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CHEMICAL CONSTITUENTS FROM THE ROOTS OF LINUM
USITATISSIMUM L.. AND PAEONIA LACTIFLORA PALL.

ABTRACT

Linium usitatissimum L, is a plant widely occurring in most pars of China. Its roots, as a
folk medicine, have been used for the treatments of chronic hepatitis, orchitis, etc., for a long
tiem. But up to now, there are no reports on its chemical constituents and pharmacological
activities. To find its active principles, the chemical constituents of the roots of L.
usitatissimum were studied. S compounds were isolated by extracting with ethanol, a series of
chromatographic separations and purifications on silica gel and recrystallizations. Their
structures were identified by NMR and MS data as well as chemical method as Linum
cerebroside A (1), 1-O-B-D-glucopyranosyl-(28, 3R, 4E, 8Z)- 2[(2 (R)-hydroxyhexadecanoyl)
amido]-4,8-octadecadiene-1,3-diol(2), daucosterol (4), cicosanoic acid (5) and
ent-kaurane-3-0x0-16a-17-diol (6). Among them, compound 1 is a new one and compounds 2
and 6 were isolated from the plant for the first time. Furthermore, compounds 1and 2 exhibit
some protective effects on the damage of liver induced by CCls, indicating that 1 and 2 are
probably the active principles of the roots of L. usitatissimum.

To obtain the reference substances from the roots of Paeonia lactiflora Pall for the
establishment of its fingerprint by HPLC in the subsequent research, the chemical constituents
of the roots were investigated. Except for 3 known monoterpenoids, paeoniflorin (9),
albiflorin (10) and lactiflorin (11), another two analogs were isolated from the roots, namely
neoalbilforin (7) and paeonivayin (8), along with benzoic acid (12) and stearic acid (13).
Compound 7 was obtained for the first time as a natural product; compounds 8 and 13 were
isolated for the first time from this pant. Due to the lack of NMR data of compound 7 in
literature, extensive 1D, 2D NMR experiments were conducted to get the full assignments of
its '"H- and '*C-NMR signals. In the same time, the H- and *C-NMR signals of 8 (in

CD;COCD;) were also fully assigned by 1D, 2D NMR experiments.

KEYWORDS: Linum usitatissimum; Linum cerebroside A; chemical constituents;

cerebroside; Paeonia lactiflora; neoalbilforin; monoterpene glucosides
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UEHYAE 2308, TEsATHAZIMBKX, BEAE 6, oM THEM,
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1.1 LR

MEEFUERTHRKE, ZEEVEENNTEEIARER, THEARBEER
FTEY, REXMNPHKSYNEREEEYT, HFE, ULREANZRERED TS E
BEIR. IENZBHEYT XM ER T IZERANFEWT .

1.1.1 RKEREZ

THREEYEBARTKEZEREZWEYZ — AFELEEENRERELEY
(L&D, BAFEERABEREY, SHE5R8HFHM (LEL-D, Dit&Y
1-13. 16; X E5PWI517, 1IBAZFET AERAKER, 19, 208 WU R R,
21, 225X ETRE, 14, 23K 0EmkmA, FIRED D, NXBHSUimmE FEY)
PO EHOKEZZARAEELRXGTEY, HESERE, AXERS, MXERTE
HEEDSHWE A MR ARIERE, FFULAAREHENSEEZERAEREREGRE
% B RISyllinumB FIEYFEE, EREFAKHAR.

540, FHHPLCAW R, HAREHMRIEE. SEWEER. BHREES L
ABEESEUAZERUARREE, HPH—MHaaHMma0,
%= 1-1 NIHREEDDSEETMAER

Table 1-1 Compounds isolated from the genus of linum
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A ,
5 a8 1%"{% 7 ) KR XH
) L.mucronatum SSp.
I REB&HZE (podophyllotoxin) Mucronatum 4
2 BHEGE-7-O-EEBEE@odophyllotoxin 7-o-glucoside) L. flavum 5
3 6-FHEEAFEE (6-methoxypodophyllotoxin) L.flavum.Compactum 5

4 6-HEERAFTELMAR (6-methoxypodophyllotoxin acetated L. flavum. Compactum 5
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-HERERAFR-7- O-FHFBEH (6-methoxypodophyllotoxin 7-

O -glucoside) L fravum
I-LPEEEAFR (3-demethoxypodophyllotoxin) L.album
a-JFHREAFR (a-peltatin) ~ L.capitatum
a-BEHREAFE-6-O-HEFHEHE (a~-peltatin 6-O-glucoside)  L.capitatum
B-EHREIER (B -peltatin) L.capitatum
B-BEH AEEE-6-O-WEEH (B -peltatin 6- O -glucosided  L.capitatum
polygamain L. meletonis
morelensin L. meletonis

¢ KRS % (justicidin B) L. meletonis
bursehernin L. meletonis
7,6"-dihydroxybursehernin L.flavum var. compaction
7+ 75 M1 P BE B (isolariciresinol) L. usitatissimum
% ¥ B8 & (hinokinin) L. meletonis
% ¥ g §(matairesinol) L. usitatissimum
A HE (pinoresinol) L. usitatissimum
¥A 58— E & B (pinoresinol diglucoside) L. usitatissimum
RIS FEHAHEE (secoisolariciresinol) L. usitatissimum
RIEFETRERIEES (SDG) L. usitatissimum
% M2 B8 E (lariciresinol) L. usitatissimum
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Fig. 1-1 Lignans from the genus of Linum

1.1.2 #EHEIE

M IR T F P 5y B 18 B BN RAL & VB B 1B S FE (herbacetin,1),3,7- “H ERE

WBEEQ. EREE33-0-WHEEEEGNLEZE®R-3,7-0-RNEEHEEQ@P, WZEHH

FHEEZEFE (orientin) (5) ,FZHEFEE (isoorientin) (6), FHE (vitexin) (7) ,F43H

% (saponaretin) (8) ZHBHEWE!, ML capitatum Kit I FHEPBREFEE

—

(isoorientin) "EML. maritimum# 4} #linoside (9) ,Yinosid A (10) FIB (11) 11
‘ OH O

1" R&ERe=H,R=0H

2 R-FR?CH; R:FOH

3 R=Gic,R=H.R+=0glc
4 R=Rg#glc,R=0H

Ry =

5 isoorientin R=Gl¢,R=H.R+=0H
6 onentin  Ry=H.R=Gli¢,R»=0H
7 sowiexin R=Gic,R=H Rx=H
8 wniexin Ry=H,R=Gic,R=H
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T 10 linoside A R=Ac
9 linoside 11. linoside B R=H

1-22 NEFRREMPEIRELED
Fig.1-2 Flavonoids from the genus of Linwm
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B 1-3 F{IEAKBHISH
Fig.1-3 The structure of cyclilinopeptides B

1.1.3 TRBAE

MIEFRIF P BINRRELESY, KavfmamZEM TR RSB B 37 T bk
A(cyclilinopeptidesA ,CLA), I EHIXM BRARBEIFIFFILEYE. 2K)5, Teruki Matsumot
%, XNURHBIFTmAB—EMFF—1Y , BFRZUHNEHTEIL-3.

