'H.NMR (300 MHz,
CDCly) &: 0.88 (3H, t, J = 6.6 Hz, CH;), 1.26 [(CH,),],
1.63 (2H, m, CH,CH,COOH), 235 (2H, t, J = 7.2 Hz,
CH,CH,COOH); “C-NMR (75.5 MHz, CDCl,) &: 143
(CH;), 229 (CH,CH,), 24.8 (CH,CH,COOH), 27.4, 29.2 ~
29.8, 32.1 (CH,CH,CH,), 34.2 (CH,COOH), 180.0 (COOH);
GCMS m/z 270 M]', 239 [M — CH,0]', 227 [C,;H,,COOHT,
199 [C,;H,,COOH]', 185 [CH,,COOH]’, 171 [C,H,(COOH]’,
143 [C,H,,COOH]', 129 [C/H,,COOH]’, 87 [CH,;0],
74 [CH,OC(OH)=CH,]; m/z 298 [M]’, 267 [M - CH,O[,
255 [C,sH;,COOH]', 241 [C,,H,4COOH], 213 [C,,H,,COOH]’,
199 [C,H,,COOH], 185 [C,H,,COOH]’, 157 [C.H,(
COOH]", 143 [C,H,,COOH], 129 [CH,COOH]’, 87
[CH,;0]", 74 [CH,OC(OH)=CH,] .

Oleanolic acid (1) — ¥4 43 £ 'H-NMR (400
MHz, pyridine-ds) &: 0.89 (3H, s, 25-CH,), 0.94 (3H, s,
29-CH;), 1.00 (3H, s, 24-CH,), 1.01 (3H, s, 30-CH,), 1.02
(3H, s, 26-CH;), 123 (3H, s, 23-CH,), 1.28 (3H, s, 27-
CH,), 330 (1H, dd, J = 3.8, 13.6 Hz, H-18), 3.43 (1H,
dd, J = 5.7, 102 Hz, H-3), 549 (1H, br s, H-12); “C-
NMR (100 MHz, pyridine-d;) 6: 39.0 (C-1), 28.1 (C-2),
78.1 (C-3), 39.4 (C-4), 55.9 (C-5), 18.8 (C-6), 33.3 (C-7),
39.8 (C-8), 482 (C-9), 37.4 (C-10), 23.8 (C-11), 122.6
(C-12), 1449 (C-13), 42.2 (C-14), 284 (C-15), 23.8 (C-
16), 46.7 (C-17), 46.5 (C-18), 42.1 (C-19), 31.0 (C-20),
343 (C-21), 33.2 (C-22), 28.8 (C-23), 16.5 (C-24), 15.6
(C-25), 17.5 (C-26), 262 (C-27), 180.2 (C-28), 33.3 (C-
29), 23.8 (C-30); EI-MS m/z (rel. int., %) 456 [M]™ (2),
438 [M — H,0]" (1), 423 [M - CH, — H,0]" (1), 410 [M
— (COOH + H)|" (1), 248 [C,H,,0," (D/E ring)] (100),
207 [C,,H,;0'(A/B ring)] (23), 203 [D/E ring — COOH]"
(85).

Pomonic acid (2) — 4 F48 B2 [a], = +51.5°
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(¢ = 0.3, MeOH); 'H-NMR (500 MHz, CDCly) &: 0.77,
1.01, 1.04, 1.07, 1.19 3H each, s, 23-CH, ~ 27-CH,),
0.93 (3H, d, J = 6.7 Hz, 30-CH,), 1.25 (3H, s, 29-CH,),
2.52 (IH, br s, H-18), 534 (1H, t, J = 3.4 Hz, H-12);
BC-NMR (125 MHz, CDCLy) &: 39.1 (C-1), 323 (C-2),
217.6 (C-3), 47.5 (C-4), 553 (C-5), 19.6 (C-6), 34.2 (C-
7), 39.9 (C-8), 46.5 (C-9), 36.8 (C-10), 23.7 (C-11), 129.0
(C-12), 138.1 (C-13), 41.1 (C-14), 282 (C-15), 25.4 (C-
16), 47.8 (C-17), 52.9 (C-18), 73.1 (C-19), 41.3 (C-20),
26.0 (C-21), 37.4 (C-22), 274 (C-23), 21.5 (C-24), 149
(C-25), 16.8 (C-26), 24.3 (C-27), 183.3 (C-28), 26.4 (C-
29), 16.1 (C-30); EI-MS m/ (rel. int., %) 470 [M]" (5.0),
452 [M - H,0]" (1.7), 426 [M — COO]" (1), 424 [M —
(COOH + H)]" (27.3), 406 [M — (COOH + H) — H,0]
(1.7), 352 (19.8), 264 [C,H,,0," (D/E ring)] (5.0), 246
[D/E ring — H,0]" (12.4), 231 [D/E ring — H,0 — CH;]
(5.8), 218 [D/E ring — (COOH + H)]" (18.2), 205 (29.8),
201 (27.3), 187 (18.2), 185 [D/E ring — (COOH + H) —
CH, — H,0]" (13.2), 146 (100), 119 (28.1).

