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Abstract: Thirteen oligosaccharides were isolated from the water-eluted fraction of Scutellaria baicalensis
Georgi extract on macroporous adsorption resin, using techniques such as medium-pressure liquid chromatography,
semi-preparative high performance liquid chromatography (HPLC), and a HPLC system equipped with a charged
aerosol detector (CAD) as a trigger for fraction collector automatically. The structures of these compounds were
identified by mass spectrometry (MS) and nuclear magnetic resonance spectroscopy (NMR) as a-D-galactopyranosyl-
(1—6)-a-D-glucopyranosyl-(1—2)-4-D-fructofuranosyl-(6—1)-a-D-galactopyranosyl-(6—1)-a-D-galactopyrano-
side (1), a-D-galactopyranosyl-(1—6)- a -D-galactopyranosyl-(1—6)- a -D-glucopyranosyl-(1—2)- f -D-fructofu-
ranosyl-(4—1)-a-D-galactopyranoside (2), and a-D-galactopyranosyl-(1—2)-a-D-galactopyranosyl-(1—6)-a-D-
galactopyranosyl- (1—6) - a -D-glucopyranosyl- (1—2) - § -D-fructofuranoside (3), raffinose (4), stachyose (5),
verbascose (6), ajugose (7), umbelliferose (8), erlose (9), loliose (10), a-D-galactopyranosyl-(1—6)-a-D-galactopy-
ranosyl-(1—6)-a-D-glucopyranosyl-(1—2)-f-D-fructofuranosyl-(1—1)-a-D-galactopyranoside (11), rehmaglupen-
tasaccharide E (12), and rehmaglupentasaccharide F (13). All oligosaccharides with degrees of polymerization
ranging from 3 to 6 were isolated from Scutellaria baicalensis Georgi for the first time. Compounds 1-3 are new
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compounds belonging to the non-classical raffinose-family oligosaccharides. Furthermore, compounds 11-13 are

non-classical raffinose-family oligosaccharides and compounds 4-7 are raffinose-family oligosaccharides.
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raffinose family oligosaccharide
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Figure 1 The structures of 1-13. "Novel compounds; Gal: Galactopyranosyl; Glc: Glucopyranosyl; Fru: Fructofuranosyl

IR IR, ARAE L FRPEWUR TOCSY Holl g2 31 B 45
T, PR IR N s BUN IR FLRE . 455 HSQC,
FI A HMBC W82 51 6. 72.17 (C4).72.26 (C3) 4395 5,
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Table 1 '"H NMR (700 MHz) and C NMR (175 MHz) data of 1-3 (J in ppm; measured in D,0). "These signals overlapped with others
B 1 2 3
Position " - - - - -
oy (Jin Hz) O oy (Jin Hz) O o, (Jin Hz) O
Fru 1 3.68,s 64.54 3.69,s 63.89 3.68,s 64.27
2 106.87 107.10 106.67
3 4.23,d(8.6) 78.86 4.48,d (8.2) 79.36 4.23,d(8.8) 79.26
4 4.09, t (8.6) 77.21 4.20,t(8.1) 82.35 4.07,(8.5) 76.85
5 4.06,m’ 82.20 4.08,brt(3.2) 83.26 3.90, m 84.20
6 4.00,m’; 71.62 3.89, m; 65.78 3.82, m; 65.34
3.80,dd (11.1, 2.8) 3.84, m 3.79, m
Gle 1 5.45,d(3.9) 94.80 5.44,d(3.8) 95.27 5.44,d(3.9) 94.98
2 3.58,dd (3.9,9.9) 73.87 3.58,dd (10.1, 3.8) 73.81 3.58,dd (3.9, 10.0) 73.84
3 3.75,t(9.7) 75.80 3.77,(9.6) 75.52 3.76,(9.6) 75.59
4 3.55,(9.3) 72.26 3.55,(9.5) 7227 3.54,(9.5) 72.32
5 4.06, m" 73.95 4.07, m" 74.22 4.06, m 74.20
6 4.05,d (12.8); 68.60 4.07,m’; 68.60 4.05, m; 68.76
3.68,d (12.3) 3.66,d (9.5) 3.67,d (8.0)
Gal 1 5.01,d (3.7) 101.27 4.99,d (3.9) 101.22 5.00,d (3.9) 101.28
2 3.82,m’ 71.18 3.84,dd (10.2,3.7) 71.00 3.84,dd (10.5,3.3) 71.29
3 3.92,t(10.3,3.5,3.5) 72.26 3.91,dd (10.7,3.4) 72.28 3.92,dd (10.3,3.3) 72.25
4 4.05,m’ 72.17 4.04,d (3.8) 72.23 4.04,d (3.4) 72.11
5 4.00, m" 73.87 4.15,dd (7.6, 3.8) 71.68 4.16,1(6.3) 71.30
6 3.75,m’ 64.01 3.88, m; 69.39 3.87, m; 68.96
3.72,dd (10.3, 4.6) 3.76,m’
Gal' 1 4.99,d (3.5) 101.00 5.00,d(3.8) 100.90 5.05,d(2.1) 100.66
2 3.82,m’ 71.16 3.82,dd (10.4,3.7) 71.15 3.97,brd (1.3) 77.32
3 3.86, dd (10.0, 3.7) 72.36 3.85,dd (10.5, 3.3) 72.37 3.97,brd (1.3)° 69.63
4 3.99,d (3.3) 72.11 3.99, brt (3.3) 72.11 4.24,brd (3.5) 68.46
5 4.15,brt (6.1) 71.68 3.94,'t (6.0) 74.44 3.99, brd (6.1) 73.66
6 3.87,dd (7.0, 3.7); 69.33 3.74,t(5.4) 64.06 3.76,d (6.0) 64.02
3.72,dd (9.9, 4.4)
Gal” 1 4.99,d (3.5) 101.33 5.33,d(3.7) 100.81 5.15,d(3.9) 98.12
2 3.84, m’ 71.35 3.84,dd (10.2, 3.7) 71.32 3.87,dd (10.3, 3.9) 71.09
3 3.90, tt (10.3, 3.5, 3.5)" 72.29 3.87,dd (10.4, 3.1) 72.00 3.95,dd (10.4, 3.4) 72.19
4 4.01,brt(3.7) 72.00 3.99,brt(3.3)" 72.10 4.02,brt(3.3) 72.13
5 3.98, brt (6.5) 73.78 4.00, br t (5.9) 73.87 4.19,t(6.2) 73.77
6 3.76,m" 63.79 3.74,t (5.4) 64.06 3.76,d (6.2) 64.00

