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1 Abstract- The s y n t h e s i s  and H nmr spectroscopy of a  s e r i e s  o f  7-ani l inobenzob][ l ,8]- 

phenan th ro l i nes  a r e  r e p o r t e d .  

It i s  w e l l  e s t a b l i s h e d  t h a t  d i r e c t  i n t e r a c t i o n  w i t h  DNA i s  t h e  b a s i s  f o r  s t r u c t u r a l  i n t e r p r e t a t i o n  

o f  many a n t i c a n c e r  drugs.  Such agents i n c l u d e  ac t inomyc ins ,  a c r i d i n e s ,  a n t h r a c y c l i n e s ,  e l l i p t i c i n e s  

1 and e p i p o d o p h y l l o t o x i n s .  Recen t l y ,  these  drugs have been shown t o  induce  p r o t e i n - a s s o c i a t e d  DNA 

s tand  breaks,  by s t a b i l i z i n g  a " c l e a v a b l e  complex" between topoisomerase I 1  and DNA. 2 

Among 9 - a n i l i n o a c r i d i n e  a n t i t u m o r  agents,  t h e  d e r i v a t i v e  4'-(9-acridiny1amino)methanesulfonyl-$-ani- 

s i d i n e  (m-AMSA) has been s p e c i f i c a l l y  r e l e v a n t  and has become a use fu l  c l i n i c a l  agent  f o r  t h e  

3 t r e a t m e n t  o f  leukemia and lymphoma, b u t  i t  i s  n o t  e f f e c t i v e  a g a i n s t  s o l i d  tumors.  T h i s  l i m i t e d  spec- 

t rum o f  a c t i v i t y  has been a t t r i b u t e d  t o  i t s  poor  d i s t r i b u t i o n  - because of t h e  r e l a t i v e l y  h igh  

pKa o f  t h e  a c r i d i n e  n i t r o g e n ,  meaning t h a t  i t  i s  much i o n i z e d  a t  t h e  p h y s i o l o g i c a l  pH. Design of l e s s -  

b a s i c  analogues, w i t h  h i g h  l e v e l s  o f  DNA b i n d i n g ,  by s h i e l d i n g  of p r o t o n  approach t o  such n i t r o g e n  

atom w i t h  conven ien t  4-and 5 - s u b s t i t u e n t s ,  has been s ~ c c e s s f u l . ~ ' ~  However, few works have been c a r r i e d  

o u t  concern ing  extended a romat i c  chromophores i n c l u d i n g  t h e  benzo[b]b,n] phenan th ro l i ne  system (n- 7, 

6 8, 10) .  I n  t h i s  c o n t e x t ,  t h e  c h e m i s t r y  and a n t i t u m o r  a c t i v i t y  of 7 - a n i l i n o  d e r i v a t i v e s  o f  t h e  above 

ment ioned system, w i t h  n= 7 o r  10, have been b u t  o n l y  t h e  h y d r o c h l o r i d e  o f  the. AMSA-ana- 

Iogue  d e r i v e d  from t h e  benzo[q[l,El p h e n a n t h r o l i n e  ( e l ,  has been desc r ibed .  6 

1 
We have focused o u r  i n t e r e s t  on t h e  s y n t h e s i s  and H nmr spec t roscop ic  s tudy  o f  7-anilinobenzo[b][l,8]- 

phenan th ro l i nes  (3-%)(Scheme I ) .  Ullmann 5 - a r y l a t i o n  o f  5 -amino isoqu ino l ine  (1) a f f o r d e d  5- isoquino-  

l y l a n t h r a n i l i c  a c i d  (2). T h i s  r e a c t i o n  has been v e r y  much improved w i t h  r e s p e c t  t o  p rev ious  r e s u l t s .  10 

Thus, u s i n g  g - iodobenzo ic  a c i d  and n i t robenzene  as s o l v e n t  i n s t e a d  of o t h e r  p r o t i c  p o l a r  so lven ts  

such as bu tano l ,  3 -methy l - I -bu tano l ,  2 -e thoxye thano l  o r  pentanol ,  compound 2 was o b t a i n e d  up t o  40% 

y i e l d  (Tab le  1 ) .  The impor tance o f  t h e  s o l v e n t  i n  t h e  base-cata lyzed Ullmann condensat ions i s  wel l  

bu t ,  as f a r  as we know, n i t robenzene  i s  n o t  an usual  s o l v e n t .  Even t h e  more s a t i s f a c t o r y  

s y n t h e s i s  o f  a n t h r a n i l i c  a c i d s ,  u s i n g  diphenyliodonium-2-carboxylate as a r y l a t i n g  agent13'14 and 