5-Hydroxymethyl-2-furaldehyde acetate (3) — ©| 3]
2. UV, A, (log & (MeOH) 204 (4.25), 275 (4.16)
nm. 'H-NMR (400 MHz, CD,0D) & 2.07 (3H, s,
CH,CO), 5.14 (2H, s, H-6), 6.69 (1H, d, J = 3.5 Hz, H-
4), 737 (1H, d, J = 3.6 Hz, H-3), 9.56 (CHO); "C-NMR
(100 MHz, CD,0D) &: 155.1 (C-2), 124.7 (C-3), 114.4
(C-4), 1582 (C-5), 59.6 (C-6), 180.4 (CHO), 172.7
(CH,CO), 21.3 (CH,CO); EL-MS m/ (rel. int, %) 168
M]" (2.5), 126 [M — CH,CO]" (100), 109 [M — CH,CO —
OH]" (25.0), 97 [M — CH,CO — CHOJ" (11.7), 79 [M —
CH,CO — CHO - H,0]" (34.2).

2,5-Dihydroxyacetophenone (4) — 34 3444, UV,
Ao (log €) (MeOH) 226 (4.33), 256 (3.97), 363 (3.75)
nm. 'H-NMR (400 MHz, CD,0D) &: 6.78 (1H, d, J =
8.9 Hz, H-3), 6.99 (1H, dd, J = 2.9, 89 Hz, H-4), 7.21
(1H, d, J = 2.9 Hz, H-6); "C-NMR (100 MHz, CD,0D)
8: 1216 (C-1), 1573 (C-2), 1204 (C-3), 126.7 (C-4),
151.4 (C-5), 117.2 (C-6), 206.7 (COCH;), 27.7 (COCH,);
EI-MS m/z (rel. int, %) 152 [M]" (45.3), 137 [M — CH,]"
(100), 109 [M — COCH,]" (23.8), 81 [M — COCH; — COJ’
(45.2), 53 [M — COCH, — 2CO]’ (38.1).

Ursolic acid (5)- 4 4% E2. 'H-NMR (400
MHz, pyridine-d;) &: 0.87 (3H, s, 25-CH;), 0.93 (3H, d, J
= 5.8 Hz, 30-CH,), 0.98 3H, d, J = 6.8 Hz, 29-CH,),
1.00 3H, s, 26-CHy), 1.02 (3H, s, 24-CH,), 121 (3H, s,
27-CH,), 122 (3H, s, 23-CH,), 2.09 (1H, dt, J = 4.0,
13.1 Hz, H-16a), 2.30 (1H, dt, J = 4.8, 13.4 Hz, H-15p),
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2,61 (1H, br d, J = 112 Hz, H-18), 3.44 (1H, t, J = 8.8
Hz, H-3), 5.46 (1H, br s, H-12); "C-NMR (100 MHz,
pyridine-dy) &: 39.0 (C-1), 28.0 (C-2), 78.1 (C-3), 39.4
(C-4), 55.8 (C-5), 18.7 (C-6), 342 (C-7), 39.9 (C-8), 48.0
(C-9), 372 (C-10), 23.6 (C-11), 125.5 (C-12), 139.2 (C-
13), 42.2 (C-14), 28.6 (C-15), 24.8 (C-16), 48.0 (C-17),
53.5 (C-18), 39.4 (C-19), 39.3 (C-20), 31.0 (C-21), 37.4
(C-22), 28.7 (C-23), 16.5 (C-24), 15.6 (C-25), 17.5 (C-
26), 23.8 (C-27), 180.0 (C-28), 17.4 (C-29), 21.4 (C-30);
EI-MS m/z (rel. int., %) 456 [M]" (2.7), 441 [M — CH,]"
(1.2), 438 [M — H,0]" (2.3), 423 [M — CH, — H,0]" (1.5),
410 [M — (COOH + H)]" (1.6), 395 [M — (COOH + H) —
CH;]" (1.2), 248 [C,(H,,0, (D/E ring)] (100), 207 [C,,H,;0"
(A/B ring)] (28.9), 203 [D/E ring — COOH]" (63.3), 189
[A/B ring — H,0]" (16.4), 133 (50.0).

