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Abs t rac t  - Oiazaphananthrenes (OW), i n c l u d i n g  I) DAP w i t h  

two N  atoms i n  o u t e r  r i n g s  (phenan th ro l i nea )  and i n  ad jacen t  

r i n g s  (benzo[h]naphthyridines), 2 )  DAP w i t h  two N  atoms i n  the  

o u t e r  r i n g  and 3 )  DAP w i t h  two N  atoms i n  the  midd le  ring.i.8. 

benzo[c ]c inno l ine,  and a l s o  t r i a z a -  and tetrazaphenanthrenee 

a r e  o f  i n t e r e s t  as w e l l  f o r  t h e i r  chemis t r y  as f o r  t h e i r  pher-  

maco log ica l  p o t e n t i a l .  

I n  t h i s  paper the  l i t e r a t u r e  has been reviewed w i t h  respect  t o  

the  s y n t h e s i s  and p r o p e r t i e s  o f  these r i n g  systems. S ince the  

l i t e r a t u r e  on 1.10-phenanthrol ine and i t s  complexes i s  v e r y  ex- 

tens ive ,  t h i s  s u b j e c t  r e q u i r e s  r a t h e r  an independent t reatment  

and w i l l  n o t  be i n c l u d e d  here. 

1. PHENANTHROLINES AND BENZO[~]NAPHTHYRIDINES 

a )  Syntheses 

DAP a r e  u e u a l l y  prepared by  f u s i o n  o f  a  p y r i d i n e  r i n g  t o  the  c a r b o c y c l i c  (phenan- 

t h r o l i n e s )  o r  h e t e r o c y c l i c  system (benzo[h]naphthyridines) o f  q u i n o l i n e s .  The 

c l a s s i c a l  syntheses (skraup, Doebner-Mi l le r ,  Knorr ,  Conrad-Limpach procedures, 

and o t h e r )  have been reviewed (1.2). I n  a l l  c y c l i z a t i o n  methods t h e  angular ,  and 

n o t  the  l i n e a r  p roduc ts  e r e  formed. The improved Skreup procedure f o r  DAP, i n  the  

presence o f  Ae205 i s  r e p o r t e d  i n  (3).  

Hamada (4.5) and Kobayashi s t  a l .  (6) syn thes ized  DAP end methyl-DAP by the  

Skraup r e a c t i o n  of a p p r o p r i a t e  eminoquino l ines w i t h  g l y c e r i n e  o r  me thy l  v i n y l  

ketone (MVK) i n  the presence o f  su l fom ix  ( H ~ S O ~ - S O ~ - $ ~ N D ~ ) .  FeS04 and H3B03. 



The Skraup synthes is  of aminoquinol inee o r  i eoqu ino l i nes  c a r r i e d  out w i t h  c ro to -  

naldehyde d i ace te te  (CAD), c( -methy lacro le ins d i ace te te  (MAD) o r  MVK i ns tead  

of g lycer ine,  a f forded the se r i ee  of  methyl-DAP, s u b s t i t u t e d  w i t h  methyl  group 

i n  d . p o r  p o s i t i o n s  t o  the N atom ( 7 . 8  ). 

For inetance : 

CAD, MAD o r  MVK 

I n  a d d i t i o n  t o  c l a e s i c a l  procedures, Perkempus e t  a l .  prepared a  s e r i e s  o f  phe- 

nan th ro l ines  and benzo[h]nephthyr idines by pho tocyc l i za t i on  o f  d ipy r idy le thenas  

(9 ) :  

and by pho tocyc l i za t i on  of benzylideneeminopyridinee o r  p y r i d i n a l a n i l i n e a  (10): 

A convenient r ou te  t o  benzo[h]naphthyr idines 4 end 2 i s  the pho tocyc l i za -  

t i o n  of  enamidee 3 and 4 descr ibed by Ninomiya e t  e l .  (11). The pho tocyc l i -  

za t i on  of enemide 3 a f f o rds  equimolar m ix tu res  of c i s  and t r ans  lectams 5 , 
which undergo r educ t i on  w i t h  LiA1H4 t o  g i v e  secondary a-ainee 5 . These on 

hea t ing  w i t h  Pd/C y i e l d  benzolh lnaphthyr id inee 2 . 
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6- & 
~enro [h ]naphthyr id inee  g were obtained s i m i l a r l y :  

I n  an analogoue manner Ninomiya synthesized the d e r i v a t i v e s  7 and 8 (12)  

&R2 &eR2 Z . Hz, 0 

R1.R2 - H, halogen, 
a l k y l  

R1 R - H, e l k y l ,  a r y l  

Z R 
7 @ 

P h o t o l y t i c  F r i e s  rearrangement o f  2-benzoylamino- end 4-benzoylaminopyridines 

gave 4 .5-0~~-6[5H]-one 9 and 2 , 5 - ~ ~ - 6 - [ 5 ~ ] - o n s  10 (13) .  

EIH 
and 1 

CO 



In another syntheeis of benzo[h]naphthyridinee the anile g are cyclized with 

excess potassium amide in liquid ammonia to give DPP (14.15) 

C1 

20% 

Improved yields of the naphthyne reaction are obtained when the cyclization is 

performed on the reduced anil 12 . There is known also direct cyclization of 13 
to 2,5-0.4'. 

reduction stirring 
with 

100% 2- 

The anil 15 is obtained from 3-aminopyridine and can give 1.5-0.4' or 3.5-DAP. In 

an alternate approach the reduced anil 14 (obtained either directly from 3-ami- 

nopyridine or from the anil 15) was treated with potassium amide in liquid ammo- 

nia to give 5.6-dihydro-1.5-D.4' and 5.6-dihydro-3.5-OW: 

CHO 
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Akhtar  and J a f f r e y e  (16) syn thes ized  3.6-DAP i n  the  f o l l o w i n g  manner: Treatment 

o f  w i t h  conc. HBr y i e l d s  17 which on h e a t i n g  i n  the  presence o f  Pd/C under- 

goes dehydrogenat ion t o  g i v e  g . The r e a c t i o n  o f  @ w i t h  P2S5 f o l l o w e d  by  the  

t reatment  w i t h  Raney n i c k e l  i n  the presence of DMF g i v e s  3.6-DAP. 

C l  
2. 1. P2Sg Reney :$ 

i n  DMF - __5 
0 0 

I n  1976 Keeeer and coworkers r e p o r t e d  the  s i m p l e r  s y n t h e s i s  o f  3.6-DAP: 3-bromo- 

5 -ch lo romethy lpy r id ine  h y d r o c h l o r i d e  t r e a t e d  w i t h  a n i l i n e  g i v e s  19, which 

sub jec ted  t o  the  naphthyne c y c l i z a t i o n  by  KNH2 i n  l i q u i d  NH3, and then s romat i -  

zed by  Mn02 gave 3.6-DAP (17).  

Godard e t  a l .  (18) syn thes ized  1.6- and 4.6-DAP by r e a c t i n g  o-aminoaldehydes 

1 3 w i t h  a c t i v e  methylene compounds such as R C0Cn2R2 and R CH2CN (Ri rn H, Me, ,i . 
2 - p y r i d y l i  R' - H. Me. COMe, CD2Eti R3 - CN. CONH2) i n  the  preeence o f  a baee 

( p l p e r i d i n e  o r  EtONa) : 

R2 R3 



The hydroxy-OAP were o b t a i n e d  on h e a t i n g  c y c l i c  malonates (19) :  

0 

i n  Oowtherm A 

Pesson and coworkers (20) syn thes i zed  analogues o f  t h e  n a l i d i x i c  a c i d  20 by con- 

densa t ion  of t h e  e t h y l  4-chloro-quinoline-3-carboxylate w i t h  N - a l k y l  d e r i v a t i v e s  

o f  6 -a lan ine  t o  2 , which upon e s t e r i f i c a t i o n  and oieckmann condeneat ion i s  

conver ted i n t o  22. T h i s  compound i s  brominated t o  monobromoderivetive, which 

w i t h o u t  i s o l a t i o n  was r e a c t e d  w i t h  t e r t i a r y  a l i p h a t i c  amine i n  o r d e r  t o  remove 

HBr. The r e s u l t i n g  2 was hyd ro l yzed  t o  g i v e  t h e  d e s i r e d  a c i d  2_0: 

f t  
N-CH2-CH2-CWH 

EtNH-CH2-CH2-COOH 
R2 R3T5c00E 

R1, R2 - H, Ms. C1 R3 = H. Me 

f t  Me3C-OK 
N-CH2-CH2-COOEt oieckmann 

R3)$$$ COOE t condensat ion 

R2 
R1 

I n  analogous manner the  f o l l o w i n g  a n t i b a c t e r i a l  compounds were syn thes i zed  (20) :  