AT WE SR SERE A D0 K AR BN S50 R 9 22—, HL 45

Fa R 2 2 FUBE R JE DL o-(1—6) 3245 77 A JRE M 14 7
B WA AT AN RS B SE A T AR A% SRR TR R

TR SERE, 4 R R a2 o LR 2 DL a-(11) . B
o-(13) B a-(1—4) 5L a-(1—6) #4257 RAERE TR

e UL SRR B AT AR E A BORE R (0 R Y. R
W E B ORI T 2T T W S A 7E BB DL a-(1—
6) FEfH 2 AN FUBE Y TR (1) 2 T4 7 &5 K 7
FLHE I DL a-(1—6) R BEEE F DL a-(1—4) 7 ) 4E
VAN FU0E 1 LR (2), LA S35 T4 7 45 44 78 - 7,
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PEEE F DL a-(1—6) B a-(1—2) 145 2 A2 30 1) 128
B (3), 3% 3ANH SEWE S50 4R~ IR N T R AR G 1Y
MW R IR St T e, IEB T ERE T 0
FIRFERE AL, - FURE S DU R 807 30 A R e {4 5
FT % R A A% 8 B A 0 X R S5 B 2 FhmT Rtk .
2f 1 U0 AR S A o R I A A G B R R BACK
VEF ORI T X R EWEAFTE, XA Tk
SEBEAERE A S 0 2 A, TR IR A B R
YRR SEBE TR I R A

I ER S

Vanquish Core i & 5 2808 A €415 (X T % 45 CAD
oI % L VFC 43 i 1/ 5 H 3 18 43 W 5 & 4t « Vanquish
Flex # = H 1 2500 AH €415 A IE £ H CAD £l 2%
Hypercarb 23 4% (150 mm x 10 mm, 5 pm). Nicolet IS5
FT-IR ZLAMG A 3 2,1 (35 Bl Thermo Fisher 24 7)),
Hannon Newstyle NP700 Serial il & ¥ AH (VT 75 3 FB A&}
AR A 7D, 7x 2 P kI 2§ Shodex RI-102 (H A&
Showa Denko group); ' J& 4l ft, & 4t Pure C-850 (i 1
BUCHI /A 7]); Waters synapt G2-Si £0.4% 14 # 4T € 47 i
5] 5T 1% 5 ACQUITY primer H-class i #H (3% [E Waters
2vHE]); BP-211D + /5 40 2 — R (4515 Sartorius 23 A);
RE-2020A Jig % 28 R AX (L7 AL A #3 ) ); Bruker
Avance 111 HD 700 MH #% R 3R A (48 [E Bruker A #]);
Claricep Flash NH2 &1 #%: . Cleanert Pesti Carb & % £
(RN LA IR B B IR A 7]); Asahipak NH2P-50
10E 343 (250 mm x 10 mm, 5 um, H A8 Shodex A #);
95% LWE (43 Hrall, ALt IR TT BHEOK R A PR A 7)),
CIE (Grara, MBS AR A R A A).

DM g S I o2 A e [ [ e R 20 o e 5]
48 58 RS TERHE Y 3825 Scutellaria baicalensis Georgi
TR 256, BFE 100.0 g ORAF T EF R 2= E F R
AT o
1 BEZEBNRENSVSHSE

FREL 500 g 3% (HQ), M 50% & B k47 [ml i 42
H (BRI 12 L5, 2502 h), SR AR 3 IR K3
WA IR I, YRR 4900 mL, 4 °C FEHE 24 h, B
Lo B B B UTVE, ¥ LB R IR 4, T4 .
WS 73 M1 38 FH 280K IS A, BT AR i 4 SP825
RALIR BB AR AL, FF R K 10% 287 50% LI 95%
CBEFEAT R IR BE M, 153 2 R HBAL (17.79 g) /K BE
W ER AL (58.25 £)~10% LIS i iR AL (24.06 g)50% £
P e B S0 A7 (43.70 2)\95% L P AL (6.12 g)o H
L, KB 2R T AL B, JE3R1T 58.25 g A K SR
MR, HT R84t . B HBER R (54 2), T

50% CME-KIEWR, bAE 2 Hp e s ) &6 R it AT ik —
A4tk . BEJ, 4 Claricep Flash NH2 (i 4% (40 g),
PLZiB-7K (85115 — 65135 — 55:45 — 50:50) FEATHE
FEWRE, Y N 32 mL-min™, 30 i 7% K G BUR R I 2%
Wem, LU gL F 6 N . TR AR TR, 4 d
N HQ-F1 (4.90 g), HQ-F2 (12.55 g), HQ-F3 (10.86 g),
HQ-F4 (6.75 g), HQ-F5 (10.32 g) 5 HQ-F6 (2.15 g).
2 BEERENHE—TSHEM4
2.1 FHIESYRHEBIESE  FHl& &R0 A1
K FH 2 1] % Asahipak NH2P-50 10E &34 (250 mm x
10 mm, 5 um) X} HQ-F4 (6.75 g) #k AT ¥t — 5 4y &8 4li
o ERE SN B L 70% £ KIS AE NI B AR, R
2 mL-min". JEIEIR ZE TG I AR 7E 2 MR, AR i
VT Foh i 8 B sty SWERF S5H TG, &
A3 B] S AN, B Ay 48 HQ-F4-1 (704.46 mg)-
HQ-F4-2 (231.22 mg). HQ-F4-3 (606.71 mg). HQ-F4-4
(155.77 mg) 5 HQ-F4-5 (173.15 mg).