5-Hydroxymethyl-2-furfural (5-HMF, 5-hydroxymethyl-
furfural, 5-hydroxymethyl-2-furaldehyde) (6) — ™34
2. UV, A, (og & (MeOH) 225 (3.63), 279 (4.29)
nm; IR (KBr) v, 3399 (OH), 3121 (furan), 1674
(CHO), 1523 (furan), 1023 (furan), 811, 781 (furan) cm™;
'H-NMR (400 MHz, CD,0D) &: 4.60 (2H, s, H-6), 6.57
(1H, d, J = 33 Hz, H-4), 737 (1H, d, J = 3.5 Hz, H-3),
9.54 (CHO); "C-NMR (100 MHz, CD,0D) &: 154.7 (C-
2), 1256 (C-3), 111.7 (C-4), 1639 (C-5), 584 (C-6),
180.2 (CHO); EI-MS m/z (rel. int., %) 126 [M]  (69.2),
125 [M - H]' (21.7), 109 [M — OH] (21.7), 97 [M —
CHO]" (100), 81 [C{H,0]" (10.0), 69 [M — CHO — COJ"
(35.0).

5-Hydroxymethyl-2-furancarboxylic acid (5-hydroxymethyl
-2-furoic acid, Sumiki's acid) (7) — ®2) A4 24, UV,
A (log €) (MeOH) 217 (sh, 3.45), 253 (4.12) nm; IR
(KBr) v,,,, 3426 (OH), 1664 (COOH), 1598, 1543 (furan),
1303, 1213, 1023 (furan), 997, 816, 763 (furan) cm’; 'H-
NMR (300 MHz, CD,0D) &: 4.56 (2H, s, H-6), 6.45
(1H, d, J = 3.5 Hz, H-4), 7.15 (1H, d, J = 3.3 Hz, H-3);
BC-NMR (75.5 MHz, CD,;0D) 8: 146.5 (C-2), 120.7 (C-
3), 111.0 (C-4), 161.5 (C-5), 583 (C-6), 162.6 (COOH);
EI-MS m/z (rel. int., %) 142 [M]" (18.1), 125 [M — OH]
(8.7), 97 [M — COOH]" (100), 69 [M — (COOH + CO)]"
(11.8).