1.14 £FE8HEEFX

Palmer% ("1 YA R B A 3 BRAT o 43 25t XUR 45 Ak UEF - UK B B (linustatin,) F 57
W AR # & (neolinustatin), HAEWARMP 751 50.17%F10.19%. HRIERFH TR
AFE R R E WS F(linamarin) 1 F 18 22 £ (lotaustralin), T 4HF R H KRB H
B ) #T:Eiﬁ "“’L g NE1-4,
O
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Fig.1-4 Cyanogenic glucosides from the genus of Linum
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1.1.5 EREFEFEL

olympicumb B R T EH, mEDL,
1.1.6 BERRERZE

ERGC-MSHER MR AR .. TR
4y, HARTE B 551 44.29%, 3.53%, 8.20%, 83.84%, 0.05%, 0.03%F10.06%"%, Mo

EHRHFT BN XEREILEDEREIO-AEES-FEERAEEKER T B

(linusitamarin,C17Hz00) 1 Xt -O- % B8 3 &k R B & 8 ¥ B (linocinnamarin)'™® A L.
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ThEE. o U, —+ " mM kR
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Fig.1-5 The structure of a-linolenic acid
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4, EMNTRBEYTHEBBB- AR, B, BE. #F bMr. agR".
waEt), R2LEnERMAE. BE4Y. N-SERHE R inatine) ™, FFFR.
MEEEXTR. NFEIR., VAR, MERENP-RES-FER_K,ETH

K Na,Fe Mn,Ca,ZnMgHICu%EH Y. T HEFFE

R EEP,
1.2 £95E %

L REU4RCFER I Ba, B, v, O

THEEVFORRYZHARSE, NEBRNFEREAER, FHERBHER

KL AMpEE. HilE. HRE. ELSR. WHEEYEE 55 aTXxeR
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A, MU AT R AL R0t

R, WERARETEXENRAFEELLESY?H, Uil 4 REHYIKIT
A (etoposide) FIBBIHT (teniposide) RAELIIMER, ZHAE 1-6.

H 1956 F Bakke % & X | A B2 /K ## i A T BR ¥ b

SE NN FEHLERZNEE

(sec0isolaﬁciresin&ldiglucoside,SDG)%EEEEﬁﬁ?E s B EM UK, HSMEE —EHE

F BRI ER AR FETIAR,

2 BT RRFFE A R BZ A K KR dutt. BT

/RFF 8 EE K 5 SDGRlo~ T R A%

A3t AR RIEERF L £ 0L B TR, X




6 VAR B IR F A R

ARTiERETE, TREXNARE. TEBE. si5RE. £8%%: TARAL,

REMURE. P AR F0BT LSRR EAERE L FIEA. (HE, d
WA RE—EMEE. BAENSIEPY: EREEFEL- MR BLHCN,
FEBYSEBERTHE ST LB PRNEHERYR, EHk-

Q{

OCH;

rﬁ“

u-o@om
H

# ¥ i  Etoposide

B 1-6 &8

B EAE

@
ooty
Wew

¥ e §# teniposie

RI4548

Fig.1-6 The structure of etoposide and teniposide
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£-E RBARMLEMEER

BAAEERATHEBEYATY GREM) HITER. A% (Paeonia lactiflora Pall.)
B ELEEEY, £TUHE. LAHERMNNENS, 5HTEKIL, ik, mIEsFH,
e ESHYERE. BPHXEHLLE, BAONERSY, AFFRLEN, E91LFE,
SUABGTRITIRL, EiRMEMAR, BRER, BARAT, HERR, AZ2AH, B
w®, HTEEY,

2.1 LEHH

AN ERSARAUEEZE LT, ERPIARETERXTEAEERANT
RN, EERLAGRAZ LN AATRSHTHR M, 2002F KB REXN AATHILE
BT TERY, BT REESEF2001F2002ENFNERT —ME K LER
(albiforin RDFBR B FBATHE (galloylpaconiflorin) 4F, Z25BEERAHPRETRE. H
AEERTEFEAEERELE, EE=. BEER%.

2.1.1 S5

BPEERNEVABAINEERS, TAZRORREESET, XRGAREYER
ISy, REHEASYASHE (LE2-1) . RIBBTINBAFHEHIREERL
Y BE2—1AMLEY8I41,

# 2-1 NBHHEPPLBRHRELED

Fig 2-1. Monoterpenoids from Paeonia lactiflora Pall

s HEMEIR 25 ER
1 AjZHFE (paeoniflorin) 44
2 FALATZHE (oxypaeoniflorin) 45
3  EHBRATZATE (benzoylpaeoniflorin) 45
4 EHPBEMLALGE (benzoyloxypaeoniflorin) 46
5 FILEFBATAT (oxybenzoylpaeoniflorin) 47
7  HAAH (albiflorin) 45
8  (2-(1S,5R)-B-FHi-10-2-B- £ XEH [(2)-(1S,5R)-B-pinen-10-yl p-vicianaoside] 48
9  BAFHE Uactiforin) 49-51
10 ZA5Z5HICE (paeoniflorigenone) 52
11 %AjZ5ARE A (paeonilactone A) 53
12 ZAjZ4AlE B (paconilactone B) 53

13 AjZ4HBE C (paeonilactone C) 53



3 | TARRIANEILERATIN
F5 LAY EA 2% LR
14  6-O-B-D-glucopyranosyl-lactinolide 47
15 lactinolide 47
16  paeonilactinone 47
17  1-0 -B-D-glucopyranosyl-paeonisuffrone 47
18 BAHER, (albiforin R,) 42
19 BEFEAHERF (galloylpaeoniflorin) 43

OR; _
O :
2
cH
my%”/ @Eo R o
o OH
"~ Do -
'0 HJ 5 G'I
1 pasonforn Ri=H R2<H ORP" @ O
OH
oH

2 oxypaeonfirin R1=OH R2=H

: mm?ﬁ;%; R2=berzov

4 benzoyloxypaeon =

5 oxyberzoypaeonfion R1=H R2=4-OH-Bz 7 albfionn ReH Ry=Berzoy OH OH
€ astioxypaeonfiomn R=Ac,R=H 8 R=Berzoy,R=Benzom

18 Ry=galloyl,R1=H 8 R=galloy,R=H 8

11 paeonilactone A R=H
13 paeonibctone C R=benzoyl

CHOH
14 R=glu ©
12 paeonilactone B {8lactinohde 16 paeonilactinone
CH
CHs } |
z 0O -- OGle C=0
RO, : @) (;H;_»OBZ
6 ] | ' --OH Bz=
0 1
R1HL & ][1
17 R=glu,R1=0H 19 BXER,

F2-1 BRI

Fig.2-1 Monoterpenoids from the roots of paeonia lactiflora
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2.1.2 =i

19954, kutaZHARENATHAREFYT I EBENM=EERALEY:
11a,12a-epoxy-3p,23-dihydroxyolean-28,13B-olide(1), 38-hydroxy-11a,12a-epoxy-olean-28,
13B-olide (2), 3B-hydroxy-11-oxo-olean-12-en-28-oic acid (3), F R ¥ (oleanolic acid)

(4), HEBEERIL (hederagenin) (5), SHEMEE (betulinic acid) (6), 23-FHE#
g/ (23-hydroxybetulinic acid) (7), 30-nor-hederagenin (8).

