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Research Progress on Structural Optimization on the
Lipid-Soluble Ingredients of Salvia miltiorrhiza
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(? State Key Laboratory of Drug Research, Shanghai Institute of Materia Medica,
Chinese Academy of Sciences, Shanghai 201203)
(> School of Pharmacy, China Pharmaceutical University, Nanjing 211198)
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Abstract As a traditional Chinese medicine, Salvia miltiorrhiza has been widely applied in the treatment of cardiovascular
diseases in clinical. Research on its active components and derivatives has become an issue of great focus both domestically
and internationally. The active ingredients of Salvia miltiorrhiza are mainly divided into lipid-soluble and water-soluble ingre-
dients with the lipid-soluble ones performing various pharmacological properties. However, their poor solubility and bioavail-
ability have limited their clinical applications. In order to promote the clinical application of lipid-soluble ingredients of Salvia
miltiorrhiza, these components are used as lead compounds to perform structural optimization to improve drug-like properties.
In order to generate novel research ideas for the development of novel drugs based on lipid-soluble ingredients of Salvia milti-
orrhiza, the research progress of structural optimization and related biological activities of the major lipid-soluble ingredients
of Salvia miltiorrhiza in recent years is reviewed, the structural optimization strategy of the drug-like properties of these com-
pounds and the synthetic approaches of their derivatives are summarized, and the effects of different structure modifications on
pharmacological activities are described.

Keywords Salvia miltiorrhiza; lipid-soluble ingredients; structural optimization
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Table 2 Antitumor activity of tanshinone IIA and compound 11
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Figure 6 C-ring structural modification of tanshinone IIA
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Table 3 Minimum inhibitory concentration (MIC) of tan- shi-

none ITA and compound 17 against Gram-negative bacteria (G )
and Gram-positive bacteria (G7)

LNCaP ICso/(umol-L 1)
Tanshinone I1TA 17

E. coli > 128.0 > 64.0
> 128.0 > 64.0

Bacterial species

Gram-negative .
P. aeruginosa

bacteri

acteria S. typhimurium >1280  >64.0
Gram-positive L. monocytogenes >128.0 16.0
bacteria S. aureus >128.0 16.0
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25
Enzyme inhibitory activity: IDO1 IC5q = 0.1 umol/L
TDO 1C50 = 0.2 umol/L
Cell inhibitory activity: IDO1 IC5¢ = 0.3 pmol/L
TDO IC50= 1.9 umol/L

B 17 FHZH 1A A/D 3 [ i i
Figure 17 A/D ring of tanshinone IIA was modified simultane-
ously

OH O
o Chloroacetone o
NH4OAc, PhCl, 110 °C N\
o) (0]
R19_:_. R19:_
O

B 18 FI&0 TA EHA74Y

Figure 18 Decycled derivatives of tanshinone ITA
# 4 FHBE IA FULEY) 26 HTmETE
Table 4 Antitumor activity of tanshinone IIA and compound 26

ICso/(umol-L 1)
HepG2 Hela MCF-7 MGC A549 U937
26 20 03 32 08 03 28
Tanshinone ITA 4.9 35 >50 >50 22 >50

PK PEJRA BT e, KBRS EH 6.5: L&Y 26,
405~810 pg/mL; F}FSHH A, <5 pg/mL), FFckifAFa
EVERR BT L&) 26, 108 min; F}Z:0 1A, 10 min).

TEFFZ 1A 1) B 35 H 3T IR PP B BE AL 74K
AR, ISR SR A 4R i&
i EAEFLE A/C/D K. 1P A 458 5] AR
S TSRS SR S VKR HEZ B S, A SRS
FAE A 23 B 2R 24 11 J B 5 N PSR T, DA RE S
BB VKB TER R 32 M 28 (& 10); C )
GBI E R A C MRUREELE ML B (&)

