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Abstract — Eight flavonoids were isolated from the BuOH fraction of the 70% EtOH extract of Zizyphus jujuba var. spinosa
seeds along with three known compounds, daucosterol (1), butyl B-D-fructofuranoside (2), and magnoflorine (4). On the basis
of spectroscopic methods and comparison with literature values their structures were elucidated as 6"'-feruloylspinosin (3), nic-
otiflorin (5), 6"-p-coumaroylspinosin (6), isospinosin (7), 6"-vanilloylspinosin (8), spinosin (9), hovetrichoside C (10), and
camelliaside B (11). Compounds 1, 2, 10, and 11 were isolated from this plant for the first time.
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HEME - 2 Aol Aol ARSRE k2912 20099
109 F= AFsd AlgellA] Al Ao 21E ARskale.

o, T=ga goju oAl 7T 7 sted Attt

7171 ¥ A|gF - Mg%== Jasco P-1020 polarimeterS: At
&3t S43Ith. UV Hitachi U-30103 ARS8 0,
IR< Jasco FT/IR-5300% A&3sle] =74 3159t NMR
Varian Gemini 2000 (300 MHz), Bruker/Avance-400 (400
MHz) %=+ Bruker/Avance-500 (500 MHz) spectrometerE
AME3le] 2451900 ) E-MSSH FAB-MSE Jeol IMS-700
high resolution mass spectrometerS A}-& 3} T}, Column
chromatography&- silica gel> Merck<] Kieselgel 60 (no.
7734, 9385 = 7729), 9T ZrE 12 = Merck2]
LiChroprep RP-182 A1t Gel ¢3#+= Sephadex LH-
20 (Pharmacia)e AF&-3lTE TLC plate= Merck<]
Kieselgel 60F,, B== RP-18,5,¢ precoated plateE ARE-5131
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= 7t 87l FE381e] A7 70% EtOH 2~
£ AU} (63]). FFAIA 2 70% EtOH 120l hexane-
MeOH-H,O (10 : 9 : 1)& 7}ste] X &g & WA AIA
hexane 7F-7-5 43 o|& 55310 252.6 g2] hexane &
& A} 90% MeOH F-5 553 & SHTE 7Iot
EtOACE 33] #83lo] EtOAc £38 209 g& A4} &=
o &%l BuOHS 7I8) 53] £28lo] BuOH &2 (250.4
gre AUt

BuOH 3] (2504 g)& CH,CL/MeOH/H,0 (7 : 1 : 0.5
- 7:15:05>7:2:05 > MeOH) AL = silica
gel (Merck no. 7734) column chromatographyS 2l A] &}
307 ¢ 283 (B-1 ~ B-30)2 2 Ut 2832 B9
(600 mg)E =3¥3} EtOAc/MeOH (99 : 1) E5E1=Z silica
gel (Merck no. 7729) column chromatographyS 21 A] 5}
d-e A3 B-9-25 CH,CL,/MeOH T8 2 A S
HkE-51o] daucosterol (1, 20 mg)S AU Th 4&EF B-13
(900 mg)S &3} EtOAc/MeOH (100 : 0 — 95 : 5) &%
L2 silica gel (Merck no. 7729) column chromatography
= AANE] A& AR B-13-2 (70 mg)E MeOHS £
412 Sephadex LH-20 column chromatographyS A3}
o] butyl B-D-fructofuranoside (2, 40 mg)S AT LE-3
B23 (4 gy EtOAC/MeOH/H,0 (100 : 8 : 6 — 100 : 10
0 75) EFEUE silica gel (Merck no. 7729) column
chromatographyE AA|st] 9 275 B-23-1 2.5 g)=
CHCL/MeOH/H,0 (7 : 2 : 0.5)Z &Z8 2 3} silica
gel (Merck no. 7729) column chromatographyS 2 A] &}

