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The iminium i o n  alkanolamine e q u i l i b r i u m  p o s i t i o n  has been determined i n  var ious  

e thano l -bu f fe r  mix tures  f o r  a  number o f  b i o l o g i c a l l y - a c t i v e  benzophenanthridinium 

sa l t s .  Iminium i o n  concent ra t ion  o f  an t i tumor  a c t i v e  compounds i s  90% o r  h igher  i n  

50% EtOH-buffer b u t  much lower (usua l l y  10% o r  l e s s )  f o r  most an t i tumor  i n a c t i v e  

compounds. 

N i t i d i n e  (i) and fagaronine (i) e x h i b i t  good ant i tumor  a c t i v i t y  i n  P388 and L1210 mouse leukemia 

i n  v i v o  w h i l e  sanguinar ine (2)  and c h e l e r y t h r i n e  ( x )  are  i n a c t i v e  i n  these screens. -- 
4 9 and ,l& are, however, h i g h l y  c y t o t o x i c  (Kt3 *n screen) and e x h i b i t  o the r  b i o l o g i c a l  ac- "" 

t i v i t i e s  as w e l l .  The a c t i v i t y  dichotomy among these compounds extends t o  o the r  areas: a n t i -  

5  fungal a c t i ~ i t y , ~  NaK-ATPase i n h i b i t i o n  and a n t i t u b u l i n  e f f e c t .  A  genera l ized summary i s  g iven 

i n  Table 1. The b i o l o g i c a l  a c t i v i t y  shown by thesecompoundsprobably i nvo l ves  the  iminium s i t e  

and hence we have es tab l ished the  p o s i t i o n  of e q u i l i b r i u m  (1 )  f o r  a  number of benzophenanthr id i -  

nium s a l t s  (Table 2 ) .  

Table 1. Dichotomy o f  B i o l o g i c a l  A c t i v i t i e s  Among Some Benzophenanthridinium Sa l ts .  

A n t i  tumor An t im i c rob ia l  NaK-ATPase A n t i t u b u l i n  
S t ruc tu re  Type A c t i v i t y a  C y t o t o x i c i t y  A c t i v i t y C  i n h i b i t i o n d  Assemblye 

~ i t i d i n e - ~ a g a r o n i n e ~  good 1  ow 1  ow 1  ow i n a c t i v e  
Q-2) 

Sanguinarine-Chelerythrine none h igh  h i gh  very h i gh  a c t i v e  
(2-J"y 

a ~ e f s .  2,3. b ~ e f .  4 and p r i v a t e  communication (Nat iona l  Cancer I n s t i t u t e ) .  'Ref. 3. d ~ e f .  5. 

eThis work. f ~ o t  a l l  of t he  l i s t e d  a c t i v i t i e s  have been determined f o r  a l l  compounds o f  each type. 



Table 2. BenzoCclphenanthridinium Sa l t s  and Iminium Ion  Concentrations 

Rg H 

% Imin ion ion  a t  pH 7  I n  

50% EtOH 25% EtOH Buffer Only 

1  R, = R2 = 0CH20; R,, = R 5  = 0CH3; R3 = R, = H 97 94 89 

Rl = OH; R2 = R, = R j  = OCH,; R 3  = R 6  = H 9~~ 97a 8ga 

3 R, = R 2  = Rq = R 5  = OCH,; Rj  = Rq = H 96 92 89 

4  R1 = Rp = R j  = 0CH3; R 3  = Rq = R 6  = H 97 97 88 

5  R, = R q  = R, = 0CH3; R2 = Ogr; R3 = R, = H 
?r 

90 89 b 

a~easurements a t  pH 6 .  b ~ o t  completely soluble.  

The r e s u l t s  of Table 2 are s t r i k i n g  and present a  chemical p roper ty  c o r r e l a t i o n  t o  match the 

b i o l o g i c a l  a c t i v i t i e s  of Table 1. Compounds i-: are  a l l  a c t i v e  inhin mouse leukemia screens 

and a l l  e x h i b i t  h igh  iminium i o n  concent ra t ion  i n  pure b u f f e r  and EtOH/buffer mixtures.  Compounds 

2-2, which a re  a l l  i n a c t i v e  i n  &n screens, have very low iminium ion  concentrat ions i n  50% 

EtOH so lu t i ons  and lowered concentrat ions i n  25% EtOH. 6 

A comparison o f  $. and i w i t h  the o ther  compounds i s  i n s t r u c t i v e .  Compound i has no subst i tuents  

on r i n g  D and i s  in termedia te  i n  iminium i o n  concent ra t ion  i n  50% EtOH. P lac ing a  subs t i t uen t  a t  

Rs (k-: )  increases iminium i o n  concent ra t ion  wh i le  p lac ing  a  subs t i t uen t  a t  R3 (2 - i i )  decreases 

t h a t  s i de  o f  the equ i l i b r i um.  Compound $. i s  anomalous i n  t h a t  i t  i s  i n a c t i v e  i n  the  hn 
a n t i t u m r  screens even though i t  i s  91% i n  the iminium i o n  f o n .  Thus, t h i s  i s  a  necessary bu t  

n o t  s u f f i c i e n t  cond i t i on  f o r  ant i tumor  a c t i v i t y .  
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Why should an a l koxysubs t i t uen t  a t  R 3  have such a  profound e f f e c t  on the  p o s i t i o n  of e q u i l i b r i u m  