Compd.
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N~ 13) 8 MR AR TR AT 4 (L&) 14), B2
HKIEVERIE 1, C AR FT i34k & i 24 33 M
B 70 32 B4 TR AR T 1, 0 B U 3 45 M AN 2
TG 29 BRE M 75 A 25 R0 A1, o AT 45 A 50 mT DAY
TREAEPURIETE, SCEFFSE DA RS,
IR, D R SOE R I R B P2 1A
TEIREN, $Em T 29 itk Re, Harcksh by, £#
T g DUEESERIGRTT, Bz k
W E SRR, 27 ESF S0 TA BEERYUGE, fEIRRAE
R 2 bR g, SHEARKRMN. HHESE
SEF R 5] AR A T DA LR 2, (E S NE T
LA AT e 2 T S WAEAE A4S I R rh AR R R,
SEORR RN, 5] N RaE e 7 R A el 2
T RIRR I JE AR 5 S TIA VA g vl R 2 B 2K
1) 25 KA B R SR

2 S i

FHZ00 1 P S IRIEEA s 2 —, AR
PHSE 1 BAPE P, P bR s S RHe Iz m)
PR PERY. RS 1 R S5 R RO A B 4-C A R R
BRIEIR. B HONZRIR, C HONARERSE M. D FFoN L
B HI A (& 19).

2.1 ARG

5P TA 1 A JAFE, FFSEE 1T A BN 4-
PRI 2RI, Bk, DA 1 O8Nk BT
A IR GERIACHE SR PR, B ArE 5t P20
I H A SRR ERAL — B2 Diels-Alder B k&
RO SEIL A FR 1) 52 s A

SHEFEDDN TSRS TR A FRIEEEE,
83T Diels-Alder SN K& P20 | B85, 133
T AIE SABERTAE YK 20), #1525 5206 45 R,
ZRALA Y A S R A= K 1 25 B AE F (ICs0= 0.4~
15.2 ugemL™}),

2.2 C UMk

PHSERNAEY) CHNBRISEE M, Foh 4T TR 51
JB%, &5 FHSEE C Mg itl, BT C XU
55 S AZAR TR S SRR DA B I 24 () SR 2 b, I Bk
FEEUR S PR LA R U 45 M A N R BT 251 19).

KRR SO T — Rl 8PSl C R
WHARRTAEI & %, B, PRSI 1 R B R
FRUEAL T, MW 7= % B B I 3-C AL XPFS 111
12-C AR IEFAT SR A% B, BB EA 1, 285 a4 1
J B — 2 F HoO 192 (R4 10, 575 — 43 F g et v i)
T 12-C AT SR A%, 1931 C PR AL 0T E
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AFREER AL
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Tanshinone |

H LI

O
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O
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B 19 S0 1 gk

Figure 19  Structural optimization of tanshinone I

Demethylation 2

OH Q
R1O )]\
c
SO
R3

R4

B 20 JIEE 1 A SFERBEATE

Figure 20  Structural modification of A ring of tanshinone I

BARATAED (B 21). RIZ RIS E A PUM RS L,
Htb &4 27 (K562, 1Csp=21.3 pumol/L; A549, ICsy=
19.1 pmol/L)FRIL & A, -5 BH %5 BEWEH 11 7 1 (K562,
ICso=22.4 umol/L; A549, 1Cso=20.5 umol/L)fH 4. [FIHT,
FFIREE T — M P Sl C MR RN, $oRFHS
kR 1 11-C/12-C [l g BUAR 2 A8 7T PLIEAT 12-C HLEL
A&,

RPN SEE 1 ONEE, 78 PA/C IERT,
fiff C IRXURIELE R R A E 3 N, 13BN REF L&
P28 B 11-C/12-C H [a] i B T 22 74 29(1& 22), (H 2 AH
FEF A 15, AR FRBIH e 0 2 4t 05 240 i o
oxXLDL $HUE M LA K 3 40 B T R (e 30l /6 A
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2.3 D &Mt

FHZEA 1) D S S5 F1 P20 LA 1) D 3851350
16 {7 FEEURHIME, Rk, B2 B 7EME, B2
M2 TA 1) D FEEREM TAETER— CEHikiE,
E AT EIR A 191527,