"feruloylspinosin (3, 1 g)< LU AEF B-23-3
(350 mg)= MeOH/H,O (1 : 1)& §&8v|E 3}o] RP-18
column chromatography S 4 A] 1 magnoflorine (4, 100
mg)S AUtk 2EF B-24 (28 )& EtOAc/MeOH/H,0
(100 : 8:6 — 100 : 10 : 7.5 — 100 : 12 : 9) E3-&nl
= silica gel (Merck no. 7734) column chromatography &
AAEle] A& 27F B-24-2 (150 mg)E MeOH/H,0 (4 :
6y &Z8u]Z 3o RP-18 column chromatographyS 2
Alste] A& AE3 B-24-2-4 (25 mg)E CHCl/MeOH/
H,0 (7 : 18 : 052 &&= 3} silica gel (Merck
no. 7729) column chromatographyE 4 A] 3} nicotiflorin
(5, 10 mg)e AUTh 22 B-24-3 (190 mg)S MeOH/
H,0 (45 : 5552 8&8vl=Z 3} RP-18 column chromato-
graphy= 2AJ51%] 6""-p-coumaroylspinosin (6, 50 mgyS &
Atk &3 B-24-5 (1.3 995 MeOH/H,0 (4 : 6)2 &5
41| 2 3}o] RP-18 column chromatographyS 2 A] 5}¢]
isospinosin (7, 100 mg) 2 6"-vanilloylspinosin (8, 20 mg)
< A 283 B-25 (5.3 g5 EtOAc/MeOH/H,0 (100
:8:6>100:10:75 > 100 : 12 : 9) EFg8mj 2
silica gel (Merck no. 7729) column chromatographyE 4
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ANalo] Ao 1273 B-25-3% MeOHZ #2431 spinosin
9, 32 29 AATH 2EF B-26 (32 2)S EtOAc/MeOH/
H,0 (100 : 8 : 6 — 100 : 12 : 9 — 100 : 16.5 : 13.5)
E34m 2 silica gel (Merck no. 7734) column chromato-
graphyS AAIsl] 42 278 B-26-2 (100 mg)yE CHCly
MeOH/H,O (7 : 2 : 0.5)S &E&W=E 3} silica gel
(Merck no. 7729) column chromatographyS A A] 5}¢]
hovetrichoside C (10, 10 mg)E AU &E3F B-29
(1525 MeOH/H,0 (4 : 6)= &Z&= 3l RP-18
column chromatography & A3t A2 &% B-29-6
(500 mgye CHClyMeOH/H,O (7 : 3 : )& §&8v= 3}
o] silica gel (Merck no. 7729) column chromatography S
AAsle] Ao AR3E B-29-6-2 (200 mg)S EtOAc/MeOH/
H,0 (100 : 12 : 9) &38vlZ silica gel (Merck no. 7729)
column chromatographyS 2A|3}¢d camelliaside B (11, 25
mg)e AUt

Daucosterol (1) — Amorphous powder. 3% 2144
o= fixste] Rl

Butyl B-D-fructofuranoside (2) — Colorless oil. [a],> =
-27.5° (¢ = 0.8, MeOH); IR v, 3377 (OH), 2946, 1658,
1453, 1416, 1122, 1030, 923 cm™; '"H-NMR (300 MHz,
CD,0D) &: 092 (3H, t, J = 7.5 Hz, 4-CH,), 1.31 — 1.43
(2H, m, 3-CH,), 1.47 — 1.57 (2H, m, 2-CH,), 3.44 — 3.77
(7TH, m, H-1, 1, 5", 6%, 391 (1H, t, J = 7.8 Hz, H-4),
410 (1H, d, J = 84 Hz, H-3); "C-NMR (75.5 MHz,
CD;0D) &: 62.2 (C-1), 33.5 (C-2), 204 (C-3), 14.3 (C-4),
61.9 (C-1%, 105.2 (C-2", 78.7 (C-3"), 77.3 (C-4"), 83.3 (C-
5, 65.0 (C-6"; Acetate — 'H-NMR (300 MHz, CDCL,) &:
0.839 3H, t, J = 7.2 Hz, 4-CH,), 1.27 — 1.39 (2H, m, 3-
CH,), 146 - 1.56 (2H, m, 2-CH,), 2.061, 2.066, 2.071,
2.080 (3H each, s, 4 x OAc), 3.48 (1H, dt, J = 8.7, 6.9
Hz, H-1a), 3.61 (1H, dt, J = 9.0, 6.3 Hz, H-1b), 4.10 —
433 (5H, m, H-1', 5, 6, 533 — 538 (IH, m, H-4'),
541 (1H, d, J = 6.9 Hz, H-3'); FABMS m/z 259 [M +
Na]'.

