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A t r i a n g u l a r  atomic arrangement composed of three e lec t ronegat ive  atoms 

(one n i t rogen and two oxygen) was observed among many an t i neop las t i c  com- 

pounds i n  1970. Today, the  ex tent  of the  app l i ca t i on  of t h i s  hypothesis i s  

assessed w i t h  a f f i rma t i ve  and nonconf innat ive examples provided from the 

l i t e r a t u r e .  The hypothesis has been used f o r  the design and synthesis 

of several  i n t e r e s t i n g  an t i neop las t i c  agents, i nc lud ing  DHAQ. 

A s to ry  i s  t o l d  t h a t  dur ing a war per iod,  a group of I nd ian  s o l d i e r s  were l o s t  

i n  the Burma jungle.  A f t e r  several  week's search i n  va in  by t h e i r  comrades, the hope of t h e i r  

r e tu rn  gradua l ly  vanished. Yet a couple months l a t e r ,  these Ind ian so ld ie rs  re turned t o  t h e i r  

headquarters t i r e d ,  bu t  otherwise unharmed. They were asked by t h e i r  comander- in-chief  how they 

found t h e i r  way back. A ba t te red  map was proudly presented t o  him. On c lose examination, the 

map was one o f  a suburb of Zur ich ,  Switzer land! Somehow from t h a t  map and w i t h  f a i t h ,  these 

so ld ie rs  reached t h e i r  goal .  

The reason f o r  t e l l i n g  t h i s  s t o r y  i s  t h a t  i n  the jung le  o f  cancer research, we s t i l l  have a 

g reat  deal t o  learn;  b u t  we a l so  have a need f o r  maps t o  be drawn, be they c o r r e c t  o r  i n c o r r e c t  

as long as they were drawn earnest ly  and w i t h  proper ra t i ona le .  Thus the exp lorers  can take 

t h e i r  f i r s t  and second steps and, w i t h  the maps con t i nua l l y  redrawn, perhaps one o f  these days 

the goal can be reached. 

Ten years ago, i n  connection w i t h  our s t r u c t u r e - a c t i v i t y  study o f  var ious an t i neop las t i c  

agents, a t r i a n g u l a r  atomic arrangement composed of three e lec t ronegat ive  atoms (one n i t r ogen  

and two oxygen), separated from one another a t  appropr ia te  in tera tomic  distances, was noted 

among a number of compounds possessing experimental ant i leukemic a c t i v i t y .  The N-0-0 t r i a n g u l a r  

pa t te rn  was pu t  forward as a working hypothesis f o r  the  continued search f o r  an t i neop las t i c  

agents (1) .  I n  the o r i g i n a l  communication, in tera tomic  distance measurements of a l ka lo ids  such 

as t y l oc reb r i ne ,  ty lophor ine,  camptothecin, demecolcine, v inb las t ine ,  v i n c r i s t i n e ,  har r ing ton ine 

and emetine; of a n t i b i o t i c s  such as s t r e p t o n i g r i n ,  anthramycin, daunomycin and ac t id ione;  and of 



syn the t i c  compounds such as the f o l i c  ac id  antagonists and several  pur ine  and pyr imid ine nucleo- 

s ides,  were measured from t h e i r  molecular models constructed on the basis of ava i l ab le  informa- 

t i o n  of t h e i r  s p a t i a l  conformation. 

As s ta ted  i n  the o r i g i n a l  communication, the observat ion was ra the r  empi r ica l ,  the f ac t s  

presented were overs impl i f ied  and the t r i a n g u l a r  pat te rn  could not be app l ied  t o  inc lude the 

s t ruc tures  of other ant i leukemic compounds such as hydroxyurea, e l l i p t i c i n e ,  o r  b io log i ca l  

a l k y l a t i n g  agents. Nevertheless, the feature was postu la ted as a  con t r i bu t i ng  f a c t o r  i n  the 

b ind ing t o  one o f  the pe r t i nen t  receptor s i t e s  i n  c e r t a i n  biopolymers invo lved i n  leukemia 

genesis and was presented t o  be used i n  the exp lora t ion  of jnin drug i n t e r a c t i o n  i n  greater  

d e t a i l  as w e l l  as i n  designing b e t t e r  and more usefu l  an t i neop las t i c  agents. Thereafter,  