E t  

and 

R = H, Me, E t  
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S u b s t i t u t e d  1 . 6 - 0 ~ - 4 [ 1 ~ ] - o n e s  were ob ta ined  i n  r e a c t i o n  sequence ( 2 1 ) :  

R COOE t hydrolysis ..- 

R2 79-92% SO-91% 

R1 P H, OMe 

~ 2  = H, C l ,  OM= 

NH-CH2-CH2-COOH 1. KOAc, Ac20, 1 1 5 ~  

2. 20% HC1 

47-58 % 

O t t  and Suess (22) syn thes ized  octshydro-2.5-DAP: 

Me 

R rn H, 8-OH, 9-OH, 9-OMe 

R1 - H. 2-OH. 3-C1, 3-OH. 3-OMe 

R2 - H, NH2, NHAc. F, C1, Ma, 

R3 = H. m e ,  OH 

The system o f  3.6-DAP i s  found i n  the  a l k a l o i d s  p e r l o l i n e  end pe r lo l i d ine .Anong  

numerous syntheses o f  p e r l o l i d i n e  the  method desc r ibed  by  Keesar and coworkers 

(17) i n v o l v e s  the b romina t ion  of 2-amino-3-methyl-pyridine and subsequent d i s p l a -  

cement o f  B r  atom* the  product  upon c y c l i z a t i o n  w i t h  KNH2, a r o m s t i z a t i o n  and 

h y d r o l y s i s  g i v e s  p e r l o l i d i n e :  

I. bromina t ion  i n  EtOH 
2. d i e z o t i e a t i o n  

Br2/HBr 
Me - 

Me 
CH2Br 



b)  R e a c t i v i t y  

The t h e o r e t i c a l l y  ca l cu l e t ed  e l ec t r on  d e n s i t i e s  o f  DAP and t h e i r  protonated 

forms, as w e l l  as l o c a l i z a t i o n  energy and e u p e r d e l o c a l i z a b i l i t y  values f o r  e lac-  

t r o p h i l i c ,  n u c l e o p h i l i c  and r a d i c a l  reac t ion8  are repor ted (23.24). The e l e c t r o -  

p h i l i c  s u b s t i t u t i o n  ( n i t r a t i o n  and brominat ion)  of phenanthro l inea wee s tud ied  

by Mkochoweki (25.25). end o f  benzo[h]naphthyridinee by Sl iwa (27). The r e s u l t s  

are compatible w i t h  the p o s i t i o n s  p red ic ted  by c a l c u l a t i o n  o f  l o c a l i z a t i o n  energy 

values. E.g. the n i t r a t i o n  of 1.5-DAP y i e l d e  10-nitro-1.5-DAP, and i t s  bromina- 

t i o n  a f f o r d s  a  m ix tu re  o f  7- end 10-monobromoderivatives and of 7.10-dibromode- 

The Cz icz ibab in  aminat ion o f  4.6-DAP y i e l d s  i t e  5-amino-derivat ive ( 6 ) .  

As an example of homoly t ic  s u b s t i t u t i o n  of  DAP, Mkochoweki (28) end Sl iwa (29) 

i n v e s t i g a t e d  t h e i r  methy la t ion  and t - bu t y l a t i on .  The a l k y l a t i o n  proceeds on the 

protoneted DAP, the e u b e t i t u t i o n  t ak i ng  p lace i n  oC o r  poe i t i one  t o  the N  

atom. The e u b s t i t u t i o n  poe i t i one  e ra  compatible w i t h  the ca l cu l a t ed  l o c a l i z a t i o n  

energy va lues f o r  n u c l e o p h i l i c  react ions,  the a l k y l  r e d i c a l e  poeeesing e  weakly 

n u c l e o p h i l i c  character.  However, i n  the case of  t-Bu rad ice le ,  t he  e t e r i c  featu- 

r es  ought a leo  be taken i n t o  account. 

Phenenthrol inee can be ox i d i zed  by maene o f  parmanganete i n  a l k a l i n e  medium t o  

corresponding diazefluorene-9-ones (30). 

The l i t e r a t u r e  on DAP-N-oxidee i s  extens ive due t o  t h e i r  a n t i b a c t e r i a l  and e n t i -  

neop las t i c  a c t i v i t i e s .  Kobayaehi e t  a l .  (6) repor ted  the ox i da t i on  o f  1.6-DAP 

w i t h  parace t i c  ac id ,  g i v i n g  1.6-DAP-6N-oxide o r  1.6-~AP-6[6~]-oner 
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AcOH, H202 
AcOH, l i m i t e d  amount 

50' 

6 1 ~ 5 %  

H . . 
0- 

 he syntheeee o f  DAP-N-oxides have been deecr ibed by  M2ochowski and $ l i w a  (31. 

32).  I n  a l l  cases the  N atom i n  the . ,sh ie ldedt '  p o s i t i o n  i s  un reac t i ve ,  the  

r e a c t i o n  proceeds on the N atom i n  the  more accese ib le  p o s i t i o n .  The a t tempts  t o  

o b t a i n  the  1-N-oxide were unsuccessfu l  w i t h  b o t h  monoperphthal ic ac id ,  o r  H202 

i n  the  presence o f  Na2VIO4 (6) 

A l s o  the  a t tempts  o f  desoxygenet ion o f  di-N-oxides i n  which one o f  the  N+- 0- 

groups i s  i n  p o s i t i o n 1 , i n o r d e r  t o  o b t a i n  1-N-oxide, f a i l e d .  T h i s  i s  due t o  the 

f a c t ,  t h a t  the  oxygen atom a t  1 - p o s i t i o n  i s  r e a d i l y  removed, owing t o  the s c e r i c  

e f f e c t  of the hydrogen a t  1 0 - p o s i t i o n  (32.6). 

Hamada and Takeuchi  i n v e s t i g a t e d  the  o x i d a t i o n  o f  4.5-DAP,obtaining i t s  4- and 

6-mono-N-oxides o r  4.6-di-N-oxidee, depending on the r e a c t i o n  c o n d i t i o n s  (33) .  

DAP-N-oxides undergo r e a c t i o n  w i t h  Ac20 and POC13 ( 6 ) :  

i n  b o i l i n g  POC13 

H 
0- 

The above r e s u l t  shows t h a t  t h e  o n l y  n u c l e o p h i l i c a l l y  a c t i v e  p o s i t i o n  i n  1.6-OAP- 

-6-N-oxide i s  the  oC p o s i t i o n  t o  the  N+- 0- group. 

I n  the  R a i s e e r t  r e a c t i o n  o f  phenan th ro l i ne  N-oxides, the  d e r i v a t i v e s  s u b s t i t u t e d  

by  CN group i n  the  d - p o s i t i o n  t o  the  N+- 0- group a r e  formed (34). Fo r  i n e -  

tance: 

gCOCl, KCN - 
NC 



On the o ther  hand, Kobsyeshi s t  e l .  (61 w h i l e  i n v e s t i g a t i n g  the Reiseer t  reac- 

t i o n  o f  1.6-DAP-6-N-oxide obta ined ve r y  sma l l  amount o f  5-cyanoder ivet ive under 

the ueus l  condi t ions.  end the product was c h i e f l y  1,6-~AP-5[6~]-one. Th i s  f a c t  

i s  probebly  due t o  the i n f l uence  o f  the N atom i n  the 1 pos i t i on .  

$COCl, KCN > 
CN 

H 
" 

ve ry  sme l l  
amount 

The 1.6-DAP-6-N-oxide reacted w i t h  KCN and K ~ F ~ ( c N ) ~  t o  g i v e  1.6-DAP-5-cyeno-6- 

-N-oxide (351. 

The N-methyletion of  DAP and methyl-DAP (36) gave b i o l o g i c a l l y  a c t i v e  N-methio- 

didea. A eer ie8  o f  DAP and methyl-DAP upon treatment w i t h  CH31 i n  benzene y i e l d d  

monomethiodides, i n  a l l  ceees the deshielded N atom reac t ing .  

Analyz ing the approximately determined r a t e  constant va lues one can see, t h a t  

t he  N-methylat ion i s  main ly  in f luenced  by the s t e r i c .  end no t  by the e l e c t r o n i c  

fectore.  The most r e s c t i v s  i s  the , , i eoqu ino l in i c "  n i t r o g e n  atom, due t o  i t s  

h i g h  n u c l e o p h i l i c i t y ,  as w e l l  as i t 8  deshielded pos i t i on ,  e.g. N 8 i n  2_4 i s  s b o u  

10 times more r e a c t i v e  than N7 i n  ZJ t 

The N-methylst ion o f  4.6-DAP i s  repor ted  by Hemsda e t  e l .  (51. 