6"-Feruloylspinosin (3) — Amorphous yellowish powder.
[aly* = =56.5° (¢ = 0.7, MeOH); UV, 1_. (log €) (MeOH)
214 (sh, 4.91), 274 (4.59), 328 (4.77) nm; IR v, 3393
(OH), 1649, 1606, 1490, 1351, 1177, 1080, 1032, 838 cm™;
'H-NMR (400 MHz, DMSO-d,) and "C-NMR (100 MHz,
DMSO-d,) &: Table I; FABMS m/z 785 [M + H]'".

Magnoflorine (4) — Amorphous brownish powder. [oc]D25
=+284.3° (¢ = 0.6, MeOH); UV, A, (log &) (MeOH)
228 (4.63), 278 (4.00), 322 (4.01) nm; IR v, 3412
(OH), 1647, 1543, 1458, 1442, 1249, 1214, 1066, 844,
798 cm’; "H-NMR (400 MHz, CD,0D) &: 229 (1H, t, J
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Table I. NMR data of 6"-feruloylspinosin (3) in DMSO-dj
Chemical shift

No.
dyy d¢ dy 8¢

2 = 164.1 — 163.8
3 6.54 (IH, s) 102.9 6.72 (1H, s) 103.2
4 - 181.8 — 182.2
5 - 1595 — 160.8
6 — 108.7 — 108.7
7 - 1652 — 163.6
8§ 6.69 (IH, s) 90.6 6.68 (1H, s) 89.9
9 - 157.0 — 156.8
10 — 103.9 — 104.4
" - 1212 — 121.2

26" 7.82 (2H, d, 8.6) 128.5 7.82 (2H, d, 8.6) 1284
3’5" 690 (2H, d, 8.6) 1157 6.85 (2H, d, 8.6) 115.8

4 1612 — 161.1
5-0H 13.5 (s) — 136 (s) -
CH,O 3.86 (3H, s) 56.1 3.90 (3H, s) 56.4
1" 4.69 (d, 9.9) 70.6 4.68 (d, 9.9) 71.0
2" 448 (t, 9.6) 80.2 425 (t, 9.4) 81.7
37 344 (t, 84) 788 3.44 (t, 8.4) 78.6
47 3.17% 702 3.18* 70.3
5" 3.17* 82.0 3.17* 82.0
6" 3.38% 614 3.38% 61.4
3.69 (br d, 9.8) 3.69 (br d, 9.8)
1" 428 (d, 7.8) 1052 4.28 (d, 7.8) 105.7
2" 2.89 (t, 8.1) 744 289 (t, 8.1) 74.4
3" 310 (1, 7.7) 762 3.10 (t, 7.7) 762
4" 310 (¢, 7.7) 68.6 3.10 (t, 7.7) 68.8
5" 3.12 (m) 73.1 2.95 (m) 733

6" 3.84 (br d, 10.8) 624 3.62 (br d, 10.3) 62.1
3.97 (br d, 10.8) 3.89 (br d, 10.3)

" — 1253 — 125.5
2™ 7.05 (d, 1.5) 110.7 7.18 (d, 1.5) 110.8
3" — 147.8 — 147.9
4 — 1492 — 149.2
5" 6.73 (d, 8.1) 115.3 6.78 (d, 8.1) 115.4