Adamson (2 )  suggested tha t  compounds w i t h  t h i s  t r i a n g u l a r  pa t te rn  may simply share a  common 

t ranspor t  system i n t o  neop las t ic  c e l l s  where each compound can then exer t  i t s  b io log i ca l  ac t i on  

against  the t a rge t  c e l l s  

Based on the preceding concept, synthesis of several  dialkoxytetrahydrobenzo[h]isoquinolines 

(1) and tetraalkoxytetrahydrobenzoCalnaphtho[  1,2-g_]quinolizines (11) was i n i t i a l l y  conducted 

3 .  Although a  few de r i va t i ves ,  such as 2,3-dimethoxy-7,8,13b,l4-tetrahydro-5H-[l,3 Ibenzodi-  

oxolo[5,6-a I naph thoC 1,2-g]qtTinolizine hydrochlor ide (11, RltR2=0CH20; R3,R4=CH3, HC1 s a l t )  , 

d i d  s h w i n h i b i t o r y  a c t i v i t y  against  leukemia P388 i n  mice, the a c t i v i t y  was no t  h igh enough t o  

warrant f u r t he r  study. Subsequently, i t  was found t h a t  f u l l y  aromatized isoqu ino l ines  subs t i -  

t u t e d  w i t h  proper a lkoxy l  groups, such as compounds 111 - V ,  possessed h igher  a c t i v i t y  aga ins t  

leukemia P388. This eventua l ly  l e d  t o  the discovery of ant i leukemic a c t i v i t y  o f  coralyne (4.5) 

(VI),  n i t i d i n e  (6) ( V I I ) ,  ungeremine ( 7 )  ( V I I I ) ,  and r e l a t e d  condensed isoqu ino l in ium s a l t s  (8) 



The in tera tomic  distance between one o f  the oxygen atoms and the n i t r ogen  atom i n  the 

a lkoxy isoqu ino l ine  ser ies  i s  somewhat sho r te r  ( - 7 h  i ns tead o f  -8A) than the prev ious ly  repor ted 

value. I t  would thus suggest t h a t  the o r i g i n a l l y  designated distances between these e lec t ro -  

negat ive atoms be modi f ied  o r  the  i n t e r a t m i c  l i m i t i n g  distance range be s l i g h t l y  broadened. 

Since i t  i s  known t h a t  in termolecu lar  bonding i n v o l v i n g  e lec t ronegat ive  atoms, such as hydrogen 

bonding, a l l a v s  some l a t i t u d e  i n  conf igura t ion  ( 9 ) ,  w i t h i n  reasonable l i m i t s ,  exact matching 

o f  distances ih  receptor  and drug may n o t  be necessary, and drugs where these distances vary 

may s t i l l  be ac t i ve  (10). 

The N-0-0 t r i a n g u l a t i o n  hypothesis has a l so  been evaluated by o ther  i nves t i ga to rs .  The 

f i r s t  conf i rmat ion  of the  conjecture was the repo r t  by A l l e n  and Creaven (11)  wherein the inves- 

t i g a t o r s  s ta ted  t h a t  the  p a r t  o f  the  novel  an t i tumor  a l k a l o i d  t ha l i ca rp ine  molecule (XII) 

necessary f o r  an t i neop las t i c  a c t i v i t y  i s  the  aporphine moiety w i t h  p a r t  of the benzy l isoqu ino l ine  

group. This corresponds w i t h  the  proposed N-0-0 t r i a n g u l a t i o n  feature.  Cushman e t  a1 (12) 



conducted a  conformation study of pr'otoberberine alkaloidsandconcluded t h a t  the s t r u c t u r a l  

feature requirements f o r  compounds i n  connection w i t h  the i n h i b i t o r y  a c t i v i t y  against  leukemia 

