creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804: 24011- 200000265363

2016¢ 23

OH
H
Ok
T

-

ol

=
I]d
70

Kl
ol
ol
il

<[

O
1=

=X
D

-l

20

o)
X0
il
K|

30
100

OFJ
ol

=
ol

&l
K

=
ol

L

ol

4
80



L& 2]

ABHTI|O] AIZ SIS
SoE 2y ol

Phytochemical constituents and their

anti-inflammatory activities of Mori Radicis Cortex

20168 28 25¢

o
[z
=
o
5
=
o
0

e
i
=

Collection @ chosun



=
I]d
0

Kl
ol
ol
OHU

<[

O
1=

=X
D

-l

20

__I"‘

o)
0
iofl
K|

30
100

Phytochemical constituents and their

anti-inflammatory activities of Mori Radicis Cortex

—t

nJ
ol
OF

3+
E

==

00
Kk

=

Ol
OH
Al

RO
<J
ok
o

-

ol

ol
OH
Al

2015 103

OFJ
ol

=
ol

g
K

=
ol

4L

ol

4
80

Collection @ chosun



100
Kk

oJ

o
oH
H
Ok
T

ol

O

<
80

-l

K0

oJ

4

ol
=

0

4

E

E
ol
]0
nd

-t

KO
OF
oF

oJ

Rl

R)
Ok

oJ

o]
K
140

oJ

—t

nJ
ol
OF

23

20164

i
ol

E
ol

g
KA

Collection @ chosun



Contents

Contents ............................................................................................. |
List Of Schemes ............................................................................... I”
List Of Table ................................................................................... I”
List Of Figures ............................................................................... |V
Abstract ............................................................................................. VI
| . /\-| BB 1
[l Al B ey 4
1 QZXHE ............................................................................................................................ 4
D AIQE QI J[ D] e 4
2_1 }\|Ot .............................................................................................................................. 4
2_2 jljl ............................................................................................................................. .5

T GBI O] S| revrerreresrieriisi i s 6
Goq AFBHII[O] AJER oo sis s ssss s 5
3_1_1 —%—% E_J _i_il ......................................................................................................... .6
3-1-2. AFBHI| EtOAC SEIOZEE] BIBF2O| 22| e 6
3-1-3 AMBHI| EtOAC BEIOZEE UL BIBIE v, 8
3—1—4 /(\DI‘U_|HH| CH2C|2 _‘i’_i!gi_tr'_E-l §I.§!‘§9_l _‘i’_al .................................................. 15
3—1—5 /<\3Hj—|H_U—| CH2C|2 _i’_ilgi_tr'_E:i %‘lg §|.§'|'§ ...................................................... 17
4 é}%ﬂ%%g ...................................................................................................................... 2 0
4-1. MG-63 cell ||neO—||A—| h|L—GQJ 7C->ra| §|F8| ........................................................ 20

Collection @ chosun



N, 2T L DED e 20
1. COMPOUNG 18] TETR ettt )
2. COMPOUNG 22| TETR rvseesssesismisisisssisssisssis sttt 20
3. COMPOUNG 38| 2R eovernsmimmiiiitiiniisisi st bbbt o3
4. COMPOUNG 42| TETR rvrisisisismiiiiisisssss it o3
5. COMPOUNG BO] TETR rvseisssssemiismisisisssissssisssis sttt o3
B. COMPOUNG BO] TETR rvsrrssssisismisisiissisiss st o4
7. COMPOUNG 7O TR rvsrisssisiismisisiisisiss st o4
8. COMPOUNG 8O AT  worsieismsiiisissssssssiss st o4
9. COMPOUNG OS] PR  corernermmisiisiisisiss it o5
10. CompoUNd 10S] TETE o o5
11, Compound 1181 TP o 26
12. COMPOUNd 1281 TP coovrmmesimiiiiiiss s 26
13 CompoUNd 1381 TP o 26
14, COMPOUNd 14S] TP oo 07
15. COMPOUNd 1581 TETE  cosrsmeisminiiiisises s 07
16. COMPOUNG 1BS] TR v o8
17. COMPOUNG 1781 TR o) o8
18, BFSAZEEFA]  ovrerrerreireieieiie sttt o8

18=1. MG=B3UIAl [L=B2] S| BFOI et o8
IV . 2 B e 35
Vo B DR Bl e 37

Collection @ chosun



List of Schemes

Scheme | . Extraction and fractionation of MeOH extract from Mori Radicis

Scheme IlI. Isolation of compounds 1-8 from EtOAc extract of Mori Radicis
COT EEX +vvvenmnmnmnmnsnnnn et s e e e e e e e 7
Scheme Ill. Isolation of compounds 9-12 from EtOAc extract of Mori Radicis
(070 1 0 1= S 8

Scheme V. Isolation of compound 13 from CH.Cl. extract of Mori Radicis

List of Table

Table 1. Inhibitory effect of compounds 1-11 against I|L-6 production in
TNF_a Sltlmu|ated MG_63 Ce| |S ................................................................ 3 3

Collection @ chosun



Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

1. Structures of compounds 1-17 isolated from
Mori RadiCiS Cortex .......................................................................................... 3 1

2. Inhibitory effect of compounds 1-11 against IL-6 production in TNF-

a sitimulated MG=63 Cells -rresrmrmesrmmrsemmrse s 32
3. 'H-NMR SpECErUM Of GOMPOUNG 1 -+sssssrssrussussnsnsisiiinis it 42
4. "C-NMR spectrum of COMPOUNM 1 «--ssressmesmssmmseieeie e 43
5. 'H-NVR Spectrum of COMPOUNG 2 --sssrrsssresssmsssmssssnsssses s 44
6. “C-NMR Spectrum Of COMPOUNG 2 «+sexssrsmrsmssrsssssssmsssssisss 45
7. H-NWR SPECETUM O COMPOUNG 3 wrorrresessersmssssmssssssiss s 46
8. "C-NMR SPECEIUM Of COMPOUNG 3 wreeseesersessmsmssmssessisssss et 47
9. 'H-NWR SPECIUM OF COMPOUNG 4 wrerereesessssmssssmsissiiissiiti i 48
10. "C-NMR SPECEIUM Of COMPOUNG 4 weereesessessmsmssmssessisisi s 49
11. 'H-NMR SPECETUM Of COMPOUNG 5 wreereesessessmsssssssssseisis s 50
12 C-NMR SPECEIUM Of COMPOUNG 5 wreereesersessmsmssessessississcis s 51
13. H-NMR SPECTUM OF COMPOUNG B wreererrssesrssesmssusmsmisisiisitisi s 52
14 13C_NM|:{ SpeCtrum Of Compound 6 ........................................................................ .53
15 1|_|_NM|:{ SpeCtrum Of Compound 7 ....................................................................... .54
16 13C_NM|:{ SpeCtrum Of Compound 7 ...................................................................... .55
17. H-NMR SDECEIUM OF GOMPOUNG 8 +++srevsvsssssssserrsseseessssssssssssssssssssssssssssssssssnneess 56
18 13C_NMR SpeCtrum Of Compound 8 ...................................................................... .57
19. 'H-NMR SPECETUM Of COMPOUNG §  wrerressessrssessssseseieie s 58
20. "*C-NMR SPECEIUM Of COMPOUNG Q  wreereesessmssmsmssessississisi e 59
21, H-NWR SPECtrum Of COMPOUNG 10 weerereerssessesessissieei s 60
22 BcoNMR Spectrum of COMPOUNG 10 weesrerserrssmssessmssieieci 61
23, H-NWR SPECETUM Of COMPOUNG 11 rereerersemssmssmssiseise s &2
24 . "C-NWR SPECtrum Of COMPOUNG 11 rerereessmmsimssessiei s 63
25 H-NMR SPECtrUM Of COMPOUNG 12 +reerseerrssessmssssissi s 64

V.