Methyl-DAP were ox id ized  w i t h  Se02 t o  g i ve  aldehydes, o n l y  methy l  groups i n  DL 

and p o s i t i o n  t o  t he  r i n g  N atom being ox i d i zed  ( 8  ). For  ins tance :  

0(- end -methyl-DAP, subjected t o  condeneation w i t h  #CHO g i ve  etyryl-DAP. 

The reac t i on  was c a r r i e d  ou t  i n  the preeence o f  ve r ioue  c a t a l y s t s  (37). 
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For  1.7-DAP : 
Me CHmCHd 

The same c a t a l y s t s  were used i n  t h e  r e a c t i o n  o f  2-methyl and 4-methyl-l,&DAP. 

The styry l -OAP were p h o t o c y c l i z e d  t o  g i v e  26 and 27 (37) :  

# hd , 02, 12h 

7% benzo[aIpyr ido- 
0 0 [3.2h] a c r i d i n e  

2s 

Sl iwa  end Szu lc  (38) a p p l i e d  the  Skraup s y n t h e s i s  t o  amino-DAP, ob ta ined  by  r e -  

d u c t i o n  o f  n i t ro-DAP ( 2 7 ) .  I n  t h i s  way two new f o u r - r i n g  azasromet ic  s y s t e m  

22 and 229 were synthesized. 

@ Skraup r e a c t i o n  , 

Skreup r e a c t i o n  

NH2 29 



C )  P r o p e r t i e s  

The d i p o l e  moments' measurements o f  OAP and t h e i r  N-oxides a r e  r e p o r t e d  i n  (40). 

The pure e l e c t r o n i c  l e v e l s  o f  t he  f r e e  bases and t h e i r  con jugated a c i d s  were de- 

termined from the  absorp t ion  f luoreecence and phosphorescence spec t re  (41).  Ba- 

sere e t  a l .  performed the v i b r a t i o n a l  a n a l y e i s  o f  h i g h l y  reso lved  phosphorescen- 

ce spec t re  o f  some phenen th ro l i nes  (42). Sobczyk-Sucharda e t  a l .  (40) examined 

the UV e p e c t r a . o f  DAP and t h e i r  N-oxides. The I R  and Raman spec t ra  o f  OAP and 

t h e i r  d e r i v e t i v e e  e r e  d iscussed i n  (43). Bluhm e t  e l .  determined pK va lues end 

thermodynamic data  o f  DAP from the  pH end temperature dependence o f  the  e l e c t r o n  

e x c i t a t i o n  spec t ra  (44).  Weissenfe ls  s t u d i e d  spect roscopy o f  OAP-1.2-endiols 

(39). 

The c o r r e l a t i o n  o f  'H NMR chemica l  s h i f t s  and e l e c t r o n  d e n s i t i e s  o f  DAP are 

desc r ibed  i n  (10.45). and o f  methyl-DAP i n  (45). 

MZochowski end S l iwe  (47) observed f o r  DAP and t h e i r  p ro tona ted  forms the  l i n e a r  

1 c o r r e l a t i o n s  o f  H NMR chemica l  s h i f t s  and c a l c u l a t e d  T e l e c t r o n  d e n s i t i e e *  

s i m i l a r  l i n e a r  c o r r e l a t i o n s  o f  13c NMR chemical  s h i f t s  were found by  S l iwa  (48).  

The EPR spec t ra  of DAP end t h e i r  p ro tone ted  forme a r e  r e p o r t e d  by  Chodkoweke 

(49). the He I p h o t o e l e c t r o n  s p e c t r e  o f  DAP e r e  desc r ibed  i n  (50), end t h e i r  

mass s p e c t r e  i n  (51). 

Keto e t  e l .  (52) i n v e s t i g a t e d  the  po le rog reph ic  r e d u c t i o n  o f  phenan th ro l i ne  me- 

th iod idse .  The I R  end W s p e c t r e  o f  10-hydroxy-1.7 DAP and i t s  d e r i v e t i v e e  e r e  

r e p o r t e d  (53).  

DAP have en i n t e r e e t i n g  b i o l o g i c a l  a c t i v i t y .  Gupte (54) r e p o r t e d  an e n t i b a c t e -  

r i e l  a c t i v i t y  o f  OAP end t h e i r  methyl-  end b e n z y l d e r i v e t i v e s .  Tuezkiewicz a t  e l .  

(55 )  i n v e s t i g a t e d  a n t i b a c t e r i a l  and a n t i f u n g a l  p r o p e r t i e s  o f  phenan th ro l i nes  

and t h e i r  methyl-, bromo- and N*- 0- d e r i v e t i v e e  end found the broad e c t i v i t y  

spectrum o f  1.9- and 2.7-phenenthrolines, as w e l l  as o f  1.8-phenenthrol ine 

N-oxide. Benzo[h]nephthyr id ines, e s p e c i a l l y  t h e i r  N-oxides poeees a  broad a n t i -  

b a c t e r i a l  spectrum (48). 

The 1.5- , 4.5- and 4.7-OW, as w e l l  ee the lB-Ow-&N-ox ide have an a n t i -  

n e o p l a s t i c  a c t i v i t y  (24.48). The 1 .6 -~AP-4 [ l~ ] -ones  (20.21) and the  d e r i v a t i v e e  

o f  1.5- , 2.5- end 3.5-OAP (15) show po ten t  and o f t e n  s p e c i f i c  a n t i m i c r o b i a l  

a c t i v i t y .  The s u b s t i t u t e d  octahydro-2.5-0AP a r e  b r o n c h o l y t i c  agents (22).  
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Antiinflammatory properties ware found in benzonaphthyridines of the type Z and 

(12). The derivatives of 1.7-OW-4.10 [IH,~H] -dione and 4.7-~W-1.10[4~,7~] 

dione show a significant allergy activity (56). - 
3-methyl-4.7-DAP can be ueed as a diagnostic agent for detecting blood in body 

fluide (57). 

Following the paper by Plakogiannis (581 ,  who reported the entineoplastic ecti- 

vity of 6-methyl-1.10-phananthroline methiodides, there appeared numerous publi- 

cations on the synthesis end activity of heterocyclic methiodides. The DW-N-me- 

thiodides,as compared with other OAP derivatives show a stronger antibacterial 

activity (26.48). 

Mlochoweki and Sliwe (59) obtsined the phenanthrolinic analogue of caerulomycin 

(4-methoxy-1.10-phenanthroline-2-aldoxime possessing a bacteriostatic ectivity, 

however, in the synthesized oximes of OW-aldehydes no interesting biological 

ectivity was found (8). 

DAP are inhibitors of photosynthetic electron transport (60). Perloline and per- 

lolidina inhibit rumen fermentation (61). 4.7-OW inhibits the phalloidin poi- 

soning (62). end 1.7 DAP ie an inhibitor for metapyrocetechaee (63). 

2. DAP WITH TWO N ATOMS IN THE OUTER RING 

Munelow and Delia in a paper of 1976 reviewed the synthesis end properties of 

2,4- and 1.3-DAP (64). 

a) Syntheses 

Six isomeric D W  with two N atoms in the outer ring were obtained by photocyclo- 

dehydrogenation of etyryldiezines in the yield of 10-59% (65)a this method pro- 

ved to be easier than the classical synthesis, e.g. (66). The photocyclodehydro- 

genetion is preceeded by cis-trans photoisomerieation: 



2.4-DAP a r e  u s u a l l y  syn thes i zed  by condensat ion o f  naphthalene d e r i v a t i v e s  w i t h  

s imple  n i t r o g e n  compounds, f o r  i n s t a n c e  (67 ) :  

To ach ieve the  d e a n i n a t i o n  o f  I -amino- (or  3-amino)-2.4-Dm, the f o l l o w i n g  

r e a c t i o n  was c a r r i e d  ou t  (67):  

d e t h i a t i o n  
HC1 w i t h  N i  

Dymek and Syb is tow icz  ( 68 )  syn thes i zed  2.4-OAP 
i n  t h e  f o l l o w i n g  r e a c t i o n :  

& I. r e d  P .  40% H I  
P C ~ ~ ,  POCI~ 2. K ~ F S ( C N ) ~  

> 

Gompper e t  e l .  (69) reac ted  2-nephthylsmine w i t h  Et0-CH-N-CWEt , end heated t h e  

r e a u l t i n g  formamidine t o  o b t a i n  2.4-DM-1 ( 2 ~ ) - o n e 8  
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Among o t h e r  methode o f  the  s y n t h e s i s  o f  2.4-OW eyetem, t h e r e  ought t o  be men- 

t i o n e d  the  condensat ion o f  o - a m i n o n i t r i l e s  w i t h  cyanamide (70) and the rma l  c y c l i -  

z a t i o n  o f  bis(2-naphthy1)-biguenidide h y d r o c h l o r i d e s  (71).  