6"" 6.79 (dd, 1.5, 8.1) 123.0 6.93 (dd, 1.5, 8.1) 123.1

7" 7.08 (d, 15.8) 144.8 7.22 (d, 15.8) 144.7

8" 6.17 (d, 15.8) 113.6 6.25 (d, 15.8) 114.0

9 — 166.3 — 166.2
OCH,; 3.81 (s) 555 3.82 (s) 55.6
*Overlapping signal.
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= 129 Hz, H-7ax), 248 (1H, t, J = 13.1 Hz, H-4eq),
2.69 (3H, s, N-CH,), 2.84 (1H, dd, J = 3.1, 122 Hz, H-
Teq), 2.99 — 3.12 (2H, m, H-4ax, 5eq), 3.18 (3H, s, N-
CH,), 3.33 — 339 (1H, m, H-5ax), 3.63 (1H, dd, J = 2.4,
132 Hz, H-6a), 3.71 (3H, s, 2-OCH;), 3.80 (3H, s, 10-
OCH,), 6.37 (1H, br s, H-3), 6.39 (1H, d, J = 8.0 Hz, H-
8), 6.61 (1H, d, J = 8.0 Hz, H-9); "C-NMR (100 MHz,
CD,0D) &: 150.8 (C-1), 153.0 (C-2), 109.4 (C-3), 115.7
(C-3a), 24.6 (C-4), 622 (C-5), 70.9 (C-6), 31.6 (C-7),
126.0 (C-7a), 117.0 (C-8), 110.6 (C-9), 151.7 (C-10),
149.8 (C-11), 123.5 (C-11a*), 123.4 (C-1a*¥), 121.0 (C-1b),
56.0 (2-OCH;), 563 (10-OCH,); EIMS (rel. int., %) m/z
341 [M — HJ" (24.0), 297 (4.4), 283 (17.1), 268 (11.6),
251 (4.7), 239 (7.8), 225 (14.7), 197 (13.2), 165 (12.4),
152 (10.9), 139 (9.3); FABMS m/z 342 [M]".

Nicotiflorin (5, kaempferol 3-O-rutinoside) — Amorphous
yellowish powder. [()L]D26 = -10.1° (¢ = 0.5, MeOH); UV,
Ao (log €) (MeOH) 266 (4.36), 344 (4.29) nm; IR v,
3393 (OH), 1657, 1609, 1022, 1046, 982 cm’; 'H-NMR
(400 MHz, DMSO-d,) &: 1.12 (3H, d, J = 6.2 Hz, H-6"),
451 (1H, br s, H-1"), 511 (1H, d, J = 72 Hz, H-1"),
6.19 (1H, d, J = 1.7 Hz, H-6), 638 (1H, d, J = 1.7 Hz,
H-8), 6.88 (2H, d, J = 8.7 Hz, H-3', 5), 8.05 (2H, d, J =
8.7 Hz, H-2, 6); "C-NMR (100 MHz, DMSO-d,) &:
1585 (C-2), 135.8 (C-3), 179.4 (C-4), 162.9 (C-5), 100.1
(C-6), 1662 (C-7), 95.8 (C-8), 159.4 (C-9), 105.6 (C-10),
122.7 (C-1Y), 1324 (C-2', 6%, 161.5 (C-4", 116.1 (C-3',
5%, 104.7 (C-1"), 75.8 (C-2"), 78.1 (C-3"), 71.4 (C-4",
772 (C-5"), 68.6 (C-6"), 102.4 (C-1"), 72.1 (C-2"), 72.3
(C3™), 73.9 (C-4"), 69.7 (C-5"), 18.1 (C-6"); FABMS
m/z 595 [M + HJ', 449 [(M + H) — 146]", 287 [M +
H) — 146 — 162]".

6"-p-Coumaroylspinosin (6) — Amorphous yellowish
powder. [a],™* = —49.4° (¢ = 0.5, MeOH); UV, & (log €)
(MeOH) 216 (sh, 4.75), 274 (4.50), 318 (4.61) nm; IR
V.. 3370 (OH), 1653, 1605, 1490, 1351, 1202, 1173,
1079, 1019, 834 cm’; 'H-NMR (400 MHz, DMSO-d,)
and "C-NMR (100 MHz, DMSO-d,) &: see Table II;
FABMS m/z 755 [M + HJ".