PL74% ZIEKERAE R sh A, iE N 2 mL-min™
XF HQ-FS #EAT 4 85, 38 3 7~ 22 7 o't i ) #4576 2 1 i,
MR R T8 F WS B s il i . 2R R 5
%5, & M HQ-F5 (1032 g) o B 15214k 54 5
(1.06 g).
22 AEUHREMRZERESST KA A S E A
RHUFE (2 g/12 mL) X F i HQ-F4-1 5 HQ-F6 4T 43
BB . FESIILL 50 mg-mL! IR FEE VAR T 50% 2 i
KB G EE. B Tise 4 8 BV LG E, 735
K PSR BE B2 1) K = 2 S T AT e e

XF T HQ-F4-1, FIAHZE AT H 4 BV 2 517K
. LFEJE, IR A4 mL £ BT K, BAK 5%6%-7%-
8%9%- 10% 12% [1] I K I 34T e i, FL Ul £ 2
8 ANy, WK % W HQ-F4-S1 % HQ-F4-S8.

X F HQ-F6, [E AH A BRI K F 4 BV 1] 5% 4
I WA . EFE IS, AR RS 20 mL 1 5%+ 8%
10%-12% 15% F1 30% £ Jif 7K 3 W03k 47 e i, #2445
26445, 43 7ic N HQ-F6-S1 & HQ-F6-S6.
23 BHERKNE (CAD) ML BB WESNS
YR EIESE 050w Al W T A S A
(Hypercarb, 150 mm x 10 mm, 5 pm) FJ F & 25000 €
AR H CAD, i #5171 5 F B i 4 B B
(FC), #7150 P44 1R 166 2% A A2 2 Aol 5 i) 48 53
BRG., FIHZ R G54 5 HQ-F4-S2 Ll K HQ-Fé6-
S4 HEAT TENE AR I 2% 2 B, S T 2 A SERE AR
Hl & H oy e . Ho, 4y HQ-F4-S2 (254 mg) ML 25—
7K (0:100 — 12:88, 0~95 min) AishHH, £ 2 mL-min”
TS N BEAT AR EE Ve, 48 B 4l 18 2] 4 N AR, Ay
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4N A 4 (137.3 mg)- 8 (0.54 mg).9 (1.08 mg). 10
(0.72 mg); 14> HQ-F6-S4 (260 mg) LA ZJiE-/K (8:92 —
15:85, 0~35 min) N s AH, 7E 2 mL-min" [ i 38 T
HEATBREEVEI, 7 B3RS T 8 AN LAk, A RIE AL &)
1 (12.41 mg)-2 (2.93 mg).3 (0.88 mg).6 (56.84 mg).7
(4.98 mg).11 (7.37 mg)-12 (0.8 mg).13 (0.48 mg).
3 FHEE

&9 48 A &k K, ESI-MS m/z 503.169 7
[M-H]", % F i & N 504 Da, 4+ N C,H,,0,,-
'H NMR (D,0, 700 MHz) 6,: 5.43 (1H, d, J = 3.9 Hz,
Gle-H1), 4.99 (1H, d, J = 3.8 Hz, Gal-H1), 4.23 (1H, d,
J = 8.8 Hz, Fru-H3), 4.06 (1H, d, J = 8.6 Hz, Fru-H4),
4.06 (1H, d, J = 8.6 Hz, Glc-H5), 4.03 (1H, t, J= 3.9 Hz,
Gal-H4), 4.00 (1H, d, J = 3.4 Hz, Gal-H6b), 3.95 (1H, t,
J = 6.4 Hz, Gal-H3), 3.90 (1H, m, Fru-H5), 3.88 (1H, d,
J = 3.3 Hz, Gal-H2), 3.85 (1H, m, Fru-H6b), 3.83 (1H,
m, Gal-H5), 3.79 (1H, d, J = 7.4 Hz, Glc-H3), 3.77 (1H,
d, J = 9.5 Hz, Glc-H6a), 3.75 (1H, d, J = 5.1 Hz, Fru-
Hé6a), 3.75 (1H, d, J = 5.1 Hz, Gal-H6a), 3.69 (1H, m,
Gle-H6b), 3.67 (2H, s, Fru-H1), 3.57 (1H, dd, J = 3.9,
10.1 Hz, Gle-H2), 3.54 (1H, d, J = 9.5 Hz, Glc-H4);
BC NMR (D,0, 175 MHz) d.: 64.23 (Fru-C1), 106.63
(Fru-C2), 79.17 (Fru-C3), 76.82 (Fru-C4), 84.18 (Fru-
C5), 65.29 (Fru-C6), 94.94 (Glc-Cl), 73.80 (Glc-C2),
75.50 (Gle-C3), 74.23 (Gle-C4), 73.89 (Gle-C5), 68.73
(Gle-C6), 101.31 (Gal-C1), 71.32 (Gal-C2), 72.24 (Gal-
C3), 72.05 (Gal-C4), 72.29 (Gal-C5), 63.96 (Gal-C6), DA
B 5 SCERE R e R R B, S R A 4
YL