List of Figures

Collection @ chosun



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

26. "“C-NMR Spectrum Of COMPOUNG 12 «rererereerrrssssnnisisisisisisii e 65
27. H-NMR spectrum of COMpOUNd 13 weresrerrmmmmemscmeiieisi 66
28. "C-NMR spectrum Of COMPOUNG 13 wrereeerrrrrssnsisisisisisi s 67
29. H-NMR spectrum Of COMPOUNG 14  wereeerrmssmssmsmmsemsieisici s 68
30. "*C-NMR Spectrum Of COMPOUNG 14 «rerererereesssnrsisisisisisi 69
31. H-NVR spectrum Of COmpOUNd 15 weeerreremmmmsmmiininiic ) 70
32. "Sc-NMR Spectrum Of COMPOUNG 15 «rerererererememeeetstsisisiisi 71
33. H-NMR spectrum of COMPOUNG 16 -reeersersmmssmsmmmisessis s 70
34. "SC-NMR Spectrum Of COMPOUNG 1B «rererererereremeeetrstitisisiini 73
35. H-NVR spectrum Of COMPOUNG 17 weeeeeermmmmmsmsmieisissc ) 74
36. "SC-NMR Spectrum Of COMPOUNG 17 «rererererereremeeesss s 75

Collection @ chosun



Abstract

Phytochemical constituents and their anti-inflammatory activities
of Mori Radicis Cortex

Chang Young-Su

Advisor : Prof. Woo Eun-Rhan Ph.D.
Depar tment of Pharmacy,

Graduate School of Chosun University

The root bark of Morus alba L., called "Sang-Baek—Pi" in Korea, has been used
in traditional medicines for the treatment of Iung-heat, cough, asthma,
hematemesis, dropsy, and hypertension. Previous phytochemical investigations
resulted in the isolation of polyphenolic constituents including prenylated
flavonoids, benzofurans and Diels-Alder type adducts with various biological
activity such as cytotoxicity, antioxidant, cancer cell invasion and
migration, and hepatoprotection. In addition, the prenylated flavonoids, main
constituents of this plant, have also been shown to exhibit various
anti-inflammatory activities. However, the pharmacological evaluation on the
minor constituents of the root of M. al/ba has not been performed in detail,
because of its difficulty for the isolation and the presence of trace amount.
In the present study, by means of repeated column chromatography using silica
gel, Sephadex LH-20, and LiChroprep RP-18, twelve prenylated flavonoids,
along with four benzofuran compounds and one triterpenoid were isolated. The
structures of the known compounds were identified as kuwanon G (1), kuwanon E
(2), oxyresveratrol (3), moracin M (4), mulberrofuran G (5), moracin R (6),
maracin O (7), noratocarpanone (8), kuwanon T (9), morusin (10), mulberofuran
A (11), mulberofuran B (12), a-amyrin acetate(13), sanggenon A (14),
sanggenon M (15), sanggenon F (16), and sanggenol A (17), by comparing their

_\/l_
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spectroscopic data with those reported in the Iliterature. Among these
isolates, the inhibitory activity of eleven compounds against |L-6 production
in TNF-a stimulated MG-63 cells was examined. Most of the isolated compounds
showed potent inhibitory activity against I[L-6 production in TNF-a
stimulated MG-63 cells. This thesis reports the isolation and structural
characterization of these compounds and their inhibitory activities against

|L-6 production.

- VIl -
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&l APBHT| (Mori Radicis Cortex)= =201 stolH
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AETHR 20, TLC2t chromatographyS A2 1

(@ Packing materials

Column chromatography2l packing material 2= Kieselgel 60(63-200 um, Art.
7734, Merck)2t Kieselgel 60(40-63 um, Art. 9385, Merck), Lipophlic Sephadex
LH-20(25-100 #m, Lot 81K1092, Sigma), LiChroprep RP-18(40-63 um, 1610400 138,
Merck), MCI gel CHP20P(75-150 um, Mitsubishi Chemical Corporation) S ArE5tA
Ct.

ol

® TLC

Thin layer chromatography& plate= precoated silica gel 60 Fuss plate(layer
thickness 0.25 mm, 20 x 20 cm, Art. 5715, Merck)®t precoated RP-18 Fosss
plate(layer thickness 0.25 mm, 20 x 20 cm, Art. 5423, Merck)E AIE3IALt.
prepartive thin layer chromatography (PTLC)&& plate= precoated silica gel 60
Fossa plate(layer thickness 0.5 mm, 20 x 20 cm, Art. 5744, Merck)2t precoated
RP-18 Fasss plate(layer thickness 1 mm, 20 x 20 cm, Art. 5434, Merck)S ArE5tA
Ct.
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2-2. J|J|
A0 AFES J1J1= TS 2L,
IR : JASCO FT/IR-300E (Jasco Co., Japan)
UV @ JASCO V-550 (Jasco Co., Japan)
FAB-MS : JMS 700(JEOL)
'"H-NMR : Varian Unity Inova 600 Mz, 500 Mz and 300 M
"C-NMR : Varian Unity Inova 150 Mz, 125 Mz and 75 Mt
Polarimeter : AUTOPOL® IV automatic polarimeter

(Rudolph Research Analytical, NJ 07840, U.S.A)

HPLC pump : Waters 600 Multisolvent Delivery System
HPLC UV Detector : Waters 2487 A Absorbance Detector
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3. stg=2 =cl
9

3-1. AtYHIIO HF

31-1. == 4 =&

OteHel Scheme Off LIEHH D Us= 24DF 20| ABHI (Mori Radicis Cortex) 1
MeOHZ 3AIZ2F =0F 80COHIA 330 Z2H KMNESIHAN ==&t

1511.63 g2 MeOH extractE & /ULCH. Ol
Ethyl acetate, nButanol =MZ SE&38IH CHLCl,
192.20g, n-BuOH frac. 182.45g, #=& 534.35g2 & ULk,

Mori Cortex Radicis ExtwithMeOH  MeOH ext.
T —

(12.0kg) (1511.63g)

Suspend with H,O
Fractionation with CH,Cl,

CH,Cl frac. H,Olaver
(318.25g)

Fractionation with EtQOAc

EtOAcfrac. H,O frac.
(192.20g)

Fractionation with #-BuOH

n-BuOH frac. H;O frac.
(182.45g) (534.35g)

Scheme | . Extraction and fractionation of MeOH extract from

Mori Cortex Radicis

3-1-2. A8 EtOAc 2ECZR2H =9 =2l
ABHT] EtOAc == 0l CHoll &
Hexane : EtOAc =2 : 1 — 1

of ARES §AYLH ARE

A~ 22 Fraction 201 CHol Ea"‘EﬁDHE 50%

=

chroprep RP-18 %*%* AZ20IECHIIE

Collection @ chosun

cIotE 28 JZ0IEJHIE &AL EEE

[

=0l MCI gel Z2& jED}EJE}uIE AMAIGIH = 1612 A2E S IAUL.
=2!| Fraction MC-1E-2-10ll CHoll E=sSMZ HgO : MeOH = 8 : 3 ZS0E At
Li

=
£ =342 S=ol] Methylene chloride,
¢}

frac. 318.25g, EtOAc frac.

=2

: 89 gradient 2OHE A3t = 50 (Fraction 1~5)
MeOH ~ 75% MeOH= Al
ols &

25t
IS A AIGHH compound 3 (Oxyresveratrol)ES &

—



o

. 222 Fraction MC-1E-2-20i CHoll E=E0H2 H20 : MeOH=3 : 2 ~ 1 : 1
6t0d Lichroprep RP-18 Z2& AZ0IE2tIlIE & AlSHH compound 4 (Moracin
compound 8 (Norartocarpanone)2 UL AF2 Fraction MC-1E-2-301 CHdoll 2=
OHZ H0 @ MeOH = 1 : 1= ALE0tH Lichroprep RP-18 2 & AZ0tENCHIIE & A

compound 6 (Moracin R) 2t compound 7 (Moracin 0)2 LUCt. AF2! Fraction
—-1E-2-40il CHol E=Z0HZ CHCIs : MeOH @ H:0 =12 : 1 : 0.1 ~ 8 :
Oof AeIotd 2d JZ0IECHIIE A Aot & 61 A2E2

Fraction MC-1E-2-4-50i CHoll EZ2ZZ0H2 HO0 : MeOH = 3.5 : 528 AIE5t0d
ichroprep RP-18 Z& AZ0tE2tUIE & AIGHH compound 1 (Kuwanon G)& 2 RUCH.
2l Fraction MC-1E-2-70ll CHoll E=&01=2 CHClz @ MeOH : H0 =25 @ 1 : 0.1
11 0.12 AI2510 A2IPIR 2 JZ20IEDCHIE AAIGIH = 89 ARE
HAAUCH. 0I= A~ E2! Fraction MC-1E-2-7-201 CHol E=E0HE HO0 : MeOH = 1
AE3t0 Lichroprep RP-18 Z& IAZ0IEctIIE AAISHH compound 2 (Kuwanon
= LUCH. AF& Fraction MC-1E-2-7-50i CHol S=E0HZ H0 : MeOH = 3 : 42
Zold Lichroprep RP-18 Z& ZA=Z0IEcHIIE A AlotH compound 5
(Mulberrofuran G)E UL,

nio

0f0

)

ng

5+>fr+ﬁor0%9“or0@z;9
H[I J_Qi_LSE
(_I

o IUIO

ﬂ

> m
= <

EtOAc. frac. (53.19¢g)

Silica gel CC
Hexane-EtOAc (2:1—1:8,EtOAc, MeOH)

E-1 E2 E-3 E-4 E-5

1)MCT gel CC
H1(O: MeOH=1:1~1:3

E‘-Z-l E22 EL F,Jd e E27 S EL&

2)Lichroprep RP-18 | 2)Lichroprep RP-18 | 2)Lichroprep RP-18 ’)E",ﬂ"é}’f{} om mo | DSilicazel
H20: MeOH-=8:3 H10: MeOH=3:2-1:1 | H20: MeOH-1:1 MO CHC3:MeOH: H20=
12:1:0.1~8:1:0.1 25:1:0.1-10:1:0.1

