
INVESTIGATION OF PHEN~NTHRiDONE AND DIOXOTETRAHYDRODIAZAPYRENE. 

4.* SYNTHESIS OF AMINO-SUBSTITUTED PHENANTHRIDONES 

AND DIOXOTETRAHYDRODIAZAPYRENES 

G. I. Migachev and A. M. Terent'ev UDC 547.836.3.07 

The corresponding mono-, di-, and triamino derivatives substituted in the 2, 4, 
and 8 positions of the phenanthridone ring were obtained by reduction of mono-, 
di-, and trinitro-substituted phenanthridone (I), phenanthridone-10-carboxylic 
acid (II), phenanthridone-l-carboxylic acid (III), 4H-cyclopenta[k,l,m]phenanthri- 
dine-5,9-dione (IV), ~H-cyclopenta[k,l,m]phenanthridin-5-one (V), 5,10-dioxo- 
4,5,9,10-tetrahydro-4,9-diazapyrene (VI), and 5,9-dioxo-4,5,9,10-tetrahydro-4,10- 
diazapyrene (VII) with powdered iron in an electrolyte medium, with hydrogen in 
the presence of a nickel catalyst, or with stannous chloride. The 2,4,7,9-tetra- 
amino derivative of VI was similarly obtained. 1-Amino-, 7-amino-, and lO-amino- 
phenanthridones were obtained by the Schmidt reaction from the corresponding car- 
boxylic acids. 1,10-Diamino-and 3,8-diaminophenanthridones were similarly ob- 
tained from the corresponding aminofluorenones. 

Continuing our research on intermediates for dyes and monomers for pol>~eric materials 
we synthesized a number of amino derivatives of phenanthrodone (I) [2], phenanthridone-10- 
carboxylic acid (II) [3], phenanthridone-l-carboxylic acid (III) [4], 4H-cyclopenta[k,l,m]- 
phenanthridine-5,9-dione (IV) [5], 4H-cyclopenta[k,l,m]phenanthridin-5-one (V) [6], 5,10- 
dioxo-4,5,9,10-tetrahydro-4,9-diazapyrene (VI) [7], and 5,9-dioxo-4,5,9,10-tetrahydro-4,10- 
diazapyrene (VII) [3]. 

J-I l l  I V - V I I  

I R=R'=H; II R=COOH, R'=H: Ill R=H, R'=COOH: IV R+R'=CO; V R+R'=CH2; 
VI R+R'=NHCO; VII R+R'=CONH 

Several mono- and diamino-substituted derivatives (l-Vll~, l-Vllm) of l-Vll were pre- 
viously obtained [2-6] by nitration of carboxylic acids VIII-XII to di-, tri-, or tetra- 
nitro-substituted compounds and subsequent reduction of the nitro compounds: 

/// " O.N (NO~) ~ tl2N~(NH2) 
HOOC NO 2 O ~ - - - N  H 

V I I I - X l l  l -V I I  1, m 

VILt R2-~R~=H; IX R2=COOI4, R3=H; X N2=tt, R~=COOH; XI R2+IR3=CO; 
XII R~-f R3=CH2 

The nitration of carboxylic acids VIII-XII takes plac~ in the ortho and para positions 
of the biphenyl ring. In the case of reduction of the nitro-substituted compounds with NO2 
groups in the ortho position to NH2 groups the latter undergo cyclization with the COOl{ 

*See [I] for Communication 3. 

Scientific-Research Institute of Plastics, Moscow 111112. Translated from Khimiya 
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groups of the adjacent benzene ring to give one or two ~-pyridone rings that are condensed 
in the o,o' positions of the biphenyl ring. However, only mono- and diamino derivatives of 
1-VII that are substituted in the para positions relative to the biphenyl C--C' bond were ob- 
tained via this scheme. 

In order to obtain amino derivatives of I-III that are substituted in the 2,4, and 8 
positions and amino derivatives of IV-VII that are substituted in the I, 3, and 7 positions, 
respectively, we proposed the scheme 

R R' R R' R R' 

I -VII  n = l - 4  I, IV, V a - e  II a,b 
ll;.vlla-c vla-f 

Mono-, di-, and trinitro-substituted compounds were obtained via this scheme by nitra- 
tion of 1-VII. A tetranitro-substituted compound was obtained in the case of VI. The orien- 
tation of the substituents in the nitration of 1-VII is determined by the presence in them 
of a phenanthridone system [I] rather than by a biphenyl ring, as in the case of the nitra- 
tion of VIII-XII. The preparation and isolation of nitro-substituted derivatives of 1-VII 
were described in the preceding communication [i]. The reduction of the nitro compounds was 
carried out with powdered iron in a medium consisting of ammonium hydroxide and ammonium 
chloride (Method A), with powdered iron in aqueous dioxane or DMF (Method B), with hydrogen 
under pressure over Raney nickel (Method C), or with stannous chloride in acetic and hydro- 
chloric acids (Method D). We obtained a number of amino compounds via the second scheme 
(see Table i). 

1-Amino-, 10-amino-, and 9-aminophenanthridones (If-h) cannot be obtained via the 
schemes examined above. These amines were obtained from, respectively, III, II, and phenan- 
thridone-9-carboxylic acid (XIII) by replacement of the COOH groups by NH= groups via the 
Schmidt reaction. 3,8-Diaminophenanthridone (li) was also obtained via the Schmidt reaction 
by treatment of 2,7-diaminofluorenone (XIV) with sodium azide in sulfuric acid. Expansion 
of the five-membered ring that contains a keto group to give a six-membered ~-pyridone ring 
occurs under these conditions: 

O O~ ~NH 

H 2 N ~  NH2 NH 3 
-- H2N N H 2 

xw li 

1 , ! 0 - D i a m i n o p h e n a n t h r i d o n e  ( I j )  was s i m i l a r l y  o b t a i n e d  f rom 4 , 5 - d i a m i n o f l u o r e n o n e  (XV). 