I n  a d d i t i o n  t o  the  f u l l y  aromat ic  2.4-OW the re  e x i s t  a l s o  a  number o f  t h e i r  

5 . 6 - d i h y d r o d e r i v a t i v e s i  t hey  a r e  u s u a l l y  syn thes ized  by  the  condensat ion o f  an 

a p p r o p r i a t e  2 - t e t r a l o n e  w i t h  cyanoguanidina (72).  The 1.3-diamino-5.6-dihydro- 

-2.4-OW can be o x i d i z e d  w i t h  Se02 (70). However, when t h i s  compound was dehy- 

drogenated under d i s p r o p o r t i o n a t i o n  c o n d i t i o n s  i n  the  presence o f  t e t r e l i n  and 

10% Pd/C c a t a l y s t ,  t he  a r o m a t i z a t i o n  d i d  n o t  taka  p lace  b u t  an i n t e r e s t i n g  

reerrengment t o  the  l i n e a r  2.4-diamino-5.10-dihydro-i.3-diazeanthracena was 

found t o  occur (72).  

Koyema s t  a l .  (73) r e a c t e d  2 - t e t r a l o n e  w i t h  formamido o r  HC(NHCHO) t o  o b t a i n  
3  

5.6-dihydro-2.4-OW, which upon dehydrogenat ion w i t h  s u l f u r  geve 2.4-OW: 

0  
HC< 

NH2 

~(NHcHO)3, 0 h dehydrogenat ion 

w i t h  S 

The 2.4-DW system has been i n c o r p o r a t e d  i n t o  the  s t e r o i d a l  s k e l e t o n  (74). 



For  the syn thee ia  of these compounds the re  i s  o f t e n  used the  condensat ion of 

1 - t e t r a l o n e  w i t h  n i t r o g e n  compounds. Koyama e t  a l .  (73) c a r r i e d  ou t  the r e a c t i o n  

of 1 - t e t r a l o n e  w i t h  HC(NHCHO)~ i n  an analogous manner as i n  the  case o f  2 4 6 -  

t r a l o n e . o b t a i n i n g  1.3-OAP. 

2.4-Oiamino-1.3-ON was prepared accord ing t o  the equa t ion  (72) :  

I n  t h i s  r e a c t i o n  no l i n e a r  compound resu l ted .  

The f o l l o w i n g  syntheses of 1.3-OAP system ware c a r r i e d  ou t  by  T a y l o r  and cowor- 

k e r e  (75) : R 

R - H. Me, # 

A s e r i e e  o f  1,2,3,4-tetrahydro-1,3-ON was prepared by  r e a c t i n g  1 - t e t r a l o n e  

w i t h  a rv l i deneb is -u reas  (76) : 

d  Sedova (77) condensed 1 - t e t r a l o n e  and urea w i .  

t i c  aldehyde8 i 0  

t h  the  s e r i e e  o f  aroma- 
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For the dehydrogenation, i n s t e a d  o f  bromine, o t h e r  agents can be used, e.g. 

c h l o r a n i l ,  NBS o r  Pd/C (78).  

React ing i -naphthy lsmine w i t h  Et0-CHmN-COOEt under s i m i l a r  c o n d i t i o n s  as i n  

the  case o f  2-naphthylamine. 1,3-0W-4[3~]-one was formed (69). 

The f o l l o w i n g  r e a c t i o n s  o f  naphthalene d e r i v a t i v e s  were c a r r i e d  ou t  ( 7 9 ) ~  

e 
NnC-C1 N-C-N-CIS 

& + NaSCN - storage  

5,6-Oihydro-1.3-OW can be prepared i n  t h e  r e a c t i o n  ( 7 8 ) :  

0 
H-C< , 180-190' 

N"2 

75% 

The method o f  the  i n c o r p o r a t i o n  o f  the  1.3-DAP system i n t o  the  s t e r o i d a l  s t r u c -  

t u r e  has been r e p o r t e d  (80). 

1,4- and 2.3-OAP 

I n  the  condensat ion o f  1,2-diaminonaphthalene w i t h  unsymmet r i ca l l y  s u b e t i t u t e d  

a -d i ca rbony l  compounds, two i s o m e r i c  2- and 3 - s u b s t i t u t e d  1.4-OAP have been 

formed (8i) i 

R n COOH, -CHO, -CH-N-NHP e tc .  



1.2-~iaminonaphthalene s u l f a t e  r eac t s  w i t h  2-hydroxyiminoacetophenone t o  g ive  

2-phenyl- and 3-phenyl-1.4-DM (82). 

Condensation o f  2-oximino-1-tetralone w i t h  aminomalon i t r i l a  a f f o rded  2-cyano-3- 

-amino-5,5-dihydro-1,4-DAP-4-N-oxide. which upon a romat i za t ion  y i e l ded  2-cyano- 
CN 

I romat i za t ion  
.n AcOH 

i n  the presence 
of HCl o r  H2W4 

P 

The 2.3-DAP system was obta ined i n  the r eac t i on  o f  naphthalene-1.2-dicarboxyl ic 

a c i d  anhydride w i t h  hydraz ine hydrate (84):  

H2N-NH2.XH20 

i n  AcOH 
> 

88 % 

b )  R e a c t i v i t y  

2,4-DM 

The f o l l ow ing  reac t iona  of 1.3-dichloro-2.4-DAP were repor ted  (67.68); 

i n  MeOH, conc.NH40H 
l r e f l u x ,  3h 

o r  i n  a  sealed tube 
0 0 15D0. 48h (67) 

MeOH ,Na 
r e f l u x , l h  

3-Hydroxy-2.4-DAP can be converted d i r e c t l y  i n t o  3-amino-2.4-DAP upon treetment 

w i t h  #o -P (o ) (NH~)~ .  Th is  methodobviates the usua l  requirement f o r  c h l o r i n a t i o n  

o r  t h i a t i o n  p r i o r  t o  aminat ion (85). 

The a c e t y l a t i o n  o f  4-phenyl-6.6-dihydro-l,3-~AP-2[l~]-one and i t s  d i -  and t e t r a -  

hydroder i va t i ves  hae found t o  be dependent upon the degree of hydrogenat ion (86): 
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0 OCOMe 
II deh d rogena t ion  

wi t ) :  NBS 

P 

0 0 OCOMe 
II I 

HN-N-COM~ N ~ N - C O M ~  

L 

Upon t reatment  o f  4-hydroxy-~,~-DAP w i t h  P4S10, the  OH group i e  rep laced  by  SH 

(67). 

The o x i d a t i o n  of t h e  t h i o n e  30  w i t h  H202 t o  the  2 - e u l f i n i c  ac id ,  f o l l o w e d  by  

aqueous a l k a l i n e  h y d r o l y e i a  t o  g i v e  2 proceeds as  f o l l o w s  (75.86 ) :  

S03H 

N ~ N  a l k a l i n e  
hydgo lye ie  

a l k a l i n e  H202 fl 100 
.- 

Me0 Me 3 1  - 
30 

Organo l i t h ium a d d i t i o n  t o  5.6-dihydro-1.3-OM, fo l l owed  by  quenching w i t h  

e i t h e r  e t h y l  c h l o r o f o r m a t e  o r  hydrogen c h l o r i d e  gaa, g i v e e  i n  h i g h  y i e l d  the  

dihydrocompound 32 , which can be o x i d i z e d  t o  33 (89): 

RI R1 

temp.oO 

32 33 
R1 - H.Me3 R2 - nBu. $ 8  R3 - C02Et 



1.4- and 2.3-OAP 

The oxidation of 1.4-DAP with performic acid yielded a mixture of mono- and 

di-N-oxides; in order to obtain only di-N-oxide. peracetic acid had to be used 

(90). 

The oxidation of 2-phenyl and 3-phenyl-1.4-DAP with monoperphthalic acid affor- 

ded mono-N-oxides, the reaction taking place, as usually, at the deehielded N 

atom ( 0 2 ) .  

The reaction of 2-formyl-1.4-OW with KCN gives 2 , which on heating in DMF 
can be converted into diketone (01): 

CHO 

34 
Kobe et al. (64) accomplished the dehydrogenation of 5.6-dihydro-2.3-OAP and of 

its derivatives with bromine and NaOAc in AcOH. 

C) Properties 

The data of phosphorescence polarizaticn of 1.4-DAP are reported in (91), and 

the fluorescence spectre of its heteroexcimers with electron donors - in (92). 
The chemiluminescence quantum yields of 2.3-dihydro-2.3-OAP-1.4-dione were 

measured (93). 

