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Various benzopyranoindoles and benzopyranoquinolines derived from 
chroman-3-one have been synthesized with the aim of including them in structure 
activity studies of the carcinogenic potency in the carbazole and acridine 
series. From a physicochemical point of view, the structure of the isolated 
compounds is discussed in regard to some of their NMR properties. 

The most recent studies on chemical carcinogenesis have demonstrated 

the importance of the "non-~-re~ion"(l) in the mechanism of hydrocarbon induced 

carcinogenesis(2-4). However, our studies on a great number of carbazole and 

acridine derivative~(~-8) appear to show that the "K-region" is a very important 

site for the appearance of carcinogenicity. 

It is well-known that both dibenzo-carbazoles 1 and 2 are powerful 
carcinogens, particularly 7H-dibenzo[c,g]carbazole 2(9,10); whereas, in the 

benzacridine series, only the benzCclacridine derivatives 3 have such activity, 

provided that R=CH3. Very few compounds of the,benz[a]acridine series 4 have 

such property(8). 

H - 2 

R 3 - - 
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During the past few years we have s tud ied the v a r i a t i o n  o f  carcinogenic 

potency of some compounds re la ted  t o  benzo and dibenzocarbazoles and t o  benz- 

acr id ines i n  which we have replaced the ."K-region" by a second heteroatom such 

as 4 - C H 2 -  or - O - C H ~ - ( ~ , ~ , ~ ~ ) .  I n  the benzo and dibenzo carbazoles ser ies,  

such modi f ica t ions s t rong ly  enhance the carcinogenic potency, as i n  the case 

of 6,13-di hydro[l]benzothiopyrano ( o r  benzopyranol [4,3-b]benzo[e]indoles 5 

(X=S  or  01(5,12), except f o r  6,7 di hydro[l]benzothiopyrano[3,4-b]benzo[e] - 
indo le  6(11), a new sulphur analogue of the very potent 7~-dibenzo[c,glcarbazole 

2, which has only weak a c t i v i t y  by subcutaneous route(12).  - 
By cont ras t ,  i n  benz[c]acridine family, t h i s  modi f ica t ion decreased the 

carcinogenic potency (l i s  l ess  a c t i v e  than 3; R=CH3) b u t  f l u o r i n a t i o n  o f  such 

molecules on the 4 p o s i t i o n  (1, R2=Fl s t rong ly  enhanced t h i s  property even when 

R1=H (8 and 9 are stronger carcinogens than L ) ( ~ ) .  

We now describe some benzopyranoindoles and benzopyranoquinolines 

obtained from chroman-3-one c ( 1 3 )  and needed fo r  f u r t h e r  b io log ica l  exper i -  

ments. 

The Fisher indo le  synthesis (A1 o f  some arylhydrazones of fl has l e d  us 

t o  the benzopyranoindoles 12-18 whereas the  ~riendldnder-Kempterreaction (B) 

has furnished the benz[a]acridine analogues and 3 - Scheme 1 -. 
Indoles were r e a d i l y  obtained from chroman-3-one (0.02 moles) by b o i l i n g  

5 minutes w i t h  0.02 moles o f  the appropr iate arylhydrazine and a few drops of 

acet ic  acid. The brownish mix ture  was then heated 5 min. i n  b o i l i n g  acet ic  

ac id  saturated w i t h  hydrogen ch lor ide.  Af ter  coo l ing and d i l u t i o n  w i t h  water, 

the p r e c i p i t a t e  was chromatographed on s i l i c a  gel  ( e l u t i o n  w i t h  cyclohexane/benzene 

1 1  I. The y i e l d s  were about 80%. 

Quino l ines were synthesized by heat ing (140°, 30 min.) a mixture o f  11 

(0.01 5 moles 1 and 2-aminoacetophenone hydrochlor ide o r  0-ami nobenzal dehyde 
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Scheme 1 

2 4 9 - -  



hydrochlor ide (0,Ol mole). A f te r  t reatment w i t h  aqueous ammonia, t he  mix ture  

was ex t rac ted  w i t h  chloroform (3x50ml 1 and the  organic phes:. was washed three 

t imes w i t h  d i l u t e  aqueous sodium hydroxide, d r i e d  over. Nd;,iG4 and evaporated 

under vacuum. The ye1 lowish s o l i d  was then chromatographed on s i l i c a  gel 

( e l u t i o n  w i t h  benzene) t o  y i e l d  the  qu ino l ines w i t h  a  recovery o f  65% (E) t o  

75% ( 0 1 .  

The 6,7-dihydrobenzopyrano[3,4-bli ndole system has been a1 ready described, 

f i r s t  by K ing a. ( I 4 ) ,  as an 0x0 hydroxy d e r i v a t i v e  and secondly as 11 by 

Chat ter jea  5 G. ( I 5 ) ,  a l s o  s t a r t i n g  from chroman-%one b u t  as an ambiguous 

dark ish  product  o f  m.p. 206-208' (m.p. o f  12 i s  156' i n  t he  present study). 

This he te rocyc l i c  system i s  o f  i n t e r e s t  no t  on l y  as a  complement t o  our  s tud ies  

on chemical carcinogenesis b u t  a l so  as a  poss ib le  natura l  substance since 

var ious benzypyranoindoles (i .e. lycorenan) are minor b u t  common const i tuents  

o f  some amary 11 i daceae. To our knowledge, the 6~-benzopyrano[3,4-blqui no1 i ne 

nucleus has no t  y e t  been reported. 