19975 Kamya KEEHXMNBA BEAMT B L =KD, R, 4-6, 85, BB E|—
¥ ] = $% 110,120-epoxy-38,23-dihydroxy-30-norolean-20(29)-en-28,13 B-olide (9)
3B-hydroxyolean-12-en-28-al (10). K22 H T MNBATF o EHAEMELSY, E2-2
HEMNMEH.

x 22 BAPHERNZE—ER

Table.2-2 Triterpenoids from the roots of Paeonia lactiflora

Fg ~= AR SCHER
1 11a,12a-epoxy-3B,23-dihyd;xyolean-28,lBB-olide 54
2 33-hydroxy-11a,12a-epoxy-olean-28,13B-olide 54

3B-hydroxy-11-ox0-olean-12-en-28-oic acid 54
4 FHE M (oleanolic acid) 54
5 WHEBEERIT (hederagenin) 54
6 FHERERE (betulinic acid) 54 .
7 23-F2 2 T HEASEE (23-hydroxybetulinic acid) 54
8 30-nor-hederagenin * 54
9 11a,12a-epoxy-3,23-dihydroxy-30-norolean-20(29)-en-28,13 p-olide 55
10 3p-hydroxyolean-12-en-28-al 55

H R 2 R=CHs
1 R=C HOH .3



0 AR AR RATIS

HO! )
R 6 R=CHs,R=COOH

. 7 R=CHOH,Ry=COOH 8 R=sC HOH

10

2-2 BAFMEERLEY
Fig.2-2 Triterpenoids from the roots of Paeonia lactiflora

2.1.3 FEXH

1984 £, M.Miyazawa B H KiZH GC BT T BATHRR A 33 koL TEQ),
BREEQ), 3-2EMBEQR), 2-BRBEZEIE), FHES), S-FE2-BE6), XFRPE
(N, XLE®S), XLHE (9).BEE(10), 4,7-“FEFFEM(11), o,0-—FEFEE 1(12), K
D PEE(13), EHE(14), o-BEEZE (15), KM ZE16)2-BFEEM17), 8
(18), B-HE Z87(19),2,6- R T B-4-HELKF)(20), 2-ZBEaL & (21), EEN22), a-FF EER/N(23),
TEER(4), XF-FHEEXRQS), [E-FEERQS6), [-HWTEEBHQY, S-FHEEEZ
B4(28), BEMmQ9), FHFHG0), EHR (31), HAH 32), 4-BE-3 FEEXLE
(33). HPFRRBAHSABMAERBBEERS.

2.1.4 b4

BrEL EACEW5, NBAFERIATHANRE: WER-3-0-8-D-HEEF ML
S-ZHEEREE Y, pAKE, BRRAETRAABEEEY), FERETFR, 4
JUR E, myoinxitol HHE B FREHET.

2.2 E4EM

\

HAREER>TENEEFRLEY, 7R A 8T (Total glycosides of
pacony, TGP). HAZBEZXRRAMRKEEERMBENREZRFAHTH, BAZAST
TR P IRRAF RS, BHRBEEK", FREMEE2 25 (paconiflorin). ¥R HA
ZH (hydroxypaeoniflorin). %Aj#Z5{£ ¥ (paconin). AjZ5 N B (albiflorin). ZF HEAT A E




BE AL ETIREN 11

(benzoylpaeoniflorin)% "%, HFAGHFHFMEELSEFNAO% UL, —BRIAMSHERH
AR EEZR BRI .

AAGBERPITE bEE, #R, BRE, ik, R%FY, P, KBRS,
SO LR . AR LIYE R % . TOPIRER bR T e A= 2E1%, s ik lel goygle],
KRG, mEHFLE S+ EEnm®, Rartasppg™ w7 P g
maEaED, AENEEEET%. BiERNSREREAH#ITHESEENTRES
. AER. RMMLEGHARSERNGERR, CHEXTTRESEMRE, 8
HM W ELEREAR. HBERARRRKAAUAREA, HEEANEFERKIINE
HECRRES V.

11
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WRRR B TR E R O TR

Y Bk (Linum usitatissimum L), 52 KRR HFRI,
AEREY, KRR, =, T REARMF
SERE. FME. TEIM. HEHE.

ERBEEEE,

RR oI~ BMER, XE. FTRES
LEEFRFHOKXE, 42

3,
S EREIFI A,

HEXEFEHTH
M THEHE. BaEb]
BrEEEAHENERAKSE. 1o, 1

B 1956F Bakke %% & X F I B K @ik A T

(secoisolariciresinoldiglucoside,SDG) 3
TR ER T MAEFETA, 3
4, AT RRFFE
REHE, Rnfs, RELEZHAEER.
BownF 1995 & AT
KARUKRE. . MRRFH%E; 1
BTG ERRHREMEHE
e, REEIEHFZM
10030, BR & W BKFFHI000mg, 13.50K5C;: 1
R AR
eRMREH . EET. BRENRELBEEE T
shiEd, W

O B X 2 SR

i s E Y,

X IV Bk ¥F B B B 1E S ThE

F_EHs EX

F=ZE THRRBLERSTAR

H R AERE,

4,

{BAK

EREDHK,
WARBL I AfE N E R &’
H, InEXELHKTFE

P dhrs

S

F (1

DXL (A

f BR 4T 4 o
PRI EF RE R LUk, AN EE —EHBU
Eﬁﬁ{/ﬁﬁﬁﬁ_%mf
AR T AZEERS, WSGD, o-fEli#, o-TFRREEE, ;
W RRAF R Bt 2 R
CRRFFIRITER. BR. MR, K. BE. SIKEL. REH
R S 5 FIRAHRBREFIN M ERE
FRFF BB EE, &%
T, Wi