The p o s i t i o n  o f  t h e  a b s o r p t i o n  b a n d s  o f  t h e  C 0 ~ ,  NHx, and CO g r o u p s  in  t h e  IR s p e c t r a  
of  c r y s t a l l i n e  a m i n o - s u b s t i t u t e d  d e r i v a t i v e s  o f  I - V I I  p r o v i d e s  a b a s i s  f o r  t h e  a s s u m p t i o n  
t h a t  t h e  CO ( k e t o n e  and a m i d e ) ,  ~ ,  and ~Tff2 g r o u p s  a r e  a s s o c i a t e d .  T h u s  t h e  a b s o r p t i o n  band 
of  t h e  k e t o  g roup  f o r  IV was a t  1724 cm-*.  I n  t h e  c a s e  o f  a l l  o f  t h e  a m i n o - s u b s t i t u t e d  d e -  
r i v a t i v e s  o f  IV i t  i s  s h i f t e d  to  t h e  s h o r t e r - w a v e  r e g i o n  (1690-1695 c m - * ) .  These  d a t a  i n d i -  
c a t e  t h e  e x i s t e n c e  o f  i n t e r m o l e c u l a r  CO.. .H2N bonds  in  t h e s e  compounds .  The i n t e r m o l e c u l a r  
hydrogen bonds are the reason for the low solubility of the amino-substituted compounds in 
organic solvents. As a rule, they melt below 3500C and become darker and undergo decomposi- 
tion at higher temperatures. Analytical samples of the amines were obtained by sublimation 
at 310-360~ and a residual pressure of up to I0 -s mm and by recrystallization from DMF. 
All of the amino-substituted compounds fluoresce upon irradiation with UV light. 

EXPERIMENTAL 

The IR spectra of KBr pellets of the compounds were measured with a UR-20 spectrometer. 

Reduction of Nitro-Substituted Compounds 1-VII. A) A 7.5-g (0.13 mole) sample of 
powdered iron was added to a flask containing 30 ml of a 3% aqueous solution of ammonium 
chloride, a solution of 0.01 mole of nitro-substituted II or III in 30 ml of 10% ammonium 
hydroxide was added with vigorous stirring, and the mixture was heated on a boiling-water 
bath for 50 min. It was then treated with 40 ml of 20% alkali, and the solution was filtered. 
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The precipitate was washed several times with alkali, and the filtrates were combined and 
neutralized to pH 7. The precipitate was removed by filtration, washed with water, and 
dried. 

B) A 7.5-g (0.13 mole) sample of iron powder was added to a flask containing 30 ml of 
a 3% aqueous solution of amonium chloride, the flask wa~ heated on a water bath, and a solu- 
tion of 0.01 mole of nitro-substituted 1-VII in 40 ml of dioxoane or DMF was added with 
vigorous stirring in the course of i0 min. The mixture was stirred for 40 mln, and the amine 
was then isolated by extraction with refluxing solvent. 

C) A 0.01-mole sample of nitro-substituted V in 60 ml of dioxane or DMF was added to a 
200 ml autoclave, 1.2 g of Raney nickel was added, and a hydrogen pressure of 50 arm was 
created. The mixture was stirred vigorously at 110~ for 4 h. The amine was then separated 
from the catalyst. 

D) A O.Ol-mole sample of nitror-substituted VII was added to a flask containing 60 ml of 
acetic acid and 20 ml of concentrated hydrochloric acid, the flask was heated on a boiling- 
water bath, and 17 g (0.07 mole) of stannous chloride in 30 ml of hydro~hloric acid was 
added in the course of I0 min. The mixture was heated on a water bath for i h, after which 
the precipitate was removed by filtration and dissolved in sulfuric acid, and the solution 
was poured over ice. The amine sulfate was converted to the base by heating in 10% alkali. 
The product was removed by filtration, washed, and dried. 

l-Aminophenanthridone (If). A 2.7-g (0.01 mole) sample of acid III was dissolved in 
45 ml of 94% sulfuric acid, 0.71 g (0.011 mole) of sodium azide was added in portions, and 
the mixture was stirred for i h and poured over ice. Workup gave 2 g (90%) of If with mp 
323-324~ (from dioxane) [8]. 

9-Aminophenanthridone (lh). This compound, with mp 285-286~ (from dioxane) [8], and 
10-aminophenanthridone (Ig), with mp 334-335~ (from dioxane) [8], were similarly obtained 
from carboxylic acids XIII and II, respectively, in 90-92% yields. 

1,10-Diaminophenanthridone (lj). A 2.71-g (0.01 mole) sample of diamine XV was dis- 
solved in 50 ml of 94% sulfuric acid, 0.71 g (0.011 mole) of sodium azide was added in por- 
tions, and the mixture was stirred for 2 h and poured over ice. Workup gave 2.42 g (85%) of 
lj with mp> 330~ (dec.). Found: G~69.5; H 5.8; N 18.8%. C13HI:NaO. Calculated: C 69.3; 
H 4.9; N 18.7%. 

3,8-Diaminophenanthridone (li). This compound, with mp > 330~ (from DM~), was similarly 
obtained in 85% yield from diamine XIV. Found: C 69.4; H 5.1; N 18.9%. C,sH,~NsO. Calcu- 
lated: C 69.3; H 4.9; N 18.7%. 

1, 

. 

3. 

, 

5. 
6. 
7. 

. 
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