& W5 A @k K, ESI-MS m/z 665213 6
[M-H]", 4+ F i & 9 666 Da, 4> TN C,,H,,0,,-
'H NMR (D,0, 700 MHz) 6,;: 5.44 (1H, d, J = 3.9 Hz,
Glec-H1), 4.99 (1H, d, J = 3.2 Hz, Gal'-H1), 4.99 (1H, d,
J = 3.8 Hz, Gal-H1), 4.23 (1H, d, J = 8.8 Hz, Fru-H3),
4.14 (1H, ddd, J = 7.9, 4.6, 1.2 Hz, Gal-H5), 4.07 (1H, d,
J = 8.7 Hz, Fru-H4), 4.06 (1H, d, J = 8.6 Hz, Glc-H5),
4.05 (1H, m, Glc-H6a), 4.05 (1H, m, Gal-H4), 4.01 (1H,
d, J=6.4 Hz, Gal’-H5), 3.98 (1H, d, J = 3.1 Hz, Gal'-H4),
3.91 (1H, d, J = 3.3 Hz, Gal-H3), 3.92 (1H, m, Fru-H5),
3.88 (1H, d, J = 10.0 Hz, Gal-H6b), 3.85 (1H, d, J =
3.0 Hz, Gal'-H3), 3.85 (1H, d, J = 3.0 Hz, Fru-H6a), 3.82
(1H, d, J = 3.7 Hz, Gal-H2), 3.82 (IH, d, J = 3.7 Hz,
Gal'-H2), 3.78 (1H, d, J = 7.5 Hz, Glc-H3), 3.76 (1H, m,
Fru-H6b), 3.75 (2H, d, J = 6.1 Hz, Gal’-H6), 3.72 (1H, d,
J=4.6 Hz, Gal-H6a), 3.68 (2H, s, Fru-H1), 3.68 (1H, br s,

Gle-H6b), 3.58 (1H, dd, J = 3.9, 10.0 Hz, Glc-H2), 3.54
(1H, t, J = 9.6 Hz, Glc-H4); “C NMR (D,0, 175 MHz)
J.: 64.26 (Fru-C1), 106.66 (Fru-C2), 79.18 (Fru-C3), 76.84
(Fru-C4), 84.20 (Fru-C5), 65.31 (Fru-C6), 94.95 (Glec-
C1), 73.84 (Gle-C2), 75.57 (Glc-C3), 72.36 (Gle-C4),
74.13 (Gle-C5), 68.70 (Glc-C6), 101.22 (Gal-C1), 71.29
(Gal-C2), 72.33 (Gal-C3), 72.22 (Gal-C4), 71.65 (Gal-
C5), 69.33 (Gal-C6), 100.88 (Gal'-C1), 71.14 (Gal’-C2),
72.36 (Gal’-C3), 72.09 (Gal’-C4), 73.80 (Gal’-C5), 64.00
(Gal'-C6), LA - H4fs 5 SCHRE 4 i o) Bl kAR — 2, i)
Y B S IR TR

b &% 6 N A K K, ESI-MS m/z 827.259 8
[M-H]", X 7 Jfi & 4 828 Da, 7 ¥ 30N C, H,,0,,-
'H NMR (D,0, 700 MHz) &,: 5.44 (1H, d, J = 3.9 Hz,
Gle-H1), 5.01 (1H, br d, J=3.2 Hz, Gal-H1), 5.00 (1H, d,
J=3.8 Hz, Gal"-H1), 4.99 (1H, d, J= 3.8 Hz, Gal'-H1),
423 (1H, d, J= 8.8 Hz, Fru-H3), 4.16 (1H, dd, J = 7.8,
4.5 Hz, Gal-H5), 4.15 (1H, dd, J= 7.8, 4.5 Hz, Gal’-H5),
4.09 (1H, m, Glc-H5), 4.07 (1H, t, J = 8.5 Hz, Fru-H4),
4.04 (1H, m, Glc-H6a), 4.04 (1H, m, Gal”-H4), 4.02 (1H,
br d, J= 6.1 Hz, Gal”-H5), 4.00 (1H, d, J = 3.1 Hz, Gal-
H4), 3.99 (1H, d, J = 3.1 Hz, Gal'-H3), 3.92 (1H, d, J =
3.1 Hz, Gal"-H3), 3.91 (1H, d, J = 3.4 Hz, Gal-H3), 3.90
(1H, m, Fru-H5), 3.86 (1H, m, Gal-Héb), 3.85 (1H, d,
J = 3.1 Hz, Gal'-H4), 3.84 (1H, br d, J = 3.6 Hz, Gal’-
H2), 3.82 (1H, d, J = 3.7 Hz, Gal-H2), 3.82 (1H, br d,
J=3.7 Hz, Gal’-H2), 3.82 (1H, d, J= 3.7 Hz, Fru-Héa),
3.79 (1H, d, J= 3.9 Hz, Fru-H6b), 3.76 (1H, t, J= 6.3 Hz,
Gle-H3), 3.76 (2H, d, J = 6.2 Hz, Gal"-H6), 3.72 (1H,
d, J = 4.5 Hz, Gal'-H6a), 3.68 (1H, m, Glc-H6b), 3.68
(2H, s, Fru-H1), 3.67 (2H, m, Gal-H6), 3.58 (1H, dd, J =
3.9, 10.0 Hz, Glc-H2), 3.54 (1H, t, J = 9.2 Hz, Glc-H4);
C NMR (D,O, 175 MHz) & 64.39 (Fru-Cl), 106.81
(Fru-C2), 79.33 (Fru-C3), 76.98 (Fru-C4), 84.37 (Fru-
C5), 65.46 (Fru-C6), 95.11 (Glc-Cl), 73.95 (Glc-C2),
75.74 (Gle-C3), 72.39 (Gle-C4), 74.25 (Gle-C5), 68.70
(Gle-C6), 100.78 (Gal-C1), 71.26 (Gal-C2), 72.39 (Gal-
C3), 72.24 (Gal-C4), 71.82 (Gal-C5), 69.29 (Gal-C6),
101.34 (Gal’-C1), 71.16 (Gal'-C2), 72.24 (Gal’-C3), 72.50
(Gal'-C4),71.68 (Gal’-C5), 69.45 (Gal'-C6), 100.95 (Gal"-
C1), 71.43 (Gal”-C2), 72.24 (Gal"-C3), 72.39 (Gal"-C4),
73.96 (Gal”-C5), 64.15 (Gal"-C6), LA L $ ¥ 5 S ke
FRIE G R IR AR — B, S A 6 B E L