FRR 3,

E 25 23R E, |
7 BRFF 7= T

EH

R HOREE75%2, ERES

s HERFRBIEZ R MESH EFEE: X
REHEGEM. EMHIE. g, W,
7 BRFF 038 BT 4k Ky bl P,
B MERREH M EETEE

TEFE

PR BE A R X W ARFF B R R EIIAT, REXN ERHFAHR

%&Bﬁﬁfﬂfﬁtﬂiﬂﬁﬁ*‘:a Iiﬁﬁaﬂfﬁ%?znn:
TR

FHECHHIHT

PERAFE SR KR T

W]t IR B . -

PR E SR

FRLITRKER

L/

FERERMEEYHASAREEFE

k!
I RRFF) 340K,
TR IR R. R, k-
T 2R, REARMNA—5
el FELAA
EFETAZE. RIL. FE%

o 5F

)-.t

[ RR¥E -

TR

 RRREY, —&FA
1458, FHRE
~HRIRTE
A, 3

E fE
BRFT T KR B 1177
 R¥F R Y, 250/, EESERT,

1287

{4

1. ¥

FBLRTHL
KERMFHEMFHRFERD
CRiFi

% %2

i

40%,

—HEAAREY. F4E. BMBAEAHIRNRERE.
A3 B H B I
AYst

t&% ﬂﬂ{‘to §
FR LI

H FIK

FR7=

Y, 4K

J BE B
UZR PR
JREFAR

R FF
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R EA TR RMHmEEET. FrE XS R MR E W AR P AL R

METTI, RTFIEBREIFHITAERR T LA LA, Frhl &5 W KI8T 5,
B3 T2 —U R FR S RABRBEESRAME. BT URBEE
#, |PAKEMRCHR, TARATT, #E, BOLFEDH, EREHHR, BAK,
BITHG%E, MARETSEE, SEXBOHEYERE, IETRSGFENTEIX
10° €%, BTCLEATN WARIRIIL RS B T EARIBTR, HEMNFREERNEER
5, W AGEF R EREE K.

34Hﬂﬁﬁﬁ

i

3.1.1 tE¥I3KIR

AR T 2003 £ 6 AXBEHRELHE R GHRMAHT, ABBZRFNGR
R4 INC S

3.1.2 FTEMNHZ R T

YT 5hFeit: Impact 400 BB H AR SMEIZI, EERBEH AT (Nicolet);
B SLHR TS, Varian Inova-500, Mercury -400 1 Mercury-300 NMR i {¥;
EIMS 1 HREIMS: AutoSpec Ultima-TOF &I /i {¥;

ESI-MS: Agilent 1100 £ LC/MSD Trap SL &I i {¥;

i Jt: PE Model 341 LC BEYEAX;

EEIEER: 200~300 H(ESEELIN);

FhiEF (60~90°C) Zr#hrali;

HREFI A 2 irdti.

3.1.3 A%

3.1.3.1 fLERA BRI 8 KAk

W TRIEMRERTE, 7RI, BHRBBER, AEEsrE, EE454F
FiESERED.
3122 e Ymg e

MR FFEBRASMMENINEDBER BN EREEEM; (e
2B FREBMKBRRITEHEE.

L ENF2H P RE R KAE: BUESSmgiE TS5 mL 5% HCI-CH;OHBH F, BlRi7Th,4
HLINE CHRERZRZET, B KE-YIIEN 8 FEL.
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———

32 ZREHHh

3.2.1 FERSTREE, HBERAgW

26 kg THEIEMKBREREG, H95% ZEERER 3 K, BBAHKREE, MK
BRERE21H 80 %, HAMEBER 3 X, BIREEELESk, B2 ERHKERE,
RIEHKIRRI LB ZEENETBER, ZBZERMETREHES25H 5% NaHCO; K
WRER 3K, AKKEZETHE, KESIRZERE SO HETHER 31 g.
ETERE (30g) HEREEESE, A=8FH/FRE100:1~-5:D)BERERIETH
e, S3FHRIAS, K20 1 EBEHEHE 1( 60mg)FI 2 (32mg), 25 © 1 L4
3 4 (1.3g).

LEREGRE (40g) RELEREGRIENE, BAHE Z8BIAE10:1~6:4)5 Fi1k
REETR,BHAEYS (20mg) FHLEW 6 (23mg).

TR BB A 3-1 Fiok:

_'L

Y7 BRAR 26 kg

| 95%EtOH £, K48, HEE
B ZE 80%, f1 /IKE A EY 3 X,
Bk 288

v
E%
KER, KIKRLRZ
I A, ETEEER3K

R

LB LEEE KE ETHER

5%NaHCO; & H 3 K, 5%NaHCO; X8 3 IRk,
KHEZPE, RIS IKEEPHE, K
LB ZEREE 40g EETHEHEE30g
B AT, ‘ RERAEEHT
B/ B TS & 15/ 98 100:1~5:1
10:1~6:4 * .
l . 1 l 20:1 * J 25:1
5 (20mg) 6 (23mg) 4 (L3g) ‘ o 1
1 (60mg) 2 (32mg)

B 3-1 ERREFENT MR BaEL R

Fig.3-1 The extraction and isolation of compounds from the root of Lirmum usitatissimum
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322 WEMRIEEES AT

3221481 HEHEE

R A=x ) OISR Wity i [a]}; +5.0° (¢ 0.002,MeOH/CsNsH). HIRiZE B RF2E

(3300 ecm™) FIEE (1630 cm™) T Hri&, ESIMS H ) & T 1 866[M+Na]*, 848

[M-H,0+Na]*, 704[M-162+Na]’, 686[M-180+Na]' REA H > FE H843, H& 2 F=
CigHosNOjge “CNMR (DEPT)IEZ( I ENFS 175570 BH BENBEHIRERES, T
'HNMR$ 8.50 (1H,dJ=9.5 HO)INH{E S, FTIHABE A B, IR KBryikE 1630
F1541cm™ BT BHIX 4. |

'HNMRiEH ) § 0.87(6H,1,/=6.5Hz,2xCHs), 61.23-61.33(br s , nCHp)F1’CNMRH
§22.9-33. 54 F NMCHNEBE S RBHFEKERIZ 1.8 14.18 M PRKIERIFIZK
BT (A, BAEEREZS0.87,t, 6.5 Hz, 6 H)FI*C NMR (DEPT)i#+514.32
AN FEIFEER), EEXMEVER2MKElE. KiTrid, 446 51.69 d
- (~CH-NH-)i% B eh BE i 2t & e/ i iy i 1550,

PEBCNMRIZ S5 105.5, 75.1, 78.4, 71.4, 78.5, 62.6)Fis B A HNMR{E £ (8 4.91 d,
J=8.0 Hz)}A R ESIMS & ] B F % 704[M-162+Na]", 686[M-180+Na]* i} B 1 X% B-D-#] %) ¥4,
WIFHMBCIE T LLE IS 491155 587046 Hx s, AU SECHIAIHEE. NHEIX
FIE(E S 56523 (CrHMZ ERES S 175.578 1%, 4&PCNMR §51.70 MNTGH
EHNC-HES . HIC-HES, £8C0SY, HMQC, HMBCi¥, BEIBtREZ .