Succinic acid (8)— WAl F43% E%. 'H-NMR (400
MHz, CD,OD) & 2.56 (4H, s, H-2, 3); "C-NMR (100
MHz, CD,0OD) &: 1769 (C-1, 4), 30.6 (C-2, 3); EI-MS
m/z (rel. int., %) 118 [M]" (not observed), 101 [M — OH]
(77.0), 100 [M — H,0]" (54.8), 74 [M — COO]" (100), 73
[M — COOH]" (73), 55 [M — (COOH + H,0)]" (81.0).
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Daucosterol (B-sitosterol 3-O-glucoside) (9) — 24
743 B2 'HNMR (300 MHz, pyridine-d;) 8: 0.65
(3H, s, 18-CH,), 0.85 (3H, d, J = 7.2 Hz, 26-CH,), 0.87
(H, d, J = 7.4 Hz, 27-CH,), 0.88 (3H, t, J = 7.4 Hz,
29-CH,), 0.93 (3H, s, 19-CH,), 0.98 (3H, d, J = 6.4 Hz,
21-CHj), 2.46 (1H, br t, J = 11.4 Hz, H-4p), 2.72 (1H, br
dd, J = 24, 132 Hz, H-4a), 3.96 (1H, m, H-5), 3.98
(1H, m, H-3), 4.04 (1H, t, J = 8.2 Hz, H-2'), 425 (1H, t,
J = 87 Hz, H-3), 428 (1H, t, J = 8.4 Hz, H-4"), 439
(1H, dd, J = 5.2, 11.6 Hz, H-6'a), 4.56 (1H, dd, J = 2.0,
11.6 Hz, H-6'b), 5.04 (1H, d, J = 7.7 Hz, H-1"), 534 (1H,
d, J = 4.8 Hz, H-6); "C-NMR (75.5 MHz, pyridine-ds) &:
37.6 (C-1), 30.4 (C-2), 78.7 (C-3), 39.6 (C-4), 1402 (C-
5), 122.0 (C-6), 32.4 (C-7), 323 (C-8), 50.6 (C-9), 37.1
(C-10), 21.5 (C-11), 40.1 (C-12), 42.7 (C-13), 57.0 (C-14),
24.7 (C-15), 28.7 (C-16), 56.5 (C-17), 12.1 (C-18), 19.4
(C-19), 36.5 (C-20), 19.2 (C-21), 34.4 (C-22), 26.7 (C-
23), 46.3 (C-24), 29.7 (C-25), 19.5 (C-26), 20.1 (C-27),
23.6 (C-28), 123 (C-29), 102.7 (C-1), 755 (C-2)), 78.6
(C-3"), 71.7 (C-4"), 784 (C-5"), 63.1 (C-6)).

B-Sitosterol (10) — @A A3 E 2 'H.NMR (500
MHz, CDCL,) &: 0.66 (3H, s, 18-CH,), 0.80 (3H, d, J =
6.8 Hz, 26-CH,), 0.81 (3H, d, J = 7.6 Hz, 27-CH,), 0.83
(3H, t, J = 7.8 Hz, 29-CH,), 0.90 (3H, d, J = 6.5 Hz,
21-CH,), 0.99 (3H, s, 19-CH;), 3.50 (1H, m, H-3), 5.33
(IH, d, J = 5.1 Hz, H-6); "C-NMR (125 MHz, CDCI,)
8: 373 (C-1), 31.7 (C-2), 71.8 (C-3), 42.3 (C-4), 140.8
(C-5), 121.7 (C-6), 31.9 (C-7), 31.9 (C-8), 50.1 (C-9),
36.5 (C-10), 21.1 (C-11), 39.8 (C-12), 42.3 (C-13), 56.8
(C-14), 243 (C-15), 282 (C-16), 56.1 (C-17), 11.9 (C-18),
19.4 (C-19), 36.1 (C-20), 18.8 (C-21), 34.0 (C-22), 26.1
(C-23), 45.8 (C-24), 29.2 (C-25), 19.0 (C-26), 19.8 (C-
27), 23.1 (C-28), 12.0 (C-29).

L-Arabinose (11) — ¥4 A 2 [o],” +106.6° (¢
= 0.29, H,0); 'H-NMR (400 MHz, D,0) o-form &: 3.51
(1H, dd, J = 7.8, 9.8 Hz, H-2), 3.63 ~ 3.70 (3H, m, H-3,
5, 3.88 (2H, dd, J = 22, 9.3 Hz, H-5), 401 (2H, m, H-
4), 451 (1H, d, J = 7.8 Hz, H-1); B-form &: 3.63 ~
3.70 (3H, m, H-5), 3.83 (1H, dd, J = 6.2, 9.3 Hz, H-2),
3.88 (2H, dd, J = 2.2, 9.3 Hz, H-3), 3.93 (1H, dd, J =
2.1, 8.4 Hz, H-5"), 4.01 2H, m, H-4), 524 (1H, d, J =
3.6 Hz, H-1); "C-NMR (100 MHz, D,0) a-form b
96.8 (C-1), 71.9 (C-2), 72.5 (C-3), 68.7 (C-4), 66.4 (C-
5); B-form &: 92.6 (C-1), 68.5 (C-2), 68.6 (C-3), 68.5
(C-4), 62.5 (C-5).