29 1R M EE L 5 5 B A R R R SR
AR R R AN, RS, e AE
AEpEE, TR ERILUPFSEE 1 )Rk, @it Vils-
meier-Haack <, 7EFFSHd 1 ) D 35| NBE3E, 1531k
a9 30 (K 23), RIULEY 30 BB —EMPUREEE,
R TP 20 15 5), SHhiEREEER/ L%
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Tanshinone | Ar = pyrrolyl, indolyl

Possible reaction mechanism:

@) Ar_ Ar i !
o o : BnO_
@ N\ Cat. p-TsOH O N ;
SO DO |
‘ i

O

K562 IC5o = 21.3 pmoliL
A549 ICs0 = 19.1 umol/L

B 21 FISE 11 C B B AT A

Figure 21 Monocarbonyl disubstituted derivatives of the C ring of tanshinone I

o} 0
o) O
\\ Pd/iC ©
S WA
O e
28

Tanshinone |

O OEt
O\

Oy
Ho  ©
29

B 22 fLE) 28/29 I AL
Figure 22 Synthesis of compounds 28 and 29

R/ANEHER/HHERANT BB AT LA & Ht
24 ZBIEMIEN

P2 WA & W5 3 A7 AL VA Atk 22 DA AR R
FEARRIER R, AU P B BEZ HEAT 18] 5 i) S5 R B A AT
TAESLIF TS BRI 251 22 J5 T ot i 4
BRI THERR BAZ SR BEAT AL, PR B 25 R )
T PEAEAT P DABA S R 4 2R

0 0
O (6] (]
O N4s  POCI/DMF O N/
o ° o J°
30

B23 LEY 30 16K
Figure 23  Synthesis of compound 30

£S5 FHZE DA RS 30 KPR EE
Table 5 Antibacterial activity of tanshinone IIA and compound
30

LNCaP ICso/(umol-L 1)

Bacterial species

Tanshinone [ 30
Gram-negative E. coli >128.0 84.0
bacteria P. aeruginosa >128.0 42.0
S. typhimurium >128.0 42.0
Gram-positive L. monocytogenes >128.0 42.0
bacteria S. aureus 29213 >128.0 21.0
S. aureus 25923 >128.0 32.0

SRENFEV X PSS B A AE IR 12 DU AR
AR BR L, Bt IR & T A RIS 1 ATE
W, X ERTURTEE TR L AR R
BEAT T, Hoh, KPP SEH T A B ELRR, JFk
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AF D IR E, R e B A PHSE 1TH B 3
RN EY) 31 RINEAM(E] 24), KL KIETH(F
fftfE: 15.7 mgemL™'; 3] 70,=2.58 h; AEWFIHE
F=21%), [R5 2 B 2 40 g 5L A 5 4 (0 0 i) %
(IC50=0.12~0.33 pmol/L).

Tanshinone | 31

Solubility: 15.7 mg/mL
T1/2 =2.58h

F=21%

IC50=0.12 ~ 0.33 umol/L

B 24 FHBHEE T2 B0 5
Figure 24 Polycyclic modification strategy of tanshinone I
FEEER 1) A/B REINEIR, AT HARS 22
WaEw), /5 A/B PR E AT ik FEPE A S I DL sk
B, — I kA TR P2 1 A/B Bt
AT EEVEAE G, A e LB e HLN R 3 Ve e,

R4

BUA & BOTEAEAE TR 2 0T R IROR. FE2 1
O Ry AL ELi S R e EESCNINESES 3 nw il
JRIR LA SR 5B 1 SR 2 Ak, 3 BB IEHUAE. Liu
SO I TF OB A BROTVESEIL T PSR 1) S EREE XL
WACE MR 21). [, Gl 4 s 5 20 BHZ 454
BEATIUAL, BEREHZ ST IR &Y 30X S
I FRZVESRTI A BRI E . S 1 1) A/B 36
YR, AT B RE ML R TR, Haiiig
WS T BT IR O B i T AP SRS 51,
ST A S e R 4 BROT RS T PHS IR 1S5k A4
HAEZEEX

3 RRASEREHMT
P22 SR EERBER 2 —, BEH
Ry ARG L AR 0 BE LR TR T 2K S 2 HE
PE8-291 RS PR S ) S5 RS RN AR ON 4 467 A R R AR
REkE. BINAZIN, C I NAIBREE . D Ry FFFEEL
R A BRI IR (] 25).
3.1 ARk
FaPH 2 A NS5/ 5 PSR A S5/AHIR, ARl