The c y c l i z a t i o n  o f  t he  p t o l y l h y d r a z o n e  o f  M give a  1  :1 mix ture  of 

indo les  14 and 16 (measured by NMRI which cou ld  n o t  be separated s ince a l l  

these methylated indo les  13-16 are very s e n s i t i v e  t o  l i g h t  and a i r ,  darkening 

rap id l y ,  g i v i n g  numerous spots on t h i n  l a y e r  chromatograms. For  the  same 

reasons, compounds 13 and 15 have n o t  given microana ly t ica l  r e s u l t s  cons i s ten t  

w i t h  the ca l cu la ted  values. 

The NMR spectra (60 MHz1 o f  these compounds are very s i m i l a r  t o  those of 

t he  sulphur analogues( l l )  and are cons i s ten t  w i t h  the  above s t ruc tures  ( t a b l e  1) .  

The desh ie ld ing o f  the methylene protons i s  a l so  i n  good agreement w i t h  

s t ruc tu res  12-20. I n  e f f e c t ,  i f  the  c y c l i z a t i o n  occurs a t  the a p o s i t i o n  of the 

heteroatom t o  f u r n i s h  s t ruc tures  such as 21, these two protons should have a  

low chemical s h i f t  as f o r  4H-[llbenzopyran 2 (63,24)(16), whereas f o r  our 

molecules t h i s  value i s  c lose r  t o  t h a t  found f o r  EH-[llbenzopyrano 23 ( ~ 4 , ~ ~ ) ~ ' ~ )  



CH2 / 4.07 15.23 14.18 15.48 3.94 1 5.06 
CII, - - - - - - - 1 - 12.87 1 2.77 

- 7.8 8.72 10.96 8.34 8.05 - - - - 
11.36" 

7.18- 6.88- 7.36- 7.03- - 6.96- - 6.86- - 6.83- 
Aromatics 7.48 7.36 7.64 7.86 7.7 8 7.7 

Table 1 
The XWR val~es(ppM,~~~,=O)of sulphur compounds are reported in ref.ll(lOOMHz,Varian XL 100) $ 

W 

Spectra of compounds 12 - 20 heve been recorded on a Varian T 60 spectrometer at 60ilMz.~pectra - * have been measured in deuteriochloroform or in deuterioacetone(*). \i 
rn 



The physical characteristics of compounds 12-0 are reported in table 2. 

Except for 13 and 3 (for which C% is about - 1% of the theoretical value) all 
this molecules have given consistent microanalytical results (+0,3%) for C, H 

and N. 

T W  

Physical constants of compounds 12.-20 

I Compounds 

9-methyl -6,7-di hydro[l]benzopyrano[3,4-a- 
indole 14 and 

- 

11-methyl-6,7-dihydro[l]benzopyrano[3,4-b-), 
indole 1c 

10-methyl-6,7-di hydro[l]benzopyrano[3,4-a. 
indole 16 

6,7-di hydro[l]benzopyrano[3,4-gbenzo[e]- 
indole 18 - 

6H[1 lbenzopyrano[3,4-Llquinol ine 
19 

12-methyl -6H[1 lbenzopyrano[3,4-klquinol ine 

20 - 

Crystalline shape 
color(solvent) 1 In... 

colorless needles 

(C6H12) 

colorless needles 
(CH30H/HzO) 

~ 

light yellow needles 
(C6H12) 1 1410 

light yellow 

crystal s(CH30H/H20) 

colorless prismatic 
needles(CH3CgHg) I ls80 

137O 
to 
140" 

light yellow 
microcrystal s 

thin colorless needles 109' 
(CH30H/H20) 

short colorless needles 92' 
(CH30H) 
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The carc inogen ic  potency by subcutaneous i n j e c t i o n  i n  mice ( s t r a i n  X V I I  

nc/Z o f  t h e  Radium I n s t i t u t e ,  D r .  F. E. Za jde la )  i s  now under i n v e s t i g a t i o n .  

Resu l ts  a re  a t  p resent  on l y  p r e l i m i n a r y  s ince  such t e s t s  normal ly  r e q u i r e  a t  

l e a s t  1 y e a r  f o r  complet ion, b u t  i t  now appears t h a t  s u c h m o d i f i c a t i o n s  of t he  

K-region enhanced ca rc i nogen i c i t y  i n  t he  13H-dibenzocarbazole se r i es  and cou ld  

have t h e  same p rope r t y  i n  t h e  benz [c ]acr id ine  f am i l y  ( i  .e. t h e  f l u o r i n a t e d  

d e r i v a t i v e s  o f  1).  Nevertheless benzoth iopyranoi  ndole 6 de r i ved  f rom 7H-di benzo- 

[c,glcarbazole 1 i s  on ly  a weak carc inogen( l2 )  and i t  would be i n t e r e s t i n g  t o  

see, f o r  example, if benzopyrano[3.4-blbenzo[e]indole has a weaker o r  a 

s t r onge r  potency than  t he  pa ren t  dibenzocarbazole 2. 

A more complete d iscuss ion  o f  t he  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p  f o r  

bo th  benzopyrano and benzothiopyrano q u i n o l i n e  and i n d o l e  s e r i e s  w i l l  be 

pub l i shed w i t h  a l l  b i o l o g i c a l  r e s u l t s  ob ta ined  w i t h  these compounds(6a), i n  t h e  

l i g h t  o f  t he  more r e c e n t  s t ud ies  (i .e. metabo l i c  a c t i v a t i o n ,  DNA i n t e r a c t i o n ,  

carc inogen ic  po tenc ies)  p resen t l y  i n  progess i n  ou r  l a b o r a t o r y  w i t h  t he  paren ts  

bento and dibenzocarbazoles and benzacr id ines.  
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