Jio-cerebroside (12) — ¥4 ZAY B [o], = +5.7°
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(¢ = 0.16, MeOH); 'H-NMR (400 MHz, pyridine-d;) &:
0.86 (6H, t, J = 6.6 Hz, 18, 16-CH;), 1.26 ~ 1.36 (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
(1H, t, J = 7.8 Hz, Glc H-2), 4.19 (2H, m, Glc H-3, 4),
423 (1H, dd, J = 3.5, 102 Hz, H-la), 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 (1H, 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 (1H, dt, J = 54,
154 Hz, H-4), 598 (1H, dt, J = 5.0, 15.4 Hz, H-5), 8.33
(1H, 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"), 78.5 (C-5"), 62.6 (C-6"); for C-8/9 cis &: 70.1 (C-
1), 54.6 (C-2), 723 (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), 22.9 (C-17, 15, 14.3 (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"),
784 (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]+.

Catalpol (13) — ®4 A4 [a],'= -922° (c = 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'l;
'H-NMR (500 MHz, CD,0D) &: 2.26 (1H, m, H-5), 2.52
(1H, dd, J = 7.8, 9.6 Hz, H-9), 3.24 (2H, t, J = 9.4 Hz,
H-2', 4, 3.39 (1H, t, J = 8.9 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),
390 (1H, dd, J = 1.9, 12.0 Hz, H-6'b), 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"), 66.2 (C-8), 71.8 (C-4), 748 (C-2),
777 (C-3"), 78.6 (C-5"), 79.6 (C-6), 95.3 (C-1), 99.7 (C-
1, 104.0 (C-4), 141.8 (C-3); FABMS m/: 385 [M +
NaJ".
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Darendoside B (14) — 7|84 22 (o], = -52.0° (¢
= 0.3, MeOH); UV, %, (log &) (MeOH) 225 (4.62), 280
(436) nm; 'H-NMR (400 MHz, CD,0D) &: 1.24 (3H, d,
J = 62 Hz, H-6), 2.80 (2H, br t, J = 7.0 Hz, H-1), 3.26
~ 3.30 (1H, overlap, H-5"), 3.28 (1H, t, J = 8.9 Hz, H-
2", 3.34 (1H, t, J = 8.7 Hz, H-4"), 339 (1H, t, J = 9.5
Hz, H-4), 348 (1H, t, J = 8.8 Hz, H-3"), 3.66 ~ 3.70
(1H, overlap, H-6"a), 3.66 ~ 3.73 (1H, overlap, H-2a),
3.69 (1H, dd, J = 2.9, 8.9 Hz, H-3), 3.80 (3H, s, OCH,),
3.86 (1H, dd, J = 1.7, 11.7 Hz, H-6"b), 3.94 (1H, dd, J =
1.6, 3.0 Hz, H-2), 3.96 ~ 4.06 (2H, overlap, H-2b, H-5),
429 (1H, d, J = 7.9 Hz, H-1"), 5.15 (1H, br s, H-1), 6.67
(1H, dd, J = 1.8, 82 Hz, H-6"), 6.72 (1H, d, J = 1.8 Hz,
H-2), 6.81 (IH, d, J = 82 Hz, H-5"):; "C-NMR (100
MHz, CD,0D) &: 36.5 (C-1), 71.9 (C-2), 133.0 (C-1'),
117.1 (C-2'), 1474 (C-3'), 147.5 (C-4'), 112.9 (C-5"), 121.1
(C-6), 56.5 (OCHy), 1042 (C-1"), 75.6 (C-2"), 84.5 (C-
3"), 702 (C-4"), 77.8 (C-3"), 62.7 (C-6"), 102.8 (C-1),
72.3 (C-2), 722 (C-3), 74.0 (C-4), 70.1 (C-5), 17.9 (C-6);
FABMS m/z: 499 [M + Nal', 476 [M]', 330 [M — 146]".