11151 oxL DL Ff) 3 BRI A 40 S 0 T o OH

H CH &Lt

ARG RERAL
——

cryptotanshinone

DI L RIAL
_

(YR ]

HB%%M%%

11B-HSD1 1511551

11B-HSD1 41 71

B 25 BFFSEEamL

Figure 25  Structural optimization of cryptotanshinone
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(3R Ok, DL BT S AL, B2 N 1-C o
7, SEXTREFT S A ISR IRIE R, KL R 5 9 o R
S 1A 1 A &5 RIS R (& 25)09, @ "] ACOM/ACONH,
+ X~
3.2 B IRtk ‘O © I// 1003~ 1 Soﬁ oc
5 3

MBS A NS D R PRI,
AIDASEEL B 34805 & AR T Re 1.

X ) S A BOUE FH HNOs/HoSO4 i B:AK, S5 B A4 22 S HH
TEHSER B 3 7-C ALk PR AL, 28] 7-C iy
BAREE P20 32( 26), TR IZAN AW BA BT 1) 5
W1 B 118-F5 Ak S ] P i 008 (11 B-HSD 1) 410 1) 3 14
(ICso=104.9 nmol/L), {HZ %t &MXF NIEE 115-
HSDI1 il % 145 2 (1Cs0>1.0 pmol/L).

0O

o
HNO4/H,SO, ‘
- o

oo (2
NO,

Cryptotanshinone 32

B 26 [&FHZE B G FEIE A B
Figure 26 Selective nitrylation of the B ring of cryptotanshi-
none

3.3 C gt

FeFFSE C HEMMAS H AP SRR &
TG L, AFERL S B IR . I JEFR AL DL R R P R T
.

A ECR I S R A Y AR R i
WO ZAREYE, P SRS Y DU = S A4
TEPE, HTRYT SHEME R AR OO, AT B S
HHAT T — D RS . AT CARR P S E N JE R, 1E
CIRI IR IR AR R h, — AR 2'- 2R E IR IRk
KF2PHSWATA ) (Debus-Radziszewski W )(F 27), I
RIZ R BAE DT N5 40 e (LNCaP 41 ) B A
BT FIAM S 1 (ICs0=0.4~16.1 pumol/L), HF{L&)
33 R (ICs0=0.4 pmol/L), FNHE =T FHEZ4 EL
K Ef%ICs0=41.3 pmol/L).

3.4 DIRgMmfiik

K Pt 20 D 3o AR, 5 R AR TR A Al 2 i
SNFFER(E] 28), I 8L AT PATEAG &4 37 LAt |
HE— W PH S A BRI IR 5 4 st ng 31 (1 29).

X B S SECOR RS D3R5y R AEUK A
RIS, BT — &5 D BRI MBRPLSERATEYD
(K129), FHLAMGEY) 37 Tyl kl, 15 3k R A% ik e 245
RS EZRATAEYIE 29), RIS RIS
AR R 18 11 B-F A0 S [ B i SR (11B-HSD1)
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Cryptotanshinone

B 27 2 REERIRIKMERRR ST S AT AR5 R
Figure 27 Synthesis of 2'-phenyl benzimidazole derivatives of
cryptotanshinone

Alkali-hydrolysis:

Cryptotanshinone 36
(e}

O ‘ OH
(™

37

Bl 28  [ESHSEH R S =
Figure 28 Alkali-hydrolysis and ammonolysis of cryptotan-
shinone
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I M (1Cs50=95.0~172.7 nmol/L), L& 37
(IC50=95.0 nmol/L) 2 38 (IC50=109.1 nmol/L)F I AL

B 29 BJTZHE D HEMATED)
Figure 29 Aminolysis derivatives of cryptotanshinone D ring
ESHSER A/B/C 31 57120 NA MHIF, HAFH )
AN D RSSO SR A AR R PR T A
PSR EY, LA 7 EE DR FM T

KAE D AR B S, LI D IR B R
PIZEARAEYIN D PRI S5 ) B e gt s s — 2t
Mg LK, FESFZEARAL S VI D AR B AR
R LT 7.

