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Ziziphus mauritiana

(4]
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: 1995~2012
11
1993 2011 5
Tablel

1-2.
Jujuboside A (Lot.
ChromaDex
TLL2332)
Spinosin (Lot. 213104)
LC-MS, TLC

00010525-723)

Apin Chemicals

Oleanadlic acid (Lot.

LC-MS LC-20A HPLC system (
LC-20AD; DGU-20A3;
SIL-20ACyr; CTO-20A; PDA

SPD-M20A; Shimadzu, Japan) MS
LCMS-2020 (Shimadzu, Japan)

GC-MS , GC-2010 system (Shimadzu,
Japan) , MS , GC-MS-QP 2010 (Shimadzu,
Japan) H,BC-NMR  JEOL
ECA-800 (Jeol, Japan)
T™MS o (ppm)

LCMS-IT-TOF (Shimadzu, Japan)
MM-300 (Qiagen, Germany)
TI-200 (Irie-Shokai, Japan) ,
SR-2w (Taitec, Japan) KUBOTA
6900 (Kubota, Japan)

1
MM-300
Maxwell 16 DNA Purification Kit (Promega, USA)

30-50 mg)

genomic DNA
rDNA
PCR
(5.85 rDNA-ITS2-26S

rDNA) DNA PCR

Fasmac
(Japan)
4. LC-MS
4-1.

(C-1~C-11)
(B-1~B-4) MM-300

20Hz, 1 min 1g



30 mL 20
8000x g 10
15 mL
50 mL
4-2.LC-MS
4-2-1. (
A)
LC-MS
4°C

. reversed-phase Inertsil ODS-3 (2.1 mm i.d.

x 150 mm, 5 um, GL Sciences, Japan)

0.1% HCOOCH / =
65/35
:0.2mL/min
:40°C
t1lpul
:20min
PDA (190~800 nm; 190 nm)
MS
: ESI positive/negative mode
:1.5L/min
:10 L/min
DL :250°C
:200°C
1120 kV
:45kV/-45kV
:0.6 pA
DL 0V
4-2-2.
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4-2-1
0.1% HCOOH / =
77/23
4-2-3. Spinosin (3) ( C)
4-2-1
0.1% HCOOH / =
85/15
PDA (190~800 nm; 254 nm)
5.
5-1. Frangufoline (2)
(B-5; 100 g)
TI-200 20 Hz, 1 min
MeOH (3 L) 24
2

(Myn31; 9.7 g)
(300 mL)

(Myn31-S; 3.7 g) (Myn31-1S; 4.4 g)

(0.4 g)
(5 mL) SNAP KP-SiI Samplet (3 g)
(Biotage; Sweden) SNAP Ultra (25

0) Isolera Dalton (Biotage)
n-hexane EtOAc (4:1-0:1) 4
[fr. S(1)-1; 314 mg, fr. $(1)-2; 25.6 mg, fr. S(1)-3; 7.5
mg, fr. §(1)-4; 5.2 mg] Fr. $(1)-4 (5.2 mg)
n-hexane/EtOAc=2:1 (3 mL)
(¢ 1x 4 cm)
n-hexane EtOAc (2:1-0:1) 2
[fr. S(1)-4-1; 2.4 mg, fr. $(2)-4-3; 2.5 mg]
frangufoline (2) (fr. S(1)-4-2; 0.4 mg)



Frangufoline (2) [5, 6]: White amorphous. HRTOFM S
m'z 5353279 [M+H]" (caled for CaHspN4Os,
535.3297) *H-NMR (800 MHz, CDCl5): see Table 2.
BC-NMR (200 MHz, CDCl3): see Table 2.

5-2. Oleanalic acid (4)
51 (Myn31-S; 3.7 Q)
(14 9) (15 mL)
SNAP KP-Sil Samplet (10 g)
(50 g)
n-hexane EtOAc (2:1-0:1) 2
[fr. S(2)-1; 1.3 g, fr. $(2)-2; 63.4 mg]

SNAP

Ultra Isolera Dalton

Fr. S(2)-2 (63.4 mg) (3 mL)
KP-SIL (1 g) SNAP Ultra
(10 g) Isolera Dalton
n-hexane EtOAc(1:1-0:1) 4

[fr. §(2)-2-1; 37.2 mg, fr. §2)-2-2; 2.7 mg, fr.
S(2)-2-3; 6.2 mg, fr. S(2)-2-4; 4.7 mg]