5 -amino isoqu ino l ine ,  gave v e r y  poor  y i e l d s  o f  2 (10.15%). 15 

R ing -c losu re  o f  2 w i t h  phosphorus o x y c h l o r i d e  t o  7 - ch l o roben ro~b~~ ,8 ]phenan th ro l i ne  (3)  f o l l o w i n g  

E l s l a g e r  method,1° and s u b s t i t u t i o n  by t h e  r e q u i s i t e  a n i l i n e  under r i g o r o u s  pH con t ro l ,16  afforded 

Compounds(r&-%)in moderate y i e l d s .  P a r t i a l  h y d r o l y s i s  o f  3 t o  t h e  f l u o r e s c e n t  compound benzo [b]h,8]- 



Tab le  1: Exper imenta l  y i e l d s  o f  Ul lmann z - a r y l a t i o n  o f  5 -amino isoqu ino l ine  w i t h  g - iodobenzo ic  a c i d ,  

potass ium carbona te  and copper powder. 

Sol ven t  bp("C) a b c 

Bu tano l  117.2 12 20 20 

3 -Methy l - I -bu tano l  128.5 15 22 22 

2-Ethoxyethanol  135 15 25 30 

Pentanol 137.5 15 25 25 

N i t robenzene  210 40 40 40 

a )  % y i e l d  a f t e r  24 h of r e f l u x  

b )  % y i e l d  a f t e r  48 h of r e f l u x  

c )  % y i e l d  a f t e r  96 h of r e f l u x  

phenanthro lone (5) was observed i n  t h e  r i n g - c l o s u r e  r e a c t i o n s .  The amounts o f  5 c o u l d  be reduced by 

work ing i n  anhydrous c o n d i t i o n s  and u s i n g  methanesu l fon ic  a c i d  i n s t e a d  o f  h y d r o c h l o r i c  a c i d .  Any- 

way, t h e  recovered  phenanthro lone c o u l d  be r e c y c l e d  t o  t h e  7 - c h l o r o  d e r i v a t i v e  (3) by t rea tmen t  

w i t h  phosphory l  c h l o r i d e  and phosphorus p e n t a c h l o r i d e  u s i n g  t h e  procedure r e p o r t e d  i n  t h e  benzo[b]- 

[ l , lO]phenanthro l ine s e r i e ~ ! ~  Compounds (4) were o b t a i n e d  f o l l o w i n g  t h e  a l t e r n a t i v e  s t r a t e g y  th rough  

t h e  5 - i s o q u i n o l y l a n t h r a n i l i c  a c i d  c h l o r i d e  (6) t o  t h e  u n i s o l a t e d  a n i l i d e s  (1). which a f f o r d e d  4 by 

t rea tmen t  w i t h  phosphorus o x y c h l o r i d e .  18 

'H Nmr s tudy .  

1 The o n l y  sys temat i c  H nmr s tudy  o f  s imp le  phenan th ro l i nes  was r e p o r t e d  by Perkampus i n  l g66 .19  By 

1 comparing H nmr da ta  o f  benzo[b]6,8]phenanthroline w i t h  those  o f  t h e  7 - c h l o r o  d e r i v a t i v e  ( 3 ) ( F i -  

gure 1 )  and those  of compounds @-%)(Table 31, severa l  i n t e r e s t i n g  fea tu res  have t o  be commented. 

1 F igu re  1. H Nmr 6 va lues  o f  1 ,8-phenanthro l ine19 and 7-chlorobenzo[b]6,8]phenanthroline (3) 
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Scheme I 

2 
Ar=C6H, 

4_b Ar= p-CgHq-F 
4_c Ar, p-C6H4-OH 
g Ar= p-C6&-OMe 
4 2  Ar, p-C6HCNMn2 

Ar. p.C6HCNH-COMe 
49 Ar, p -Csh-SO?-NY 
3 Ar= p-C6 &. SO2-Me 
4i Ar, P - C 6 h - N H - S O A H 5  - 