4 HASAEESEaRL

St RAREFIGEEE 120 FISLIRRm ), SR
7 AR S W5 T B 7 3R, (BT e M RE AL T 1
FEFERZ —. BiFFSAEEZ 2004 FEHIRNFFZH 5
BB S IRENE RO, B B PR
P, T EAE T LR A R B SH TS N R G 45 R
RO AN A6 RN B ORZRIR. C IRh
WERSEH . D 3o H BB R IR IR (B 30). 5PH2
KRIRFAWIAAEL, 72 PR 0 Sk B B X 7 B0, 41
XoF B P2 A TG 1) 45 R A A K 22 08 3t M Sk A BRI D7
AT
41 ARG

WFI B WG A RSB 1 &R, AR
GER. GERIAR AL S ELFE 25 bk A R DL RGBT 4 A i 7
DT IE R T B L

WP S s Tk PR LR RS, ©F BRI HER
2 LR A0 B A A A B R 10 £, ERE

x2 R10
9
X1 | \ OR I\
Oy U i
: 7
R7 R _R™
i I
R'IZ
O
| g H CER LRt R
R . o]
AMEERIRAL DIFZERI DAL N
P ——— _
O
PR
0 | A\ Neo-tanshinlactone
(@]
Py stﬁmmw
(0]
O
|
AN
N (@)
RE

B30 HTZAEERS T

Figure 30 Structural optimization of neo-tanshinlactone
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A BEIT 20 £, FET IR, Lee iR 2502y F
KPR RIE 2, NS NIRRT RS0
5. Lee S502ILL 5- AR HE-3,4- 5 -2H-1-25 1 39-1
NG TE R, FASF PSRRI M, SR B
FRETTRIAL, R TS B DGk (Al 39-4, I 0 R
BB BeHIC LI H S B A 3 4-C [ )€ mifig
i, £ 4-C PLRHAAGIN LI FREE. HEHE.
R, WA, WAR. CHEE. AR TULER T
(Bl 31), #obanpusciess fE20, EY 39 (SK-BR-3,
EDsp=0.1 pmol/L; MCF-7, EDsy=0.2 pmol/L; ZR-75-1,
EDso=0.1 pmol/L), #&AME AR T-H7 £+ 2 A BiE(SK-BR-
3, EDsp=0.2 pmol/L; MCF-7, EDsy=0.6 pmol/L; ZR-
75-1, EDsp=0.3 umol/L), R' Ay ik H A BUARIE RS, 751
KIE RBE. $27R A FE 4-C A5 NARFRE /N F e 3 5o 36
A F.

HO R’
R'MgBr, R'MgBr, ZnCl, . PdC
THF rt. triglyme, reflux
/
39-2
OO BBr3 DCM O‘ _ malonicacid
PPA (85% P,05)
75°C
/O OH
39-4
1) (0]
hloroacetone
0 © o
| HOAC/NH,OAc [
-, o
OO OH " toluene/EtOH ‘O
reflux, 24 h
R’ R!
39-5
(0]
SO
39

SK-BR-3 EDs = 0.1 umol/L
MCF-7 EDsg = 0.2 umol/L
ZR-75-1 EDgg = 0.1 pmol/L !

B 31 et 39 Mk
Figure 31 Synthesis of compound 39
Lee S¥IH TRIEHI S ARG H K, B T
¥iFZ Nl ALB. C. D WA GG PRI So .
Ja, MATIRE A SRHEATHEE, KBk A, JRERTT S N
B MG AR AL, FEILGY 40(K 32), KIS
S 1 KR N 4 (SK-BR-3, EDso=46.3 pmol/L; MCEF-7,
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EDso=41.7 pmol/L), EMFFFZNBM A G5 H
PUFLIRIR TG P H