A)Lichroprep RP-18

3. Oxyresveratrol 6. Moracin R(5.22mg) H:0: MeOH=1:1 S)Lic{lmprepfl?ls
(11.42mg) 7. Moracin O(4.68mg) TN
1. Kuwanon G{180mg)
4. Moracin M
(14.03mg) 5. Mulberrofuran G
8. Norartocarpanone (5.61mg)
(3.42mg) 2. Kuwanon E(40mg)
Scheme Il . Isolation of compounds 1-8 from EtOAc extract of

Mori Cortex Radicis
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AFBHTI] EtOAc 2E0fl CHoll AlcIotE 2 JZ0IEDCHIIE AA I OIALCH. BEE2M=2
Hexane : EtOAc =2 : 1 — 1 : 82| gradient E0HE AESI0H & 5 (Fraction 1~5)
o AZEZ LULL. AFE Fraction 10l CHoi E=E0iE Hexane @ EtOAc = 10 : 1
— 4 : 12 AI20olK silica gel 28 AZ0IECHIIE AAIGIH & 7IHe ARES

A~ 2&l Fraction E-1-501 CHoll =20 75% MeOH=2 AtEdHH MCl—gel
2y 320IEDHIIE A Aot compound 9, 10 (kuwanon T, morusin)S &1 LIS

[—

2 E-1-5-701 CHoH S=201Z 80% MeOH= AF=3dl Prep—HPLCS
AAIGHO compound 11, 12 (mulberrofuran A, B)S & ULL.

E-1
(0.69)

silica gel
HE(10:1~4:1)
MeOH washing

2 3 4 5 6
(17.09mg) (47.96mg) (18.55mg) (393.66mg) (6.42mg)
‘ MCl
MW 3:1
1 ;‘3 _l. 9.Kuwanon 5 ]O.I T
1.62 2.64 8.31 T(16.29mg) | 2.87| Morusin [131.08
(122.4mg) Prep HPLC

(80% MeOH)

11.mulber 12.
ofuran A Mulberofuran
(4.51mg) B(11.86mg)

Scheme Ill. Isolation of compounds 9-12 from EtOAc extract of

Mori Cortex Radicis

3-1-3. &8Il EtOAc EEI2ZRH &

rlo
o
el
HO

Compound 1

Collection @ chosun



Brown amorphous powder
Molecular formula: CaoHss011

IR (KBr) v : 3350, 1650, 1595
EI-MS m/z: 692

[a]o®: =466 (¢ 0.13, MeOH)
H-NMR (Acetone—as, 600MHz) & :

7.41 (1H, d, J = 8.0 Hz, H-6' or H-27), 7.29 (1H, d, J = 8.0 Hz, H-6' or
H-27), 6.78 (1H, d, J = 8.0 Hz, H-33), 6.67 (1H, d, J = 2.0 Hz, H-3'),
6.55 (1H, dd, J = 2.0, 8.0 Hz, H-5), 6.21 (1H, d, J = 2.0 Hz, H-30),
6.08 (1H, dd, J = 2.0, 8.0 Hz, H-32), 6.03 (1H, d, J = 2.0 Hz, H-24),
5.98 (1H, s, H-6), 5.93 (1H, dd, J = 2.0, 8.0 Hz, H-26), 4.95-5.40 (2H,
m, H-10 and H-15), 4.30-4.70 (2H, m, H-14 and H-20), 3.30-3.90 (1H,
m, H-19), 3.17 (2H, d, J = 7.0 Hz, H-9), 1.80-2.20 (1H, m, H-18), 1.62
(3H, s, CHs=12), 1.52 (3H, s, CHg—17), 1.48 (3H, s, CHs—13)
C-NMR (Acetone—ds, 150MHz) & :

208.1 (C-21), 181.7 (C-4), 164.2 (C-23), 164.2 (C-25), 161.3 (C-7), 160.8
(C-4'), 160.3 (C-8a), 159.2 (C-2), 156.3 (C-2'), 155.8 (C-29), 155.8
(C-31), 155.2 (C-5), 132.8 (C-16), 132.4 (C-33), 131.2 (C-11), 131.2
(C-6'), 130.8 (C-27), 123.2 (C-15), 121.8 (C-10), 120.7 (C-28), 119.7
(C-8), 114.0 (C-22), 111.4 (C-1"), 107.2 (C-26), 106.7 (C-8), 106.7
(C-82), 106.7 (C-5'), 103.7 (C-4a), 102.6 (C-24), 102.6 (C-3'), 101.9
(

C-30), 97.5 (C-6), 45.8 (C-20), 38.3 (C-18), 38.3 (C-19), 25.4 (C-12),
23.5 (C-9), 22.9 (C-14), 22.5 (C-17), 17.3 (C-13)

Compound 2
Yel low amorphous powder
Molecular formula: CosHegOs

IR (KBr) v : 3360, 1650, 1625, 1595
EI-MS m/z: 424

[alp®: 0 (¢ 0.15, MeOH)
H-NMR (600 MHz, Acetone—ak) & :

7.20 (HH, s, H6'), 6.50 (1H, s, H-3"), 5.95 (HH, d, J = 1.8 Hz, H6),

_9_

Collection @ chosun



5.94 (1H, d, J = 1.8 Hz, H-8), 5.70 (1H, dd, J = 3.0, 13.8 Hz, H2), 5.35
(HH, dt, J=1.2, 7.2 Hz, H-2'"), 5.11 (H, tt, J=1.2, 7.2 Hz, H-7'")
3.27 (2H, d, J= 7.2 Hz, H-1'"), 3.20 (1H, dd, J = 13.8, 17.4 Hz, Ha=3),
2.69 (MH, dd, J=3.0, 17.4 Hz, Ho-3), 2.09 (2H, m, H-6''), 2.02 (2H, t,
J=7.2Hz, H5'"'), 1.71 (34, s, H4''), 1.62 (3H, s, H9''), 1.57 (3H,
s, H-10'")

"C-NMR (150 MHz, Acetone—ck) & :
197.8 (C-4), 167.3 (C-7), 165.4 (C-8a), 164.9 (C-5), 156.7 (C-4'), 154.2
(C2'), 135.9 (C-3''), 131.7 (C-8''), 129.0 (C-6'), 125.2 (C-7'"'), 124.1
(c2''), 120.2 (C-5'), 116.9 (C-1'), 103.4 (C-3'), 103.2 (C-4a), 96.7
(C-8), 95.9 (C-6), 75.5 (C-2), 42.7 (C-3), 40.5 (C-5''), 28.4 (C-1'")
27.5 (C-6''), 25.9 (C-9''), 17.8 (C-10'"), 16.3 (C-4'")

Compound 3

Yel low amorphous powder

Molecular formula: CisHi204

IR (KBr) vmx - 3360, 1650, 1625, 1600

EI-MS m/z: 244

'H-NMR (300 MHz, Acetone-ab) & :
7.40 (HH, d, J = 8.4 Hz, H-6"), 7.33 (1H, d, J = 16.4 Hz, H-8), 6.88 (1H,
d, J = 16.4 Hz, H-7), 6.52 (2H, d, J = 2.2 Hz, H-2,6), 6.44 (1H, d, J =
2.2, H-3), 6.38 (1H, dd, J = 2.2, 8.4 Hz, H-5"), 6.24 (1H, t, J = 2.2 Hz,
H-4)

BC-NVR (75 MHz, Acetone-ck) & :
159.6 (C-3), 159.6 (C-5), 159.2 (C-4" ), 156.9 (C-2" ), 141.7 (C-1),
128.3 (C-8), 126.4 (C-7), 124.4 (C-6" ), 117.3 (C-1" ), 108.5 (C-5" ),
105.5 (C-2), 105.5 (C-6), 103.6 (C-3" ), 102.3 (C-4)

Compound 4
Yel low amorphous powder
Molecular formula: CigHio04

IR (KBr) vmx : 3360, 1650, 1625, 1600
EI-MS m/z: 242
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H-NMR (600 MHz, CDs0D) & :

7.35 (1H, d, J=8.4 Hz, H4), 6.91 (HH, d, J= 0.6 Hz, H-3), 6.90 (1H,
d, J=2.4Hz, H7), 6.76 (2H, d, J=2.4 Hz, H-2',6"), 6.73 (H, dd, J =

2.4, 8.4 Hz, H5), 6.24 (H, t, J=2.4Hz, H4")
BC-NMR (150 MHz, CDs0D) & :

160.1 (C-3'), 160.1 (C-5'), 157.3 (C-7a), 156.9 (C-6), 156.2 (C-2),
(C-1" ), 123.1 (C-3a), 122.2 (C-4), 113.4 (C-5), 103.9 (C-2'),
(C6'), 103.6 (C-4'), 102.3 (C-3), 98.6 (C-7).