W AL S 53R ALE3-2), TEEFRIFHNMRIES, BRETE
538 5.57 (1H, dt, /~15.5, 6.0 Hz, H-8), 5.46 (1H, dt, J~15.5, 6.5 Hz, H-ORIEES H IR
Be. B, CHMEBERPIEBHKYCHESMHRES2TERIERAZE, Edc=32
SHER®, (LA BRI M2MEHE S0 B LS .0M133.3, RANBAIR
Ao [RIEF964cm™ fR ik th R B X R A . XU RIALE T RHMBC% 447
FEefBESHEEBEXURMI AT S NTARESHERHEXHES'H'H
COSYH 4B T 5520 IR EFERTFHEBEH# - H/HIE (FX3-1). 1HC NMR

(DEPT) %53t iR AAEL, BES 2.9-B35SHEEANSIMEFERFSTH, EETFINR

BREREGES, 2N EENERRE S, IMREERFESSMAEHEES,

KEREE(LCBY P26, 360, 47 RK MR B (FAM)P 2’8 F I A X L8
M E:DEMRARKE LB HELCBY A H D-erythrotg 1(28,3R 4R)*,2) 5 4 5 19
WA BRI EWEC2, C-3, C4HC-2'H" CNMRIE S (5 51.6, 75.8, 72.6, 72.6) B AT
&, BEAIEE 2] +5.0° (¢ 0.002,MecOH/CsNsH) B1, HEMT1%2S,3S,4R,2R.

1INFERBKEBBIKERRTEE, HEIMSTME Fi1£398 M], 339
[M-COOCH]" KRB A2-BE—+ UK FES, WiticaPpgwmE- 2w,




16 W HRIR S AT L2 AR _
#&3-1 L& WIB'HNMR F2"°C NMRE#E('H: 500 MHz; ’C: 125 MHz, CsD;sN)
Table 3-1 'HNMR and ’C NMR data of compound 1 ("H: 500 MHz; '*C: 125 MHz, C;DsN)
Carbon Sx 5c* 'H-'H cosY HMBC
4.66 dd(11.0,6.5 2-H
: 4.48 ddzl 1.6,4.5; 70.4 2-H 1€
2 523m 51.7 1-H,3-H 3-C,1-C,1'-C
4.24, dd(6.5,4.5) 75.8 2-H,4-H 1-C,2-C,4-C,5-C
4 ~4.15m 72.4 3-H,5-H 3-C,6-C
2.23
5 e 51 34.0 4-H
6 1.75 m y 26,6
7 1.99 m 33.0° 8-H
8 5.57 dt(15.5,6.0) 130.6° 7-H,9-H 6-C,7-C,9-C,10-C
9 5.46 d1(15.5,6.5) 130.8° 8-H,10-H 7-C,8-C,10-C
10 2.05m 33.3* &
11-15 1.23-1.33m 29.5-30.0
16 1.23-1.33 m 32.1 .
17 1.23-1.33 23.0
18 0.87 (6.5) 14.3 16-C,17-C
1’ 175.6
2’ 4.54 d1(6.5,2.5) 72.4 3-H 3.C,1'-C
1.95m -
3’ ’15m 35.5 2'-H
4 1.69 m 25.8
5-21° 1.23-1.33 m 29.5~30.0
22/ 1.23-1.33m 32.1
23’ 1.23-1.33 m 23.0
24/ 0.87 1(6.5) 14.3 22'-C,23'-C
17 4,91 d(8.0) 105.5 2'"-H 1-C,3""-C,5"-C
2 3.96 8.0) 75.1 1”-H,3"-H 3".C,1"-C
3 4.15m 78.4 2"-H,4"-H 5'-C
4" 4.15m 71.4 37-H,5"-H 6"-C
5 3.82m 78.5 4'"-H,6"-H 1-C,6"-C.4"-C
4.45,dd(11.5,2.0 5"-H
" 4.30 dd(( 11.5,5.0)) 62.6 5"-H AL
NH 8.15 d(9.5) 2-H

*E: THHRFENEEEFTT LU LT,
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e ] O
—090 ; 3 _A {CHIB\/
W "
4 A\OH ¥~ 1 S 7 $ 10
> OH
o OH
I: S
3: 87

B 3-2 L3 1 el
Fig 3-2 The structure of compound 1

3.2.2.2 AL SR EHEN

&2 HELTERREK, ESIMS (m/z): 736[M+Na]’, ' H NMR (400 MHz, CsDsN)
5: 0.87 (6H, t, /=5.6 Hz, CH3x2), 3.90 (1H, m, H-5"), 4.02 (1H, t, /<8.0 Hz, H-2"), 4.21 (2H,
m, H-1a,3",4"),4.35 (1H, dd, J=12.0, 5.6 Hz, H-6"a), 4.51 (1H, dd, /~12.0, 2.4 Hz, H-6"b),
4.57 (1H, dd, J=7.6,3.6 Hz, H-2"), 4.71 (1H, dd, /~10.4,6.0 Hz, H-1b), 4.75 (1H, t, /=6.4 Hz,
H-3), 4.81 (1H, m, H-2), 4.92 (1H, d, J=7.6 Hz, H-1"), 5.48 (2H, m, H-8,9), 5.89 (1H, dt,
J=15.2, 6.0 Hz, H-5), 5.99 (1H, dd, /~15.2, 5.6 Hz, H-4), 8.35 (1H, d, /=8.0 Hz, NH); '°C
NMR (100 MHz, CsDsN) 8: 69.9 (C-1), 54.3 (C-2), 72.4 (C-3), 132.1 (C-4), 131.8 (C-5), 32.9
(C-6), 32.8 (C-7), 131.0 (C-8), 129.8 (C-9), 32.6 (C-10), 175.7 (C-1"), 72.1 (C-2"), 35.5 (C-3",
14.2 (C-18, 16", 105.4 (C-1"), 75.0 (C-2"), 78.4 (C-3"), 71.4 (C-4"), 78.3 (C-5"), 62.5
(C-6"). HPBMIKIEBZIKEAENTRS FEE, EIMS m/z: 286[M]", 227[M-COOCH;]’, B
X 2-BETANHEBTE. LRSS AR EEED 2 i HnE 3-3 BT

Na
0O
(CHyo
rm’lrki?/r\/ 6
OH 4

MM

(CHye "/13

2

—_—0

.