Ar, p-C6H4-NH-S02-p%H4-Me 
4k Ar.QNH--Me 



In s p i t e  o f  the complexi ty  of  the  aromat ic region,  most s i gna l s  cou ld  be assigned. The doublets 

and s i ng l e t s  corresponding t o  the  1.2, and 4-protons r espec t i ve l y ,  cou ld  be c l e a r l y  i d e n t i f i e d  s i n -  

ce they are the most deshie lded s i gna l s .  Those doublets showed J12 values among 4.27 and 5.75 Hz 

(Table 3 ) .  The H-1 pro tons(6  9.06-9.41 ppm) were s i g n i f i c a n t l y  deshie lded respec t  t o  H-2 protons 

( 6  8.82-8.93 ppm) wh i l e  the same chemical s h i f t  has been repor ted  f o r  H-10 and H-9 protons i n  1,8- 

phenanthrol ine ( 6  =8.83). 19 

Table 2: Ana l y t i ca l  data and % y i e l d s  f o r  benzo[b]~,8]phenanthrolines. 

Compound mp("C)* y i e l d ( % )  formula Anal. Calcd (Found) 

C H N 

-~ ~ ~~ 

* Solvent  of r e c r y s t a l l i z a t i o n :  a )  E thy l  acetate.  b )  E thano l lwater .  c )  Chloroform. d )  Acetone. 

e )  Ethanol. 

The A6 values f o r  H-1 can be expla ined by both, the  " p e r i "  e f f e c t  and a probable in t ramolecu la r  

hydrogen bond N12...H-C1. 20 

The chemical s h i f t s  of the H-4 protons ( 6  9.10-9.42 ppm) d i d  no t  show s i g n i f i c a n t  va r i a t i ons  i n  

a l l  de r i va t i ves ,  b u t  i n  many of  them the NH s igna ls  were present  and even overlapped w i t h  them (see 

"o thers"  i n  Table 3 ) .  The o the r  doub le t  was thus assigned t o  H-5 and H-6 proton; d i s t i n c t i o n  between 

them was based on the  corresponding values f o r  s i m i l a r  protons i n  a ~ r i d i n e s . ~ ~  Protons H-9 and H-10 

(which appeared as t , d )  and H-8 and H-11 (d,d) were a l so  assigned on the  basis o f  ac r i d i ne  se r i es .  

The H - 2 ' ( 6 ' )  and H -3 ' ( 5 ' )  protons showed the  lower 6 values among the aromatic protons (6 6.59-7.10 

and 6 6.66-7.63 ppm r e s p e c t i v e l y ) .  By comparing 'H nmr data of benzo[b]@.8]phenanthrol-7-one (I) i n  
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Table 3. 'ti Nmr 6 and J values (300 MHz, OMSO-d6) of 7-anilinobenzo[b][1,8]phenanthrolines (4). 

9.20 9.15 8.88 8.19 7.75 8.29 8.39 7.67 7.86 
s d d d d m m  m m  

J1,z= 4.3 J5.6= 9.4 

9.26 9.13 8.91 8.05 7.85 8.32 7.65 7.93 7.23 6.94-6.87 6.87(H4,) 
s d d d d  m  t,d t , d  t m 

J1,2= 5.2 J5,6= 9.5 Jg,lo= 7.1 J2,,3,= 7.5 

9.30 9.08 8.85 8.01 7.82 8.27 7.61 7.88 7.08 6.84 9.39 ; 9.29 
s d  d  d  d  d,d t , d  t , d  d d s(NH) s(NH) 

5.6 J5,6= 9.3 J8,9' Jg,lo= 7.9 J2,,3,= 8.9 2.92 J1,2= s(S02CH3) 
J1o,ll= 8.5 

9.38 9.16 8.91 8.33 8.22 7.94 7.80-7.35 6.98 6.85 10.06 ; 7.80-7.53 
s d d d d  m m ,  overlap. d  d  s(NH) (overlap. m ,  

J1,2= 5.5 J5,6= 8.3 J2m,3,= 8.7 
S02Ph) 



9.27 9.08 8.86 7.92 7.76 8.20 8.27 7.59 7.88 6.93 6.77 9.88 ;9.30 
s d d d  d d,d d,d t ,d t , d  d d s(NH) s(NH) 