Compound 5
Yel low amorphous powder
Molecular formula: CasHzs0s

IR (KBr) vmx : 3360, 1650, 1625, 1600
EI-MS m/z: 562

H-NMR (600 MHz, Acetone—dk) & :
7.41 (HH, d, J = 8.4 Hz, H4), 7.24 (H, d, J = 8.4 Hz, H-14""),

(HH, d, J=8.4Hz, H-20'"), 7.05 (1H, s, H-3), 6.98 (1H, d, J = 1.8 Hz,

H-2'), 6.97 (HH, d, J = 2.4 Hz, H-7), 6.94 (HH, d, J = 1.8 Hz,

6.81 (HH, dd, J = 2.4, 8.4 Hz, H5), 6.50 (1H, dd, J = 2.4, 8.4 Hz,
H-19'"), 6.45 (1H, d, J = 5.4 Hz, H2'"), 6.43 (IH, d, J = 2.4 Hz,
H-17"'), 6.38 (1H, d, J=2.4 Hz, H-11""), 6.23 (1H, dd, J = 2.4, 8.4 Hz,
H-13'"), 3.49 (1H, s, H-5'"), 3.36 (1H, dd, J = 5.4, 12.0 Hz, H-3"''),
2.98 (1H, ddd, J = 5.4, 11.4, 11.4 Hz, H4'"), 2.73 (HH, dd, J = 5.4,
17.4 Hz, Ha-6"'"), 2.05 (HH, dd, J = 5.4, 17.4 Hz, Ho-6'"), 1.77 (3H, s,

CHy—7"'")
BC-NMR (150 MHz, Acetone-ak) &

59.9 (C-12'"), 157.9 (C-10'"), 157.7 (C-7a), 157.5 (C-3'), 156.7 (C-2),
56.7 (C-5'), 155.0 (C-6), 154.6 (C-18'"'), 153.4 (C-16"''), 133.8 (C-1"'

1

1

131.1 (C-1'), 130.4 (C-14''), 127.9 (C-20''), 122.9 (C-2''),
(C- ) 122.1 (C-4), 117.6 (C-4'), 116.9 (C-15""), 113.4 (C-5),
(C9'"), 109.8 (C-19""

1

107.1 (C-13""), 105.3 (C-6'), 105.1 (C-2'),

),
04.5 (C-17"''), 103.9 (C-11'"), 102.6 (C-8'') 102.3 (C-3), 98.4 (C-7),

37.2 (C-3'"), 36.3 (C—6"), 35.2 (C-5'"), 28.5 (C-4''), 23.9 (C-7"")
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Compound 6

Brown oil

Molecular formula: CigHeoOs

IR (KBr) vmx @ 3390, 1600, 1580, 1460

EI-NMS m/z: 344

[a]o®: -25 (¢ 0.10, MeOH)

"H-NMR (600 MHz, Acetone—ck) & :
7.25 (1H, s, H-4), 7.00 (1H, d, J = 1.2 Hz, H-3), 6.87 (1H, s, H-7), 6.86
(H, d, J=2.4 Hz, H2'.6'), 6.37 (1H, t, J = 2.4 Hz, H-4'), 3.81 (1H,
dd, J = 5.4, 8.4 Hz, H2''), 3.10 (1H, dd, J = 5.4, 16.8 Hz, H-1a''),
2.82 (1H, ddd, J= 1.2, 8.4, 16.8 Hz, H-1b''), 1.37 (3H, s,
H-5'"), 1.25 (3H, s, H-4"")

"C-NMR (150 MHz, Acetone—ak) & :
159.8 (C-3'), 159.8 (C-5'), 155.8 (C-2), 155.4 (C-7a), 152.4 (C-6), 133.3
(C-1'), 123.5 (C-3a), 121.7 (C-4), 117.9 (C-5), 103.7 (C-2'), 103.7
(c6'), 103.5 (C-4'), 101.9 (C-3), 99.4 (C-7), 78.1 (C-3''), 69.9
(C-2''), 32.4 (C-1'"), 26.3 (C-4'"), 20.6 (C-5'")

Compound 7

Brown amorphous powder

Molecular formula: CigHig0s

IR (KBr) vmx : 3390, 1600, 1580, 1460

EI-MS m/z: 326

'H-NMR (600 MHz, Acetone—dk) 6 :
7.32 (1H, s, H-4), 7.00 (HH, d, J= 0.6 Hz, H-3), 6.85 (1H, s, H-7), 6.84
(2H, d, J=2.4Hz, H2',6'), 6.36 (IH, t, J=2.4 Hz, H4"), 4.67 (1H,
dd, J = 8.4, 9.6 Hz, H2''), 3.30 (1H, dd, J = 8.4, 15.6 Hz, H-3a''),
3.20 (1H, dd, J = 9.6, 15.6 Hz, H-3b'"'), 1.27 (3H, s, H-5'"), 1.23 (3H,
s, H6'")

BC-NVR (150 MHz, Acetone-ab) & :
159.8 (C-3'), 159.8 (C-5'), 159.7 (C-6), 155.8 (C-7a), 155.6 (C-6), 133.5
(C-1"), 125.3 (C-5), 123.4 (C-3a), 117.0 (C-4), 103.7 (C-2'), 103.7
(C6'), 103.4 (C-4'), 102.5 (C-3), 93.0 (C-7), 91.3 (C=2'"), 71.5
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(C-4'"), 30.7 (C-3'"), 26.1 (C-5'"), 25.6 (C6'")

Compound 8
Brown amorphous powder
Molecular formula: CisHi20s

IR (KBr) vmx :@ 3390, 1600, 1580, 1460

EI-NMS m/z: 288

'"H-NMR (600 MHz, Acetone—dk) &
7.31 (H, d, J=8.4Hz, H6'), 6.47 (H, d, J= 1.8 Hz, H-3'), 6.43 (1H,
dd, J=1.8, 8.4 Hz, H-5'), 5.96 (1H, d, J=2.4 Hz, H-8), 5.94 (1H, d, J
= 2.4 Hz, H-6), 5.70 (H, dd, J = 3.0, 13.2 Hz, H-2), 3.17 (H, dd, J =
13.2, 17.4 Hz, H-3), 2.71 (1H, dd, J = 3.0, 17.4 Hz, H-3)

BC-NMR (150 MHz, Acetone-dk) & :
197.7 (C-4), 167.7 (C-7), 165.4 (C-8a), 164.9 (C-5), 159.6 (C-2'), 156.4
(C-4'), 129.1 (C-6'), 117.5 (C-1'), 107.8 (C-5'), 103.5 (C-3'), 103.1
(C-4a), 96.8 (C-6), 95.9 (C-8), 75.4 (C-2), 42.7 (C-3)

Compound 9

Yel low amorphous powder

Molecular formula: CosHzs0s

IR (KBr) vmx - 3520, 3330, 1655, 1620

EI-MS m/z: 422

"H-NMR (300 MHz, CDs0D) & :
6.89 (MH, d, J=8.4Hz, H6'), 6.44 (1H, d, J=8.4 Hz, H-5"), 6.27 (1H,
d, J=2.2Hz, H8), 6.17 (HH, d, J= 2.2 Hz, H6), 5.25 (1H, br t, J =
5.9 Hz, H-15), 5.08 (1H, br t, J = 5.9 Hz, H-10), 3.33 (2H, d, J = 6.9
Hz, H-9, 14), 3.08 (2H, d, J = 6.9 Hz, H-9, 14), 1.78 (3H, s, CHs), 1.67
(8H, s, CHs), 1.58 (3H, s, CHs), 1.33 (3H, s, CHs)

C-NVR (75 MHz, CDi0D) & :
183.9 (C-4), 165.7 (C-7), 163.8 (C-2), 163.3 (C-5), 160.1 (C-8a), 159.4
(C4'), 154.9 (C-2'), 132.9 (C-16), 132.0 (C-11), 128.9 (C-6'), 124.1
(C-15), 122.7 (C-10), 122.2 (C-3), 117.9 (C-3'), 114.0 (C-1'), 108.3
(C-5"), 105.6 (C-4a), 99.6 (C-6), 94.7 (C-8), 26.1 (C-17), 26.0 (C-12),
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25.0 (C-9), 23.5 (C-14), 18.2 (C-18), 17.8 (C-13)

Compound 10

Yellow amorphous powder

Molecular formula: CgsHz406

IR (KBr) vmx : 3520, 3330, 1655, 1620
EI-MS m/z: 420

'H-NVR (500 MHz, CDs0D) & :

7.11 (H, d, J=8.3 Hz, H6'), 6.58 (1H, d, J= 10 Hz, H-14), 6.42 (1H,
d, J=2.0Hz, H3'), 6.41 (1H, dd, J = 2.0, 8.3 Hz, H-5'), 6.14 (1H, s,
H-6), 5.56 (1H, d, J = 10.0 Hz, H-15), 5.09 (2H, t, J = 6.7 Hz, H-10),
3.10 (2H, d, J=6.9 Hz, H-9), 1.58 (3H, s, CHy), 1.42 (6H, s, CHs), 1.40
(3H, s, CHs)

"C-NMR (125 MHz, CD40D) & :

84.1 (C-4), 163.7 (C-7), 162.8 (C-4'), 162.1 (C-2), 160.6 (C-8a), 158.1
c2'), 154.9 (C-5), 133.0 (C-11), 132.6 (C-6'), 128.3 (C-15), 122.8
c-10), 122.2 (C-3), 115.9 (C-14), 113.3 (C-1'), 108.2 (C-5"), 106.1
C-8), 104.0 (C-3'), 102.4 (C-4a), 100.3 (C-6), 79.3 (C-16), 28.6 (C-17),
28.6 (C-18), 26.0 (C-12), 25.0 (C-9), 17.8 (C-13)