5-(o-D-Galactopyranosyloxymethyl)-2-furancarboxaldehyde
(15) — W& Bt (o], P= +169.1° (¢ = 0.22, MeOH);
UV, A, (log &) (MeOH) 224 (3.71), 279 (4.25) nm; IR
(KBr) v, 3334 (OH), 3105 (furan), 1663 (CHO), 1523
(furan), 1083 (furan, glycosidic C-O), 1040 (furan, glycosidic
C-0), 822, 790 (furan) cm™; 'H-NMR (400 MHz, CD,0D)
&: 3.68 (1H, dd, J = 5.8, 11.4 Hz, H-6'a), 3.79 (1H, dd, J
= 6.2, 114 Hz, H-6b), 3.73 (1H, dd, J = 3.2, 10.1 Hz,
H-3), 3.79 (I1H, dd, J = 3.6, 10.1 Hz, H-2), 3.84 (1H, br
t, J = 6.1 Hz, H-5", 3.89 (I1H, br d, J = 3.2 Hz, H-4)),
4.66 (1H, d, J = 13.5 Hz, 5a-CH,), 476 (1H, d, J = 13.5
Hz, 5b-CH,), 494 (1H, d, J = 3.6 Hz, H-1", 6.71 (1H, d,
J = 3.5 Hz, H4), 737 (IH, d, J = 3.5 Hz, H-3), 9.55
(1H, s, CHO); "C-NMR (100 MHz, CD,0D) &: 63.5 (C-
6), 63.1 (5-CH,), 70.9 (C-2'), 73.6 (C-5), 72.1 (C-3"),
71.9 (C-4'), 101.0 (C-1, 155.1 (C-2), 125.1 (C-3), 113.8
(C-4), 160.4 (C-5), 180.4 (CHO); FABMS m/z: 289 [M +
H]"; Acetylation — 7] (15) 524 2 vlg|dS 74zt
T 7heto] Aol s WA & AAovtAE T
NA AZAA acetateS ATt 'HNMR (400 MHz,
CDCLy) &: 1.93 (3H, s, OAc), 2.00 (6H, s, 2 x OAc),
2.09 3H, s, OAc), 4.03 (IH, dd, J = 6.4, 11.5 Hz, H-
6'a), 4.05 (1H, dd, J = 6.4, 11.5 Hz, H-6'b), 422 (1H, br
t, J = 6.6 Hz, H-5, 458 (1H, d, J = 13.5 Hz, 5a-CH,),
4.68 (1H, d, J = 13.5 Hz, 5b-CH,), 5.07 (IH, d, J = 3.7,
10.9 Hz, H-2"), 5.19 (1H, d, J = 3.7 Hz, H-1'), 530 (1H,
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dd, J = 33, 109 Hz, H-3'), 541 (1H, br d, J = 2.6 Hz,
H-4), 6.50 (1H, d, J = 3.5 Hz, H4), 7.17 (1H, d, J =
3.5 Hz, H3), 959 (1H, br s, CHO); “C-NMR (100
MHz, CDCLy) 8: 20.5 (3 x OAc), 20.6 (OAc), 61.4 (C-6'),
61.8 (5-CH,), 66.6 (C-5"), 67.3 (C-3'), 67.8 (C-2, 4", 95.7
(C-1'), 111.9 (C-4), 121.7 (C-3), 152.9 (C-2), 156.4 (C-5),
169.8 (OAc), 170.1 (OAc), 1703 (2 x OAc), 177.6 (CHO).