Isospinosin (7) — Amorphous yellowish powder. [oc]D24
=-33.2° (¢ = 0.5, MeOH); UV, &, (log €) (MeOH) 214
(sh, 4.71), 268 (4.38), 330 (4.38) nm; IR v_, 3269 (OH),
1650, 1602, 1574, 1446, 1071, 1037, 1018, 836 cm™; 'H-
NMR (400 MHz, DMSO-d, + D,0) and “"C-NMR (100
MHz, DMSO-d; + D,0) &: see Table III; FABMS m/z
609 [M + HJ', 447 [M + H) — 162]".
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Table II. NMR data of 6"-p-coumaroylspinosin (6) in

DMSO-dj
Chemical shift
No.
Sy dc Sy dc

2 - 163.6 — 164.1
3  6.57 (1H, s) 102.9 6.72 (1H, s) 103.1
4 - 181.8 — 182.2
5 - 159.7 — 160.7
6 — 108.7 — 108.7
7 - 163.8 — 165.2
8 6.67 (1H, s) 90.6 6.68 (1H, s) 89.9
9 - 156.8 — 157.0
10 — 103.9 — 104.4
1" - 121.1 — 121.2

26" 7.83 (2H, d, 8.5)
35" 6.85 (2H, d, 8.5)

1284 7.83 (2H, d, 8.5) 1285
1158 6.90 (2H, d, 85) 1158

4" — 1612 — 161.2
5-OH 13.5 — 136 -
CH;0 3.85 (3H, s) 564391 (3H, s) 56.1

1" 4.68 (1H, d, 9.8)
2" 447 (IH, t, 94)
3" 317 (1H, t, 7.2)

70.6 4.69 (1H, d, 9.8)  71.0
80.0 425 (IH, t, 9.5) 817
785 344 (1H, t, 7.6)  78.8

4" 3.17* 70.3 3.17* 70.3

5" 3.17* 81.9 3.17* 82.0

6" 3.69 (1H, br d, 11.4) 61.53.69 (1H, br d, 11.4) 61.5
3.38* 3.38%*

1" 427 (1H, d, 8.2)
2" 288 (IH, t, 8.2)

105.1 428 (1H, d, 7.5)  105.6
74.4 292 (I1H, t, 84) 74.4

3" 3.04—3.11 76.2 3.04—3.11 76.2

4™ 302 (1H, t, 9.1) 68.8 3.07 (1H, t, 7.4) 68.9

5™ 2.92% 73.2 3.11%* 73.4

6" 3.63 (IH, br d, 10.6) 62.1 3.80—3.95% 62.5
3.80—3.95%

p-Coumaroyl moiety: 'H-NMR, &: 6.13, 6.15 (1H each, d, J
= 15.8 Hz, H-8"), 7.15, 7.24 (IH each, d, J = 15.8 Hz, H-
7", 731, 740 (2H each, d, J = 84 Hz, H-2"", 6", 6.76,
6.78 (2H each, d, J = 84 Hz, H-3", 5"); "C-NMR, &:
1249, 125.0 (C-1", 130.1, 130.2 (C-2"", 6", 115.7 (C-3"",
5", 159.7 (C-4""), 1444, 1445 (C-7"), 1134, 1135 (C-
8", 166.3, 166.2 (C-9"). *Overlapping signal.

6"-Vanilloylspinosin (8) — Amorphous yellowish powder.
[a]y* = =59.0° (¢ = 0.5, MeOH); UV, 1, (log £) (MeOH)
269 (4.54), 297 (sh, 4.35), 336 (4.47) nm; IR v, 3393
(OH), 1654, 1607, 1659, 1512, 1491, 1450, 1352, 1285,
1203, 1178, 1080, 1019, 839 cm; 'H-NMR (400 MHz,

Kor. J. Pharmacogn.

Table III. NMR data of isospinosin (7) in DMSO-d; + D,0
Chemical shift Chemical shift

No. No.
8H 6(‘, 61—[ 8(}
2 - 163.4 1" 4.83 (1H, d, 10.0) 71.3
3 6.69 (1H, s) 102.4 2" 4.05 (1H, t, 94) 80.9
4 — 182.2 3" 3.53 (1H, t, 8.6) 78.2
5 - 161.4 4" 3.44 (1H, t, 9.2) 70.1
6 6.44 (1H, s) 95.0 5" 3.29 (1H, m) 81.9
7 - 163.4 6" 3.54 (1H, dd, 2.8, 60.9
11.4)
8 - 104.9 3.74 (1H, br d,
11.4)
9 - 155.3
10 — 104.7 1" 3.90 (1H, d, 7.8) 104.2
| 121.1 2" 273 (1H, t, 8.2) 74.5

