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, " " 
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Q.J ~ rI c3 9.J d .J r 
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ll 9Jt.=:\ r 9J d 
canoikis-resistant ce lls) \>l fl f) 'd lCJ l\9l1tJ:JJ~ l'j~ doxorubic in (Kim, J .B. et al., Phytomed icine, 20 10; 17: 

436-440.) 
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UHJ G flV l1 \1 O(CII)mAr, CONH(CJ[2)mAr, NHCO(CH) mAr, O(CH2)mCHAr2' CONAr21 

CONH(CH2>n,CI-IAr2 'l1~'eJ NHCO(CHZ)mCHArZ H" ~ Ar ~ Cl 'l1 ~m ~1:l H" ~ W'YH'\'l 'eJ 1 ) 1 'eJ ~" fil n U"~ 
d .d - '" 

m ~f) 1 'f1 'U ~ l tJ l 'Wll'lll Ill Cl n = 1- 5 UrI::; m = 0 - 3 X flO inorgan ic acid anion, organic ac id anion 

, Q.I cI , de:.! d 9J cI d \i] 9J q & cI c::: c:i.J 
H"~ halide l'l LJ 1 1 tYTH)~'W tJ 1Jm " l tJ ll t) 'Vl 1J 1'l 1 'WlGJ1M ll ~ IH 11'l 'l1 'f11tJ'b' tJ 1'1 )lll ~ .:l !GJ1" 1:l ll::; !H 'Vl 1'I Cl rJl 
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~ '!J~ 3 lm.:ltY~ l.:l 'U().:lm'JtJ~Vi'W .fi'UCl.:l!LJCl{!LJeJ~'W ~ ij 'l1 ~ pip erid inop rop yI, indo lyI, 

d d 0 , 

aryImethyIencoxy H" ~ heteroary ImcthyIe neoxy U'Vl hl'Vl 'Vl\9l 1!m'W.:l 13 

CJI , 

' 'lIl LJ 11tYl'Jmjl,;r'W.fi1 'W fl ~ 1J'W mm'J~.ijLJ '¢1m h.:l~ l!'W l ~tl LJ~! a'W!eJ~ij lm .:ltYfl.:lULJ LJ G-qu adruplex 

"i "" 0'
'IJeJ.:l!'VllmlltJ 'J (Franceschin, M. et al., Bioorganic and Medic inal Chem istry Letters 2006; 16: 1707­

1711.; Gom alI, K. C. et al. , Rap id Commu nications in M ass Spectrometry , 2007; 2 1, 1759- 1766; 

Samosom , S. et aL, B ioorganic & Medicinal Ch emi s try , 2009; 17: 3 866-3872.; Gom aIl, K. C. et al., 
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'W m:t 'lJl 'W f11 'j 'Yl'Vl l m"ll'mllJ:tl'j.:lI'lI (J (Izbicka, E. et aI., Cancer 

Research, 1999; 59: 639.; Riou, J. F. et aI., Proceedings of the National Academy of Sciences of the 
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° 'l ~cj d v d d.:::\ <::1 ' d ~ ~ d ;;; 9J 
'Vll rllJt]'1~1i \?l l'Wl"ll' mtlJ :t l 'j -:J '~~ ~ m uue 'j 11J eJ"i'W "ll' -:J 11J'W t:Yl J\9I -:J 1'1 'W 

':ill~ 1 lm-:Jt:Y~I.:l'UeJ-:Jl1JeJ {l1JeJ~'W., 

~11~ 21m-:Jt:Y ~vl 'UeJ-:Jm':ieJ'4 yl'tJTI'U tJ .:j L1J tJ {l1JeJ ~'t. ! ~nl'j~ -(CH)nG Ul~ 'W~~ \9l 1 llrl t1 .:l 13 

~11~ 3 lm .:lt:Y~I.:l'UeJ.:lm':i f.)'4Yr'WTI'UeJ.:ll1JeJ{l1Jtl ~ 'W ~nrl~ piperidinopropyl, indol yl, . ,
.::1.:::1 0 , 

aryl me thyleneoxy 1m;; heteroarylmethyleneoxy 1 1 'Vl 't.J 'Vl '1~ \9I l 1 lrl 'W.:l 13 

'jll ~ 4 f11':it:1.:l1m l :t~1m':i 1 1rieJ Ar ;]eJ mJ aryl unz X· fieJ halide ~1 n fieJm'tJ~l'Wl'Wl~lJ nl'iw/htl1J., ., 

1-2 

';;'1 _ I '" d<; dnrn1J VI I rowm'j1J 'j~ VI 'll ~ ! VI l'HTlJ'\j "H i! 