& W7 N A @K K, ESI-MS m/z 989.321 9
[M-H]", 4 7 5 & N 990 Da, 43 ¥ X N C,H,0,,.
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'H NMR (D,0, 700 MHz) §,: 5.44 (1H, d, J = 3.9 Hz,
Gle-H1), 5.01 (1H, d, J = 3.7 Hz, Gal"-H1), 5.00 (1H, d,
J=3.9 Hz, Gal"-H1), 4.99 (1H, d, J = 3.9 Hz, Gal’-H1),
4.98 (1H, d, J= 3.9 Hz, Gal-H1), 4.21 (1H, m, Gal’-H5),
4.20 (1H, d, J = 8.8 Hz, Fru-H3), 4.20 (1H, m, Gal-H5),
4.15 (1H, dd, J = 5.9, 2.3 Hz, Gal"-HS5), 4.07 (1H, m,
Glc-HS), 4.07 (1H, t, J = 8.5 Hz, Fru-H4), 4.05 (1H, m,
Glc-H6b), 4.04 (1H, m, Gal”-H4), 4.04 (1H, m, Gal'-
H4), 4.02 (1H, d, J= 3.4 Hz, Gal-H4), 4.00 (1H, m, Gal"-
H5), 3.99 (1H, d, J = 3.9 Hz, Gal"-H4), 3.92 (1H, t, J =
3.3 Hz, Gal'-H3), 3.90 (1H, m, Gal"-H6a), 3.90 (1H, m,
Gal-H6a), 3.90 (1H, m, Fru-HS), 3.87 (1H, dd, J = 3.6,
10.0 Hz, Gal”-H3), 3.87 (1H, m, Gal'-Héb), 3.87 (1H,
dd, J=10.0, 3.6 Hz, Gal"-H3), 3.87 (1H, dd, J = 10.0,
3.6 Hz, Gal-H3), 3.85 (1H, dd, J = 3.9, 10.3 Hz, Gal'-
H2), 3.84 (1H, dd, J=10.2, 3.7 Hz, Gal"-H2), 3.84 (1H,
dd, J = 10.2, 3.7 Hz, Gal"-H2), 3.84 (1H, dd, J = 3.9,
10.3 Hz, Gal-H2), 3.82 (1H, d, J = 4.4 Hz, Fru-Hé6a),
3.79 (1H, d, J = 4.9 Hz, Fru-Héb), 3.75 (2H, m, Gal"-
H6), 3.75 (1H, t, J = 9.6 Hz, Glc-H3), 3.73 (1H, d, J =
4.8 Hz, Gal'-Hé6a), 3.69 (1H, m, Gal-H6b), 3.68 (1H, m,
Glc-Hé6a), 3.68 (1H, m, Gal"-H6b), 3.68 (2H, s, Fru-H1),
3.58 (1H, dd, J = 10.0, 3.8 Hz, Glc-H2), 3.54 (1H, t, J =
9.6 Hz, Glc-H4); "C NMR (D,0, 175 MHz) §.: 64.27
(Fru-C1), 106.67 (Fru-C2), 79.20 (Fru-C3), 76.84 (Fru-
C4), 84.21(Fru-C5), 65.34 (Fru-C6), 94.97 (Glc-C1),
73.82 (Glc-C2), 75.60 (Gle-C3), 72.35 (Gle-C4), 74.12
(Gle-C5), 68.66 (Gle-C6), 100.66 (Gal-C1), 71.32 (Gal-
C2), 72.39 (Gal-C3), 72.35 (Gal-C4), 71.62 (Gal-C5),
69.37 (Gal-C6), 101.22 (Gal'-C1), 71.17 (Gal’-C2), 72.29
(Gal'-C3), 72.23 (Gal'-C4), 71.46 (Gal'-C5), 69.31 (Gal'-
C6), 100.65 (Gal"-Cl), 71.17 (Gal"-C2), 72.37 (Gal"-
C3), 72.23 (Gal"-C4), 71.74 (Gal"-C5), 69.15 (Gal"-C6),
100.85 (Gal”-C1), 71.32 (Gal"-C2), 72.38 (Gal"-C3),
72.14 (Gal"-C4), 73.87 (Gal"-C5), 64.02 (Gal"-C6), LA
b S SCERE R T BRI AR — 2, M AT
NI B

b 490 8 9 1 K K, ESI-MS m/z 503.163 8 [M—
H]', % FJfi &4 504 Da, 4+~ C (H,,0,,. 'HNMR
(D,0, 700 MHz) §,;: 5.69 (1H, d, J = 3.6 Hz, Glc-H1),
5.17 (1H, d, J = 3.9 Hz, Gal-H1), 4.23 (1H, d, J = 8.9 Hz,
Fru-H3), 4.17 (1H, t, J = 6.3 Hz, Gal-H5), 4.11 (1H, t,
J = 8.6 Hz, Fru-H4), 4.02 (1H, d, J = 3.5 Hz, Gal-H4),
3.94 (1H, m, Glc-HS), 3.91 (1H, dd, J = 10.3, 3.3 Hz,
Gal-H3), 3.89 (1H, t, J = 9.5 Hz, Glc-H3), 3.86 (1H, m,