J1,2= 5.3 J5,6= 8.7 J8,9= Jg,lo= '.' J2 ' ,3  d d 
, =  8 .4  7.60 and 7.37 

J 1 o , l l =  J2,,3,= 8.1 

(S02Ph) 
2.36 
s(CH3) 

4k 9.10 9.30 8.87 8.02 7.77 8.26 - 7.57 7.88 6.66 6.59 9.53 : 8.65 
s d d d d m t , d  t,d d d s(NH) s(NH) 

J1,2= 4.3 J5,6= 9.5 J ~ , ~ ~ =  7.5 J2,  , 3 1 =  8.7 6.70 ; 3.77 
s(H-3 ' )  s(OCH3) 
7 qq 

a Overlapped w i t h  NH 

DMSO-d6, w i t h  those  o f  a c r i d o n e  i n  DMSO-d6(Figure 2 ) .  we can see s i m i l a r  chemical  s h i f t s  f o r  H-6 

(8 .38  ppm, d )  and H-8 (8 .31  ppm, d,d) p r o t o n s  of i and H-1 p r o t o n  o f  ac r idone .  It i s  i n t e r e s t i n g  

t o  comment the assignement g i v e n  t o  H-1  (8 .84 pprn) and H-2 (8 .90  ppm) p r o t o n s  i n  5. Wh i le  6 va lues  

o f  H-2 p r o t o n s  i n  compounds (3, 4 and 5) are v e r y  s i m i l a r ,  s i g n i f i c a n t  A6 v a l u e s ( a t  about  0.30 pprn) 

were fodnd  between H-1 p ro tons  of compounds (3 and % ) ( a t  about  6 9.15 ppm) and t h e  same p r o t o n  i n  

5 ( a t  6 8.84 pprn) which can be r e l a t e d  t o  t h e  l a c k  of t h e  above ment ioned hydrogen bond H12...HC1 - 

i n  compound 5. 

F i g u r e  2. 'H Nmr 6 va lues  of a c r i d o n e  and 12-~-benzo[b]~,8]phenanthrol-7-one (5)  i n  DMSO-d6 

EXPERIMENTAL 

'H Nmr s p e c t r a  were recorded on a Var ian  VXR-300 (300 MHz) and a Brucker  WM-ZOO-SY (200 MHz), 

DMSO-d was used as s o l v e n t ,  and TMS was added i n  a l l  cases as an i n t e r n a l  s tandard .  Elemental 6 

ana lyses  were determined on a Perk in -E lmer  2400 CHN mic roana lyze r .  M e l t i n g  p o i n t s  a r e  uncor rec ted  

and were measured u s i n g  a Buchi c a p i l l a r y  m e l t i n g  p o i n t  apparatus.  React ions were mon i to red  by t h i n  
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l a y e r  chromatography on aluminium p l a t e s  coated w i t h  s i l i c a  ge l  w i t h  f l u o r e s c e n t  i n d i c a t o r  (Schar- 

l a u  f 530) .  Separat ions by f l a s h  chromatography were per formed on s i l i c a  ge l  columns (SOS 6 0  A  CC). 

5 -Amino isoqu ino l ine  was ob ta ined  from i s o q u i n o l i n e  f o l l o w i n g  l i t e r a t u r e  re fe rences .  21 

N-(5-1soquinolyl)anthranilic Acid Hydrochlor ide,(?)  

A  m i x t u r e  of 5-aminoisoquinoline(17.5 g, 120 mnol), 2- iodobenzoic a c i d  (29.8 g, 120 mmol), anhydrous 

potassium carbonate (18 g, 130 mmol), copper powder (0.44 g, 6.8 mmol ),and d r y  n i t robenzene  (250 m l )  

was s t i r r e d  and b o i l e d  a t  r e f l u x  f o r  24 h. The r e a c t i o n  m i x t u r e  was coo led  and t h e  s o l i d  was c o l l e c -  

t e d  by f i l t r a t i o n  and washed w i t h  a c e t o n e l e t h y l  e t h e r  (1 :1 ) (400  m l ) .  The remain ing s o l i d  was then 

e x t r a c t e d  i n  a Soxh le t  apparatus w i t h  e t h e r  (700 m l )  f o r  8 h. A f t e r  evapora t ing  t h e  s o l v e n t ,  the 

r e s i d u e  was t r e a t e d  w i t h  3N h y d r o c h l o r i c  a c i d  (70 m l )  i n  vacuo. C r y s t a l l i z a t i o n  f rom methanol y i e l -  

ded 14.5 g (40%) o f  pure 2 as y e l l o w  c r y s t a l s ,  mp 266-268 '~ jdec .  ) ( 1 i t . l 0  mp 262-264-C). I r :  3240, 