There was observed, that DAP with two N atoms in ortho position caused skin 

irritation ( 6 5 ) .  A number of 1.3- and 2.4-DAP derivatives were synthesized in 

order to screen their physiological activity. oihydro-1.3- end 2.4-DAP were ob- 

tained as the analogues of primethamine, a dihydrifolate reductase inhibitor 

(64). 1.3-Diamino-2.4-DAP derivatives were synthesized as potential folic acid 

antagonists and antitumor agents (72). 
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Amino-1.3- and 2.4-DAP a r e  used as a n t i f o g g a n t s  f o r  s i l v e r  h a l i d e  photograph ic  

m a t e r i e l s  and as  s t a b i l i z e r s  f o r  s i l v e r  h a l i d e  emuleion (64.94). 1.4-DAP d e r i -  

v a t i v e s  a r e  a p p l i e d  i n  t h e  p r o d u c t i o n  of p l a s t i c s ,  used as f reeze  d r y i n g  photo- 

chromic f i l t e r s  (95). 

a )  Syntheees 

The s y n t h e t i c  approaches t o  benzo [c ]c inno l i ne  (BC) can be c l a s s i f i e d  as:  

1 )  c y c l i z a t i o n  o f  d i p h e n y l  d e r i v a t i v e s  w i t h  the  fo rmat ion  o f  the N-N bond 

2) c y c l i z a t i o n  o f  azobenzanee w i t h  the  fo rmat ion  o f  the  C-C bond 

1 )  c y c l i z a t i o n  o f  d i p h e n y l  d e r i v a t i v e s  

BC can be ob ta ined  i n  the  Ullmann r e a c t i o n ,  f rom o-ch loron i t robenzene ( s u b e t i -  

t u t e d  o r  n o t )  and by  t h e  subsequent r e d u c t i o n  o f  t h e  r e s u l t i n g  2 . 2 ' - d i n i t r o d i -  

phenyl ,  f o r  i n s t a n c e  (96): 
X , . 

C1 1. Condensation /J 
i n  the  presence 
of a  Cu c a t a l y s t  

2. Reduct ion w i t h  >@ 
X Na2S u k 0  

X - 
X = halogen, a l k y l  

I n s t e a d  of f u s i o n  t h e r e  can be used OMF ae a  medium (97). An  example o f  a  mixed 

U l lnann  r e a c t i o n  i s  (98): 

qNO4 mixed 
Ullmann 

+ r e a c t i o n  
p roduc ts  

Reduct ion of 2 . 2 ' - d i n i t r o d i p h e n y l  can be c a r r i e d  o u t  w i t h  hydrogen i n  the  pre-  

sence of Raney N i  o r  Pd/C, ae w e l l  ae i n  the  presence of F ~ ( c o ) ~  and CO (99).  

w i t h  e i t h e r  100% hydraz ine  h y d r a t e  o r  hyd raz ine  h y d r a t e  and EtOH ( l o o ) ,  w i t h  

Zn + NaOH (101). w i t h  L i  i n  THF (102) o r  LiA1H4 (103). ae w e l l  as w i t h  

N e A 1 H 2 ( ~ ~ ~ 2 C ~ 2 0 E t e ) 2  and ( E ~ O ) ~ P  (104). 



The partial reduction of 2.2'-dinitrodiphenyl e.g. with NaHS yields BC-mono-N- 

-oxide (105). The reduction of alkyl-2.2'-dinitrodiphenyle. resulting in alkyl- 

-BC is described in (106), and the reduction of amino- and hydroxydinitrodiphe- 

nyle in (107). 

BC and its N-oxide (substituted or not) can also be obtained by the reduction 

of 2-emino-2-nitro-diphenyl or ite derivatives (98, 108. 109). 

sometimes the synthesis of BC by reduction of 2.2'-dinitrodiphenyl ie impoeaiblq 

the aubstituenta during the reaction being removed or reduced, e.g. nitro- and 

chloroderivativee cannot be obtained in this way. In such cases there is used 

oxidation of 2.2'-diaminodiphenyl with peracetic acid or with sodium perborate 

(103) r 

in AcOH Na2W04 in AcOH 
room temp., 2h room temp.. 2h 

> BC 

0- 

BC can be also obtained from 2.2'-diaminodiphenyl by diazotisation (liO), or 

from 2.2'-diazidediphenyl or its derivatives (111). Reaction of J-trifluorome- 

thylnitrobenzene with sodium amide yields 3.8-ditrifluoromethyl-BC-N-oxide (112). 

2) cyclization of azobenzenes 

The second route of the synthesis of BC systems is the cyclodehydropenetion of 

azobenzenes, for instance with NaA1C14: 

Azobenzene in EtOH end 24JdH2S04 exposed to sunlight is photochemically dshydro- 

genatsd to B C  (117). The photochemical cyclodshydrogenation of azobenzenee to BC 

can also be carried out in the presence of Lewis acid, e.g. FeC13 , A1C13, SnC14 

(110, 119). 
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2.4.6-Trimethyloazobenzene underwent photochemical  cyc lodehydrogenat ion i n  s u l -  

f u r i c  a c i d ,  w i t h  the  l o s s  of one and m i g r a t i o n  o f  another  me thy l  group (120) :  

The f o l l o w i n g  sequence o f  r e a c t i o n s  r e s u l t s  i n  BC (121):  

dehydrogenat ion 1- 

hydraz ine  * 2 ~ 0 3  

i n  d i l .  NaOH 

A convenient  s y n t h e s i s  o f  hydroxy-BC and methyl-hydroxy-BC, ae w e l l  as of t h e i r  

N-oxides was r e p o r t e d  by  Waldau (122) :  



BC can a l so  be r e a d i l y  obta ined 

hea t ing  
w i t h  KOH 

- .. 
from dihydroazoboracompounds (123): 

Among the syn the t i c  approaches t o  BC there ought a l s o  t o  be mentioned i t s  syn- 

theses from y l i d e s  by t h e i r  thermolya is  o r  pho to lys ie  (6.g. 124,125): 

as w e l l  as by t h e i r  dehydrogenation, 6.9. (125):  

b )  R e a c t i v i t y  

React ions of BC can be c l a s e i f i e d  as fo l l ows :  

1. ox ida t i on  

2. reduc t ion  

3. e u b e t i t u t i o n  

4. format ion of y l i d e e  and t h e i r  r eac t i ons  

5. formation o f  meta l  complexes 
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1. O x i d a t i o n  

The e l e c t r o n  d e n s i t y  i n  the  midd le  r i n g  o f  BC i s  i nc reased  due t o  the  presence 

o f  two n i t r o g e n  atoms, thus  t h i s  r i n g  i s  r e s i s t a n t  a g a i n s t  o x i d a t i o n ,  and sus- 

c e p t i b l e  t o  reduc t ion .  e.g. t he  r e a c t i o n  o f  BC w i t h  permanganate r e s u l t s  i n  the 

o x i d a t i o n  o f  two o u t e r  r i n g s  (126) :  

BC i s  o x i d i z e d  w i t h  p e r a c e t i c  a c i d  t o  mono- o r  di-N-oxide, depending on the 

r e a c t i o n  c o n d i t i o n s  (100, 127).  The o x i d a t i o n  o f  methyl-BC i s  desc r ibed  i n  (116) 

and of n i t r o - B C  i n  ( 1 2 ~ ) .  

Study ing o x i d a t i o n  o f  bromo-BC t h e r e  was found, t h a t  N atom i n  the p e r i  p o s i t i o n  

t o  B r  does n o t  undergo o x i d a t i o n  owing t o  the  s t e r i c  fac to rs ;  bromo-BC w i t h  the  

B r  atom i n  the p o s i t i o n  4 g i v e  6-N-oxides, and not  5-N-oxides (129).  For the 

sane reason 4.7-dibromo-BC does n o t  undergo o x i d a t i o n  (98). By o x i d a t i o n  o f  BC 

w i t h  ozone. i r e  te t raozon ide  wee ob ta ined  (130). 

BC-di-N-oxide was reduced t o  BC w i t h  t r i e t h y l p h o s p h i t e ,  o r  w i t h  hydrogen i n  the  

presence o f  Raney n i c k e l  o r  Adams c a t a l y s t  (131). Tanikaga (132) s t u d i e d  the  

pho to reduc t ion  o f  BC-N-oxide t o  BC i n  v a r i o u s  so lven ts .  

2. Reduct lon 

The N-N bond i n  the  midd le  r i n g  o f  BC i s  more s u s c e p t i b l e  t o  r e d u c t i o n  than 

b o t h  o u t e r  r i n g s .  thus the  hydro-BC cannot be ob ta ined  by d i r e c t  hydrogenat ion,  

b u t  by o t h e r  methods, e.g. by  c y c l i z a t i o n  o f  the  a p p r o p r i a t e  phenylhydrazones 

(133). 