1
(
(
(

Compound 11

Yel low amorphous powder

Molecular formula: CosH2g04

IR (KBr) vmx - 3520, 3330, 1655, 1620

EI-MS m/z: 392

"H-NMR (500 MHz, CDs0D) & :
7.34 (H, d, J=8.4 Hz, H4), 6.89 (1H, d, J=2.0 Hz, H-7), 6.74 (1H,
dd, J = 8.4, 2.1 Hz, H-5), 6.72 (HH, d, J = 2.4 Hz, H-6'), 6.69 (1H, s,
H-3), 6.47 (1H, t, J = 2.3 Hz, H4'), 5.08 (HH, t, J=7.2 Hz, H2""),
5.06 (H, t, J=7.2Hz, H-7"'"), 3.82 (3H, s, -OCHs), 3.44 (2H, d, J=6.2
Hz, H-1''), 2.03 (2H, m, H-6'"), 1.95 (2H, m, H-5'"), 1.65 (3H, s,
H-4'"), 1.61 (3H, s, H-9''), 1.55 (3H, s, H-10"")

C-NVR (125 MHz, CDs0D) & :
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60.5 (C-3'), 157.5 (C-7a), 157.2 (C-5'), 156.8 (C-6), 156.0 (C-2), 135.3
c-3'"), 133.1 (C-1"), 132.2 (C-8'"), 125.8 (C-2''), 125.6 (C-7'"), 123.1
C-3a), 122.1 (C-4), 120.9 (Cc-2'), 113.2 (C-5), 108.3 (C-6'), 106.0

3), 100.4 (C-4'), 98.6 (C-7), 56.3 (-0CHs), 40.9 (C-5'"), 27.8 (C-6'"),
26.6 (C-1'"), 26.0 (C-10""), 17.8 (C-9'"), 16.6 (C4'")

1
(
(
(C-

Compound 12

Yel low amorphous powder

Molecular formula: CosH2s04

IR (KBr) vmx : 3520, 3330, 1655, 1620

EI-MS m/z: 392

"H-NMR (500 MHz, CDs0D) & :
7.32 (H, d, J=8.5Hz, H4), 6.93 (1H, s, H3), 6.92 (HH, d, J=18.5
Hz, H-5), 6.81 (2H, d, J = 2.2 Hz, H2', 6'), 6.26 (1H, t, ~2.2 Hz,
H-4'), 5.35 (HH, t, J=7.4Hz, H2'"), 4.99 (HH, t, J=7.4Hz, H-7'"),
3.87 (3H, s, OCHs), 3.61 (2H, d, J=7.4Hz, H-1""), 2.05 (2H, m, H-6"'"),
1.97 (2H, m, H-5""), 1.87 (3H, s, H4'"), 1.51 (3H, s, H9'"), 1.55 (3H,
s, H-10"")

C-NVR (125 MHz, CDs0D) & :

60.1 (C3', 5'), 156.8 (C-2), 156.5 (C-6), 155.5 (C-7a), 136.2 (C-3''),

1

134.0 (C-1'), 132.3 (C-8'"), 125.4 (C-7'"), 124.4 (C-3a), 123.6 (C-2''),
119.2 (C-4), 114.7 (C-7), 109.2 (C-5), 104.3 (C2', 6'), 103.8 (C-4'),
102.5 (C-3), 57.2 (-0CHs), 40.9 (C-5'"), 27.7 (C-6'"), 25.8 (C-9''), 23.7
(C-1'"), 17.8 (C-10""), 16.6 (C4'")

3-1-4. A8 CHLl, 2ELE=RH SS9 22l
AFBHTI] CH.Cl, 220l CHoll Al2IoIR 28 AZ0IEZIIIE A AL EEE02
Hexane : EtOAc = 10 : 1 — 1 : 52| gradient E0HE AIE5t0d & 694 (Fraction
1~6)2 A2EZ H/JCH. A 2E Fraction D-10l CHoll EEZ0HE Hexane : EtOAc =
= AME38IH silica gel 28 AZ0IEDCHIIE A AIGHH = 1242
= 2ULL. 01= A= & Fraction D-1-40 CHol E=Z0HZ Hexane : EtOAc =
100 : 12 AISold AlZIPIE 2YE AZJ0IEDZIE AAlIGHH U2 A28 6lE ¢
. 0l & A28 D-1-4-30ll CHoll E=Z01=Z Hexane : EtOAc = 100 : 12 AIESIH
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AcJtE ZE JdZ0IEctIE AAlote 4042 A2&8= UL 0 S

AZES = A~=2E
D-1-4-3-40l CHol EZ=ZE0=Z 100% MeOHZS ALE3dt0 Sephadex LH-202 O0OI&3t0
compound 13 (alpha-amyrin acetate)2 L RUCt.
CH,Cl, frac. (25g)
Silica gel C.C.
Hexane:EtOAc(10:1—1:5), MeOH
D-1 D-2 D-3 D4 D-5 D-6
1)Silica gel C.C.
Hexane:EtOAc =100:1
2)Sephadex LH-20
MeOH 100%
13, daniyra acataie(6 085 ‘
Scheme IV.lsolation of compound 13 from CH.Cl, extract of
Mori Cortex Radicis
222 Fraction 30l CHol E=Z0HZ Hexane : EtOAc =5 : 1 — 1 1 18 AIE0IH
silica gel Z& AZ0tEZIIE &AIGIH 5 8IS AZ2& s 2ULL. 015 2 2=
Fraction D-3-30ll CHoli E=E0Z 90% MeOHZ2 ArESIO RP-18 2 AZ0tENCHIIE
&1 AIGHO L}Q *%%‘ 1-2 & &2%8 D-3-3-10 ol S==0=Z 75% MeOH% INE=Ze10]
Prep-HPLCZS & AIGHO! compound 14, 15 (sanggenon A, M); HAUCH. A2 El Fraction
0-3-40il CHoH %% OHE 90% MeOHZ AFZdot0 RP-18 28 AZ0tECHIIE & AIGHH
Li= i%i‘ -2 & A28 03410 CHol ===0=Z 78% MeOH=S ALE5HH
Prep-HPLCES &/ AlSt0d compound 16, 17 (sanggenon F, sanggenol A)E ZRUCH. LA 2=

Fraction D—3—501| ol ==201=2 80% MeOHZ AFE0H(H Sephadex LH-20 Z& A Z 0}
EJctIE AAlotH U ﬁ:—‘i’—i 1-4 & A28 D-3-5-20||l Uiolf 2==0H=Z 78% MeOH
S AME08I0M Prep-HPLCS & AIBHX compound 10 (morusin)S 2 UCE.

_16_

Collection @ chosun



D-3
(3.19)

silica gel
H:E(5:1~1:1)
MeOH washing

15.
sangge
non M
(24.12
mg)

2 3 4 5 6 7 8
(111.16mg) (883.86mg) (410.15mg) (420.71mg) (200.97mg)(486.92 mg) (71 7.33mg)
RP-18 ‘ RP-18 sephadex LH 20
MW 5:1 MW 5:1 MW 4:1
1 2 1 2 ‘ ‘ ‘ ‘
391.1 153.65 263.12 28.02 1 2 3 4
67.82 183.23 47.12 40.54
Prep-HPLC
75%MeOH~ Prep-HPLC Prep-HPLC
78%MeOH~ 78%MeOH~
14. i T
Sangge (mzl)ét,l{re} ]6';2:9: mixwre | 10. Morusin
non A (6.21mg) 24.12 | (45.02mg)
(56.22
mg) 17.Sangenol A

3-1-5. CHLCl, 28 2ZFH &

(14.39mq)

Scheme V .lsolation of compound 14-17 from CH.Cl» extract of

Mori Cortex Radicis

[=]
=

ro
o
el

Compound 13

White amorphous powder

Molecular formula: CasoHso02

IR (KBr)

Vnax - 3520, 3330, 1655, 1620

EI-MS m/z: 468
"H-NMR (300 MHz, CDCl3) & :
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0.79 (3H, s, CHs28), 0.80 (3H, d, J = 3.8 Hz, CHs29), 0.86 (3H, s,
CH;—23), 0.86 (3H, s, CH+24), 0.91 (3H, d, J = 2.5 Hz, CH3-28), 0.97
(3H, s, CHs25), 1.06 (3H, s, CHy27), 2.03 (3H, s, OCOCHz), 4.50 (1H, m,
H-3), 5.11 (1H, m, H-12)
"C-NMR (75 MHz, CDClg) &