Gal-H2), 3.86 (1H, m, Fru-H5), 3.84 (1H, m, Fru-H6a),
3.83 (1H, m, Gle-H6a), 3.81 (1H, m, Glc-H6b), 3.81 (1H,
m, Fru-H6b), 3.75 (2H, d, J = 6.3 Hz, Gal-H6), 3.75 (2H,
s, Fru-H1), 3.68 (1H, dd, J = 9.9, 3.7 Hz, Glc-H2), 3.51
(1H, t, J = 9.6 Hz, Glc-H4); "C NMR (D,0, 175 MHz)
S 64.64 (Fru-Cl), 107.07 (Fru-C2), 79.11 (Fru-C3),
76.56 (Fru-C4), 83.98 (Fru-C5), 64.91 (Fru-C6), 92.43
(Gle-C1), 78.40 (Gle-C2), 74.14 (Glc-C3), 72.07 (Gle-
C4), 74.97 (Gle-C5), 63.11 (Gle-C6), 99.33 (Gal-Cl),
71.00 (Gal-C2), 72.19 (Gal-C3), 71.93 (Gal-C4), 73.87
(Gal-C5), 63.85 (Gal-C6), LA & % ¥ 5 SCHRP>1 4 18 %f
e A — 3, MO AW 8 4 umbelliferose .

b &9 Ntk K, ESI-MS m/z 503.163 2 [M-
H]", 7 F i &0 504 Da, 77 7308 C (H,,0,,- 'HNMR
(D,0, 700 MHz) d,: 5.42 (1H, d, J = 3.9 Hz, Glc-H1),
5.42 (1H, d, J = 3.9 Hz, Glc-H1), 4.22 (1H, d, J = 8.8,
4.1 Hz, Fru-H3), 4.04 (1H, t, J = 8.7 Hz, Fru-H4), 4.03
(1H, t, J = 9.5 Hz, Glc-H3), 3.98 (1H, td, /= 9.9, 2.9 Hz,
Gle-H5), 3.90 (1H, m, Fru-H5), 3.87 (1H, m, Glc¢'-H6b),
3.84 (2H, m, Glc-H6), 3.82 (2H, m, Fru-H6), 3.77 (1H,
d, J = 5.2 Hz, Glc-H6a), 3.74 (1H, m, Glc¢’-H5), 3.71
(1H, m,Glc-H4), 3.68 (1H, t, J = 9.5 Hz, Glc'-H3), 3.68
(2H, s, Fru-H1), 3.60 (1H, dd, J = 9.5, 3.9 Hz, Glc-H2),
3.59 (1H, dd, J = 9.5, 3.5 Hz, Gl¢’-H2), 3.43 (1H, t, J =
9.5 Hz, Gl¢'-H4); °C NMR (D,0, 175 MHz) §.: 64.17
(Fru-C1), 106.48 (Fru-C2), 79.33 (Fru-C3), 76.87 (Fru-
C4), 84.22 (Fru-C5), 65.20 (Fru-C6), 94.80 (Glc-Cl),
74.63 (Gle-C2), 75.85 (Gle-C3), 79.60 (Gle-C4), 73.68
(Gle-C5), 63.02 (Gle-C6), 102.60 (Glc'-C1), 73.66 (Glc'-
C2), 75.76 (Glc'-C3), 72.17 (Glc'-C4), 75.52 (Glc'-C5),
63.32 (Glc'- C6), LA & 4 55 SC R a8 %) HE A —
H, WSS9 N erloses

b & 10 4 A €8 K, ESI-MS m/z 503.170 3 [M-
H], 4> T i &8 504 Da, 4> ¥ N C(H,,0,,. 'HNMR
(D,0, 700 MHz) d,;: 5.44 (1H, d, J = 3.9 Hz, Glc-H1),
5.38 (1H, d, J = 4.0 Hz, Gal-H1), 4.26 (1H, t, J = 6.3 Hz,
Gal-H5), 4.21 (1H, d, J = 8.7 Hz, Fru-H3), 4.06 (1H, t,
J = 8.6 Hz, Fru-H4), 4.01 (1H, d, J = 3.6 Hz, Gal-H4),
3.92 (1H, dd, J = 10.2, 8.3 Hz, Glc-H3), 3.90 (1H, dd,
J =10.2, 3.3 Hz, Gal-H3), 3.89 (1H, m, Fru-H5), 3.88
(1H, m, Gle-H5), 3.85 (1H, dd, J = 10.5, 4.0 Hz, Gal-H2),
3.83 (2H, m, Glc-H6), 3.82 (2H, m, Fru-H6), 3.72 (1H,
dd, J = 10.2, 8.6, Glc-H4), 3.72 (2H, m, Gal-H6), 3.69
(2H, s, Fru-H1), 3.67 (1H, dd, J = 10.2, 3.7 Hz, Glc-H2);
C NMR (D,0, 175 MHz) d.: 64.33 (Fru-Cl), 106.53
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(Fru-C2), 79.58 (Fru-C3), 76.92 (Fru-C4), 84.24 (Fru-
C5), 65.20 (Fru-C6), 95.19 (Glc-C1), 72.60 (Glc-C2),
82.54 (Glc-C3), 72.36 (Glc-C4), 75.04 (Gle-C5), 62.73
(Gle-C6), 102.14 (Gal-C1), 71.50 (Gal-C2), 72.25 (Gal-
C3), 72.04 (Gal-C4), 73.64 (Gal-C5), 63.84 (Gal-C6), L\
R S SCRRCIHRGE (6 A P SXONT RS R — B, i)
KENEDI0 N T ED, HRIE S e
loliose®",