Benzo [c ]c inno l i n i c  system i s  r a t h e r  s t a b l e ,  however, under d r a s t i c  c o n d i t i o n s  

the  N-N bond can be broken, e.g. i n  the  hyd rogena t ion  o f  BC i n  the  presence of 

Raney n i c k e l ,  t he  2.2 ' -d ieminodiphenyl  i s  formed (101). 

The photochemical  r e a c t i o n  of BC i n  a c i d i c  e o l v e n t e  g i v e s  the  carbezo le  (134). 

When BC wasreduced w i t h  m e t a l l i c  sodium o r  w i t h  sodium b ipheny len ide  i n  hexa- 

methylphoephoremide, the  r a d i c a l  an ion  of BC was formed (135). 



Upon treatment o f  bromo- and dibromo-BC w i t h  LiA1H4, Corbs t t  and H o l t  [98 ] 

found, t ha t  the B r  atom was removed from 1 and 4  pos i t i ons ,  0.9.: 

Such debrominetion o f  I- and 4-bromo-BC i e  r a t h e r  unexpected, L ~ A ~ H ~  i n  genera l  

no t  reducing aromatic halogsnoderivat ivee. 

5.6-Dihydro-BC 

Numerous pub l i ca t i ons  are dea l ing  w i t h  5.6-dihydro-BC. Th i s  compound i s  formed 

i n  the photoreduct ion o f  BC (136.137). i n  the po larographic  reduc t ion  o f  BC 

(138). o r  i n  t h e  reduc t ion  o f  BC w i t h  hydrogen i n  the presence of Pd/A1 (139). 

Et ienne and P i a t  (139) i n ves t i ga ted  reac t ions  of 5,6-dihydro-BC: 

a) 5.6-dihydro-BC i s  ve ry  reac t i ve ;  w i t h  a c i d  anhydrides mono- o r  d i ecy l de r i v s -  

t i v e s  are formed: 

b)  r eac t i on  of 6.6-dihydro-BC and e t h y l  melonate i s  a  convenient r ou te  f o r  the 

syn thes is  o f  compounds w i t h  a  pharmacsut icel  a c t i v i t y .  I n  t h i s  way there  were 

obta ined : 

C )  5.6-dihydro-BC upon treatment n i t h  Na g ives  a ve r y  r e a c t i v e  dieodium 

de r i va t i ve .  

A ~ y l a t i o n  of 5.6-dihydro-BC t o  i t s  mono- and d i e c y l d e r i v e t i v e e  proceeds as seen 

below (140) I 
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1. i n  e ther ,L i  b o i l i n g  

BC 2. p'COOH 
r q@)R=+@)R=@+? -N N-N, N-N, 

H  H  H  COR LOR COR 

The 5.6-dihydrobenzo[c]cinnolinic r a d i c a l s  have bean obta ined i n  the r e a c t i o n  

(140) : 

Na. i n  e t he r  RCOCl 
BC F-'“Na - 

5.6-Oihydro-BC, when exposed on a i r ,  undergoes ve r y  e a s i l y  en au tox i da t i on  t o  

5,6-dihydro-BC-peroxide. 5.6-Oihydro-BC-peroxida i s  a  generator of H202, pro-  

duced i n  a  c y c l i c  process (139): 

R + HZ I RH2 

RH2 + O2 - H202 + R 

The 5.6-dihydro-BC-peroxide was i s o l a t e d  i n  s p i t e  o f  i t s  u n s t a b i l i t y ~  the hypo- 

t h e s i s  o f  i t s  s t r u c t u r e  i s  (139) :  

3. S u b s t i t u t i o n  

N i t r a t i o n  of  BC w i t h  a  n i t r a t i n g  m ix tu re  y i e l d s  1 - n i t r o -  and 4 -n i t r ode r i va t i ves .  

The r e a c t i v i t y  sequence, r e s u l t i n g  from the c a l c u l a t i o n s  made f o r  the protona- 

t e d  form. i s  compatible w i t h  the exper imanta l  r e s u l t s ,  and i s  as fo l l ows :  

1, 4, 3 > 2  . Numerous papers a re  dea l ing  w i t h  n i t r a t i o n  o f  BC (12 ,141-143). 

N i t r a t i o n  o f  BC-N-oxide i s  descr ibed (128, 141, 143). I n  the n i t r a t i o n  of  me- 

thyl-BC and t h e l r  N-oxides there  was observed the a c t i v a t i n g  i n f l u e n c e  o f  me- 

t h y l  groups (143). 

TO reduce n i t ro-BC t o  amino-BC the reagents which do no t  a f f e c t  the middle r i n g  

have t o  be ueed, i.e. 5nC12 + HC1, Na h y d r o e u l f i t e ,  hydrogen (low pressure) i n  

the presence o f  Raney N i  o r  o f  P t ,  sodium amalgam + a l coho l  (142). Reduction of 

n i t ro-BC and t h e i r  N-oxides t o  amino-BC o r  t o  amino-BC-N-oxides i s  descr ibed i n  



(48, 128); r e d u c t i o n  o f  n i t romethy l -BC and t h e i r  N-oxides - i n  (143). 

The Sandmeyer r e a c t i o n  of amino-BC (128. 129). as w e l l  as of t h e i r  N-oxides 

(128, 144) was repor ted.  

S l iwa  and Szu lc  (S), s u b j e c t i n g  2-amino-BC t o  Skraup r e a c t i o n  ob ta ined  chinoC5, 

8 c l c i n n o l i n e i  t he  c y c l i z a t i o n  occurs i n  the posd t ion  1, and n o t  3, t o  g i v e  the 

engular  product .  Th ie  h i g h e r  r e a c t i v i t y  of t he  p o a i t i o n  1 i e  compat ib le  w i t h  the 

l o c a l i z a t i o n  energy values, c a l c u l a t e d  by  HMO method. 

Corbe t t  (145) brominated BC i n  the presence o f  Ag2S04 and H2S04 t o  o b t a i n  4-bro- 

mo-BC. The c h l o r i n a t i o n  o f  BC i n  the presence of A1C13 y i e l d e d  octachloro-BC 

(146). React ion o f  BC w i t h  Me2NLi r e s u l t s  i n  d ime thy lamina t ion  i n  the  p o s i t i o n s  

4  and 7 (147). 

Chloro-BC undergo n u c l e o p h i l i c  s u b s t i t u t i o n  w i t h  sodium a l c o x i d e s  t o  g i v e  a l co -  

x y d e r i v a t i v e s  (148). 

To BC system a  new h e t e r o c y c l i c  r i n g  can be fused, e.g. f rom 1 . 1 0 - d i s m i n o - ~ ~  

t h e r e  i s  formed t e t r a a z a p i r e n e  (149) :  

MacBride (146) 

gen from BC: 

synthes ized b ipheny lene by thermal  e x t r u s i o n  of molecu lar  n i t r o -  

vacuum p y r o l y s i s  
i n  ca 8 7 0 ~ ;  0.2 t o r r  
( th rough a  d i r a d i c a l )  

S i m i l a r  r e a c t i o n  was c a r r i e d  o u t  on octachloro-BC (146). 

BC and i t s  N-oxides undergo numerous c y c l o a d d i t i o n  r e a c t i o n s ,  e.g. BC g i v e s  

w i t h  Me00C-Cx-COOMe the adduct 1 2  be ing p robab ly  a  resonance h y b r i d  of 

f o l l o w i n g  s t r u c t u r e s  (150) : 
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Similar adduct was obtained from 3.6-dimethyl-BC (151). The formation of the 

adduct of BC-N-oxide with MeOOC-CZC-COOMe is described (152). 

4. Ylides 

It is not possible to discuss here ell synthetic approaches to benzo[c]cinnoli- 

nium ylides, which have been published recently. 

Ylide 25 was obtained by diazotisation of 2.2'-disminodiphenyl (124.153). as 

well as from 35 by its reduction and subsequent oxidation, followed by treat- 

ment of the resulting product 3_7 with methanolic KOH in OMF (125). Ylide 35 
can be easily ethoxycarbonyleted (153), methylated (125) or benzoylated (124). 

The benzoyl derivative can be also obtained by hydrolysis of 3_7 (125). The hy- 

drogenation of 37 affords BC in a h i g h  yield (125). 8- COOEt 



BC r e a c t s  w i t h  a c t i v e  methylene compounds such as  BrCH2COf#, BrCH2COOMe, 

BrCH2COOEt t o  g i v e  the  the  benzo[c ]c inno l in ium bromides. These compounds sub- 

j e c t e d  t o  dehydrobrominat ion g i v e  y l i d e s ,  which can be cons idered as extended 

d ipo les .  These upon t reatment  w i t h  v a r i o u s  d i p o l a r o p h i l e s  (e .g .MeOOC-CZC-COOMe. 