Adenosine (16) — M4 TAE Rt (o], = -92.0° (¢
= 0.2, MeOH); UV, A, (log €) (MeOH) 214 (sh, 4.56),
259 (4.30) nm; IR (KBr) v, 3370, 3340, 3147, 1681,
1607, 1422, 1297, 1205, 1134, 1104, 1030, 823 cm™; 'H-
NMR (400 MHz, CD,0OD) &: 3.74 (1H, dd, J = 2.7, 12.5
Hz, H-5'a), 3.88 (1H, dd, J = 2.5, 12.5 Hz, H-5'b), 4.16
(1H, dd, J = 2.5, 5.0 Hz, H-4"), 432 (1H, dd, J = 2.6,
53 Hz, H-3"), 473 (IH, dd, J = 5.3, 6.4 Hz, H-2), 5.96
(1H, d, J = 6.4 Hz, H-1), 8.17 (1H, s, H-2), 829 (1H, s,
H-8); "C-NMR (100 MHz, CD,0D) &: 91.3 (C-1'), 75.5
(C-2), 72.7 (C-3"), 882 (C-4), 63.5 (C-5"), 153.5 (C-2),
153.7 (C-4), 150.0 (C-5), 157.6 (C-6), 142.0 (C-8); 'H-
NMR (300 MHz, DMSO-d) &: 3.55 (1H, ddd, J = 3.7,
72, 12.1 Hz, H-5'a), 3.67 (1H, dt, J = 4.0, 12.1 Hz, H-
5'b), 3.96 (1H, dd, J = 3.3, 6.4 Hz, H-4), 4.14 (1H, dd, J
=46, 7.5 Hz, H-3"), 461 (1H, dd, J = 6.0, 11.1 Hz, H-
2), 587 (1H, d, J = 59 Hz, H-1', 8.13 (IH, s, H-2),
834 (I1H, s, H-8); "C-NMR (75.5 MHz, DMSO-d,) &:
87.9 (C-1), 73.4 (C-2), 70.6 (C-3'), 85.9 (C-4), 61.7 (C-
5, 1524 (C-2), 149.0 (C-4), 119.3 (C-5), 156.1 (C-6),
139.9 (C-8); FABMS m/z: 268 [M + HJ|; EI-MS m/z (rel.
int.,, %): 267 [M]" (2.3), 237 (6.3), 178 (31.3), 164 (95.3),
136 [adenine + H]  (80.5), 135 [M — 132]" (100), 108
[adenine — HNC]' (28.9).

Phenethyl alcohol 2-O-B-D-xylopyranosyl(1—6)-p-D-
glucopyranoside (17) — WA A Hat (o], = —41.2°
(¢ = 0.15, MeOH); UV, %__ (log &) (MeOH) 215 (3.51),
283 (2.64), 321 (2.58) nm; 'H-NMR (400 MHz, CD,0D)
8: 293 2H, t, J = 7.3 Hz, H-1), 3.73 (IH, dd, J = 5.7,
11.2 Hz, H-5a), 3.75 ~ 3.81 (1H, m, H-2a), 3.85 (1H, dd,
J =52, 114 Hz, H-6"b), 407 (1H, overlap, H-2b), 4.08
(1H, dd, J = 2.7, 11.4 Hz, H-6"a), 430 (I1H, d, J = 7.5
Hz, H-1"), 431 (1H, d, J = 72 Hz, H-1), 7.14 ~ 7.18
(1H, m, H-4"), 725 ~ 726 (4H, m, H-2, 3, 5, 6); “C-
NMR (100 MHz, CD,OD) & 372 (C-1), 719 (C-2),
140.1 (C-1"), 129.4 (C-2', 6'), 130.0 (C-3', 5'), 127.2 (C-4"),
1044 (C-1"), 75.0 (C-2"), 77.9 (C-3"), 71.4 (C-4"), 77.0
(C-5"), 69.8 (C-6"), 105.5 (C-1), 749 (C-2), 77.7 (C-3),
712 (C-4), 66.9 (C-5); FABMS m/z: 439 [M + Na]'.
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Uridine (18) — WA 24§ B2 [o],"=+25.9° (¢ =
022, MeOH); IR v, 3428 (NH, OH), 2925, 1682
(C=0), 1470, 1396, 1270 (C-N), 1099, 1054 (glycosidic
C-0), 767 cm; 'H-NMR (400 MHz, CD,0D) &: 7.99
(1H, d, J = 8.1 Hz, H-6), 5.89 (1H, d, J = 4.5 Hz, H-1),
568 (1H, d, J = 8.1 Hz, H-5), 4.17 (I1H, t, J = 5.1 Hz,
H-2), 4.14 (1H, t, J = 4.8 Hz, H-3), 3.99 (1H, dd, J =
2.9, 7.1 Hz, H-4'), 3.83 (1H, dd, J = 2.6, 12.2 Hz, H-5'),
372 (1H, dd, J = 3.1, 12.2 Hz, H-5b); "C-NMR (100
MHz, CD,0D) &: 166.2 (C-4), 152.5 (C-2), 142.7 (C-6),
102.7 (C-5), 90.8 (C-1'), 86.4 (C-4"), 75.7 (C-2), 71.3 (C-
3, 62.3 (C-5); EI-MS (rel. int, %) m/z 244 [M]" (2),
226 [M - H,0] (13), 155 [M - 89]" (9), 141 [C,H,N,O,
(B) + 30]" (22), 133 (sugar) (66), 113 [B + 2H] (100),
112 [B + H] (28).