38.6 (C-1), 23.8 (C-2), 81.1 (C-3), 37.9 (C-4), 55.4 (C-5), 18.4 (C-6),
33.0 (C-7), 40.2 (C-8), 47.8 (C-9), 37.9 (C-10), 23.5 (C-11), 124.5
(C-12), 139.8 (C-13), 42.2 (C-14), 29.9 (C-15), 26.7 (C-16), 33.9 (C-17),
59.2 (C-18), 39.8 (C-18), 39.8 (C-19), 39.8 (C-20), 31.4 (C-21), 41.7
(C-22), 28.9 (C-23), 17.0 (C-24), 15.9 (C-25), 16.9 (C-26), 23.4 (C-27),
28.2 (C-28), 17.7 (C-29), 21.6 (C-30), 171.2 (0COCHs), 21.5 (0COCHs)

Compound 14
Amorphous powder
Molecular formula: CasHo4O7

IR (KBr) vmx @ 3520, 3330, 1655, 1620
EI-MS m/z: 436

H-NMR (500 MHz, CDs0D) & :

7.25 (1H, d, J = 8.2 Hz, H6'), 6.57 (H, d, J = 10.1 Hz, H-14), 6.46
(1H, dd, J = 2.1, 8.2 Hz, H5'), 6.34 (1H, d, J = 2.1 Hz, H3'), 5.72
(1H, s, H-8), 5.56 (1H, d, J = 10.1 Hz, H-15), 5.18 (1H, t, J = 7.3 Hz,
H-10), 3.10 (1H, dd, J = 9.1, 14.4 Hz, H-9a), 2.73 (H, dd, J = 6.2, 14.4
Hz, H-9b), 1.61 (3H, s, CHs-12), 1.49 (3H, s, CHs-13), 1.40 (3H, s,
CH:-17), 1.39 (3H, s, CHs-18)

"C-NMR (125 MHz, CD40D) & :

189.7 (C-4), 164.7 (C-7), 163.8 (C-8a), 161.8 (C-2'), 161.8 (C-4'), 161.7
(C-5), 137.5 (C-11), 127.6 (C-15), 125.8 (C-6'), 121.4 (C-1'), 119.1
(C-10), 116.0 (C-14), 110.1 (C-5"), 99.8 (C-3'), 99.8 (C-4a), 96.8 (C-8),
79.8 (C-16), 32.6 (C9), 28.8 (C-18), 28.7 (C-17) 26.1 (C-12), 18.3
(C-13)

Compound 15
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Amorphous powder
Molecular formula: CasHo4O7

IR (KBr) v @ 3520, 3330, 1655, 1620
EI-MS m/z: 436

H-NMR (500 MHz, CDs0D) & :
7.30 (1H, d, J = 8.2 Hz, H6'), 6.45 (1H, d, J = 10.1 Hz, H-14), 6.46
(H, dd, J = 2.1, 8.2 Hz, H-5'), 6.34 (HH, d, J = 2.1 Hz, H3'), 5.85
(1H, s, H6), 5.54 (H, d, J = 10.1 Hz, H-15), 5.20 (1H, t, J = 7.3 Hz,
H-10), 3.12 (1H, dd, J = 9.1, 14.4 Hz, H-9a), 2.75 (1H, dd, /= 6.2, 14.4
Hz, H-9), 1.58 (3H, s, CHs-12), 1.52 (3H, s, CH:-13), 1.42 (3H, s,
CHs=17), 1.38 (3H, s, CHs—18)

"C-NMR (125 MHz, CD40D) & :

189.7 (C-4), 164.9 (C-7), 161.9 (C-4'), 161.9 (C-2'), 161.7 (C-5), 158.0
(C-8a), 137.8 (C-11), 127.6 (C-15), 125.8 (C-6'), 121.5 (C-1'), 118.9
(c-10), 116.5 (C-14), 110.2 (C-5'), 101.4 (C-4a), 99.8 (C-3'), 97.8
(C-8), 79.7 (C-16), 32.7 (C-9), 28.7 (C-18), 28.7 (C-17) 26.2 (C-12),
18.4 (C-13)

Compound 16
Amorphous powder
Molecular formula: CooH1sOg

IR (KBr) Vvmx @ 3520, 3330, 1655, 1620

EI-MS m/z: 354

"H-NMR (300 MHz, CDs0D) & :
7.19 (HH, d, J=8.4Hz, H6'), 6.70 (1H, d, J = 10.0 Hz, H-9), 6.40 (1H,
d, J=8.4Hz, H-5'), 5.93 (1H, d, J= 2.0 Hz, H-8), 5.89 (1H, d, J=2.0
Hz, H-6), 5.68 (1H, d, J = 10.0 Hz, H-10), 5.66 (1H, dd, J = 2.6, 12.8
Hz, H-2), 3.07 (1H, dd, J = 12.8, 17.2 Hz, H-3a), 2.72 (1H, dd, J = 2.6,
17.2 Hz, H-3b), 1.40 (6H, s, CHs)

C-NMR (75 MHz, CDs0D) & :

198.3 (C-4), 168.7 (C-7), 165.7 (C-5), 165.3 (C-8a), 155.4 (C-4'), 130.6
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(C-6'), 128.0 (C-10), 120.5 (C-1'), 117.9 (C-9), 112.0 (C-3" ), 109.9
(C-5" ), 103.4 (C-4a), 97.3 (C-6), 96.4 (C-8), 76.8 (C-11), 76.2 (C-2),
43.3 (C-3), 28.0 (C-12), 28.0 (C-13)

Compound 17

Amorphous powder

Molecular formula: CgpsH2sOs

IR (KBr) vmx - 3520, 3330, 1655, 1620

EI-MS m/z: 424

'H-NMR (300 MHz, CDs0D) & :
7.08 (MH, d, J=8.4Hz, H6'), 6.43 (1H, d, J=8.4 Hz, H-5"), 5.91 (1H,
d, J=1.8Hz, H6), 5.88 (H, d, J = 1.8 Hz, H8), 5.65 (1H, dd, J =
2.6, 12.8 Hz, H-2), 5.21 (HH, t, J=7.0Hz, H2'""), 5.07 (H, t, J=7.3
Hz, H-7'"'), 3.35 (2H, d, J=6.2 Hz, H-1'"), H, dd, J=17.2, 13.2
Hz, H-3a), 3.10 (1H, dd, J = 17.2, 2.9 Hz, H-3b), 2.03 (2H, m, H-5'
6''), 1.97 (2H, m, H-5'", 6'"), 1.77 (3H, s, H4"' 2 (3H, s, H- 9")
1.56 (3H, s, H-10"")

C-NVR (75 MHz, CD30D) & :
198.5 (C-4), 168.8 (C-7), 165.6 (C-8a), 165.3 (C-5), 157.6 (C-4'), 154.2
(c2'), 13.2 (C-3'"), 132.3 (C-8'"), 125.7 (C-6" ), 125.5 (C-7'"), 124.1
(c2''), 119.0 (c-3'), 117.6 (C-1'), 108.6 (C-5'), 103.4 (C-4a), 97.3
(C-6), 9.5 (C-8), 76.8 (C-2), 43.3 (C-3), 41.1 (C-5''), 27.8 (C-6'"),
26.0 (C-10'"), 23.4 (C-1'"), 17.9 (C9''), 16.5 (C4"'")

),
0 (1
),
),

1

>

_l

o

. MG-63 cell lineOlA hiL-62] =2l &9

NZ== 10% FBS (fetal bovine serum)Jt ZE&E DMEM (Eulbecco's Modified
Eagle Medium) HHXIE ArE3t0 37C, 5% CO, incubator OlA culture dishOll S4lAl2]
MG-63 MIZZ 24-well platelil X429 NE(3x10')S 500 u4 HEE = 518 S
OF incubationdty) HHXIE WXISHACH. OII10 TNF(Tumor Necrosis Factor)-a 2t SRB

assays Soll €2 MESH0O| = =52 samplesS HMeld & 37C incubatorOlA

4.
4-

el
0Q
ol
(uior

—_
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2t8HCH, 96-wel |

Wi
aHCO3)E ¥2 =

HH B = 24A12t0F 48A12F § 228 70 % HHXIE THFGHH H=S
plateOl I Xt anti-body 100 #£(anti-human IL-6 2 4#g/m¢ in 0.1 M
4COM overnightdtOd 1Xt anti-bodyJt 96 well platelll &S otACH. Z&tE
X g2 1Xt anti-bodyES A OLHII <I6H washing solution [0.05% Tween 20 in (

s

I

phosphate buffered saline] 100 #4& 3% AOH = blocking solution (3% bovine
serum albumin (BSA) in PBS) 200 #Z Xclot) A20A 2AI12t SOt &XIst =
washing solution 200 42 28 AOHCH. QA0A 24A12F =2k 48A12F =0l =S dH
roh 50 w2t blocking solution 50 & 20 A=20AM 4A2F £= 4COHAM
overnightot®d 1Xt anti-body2t Z&otE== otALCE. 100 42| washing solution@ 2 4
HONIES & 100 42 2%t anti-body (biotin conjugated rat anti-human IL-6 1 48/
me in blocking solution)E &It ot 452 SOt Z&AIZ § ZEDX 22 2%
anti-bodyE 100 #£2| washing solution@& 6% AHIESIH ARO{HCEH. 100 2
Streptavidin HRP (0.1% BSA, 0.05% Tween 20 in tris buffered saline, pH 7.3)& &
Jtotod 2082 =¢et Z8 A2l S washing solution@Z 69 ANIASHCE. TMB (Tetra
Methyl Benzidine) 100 ©#E 20 LA A2l =Al micro plate readerE AtEdt0 450
m DEA S2ECE SHOIAUCH. 1% DMSO2E TNF-a (15 ng/me)Jt SHUS T hiL-6
O REIFE(%)E control2 SIACH AEO EZ2EZ= dexamethasoneES ALE5HYA
Ct. hiL-62] R2l, #eI2 controll CHEH AR IHME =, (rate of sample