~tM)c-CZC-COOEt, EtOOC-N-N-COOEt) undergo c y c l o a d d i t i o n  r e a c t i o n s .  

Cyc loadd i t i ons  i n v o l v i n g  extended d i p o l a r  systems o f f e r  the  p o s e i b i l i t y  o f  a  

s imp le  r o u t e  t o  medium r i n g  heterocyc les ;  the  p e r l s e l e c t i v i t y  observed i n  such 

processes be ing  o f  p r a c t i c a l  as w e l l  as  o f  t h e o r e t i c a l  i n t e r e s t  (154). The syn- 

theses o f  some y l i d e s  a r e  described (124, 125. 153. 155).  

~n example of y l i d e  fo rmat ion  and i t s  1 .3 -cyc loadd i t i on  i s  the  r e a c t i o n  (156):  

CH~-COOM~ Meow-Czc-COOMe 
I 

COOMe 
+/CH2CwMe E ~ ~ N  i n  C H ~ C ~ ~  

Br i n  C H ~ C ~ ~  B r -  r e f l u x  5.5h COOMe 

BC ------A 
74% 89 % COOMe 

S i m i l a r  reactions were r e p o r t e d  (157). 

Other r e a c t i o n s  o f  y l i d e s  a r e  g i ven  by  G a i t  e t  a l .  (158): 

70' 1 DMF 
D 

and by  Chal land e t  e l .  (159). I n  t h i s  case t h e  f i r s t  s t e p  g i v e s  r i s e  t o  t h e  t r l a -  

z o l e  d e r i v a t i v e ,  which undergoes a  spontaneous e l e c t r o c y c l i c  r i n g  opening t o  

a f f o r d  the  azomethineimine 3 _ 8 8  

38 
S i m i l a r  r e a c t i o n  was c a r r i e d  o u t  by  G a i t  e t  a l .  (160). 
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The iminoazimine ylides 39 give with ketones as dipolarophiles 2+2 cycloadducts, 

i.e. ,b-lactams 4_0, which on heating yield (depending on the ketene substituente) 

BC and 1.2.4.4-tetrasubstituted imidazole-5-ones 2, or triazoles 42 (154). 

Ylidee 29 undergo also a 1.5-dipolar cyclization, followed by retro-1.3-dipolar 

cycloaddition (161). Examples of ther cycloaddirions are reported (162). 

5. Metal complexes of BC 

There ere known numerous metal complexes of BC. 8.g. with Fe, Co, Ni, Cu, Cd 

(163) and with Ag, Pd and Au (164). Kooti and Nixon (155) obtained pentecarbonyl- 

-Cr, Mo and W complexes of a general formula! m e t s l ( ~ 0 ) ~ - 8 ~ .  A large amount of 

papers is dealing with complexes of BC with F ~ ( c O ) ~  (166). The complex 3 upon 
treatment with triphenylphosphine yields 4_4 . 

BC undergoes the reaction with F ~ ~ ( c o ) ~  to give complexes of a formula 

F ~ ~ ( C O ) ~ - B C  (167). BC forms also rhe adducts with Li and Na (168), s.g.1 



C )  P rope r t i e s  

L i ,  THF 
__j 

The data concerning the c r y s t a l l i n e  s t r u c t u r e  o f  BC and i t s  di-N-oxide a re  re- 

por ted  i n  (169). The d i po l e  moment measurements of BC and i t s  N-oxide a re  dss- 

c r i b e d  (170). The c a l c u l a t i ~ o f  the e l e c t r o n i c  s t r u c t u r e  o f  BC showed the 

h ighest  e l ec t r on  dens i t y  i n  1.10 and 2.9, and t he  lowest  one - i n  4.7 pos i -  

t i o n s  (171.172). There were repor ted  the i o n i z a t i o n  constants  of BC (114) and 

i t s  p r o t o t r o p i c  e q u i l i b r i u m  constants  (173). Rad ia t ion less  procsssss o f  BC (174) 

and po larographic  reduc t ion  of BC and o f  i t s  N-oxides (175) have been descr ibed. 

UV spectrum o f  BC cons i s t s  o f  fou r  absorpt ion bands; as compared w i t h  phenan- 

throne i t  shows the bathochromic s h i f t  o f  p and d. bands, and t he  inc rease  o f  

the 0( band i n t e n s i t y  (98, 106, 176). UV spec t rs  o f  s u b s t i t u t e d  ( ~ e ,  Br, C1, 

NH2, NO2) BC and t h e i r  N-oxide have been i n v e s t i g a t e d  (98.106, 143). UV spec- 

trum o f  5.6-dihydro-BC (137) and e l e c t r o n i c  spect ra  o f  r a d i c a l  anion of BC and 

i t s  ESR spec t ra  (135) hsve been described. 

I There were s tud ied  f luorescence spect ra  o f  BC (177) and i t s  H  NMR spect ra  (178). 

I R  spectrum o f  BC-di-N-oxide (179) and mass spec t ra  of s u b s t i t u t e d  BC (180) 

hsve been repor tsd.  

B i o l o g i c a l  s c t i v i t i e e  of BC d e r i v a t i v e s  i nc l ude  ant icancerogenic  (123,139,181). 

and f u n g i c i d a l  a c t i o n  (96). BC o r  i t s  mono- o r  di-N-oxides, as w e l l  as t h e i r  

de r i va t i ves ,  e.g. 3.8-bie-trifluoromethylsted a re  s t a b i l i z e r s  f o r  d i e l e c t r i c s  

(182). BC, owing t o  i t s  redox p rope r t i e s  can be used as a s t a r t i n g  m a t e r i a l  f o r  

H202 p roduc t ion  (139). Some BC d e r i v a t i v e s  can be app l ied  as dyes (122.172). 

c e r t a i n  meta l  complexes o f  BC a re  used as gasol ine combustion c a t a l y s t s  o r  as 

po lymer iza t ion  i n i t i a t o r s  o f  s ty rene  (166). 

4. TRIAZAPHENANTHRENES 

a )  Syntheses 

I n  o rder  t o  ob ta i n  che la t i ng  agents the re  was c a r r i e d  out the syn thes is  o f  

t r iazaphsnanthrsnas (TAP) w i t h  two N atomsin 1 and 10  posi t ions,and the t h i r d  

N  a t o i i n  2.3.4 o r  5  pos i t i on .  
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The s y n t h e s i s  o f  1.2.10-TAP was accomplished i n  the  f o l l o w i n g  mannar:8-amino-4- 

me thy l - c inno l i ne  was conver ted t o  4-methyl-1.2.10-TAP by  a  mod i f i ed  Skraup r e -  

a c t i o n  i n v o l v i n g  a c r o l e i n .  The methy l  group then wae removed by  convers ion t o  

the  s t y r y l  d e r i v a t i v e ,  o x i d a t i o n  t o  the a c i d  and decarboxy la t i on  (183):  

1. t r a n s f o r m a t i o n  t o  
m o d i f i e d  Skraup the  s t y r y l  d e r i v a t i v e  
r e a c t i o n  2. o x i d a t i o n  

a CH2=CH-CHO , ,  3. -C02 
> 0 0 

I n  a  s i m i l a r  way the  amino d e r i v a t i v e s  o f  q u i n a z o l i n e  and q u i n o x a l i n e  were 

conver ted i n t o  1.3.10- and 1.4.10-TAP (183). 

F o r  the  s y n t h e s i s  o f  I,S,IO-TAP, the  r e a c t i o n  of 4-amino-1.5-naphthyridine w i t h  

e t h y l  ethoxymethylenemalonate (EMME) has been applied.The Skraup r e a c t i o n  on 

t h i s  compound d i d  n o t  take  p l a c e  (183). 

COOE t 
1. EWE > 1. h y d r o l y a i a  
2. heat  i n  

Oowtherm 
f i t + '  

I. OH-PCl 

2. c a t a l y t i c  r e d u c t i o n  

The Skraup r e a c t i o n  o f  3,5-diaminopyr id ine, r e s u l t i n g  i n  1,5,7-TAP, was accom- 

p l i s h e d  by  Czuba (184) : 

"" wNH2 Skraup r e a c t i o n  - 
14-29% 

The 1.3.6-TAP system was ob ta ined  i n  the  r e a c t i o n  (185):  
# 

1. l i t h i a t i o n  

2. cyc locondensat ion w i t h  
excess dCN i n  Et-0 



and the  2.3.6-TAP system - i n  t h e  r e a c t i o n  (186) : H  dCooE 75% aq . H2N-NH2 

r e f l u x  i n  PrOH l h  
Me - 

The s u b s t i t u t e d  5-methyl-2,3-dihydro-2,3,6-TAP-1,4-dionea ware syn thes ized  on 

h e a t i n g  d ihyd raz ide  of the s u b s t i t u t e d  2-methyl-quinoline-3.4-dicarboxylic a c i d  

In order  t o  o b t a i n  2.3.6-TAP Godard a t  e l .  (188) c a r r i e d  ou t  the  f o l l o w i n g  

An e x t e n s i v e  l i t e r a t u r e  i s  concerning the  s y n t h e s i s  o f  5-aza-analogues o f  2.4- 

- D m  as p o t e n t i a l  a n t i t u m o r  agents and a n t i f o l a t e a .  