(Myn31-S; 1.6
) (20 mL) KP-SIL (10
0) SNAP Ultra (30 0)
Isolera Dalton n-hexane EtOAc (2:1-0:1)
3 [fr. S(3)-1; 1.4 g, fr. S(3)-A;
12.5 mg, fr. S(3)-B; 34.6 mg]
TLC fr. S(2)-2-2 (2.7
mg) fr. S(3)-A (12. 6 mg) fr.C (15.3
mg) CHCI3 (4 mL)
(¢ 25%x 5cm) CHCl3
4 [fr.C-1; 1.5 mg, fr. C-2;

19 mg, C-3; 57 mg, C-4; 2.0 mq]
oleanolic acid (3) (fr. C-5; 2.5 mg)

Oleanolic acid (4) [7]: White amorphous. *H-NMR
(800 MHz, CDCls): &4 5.27 (1H, dd, J=4.0, 3.2 Hz,

H-12), 3.21 (1H, dd, J=11.2, 4.0 Hz, H-3), 1.12, 1.07,
097, 092, 090, 0.76, 0.74 (3H, s, CHgx 7).
3C.NMR (200 MHz, CDCly): &:182.9 (C-28), 143.7
(C-13), 122.7 (C-12), 79.1 (C-3), 55.3 (C-5), 47.7
(C-9), 46.6 (C-17), 45.9 (C-19), 41.7 (C-14), 41.1
(C-18), 39.3 (C-8), 38.8 (C-4), 38.5 (C-1), 37.1 (C-10),
33.9 (C-21), 33.2 (C-7), 32.7 (C-22), 32.5 (C-29), 30.8
(C-20), 28.2 (C-2), 27.8 (C-23), 27.3 (C-15), 26.0
(C-27), 23.7 (C-16), 23.5 (C-30), 23.0 (C-11), 18.4
(C-6), 17.2 (C-26), 15.6 (C-24), 15.4 (C-25).

6. GC-MS
Razborsek M1 et al (2008)

9.

6-1. TMS
4-1 500 pL :
N-methyl-N-trimethylsilyl
trifluoroacetamide (MSTFA, 100 puL), (50
uL) , 70°C 30

tetrahydrofuran (THF) 1 mL ,

6-2. GC-MS
: DB-5 (30 mx 0.25 mml.D., 0.25 um film

thickness)

: 0.9 mL/min
: 105 °C (0.8 min), 12°C/min to 200°C (0.1
min), 7 °C/min to 290°C (6 min), 25°C/min to 320°C
(10 min).
:290°C

:2uL
:290°C



:70eV

C.
Table 1
genomic DNA PCR
rDNA ITS DNA
11
184 bp 2 (Aligned
positions. 88, 94) 2

Blast search program

(DDBJEMBL/GenBank; INSD)
(Acc. nos: GQ434736, DQL46572, JF421556,
GQ434737 etc.)

Z. jujuba

181 bp

3 (Aligned positions: 69, 75,
109) 2

Z. mauritiana (Acc.

nos.. KC155274, JQ627047-50, DQ146589 etc.)

Table
1 8 (C-5, 7, 10, 11; B-1, 2, 3,
4)
A~C LC-MS (Figs. 1~3)
Fig. 1 85
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15

Fig. 2
11

Fig.
3
(JP16)

LC-MS
spinosin (3)
3

m/z 1251.5957
jujuboside A (1)
1 LC-MS

(Figs. 4~5)

jujuboside A

(1009)

m/z 535[M+H]"
2
2 mz535.3279 [M+H]"
Cz1H42N4O4

(91,



NMR 2,

frangufoline (2) )

C-1, -16 123.1 ppm,
115.5 ppm (Fig. 4, Table 2) [5, 6].
'H-H cosy , 6.35 (H-1) 6.67 (H-2) , 7.12
(H-16) 7.03 (H-15) , HMBC
, 635 (H-1) 1319 (C-13) 130.4 (C-15)
(Fig.6),2 C-1,-16
115.6 ppm, 123.2 ppm
2
2 TLC
2
TLC

TLC

n-hexane:EtOAc:HCOOH = 10:5:1
TLC

Rf 043

(Fig. 7)

NMR ., 'H-NMR .S
, 03.21 ppm
. 8 112, 1.07, 0.97,

7

5.27 ppm

0.92, 0.90, 0.76, 0.74 ppm
. BC-NMR
, 0182.9 ppm

, 30

oleanolic acid , NMR

TLC NMR

oleanolic acid (4) [7] (Fig. 4)
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GC-MS (Fig. 8). )