Q d d\'l~ Q.I Q,.f.d 9J d C\ 9J cl
fllJ ll 'j :t~ll ~'W ~'1'lnJ'Wl1l~:tll J1Jlll~ (J'W1m .:It:Y':i l.:l'U D-:Jl'lJeJ':i 11JeJ"i'W '1 m1J'Wt:Y1 ':i 

Q, 9 lc1.c:1 c:f 9J tI ci Q.I d.:::1 "l9J Q.I d 
13-arylalkylcneoxyberberine 'lJ''W <f1 \rllJ'VllJt]'VlTI \?ll'Wl CJ5~ ~lJ:tl ss t:Y1 J eJ~~ 'W TI'Vl L<f1 ~ lf1m':ilJ ':i1J 111" (J'W 

'lI 

lm.:lt:Y~I.:l '~llfi(;(\?l':i lm.:lt:Y~ I.:l (1) <f1.:lU., 

e<0 X 
o 



lrl fl Ar 1 ~ 'W 11 ~ ary l unz x ~fl halide ~l n nflW'\J~1'W1 'W l ~tJ l'Vll tl'lJ 1-2 

Q,I , d d 9J 0' d 9 Q dd til 9J I 

91 , flf.Jl ~ 'U D ~ i:l'l';j 13- arylalkyleneoxyberberine 'V1 H i:l' f1 -:j ll Yl 'D \9ll 'W l c]H'I ~ tJ ~ l H b'Wf)l51h~f1El ]'W bflllf1 

" 
i:l' l'HJ1ioW'iJ TI 6- 11 9l 1 tJ ~ \P111 m-:ji:l'r l ~ 1 ~-:ji1 

13-Benzyloxy-9.1O-d imethox y-S.6-dihydrobenzo[g] -1 ,3-benzodioxolo [S,6-a[quinolizinium bromide 

S (6) 

9,1 0-Dimcthoxy- 13-(2-naphthylmcthylene oxy)-5,6-d ihydrobenzo[g]-1,3-benzodioxolo[5 ,6-a] 

quinoliz iniu m bromide (7) 

13-(4~Fl uoroben zylox y )-9,1 O-dimethoxy-S ,6-d ihydrobenzo[g]- 1,3-benzodioxo lo[S,6-a[quinolizinium 

bromide (8) 

10 13-(4-Trifluoromethylbenzyloxy)-9,1 O-dimethoxy-S ,6-dihydrobenzo[g]-1,3 -benzodioxolo[5 ,6-a] 

quinolizinium bromide (9) 

9,1 0-Dimethoxy-13-(4-me thylbenzyloxy)-S,6-dihydrobenzo[g]-1,3-benzodioxol o[S,6-a] 

quinolizinium bromide (10) 

9, 1O-Dimethox y- 13-(4-meth ylphencthy loxy)-S,6-dihydrobenzo[g]- 1,3-benzodioxolo[S,6-a ] 

IS quinolizinium bromide (I I ) 

acetonyldihydroberberine (3) 1<fleJf)1 5 Y111JB m tl l';j ~ 111 1-:j berberine tl 'lJ acetone l l ~ ~r:1'l';j ~~ml'J 

sodium hydroxide 9l1tJi~~ lfw ihll'J~1'W 11 (Park, K. D. et al. , Bioorganic & Medicinal 

20 ChemistryLetters 162006; 16: 3913-3916. ) 1P11 fl~1-:jlGJi'W m ';j 3 mm';jm911l'JtJ1~1<fll'JH' SN NaO H 

ur:J~f11'W~ml.rM.fl:U ~€J~ 1 'ILtJ, l l ~ l'Wf)l';j1J ';j~~El ~ifl~ r:1' l';j~ ~ml'J 30% NaOH lW~ reflu x ~ 
q 'U dOl 

" 
f,]Wl1iJ:U 80 DC l~'Wl1 m 30 'W 1Vi 'llf1I!'Wt'h 3 11JY111JBfl ~l'Jl oxidation tllJm';j~~ml'J potassium 

permanganate \Pll tJ~1l'J deprotonat ion 'lJeJ~m ';j 4 ~ 1 l'J r:1' 1';j ~ ~ m l'J sodium hydroxide lrrl~'W 

m ';j1J ';j ~f1fl'lJ phenol beta ine 5ll h'f ~ Y111J B fl~tl l ~ eJ tl'lJ alkylating agent (RX) (Naruto, S, et al., 

25 Chemical Pharmaceutical Bulletin, 1975 ; 23: 1271.; Iwa sa , K, et al ., Plan ta Medica, 1998; 64: 748 ­

75 1.) 1rrm ';j N~ \?1.tl wq{~ iJf)l mYl'W~ ~lJtJ'Vl~ arylalkyleneoxy ~~lll'Vlt1~ 13 'UeJ~l'lJtl {1'lJtl~'W 911tJ~ 91';j 

l m ~r:1' ~l ~ 1 

30 
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1
1) KMn04, acetone 

2) HCI, MeOH 

<
0 o 

NaOH 
0 ~ 

OCH3
 

OCH3

5 

Ar(CH 2)nX 

4 

0 

<0 

OCH3 

OCH 3 
1 

1-2 

III I III rI 

\9l1tlCJ1\l fll':ibl'\lL1'lj l~11 bl'l )" 13-arylalkyleneoxyberberine 

IV QI,ci rI 

fl1eJf.J N 'YI 1. fll ':ibl'\lL1'ljl~l1 bl'l':i 13-Benzyloxy-9, 1O-dimethoxy-S ,6-dih ydrobenzo[g]-1,3­

benzodioxolo[S,6-a]quinolizinium bromide (6) 