1 1  3020, 1680, 1600 cm- . H-Nmr(2OO MHz, CDCI3) 6 :  6.93 (dd, J7,8= 7.7 Hz, J6,8= 1.3,1H, H-8) ; 7.56- 

7.80 (m,  2H, H-6 and H-7); 7.93 i d ,  J3,4= 6.0 Hz, l H ,  H-4); 8 .78 (d,  J3,4= 6.0 Hz, IH ,  H-3); 8.20- 

8.60 (m, 4H, H-3 ' -H-6 ' ) ;  9.30 (s, lH,  H-1) ;  12.05 ( s ,  l H ,  C02H). 

12H-~enzo[b][1,8] phenanthro l -7-one,  (5) 

A s o l u t i o n  of Z(3.9 g, 15 mnol) i n  conc. s u l f u r i c  a c i d ( 5 0  m l l  was warmed a t  100°C f o r  4  h. The cooled 

s o l u t i o n  was poured on i ce -wate r (250  m l )  and t h e  p r e c i p i t a t e  s a l t  was f i l t e r e d ,  and d i s s o l v e d  i n  wa- 

t e r .  The s o l u t i o n  was n e u t r a l i z e d  w i t h  30% NaOH and t h e  p r e c i p i t a t e  was washed w i t h  water ,  and d r i e d  

i n  vacuo. R e c r y s t a l l i z a t i o n  from ethanol  gave 2.20 g(60% y i e l d )  o f  pure 5,  mp 352-353°C. Ir:3100-3000, 

1620 cmF1. Anal. Calcd f o r  C16HION20: C ,  78.03; H, 4.09; N, 11.37. Found: C, 77.99; H, 4.05; N ,  11.36. 

7 - C h l o r o b e n z o ~ l , 8 ]  phenan th ro l ine ,  (3)  

It was prepared f rom 2 f o l l o w i n g  re fe rence  10 and f rom 2 f o l l o w i n g  reference 17. 

N-5-Isoquinoly lan thran i l ic  Ac id  Ch lo r ide ,  (6) 

It was prepared from 2 f o l l o w i n g  reference 18. 

General procedures f o r  t h e  syn thes is  o f  7-anilinobenzo[b][1,8]phenanthrolines, ( 4 )  

Method A.- To a  s o l u t i o n  o f  3 (19, 3.8 mmol) and t h e  adecuate a n i l i n e  (3.8 mmol) i n  t h e  minimum 

amount of anhydrous e thano l  t o  be so lved  a t  r e f l u x ,  methanesu l fon ic  a c i d  (0.4 g, 4  mno l )  was added 

and t h e  m i x t u r e  was r e f l u x e d  f o r  30 min. A f t e r  c o o l i n g ,  t h e  p r e c i p i t a t e  s a l t  was f i l t e r e d ,  and d i s s o l -  

ved i n  water .  The s o l u t i o n  was n e u t r a l i z e d  w i t h  30% NaOH and t h e  p r e c i p i t a t e  was washed w i t h  water, 

and d r i e d  i n  vacuo. The product  t h u s  ob ta ined  was a  m i x t u r e  o f  5 and t h e  corresponding 4 which was 

separated by f l a s h  chromatography on s i l i c a  g e l  columns and e t h y l  ace ta te  as so lven t .  

Method.- To a  s o l u t i o n  of 6 (11.26 g, 40 mnol)  i n  d r y  benzene (100 m1, 40 mmol) was added a  solu-  

t i o n  o f  t h e  corresponding a n i l i n e  (40  mnol)  i n  t h e  same s o l v e n t  (50 m l )  and the  m i x t u r e  was r e f l u -  

xed f o r  40 min. Phosphorus o x y c h l o r i d e  (20  ml ,  219 mmol) was added a f te rwards ,  and t h e  r e f l u x  was 

con t inued  f o r  24 h. A d d i t i o n  o f  water  (100 m l )  and c o o l i n g  a t  0°C caused t h e  p r e c i p i t a t i o n  o f  a  



s o l i d  which was chromatographied as i t  was descr ibed  i n  method A. 
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