The 2.4.5-TAP eyatem can be a a a i l y  ob ta ined  i n  t h e  r e a c t i o n  of honophtha l imide 

w i t h  formamide, r e s u l t i n g  i n  45 (189). t h i s  compound i s  s u b j e c t e d  t o  the  t h i e -  

t i o n ,  f o l l o w e d  by  d e t h i a t i o n  and a r o m a t i z a t i o n  (190):  

d e t h i a t i o n  w i t h  
a r o m a t i z a t i o n  

Davieon sponge ~i 
w i t h  K3Fe(C~)  

4 1  % 28% 
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2.4.5-TAP system can be also synthesized by reacting 4-aninouracil with 2-amino- 
H 

methylenecyclohsxanone (191) : 

0 

Koyama et al. (192) obtained 2.4.5-TAP and ite derivatives on heating 4-amino-5- 

-arylpyrimidines with excess HCOOH and POC13: 

In another method of synthesis of disubstituted 2.4.5-TAP. the amino group of 

4-amino-5-arylpyrimidine was acetylated and the resulting acyl derivative 

subjected to Bischler-Napieralski cyclization with PPA (193). 

Lalezari and Sadeghi-Milani (1941, starting with quinoline-3.4-dicerboxylic 

acids synthesized 2.4.6-TAP system and incorporated it into a steroidal struc- 

ture. Obtained polyazaeteroids are potential pharmacological agents. 

TO synthesize the 3.4.6-TAP system, there was performed an acid catalyzed decom- 

position of 46 ; here en interesting ring closure took place (195). 

Isomeric 3.5.6- and 1.5.6-TAP were obtained by photochemical cyclization of 



~ e r & n ~ i  e t  a l .  (197) accomplished the  hydrogenat ion o f  4-7 , fo l l owed  by  aroma- 

t i r a t i o n  o f  3 - s u b s t i t u t e d  1.2-dihydro-1.2.4-TAP, r e s u l t i n g  i n  3 - s u b s t i t u t e d  

1.2.4-TAP: 

NH-NH-COR H 

c&N02 hydrogenat ion 
HNxN o x i d a t i o n  

ch] w i t h  

4-7 

b )  R e a c t i v i t y  

The d e r i v a t i v e s  o f  1.2.10-TAP have been shown t o  have c e r t a i n  advantagen over  

1.10-phenanthroline as c h e l a t i n g  agents,  t h i a  f a c t  be ing due t o  the t h i r d  N 

atom i n  the  2  p o s i t i o n  (198). 

1.5.7-TAP was o x i d i z e d  w i t h  chromic a c i d  t o  1 . 5 . 7 - T A P - ~ - [ ~ H ] - o ~ ~  (184). 4-Me- 

thyl-2,3-dihydro-2,3,6-TAF'-1,4-dion. upon t reatment  w i t h  halogenophosphides o r  

diazornethane g i v e s  d iha logeno-  o r  d ime thoxyder i va t i ves  (186).  

Aminat ion and hydrogenat ion o f  6-chloro-2.4.5-TAP proceeds as f o l l o w s  (19018 

s r o m a t i z a t i o n  

Hz. 10% Pd/C 
w i t h  

K ~ F ~ ( c N ) ~  
and M ~ O  

58% 

NH2 Cl 

Bar ton  and Walker (196) i n v e s t i g a t e d  vacuum the rmo lys i s  o f  1.6.6- and 3.5.6-TAP. 

r e s u l t i n g  i n  azabisphenylenee. 

vacuum the rmo lys ia  
by  s low s u b l i m a t i o n  - 

34% 

5. TETRMAPHENANTHRENES 

a )  Syntheses 

1,2,4.6-tetraazaphenanthrene ( F N )  was ob ta ined  by  two r o u t e s  (199): 
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1.condeneation w i th  I. condeneetion w i t h  NHN02 

C 1  formohydrezide orthoformete & NO2 

2.cete ly t ic  
reduct ion & 2. c a t a l y t i c  

reduction - 
~ e r 6 n y i  e t  a l .  (200) synthesized 3-substi tuted 1.2.4.6-FAP by reac t ing  3-n i t ro -  

-4-chloroquinolinea w i th  ac id  hydrazides, end eubject ing r e s u l t i n g  t o  reduc- 

t ion ,  fol lowed by cyc l i ze t i on :  

reduction w i th  

H2N-NH-5-R NHNHCOR 
Hz, Pd/C 

(&N~~ O+ &'02 end cyclizetio: 

74-98% 69-9% .- 
4s 

R m a lky l ,  # etc. 

S imi la r  compounds, subet i tu ted  i n  the 3 poe i t ion  by C1, NH2. Owe and other  

groups were synthesized upon treatment of  3-nitro-4-chloroquinoline wi th  

H2N-NH-CWEt; the subsequent reduction and c y c l i z e t i o n  l e d  t o  the 1.2.4.6-FAP 

aystem (201) 1 

C 1  NH-NHCWE t NH-NHCOOEt 

@y,p H2N-NHCmrt 
H28d/C 

75% 82% 

r i n g  cloeure w i t h  NaOHe-EtOH 
i n  the preeenca o f  s i r  

o r  r e f l u x i n g  i n  AcOH 

fol lowed by P ~ ( O A C ) ~  ox ida t ion  
NH POC13 

+ - 
56% 

3-Nitro-4-hydrezinoquinoline reacts w i t h  orthoestere t o  g ive  3-elkyl-1.2-dihy- 

dro-1,2,4,6-FAP (202) 1 



,OEt 
1. R-C-OEt i n  the  H  

\ O E ~  

presence o f  p-Me#S03H 

2  2. H~ ( P ~ / E ~ o H )  

R  - H, Me, E t ,  p' 

The 1.3.4.6-FAP system wae ob ta ined  i n  the r e a c t i o n  of 3-nitro-4-chloroquinoli- 

ne w i t h  guanid ine h y d r o c h l o r i d e  (203) r  

C1 
H2N-C-NH2 - HC1 

It 
NH - 

95% 

c y c l i z a t i o n  

(base) 
___f 

94% 

Reduct ion o f  3.3'-dinitro-2,2'-dipyridyl y i e l d s  1.5.6.10-FAP (204) 

Ne2S i n  the  preeence @ of e  s t r o n g  base 

02N NO2 

end r e d u c t i o n  of 3,3'-dinitr0-4,4~-dipyridyl a f f o r d s  a  m i x t u r e  o f  3.5.6 ,8-FAP 

and i t s  5-N-oxide; t h i s  can be deoxygenated w i t h  Fe (205). 

'7 r e d u c t i o n  
N~ T d N  w i  t h  Ne2S - 

02N NO2 3 11 - 
Condeneation o f  s u b s t i t u t e d  5.6-dieminoquinoxaline w i t h  o ( -d i ca rbony l  compounds 

a f f o r d e d  1,4,7.10-FAP and i t e  d e r i v a t i v e e  (183, 206)r 
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R1 - R2 = H 

R1 - H, R2 - Me. g( 

Koyama et al. (207) condensed cyclohexane-1.3-dione with formemide and dehydro- 

genated the resulting dihydrocompound to obtain 2,4,5,10-FAP: 

b) Reactivity 

Thermal extrusion of N atom from aromatic systems hes recently proved to be a 

useful synthetic route to diazebiphenylenes (205): 

/"N , , pyrolysis by aublimation , 'hrou* a silica tube 

900'; 0,04 torr 

N > 
\ N' 60% 

C) Properties 

1 There were investigated H NMR spectre of 1.4.7.10-FAP end their derivatives 

(206). ee well ea 'H NMR end IR spectra of 2.4~3.10-FAP (2071. 

1,2,4,6-FAP and its 3-substituted derivatives have antiinflemmatory, antlmicro- 

bial (199.200) end entifungel ectivities (2011. 1.2-oihydro-1.2.4.5-FAP or 3-sub- 

stituted 1.2-dihydro-1.2.4.6-FAP (free or in the form of salts) poeseea antimi- 

crobial properties (200,202). 1.5.6.10-FAP has an antiinflemmatory activity (20& 
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