( I ) ?  Models i n d i c a t e  t h a t  t he re  i s  s t r a i n  r e l i e f  on going from 11 t o  I s ince  t he  N-Me group 

o f  I 1  i n t e r a c t s  s t r ong l y  w i t h  t he  H o f  r i n g  A  i n  the  p lanar  I 1  molecule. As p o l a r i t y  of  the  

so l ven t  i s  decreased ( i n  going f rom pure b u f f e r  t o  50% EtOH), the  e q u i l i b r i u m  should be s h i f t e d  

towards I. Thus, compounds i - k  must possess some mechanism f o r  s t a b i l i z i n g  I 1  r e l a t i v e  t o  I 

which i s  no t  a v a i l a b l e  t o  2-u. Resonance i n t e r a c t i o n  o f  the  nonbonded p a i r  on an a lkoxy  sub- 

s t i t u e n t  a t  R, w i t h  t he  iminium double bond would c e r t a i n l y  a s s i s t  i n  s t a b i l i z i n g  11: 

The same resonance i n t e r a c t i o n  would be a v a i l a b l e  from the  R 3  a lkoxy ,  bu t  t h i s  would i n v o l v e  a  

somewhat l e s s  impor tan t  2 -qu ino id  resonance s t r u c t u r e :  

There i s  a l so  an impor tan t  s t e r i c  i n t e r a c t i o n  t o  consider.  An R g  subs t i t uen t  would i n t e r a c t  w i t h  

the  @-H of r i n g  C and t h i s  would d e s t a b i l i z e  s t r u c t u r e  11. I f  both  R 3  and Rb subs t i t uen t s  are  

present, the  s t e r i c  i n t e r a c t i o n  i s  enhanced by a  b u t t r e s s i n g  e f f ec t .  

If s t e r i c  s t r a i n  i n  t he  p lanar  im in ium i o n  I 1  i s  an impor tan t  f a c t o r ,  i t  was considered t h a t  a  

s u b s t i t u e n t  R6 might  i n t r oduce  f u r t h e r  i n s t a b i l i t y  by i t s  i n t e r a c t i o n  w i t h  the i n d i c a t e d  H on 

r i n g  0. An R 6  subs t i t uen t  ( l i k e  one a t  R,) would no t  have a  resonance s t a b i l i z a t i o n  e f f ec t  on 

t he  iminium ion.  We t h e r e f o r e  prepared a  new benzophenanthridinium s a l t ,  $, which indeed showed 

a  reduced l e v e l  o f  I 1  a t  e q u i l i b r i u m  when compared w i t h  i - k .  The e f f ec t  was no t  as s t r i k i n g  as 

t h a t  f o r  2-E, however. On t he  bas is  o f  comparison w i t h  1-2 ,  we would p r e d i c t  a  lowered jnn 

a c t i v i t y  f o r  $ s i nce  i t  i s  o n l y  60% i n  t he  iminium form i n  50% EtOH. (Compound 8 has no t  y e t  been 

found as a  n a t u r a l  a l k a l o i d ,  bu t  cou ld  very l i k e l y  occur n a t u r a l l y .  I t s  syn thes is  and p rope r t i es  

a re  descr ibed i n  the  Experimental. ) 

Our work c o r r e l a t e s  w i t h  t he  i n t e r e s t i n g  observa t ion7 t h a t  t he  pseudoalcoholates o f  2 and x are 

more po ten t  a n t i m i c r o b i a l s  than are  2 and themselves. Good a n t i m i c r o b i a l  a c t i v i t y ,  i n  cdn- 

t r a s t  t o  good an t i t umor  a c t i v i t y ,  must depend upon h igh  concent ra t ion  o f  the  I form, which ac ts  

as a  l i p o p h i l i c  prodrug. 
7 



EXPERIMENTAL 

Ma te r i a l s  

3 Compounds 2-;! were a v a i l a b l e  f rom prev ious  syntheses wh i l e  compounds 2-Q were from i s o l a t i o n  

 procedure^.^'^ N i t i d i n e  (i) was obta ined f rom t h e  Nat iona l  Cancer I n s t i t u t e .  9 

10 Compound & was synthesized according t o  the  f o l l o w i n g  o u t l i n e .  D e t a i l s  can be found i n  a t hes i s .  