P388 were i n  accord w i t h  our observat ion.  Mawdsley e t  a1 (13) repor ted t h a t  the co r re la t i on  

c o e f f i c i e n t  ca l cu la t i on  between a  number o f  polymethoxy-substituted he te rocyc l i c  compounds and 

t h e i r  b i o l o g i c a l  a c t i v i t y  agreed w i t h  our oroposed t r i a n g u l a t i o n  feature. Stermitz e t  a1 (14 )  

prepared a  ser ies  of che le ry th r i ne  and sanguinarine de r i va t i ves  w i t h  one N-0 bond distance much 

shor ter  than t h a t  i n  the n i t i d i n e  ser ies  ( 6 )  and f a i l e d  t o  observe ant i leukemic a c t i v i t y .  I n  

cont ras t ,  fagaronine, a  c lose analog of n i t i d i n e  wherein the  methylenedioxy group of the l a t t e r  

compound i s  replaced by a  hydroxy and a  methoxy group, possesses h igh a c t i v i t y  against  P388 

leukemia i n  mice (15).  There are a lso  repor ts  from several  i nves t i ga to rs  who, based on s tud ies  

w i t h  t h e i r  compounds, d i d  no t  support our o r i g i n a l  p rooos i t ion :  Townsend e t  a1 (16),  i n  the 

study of a  number of nucleosides, r u l e d  out  the  poss ib le  app l i ca t i on  o f  the  proposed feature  

t o  compounds i n  t h a t  area. Kingston and Sami (17),  using the t r i a n g u l a t i o n  concept, designed 

several modif ied i ndo le  a l ka lo ids  of the iboga ser ies  and repor ted t h a t  the c y t o t o x i c i t y  of 

these compounds was no t  s i g n i f i c a n t l y  increased over the unmodified a l ka lo ids .  An X-ray 

d i f f r a c t i o n  study of anthramycin c r ys ta l s  by Flostad e t  a1 (18) i nd i ca ted  t h a t  the f i t  t o  the 

proposed t r i a n g u l a t i o n  pa t te rn  (which they be l ieved may be of importance t o  t h e  b i o l o g i c a l  

t ranspor t  mechanism) i s  ra the r  poor. I t  should be po in ted out ,  however, t h a t  the conformation 

of a  molecule may d i f f e r  i n  the c r y s t a l  phase, i n  so lu t i on ,  and when bound t o  a  b i o l o g i c a l  

receptor (19). On the o ther  hand, if a l l  the p e r t i n e n t  e lec t ronegat ive  atoms requ i red t o  make 

up the t r i a n g u l a t i o n  u n i t  were scat tered over a  non - r i g i d  s t ruc tu re ,  the r e s u l t i n g  molecule may 

be too f l e x i b l e  t o  form any meaningful and d e f i n i t i v e  s t r u c t u r a l  pa t t e rn .  This i s  i l l u s t r a t e d  

by the repo r t  t h a t  Schulze e t  a1 (20),  using the t r i a n g l e  concept, prepared a  number of quater- 

nary N-heterocycl ic azomethines conta in ing a  bis(Z-hydroxyethy1)amine moiety on the s ide  chain. 

None o f  these azomethines possess any an t i neop las t i c  a c t i v i t y .  

The anthracyc l ine  a n t i b i o t i c s  adriamycin (X I I I a ,  doxorubic in)  and daunomycin ( X I I I b ,  
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daunorubic in)  are among the most important an t i neop las t i c  agents s tud ied i n  recent years. How- 

ever, these drugs are ra the r  t ox i c .  They no t  on ly  produce s toma t i t i s ,  alopenia, and bone 

marrow depression, b u t  of ten can cause severe, cumulative and i r r e v e r s i b l e  cardiac t o x i c i t y .  

Adamson (211,based on the f a c t  t h a t  bo th  drugs f i t the N-0-0 t r i a n g u l a t i o n  feature,  proposed 

the removal of the aminosugar daunosamine p o r t i o n  from these molecules and rep lac ing the amino 

func t i on  (which contains the  p e r t i n e n t  n i t rogen atom f o r  completing the  N-0-0 t r i a n g u l a t i o n  

feature) w i t h  an appropr ia te  amino group a t  a proper s p a t i a l  d istance from the oxygen atoms on 

the aglycone moiety. Since chemical synthesis o f  these a n t i b i o t i c s  i s  o f t en  complicated by the  

stereochemistry of the  unaromatized r i n g  of the t e t r a c y c l i c  aglycone, i t  was decided t o  e l i -  

minate t h a t  r i n g  and have the amino funct ion at tached t o  the p lanar  anthraquinone r i n g  system. 