'fl~mtJbl'l)" berberi ne hydrochloride (5 g, 14.70 mmol) l'W ace tone 200 mL L~lJ 30% sodium 

hydroxide 100 mL reflux ~~um .fJ iJ 80 DC L~'Wnm 30 'Wl'Vl ':i~m(Jl'll'v'\ l'fl ~mtltltlf) t'Vlbl' l':i'fl~mtl 
et -:: d 1Jl 9J d C1 .=i 0 1Jl 0 3J 91 1Jl 91

'Vl\l l1dJ~C1\lh!'Wl~jbl'lJ'W1 L I'U,,] (l L) L~'Utl\lU'U\lml1(1tl"]mtl"] um:;'Wl LD'Vll111Ul1\l L~ 

8-acetony ldihydroberberine (3) (4.2 g, 72%) 

(I ~m(J bl'l':i 3 (0.8 g, 2.02 mmol) 1'W acetone SO mL fl1 'jJfldJtl Wl1fliJ 'Utl\lbl'l':i'fl~mtl~ - 20 DC 
q q "J 

~ . 
L~mf1':i'fl~mtl KMn0 4 (370 rng L'W'Wl 33 mL) U 'fl ~m~ Vi ~W l1 .fJ iJ - 20 DC t~ 'Wnm 4 '!fdJ . mtl\l 

"'1191 0 1It~ 1 91 <9 <l "'iii v 91 iii 91 
ftl)(I~mtl'Vl ~ U'fl~'WlllJ )~mtl'iJ'WUl1\l \9lflv.J(lf)'Utl\lU'U\l'Vl L~~1(J dich loromethane U 'fl ~ methanol L~ 

<lcl '" '<l91 9191 
'Utl\lU'U\lb1'tl1 (1 tl\leHl'W mtl\l 'fl~mtJ'Utl\lU'U\l~1t1methanol (lS mL) U(I~ m~ hydrochloric l'UdJ'U'W 0.75 

o 1Jl ,.. I ..d ~ 0 d ~ Gj 9J d .::d ~ jJ lfJ 9J & 

mL 'W1 LlJ reflu x ~1e;JWl1.fJlJ 60 C LlIunm 12 '!flJ. 'Vl\lbl'l)~ ~m(J Ll1W'W'fl\l~1e;JWl1.fJlJl1tl\l L~~mf)~D 

<l cl '" 
L'UdJml1~tl\l'Utl\lbl'l)4 (0.3 g, 42%) 
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2 

v d v0 

'Hhll 'Vl 6 'lJe)~1l1hl d hi 8 'Hhil 

c ~ Q..I Q..I 9J " 
'U l bn'J 4 (20 rng) :lJ 1 L~ :lJ ~l'Hl~m ll ~ l'Hl~m ll 5% NaO H (10 mL) 'D l fl '\.! 'U~fl<f1 <f1 11l CH2C1

~ " 
(3 x 10 mL ) '.i 1lJ 'l1'LJ CH ~l ~~l m.h !l (;1::: l~ lJ anh. Na S0 4 fl'H)~ 'lh~ l'.ib'l:::me/l1J'.i~l <YW'iJ'Ull1X.:'l

2Clz 2


«I <:Jet '"
d ""l 'lJ 'J} 'I 'J}
~ n ~ "fl 'tl tl~ll'U .:'l 'Vl .<f1 <f1 1 11 MeOH <f1 'U tl .:'l ll 'U ·n m ·l b'l tJ.:'l 'U m bl'l'J 5 (15 mg, 75% ) 

b'l~ bll ll b'lT;j 5 (I mmol) l wacetonitrile 3 mL l~ :lJ benzyl ch lori de (IO rnmol) ll"~ sodium 

bromide (10 mmol) l ,rfl l l :lJ !tJ 'U~~ tlJ 'Yl fJ iJ 60 °C flllll J1iJ'.i'.illlfll'ft''UtJ.:'l N2 (g) !.~'LHlm 4-6 ill:lJ.:'l 

" ' " 'iJlfl t!'U'.i~l'Yltl~"l'Yh ,, ~ mtltJtlfl lWflb'l'l 'Jvjn\9lJltlJ~~ 1~1 'l-riJ~ bl' 'Vl ~ <J{l m'Vl fl t1f1 co lumn chromatography 

(Si0 2, 3-5% McOH/C I'I2Cl) 1 ,r~ 1'.i 13-Benzyloxy-9 ,10-dimethoxy-5,6-dihydro benzo[g]- 1,3­

benzodioxolo[5 ,6-a ]quinoli zinium bro mide 29 % IH NMR (30 0 MHz, CDC1) 6: 10.39 (5, IH), 

7 .95 (s, 1H), 7 .92 (d, J = 9.3 Hz, 1H), 7.79 (d, J = 9.3 Hz , 1H), 7.34-7.37 (rn , 3H), 7 .27-7 .30 (m, 

2H), 6.83 (s, IH), 6 .09 (s, 2H ), 5.24 (t, J = 6.0 Hz, 2H), 4.89 (s , 2H), 4 .35 (s, 3H), 4 .07 (s, 3H), 3.26 

(t, J = 6.0 Hz, 2H) (Samosorn, S . et al., B ioorganic & Medicinal Chemistry, 2009; 17: 386 6-3872.) 