26" 7.95 (2H, d, 8.7)129.0 3" 2.92 (IH, t, 9.1) 76.1
35" 6.90 (2H, d, 8.7)116.0 4™ 2.89 (1H, t, 8.9) 69.3

4 - 161.4 5" 2.45 (1H, m) 76.1
5-OH 13.3 — 6" 3.05 (1H, dd, 1.5, 60.2
11.3)
3.13 (1H, br d,

CH,0 3.83 (3H, s) 56.6 11.3)

DMSO-d,) and “C-NMR (100 MHz, DMSO-d,) &: sce
Table IV; FABMS m/z 759 [M + HJ', 609 [M + H) —
CH,0; (vanilloyl)] ",

Spinosin (9) — Amorphous yellowish powder. [oc]D24 =
—475° (¢ = 0.01, MeOH); UV, %, (log &) (MeOH) 216
(sh, 4.74), 272 (4.46), 334 (4.52) nm; IR v, 3141 (OH),
1649, 1603, 1484, 1453, 1347, 1196, 1054, 1020, 841 cm™;
'H-NMR (400 MHz, DMSO-d, + D,0) and “C-NMR
(100 MHz, DMSO-d,; + D,0) &: Table V; FABMS m/z
609 [M + HJ".

Hovetrichoside C (10) — Amorphous yellowish powder.
[a]p ™ = —43.2° (¢ = 0.55, MeOH); UV, A__ (log €) (MeOH)
291 (4.30), 324 (sh, 4.07) nm, A, (log €) (MeONa) 241
(sh, 4.20), 329 (4.52) nm, A_, (log &) (NaOAc) 244 (sh,
4.05), 329 (4.53) nm, A, (log €) (NaOAc + H,BO;) 293
(4.26), 327 (421) nm, A, (log €) (AICL) 291 (4.35) nm,
Ao (log €) (AICL + HCI) 291 (435) nm; IR v, 3362
(OH), 1686, 1619, 1516, 1249, 1098, 1073, 1033, 829 cm™;
'H-NMR (400 MHz, CD,0D) and “C-NMR (100 MHz,
CD,0D) &: Table VI; FABMS m/z 473 [M + Nal’, 451
[M + HJ', 289 [M + H) - 162]".

Camelliaside B (11) — Amorphous yellowish powder.
[aly” = -66.4° (¢ = 0.35, MeOH); UV, A, (log €) (MeOH)
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Table IV. NMR data of 6"-vanilloylspinosin (8) in DMSO-dj
Chemical shift

131

Table V. NMR data of spinosin (9) in DMSO-d,; + D,O at
room temperature

Ne- 8 5. Chemical shift
H ¢ No.
2 - 163.7, 163.9 Oy d¢ Oy d¢
3 645 (1H, s), 6.67 (1H, s) 102.9, 103.0 2 - 1642 — 164.2
4 - 181.7, 182.2 3 6.80 (IH, s) 103.4 6.80 (1H, s) 103.5
50— 159.5, 160.8 4 - 1826 — 182.3
6 — 108.6, 108.7 5 - 159.6 — 160.5
7 - 163.5, 164.9 6 - 108.8 — 108.8
8  6.54 (IH, s), 6.64 (1H, s) 89.9, 90.5 7 = 1643 — 165.4
9 - 157.0, 157.9 8  6.79 (IH, s) 90.8 6.77 (1H, s) 91.3
0 - 103.9, 104.0 9 - 1574 — 157.5
- 121.1, 121.3 10 — 104.5 — 104.7
| L 1215 — 121.4

26" 774 (2H, d, 8.8),
3’5" 6.87 (2H, d, 8.8),

7.83 (2H, d, 8.8) 128.3, 128.5
6.92 (2H, d, 8.8) 115.7, 115.8

4 161.1, 161.1
5-0H 13.5 (1H, s), 13.6 (1H, s) -
CH,0 3.81 GH, s), 3.87 3H, s) 56.1, 56.4