This resu l t ed  i n  the  synthesis o f  1,4-dihydroxy-5,8-bis{[2-(2-hydroxyethyl)aminolethyl)amino- 

9,lO-anthracenedione (22, 23) ( X I V ,  [MAQ), which, of course, i s  no longer a he te rocyc l i c  com- 

pound. This compound possesses two of the proposed ti-0-0 t r i a n g u l a t i o n  features. 

b.  R=ll 

DHAq exh ib i t ed  exce l l en t  an t i neop las t i c  a c t i v i t y  against  leukemia P388 and L1210, against  

816 melanocarcinoma, and aga ins t  colon 26 i n  mice a t  low doses (22.23). I t  proved t o  be more 

e f f ec t i ve  than many standard ant icancer  agents i nc lud ing  adriamycin, 5 - f l uo rou rac i l ,  cyclophos- 

phamide, methotrexate, v i n c r i s t i n e ,  1-p-D-arabinofuranosylcytosine o r  thio-TEPA agains'. these 

experimental tumor systems (24) and i s  cu r ren t l y  undergoing c l i n i c a l  t r i a l s  ( c a r d i o t o x i c i t y  has 

no t  y e t  been observed). The importance o f  the  n i t r ogen  atom i n  the  middle o f  the s ide chain of 

DHAQ can be r e a d i l y  demonstrated by the  f a c t  t h a t  replacement of t h i s  -NH- l inkage by -S-  o r  

-CH2- resu l t ed  i n  t o t a l  e l im ina t i on  o f  the o r i g i n a l  an t i neop las t i c  a c t i v i t y  (22). 

The N-0-0 t r i a n g u l a t i o n  feature i s  l o g i c a l l y  app l icab le  t o  o the r  ant i tumor  anthracyc l ine  

a n t i b i o t i c s  possessing these e lec t ronegat ive  atoms a t  the " s t ra teg i c "  pos i t ions .  These inc lude 

the baumycins (251, the aclacinomycins (261, pyrromycin (251, the  c inerubins (271, carminomycin 

(28).  kidamycin (29),  the  a-rhodomycins (301, the  bohemic ac id  complex (musettamycin, marcel lo-  

mycin, rudolphomycin, a lc indoranycin,  co l l inemyc in ,  and mimimycin) (31 1, and the roseorub ic ins  



(32). among o thers .  I t  i s  of i n t e r e s t  t o  no te  t h a t  no an t i neop las t i c  a c t i v i t y  has ever been 

repor ted  f o r  s t e f f imyc in  B (33) ,  an an thracyc l ine  a n t i b i o t i c  which binds t o  DNA b u t  does n o t  

con ta in  a  n i t r ogen  f unc t i on  i n  i t s  sugar moiety. 

Of p a r t i c u l a r  i n t e r e s t  i s  t h e  an t i tumor  a n t i b i o t i c  nogalamycin (34.35) (XV). Although i t s  

s t r uc tu re  resembles those o f  t h e  aforementioned an thracyc l ine  a n t i b i o t i c s ,  i t  d i f f e r s  from the  

r e s t  i n  one impor tan t  s t r u c t u r e - a c t i v i t y  aspect: The aglycone p o r t i o n  o f  adr iamycin and r e l a t e d  

a n t i b i o t i c s  does n o t  r e t a i n  the  o r i g i n a l  an t i neop las t i c  a c t i v i t y  w i t hou t  the  sugar moiety 

at tached;  y e t  the  n e u t r a l  sugar s u b s t i t u t e d  a t  the  C7 p o s i t i o n  o f  nogalamycin i s  r equ i r ed  

f o r  an t i neop las t i c  a c t i v i t y .  Th is  can bes t  be i l l u s t r a t e d  by the  f a c t  t h a t  7 -a -0 -me thy l noga -  

l a r o l  (XVI) showed even b e t t e r  i n h i b i t o r y  a c t i v i t y  aga ins t  leukemia P388 than e i t h e r  nogalamycin 

o r  adr iamycin (36).  A  study us ing  the  Dre id ing  molecu la r  models showed t h a t  the  N-0-0 t r i angu -  

l a t i o n  does e x i s t  i n  both the  nogalamycin molecule and the  0-methyl analog w i t h  the  n i t r ogen  

atom l oca ted  i n  the  fused aminosugar po r t i on ,  as i l l u s t r a t e d  i n  s t r u c t u r e s  X V  and X V I .  