. 
v ' CI cv ~ 

Y1'Jl:lrJN'tl 2. fll 'j b'l' .:'l l fl '.i l ~ 'Yl bl'l 'J 9, 10-Dimethoxy-13-(2-naphthylmethyleneoxy )-5,6­

dihydrobenzo[g]- l ,3-benzodioxolo[5,6-a ]quinoliziniumbromide (7) 

li'lTIfll'.inh~l ~1I1fliJ~'ltJ~1 .:'l ~ 1. lll'1H 2-na phthy lme thyl bromide (3 mmol) unu ben zyl 

chloride Ub'l ::: sodium bromide ll~bl'l '.i r' I i1\9l JltlJCl'l 9 ,10-Dime thoxy-13-(2-naphthy lme thy leneoxy)-5 ,6­

dihydrobenzo[g]-1,3 -benzodioxolo[5,6-a ]quinoliziniumbrom ide 34 % IH NMR (500 MHz, 

CDCl / CDP D) 0: 10.11 (s, 1H), 8.00 (d, J = 9.5 Hz, IH), 7.92 (s , 1H), 7.80-7.88 (m, 3H) , 7.8 1 (d, J 

= 9.5 Hz, 1H), 7.72 (s, IH) , 7 .48--7.58 (rn, 2H), 7 .36 (d, J = 8.5 Hz, I H), 6.72 (s, 1H), 6.02 (s, 2H) , 

6.00 (s , 2H), 5.08 (t, J = 5.5 Hz, 2H), 4 .32 (s, 3H), 4.07 (s, 3H), 3. 17 (t, J = 5.5 Hz, 2H ) (Samosorn, 

S. et al., Bioorganic & Medicinal Chemistry, 2009; 17: 3866-3872.) 

v ' CI Q..I ~ 

Y11l:) rJN 'tl 3 . fll'.ib'l'.:'llfl'.i l ~libl'l'.i 13-(4-Fluorobenzy loxy)-9,l 0-d imethoxy-5,6­

dih ydrobenzo[g]- l ,3-benzodioxolo[5,6-a ]quinolizinium bromide (8) 

li'11ifll'.iliw~1I1niJ~·:ltJU1~~ 1. HI'1Li' 4-fluorobenzyl bromide (3 mrnol) ll'VltJ benzyl 

\'1 ~ ~ Q..I ~ 
chl oride l W::: so dium bromide ~bl'l'.i vHWll"lru CVl 13-(4-Fluorobenzyloxy)-9,10-dimethoxy-5,6 ­

dihydrobenzo[g]- l ,3-benzodioxolo[5,6-a]quinolizinium brom ide 60% 'H NMR (500 MHz , CD Cl) 

0: 10.16 (s, IH) , 7.90 (d,J= 9 Hz, IH ), 7.89 (s, 1H) , 7.80 (d,J= 9 Hz, IH), 7.25-7.32 (m, 2H), 7.01­

7.06, m, 2H), 6.85 (s, IH), 6.10 (s, 2H) , 5.12 (t, J = 6 Hz, 2H), 4.89 (5, 2H), 4.33 (s, 3H ), 4.08 (s, 

3H), 3.28 (t, J = 6 Hz, 2H) 

. 
V f.c! Q..I ~ 

Y11l:)rJN 'YI 4 . fll'.ib'l' .:'llfl'.i l ~'YYbl'l'.i 13-(4-Trifluoromethylbenzyloxy)-9, 10-dimethoxy-5 ,6­

dihydrobenz o [g]- l ,3-b enzodioxolo[5,6-a ]quinolizinium bro mide (9) 
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1~lli fl1 'j L 'lhH~ ~l fl'IJ 1'11 tJ V 1 -1 ~ I. Ll~ 1 .ff 4-trifluoromcthylbe nzyl bromide Ll'Yl'W 

4- tr ifluoromethy lbenzyl bromide (3 mrnol) U'Yl 'W ben zyl chloride lW ~ sodium bromide 1~~1':i 

13-(4-Trifluorometh Ibc nzyl oxy)-9 ,10-dimethoxy-5 ,6-dihydrobenzo[g ]-1 ,3-bcn zodioxolo [5,6-a] 

qu inolizinium br mide 44% IH NMR (500 MHz,CDCI/ CDP D) 0: 10.27 (s, 1H), 7 .87 (d, J = 9.0 