(6]
O

(e}
Y 07N\
—
SO °
)\O

SK-BR-3 EDs = 46.3 umol/L
MCF-7 EDsg = 41.7 pmoliL

B 32 #iFtSNEE A FRRIf

Figure 32 Simplification of A ring of neo-tanshinlactone

4.2 B Itk
Wit S e B NI GG K, T3 A SRR
ghi), ok EEE B, £ B FREs ik bim
A A RGE R, EEARE B M IT IR e A e G R
(K 30).

TR PE S N 1B SR T T H e i
PERISZI, Lee 5554 DL 2 HUAR K H R FR S 41-1 K,
T N (LDA) ML A3 = HHls 41-2, 28
JEUREIMARA 170 CI i, 13 2IMLIRA 41-3, HE—B3
G EIZ=Y)(E 33). EY) 41 X SK-BR-3 4iiffi A7
B B A S PE(EDso=0.3 pmol/L), M LT H &N
BE(EDso=10.9 umol/L)A B ARFET . %M 5T TAE 3 B B
P2 e B IR T THNE A & o BUm s e pr o 75 1.

Neo-tanshinlactone

(e}

R2 2
OMe Ethyl acetoacetate
3 5 LDA, TMDA
R R then HOAc

E MeO N o

OMe
' 41 h
E SK-BR-3 EDg = 0.3 umol/L .

B33 L&Y 41 5L
Figure 33  Synthesis of compound 41

Lee S0205 3T PH 2 A IR B IR IR G5 B 409 N-fedk
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HARHIERER, 733 B PRO0E 4, I FL I 40 i 5
IS 1 B R FRAIS, k&4 42 (SK-BR-3, EDsp=12.0
pmol/L; MCF-7, EDsp=11.0 umol/L). 43 (SK-BR-3, EDs
=15.0 umol/L; MCF-7, EDso>20.0 umol/L)(&| 34).

o) (0]
Ol\ O|\
QI XL
N~ ~O
R6

Neo-tanshinlactone

, 42 43 .
! SK-BR-3 EDg = 12.0 ymol/L ~ SK-BR-3 EDsg = 15.0 umol/L !

| MCF-7 EDgg = 11.0 ymollL. MCF-7 EDs > 20.0 umollL. |

B 34 /2 AE B AR IEATAY)

Figure 34 B-ring lactam derivatives of neo-tanshinlactone

4.3 C IFgsiaiit

Btz AlE C A NERESH, ML TSRS
Yy C AR ERR A, TE6 L DAY R . C IRMLE i
PRA S T AL PN IR 1) K A T B LSR8 R 1 4
J5 A 2% )5 AR

Lee B AN R 1) 2% J5 1 B T FH 2 W e C S
AR T, B3] A/CHFRIRHEMIIATAEY), Kb Ry H
HEE T, X ERE T BUR TR T, X2 AR T
TR TR S (B 35). RIS M I 2 T P ekt
%% (SK-BR-3, EDsy=4.4~ >20.0 pgemL !; MCF-7,
EDso>20.0 pgemL ). Ut C 3F A ERSE M0 v M 22 0 =

%=,
o X
T g
T QU
OO R’ = CH,CHj, H
R x'=0,N, s
X2=0, S, NOH

Neo-tanshinlactone SK-BR-3 EDs = 4.4 ~ > 20.0 ug/mL

MCF-7 EDsq > 20.0 pg/mL

B35 H/FZ AR C IR TR

Figure 35 Substitution of heteroatoms in C ring of neo-

tanshinlactone

AL C HXHTZ W B PURETE VR, Lee
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EBILUH T2 W BERAT AN R R, 8 C RN BSR4 K
filt, SR XT K ARAS B )y 72 JE UL SR R B T AT e ]
th, 192 C IHFMATEN(E 36). LIMBZEE S5 N BH X
R, 25 2% 2R AT LE W e A A X L s 41 i & (SK-BR-3
4i i = A MCF-7 40 R) IR, KIMEY) 44
(SK-BR-3, EDsp=1.0 pgemL!; MCF-7, EDsy=3.3 pnge
mL ™ ") K&tk &%) 45 (SK-BR-3, EDsy=1.2 pgemL 1
MCF-7, EDso=2.5 pgemL )i 3L A7 Je 20 i 28 0 400 1) 3
PE AL T BH 1 X J& At 22 3 25 (SK-BR-3, EDsp=15.0 nge
mL"!; MCF-7, ED5p=5.0 pgemL ). {HE&MLL T+
B, FWEIEA TR, UL C BRI NIVESS R LR
JeE 1% 1tk 2 S EL