1" 467 (1H, d, 9.8), 4.68 (1H, d, 9.9) 70.7, 71.0
2" 425 (IH, t, 9.3), 449 (1H, t, 94) 79.6, 81.7
37 344 (IH, t, 83), 344 (1H, t, 83) 786, 78.8
4" 3.16% 703, 70.4
57 3.16* 81.8, 82.0
6" 3.33,%3.69% 3.33,% 3.65% 614, 614
1" 430 (1H, d, 7.8), 431 (1H, d, 7.8) 105.1, 105.5

2" 2.86 (1H, t, 8.0), 292 (IH, t, 7.9) 744, 744

3 307 3.16* 762, 762

4m 3.07% 3.16* 68.8, 69.0

5" 3.00 (1H, br t, 9.2), 3.16* 732, 734

6" 3.87% 391 (1H, dd, 1.7, 622, 622
10.8)

400 (IH, br d,  4.04 (1H, br d,
10.0), 9.9)

Vanilloyl moiety: 'H-NMR, &: 6.68, 6.78 (1H each, d, J =
8.2 Hz, H-5""), 7.01 (1H, d, J = 1.7 Hz, H-2"), 7.12 (1H,
d, J = 19 Hz, H-2"), 7.08 (IH, dd, J = 1.9, 82 Hz, H-
6", 7.16 (1H, dd, J = 1.7, 82 Hz, H-6"), 3.58, 3.67 (3H
each, OCH,); "C-NMR, &: 120.3, 120.5 (C-1"), 1122, 112.4
(C-2"), 147.0, 147.1 (C-3"), 151.2, 151.3 (C-4"), 1148,
1149 (C-5"), 123.0, 123.1 (C-6""), 165.1, 165.1 (C-7"),
55.1, 55.3 (OCH;). *Overlapping signal.

266 (4.67), 297 (sh, 4.45), 345 (4.60) nm; IR v, 3394
(OH), 1657, 1608, 1508, 1450, 1360, 1179, 1070, 840 cm™;
'H-NMR (400 MHz, CD,OD) 6: 1.08 (3H, d, J = 6.2 Hz,
H-6""), 3.24 (1H, dd, J = 9.4, 11.5 Hz, H-5"b), 3.24 (1H,
t, J = 9.5 Hz, H-4""), 3.27 (1H, overlap, H-4"), 3.35 (1H,

26" 795 (2H, d, 8.6) 1289 795 (2H, d, 8.6) 1289
375" 694 (2H, d, 8.6) 1164 6.94 (2H, d, 8.6) 116.4

4" — lel14 — 161.4
5-OH 135 — 136 —
CH,O 3.88 (3H, s) 56.5 3.88 (3H, s) 56.9

1" 468 (1H, d, 9.8) 71.1 4.68 (1H, d, 9.8) 71.4
2" 445 (1H, t, 93) 809 428 (IH, t, 93) 813

37 3.44% 784 3.43* 78.7
47 3.16* 70.6 3.16* 70.6
57 3.16% 81.7 3.16* 82.0
6" 339 (IH, brd, 616 339 (IH, brd, 616
12.1) 12.1)
3.68* 3.68*

1" 4.5 (1H, d, 7.8) 105.6 4.15 (lH, d, 7.8) 1054
2" 283 (1H, t, 83) 748 2.83 (IH, t, 83) 747
3" 370 (1H, t, 9.0) 764 3.70 (1H, t, 9.0) 76.4
4" 294 (IH, t, 8.5) 69.6 299 (IH, t, 8.5) 69.3
5" 274 (1H, dt, 94) 76.8 2.56 (1H, dt, 9.0) 76.6
6" 293 (1H, br d, 94) 60.8 2.93 (1H, br d, 9.4) 60.2
3.16* 3.16*
*Overlapping signal.