N

W

&
v

L=
~3

o

1

B 3-3 (LAY 2 ML
Fig 3-3 The structure of compound 2
e 4 AEREK, H'HNMR RS CRPHRENHY P F—FL
a5 ARXERREK,EI-MS (mz): 312{M]"; 'THNMR (300 MHz, CDCl3) §:0.87
(3H, t, J=5.1Hz, CH,), 1.25[32H, m, (-CH;-)x16], 1.63 (2H, quintet, J=5.4Hz, H-3), 2.35 (2H,
t, J=5.7 Hz, H-2). CNMR (75 MHz, CDCl) §: 14.1, 22.7, 24.7, 29.0-29.7, 31.9, 33.8,
179.1. LA EEGERY, (L&Y S ATEEM.
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Hee BELESEHERXK, mp171-173°C.EI-MS (m/z): 320 {M]*, 289 [M-CH,0H]"; -
HREIMS m/z: 289.2167 (CioHyo0, THH (H:289.2167). 'H NMR (400 MHz, CDCL;) §: 1.03
(3H, s), 1.07 (3H, s), 1.09 (3H, s), 2.49 (1H, br d, J=8.0Hz), 2.47 (1H, d, J/=13.5 Hz). °C
NMR (CDCls, 100MHz) §: 37.8 (C-1), 34.0 (C-2), 218.2 (C-3), 47.1 (C-4), 55.6 (C-5), 21.2
, (C-6), 39.2 (C-7), 43.3 (C-8), 54.3(C-9), 38.5 (C-10), 19.3 (C-11), 26.6 (C-12), 40.6 (C-13),
40.8 (C-14), 52.2 (C-15), 79.6 (C-16), 69.8 (C-17), 27.3 (C-18), 20.9 (C-19), 17.6 (C-20). .k
B EIE 54 &Y ent-kaurane-3-oxo0-16a-17-diol PV & F9 4% . BARICEPVIA Y, LS
4 E’j**f’]f' A ent-kaurane-3-oxo-16B-17-diol, EH¥iEE XM ERANER. W
¥ 34,

@34 L9 6 ity
Fig 3-4 The structure of compound 6

I

323 5IBIHRER

STMEBRIBR S EEERIREIELRS 1 2T TH CCL BT RG RS
{ER I AN AR FELR, ERRH, (LEW1H2E IxX1I0°M EKEMNBYEE —E TR
F4EH (LE 3-2).

&332 LAY 1702 K ARFIR LR
Table.3-2 Pharmacological screening of 1 and 2 in vitro

M CEE ZR
theth HTE IR =45 R & (#% P<0.01)
2 713 40 2 3% C 1x10"*M "4
1 843 A4 Bt 3% C 1x10™*M 4
*ZER AT EHRNER KSR AEZAMR
3.3 &it

LEXNLEHEBREIN S Lt (LE 3-5) : TERTEAE A (Linum cerebroside
A) (1), 1-0-B-D-MtHsE B RBER-(2S, 3R, 4E, 87)- 2[(2 (R)-BETABME) E1] 4, 8-

T4 B & -13- B {1-OB-D-glucopyranosyl-(2S, 3R, 4E, 82)- 2(2

(R)-hydroxyhexadecanoyl) amido)-4, 8-octadecadiene-1, 3-diol }(2), #i%¥ bH @), {£LE R
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(5) 1 ent-kaurane-3-oxo-16a- 17-diol (6), F#JAWE 3-5. 1 F12 XHWNMREAKT A
BEXNTERREEYF o ESR, HP 1 AFHEY: 206 AHKMNIEKP S EZ.

2XMEEYI 1 M2 T T il CCL B R RIPIERI AR F R, SRKRH,
ZEE 1X10°M IRER B RE —E N FEFER.

0

(CHy)se
HH/M’ "2

ey,

B 3-5 MEFKBRBIBHLESD

Fig3-5 Compounds from the roots of Linum usitatissimum L

3.4 Vit

LRk, WERRENMESRERSE; RESHARE, FIFSSSHERRE
¥, fEFEM. BRIERD, ST REBEERRNBEYL. KA GRFELRER, LE
PRI 10" MIRE R L B — e RIPER . X% R 5 R A6 &85 LUk A I #K
WRGTIBER REF HIRETRER KT RENRNELEY R, R —PHA.

2.8 KX EHAH T B —E R Z R AT T AR, FNFLFET 5
MSr: S M, 2 MEEERS, EEBER—N RS . B EEERFERE
AT EENRR, B TERROEENLIARRERRKIE.
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HME  EUEHS T
o

BAREBRHEWATZE (Paeonia lactiffora Pall) B9 FETFER. Xroh A I,
R, W%, A, AR, BN, LWRSHBERE. AYENE, wER, B85
MR, B9k, AFKTMIIEE. RIEETHTREMMARS, BRES, 8FE
. RS, AETE, BiE, $TSEY, EXER4 8B EEY, BtEAS
RIVE20MZXL YW, MAGEHAEN, BHERETIETNEEE RS,
FRABAPRERRESFBHASET (TGP). HAEHL. MG REAEATZS
MAEEM, WX LATFHRTIRZSES, @EibEl s, KRgs), mik
PR E+ i BmR 5, REBARRETY, X947, FRaam’, 40
BEAMEP%, AHENSRERFEETESB TN TFRESE. HER. RMLE
BHHEREEBOREAR, CHATTFRESEHRET, EHAHKOTREES
RER. BEHEELABRIERTROTEEN, A% S BEWKION S8R 8RT 5.

RTPHMREES], EIRAGAD, KERUIANELANRSERigiRRES b2
HRBSERBEY X RERE, ERUERPANER, bABRBSBHENTR. &
EGRAZHRBANE, CHLHTHRUAKRAL, ME-ITMELEWAR, HEX
EMERBRERNZ R ERBITAEM Y SBREMERREN TSR, Bied
SR 2 R BARHERT B AUR BT BEMB 25 I 7 B R B R

EREEETNASRRNSEEES, TAESHEHERMERGRET, BFT
EMIENSHTRES . HIHPLC-UV, GGMS, LOMSECF AR M, KKWIRT @ik
ERISTEE S, Bk, B &R AEERNSEINET R DA SHAIHKERE
B, BIRWHMRMT PANAERE, FURXERAREI S FRERE WEY
EEATE. Ko A SRR AT AR WHPLCIS & B S Oy BaTERF LA AE
BHPHRENEEENER, TEAFHHENSHRRESSHNERER™, £A
FEAERER MR, BRSEBSEIMTERE, ALK TE S
T58, HREANERLEY. BETHENERT, KERTRELHNBYR, it
b, HEELEEDNE, TAKEERLELENAAMESETERE.

ERXTENRITAYREFRAREN 5, BAEYPRENBYR, W%
. AAES, IR T—5 E%HPLCE LB Figp AR REKIE.
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41 MRS TE

4.1.1 EYIEKIE

LERMEENBEZHEN, 2REBREBETHBEMED Y Paconia
lactiflora Pall 9 32 lr TR

4.1.2 EZEEFFRF

£k Impact 400 FE L H RS B EEHBEH H2AF (Nicolet);
ESIMS, FAB 1 HRFAB: AutoSpec Ultima-TOF %! 2 {X;
FEGIERERS: 200~300 B (F &AL )

B A XTe-100x B STIER

& Jt: PEModel 341 LC polarimeter;

BBi3tiE: INOVA—500 1 MERCURY-400;

B i#%: AutoSpec Ultima-TOF;

H E . HEEFELTT 200~300 B RERL:

FiHBE (60~90°C) 47k,

H AR A AL,

413 F%

4.1.3.1 HERS RIS B R

B TREYNENEE, £ETRN, HREAERN, s, ESRENE
B E.
4132 (LAY Mg HRlE

MBEATR 4 BR BT MLE Y5 514 Y % B E R 2 kST & T .