&Y 11 N A EF K, ESI-MS m/z 827.250 5 [M-
H], K57 54828 Da, 7N C, H,,0,. '"HNMR
(D,0, 700 MHz) 6,;: 5.48 (1H, d, J = 3.9 Hz, Glc-H1),
5.06 (1H, d, J = 3.8 Hz, Gal”-H1), 5.00 (1H, d, J =
3.6 Hz, Gal'-H1), 5.00 (1H, d, J = 3.6 Hz, Gal-H1), 4.30
(1H, d, J= 8.8 Hz, Fru-H3), 4.16 (1H, dd, J= 7.6, 4.8 Hz,
Gal-H5), 4.08 (1H, t, J = 8.6 Hz, Fru-H4), 4.07 (1H, m,
Glc-H6b), 4.06 (1H, m, Glc-H5), 4.04 (1H, m, Gal-H4),
4.00 (1H, m, Gal"-H4), 4.00 (1H, m, Gal'-H5), 3.99 (1H,
d, J=3.3 Hz, Gal'-H4), 3.95 (1H, m, Gal"-H5), 3.95 (1H,
m, Fru-H5), 3.91 (1H, d, J = 3.4 Hz, Gal-H3), 3.90 (1H,
dd, J=10.3, 3.4 Hz, Gal"-H3), 3.88 (1H, m, Gal-H6a),
3.88 (1H, m, Fru-H1b), 3.86 (1H, m, Gal'-H3), 3.84
(1H, dd, J=10.4, 3.8 Hz, Gal-H2), 3.84 (1H, dd, J= 3.8,
10.4 Hz, Gal"-H2), 3.84 (1H, m, Fru-H6a), 3.82 (1H, m,
Gal'-H2), 3.79 (1H, d, J = 7.4 Hz, Fru-H6b), 3.74 (2H,
m, Gal”-H6), 3.75 (2H, m, Gal’-H6), 3.75 (1H, dd, J =
10.0, 9.1 Hz, Gle-H3), 3.73 (1H, m, Gal-H6b), 3.68 (1H,
m, Fru-Hla), 3.66 (1H, m, Glc-H6a), 3.57 (1H, dd, J =
10.0, 3.9 Hz, Glc-H2), 3.54 (1H, t, J = 9.4 Hz, Glc-H4);
BC NMR (D,0, 175 MHz) d.: 69.15 (Fru-C1), 106.38
(Fru-C2), 79.33 (Fru-C3), 76.56 (Fru-C4), 84.08 (Fru-C5),
65.14 (Fru-C6), 95.41 (Glc-C1), 73.83 (Gle-C2), 75.58
(Gle-C3), 72.31 (Gle-C4), 74.16 (Gle-C5), 68.62 (Glc-
C6), 101.21 (Gal-Cl), 71.19 (Gal-C2), 72.27 (Gal-C3),
72.23 (Gal-C4), 71.68 (Gal-C5), 69.39 (Gal-C6), 100.90
(Gal'-C1), 71.19 (Gal'-C2), 72.37 (Gal'-C3), 72.12 (Gal'-
C4), 73.87 (Gal’-C5), 64.04 (Gal'-C6), 101.59 (Gal"-C1),
71.31 (Gal"-C2), 72.20 (Gal"-C3), 72.10 (Gal"-C4), 74.26
(Gal"-C5), 64.06 (Gal"-C6), PL I ¥ 4% 5 ¢ #k™> 4 &
SDO-Va #: A —5, # % @ &2 11 A &, 7
7 % N 6g-a-D-galactosyllychnose »

T &W12 N A Bk &, ESI-MS m/z 827.260 1 [M-
H], H4rF s~ 828 Da, 4 TN C, H,,0,.. '"HNMR
(D,0, 700 MHz) 6,: 5.46 (1H, d, J = 3.9 Hz, Glc-H1),
5.36 (1H, d, J=4.0 Hz, Gal”-H1), 5.00 (1H, d, J= 3.7 Hz,
Gal'-H1), 5.00 (1H, d, J = 3.7 Hz, Gal-H1), 4.26 (1H, t,