Hz, I H) , 7.82 (5. IH). 7.76 (d, J = 9.0 Hz, IH) , 7.6 1 (d, J = 7.8 Hz, I H), 7.45 (d , J = 7.8 Hz, I H) , 

6.79 (s, IH) , 6.04 (s, 2H ), 5.15 (br t, 2H) , 4 .34 (s, 3H), 4.05 (s, 3H ) , 3 .29 (br t, 2H) 

, 
QJ ' C:I rIQ.I 

vr .m I'JN 'YI 5. fl1 '.i bY,HfI)l~'l1m':i 9 ,1O-Dimethoxy-13-(4-methylbenzyloxy)-5,6­

dihydrobenzo [g]-1,3 -benzodioxo lo[5,6-a ]quinolizin ium bromide (10) 

Hf11jfl1'.i I'l.i'Wl ~(nfl'IJ1'11 eJcil-:j'~ 1. IlI'1 Hf 4-methylbenzyl bromide (3 m mol) 11'Yl 'W benzyl chloride 

Ll&'l ~ sodium bromide l ~ m':iV1~\9lJltw~ 9,10-Dimethoxy-13-(4-methylbenzyloxy)-5,6­

dih ycirobcnzo[g]-1,3-benzodioxolo[5,6-a]quinolizinium bromide 58 % I H NMR (300 MHz, 

CD CI) 0: 9. 8 ~ , (s, IH), 7.90 (d, J = 9.0 Hz, IH), 7.85 (s, IH), 7 .76 (d , J= 9.0 Hz, IH), 7.13 (s, 4H), 

6,18 (s, 1H), 6.02 (s, 2H ), 4. 91 (br s, 2H ), 4.7 9 (s, 1H), 4.1 8 (s, 3H), 4.00 (s, 3H ) , 3.10 (br s, 2H), 

2.26 (s, 3H) 

, 
v , .c:t Q.I rI 

Yl1eH11.:J 'YI 6 . fll':ibY .:Jlfl'.il ~'l1m '.i 9, I0-Dimethoxy-13 -(4-methylphen ethyloxy )-5,6-dihydrob enzo[g]­

I ,3-benzodioxolo[5 ,6-a ]quinoliz inium bromide (11) 

1~1TIfl1':i I 'li'WI ~(nfl'IJ 1'11eJcil-:j~ 1. UI'1 H 4-methylbenzyl bromide (3 mmol ) Ll'Yl'W benzyl chloride 

~l ~ ~ Q.J rI 
ll &'l~ sodium bromide ~bi1) V1&'l\9lfltw C\1 9, I0-Dimethoxy-13-(4-methylphene thyloxy)-5,6­

I
dihydrobenzo[g]-I ,3-benzodioxo lo [5,6-a ]quinolizinium bromide 50 % H NMR (300 MHz, 

CD CI/ CDP D) 8: 9.72 (s, I H), 7.74 (s, IH), 7.6 1 (d, J = 9.3 Hz, IH), 7.51 (d, J= 9 .3 Hz , IH), 7 .03 

(d, J = 9.0 Hz, 2H), 7.00 (d , J = 9.0 Hz, 2H ), 6.76 (s, IH), 5.98 (s , 2H ), 4.85 (r, J = 5.7 Hz, 2H), 

4.12 (s, 3H) , 3.94 (s, 3H), 3.90-4.10 (m, 2H) , 3. 10 (t,J= 5.7 Hz, 2H), 2.97 (t, J = 6.5 Hz, 2H ) 

~d cf'1J r:I d d ~ cv rI oQo

l 1i fl1 '.i ~1 ~ ~f) 'IJ Q111i \911 'W I Clf fHl:lJ~ I '.i ~ 1 1 &'l ~m1 :lJ11J 'W 'W loJ f1 'IJIClf 'i,l &'l iJ f1 \9l 

e:t'jJ rI d ,, 1 d
tl'YlMl1'WIClf&'l&'l:lJ~I '.i-:jlJ eJ~ (NCr-H1 87 Sm all cell lun g cancer) :lJ ~I':i -:j'lieJ-:jiJ 1f1 (KB-Ora1 

d sJ 0 9.J <:::\d 

cavity cancer) l l&l ~ :lJ ~1':i~ 1 \9l1'W:lJ (rvICF7-Breast cancer) 'Yl1fl1':i'Yl~~eJ'IJ'fllCJ1 'fi Resazurin 

M icroplate Assay (REMA) (Brien, 1. O. e t al., European Journal of Biochemistry, 2000; 267: 5421­

'5426.) V1 &'lfl1'j'Yl 'flbYeJ'lJllbY'fl~ 1'W \9l1'j1 ~ ~ 1 

m 1 :lJ l lJ m~ Idfl'IJ IClf&'l ~1Jf1 ~1'fl (Ji ~I Clf &'l~ \9l ~ 'l l lJ 'Wl Clf'i,l ~'Yl 'fl1:'ff) 'IJ (Vero cells : African green 