Condensation of 2-bromo-3,4,5-trimethoxybenzoyl c h l o r i d e  w i t h  6,7-dimethoxyl-1-naphthylarnine 3 

y i e l d e d  (89%) ~~&&~~I$ip&&~Jg~$Q~. mp 183-185"; anal .  

c a l c d  f o r  C2,H,,NO6Br: C, 55.45; H, 4.55; N, 2.95 and found: C, 55.36; H, 4.85; N, 2.88. The 

bromoamide was photocyc l i zed  i n  benzeneIMe0H t o  y i e l d  (40%) & , , & ~ ~ ~ ~ a a ~ ~ -  
m j j Q ~ - ,  mp 265-267'; anal .  c a l c d  f o r  C22H21~0,: C, 66.84; H, 5.35; N, 3.54 

and found: C, 66.73; H, 5.50; N, 3.29. The amide was t r e a t e d  w i t h  POC1, t o  y i e l d  (44%) 

~ ~ & ~ ~ ~ Q ~ ~ ,  ip 233-236O; anal .  c a l c d  C2ZH20N05C1: 

C ,  63.85; H, 4.87; N, 3.38 and found: C, 63.67; H, 4.75; N, 3.39. The 6-chlorobenzaphenanthr i -  

d i ne  was hydrogenated w i t h  Raney Ni t o  y i e l d  (70%) & & & & $ & ~ ~ & ~ ~ ,  mp 230-231"; 

anal. ca l cd  f o r  C,,H,INOs: C,  69.65; H, 5.58; N, 3.69 and found: C, 69.90; H, 5.90; N, 3.51. 

The benzophenanthr id ine was methy la ted  w i t h  methyl s u l f a t e  and converted t o  t h e  c h l o r i d e  by t h e  

3 
usual  procedure t o  y i e l d  &,,&8&,$~~~~k$&!! (g), mp 158-16Z0; anal .  

calccl f o r  C2,H2~N05C1: C, 64.26; H, 5.63; N, 3.26 and found: C,  63.98; H, 5.77; N, 3.22 

E q u i l i b r i a  Measurements 

E q u i l i b r i u m  cons tan ts  f o r  e q u i l i b r i u m  I were c a l c u l a t e d  by observ ing  the  l ong  wave uv band (350- 

450 nm) f o r  each o f  the  benzophenanthr id in ium s a l t s .  There i s  no absorbance a t  t h a t  wavelength 

f o r  any o f  the  alkanolamines I and a maximum absorbance i n  each case f o r  100% imin ium i o n  I 1  i n  

pH 2 b u f f e r .  In te rmed ia te  values a re  observed f o r  pH 7 bu f f e r  and b u f f e r / a l c o h o l  m ix tu res .  

D e t a i l s  o f  the  c a l c u l a t i o n s  and ac tua l  K values ( f rom which t h e  im in ium pe r  cen ts  of Table 2 were 

ob ta ined)  a r e  i n  a thesis.'' Anomalous uv spec t ra  were ob ta ined f o r  fagaron ine  (<) a t  pH 7, prob- 

ab l y  due t o  p a r t i a l  i o n i z a t i o n  of  t h e  pheno l i c  hydrogen. Measurements of  the  e q u i l i b r i u m  cons tan ts  

f o r  fagaronine were there fo re  made a t  pH 6, where the  u v - v i s i b l e  spectrum was n o t  a f f e c t e d  by 

such i o n i z a t i o n .  

Bioassays 

A n t i t u b u l i n  t e s t s  were performed by Prof. J .  Bamburg, Department o f  Biochemistry,  as fo l lows.  

Chickembryo b r a i n  mic ro tubu les ,  cyc led  two t imes by disassembly i n  c o l d  (1-2-C) and reassembly a t  

3 7 T ,  were disassembled, p e l l e t a b l e  ma te r i a l  removed by cen t r i f uga t i on ,  and 4 a l i q u o t 8  (0.5 mg/ml) 

p laced i n  g lass  cuvet tes  a t  4'C. Appropr ia te  amounts of  drug were added and a f t e r  0-20 minutes, 

the  cuvet tes  were p laced i n  a mu l t i channe l  Beckman reco rd i ng  spectrophotometer equipped w i t h  a con- 

s t a n t  temperature cuve t t e  chamber (37OC) and changes i n  OD (340 nm) recorded over  a 20 minute 
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per iod. The assembly and disassembly buffer contained 0.1 Y MES, 0.5 m! MgC12, 1  mbj EGTA and 

0.1 mE GTP. Glycerol  ( 4  51 i s  present dur ing  a l l  assembly steps except the f i n a l  monitored 

assembly. 

1, $, and 2 were a l l  i n e f f e c t i v e  i n  i n h i b i t i n g  t u b u l i n  assembly a t  concentrat ions below 1.25 x 

M (h ighest  concent ra t ion  tes ted) .  A t  t h i s  same concentrat ion,  2 completely i n h i b i t e d  the 

assembly of microtubules,  wh i l e  a  concent ra t ion  o f  the  drug equal t o  1  x M had no i n h i b i t i o n  

o f  assembly a t  a l l .  The IDS, was ca l cu la ted  t o  be about 3  x M. The t u b u l i n  concent ra t ion  

used i n  t h i s  assay was 0.5 mglml which corresponds t o  a  p r o t e i n  concent ra t ion  o f  about 4.5 x 10 -6 

M. 
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