43 GRS

431 WERSRER, HERGAK

10.6 kg HAT TG, F9S% ZEEHURM =K, EHAHKREE, MARBER
WELIH80%, FRMBERCKE, HEETELEK, HERERKER, REK
KAZBZEMETEZER . FT B2 5% NaHCO KB REEG K, BAKRESH,
WREEBBE TR ¥106g,

FiBMIETEEHERETERN, A= F5/FE100:1~10: )IEAE R T
BV, WE4 7mL/min, 8500 mL 504 1 4}, &3HEFIAES (Fr. BhEW13



22 WRRIRR A AL ¥ BB R

(1img), 11 (51mg), Fr.1 (3.69g) F1Fr2 (66g), Frl 2% ERERIEN, S H/FER
25:1~20:1 $E/iE, 18 11 (8.5mg), 12 (12mg) FIFr.l.1 (300mg); Frl.l BRERHE
Be, BERRHEEAT, SUOH/FFBE 501 $EAE, 87 (82mg) 8 (10.1mg), Fr2 BREEE
EERCEEEDT, S0/ B 30:1~15:1 BEfl, 78 9025 £)F 108 g).

AL RS IR 5 B AL AR i 41

H%j (10. 6kg)

95%EWOH #BH. K4H, HBMEZRE
80%, RMMER3 K, ERZE

2K
KR, KKRZBZAS,
ETHXN3 K
LEBLER TTEE KE
5%NaHCO; %1 3 K, K
HEFHE, KE
ETERE 106g
BRI, Hi/PR
50:1~10:1 FLH%
l 50:1 l 25:1 l 25:1~20:1 l 20:1~10:1
Fr.1(3.69g) Fr.2 (66g)
13(1tmg) 11(51mg) &
Voo ®
Fr.1.1(300mg) 11 12(12mg)
@ (85mg)
7(82mg)  8(10.1mg) 925 g) 10(8 g)

B 41 BNLFERANRDS BLRE

Fig.4-1. The extraction and isolation of compounds from paeony root

e ORMAEREN, WO5/TH25:1~20:1; QRBAEN, KPR 0.1 OR AR Kb/
R 30:1~15:1. :
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432 WEMMGIEEES S

4321 &Y 7RG HEE
WEW T HEBEHEK, [2]f 272° (c0.195MeOH). IR EERBE (3404 cm™),

BE(1718 oo )FIBEEE (1165 em™) BIFETE. ESIMS ERWED FET i m/z 531[M+Na]"
FIFEH B T miz 369[M-162+Na]", FAB-MS 45 i #F A B Tt m/z 463[M-OCH,CH;[",
m/z 105{CsHs-C=01". % & HRFAB-MS m/z 463.1618[M-OCH,CH;} (it E{& Cy3H;7010:
463.1604)H NMR $IE#E KA TR CpsHaOne AW 78 'H- BC-NMR(DEPT)
BEESAAFEEHEL BEREMWEEERL, XPREMRRAESERENGES. =8
ENETHAYW 7 PCNMR &+, TEHERES, 182 52049 (s,C4) LHIA—A
B EAES: B, 76 'H-NMR #+, HA—MZEENES: 6343, 3.68(F 1H,
dq, J=9.5, 7.0 Hz, H-1)A! 1.02 (3H, t, J=7.0 Hz, H-2"), i#id HSQC &, HNENINBIS
BC.NMR i# E&EF 6 64.0 @, C-1"YH1 15.0 (q. C-2"#HE 548%. HMBC #hRHXES

(H-9—C-1", H-1"—C-9) RP\ZEFEEREECHO L. Fsf, £ HMBC ¥, 3, 5,
7 IRFENBRBEAEEHAXARALEREMLTF C4 £, RTHROEEXREL
HMBC 88 THiE, ®id NOESY iEMlgE T HMAMHE (RHE 42). NMR HiER
% 4-1,

42 &1 7 #3% HMBC #1 NOESY #83%(—: HMBC, «>: NOESY)

Fig.4-2 Important HMBC and NOESY correlations for compounds 7 (—: HMBC, €>: NOESY)
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41 LAY 708 R AIRIIE ('H: 500 MHz, °C:125 MHz, CD;COCD;, TMS)™
Table 4-1 "H- (500 MHz) and ’C-NMR (125 MH2) data for Tand 8 (CD;COCD;, TMS)

7 8
' 8y 8¢ (DEPT) By 8 (DEPT)
1 88.1s 88.8s
2 86.8s 862s

3¢ 2.82d(18.0) 49.51 2.10d(12.0) 4251

3B 244d(18.0) 1.90 dd (12.0,1.5)

4 2049s 1084 s

5 2924 (7.5) 48.0d 2.754d(7.0,1.5) 41.3d
6 642s T1.1s

7o 3.00 dd (10.5, 7.5) 272t 1.94 d (10.5) 232t

78 2.20 d (10.5) 2.54dd (10.5,7.0)

8a 4.73 d(11.5) 63.6t 4753 613t

8b 4.82d(11.5) 475s

9 5.19s 105.5d 543s 101.8d

10 1.40 s 2084 133s 19.6q

I 4.69d(7.5) 99.5d 4.63d(7.5) 99.9d

2 327m 749d 3.22m 74.84d

3 342m 78.14d 336m . 78.0d

4 335m 71.7 d* 333m 71.7d

5 3.53m 77.6 d* 333m 7754

6'a 3.63 dd (12.0,6.0) 629t 3.63 (overlapped) 629t
6'b 3.86 ddd (12.0, 6.0, 2.5) 3.83dd (11.5,7.0)
ou 4.51d(4.0); 4.30d (4.0); 4.40d(3.5);4.25 brs;

4.22d (4.0);3.531(6.0) 4,20 brs; 3.53t(7.0)

1" 134.0s 1340s
2"6" 8.05d(7.5) 129.4d 8.06 d (7.0) 129.4d
3"5" 7.531(7.5) 130.3d 7.541(7.0) 130.34

4" 7.651(7.5) 131.0d 7.66t(7.0) 131.14d

7" 166.8 s 166.8 s

1"a 3.43dq(9.5,7.0) 6401 ~3.68 (overlapped) 5941
1"b 3.68 dq (9.5, 7.0) ~3.63 (overlapped)
2" 1.02t(7.0) 15.0q 1.12t(7.5) 15.8q

T#BEIAS "H-"H COSY, HMQC, BMBC LR %5
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4.3.22 LAY 8 B HBEIE

ey AABKRK, [aff 22.9° (¢ 0415MeOH). K IR BEHFEBE (3435
em™). BETIS em™)HIBEE (1076 em™). ESIMS ERBEBAFETFIE ms
S31[M+Na] FIFE B FU4& m/z 369[M-162+Na]*, FAB-MS B REBES FEF®E m/s
S31[M+Na]" + m/z SO9M+H]' M1 8¢ K B F ¥ m/z 463M-OCH,CH;]' « mi
105[CeHs-C=0T". %4 HRFAB-MS m/z 463.1603[M-OCH,CH:]'GiH B {8 Cy3H1040:
463.1604) % NMR BH EH 45 FHH CosHinOuo 8 B 'H- 1 BC-NMR (DEPT) it k5
HHLEFFEBL FEEHNETHE 'HNMR #d, HAE—PZE8RMES: 5 3.68
(overlapped, H-1""3), 3.63 (overlapped, H-1"b) # 1.12 (3H, t, }=7.5 Hz, H-2"), @it HSQC
#, FAEMIAHE “C-NMR # ERIF §59.4 t, C-1™) R 15.8 (q, C2")IE SA%. T
B, H5AZ5H MW, ey 8§ C4 ERB (5108.4) FHEHBE T +2.77ppm, Xk
HE CAHENI—RAETIELBE. HMBC EFHHXES (H1"-C4) FH
LEREREETE C4 L. #THBZ @MMEXRET HMBC B3 T HiE. @it
NOESY & NHE T HAAMAE . NMR BB 0K 4-1, HBEEIES TR (ERA
MAEFHE) EE—B AL ELEY 8 B paconivayin, LH WA 4-3.