'JI "'''' monkey kidney) 'Yl'fl 1,'Hl'IJ'fl lCJTfi Green Fluores cent Protein (GFP) Detection (Hunt, L. et al., 

Biotechn ology and Bioengineering, 1999; 65: 201-205 .) V1&'lfl1'j'Yl ~ 1:'feJ'lJ Il1:'f'fl -1 1'W\9l1 'j1-:j ~ 1 



, ! 3J 
T 9i j} d. 'l ').I at r II iJ 9J 9J c!.. OJ Q.I 

fllml:IJI'U:IJ'U ~l\r 'l ,,! 'fI 'lJ tJ'H"WYl 'lfVl'fl ,&,H)'U fleJ 50 ug/ml. 'fll rc; 'fI'iJ l flfl'Jl :IJ I'U :IJ 'lJ tJ'll b1'l :IJ l'HHJ'U tJ ,;J 

mn 'il1 UJ 'lJ eJ 'l19H'ltl~:IJl fl fl 11 H 1 V rvhtl'U 50% lriellVi EJ'Utlm Yf1l1:tfld 'U fl:IJ 
~ q 

Q.J 0' q. QJ QQ cj rI 4 ~ Q.f I I 

Selectivity Index 'U tJ'lb1'l1V'1f YfUTI 13-lD1&1eJ&1flmWeJfl"lH'U rnl'U tJ1'U 6-11 fltltl'fl'jlb'l'l 'W 'fll 

rc; 'U tl'l b'l' l'j'U ~ bl Yl t~ ~ ml:IJ l 1Jm~ '\;Jtl'Ul9imhJflA ~ eJ ~l rc, 'Utl'lb1'l'j'U~,,!'llfI911 1~tJ 'Jtl'W ~ ~t1'Vlf~1'W 

5 19i n ~:IJ :t I~ '1 ~'l ~ l SI t 'liirh 1Jlfl H:IJlEJ ~,;Jb1'l 'j GJn1~nr'Wt'l~ml :IJm1AIl :tI~1 :t~'l'! 'Ufll <HJ eJ flt1'Vli~ eJ 
rI cl ..::to \lJ r Q.I " 

19i" &1:IJ :t I'j'l "lf 'U 'fI 'U 'U:IJl fll 'lf l-.l l ~HJ1 f1'U (Badisa, R. B. et al., Anticancer Research, 2009 ; 29: 2993-29 96.) 

d t 0' ~ 

'fIl'jl 'l'll I Ub'I' 'fi'l'fll rc, (ug/ml.) U'i:'l :t Selectivity Index (ST) 'U tl'l l'U eJ 'j I'U tlJ'U 11(l:tb1'l'j 

tl~p~'Wli 13 -l tl~m)'i:'l ~~ 'Wm:lfl ~I'Utl {I'U tl~ 'U 6-11 1'U fll 'j tl tl fl t1 'Vl f~1 'Wl 9i "~:IJ :t I~ '1 'lJ tl 'fi (NCI-HI87 

cl I " I cl 9.J
10 Small cell lung cancer) :IJ :tIH"IfeJ'I1Jlfl (KE -Oral cavity cancer) :IJ:tI'j'lI'fl l'U:IJ (MCF7-Breast 

~I " .., d o I '" '1 9 v ~I cancer) Im:tfll l:IJI1J 'U'l'I1J f)'UI9ii;Hl1Jfl'fl (Vero cells) t'fiEJ t'lf Ellipti cine lm :t Doxorubicine 11J'U 

positive control 

b1'l'j'lJ 'j:tflnu 

NCI-H187 

ICso (ug/ml.) 

KB-Oral MCF7­ Vero 

Selectivity Index 

NCI-H 187 KB-Oral MCF7­

Small cell cavity Breast cells Small cell cavity Breast 

lung cancer cancer cancer lung cancer cancer cancer 

Berberine 0.164 1.630 37.900 >50 > 304.8 > 30.7 > 1.3 

6 0.366 3.660 2.030 16.35 44.6 4.5 8.1 

7 0.011 1.910 8.460 >50 > 4545 .5 >26.2 < 5.9 

8 0.018 0.410 3.710 >50 > 2777 .8 >122.0 >13.5 

9 0.285 0.445 7.370 23.53 82.6 53.4 3.2 

10 0.022 0.520 0.005 >50 > 2272. 7 >96.2 > 10,000.0 

11 

EIIipticine 

Doxorubicine 

0.343 

0.684 

0.035 

4.770 

0.44 8 

0.249 

1.965 

>50 

0.573 

11.79 

0.829 

-

34.4 
, 
I 1.21 

I -
I 

2.5 

1.9 

-

6.0 

<0.02 

-

30 



'U't1a l'l.lfll~'I.h~~y ~ 

tll 'J'lln ~rJ1tflMtJ J.fJtJ ~ fhJ TI l 'Jmp~\,J11' 13-leJ ~ [15rl fl ~'lHJeJ tlqfl'lHJ{Iu eJ ~u ~ 11 TII'l ~ t]11 t~1\1 