overlap, H-5", 335 (1H, d, J = 10.7 Hz, H-6"a), 3.40
QH, t, J = 7.6 Hz, H-2", 3", 3.42 (1H, m, H-5""), 3.49
(1H, dd, J = 3.4, 9.5 Hz, H-3"), 3.52 (1H, dd, J = 3.6,
8.6 Hz, H-4"), 3.59 (I1H, t, J = 8.9 Hz, H-3"), 3.59 (1H,
dd, J = 1.6, 3.4 Hz, H-2"), 3.66 (1H, t, J = 7.5 Hz, H-
2", 3.80 (1H, d, J = 10.7 Hz, H-6"b), 3.98 (1H, dd, J =
48, 11.5 Hz, H-5"), 449 (1H, d, J = 1.6 Hz, H-1"),
478 (1H, d, J = 6.9 Hz, H-1"), 540 (1H, d, J = 7.4 Hz,
H-1", 6.18 (1H, d, J = 2.0 Hz, H-6), 637 (14, d, J =
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Table VI. NMR data of hovetrichoside C (10) in CD;0D
Chemical shift

No.
Oy O
2 — 107.65 107.60
3 — 196.88 196.77
4 — 158.46 158.34
5 6.031 (1H, d, 1.8); 97.77 97.42
6.026 (1H, d, 1.8)
6 — 171.86 171.86
5.92 (1H, br s); 93.35 93.26
5.92 (1H, br s)
— 174.58 175.57
9 — 103.35 103.36
10 3.09 (1H, d, 14.1), 42.14 41.96
3.06 (1H, d, 14.7);
3.07 (br s)
1’ — 125.62 125.59
26" 698 (2H, d, 8.5); 132.51 132.51
6.98 (2H, d, 8.5)
3.5"  6.56 (2H, d, 8.5); 115.80 115.76
6.54 (2H, d, 8.5)
4’ — 157.28 157.25
1" 4.86 (1H, d, 7.8); 101.73 101.71
4.83 (1H, d, 8.0)
2" 3.52 (1H, dd, 7.9, 9.0); 74.09 74.03
3.49 (1H, t, 7.5)
3" 344 (1H, t, 9.1) 77.40 77.34
4" 3.39 (1H, t, 8.2) 71.19 71.19
5" 3.36 — 3.43 (1H, m) 78.41 78.34
6" 3.86 (1H, br d, 12.1), 62.36 62.36

3.67 (1H, dd, 5.0, 12.3)

3.86 (1H, br d, 12.1),
3.65 (1H, dd, 54, 12.3)

2.0 Hz, H-8), 6.88 (2H, d, J = 89 Hz, H-3) 5, 8.04
(H, d, J = 89 Hz, H-2), 6); “C-NMR (100 MHz,
CD,0D) &: 158.8 (C-2), 134.8 (C-3), 179.4 (C-4), 163.0
(C-5), 99.9 (C-6), 165.7 (C-7), 94.8 (C-8), 158.4 (C-9),
105.8 (C-10), 122.9 (C-1), 132.3 (C-2, 6'), 161.4 (C-4),
1162 (C-3', 5, 100.8 (C-17), 81.9 (C-2"), 782 (C-3"),
714 (C-4"), 77.0 (C-5"), 68.1 (C-6"), 105.1 (C-1"), 74.7
(C-2"), 76.8 (C-3"), 71.0 (C-4", 66.5 (C-5"), 102.1 (C-
1", 72.1 (C-2"), 723 (C-3"), 73.9 (C-4"), 69.7 (C-
5", 17.8 (C-6""); FABMS m/z 749 [M + Nal’, 727 [M
+ HJ', 595 [M + H) — 132]".
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Fig. 1. Structures of butyl B-D-fructofuranoside (2) and
magnoflorine (4).
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< 3119 rotamerZ WHEES NMR spectrum’dollA] <1
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Fig. 2. Structures of flavonoids (3, 5, 6, 8, and 9).

H,CO

Fig. 3. Important HMBC correlations for 6"-feruloylspinosin (3).
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N ﬂ\ r\HOHOK

HO >A>\J 0P

Fig. 4. Important HMBC correlations for 6"-p-coumaroylspinosin (6).
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Fig. 5. Structure of isospinosin (7) and important HMBC correlations for isospinosin in DMSO-d; + D,0.
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Fig. 8. Structure of hovetrichoside C (10) and key HMBC correlations for hovetrichoside C.
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Fig. 9. Structure of camelliaside B (11) and key HMBC correlations for camelliaside B.
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