4-3 & 8 M52 HMBC 1 NOESY #1% (—: HMBC, <>: NOESY)
Fig 4-3 Important HMBC and NOESY correlations for compounds 8 (—: HMBC, «>: NOESY)

43.2.3 KipihaMeigmse

EY 9 AELEREK, "H-NMR (300 MHz, D;0) 5:1.41(3 H, 5, 10-H), 1.94 (1 Hd,
J=13.2 Hz, 30-H),2.03 (1 H, d, /~11.8 Hz, 7a-H), 2.34 (1 H, d, J=13.2 Hz, 38-H), 2.55 (1 H,
m,78-H), 2.74(1 H, d, J=6.0 Hz, 5-H), 3.28-3.35(4 H, m, Glc-2',3",4',5' -H), 3.68 (1 H, dd,
J=12.0,2.7 Hz, Gle-6'H), 3.85(1 H,d, J=12.0 Hz,Glc-6'H), 4.61 (1 H, d, J=6.0 Hz, Glc-1'H),
4.71 (2H, s, H-8), 5.6209 H, 5, 9-H), 7.55 (2H, t, /~7.5 Hz, 3",5"-H), 7.68( 1 H, d, =75
Hz4"-H),8.05(2 H,d, J=7.5 Hz, 2",6"-H), Ul L¥GEGMO A -8, S h5ss

(BB 4-4) .
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OH
0
0 C
OH OH CH
H <
ol

O

44 LBP o mGH
Fig 4-4 The structure of compound 9
& 10 BELERBF, 'HNMR (300 MHz, D;0) 8:1.53 (3 H, s, 10-H), 2.03(1
Hd, /15.6 Hz, H-30),2.08 (1 H, d, /=12.3 Hz, H-7a), 2.45(1 H, dd, J=15.6 ,6.3 Hz, H-3p),
2.76(1 H, dd, J=10.8, 8.4 Hz, H-78), 2.94(1 H, m, H-5), 3.10-3.40(4 H, Glc-2', 3' 4, 5' H),
3.65 (1 H, br d, /~12.0 Hz, Glc-6'H), 3.82(1 H, d, J=12.0 Hz,Glc-6' H), 4.35(1 H, m, H-4),
4.57(1 H, d, }=7.8 Hz, H-Gle-1,4.65 (1 H, d, J=12.6 Hz, H-8) ,4.77 (1 H, d, J=12.6 Hz, H-8),
7.50(2H, t, J=7.5 Hz, H-3",5"), 7.65 (1 H, t, J<7.5 Hz, H-4"), 7.01 (1 H, J=7.5 Hz, H-2",6"),
U BSOSO E B, BENEGHFLE 4-5).
oH o o
HO% oH °

O

B 45 LEY 10054
Fig 4-5 The structure of compound 10

&YW 11 BETEEME, 'H-NMR (500 MHz, CD;0D) &:1.44 (3 H, s, H-10) ,
2.12 (1 Hdd, J=13.5, 4.5 Hz, H -70), 2.45 (1 H, 1, /~13.5 Hz, H- 78), 2.48 (1 H, d, /=18.0 Hz,
H-30),2.69(1 H, dd, /~18.0,4.5 Hz, H-3p), 2.70(1 H, m, H -5), 3.14 (1 H, dd, /=9.5,8.5 Hz,
H- Gic-2'), 3.68 (1 H, dd, /=12.0, 2.5 Hz, Glc-6'H), 3.78 (1 H, d, J~12.0 Hz,Glc-6' H),4.20 (3
H, Gle-3'4',5' H) 4.56 (1 H, d, J=8.0 Hz, Glc-1’ H), 4.72 (2H, s, H-8), 5.62 (1 H, d, J~4.5 Hz,
H- 9), 746 (2H, t, /=7.5 Hz, H- 3",5"), 7.57(1 H, t, J=7.5 Hz, H -4"), 7.97(1 H, ~7.5 Hz,
H-2"6") LA LSR5 A —3, BENGEFHECLELE). o

To

B 4-6 L5 11 AN
Fig 4-6 The structure of compound 11
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&Y 12 EE&EAE, 'HNMR (300 MHz, CD;OD) §:7.38 (2 H, d, J=7.6 Hz, H-2,6),
7.53(1 H,t,/=7.6 Hz, H-4), 7.96 2 H, d, J=7.6 Hz, H-3,5), U EHIEXR LAY 12 HEF
.

ey 1B ABLEERK, ELMS (mr): 285[M+H]'; 'THNMR (500 MHz, CD; OD)
3:0.84 (3 H, t, J=7.0 Hz, CHy), 1.25[28H, m, (-CH,-)x14], 1.53 (2H, quintet, /~5.4Hz, H-3),
221 (2H,t, JF=5.7Hz, H-2). Ul L-¥ER%EW, (L& 13 HiEERS.

43 &ig

. ABSTRTHEBETMLEY (REB4-7): BEE (9), GAHF (0, 4
BEFH (1), BXFHE(), paconivayin (8), M58 (13) FIEFR (12). 788 HHK
MEAPHEE, .

2. HRGHAERE. BRANBYE, YL, HEFE, TEINEDFESF
—# B EATHPLCHE QU i P A BTV R

COOH
12 13

471 AEN RS BEENLEY
Fig 4-7. Compounds isolated from paeony roots
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4.4 1%t

1. EAEENMRBUE R U Z B A REUER, FLURRILAY 7 F 8 BATHR
RAGETNAESZRRNEH™Y. AT ERLENRTESR, HAXHH 10mg
BT 10 mL ZBF, ESRREMTLARKAES, B 18 M6, ETERNSHE
I HNMR %, SRERENEY TN WES, #HE 7R 8 RREFY.

2. BNFEBRSHNEEREAE, TREBFRI, WEENRLEMNMIE,
RIEAR ERERERNT S B, {T#TERRENEENTIE, REBANGSEHE,
WRATRERE, KT AESRIEIT .
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