(LOD, 2.8 ug; Fig. 9)

jujuboside A (1)

frangufoline (2)

4

oleanalic acid (4)

TLC

GC-MS

E.
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Fig. 6 Frangufoline (2) COSY (bold), key HMBC (arrows)

Fig. 7 (a—0), (d~f) 4 TLC
: n-hexane:EtOAc:HCOOH=10:5:1
Lanesatof are C-5, -7, -11, B-2, -3, -4, respectively.
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Fig. 8 Mass chromatograms at m/z 600 of methanol extracts from Z. jujuba (A) and Z. mauritiana (B) on GC-MS

analysis.
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Fig. 9 Calibration curve for quantitative determination of 4 on GC-MS analysis
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Table 1

No.

C-10
c-11
B-1
B-2
B-3
B-4
B-5

2012
2011
2010
2009
2009
2008
2007
2006
1999
1997
1995
1993
2011
2011
2011
2011

12
12
11
12

el
(S I )

w B, Wk w oo ©o ©
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Table 2. NMR datafor 2 (CDCl3)

OH Sc
position 2 (800 MH2z) ref. [6] (B0 MHZz) 2 (200 MHz) ref. [6] (2C
1 6.35 (1H, d, J=8.0 Hz) 6.35 (7.6) 115.6" 123.1
2 6.66 (1H, dd-like, J=9.6, 8.0 Hz)  6.67 (10.2, 7.6) 125.7 125.9
3NH  6.45 (1H, d, J=9.6 HZ) 6.46 (10.2) — —
4 — — 167.5 167.8
5 4.02 (1H, ddd, J= 7.2, 4.0, 3.2 HZ) 4.03 (7.6, 3.6) 52.7 52.7
6NH 567 (1H, d, J=7.2 HZ) 5.67 (7.6) — —
7 — —_ 171.8 171.5
8 4.49 (1H, dd, J=9.6, 6.4 Hz) 4.50 (10.3, 7.2) 55.3 55.4
9 5.00 (1H, d, J=6.4 Hz) 5.01 (7.2, 1.7) 817 81.9
1 — — 156 156.2
12 7.19% (1H, dd, J=8.0, 2.0 H2) 7.06, 7.12 123 122.8
13 7.06" (1H, d, J=8.0 Hz) 7.06, 7.12 131.9° 131.8
14 — — 132.0°¢ 132
15 7.03° (1H, d, J=8.0 H2) 7.06, 7.12 130.4 130.3
16 7.12° (1H, dd, J=8.0, 2.0 HZ) 7.06, 7.12 123.2" 115.5
7o 1.32-1.14 (overlapped) 1.20 (11.4, 3.6) 39.1 39.4
178 1.68 (1H, ddd. J=11.2, 4.0, 3.2 Hz) 1.69 (11.4) 39.1 39.4
18 1.08 (1H, m) 1.11 (6.6) 24.5 24.5
19 0.64° (1H, d, J=6.4 Hz) 0.61 (6.5) 23.3 23.1
20 0.59° (1H, d, J=6.4 Hz) 0.65 (6.6) 20.5 20.6
21-NH  7.89 (1H, d, J=9.6 H2) 7.88 (10.3) — —
22 — — 172.7 172.7
23 3.20-3.18 (overlapped) 3.2(8.2) 70.5 70.6
24a. 2.84 (1H, d, J=16.0, 8.8 H2) 2.85(15.8, 8.2) 30.6 30.9
248 3.20-3.18 (overlapped) 3.2 (15.8) 30.6 30.9
25 — — 140.5 140.4
2 7.27-7.23 (overlapped) 7.2 129.1 128.8
27 7.27-7.23 (overlapped) 7.2 128.6 129
28 7.17 (1H, dd, J=7.2, 6.6 Hz) 7.2 126.3 126.2
29 7.27-7.23 (overlapped) 7.2 128.6 129
30 7.27-7.23 (overlapped) 7.2 129.1 128.8
32 2.24 (6H, s) 2.25 42.0 41.9
33 2.24 (6H, <) 2.25 42.0 41.9
34 1.92 (1H, ddd, J=7.2,6.4,1.6 Hz) 1.9(6.8,6.7,1.7) 29.4 29.4
35 1.00° (1H, d, J=7.2 Hz) 1.02 (6.7) 20.5 20.4
36 1.28°(1H, d, J=7.2 H2) 1.29 (6.8) 15.1 15.1

¢ interchangeable, : 2D-NMR
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