Salidroside (19) — W4 4% 2 [a], = -25.1° (¢
= 0.16, MeOH); UV, A, (log €) (MeOH) 221 (3.81),
277 (3.30) nm; 'H-NMR (400 MHz, CD,0D) &: 2.82
(2H, m, H-1), 3.17 (1H, t, J = 82 Hz, H-2"), 3.26 (1H,
m, H-5"), 3.30 (1H, overlap, H-4"), 334 (1H, t, J = 8.4
Hz, H-3"), 3.65 (1H, dd, J = 5.2, 10.8 Hz, H-6"b), 3.69
(1H, dd, J = 8.0, 17.0 Hz, H-2b), 3.85 (1H, dd, J = 1.7,
10.8 Hz, H-6"a), 4.02 (1H, br dd, J = 7.8, 17.0 Hz, H-
2a), 428 (1H, d, J = 7.8 Hz, H-1"), 6.68 (2H, d, J = 84
Hz, H-2, 6, 7.05 2H, d, J = 84 Hz, H-3, 5'); “C-
NMR (100 MHz, CD,0D) &: 130.8 (C-1', 130.9 (C-2,
6), 116.1 (C-3', 5'), 156.7 (C-4'), 1043 (C-1"), 75.1 (C-
2", 78.1 (C-3"), 71.6 (C-4"), 78.0 (C-3"), 62.7 (C-6");
FABMS m/z: 301 [M + HJ".

Raffinose (20) — {4} 743 &2 2F%F 3 CHCL/
MeOH/H,O = 6 : 4 : 12 A7 = Apgate] 23] 74
A TLCZ 311t (Rf = 0.21).

Stachyose (21) — W4 749 2. EFF3 CHCL/
MeOH/H,O = 6 : 4 : 15 Z7}-&ul = ARg-3e] 23] Z7|A]
#A TLCZ 31&tdt} (Rf = 0.11).

Mannitol (22) — #28 AR [a]y = +1.2° (¢ = 0.24,
H,0); 'H-NMR (300 MHz, D,0) &: 3.62 (2H, dd, J =
6.1, 11.8 Hz, H-1a, 6a), 3.70 (2H, ddd, J = 2,7, 6.1, 8.6
Hz, H-2, 5), 3.74 (2H, d, J = 8.6 Hz, H-3, 4), 3.81 (2H,
dd, J = 2.7, 11.8 Hz, H-1b, 6b); "C-NMR (75.5 MHz,
D,0) & 63.6 (C-1, 6), 69.7 (C-3, 4), 713 (C-2, 5);
FABMS m/z: 183 [M + HJ".

sletE 14, 15, 17 H 199 AUIES) - zH2to] 3)gt
E °F 2 mg2 F 3t 3% HCl-60% dioxane 58 2 ml
£ 7Fstal 82304 2417 7188 & Ag,COE 718t
F3AF T YRS & 488 7RF FFAIA cellulose
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plateg AF8-31q pyridine/EtOAc/HOAC/H,0O = 36 : 36 : 7
: 21 §iE ARESted TLCE A3 Sl5heE 1425 glucose
(Rf = 0.40)¢} rhamnose (Rf = 0.64)E, 15Z5-F] galactose
Rf = 0.34H)E, 172 FH glucose} xylose (Rf = 0.52)E,
1925 glucoses 22t REFE 202 txsto]
Rl
2o g
S A)%9] hexane g L2 HE A2 A4t estere C15 ~
C18 % (209 n-fatty acid methyl ester®} oleic acid
methyl ester®] E3E2A] T4 2 palmitic acid methyl
ester, oleic acid methyl ester, stearic acid methyl ester ] =
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