reaction/rate of control)x 10022 HAlatRiCH. 12
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1. Compound 12 3=
S22 12 yellow 22 AEH2| pure compoundE A EI-MSHAM S X0l

g0l 6
T 4662 LEHGED 10% HSOs ZMOIA 4= LIERC IR ABEZS

3350(0H), 1650, 1595(aromatic C=C)cn™'Q| functional groupS =018 2= QURUCEH

"H-NMR A HE 20| A Bl & 210 Ssts 3N O ABX-

type 2

H-3',5',6',H-24,26,27, H-30,32,332 mI=AJt 22t & 7.41, 7.29, 6.67, 6.55, 6.21,
6.08, 6.03, 5.9301 LIEtHH, #Id&e H-6 I3J+t & 5.98001 UEHRCH

cyclohexene & 2 prenyl2|0 Rcictes OEH L OE T3 & 4.9

5-5.40,

4.30-4.70, 3.30-3.90, 3.17, 1.80-2.2001 LIEFGD 3JHSl BIEDIDt 81.62, 1.52,
1.4801 LIEFGHCE SC-NMR AZEZ A & 208.1, 183.0 OIA C-21, C-401 Sclsts

Jt28Y U3Jh, gekeel

=4S JHY 48 B A0l C-5,7,2',4",23,25,29,

3101 &

164.2, 164.2, 161.3, 160.8, 156.3, 155.8,155.2 Ol 2tZTIRUCE. cyclohexene 20l

Seidt= C-14,15,16,1
102 prenylD|0l Keiot= HAJF §131.2,121.8,23.5,25.4,17 .30 LIEFGHCE.
FZstAol 2 & 23 A9 data’tll HIWE Eolfl ste2 12 kuwanon G2
ﬂ }(21—23)

oo

2. Compound 22| &
stet= 2= yellow 22 &EHS pure compoundZ2Al 10% H2SO, 220l A

LIEHHCEH IR ABEHSOZR

functional group2 &QI& £ AUCH. 'H-NMR AHEZA HIFEEO H-3'

O W3Jt &7.20, 6.50, 5.95, 5.940 LtEHSCE. K8 oxy OIE L= QI H-20t

oz

9,20 mI3AJt §132.8, 123.2, 45.8, 38.3, 22.901 LBt

Ol&e

EI-I O}

= ()
sM=

Bl 3360(0OH), 1650, 1625, 1595(aromatic C=C)cm™' 2]

.6',6,8
65.70

Of, HIgd I39!l H-3a, H-3b2 HI3= §3.20, 2.6901 LtEH=tD 1JHS geranyl |2
O35+ 85.35, 5.11, 3.27, 2.09, 2.02, 1.71, 1.62, 1.5701 2ZZAC+. *C-NMR

AHEHNA & 197.800 C-42 Jt22Y LI3JH, e =48IIE JHd 4=
C-5,7,4'Jt 8167.3, 164.9, 156.70I 2E AL geranyl?|2 IlI= &§135.9,
129.0, 125.2, 124.1, 40.5, 28.4, 27.5, 25.9, 17.8, 16.30i 2ZLIALCt. Ol

ZetAol A Y 2SI A9 dataltll HIWE Soil steE 2= kuwanon EE S

Collection @ chosun
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Ct. (24)

3. Compound 32| /21X

et 2 32 yellow =2 &EH2| pure compoundZ2 A 10% HoSO4 AN EAZS
LIEFHUCEH IR ABEZHOREH 3360(0H), 1650, 1625, 1600(aromatic C=C)cm™'Q|
functional groupS QI £ URACH 'H-NMR AHEZA BIHE ABX-typel
H-3',5',6'2 L3It &§7.40, 6.44, 6.380 LBt BiI@EE ABC-typell H-2,4,69
o130t 86.52, 6.2401, trans olefinic H-7,82] TI=AJt §7.33, 6.880 M 2Z% UL
C-NMR AHENA Leteto] £ADIE JIA 43 EHAQ C-3,5,2,4'JF §159.6,
159.6, 159.2, 156.90l 2EHEZIY D olefinic HIE LIAJt 6§128.3, 126.40
Ct. Olate =Zetmol 2 % 2SA2 data®tll HIWE Soil ste=2 32

oxyresveratrol2 =X stgiCH 720

tol

i
A
m
Q

4. Compound 42| %

stet2 4= yellow &2 &EHS pure compound2A 10% H.SO, LMUAM HMS
LIEFRCH IR ABEZHOZSH 3360(0H), 1650, 1625, 1600(aromatic C=C)cm™' 2
functional groups &QI& 2 UACH 'H-NMR AHEZIA HIHE ABX-typel
H-4,5,72 Tl 3AJt &7.35, 6.90, 6.730lA LIEtSt D HIFE S ABC-typell H-2',4',6'
o WAJL &6.76, 6.2400A, furan ring2 H-32 HI3AJI §6.910A 2Z% AL
UC-NMR AHEROA L&ao £ADIE I 43 EBAI39 C-3,5,601 6
160.1,156. 904 2FEIAD LS=Sol HEDI ot 2F UL 014e 2SS HQI

oo
27 U A data?o HINE E5 &S 4= moracin M2 SAGHUCH

rn

5. Compound 52| %

stet2 5= yellow =2 &EH2 pure compoundZ2 A EI-MSOIAN =XAHE0l 692, &
Z2& 4662 LIEHR D 10% HoSOs ZAMUA EMsS LIEWL IR AHEHOZL2H
3360(0H), 1650, 1625, 1600(aromatic C=C)cn™'Q| functional groupS & QI8 & U
Ch. "H-NMR ABEZA dIMES0 SeHsts 349 ABX-typell H-4,5.7,
H-11",13",14" H-17",19",20"2| W3t 22 & 7.41, 7.24, 7.14, 6.97, 6.81, 6.50,
6.43, 6.38, 6.230fl LtEtt2@, #iAEel H-3,2'.6',2",3",5", OI3Jt & 7.05, 6.98,
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6.94, 6.45, 3.49, 3.3601 LIEIGICH OIS0l 20igs MY DA+ 8§1.7700 L
EFSCH. 3C-NMR IE2 QA BISEEIO]  £AD|IZ2 JIE 42 EFAQ

C-6,5',10",12",18"II3Jt §159.9, 157,9, 156.7, 155.0, 154.601 2ZLIUCt. Ol&
At

of 2&stAol A U 2HAO data?tel HIWE =Eoll &S 5= mulberofuran G2

6. Compound 62 #X

StefE 62 brown oil &Ei2 pure compoundZAl 10% H2SO, LAMOIA ZMS

LIEFSCH IR AHESEHOZEH 3390(0H), 1600, 1580, 1460(aromatic C= C)me—|
functional groupe 018t 2 QUL 382 62 'H-, '*C-NMR AHEAS 3l&t=2
42} I SAoIE ] XIO|&E 2

YSFESIO| H-5 I3 JF &G X &0 0l AR =4
. "H-NMR AHEAN A 582

Ob XBtE Aoz E=HGCH 49 =2l §1.37, 1.250
S JHel BIEZm 3, §3.8101 oxy BIE I3, §3.10, 2.8201 Higa m3Jt 2=
D "C-NMR ABEZW A C-5 =442 XI&I|Q prenyl)|S =QI8 £ QJUAC 0|4
o 2&sHA0l 21 L 2HAMO| datatl HIWE Edll st&E2 62 moracin R2 3
BHACH (29)

7. Compound 78| %

stet=E 72 brown =2 &EH2 pure compoundZ A 10% HoSO4 ZHAHOA SHAS
LIEFHCH IR ABEZHOR2H 3390(0H), 1600, 1580, 1460(aromatic C=C)cm™' 2]
functional group2 &QIg £ AUCH 'H-NMR AHEZ A BIFES H-3,4,72 Tl
It &67.32, 7.00, 6.85 O LIEtStD BldEZE ABC-typell H-2',4',6'2] L3It &
6.84, 6.3601 Al ZHEEIUCL. “C-NMR AHEHA 3ES 60IA LIEFH HIXZRE I
3 20 & JHe HEIDS WAL 626.1, 25.601 LIEHS D oxy OIE T3t §91.3
of, Higal T3+ §30.701 2AFZIACH. 0lA2 o*i* ol 2 ¥ 28 &9 data®t

ol HIWE Edl 3182 72 moracin 02 SH5HUCH.S
8. Compound 82 X

Stet2 82 brown B2 &EHS pure compoundZ2 M 10% H,SOs LAHHIA SMS

LIEFHCH IR AMEZHO22E 3390(0H), 1600, 1580, 1460(aromatic C=C)cn'2]
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functional groupS QI % URACH 'H-NMR AHEZA BIHE ABX-typel