:IJ :i: l~ ~ 1 1'l t'J'V1 1tll 'Jl:1'l lm l ::;l,,1J 11J l1J ~ eJ'u 1m 'lTIf N'\JeNTIn~'l ~uru eJ {ltJ n~'lHli eJ '1t1'iJt]l1t~l'W 
tI d ... I d I .. I d 'j/ , QI rI ~ Q.I ~d d 0' 

lCJiCl(l:lJ ~ IH lJeJ l'l 1J::; I'J'l 'b'tJ'l u l tl 11 (l ~ :lJ~!'Hl~l1 'W:IJ ~tJl1 rl'l'JtJ '4 'VnHi 13-1eJ'i(ltJMH1lJtJeJtlCJillleJ'i 

Q. QI d ,., I -e, ~ I d <:::::l. 9 c{ ' :J} if d .... 1 d ,
5 ltJm'U lIl 'l19l1 1JlJ 'J ~m1 1i il1 ~ bJ 'lm l1tJ eJ'i l'lJeJ'J 'W ~ 'W tll'J eJ tJ tl t] l1 'li19l 1 'W1CJirl rl :lJ~I'J 'llJ eJ l'l U(l:i: :IJ~I'J 'l'b'eJ 'l 

1J1f1 -IT l'l11'lJtj l1i~lW CJf (l ~:lJ :i: l~ 'll~l 'l.j:IJ TI l'HJ 'l{rlU TI 13-teJ ~ [15Cl f1~ 'W eJ eJ tlqflu eJ f Iu tJ~ 'W 'VJ tl l'1') iJ 

'l.h ~iYl1 TIfI1 VH'f'l tl l 1 1'lJ eJ 11tJ tJ!'U 4 -7580 1'V1 1 U(l~TI\lfdlen~l'U1J~I~'l doxorub ieine 1I'l CJ m~1::; 
~ ~ 

""I od r r cv .J &,., I ~ .d v 
TIl'JlJ 'J ~ f1 eJ tJ 10 1JfIl selectivity index imnu 10,000 CJi'l'l11Jlt'Jtl'l lJ 'J1JlW'IHl'l rl'l 'J 10 WCl'11Jl 'Jtl I9l1'W 

0. Q.J .: & Q,I cl 'J} ~ ~ r" c::' 'jJ <:::.\ Q.I 

l Cll(l~ :lJ ~I~ 'l 1~l'W 1J Ll~iJ fil~ l1Jl f1l rl8l'Vi uu rl'lJ1J ~:lJlW 'U eJ'l b1'1'J 10 ~iJ YW 'V1 1 'lt1'1 f1l'lm l :lJ l~ 'W Vi f:J l91 eJi "Jj (l~ 

10 lI tl l'l 1'l'l'W'W [l'l 'J 10 1J 'l 'ilI'l I 1J 'Ub1' n I9l 1 'W :lJ ~ I'J \l l1 l'R ~ 1~ 1 'iJl~1J'l l'l tJ1CJi(l rl :lJ~I'J 'l 1 19l1'W :lJ U (l ~:lJm l :lJ1Jrl tJ l'l flCJ 

b1' '1 191 'EllCJii'l ~1J tl ~ 
-u 



~ ~ 0 <lJ 
l1'Ul 'l'l 'UeJ 'l 'iJ l 'Ul'U I "t1 'Ul 

cv ~ Q	 4 

'U8tl8t1''YI1i 

1. m) tJ l-p~'WTI'\J tJ ~ 1 'lJtJ {I 'UtJ ~ 'U ~1 I'l'm fl f11 nH\Jl1j~ c.J'W lm,n,( ~l~ 1I'l'llfl ~\9I 'J 1m 'Hl' ~ 1~ (1) 

e x 
5 

.	 . . 
Lile Ar Amnj L 'U'\. J eJf~ Yi ihnj mfltrVi X· AtJ Wll ~r1 ~mH){um1 'fl u e~ ~ mn.l LtJtJ tJ'W 'Vl~ tJ tJtJ{Ufl 

'U 'U 

il'fl UtJ~ ~ lltll-.l 1 tJtJeJ 'W l L C1 ~ n L~ W~'lJ~1'W1'Wb ~:lJlJ~1l'l'hf1'lJ 1-2 

10 2, fll'J i tbl'11 tJ 1.p~'WTI'lJ tJ~L'lJeJ{L 'lJeJ~'W \9Il:JJ ~eJil eJ1:~'VlTI~ 1 1'W t ll 'lJeJ~Lfl ileJL eJ 1~ r1 Lfl ileJ'lJeJ~ 

13-(4-Fluorobenzyloxy)-9,10-dim cthoxy-5,6-dihydrobenzo[g]-1,3-benzodioxolo [5,6-a]quino lizinium 

brom ide (8) 

lS	 13-(4-Trifluoromcth ylbenzyloxy)-9,10-d imet hoxy -S,6-d ihydrobenzo [g]-1 ,3-benzo dioxolo[S,6-a] 

quinoJizini um bromide (9) 