0
OH O N
0
[ 5% NaOH (aq.) ‘O N
g ——> _—
‘O reflux HO (o)

RB

! SK-BR-3EDsy=1.0pug/mL  SK-BR-3 EDgg = 1.2 ug/mL
! MCF-7 EDs = 3.3 pg/mL MCF-7 EDsg = 2.5 pg/mL

_________________________________

Tamoxifen

SK-BR-3 EDg = 5.0 pg/mL
MCF-7 EDgp = 5.0 pg/mL

B 36 ¥l CIMITRTAEY
Figure 36 Ring-opening derivatives of C ring of neo-tanshin-
lactone

4.4 D gL

B P2 MR D 38 B PRI ER, £ D PRI
ML EZNFEIL D IR 451, WXk D 3, JREHT
Z NG 14-C A5 N bt A B 2 L 45 14

SE R TR A AN AR ) 7 S HE R 29 W v v ) B T A
FIRAGTR IS, Lee ZEBS14h G X W FP 2540 11 SR Mg, XF BT
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F+2 BRI D IR AT RS TC. A1 2555 D IR 454
JETEF S ARG 14-C AL5I N T e R MEELEH, 193] D
WEAATAEY, HAitb &9 46(8 37)F I A (SK-BR-
3, EDsp=0.1 umol/L; ZR-75-1, EDsp=0.01 pmol/L), #H
Lt T #7171 2 W EE(SK-BR-3, EDsp=0.9 pmol/L; ZR-75-1,
EDsp=0.9 umol/L)f5 M1 R4, (HZH b &4k 7%
LRI AN R AR B, X H A 4 R (KB 41

KB-vin 4fffd. DU145 4HALLL S AS49 4t )t A7 5 1)
IR (EDso=0.1~>30.0 pmol/L). FKWIHFZ Nk
D IR 45 -5 35 B M ) LA 35 1 235 D) A 5K

0 O
10) O
| D) | R'3
» o pr— N/
R12
R'ﬁ

Neo-tanshinlactone

SK-BR-3 EDso = 0.2 pmol/L
ZR-75-1 EDsg = 0.3 umol/L

46

SK-BR-3 EDso = 0.1 pmollL |
ZR-75-1 EDgg = 0.01 umoliL !

B 37 SN E AN EE B AR D S RATED
Figure 37 Alkane amino side-chain replacement derivatives of
the D ring of neo-tanshinlactone

Chaudhuri Z£1%a A9 LT HEE B T P2
fis C I ML BE R S5 14 5 320 D MAT T 45891
th, FFEHTFHS NER 14-C A7 5] N BB EMEE, 58] DR
fALATAY), Horp RY NI | BEPE FE alibe 52 (K 38). 14
ANSRIGEE AR B R D5 B LR, % R AT
ARSI & AL TR P2 B, 54 S X 7
FE AN RIE R N, KA 47 RIEAR, 1SR
T B3 TRV AT DA AR 6o 7L e 440 R 119 4 %8 4 (SK-BR-3,
EDsy = 23.7 nmol/L; MCF-7, EDsy = 12.0 nmol/L;
HCT116, EDsp=44.1 nmol/L). 5 Atk &WLL, &
Y1 47 A RN DNA fRIZHERe 1, HEF M.
USG5 U B A 47 1T g2 BT DNA 5815k
FEAEPURE . @ E LS DNA 1454 2 DNA 3
BAEMCEDIR. N T AMAY) 47 5 DNA 456141
HAEH, BN REET 7AW LS L ek
SRR e e A AR SIS DL R A TR AL K
Ah=1] WG L R 4 CT-DNA &4 47
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i MCF-7 EDsg = 12.0 nmol/L

! HCT116 EDsg = 44.1 nmoliL
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Figure 38 Alkoxy side-chain replacement derivatives of the D
ring of neo-tanshinlactone
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