OH 

I n  recent  years,  one of  the much discussed pos tu l a t i ons  on t h e  mode o f  drug a c t i o n  i s  t h a t  

c e r t a i n  drugs may b i n d  t o  the  double h e l i c a l  DNA by i n t e r c a l a t i o n .  Since many a n t i n e o p l a s t i c  

agents descr ibed by us conta in ,  i n  a  p a r t  o f  t h e i r  molecules,  a  p lanar  s t r uc tu re ,  the  DNA 

i n t e r c a l a t i o n  concept should a l s o  be considered. I n  t h i s  regard, the  aforementioned agents may 

a r b i t r a r i l y  be d i v i d e d  i n t o  two types.  The f i r s t  type inc ludes  those compounds which possess 

the a l koxy i soqu ino l i ne  u n i t  (e.g. s t r uc tu res  111-XI) .  Compounds of  t h i s  type  are u s u a l l y  q u i t e  

r i g i d  and the  t r i a n g u l a t i o n  i s  f i x e d  i n  a  p l ana r  o r  pseudo-planar r i n g  system. The second type, 

which inc ludes  the  an th racyc l i ne  a n t i b i o t i c s  and DHAQ, contains two imnob i le  oxygen u n i t s  w i t h  

the  n i t r ogen  u n i t  no t  f i x e d  a t  one p o s i t i o n .  I f  DNA i n t e r c a l a t i o n  does take  place,  the  n i t r o g e n  

atom o f  compounds of  the  second type  probably l i e s  c lose  t o  the  deoxyribose-phosphate chain,  

p e r m i t t i n g  a  s t rong i n t e r a c t i o n  between the  comoound and DNA away f rom the  i n t e r c a l a t i o n  s i t e  

I t  i s  t o  be no ted  t h a t ,  a l though i n t e r a c t i o n  and i n t e r c a l a t i o n  s tud ies  between DNA and agents 
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such as coralyne were repor ted (37,38). most of these s tud ies  were conducted *_Ivitro, which 

may n o t  necessar i l y  r e f l e c t  the  ac tua l  mechanism o f  ac t i on  t h a t  takes olace jnn. With our 

present l i m i t e d  knowledge i n  the b ind ing of drugs t o  b i o l o g i c a l  macromolecules, the p o s s i b i l i t y  

t h a t  many agents may i n i t i a l l y  b i n d  t o  o ther  biopolymers, such as plasma p r o t e i n  o r  c e l l  

surface, Cannot be r u l e d  out. I t  needs t o  be reemphasized t h a t ,  i n  add i t i on  t o  the t r i angu la -  

t i o n  concept, o ther  factors,  such as geometric e f fec ts ,  e l e c t r o n i c  e f fec ts ,  l i p o p h i l i c i t y ,  

redox p o t e n t i a l s ,  pKa, and fi 2 s t a b i l i t y  and react ion  ra tes  o f  a compound should a l so  be 

considered (1 )  f o r  a more thorough understanding o f  drug ac t ion .  

Horton, e t  a1 (341 prepared adriamycin and daunorubicin analogs wherein the amino funct ion  

i n  the aminosugar daunosamine i s  replaced by an hydroxyl  func t ion .  These compounds were repor ted 

a c t i v e  against  leukemia P388, a l b e i t  a t  much higher doses than the parent a n t i b i o t i c s .  This 

i n t e r e s t i n g  f i nd ing  suggests t h a t  a systematic i nves t i ga t i on  o f  the relevance o f  an oxygen atom 

i n  p lace of the  n i t r ogen  atom w i t h  regard t o  the  N-0-0 t r i a n g u l a t i o n  would be i n  order.  This 

cou ld  be an i n t r i g u i n g  idea for f u r t he r  study. The r e s u l t s  can perhaps be incorporated w i t h  the 

s t ruc tu re  a c t i v i t y  r e l a t i o n s h i p  s tud ies  of a lkoxy isoqu ino l ines  and MA9 t o  f u r n i s h  agents w i t h  

b e t t e r  therapeut ic  value. 
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