9,10-Dimethoxy-13-(4-m eth ylb enzyJoxy)-S,6-dihydrobenzo[g]- 1,3-benzodioxolo[S,6-a] 

quino iizmium bromide (10) 

9,10-Dimethox y-13-(4-methyJph eneth ylo xy)-S,6-dihyd robenzo[g]-1,3-ben zodioxoJo[S ,6-a] 

20	 quinoliziniurn bromide (11) 

4 . fll 1"1:JIbl' 11m{y~''W1r'lJ tJ ~ l 'lJ eJ{ L'lJtJj 'W \9l 1 :lJ~tJ~eJ il 'Vl1j~ 1-3 ~1:lJ fhJ m 1 t 'W~ n tl 'Vli~\w 

S. fll 11~m 'J eJ'W vj'W TI'lJ eJ~ L1JeJ{L1JeJj'W \9I l:lJ<fi'tJ~eJil'Vl1j'Yl 4 h :lJf1'Uf111 'Q l tJ i'~ iHm:Jl, 

6. fll 11~bl' l'Jm~'W'J TI'lJeJ~l'UtJ{ l 'U tJj'W \9I l:lJ~tJileJil'Vl1j~ 1-3 L~'W b'1'1 1 tJtJfltl'Vli"1mY1'WN bl' :lJ 

.Q, CI.I	 d 9J d 

2S	 'lJ tJ~(Jl N~ \9I flruCVl ll~ ~ bl' 11\911'W:lJ~ lH 

7. f11 'J l ~ bl'l 'J eJ ~ yj'W TI'\J eJ~L 'U eJ {L 'U eJ j'W \9I l:lJ ~tJ ~eJil 'VlTI ~ 4 ll~~ 6 1 'W~ 1l 'lJeJ ~ 11l 1 -~i'fl ~1l 
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'JJ ~ 0 <jJ

'ln H Yl I "JeN IlTW1 'W 3 'YI'W l 

e 
CI 

Berberine 

o
 
<o
 

e 
x 

OH2C 

0 2
Nl)X)

I ~ ~ /; 
~	 N 

H 

~CH20 ~: 2 6~0 HN20 
. NC-o-CH20 , ~ , I ,; , I ~6

~ I.d	 1 v d d A d. .:::s. IG.I 

tlJ~~ 3 m"lf:1'~l"l'UfJ"l~l'HnJWWii '\J tJ"lb'jJmb1JtJ~'W 'Vl:lJ'Y1J,j piperidinopropyl, indolyl, 

arylmethyleneoxy U fj ~ heteroarylmethyleneoxy H'Vl 'W rl Vi ~ l HmJ"l 13 



1-2 

')) ~ ., ~ 

m rm 2 ~H) ~ 1ll1rJ'W 3 'Yf'Wl 

2 

OC H3 

CH3COCH3/NaOH 

1) KlVln04, acetone 

j 2) HCI, MeOH 

NaOH I +<0JCO CI-o ~ N 
OCH3 I " OCH'0 HO ~ 3 

~ IOC H3 ~ 4 OCH 35 

1 Ar(CH2)nX 

1 

<0 

0 

0 

< 
0 

0 
OCH3 

Ar) )n OCH 3 



9.J ~ 0 9.J 
1i'IHVl 3 'U D1'\l1'W Til 3 'rl'W1 

13-Benzyloxy-9,1O-dimeth oxy-5,6-dihydrobenzo[g] ­

l ,3-benzodioxo lo[5,6-a]quinolizinium bromide (6) 

a e 
<a 

Br 

aCH3 

V a
 
F h­ OCH3 

13-(4-Fluorobenzyloxy)-9,1O-dime thoxy-5,6­

dihydrobenzo[g]-1, 3-benzodioxolo[5,6-a] 

quinolizinium bromide (8) 

<0 Br
8 

a 

a CH3 

V O 
H C h­

3 OCH3 

9,1O-Dimethoxy-l 3-(4-methy lbenzy loxy)-5,6­

dihydrobenzo[g]-1, 3-benzod ioxolo[5,6-a] 

quinolizinium bromide (10) 

9,1 O-Dimc thoxy-13 -(2 -na phthylrnethylc ncoxy)-5,6­

dihydrob enzo[g]-1 ,3-benzod ioxo lo[5,6-a] 

quinolizinium bromide (7) 

e 
< 

a 
Br 

° 
aCH 3 

V a 
F

3
C h- OCH3 

13-(4-Trifluoromethylb enzy loxy)-9, 1O-dimethox y ­

5,6-dihydrobenzo[g] -1 ,3-benzodioxolo[5,6-a] 

quinolizinium bro mide (9) 

CH3 

9 ,lO-Dimet hoxy-13-(4-methylphenethyloxy)-5,6­

dihydrobenzo[g]-l ,3-benzod ioxolo[5 ,6-a] 

quinol izinium brom ide (11) 
