H-3',5',6'2 L3It &7.31, 6.47, 6.4301 LBt BldSe H-6,82 L3It &

5.96, 5.940l, oxy OIEICl H-22| L3It 8§5.700 2&EZJULCE. £t HE=QC H-31]

3ot 83.17, 2.710lA 228 LIEtHLE 3tEf = 62 flavanone HE2 sSlgfE2 FH U

Ch. "C-NMR ABEZUA Z&aol $AMIIZE IIE 43 B0 C-57,2.4

167.7, 164.9, 159.6, 156.401 2FEI/AD oxy OHIEQI C-2It 8§75.401 Z2EE
A

a9l data%tel HIWE Soi sEE 82

9. Compound 92| %
stet2 9= yellow 22 &EHS pure compoundZ2A 10% H.SO, LMUAM HMS
LIEFHUCH IR ABEZO=ZSEH 3520, 3330(0H), 1655, 1620(aromatic C=C)cn™'Qf
functional group2 ZQI& £ UACH 'H-NMR ABEHNAN BHES H-6,8,5',6'2
o=aJt &6.89, 6.44, 6.27, 6.1700 LIEFRICE. S8 4JHS] MIEDl HI=AJF 81.78,
1.67, 1.58, 1.3301 LIEtSD & JHel HIEd I3 & OI=SZ&2 =A03Jt §5.25,
5.08, 3.33, 3.080i LtEtLt Stet= 9= flavonoid =20 S JH2l prenyl 2|t XI&t&
S22 =HIUACL. PC-NMR AHEHUA Lt S4DIE I 43 B2 I
3921 C-5,7,2',4'Jt §165.7,163.3,159.4,154.90 2 A S {2 prenyld| LI32It
2.0, 124.1, 122.7, 26.1, 26.0, 25.0, 23.5, 18.2, 17.80l ZEHEZ[RUL}t.
P

Olate] sl A 2 2E A9 data?tel HIWE Eo 382 9= kuwanon T2
b

0 JF'

10. Compound 102 X

stet= 102 yellow =2 AEHS| pure compoundZ2AM 10% H.SOs ZAOIAN SHAH
LFEHACH IR ATEZHORLH 3520, 3330(0H), 1655, 1620(aromatic C=C)cn™' 2|
functional group2 =QIE % UACL 'H-NMR ABEZ A HIHE ABX-typel
H-3',5.6'2l L3t 87.11, 6.42, 6.410 LIEtS D #IFEOl H-6,9,102 LI 6
6.14, 5.09, 3.1001 LIEFSCH. SE£8F & 1.4201 2902 BIED] TI30F 2ELU[D 14
O prenylJ| O3AJt 2FEZN stetE 9= flavonoid =222 C-30i 8 IS prenylJ|
ob XIBE BE22 FHCACH PC-NMR ABENA SEE +ADIE IIX 4

nio
HI

-
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= B4 C-5,240t
§128.3,
2o HIWE Soll steE 1

11. Compound 119 =X
lgte 112y

LIEHSULCE.

tol
ol

[

o

functional group= &QI& =% UJUCH
6

H-4,5,72 LI3Jt & e
L

7
LIEFSECH. S8 6
., 40.9,

12. Compound 122 X

yellow
= LIEIRCH IR AHEYO
functional group= &olg =
2 &2 11l e &
Ct. stet=
C-3'dl
Ct. Geranyld| ¥

Hol 2 & =2sal

2":::5 122

UAALE

FIXlet EHHO Stet=

data2tel Hlw
()?il:l'.(SS)

13. Compound 132 X

StetE 132 Mo 2LZ A 10%

Collection @ chosun

§162.8, 158.1,
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3. Oxyresveratrol

4. Moracin M

5. Mulberofuran G

10. Morusin

9. Kuwanon T 11. Mulberrofuran A

ST

Ll

12. Mulberrofuran B 13. g-amyrin acetate

14, Sanggenon A
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17. Sanggenol A

15. Sanggenon M 16. Sanggencn F

Fig. 1. Chemical structures of compounds 1-17 isolated from Mori Radicis Cortex

_31_

Collection @ chosun



Fig. 2. Inhibitory effect of compounds 1-11 against IL-6 production in TNF-a
sitimulated MG-63cells.

100 1

L)
(=1

&0 4

40

IL-6 in media (%)

20 H o e . I
NA  control. BAY11- coml coml comd comd4 com5 com$ com? com@ com$% comld comll
7085

-20
TNF-a (10ng/ml)

MG-63 cells (3x10%) were incubated for 24 h. Cultures were incubated with or
without compounds (100 pg /mL) for 30 min and then stimulated with TNF-a (10
ng/mL) for 24 h. IL-6 in the supernatant was measured by ELAISA as described in
Materials and Methods. Results are expressed as the mean = S.E. from three
different experiments. BAY 11-7085 was used as a positive control. *P< 0.05 or **P

<0.01 compared with TNF-a treated value.
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Table 1. Inhibitory effect of compounds 1-11 against IL-6 production in TNF—a
sitimulated MG-63cells.

Treatment IL-6 (pg/mL) Inhibition (%)
None 37.6+0.8 -
TNF-a 250.6+5.1 -

BAY 11-7085 30.2£2. 1% 87.9xx
kuwanon G (1) 3.5+3.0%* 98.6%*
kuwanon E (2) 5.0£2.8% 98.1x*
kuwanon T (3) 7.5+1.0%% 96.7**
morusin (4) 22.5£3.0%* 90.9%*
sanggenon A (5) 4.6+2.94%% 98.2x*
sanggenon M (6) 4.6+2.94%% 98.2x*
sanggenol A (7) 2.2+3.6%* 99.1%x
moracin R (8) 21.3£0.4%x 91.4%x
mulberofuran G (9) 2.511.5%* 99.0%x
mulberofuran A (10) 49.2+£3.55%* 80.4*x*
mulberofuran B (11) 16.9+1.54%* 93.3**
~ 33 -
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MG-63 cells (3x10%) were incubated for 24 h. Cultures were incubated with or
without compounds (100 pg /mL) for 30 min and then stimulated with TNF-a (10
ng/mL) for 24 h. IL-6 in the supernatant was measured by ELAISA as described in
Materials and Methods. Results are expressed as the mean = SE. from three
different experiments. BAY 11-7085 was used as a positive control. *P< 0.05 or **P

<0.01 compared with TNF-a treated value.
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Fig. 3. "H-NMR spectrum of compound 1 (CDs0D)
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Fig. 5. H-NMR spectrum of compound 2 (Acetone-ds)
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Fig. 6. "C-NMR spectrum of compound 2 (Acetone—ds)
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Fig. 9. "H-NMR spectrum of compound 4 (CDs0D)
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Fig. 10. "C-NMR spectrum of compound 4 (CDs0D)
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Fig. 11. H-NMR spectrum of compound 5 (Acetone-ds)
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Fig. 15. H-NMR spectrum of compound 7 (Acetone-ds)
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Fig. 16. "C-NMR spectrum of compound 7 (Acetone—ds)
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Fig. 17. H-NMR spectrum of compound 8 (Acetone—ds)

_56_

Collection @ chosun



Norapterocarpanone
' T X T 3 T ¥ T w T . T ! T v T o T v T 4 13 ¥ T ' T ’ T X T u T * T v T T T K J r T
210 200 190 180 170 160 150 140 130 120 o 1 00 30 a0 70 60 50 40 aa Z0 10

11 (ppm)

Fig. 18. "C-NMR spectrum of compound 8 (Acetone—ds)
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Fig. 20. "C-NMR spectrum of compound 9 (CDs0D)
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Fig. 22. "C-NMR spectrum of compound 10 (CDs0D)
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Fig. 29. "H-NMR spectrum of compound 14 (CDs0D)

_68_

{“/Collection @ chosun



Sanggenon A

188, O

Collection @ chosun

g==E 2 = E2=== = EZ=== = 4000
BEBEE = = Emun = o o =
v I [P R VAP ]
3500
-3000
—2500
—2000
E00
I
i
ooo
|
S5C0
ek O A Y

30. "“C-NMR spectrum of compound 14 (CDs0D)

_69_



50

LaE

-4

35

30

=25

20

=8 ?55*‘.353 = BB SEE= g = AEEEsE=EEE 5 ERBESERIFSIRERS]
e ~1-] = = anin e - L POPTPT SO DD 00 PG DL DU DN D D e e e e e e e
b bl I WS I e e R
U
m T T T T T T — T T T T T L T T T T
85 8.0 75 7.0 &85 &.0 55 50 4.5 4.0 35 30 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

Fig. 31. "H-NMR spectrum of compound 15 (CDs0D)
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Fig. 32. "C-NMR spectrum of compound 15 (CDs0D)
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Fig. 35. "H-NMR spectrum of compound 17 (CDs0D)
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