J= 6.3 Hz, Gal"-H5), 4.23 (1H, d, J = 8.8 Hz, Fru-H3),
4.16 (1H, dd, J= 7.7, 4.5 Hz, Gal-H5), 4.10 (1H, m, Glc-
HS5), 4.07 (1H, d, J= 12.0 Hz, Glc-H6b), 4.07 (1H, t, J =
8.6 Hz, Fru-H4), 4.04 (1H, d, J = 3.4 Hz, Gal-H4), 4.01
(1H, d, J = 3.2 Hz, Gal”-H4), 3.99 (1H, m, Gal-H5),
3.98 (1H, d, J= 3.7 Hz, Gal'-H4), 3.93 (1H, t, J= 9.4 Hz,
Gle-H3), 3.92 (1H, dd, J = 3.4, 10.4 Hz, Gal-H3), 3.91
(1H, dd, J = 10.3, 3.3 Hz, Gal"-H3), 3.90 (1H, m, Fru-
H5), 3.88 (1H, d, J= 3.8 Hz, Gal-H6a), 3.87 (1H, dd, J =
3.9, 10.4 Hz, Gal”-H2), 3.84 (1H, d, J= 3.1 Hz, Gal'-H3),
3.84 (1H, d, J = 12.2 Hz, Fru-H6a), 3.83 (1H, dd, J =
10.3, 3.6 Hz, Gal-H2), 3.82 (1H, dd, J = 10.3, 3.6 Hz,
Gal'-H2), 3.79 (1H, t, J = 9.6 Hz, Glc-H4), 3.78 (1H, d,
J=12.2 Hz, Fru-H6b), 3.75 (2H, d, J = 6.0 Hz, Gal'-H6),
3.73 (2H, d, J = 6.3 Hz, Gal"-H6), 3.72 (1H, J = 6.0 Hz,
Gal-H6b), 3.70 (1H, dd, J = 9.8, 4.0 Hz, Glc-H2), 3.68
(2H, s, Fru-H1), 3.65 (1H, m, Glc-H6a); “C NMR (D,0,
175 MHz) 6.: 64.27 (Fru-Cl), 106.66 (Fru-C2), 79.52
(Fru-C3), 76.92 (Fru-C4), 84.21 (Fru-C5), 65.32 (Fru-
C6), 95.06 (Gle-Cl), 72.60 (Glc-C2), 83.15 (Gle-C3),
72.63 (Gle-C4), 73.89 (Glc-C5), 68.33 (Gle-C6), 101.15
(Gal-C1), 71.31 (Gal-C2), 72.37 (Gal-C3), 72.24 (Gal-
C4), 71.67 (Gal-C5), 69.37 (Gal-C6), 100.83 (Gal'-Cl),
71.16 (Gal’-C2), 72.37 (Gal’-C3), 72.24 (Gal’-C4), 73.84
(Gal'-C5), 64.02 (Gal'-C6), 102.34 (Gal"-C1), 71.53 (Gal"-
C2), 72.09 (Gal”-C3), 72.24 (Gal"-C4), 73.70 (Gal"-C5),
63.86 (Gal"-C6), DA b H 4 5 SCHR! O i o 1L A —
B, W% S 12 9 rehmaglupentasaccharide E .
tEY13 N A G K, ESI-MS m/z 827.251 8 [M-
H], Ho 78~ 828 Da, 43 T N C, H,,0,.. '"HNMR
(D,0, 700 MHz) &,: 5.44 (1H, d, J = 4.1 Hz, Glc-H1),
5.18 (1H, d, J=3.9 Hz, Gal”-H1), 5.03 (1H, d, J=3.8 Hz,
Gal-H1), 5.01 (1H, d, J = 3.8 Hz, Gal’-H1), 4.31 (1H, d,
J = 3.1 Hz, Gal-H4), 423 (1H, d, J = 8.9 Hz, Fru-H3),
4.19 (1H, t, J= 6.3 Hz, Gal"-H5), 4.15 (1H, dd, J = 5.3,
7.7 Hz, Gal-H5), 4.10 (1H, d, J = 12.0 Hz, Glc-H6b),
4.06 (1H, m, Glc-H5), 4.04 (1H, m, Gal'-H5), 4.04 (1H,
dd, J= 3.0, 10.3 Hz, Gal-H3), 4.04 (1H, t, J = 8.6 Hz,
Fru-H4), 4.02 (1H, d, J= 3.9 Hz, Gal"-H4), 3.99 (1H, d,
J=13.3 Hz, Gal-H4), 3.99 (1H, dd, J= 10.5, 3.8 Hz, Gal-
H2), 3.96 (1H, dd, J=10.5, 3.4 Hz, Gal”-H3), 3.90 (1H,
d, J = 3.3 Hz, Gal-H6a), 3.90 (1H, dd, J = 7.5, 3.3 Hz,
Fru-H5), 3.87 (1H, dd, J = 3.9, 10.3 Hz, Gal"-H2), 3.86
(1H, dd, J = 10.1, 3.3 Hz, Gal-H3), 3.85 (1H, m, Fru-
H6a), 3.82 (1H, dd, J=10.3, 3.7 Hz, Gal'-H2), 3.78 (1H,
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d, J=12.1 Hz, Fru-H6b), 3.76 (1H, t, J = 9.5 Hz, Glc-
H3), 3.75 (1H, d, J = 2.6 Hz, Gal-H6b), 3.75 (1H, m,
Gal'-H6a), 3.75 (1H, m, Gal"-H6a), 3.68 (1H, s, Fru-
H1), 3.68 (1H, d, J = 12.0 Hz, Glc-H6a), 3.67 (1H, m,
Gal'-H6b), 3.67 (1H, m, Gal”-H6b), 3.55 (1H, dd, J =
9.9, 4.1 Hz, Glc-H2), 3.54 (1H, t, J = 9.6 Hz, Glc-H4);
“C NMR (D,0, 175 MHz) 6. 64.21 (Fru-Cl), 106.72
(Fru-C2), 79.18 (Fru-C3), 76.87 (Fru-C4), 84.24 (Fru-
C5), 65.35 (Fru-C6), 95.05 (Gle-C1), 73.85 (Glc-C2),
75.66 (Glc-C3), 72.17 (Gle-C4), 74.12 (Gle-C5), 68.32
(Gle-C6), 101.06 (Gal-C1), 69.77 (Gal-C2), 76.83 (Gal-
C3), 68.46 (Gal-C4), 71.55 (Gal-C5), 69.32 (Gal-C6),
100.91 (Gal'-C1), 71.16 (Gal'-C2), 72.35 (Gal’-C3), 72.00
(Gal'-C4), 73.89 (Gal'’-C5), 64.00 (Gal'-C6), 97.90 (Gal"-
Cl), 71.11 (Gal"-C2), 72.25 (Gal"-C3), 72.19 (Gal"-C4),
73.75 (Gal"-C5), 64.00 (Gal"-C6), LA L% ¥ 5 STkl i)
T8 0F R R A — B, W% E A A 4 13 5 rehmaglupenta-
saccharide F.
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S BCHRAFR BJSC RS  R AT S0 B SRR L
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